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Well Logs and Borehole Image

CROSS-PLOTTING § DENSITY § INTERPRETATION j OIL AND GAS § RESISTIVITY § SONIC
WATER | WELL LOG j WELLS

Instructor: Michael Poppelreiter (CNPC Research & Development, Dubai)

Language: English
Level: Intermediate
Duration and Online: 6 live sessions of 4 hours
formats: Classroom: 3 days

Course Description

The most universal, comprehensive and concise descriptive docu-
ments on oil and gas wells are well logs. They impact the work of
almost every oil field group from geologists to roustabouts to bank-
ers. Familiarity with the applications of well logs is therefore essential
for people forging their careers in the oil business.

The instructor uses a core-based approach to help participants de-
velop a good grounding in understanding and applying well logging
techniques. General principles of physics are presented to explain
the functioning of modern logging tools. Wherever possible, the
physics of logging measurements is related to everyday tools and
applications. Cross-plotting and reconnaissance techniques quickly
and efficiently discriminate between water, oil and gas. Error mini-
mization techniques, applicable only to computerized log analysis,
produce optimal results. Participants benefit from realistic experience
by working in teams on a comprehensive log interpretation exercise.

Course Objectives

Upon completion of the course, participants will be able to:

e Understand geological application of the most commonly run
well logs, i.e., caliper, gamma ray, sonic (velocity), resistivity,
density, neutron, photoelectric factor, borehole images;

e Read log headers to understand which tool was run in which
borehole environment;

e Quality control the logs;

e Block logs in geologically meaningful intervals;

e |dentify lithologies using various techniques such as common
cross-plots;

e Calculate net-to-gross ratio and identify pay zones;

e Interpret the depositional environment.
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CPD Points: 12
CPD Points: 15

Participants’ Profile
The course is designed for geologists, petrophysicists and stratigra-
phers.

Prerequisites
Basic understanding of geology and petrophysics is desirable, along
with knowledge of the principles of geoscientific data management.

About the Instructor

Prof. Dr Michael C. Poppelreiter, Director of the South East Asian Car-
bonate Research Lab (SEACaRL), Shell Chair in Petroleum Geology
at the Department of Geosciences, Universiti Teknologi PETRONAS
(UTP). From October 2019 he has been working for Shell Kuwait.
Area of expertise: Shell Subject Matter Expert for carbonate geol-
ogy, Outcrop and Regional Geological Studies (focus Middle East),
Conceptual Modelling, Reservoir Modelling and 3D Digital Model-
ling, Project management, CO, in carbonate, Technical Assurance &
Capability (TA-2), 25 publications and 2 books on borehole image
logs and reservoir geology.

SHORT COURSE CATALOGUE
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Reservoir Model Design: How to Build Good Reservoir Models

m CARBONATES j DEPOSITIONAL SYSTEM § GEOSTATISTICS § INTEGRATION
PERMEABILITY § ROCK PHYSICS § SEDIMENT

Instructors: Mark Bentley (AGR TRACS International, UK)
and Philip Ringrose (NTNU, Norway)
Language: English
Level: Intermediate
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 1 day

Course Description

This short course will provide an introduction to reservoir model
design, covering the following main design elements:

e Model purpose;

e The rock model;

e The property model;

e Model scaling;

e Handling uncertainty.

In this course, Mark Bentley and Philip Ringrose share their insights
into building geological reservoir models, covering clastic and
carbonate sedimentary depositional systems, as well as fractured
reservoirs. The connection between geology and fluid flow is de-
veloped with a focus on designing fit-for-purpose models with the
consideration of implications for single-phase and multiphase flow
and with examples of application to oil and gas reservoirs and to CO,
storage. Integration of seismic data, well data and dynamic data with
associated uncertainties are integral to the workflows and methods
discussed. This is a shorter version of a 5-day course and so is intend-
ed as an introduction to the main concepts.

Course Objectives
Know how to approach a reservoir modelling task and assess the key
design elements — distinguish between ‘good’ and ‘bad’.

Course Outline

. Introduction: Model Purpose (45 mins);

. Designing the Rock Model (60 mins);

. Property Model issues, Permeability and NTG vs TPM (90 mins);
. Model Scaling (45 mins);

. Handling Uncertainty (45 mins);

. Summing up: the Design Template.

o Ul WN =

Participants’ Profile

Geologists, geophysicists, petrophysicists, or reservoir engineers who
have or wish to work in multi-disciplinary teams on reservoir devel-
opment projects.
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CPD Points: 4
CPD Points: 5

Prerequisites

Participants should have good knowledge of at least one component
of multi-disciplinary reservoir modeling: e.g., geological modeling,
geostatistics, petrophysics, rock physics, or reservoir simulation.

About the Instructors

Mark Bentley has spent most of his career working in or leading inte-
grated study teams, initially with Shell and subsequently with TRACS
(now part of AGR) where he currently designs and runs courses
and directs the TRACS Training programme. His specialist fields of
expertise are 3D reservoir modelling and scenario-based approaches
to handling subsurface uncertainty and risk. Mark has served as a
distinguished lecturer for the SPE and the EAGE, and has delivered
training courses on every continent, except Antarctica.

Philip Ringrose is Professor in Energy Transition Geoscience at NTNU,
based at the Centre for Geophysics Forecasting. He is also Honorary
Professor (2018-2024) in Sustainable Geoenergy at the University
of Edinburgh, School of Geosciences. He was previously at Equinor,
where he worked on various developments in CCS and on several
large-scale CO 2 storage projects. His many years of industry and
research experience, include positions as Lead Geologist and Advisor
for Geological Reservoir Modelling (at Statoil). Between 1990 and
1997, he was a Lecturer and Research Fellow at the Heriot-Watt
Institute of Petroleum Engineering, Edinburgh, UK.

He has published widely on reservoir geoscience and flow in rock
media and has recently published textbooks on ‘Reservoir Model
Design’ (2021) together with Mark Bentley and ‘How to Store CO2
underground’ (2020). He has been honoured with several awards, in-
cluding the 2023 SINTEF-NTNU CCS Award, the EAGE 2022 Norman
Falcon Award (with others), the 2021 Energy Group Medal from the
Geological Society of London, and the EAGE 2018 Louis Cagniard
Award (with Dr Nazarian). He is a member of The Royal Norwegian
Society of Sciences

SHORT COURSE CATALOGUE
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Integrated fracture characterisation
and fracture modelling course

FRACTURE CHARACTERISATION § FRACTURE MODELLING § FRACTURE CORRIDORS
MECHANICAL STRATIGRAPHY | DYNAMIC DATA m OUTCROP ANALOGUES
HORIZON CURVATURE || DISCRETE FRACTURE NETWORK MODEL § STRAIGHT TO CELL APPROACH

Instructor: Pascal D. Richard (PRgeology, France)
Language: English, French
Level: Intermediate

Duration and Classroom: 2 day
formats:

Course Description

The objective of the course is to cover:

i) the main challenges associated with the characterization
and modelling of fractured reservoirs

i) the fundamental of fracture developments

iii) fracture characterization at all scales using static and
dynamic data

iv) the elaboration of conceptual fracture models

iv) the creation of fracture models using other techniques (e.g.
geologically deterministic, straight to cell) than stochastically
driven models.

At the end of this class, the participants will have gained a sound
understanding on the heterogeneity of fracture networks, the con-
trol of rock properties on the geometry of fracture networks and also
how to characterize fractures and build fracture models to cover the
range of uncertainties highlighted in the characterization phase.

An optional Virtual Reality field trip in Jebel Madar, Oman and other
fractured reservoir locations is also possible. Jebel Madar is a world-
class analogue of a fractured reservoir above a salt-cored anticline.

Course Outline

Day 1

e Natural fracture systems — A short introduction

e Fracture corridors and background fractures

e Main challenges of the characterisation and the modelling of
fractured reservoirs

e Fracture characterisation using core data

e Fracture characterization using borehole image (BHI) data

e Fracture characterization using log data

e Mechanical stratigraphy characterization using outcrop data

e Extrapolating fractures, in cross-section, away from a well

e Fracture pattern characterization using outcrop and satellite data

e Fracture characterization using Virtual Reality dataset

e Characterization using horizon curvature

e Characterization using seismic data

e Characterization using dynamic data
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CPD Points: 10

Day 2

e Conceptual fracture models

e Which size of fracture model to build?

¢ Development options and model parameterisation

Discrete Fracture Network models and Straight to Cell approaches
Build fracture models on paper

Discrete Fracture Network (DFN) models - A must or a nice to have?
Scale discrepancy between observations and modelling

e Calibrating fracture models with dynamic data

e Fracture property array creation using a post-processing approach
e Communication and analysis using DFN models

¢ Take away messages

Day 3

An optional one-day or half-day of Collaborative Virtual Geology
Field trip in Jebel Madar with several observations and interpretation
exercises. This will be combined with the collaborative visit of other
available outcrops based on the audience’s interest. The collaborative
virtual field trip is carried out using VRExplorer software from the
company VR2Planets.

Participants’ Profile

This course is suitable for both new hires and experienced geosci-
entists, offering an exercise-based approach that reinforces and ex-
pands their knowledge. Professionals from all subsurface disciplines
engaged in subsurface projects will find it valuable.

Prerequisites

Basic knowledge of geosciences and petroleum geology in general
are preferable. Awareness of structural geology will be beneficial but
not mandatory. For an in-house course, the ideal crowd is a mix of
geoscientists and reservoir engineers.

About the Instructor:

Pascal Richard Holds a PhD in Earth Sciences from the University of
Rennes (1991). After spending 30 years in the Oil Industry, as a rec-
ognized structural geology expert, Pascal can now concentrate on one
of his passions which is teaching structural geology, fault geometry

SHORT COURSE CATALOGUE
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and fractured reservoirs charactersiation and modeling. Pascal is a
passionate teacher and coach. He also actively supports academia
work contributing to master and PhD programs. His knowledge is
based on numerous integrated projects, both at Exploration and
Production scales, and on numerous training run since the beginning
of his career.

Pascal joined Shell in 1991. He initially spent 5 years in the Shell
Research lab where he developed, with the team, some of the foun-
dation concepts of modern structural geology. He has led the sand-
box laboratory and run numerous experimental programs covering
all structural styles.
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He has then spent 3 years in Oman in Exploration as a seismic inter-
preter and in a structural geology support role. This was followed by
4 years in Shell Carbonate Development Research Team focusing on
Fractured reservoirs. Pascal went back to Oman for 7 years to imple-
ment fractured reservoir software technology and act as a focal point
for structural geology in the Middle East. He finally spent 10 years
in Shell Global Solutions working as a global consultant, working on
projects and training. He has spent the last 3 years as the head of the
structural geology discipline in Shell.

Currently, Pascal is working as an independent structural geology
expert delivering courses and technical consultancy projects. He is
currently working on developing collaborative virtual reality field trip.

SHORT COURSE CATALOGUE



) GEOLOGY * GEOLOGICAL MODELLING ]

Construction of Fractured Reservoir Models for Flow Simulation
Incorporating Geology, Geophysics, and Geomechanics

ANISOTROPY § FLOW SIMULATION § FRACTURES § GEOMECHANICS § HISTORY-MATCHING § INVERSION
OUTCROP | RESERVOIR CHARACTERIZATION § RESERVOIR ENGINEERING § RESERVOIR MODELING
UNCONVENTIONAL

Instructors: Reinaldo Michelena (SeisPetro Geoconsulting, United States),
Chris Zahm (UT Austin, United States), James Gilman (iReservoir, United States)

Language: English
Level: Intermediate
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

Flow models have the purpose of explaining and forecasting reser-
voir performance that can help plan the development and exploita-
tion of the resource. This class explains the steps needed to build
fractured reservoir models using sound stratigraphic and structural
frameworks, calibrated 3D seismic attributes, and geomechanical
information. Models and concepts are examined in the context of
how they impact fluid flow, reservoir simulation results, field pro-
duction, and forecast in conventional and unconventional reservoirs.
This 2-day course presents workflows along with conceptual and
spreadsheet-based exercises to solidify concepts. The course provides
in-depth presentations and discussions of the models presented.

Course Objectives

e Highlight geologic concepts that control natural fracture develop-
ment in conventional and unconventional reservoirs.

Value characterization methods that incorporate the use of 3D
seismic data for improved mapping of mechanical facies and
fracture properties.

Discuss workflows that combine geologic and geomechanics
concepts, petrophysical properties, and seismic attributes within
geological models in preparation for reservoir simulation.
Quantify the combined effect of fracture properties and geome-
chanical properties in effective flow properties of simple fracture
scenarios.

Understand the need of combining multiple disciplines and data
sources to develop an adequate flow model.

Understand that fracture models are not platform- or soft-
ware-specific, but utilize and blend all available data and relevant
analogs.

Understand that consistently developed continuum and discrete
fracture models can yield very similar results.

Model effective fracture permeabilities in a cell of a geologic
model and understand the parameters that control such perme-
ability.
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CPD Points: 8
CPD Points: 10

Course Outline

Session 1

e Natural fractured reservoirs: overview and concepts

e Impact of natural fractures on reservoir performance: overview

¢ Tight unconventional reservoirs: mechanical stratigraphy in core,
well logs, and seismic

Tight unconventional reservoirs: use and value of outcrop analogs
Tight carbonate mechanical stratigraphy interpretation

e Reservoir engineering data for of naturally fractured reservoirs

Session 2

¢ Tight unconventional reservoirs: seismic properties for fracture
characterization

¢ Discrete vs continuum natural fracture descriptions for simulation
in fractured reservoirs

¢ Tight unconventional reservoirs: geomechanics review

o Effective fracture permeability.

Session 3

¢ Tight unconventional reservoirs: modeling perm of reactivated
fractures

Pressure transient response time

e Conventional fractured reservoirs: overview and concepts
Conceptual integrated fault damage zone model

Value of outcrop analogs in fracture modeling

Conventional fractured reservoirs: facies, rock properties in core
and well logs

Session 4

e Conventional fractured reservoirs: rock properties from 3D seismic

e Calibration of effective fracture permeabilities

¢ Special considerations for flow simulation in fractured reservoirs

e Putting it all together: Integration of outcrop, core, well logs, and
seismic for improved reservoir models

SHORT COURSE CATALOGUE
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Participants’ Profile
Due to its multidisciplinary nature, this class is designed for all levels
from entry to advanced.

Prerequisites
None

About the Instructors

Reinaldo J Michelena is reservoir characterization and geophysical
advisor. He has a Ph.D. in geophysics from Stanford University and
a B.S. in physics from Universidad Simoén Bolivar (Venezuela). He has
over 35 years of experience in research, development, and applica-
tion of seismic methods to help reservoir delineation and characteri-
zation, from prototyping, programming and testing of algorithms to
integrated interpretation of field data results.

Chris Zahm is a Research Geologist at the Bureau of Economic Geol-
ogy at the University of Texas at Austin. He received his Ph.D. in 2002

116 e

from the Colorado School of Mines as a structural geologist and has
M.Sc. degree from the University of Texas at Austin in Hydrogeology
and B.S. in Geology from the University of Wisconsin-Madison. With
more than 25 years of experience working fractured reservoir systems
in both industry and academia, Chris has focused on characterizing
and modeling natural fracture systems in subsurface reservoirs from
around the world including onshore US, Norwegian North Sea, Indo-
nesia, offshore Brazil, Bolivia, and the Middle East.

James Gilman provides reservoir engineering and flow simulation
consultation with more than 40 years of experience. His expertise
includes specialization in the area of application and development
of numerical simulators for fluid flow in petroleum reservoirs. He has
been involved in development of 3-phase simulators for naturally
fractured reservoirs. He is actively involved consultation in the areas
of reservoir engineering, reservoir simulation, naturally fractured
reservoirs, and unconventional reservoirs. He has extensive training
experience in these areas through Marathon, iReservoir and Nautilus.

SHORT COURSE CATALOGUE
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Sedimentary Rocks and Depositional Environments

BASIN ANALYSIS § CONTINENTAL MARGIN j CORES J LITHOLOGY j OUTCROP
RESERVOIR CHARACTERIZATION § SANDSTONE § SEDIMENTS jj SHALE § THIN SECTION § TURBIDITE

Instructor: Dorrik Stow (Heriot-Watt University, UK)
Language: English
Level: Foundation
Duration and Online: 3 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

Sedimentary rocks and their depositional environments are funda-
mental to all aspects of petroleum geoscience, including evaluation
of the petroleum system, exploration, field appraisal, reservoir char-
acterisation and development, and solving production issues. Equally,
they are fundamental to the study of stratigraphy, mineral resources,
water resources and global environmental change.

Sediments deposited in rivers and deserts, deltas and deep-sea
fans, coasts, shelves and contourite drifts, bioherms and carbonate
platforms, all differ significantly in their rock properties, diagenetic
character, heterogeneity and architecture. Such differences are key to
understanding their behaviour as source rocks, migration pathways,
reservoir rocks and seals, in both conventional and unconventional
hydrocarbon systems.

This course is designed to give the participant a succinct, state-of-
the-art, overview of sediments, sedimentary rocks and their principal
characteristics, thereby providing a broad understanding of the
range of sedimentary environments and the rocks they comprise. It
covers clastic, carbonate, evaporite and volcaniclastic sediments, and
the full range of settings in which they are deposited — including
continental, shallow marine and deepwater depositional environ-
ments. Careful consideration is given to the principal diagnostic
features of sediments from the main environments — in the field, in
cores/boreholes, and in modern systems. Rock features include sedi-
mentary structures, ichnofacies, textures, composition, petrophysical
characteristics, and biogenic/organic content. For each environment,
selected wireline logs will be examined, and the overall rock geom-
etry or architectural elements discussed. A series of case studies will
illustrate a range of hydrocarbon fields and plays from each of the
main depositional environments.

The presentations are fully illustrated with high quality colour images
of sediments and sedimentary rocks from a wide range of modern,
ancient and subsurface examples. Where possible the course can be
run in conjunction with examination of cores in the lab, and/or with
field work, in order to better illustrate key features.

The course will build on the handbook Sedimentary Rocks in the Field
(Stow, 2005) and the new edition in preparation, Sedimentary Rocks
in the Field and Core (Stow and Gerard, 2021). Each participant will
receive a copy of the latest revised edition of this book as well as a
full set of the PowerPoint presentations.

117 e

CPD Points: 6
CPD Points: 10

Course Objectives

Upon completion of the course, participants will be able to:

e UNDERSTAND the economic and environmental significance of

sedimentary rocks

APPRECIATE the full range of sedimentary rocks and their key

differences

RECOGNISE the nature and origin of the principal sediment

characteristics

DISTINGUISH between types of sedimentary rocks — modern,

ancient and subsurface

EVALUATE sediments in terms of the processes and environments

of deposition

e ASSESS and interpret facies associations, sequences and architec-
tural elements

e FOCUS on source, reservoir and seal properties of different
sediment types

e RESOLVE clearly and simply between different depositional
environments in the subsurface

e GAIN an astute understanding of what questions to ask and what
analyses to make

e BECOME a better 21st century sedimentologist

Course Outline

Unit 1: Introduction and Overview.

e Course aims and content

e Classification and properties of sedimentary rocks

e Interpretation of depositional environments

Methods of study: field, core and laboratory

e Significance: resources, water and the environmental record

Unit 2: Principal characteristics of sedimentary rocks.

¢ Introduction and facies concept

¢ Bedding and lamination

e Primary structures: erosional and depositional

e Secondary structures: post-depositional deformation & dewater-
ing

¢ Biogenic structures: trace fossils, bioturbation, ichnofabrics and
ichnofacies

e Chemogenic sedimentary structures

Sediment texture and fabric: grain size, sorting, grain fabric

Sediment composition and colour

SHORT COURSE CATALOGUE



) GEOLOGY * GEOLOGICAL MODELLING ]

e Principal diagenetic changes: physical and chemical

Unit 3: Siliciclastic sedimentary rocks

e Conglomerates: definition, types, characteristics, classification,
occurrence

e Sandstones: definition, types, characteristics, classification,
occurrence

e Mudrocks: definition, types, characteristics, classification,
occurrence

e Hydrocarbon significance: source, reservoir and seal

Unit 4: Biogenic sedimentary rocks

e Carbonate rocks: definition, types, characteristics, classification,
occurrence

e Cherts and siliceous sediments: definition, types, characteristics,
classification, occurrence

e Phosphorites: definition, types, characteristics, classification,
occurrence

e Coal: definition, types, characteristics, classification, occurrence

e Hydrocarbon significance: source, reservoir and seal

Unit 5: Chemogenic sedimentary rocks

e Evaporites: definition, types, characteristics, classification,
occurrence

e [ronstones: definition, types, characteristics, classification,
occurrence

e Soils, paleosols and duricrusts: definition, types, characteristics,
classification, occurrence

Unit 6: Volcaniclastic sedimentary rocks

¢ Definition, range of types and classification

e Principal sedimentary characteristics and occurrence

e Hydrocarbon significance: source, reservoir, seal and correlation

Unit 7: Interpretations and depositional environments

e Building blocks: facies characteristics and models

e Vertical sequences and cycles, wireline log characteristics
e Lateral trends and geometry

e Architectural elements and facies associations

e Sequence stratigraphy and bounding surfaces

e Controls, rates and preservation

Unit 8: Depositional environments summary

e Principal characteristics of each of the main depositional environ-
ments

Hydrocarbon case studies from each of the main depositional
environments

Case studies and exercises throughout course

Optional special topics — to be discussed in advance

Potential for core session in core lab and/or for complementary
field work
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Participants’ Profile

The course is designed for all geologists, geophysicists and petroleum
engineers involved in exploration and development. Project manag-
ers and senior management would also benefit from such a course
as a refresher.

Recommended Reading

® Boggs S, 2009 (Second edition). Petrology of Sedimentary Rocks,
Prentice Hall

Leeder MR, 2011 (Second edition). Sedimentology and Sedimen-
tary Basins: From Turbulence to Tectonics, Blackwell Science
Maynard JB, Potter PE, Depetris PJ, 2005. Mud and Mudstones:
Introduction and Overview, Springer

Reading HG, editor, 1996 (3rd edition) Sedimentary Environments
and Facies, Blackwell

Selley RC, 2000. Applied Sedimentology, Academic Press, San
Diego.

Stow DAV, 2005. Sedimentary Rocks in the Field, CRC Taylor &
Francis Group

About the Instructor

Professor Dorrik Stow FRSE is a leading specialist and internation-
ally renowned expert in sedimentary systems, with over 40 years
experience in modern, ancient and subsurface sediments. He has a
particular interest in deepwater hydrocarbons, including numerous
joint research projects with industry, individual consultancies, short
course and field course organisation. His extensive record of scien-
tific publications includes over 300 scientific papers and reports,
numerous books and edited volumes. He has also worked closely
on continental, shallow water, deltaic and carbonate systems from
across the world.

Professor Stow is a lively, interesting and highly informed instructor.
He is a seasoned presenter to audiences large and small, specialist
and generalist. He is able to draw upon a great wealth of experience
and examples to fully illustrate his presentations, and utilizes short
course exercises for further instruction. His teaching and instruction
has been highly acclaimed at all levels. He has worked with many
different oil and gas companies in the provision of in-house or collec-
tive courses, field and core workshops, and in collaborative research
projects.

His recent text Sedimentary Rocks in the Field (Manson, 2005) is
a must-have for students and professional geologists alike, while
Oceans: An lllustrated Reference (Oxford University Press and Uni-
versity of Chicago Press, 2004) and, more recently, Vanished Ocean
(Oxford University Press, 2010) are written as popular science. He has
worked both in industry and university and is currently Emeritus Pro-
fessor (Petroleum Geoscience) at Heriot-Watt University (Edinburgh,
UK), Distinguished Professor at the China University of Geoscience
(Wuhan, China), and Leverhulme Emeritus fellow. Professor Stow has
been an enthusiastic lecturer and speaker throughout the world, on
everything from deep-sea turbidites to the Lost Tethys Ocean.

SHORT COURSE CATALOGUE
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Structural Geology Must-Knows

FAULT GEOMETRY j KINEMATICS INTERPRETATION

FAULT SEAL § SEISMIC INTERPRETATION § STATIC

MODEL ELABORATION § STRUCTURAL FRAMEWORK BUILDING j FAULT QA QC | SANDBOX MODELS

Instructor: Pascal D. Richard (PRgeology, France)
Language: English, French
Level: Intermediate

Duration and Classroom: 2 days
formats:

Course Description

The objective of the course is to cover the structural geology concepts
that all geoscientists need to know in order to build or validate static
models and carry out fault interpretation. These concepts have been
identified as the “Structural Geology Must Know's” by the lecturer
over his 30 year career in the oil industry. These cover what he has
been using in reviews, peer assists, coaching and training sessions
with geologists and geophysicists primarily, but with other disciplines
too.

The course covers fundamental understanding or rock failure, fault
growth, fault geometries, structural styles and how these fundamen-
tal concepts can be used for production and exploration projects
alike (and all sub-surface projects in general).

At the end of this class, the participants will gain a sound understand-
ing on how rock deform throughout the geological history, how rock
properties influence the geometry of faults in the sub-surface and
how the faults must and can be simplified, with the appropriate audit
trail, in maps and 3D static and dynamic models alike.

Examples of exploration and production scale case studies will be
used throughout the course to ensure a business context to the
learnings.

The course will help the participant to create robust and appropriate
map and 3D model linked to the maturity of their project and their
business objectives.

Course Outline

Day 1: Class room

e Course introduction. Why are we here today?

e Structural geology foundation concept recap

e Understand how rock break and the impact on fault geometries
(Mohr circle introduction, stress and strain exercises)

The pole of the Mohr circle introduction and exercises (A tool to
assess the likelihood of fault reactivation)

Structural evolution lecture and exercises (Use detailed observa-
tions on cross-sections to unravel faulting history)

Day 2: Class room

e Recap of day 1

e Fault geometries, fault growth, fault segmentation lecture and
exercises

e Fault QA-QC, fault resolution lecture and exercises
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CPD Points: 10

e Fundamentals of strike-slip deformation lecture and exercises
e Structural style and fault kinematics interpretation exercise based
on map

*This course has originally been designed in Oman where an addi-
tional field trip can be organised. Additonal field course to apply the
lessons learned from the class could also been considered in other
part of the world.

Day 3: Field trip - Jebel Shams dip slope

Faults in map view and cross-section; Fault seal potential in limestone;
Damage zones around faults; Fault geometries — fault growth, fault
segmentation; Impact for seismic interpretation and static model
building; Link to drilling and dynamic simulation

Day 4: Field trip - Jebel Madar

Fault mapping at smaller scale (production scale); Link smaller scale
observations to larger scale regional evolution and vice versa; Impact
of fault geometry on fault seal potential, Fault geometries — fault
growth, fault segmentation; Impact for seismic interpretation and
static model building; Link to drilling and dynamic simulation

Recap of the entire course in small syndicates.

*An alternative one day of Collaborative Virtual Geology Field trip
in Jebel Madar is also available. This is carried out using VRExplorer
software from the company VR2Planets.

Participants’ Profile

This course is suitable for both new hires and experienced geosci-
entists. Its exercise-based approach allows participants to build on
their existing knowledge. Professionals from all subsurface disciplines
involved in subsurface projects will find it beneficial.

Prerequisites

Basic knowledge of geosciences and petroleum geology in general
are preferable. Awareness of structural geology will be beneficial but
not mandatory.

About the Instructor

Pascal Richard Holds a PhD in Earth Sciences from the University
of Rennes (1991). After spending 30 years in the Qil Industry, as a
recognized structural geology expert, Pascal can now concentrate on
one of his passions which is teaching structural geology, fault geom-
etry and fractured reservoirs charactersiation and modeling. Pascal is
a passionate teacher and coach. He also actively supports academia

SHORT COURSE CATALOGUE
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work contributing to master and PhD programs. His knowledge is
based on numerous integrated projects, both at Exploration and
Production scales, and on numerous training run since the beginning
of his career.

Pascal joined Shell in 1991. He initially spent 5 years in the Shell
Research lab where he developed, with the team, some of the foun-
dation concepts of modern structural geology. He has led the sand-
box laboratory and run numerous experimental programs covering
all structural styles.

He has then spent 3 years in Oman in Exploration as a seismic inter-
preter and in a structural geology support role. This was followed by
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4 years in Shell Carbonate Development Research Team focusing on
Fractured reservoirs. Pascal went back to Oman for 7 years to imple-
ment fractured reservoir software technology and act as a focal point
for structural geology in the Middle East. He finally spent 10 years
in Shell Global Solutions working as a global consultant, working on
projects and training. He has spent the last 3 years as the head of the
structural geology discipline in Shell.

Currently Pascal is working as an independent structural geology
expert delivering courses and technical consultancy projects. He is
currently fcoussing on developing collaborative virtual reality field
trip.

SHORT COURSE CATALOGUE
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Advanced Marine Seismic Acquisition Techniques

(3D | OBC | P-WAVE | PRM | RESERVOIR ENGINEERING J| SIMULTANEOUS SOURCE | WIDE AZIMUTH

Instructor: Mike Branston (SLB, Kuala Lumpur)
Language: English
Level: Foundation
Duration and Online: 2 to 4 live sessions of 4 hours
formats: Classroom: 1 to 2 days

Course Description

The course is designed to familiarize the student with the latest
developments in Marine Seismic Acquisition including Wide-Az-
imuth with its many geometry variants, Broadband techniques
(boosting the high and low frequencies), seabed receivers for
both P-wave and Converted-wave recording, simultaneous
source acquisition, and methodologies to improve efficiency.
The course starts with an overview of conventional 3D towed stream-
er seismic acquisition and then concentrates on recent advances that
have enabled dramatic improvements in seismic data quality and
interpretability. While the development of 3D marine seismic acqui-
sition since the 1980s has been arguably the single most effective
technique in improved drilling success, the recent addition of “true
3D" or “wide-azimuth” techniques has led to improved sub-surface
illumination and imaging. In addition to improved imaging, im-
proved resolution has been achieved through so-called broadband
techniques achieved through novel source and streamer geometries
and multi-component receivers. The course compares wide-azimuth
towed streamer seismic acquisition as well as sea-bed seismic acqui-
sition, ocean bottom cable (OBC) and ocean bottom node (OBN).
Design and practical implementation considerations are reviewed;
together with relative cost-benefits. In the case of sea-bed seismic,
the value of multi-component recording is reviewed. Broadband seis-
mic techniques are explained in terms of source and receiver design,
practical implementation and interpretational benefits. The course
reviews the latest developments in simultaneous source technology,
which are attempting to improve the data density and / or oper-
ational efficiency of seismic acquisition. Finally the course reviews
the other operational methodologies and designs that have been
developed to improve acquisition efficiency.
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Course Objectives

A practical approach is adopted and is designed to provide the stu-
dent with an up-to-date understanding of recent developments in
marine seismic acquisition technology. At the end of the course the
student will be able to understand why and where these new tech-
nologies are applicable, understand what studies are required to de-
sign new surveys and understand the relative costs of acquiring and
processing the seismic data compared to conventional acquisition.

Participants’ Profile

The course is designed for geophysicists and explorationists who wish
to gain an overview of recent developments in 3D marine seismic
acquisition. Participants are assumed to have a working knowledge
of conventional seismic acquisition techniques and their use in explo-
ration and development of hydrocarbon resources.

Prerequisites

Participants should have a working knowledge of conventional
seismic acquisition techniques and their use in exploration and devel-
opment of hydrocarbon resources.

About the Instructor

Mike Branston manages WesternGeco’s Solution Design and Mod-
eling activities across the Eastern Hemisphere. He has been based
in Norway, Malaysia and the UK. Mike holds both a BSc and a PhD
in geophysics and was awarded Chartered Geologist status by the
Geological Society of London in 2006.

Since 2014 he has volunteered his time and expertise to assist the
PESGB (Petroleum Society of Great Britain) in the organisation of
their biannual petroleum exploration conference (PETEX); initially as
a member of the technical committee and more recently as chairman
of that committee.

SHORT COURSE CATALOGUE
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The Benefit of Broadband Technology for Reservoir
Characterization and Imaging - the End-User Value

APPRAISAL | BROADBAND J CASE STUDY | INTERPRETATION J INVERSION
MARINE ACQUISITION | OFFSHORE ] RESERVOIR | SEDIMENT

Instructor: Cyrille Reiser (Petroleum Geo-Services, UK)
Language: English
Level: Foundation
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 1 day

Course Description

The main aim of this course is to provide a very accessible overview
of the many concepts behind broadband seismic (primarily offshore)
and its implication for the reservoir focused asset based geoscientist.
This will be done through the a very comprehensive set of case study
material from all regions of the world and for various stages of the
exploration, appraisal and development asset life cycle. The course
aims to objectively discuss the various broadband seismic technolo-
gies and commercial offerings available today and their respective
merits with regards to quantitative reservoir characterization and
reservoir imaging using real world application examples. The course
will further attempt to identify possible pitfalls and issues with re-
gards to the treatment of broadband data that might lead to flawed
or erroneous Ql.

Course Objectives

Upon completion of the course, participants will be able to under-
stand the value of broader bandwidth seismic data in general and for
quantitative reservoir analysis from interpretation to rock property
estimation in particular. The course is intended to be very applied
and hands on and will only review the very basic concepts of inver-
sion based rock property analysis and quantitative interpretation but
will otherwise focus on examples to illustrate the benefit of extended
bandwidth seismic.

Course Outline

Course schedule:

* What is broadband seismic?

e Potential benefits

e Exploration case studies

e Appraisal development case studies
e What next?
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Participants’ Profile

The course is designed for geoscientists with a basic level of geophys-
ical knowledge, including a general knowledge of towed streamer
acquisition and processing methods but the content is designed to be
accessible for most geoscientists working with or interested in using
broadband seismic in their day-to-day working life. In other words,
definitely no requirement for expert knowledge.

About the Instructor

Dr Cyrille Reiser holds a Ph.D in 1998 from Lyon'’s Ecole Normale with
the title “Automatic recognition of genetic sequence and sedimen-
tary bodies by wireline log shape analysis”. He worked for 10 years
with CGG prior to join and develop in end of 2008, the Reservoir
Characterisation Group in PGS Reservoir. He is presently the Reservoir
Characterisation Director for PGS Reservoir.

SHORT COURSE CATALOGUE
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Time-Lapse Seismic: A Multidisciplinary Tool for Effective
Reservoir Management

(4D | FLUID | GRM J INJECTION | MONITORING | OIL AND GAS | PRM | PRODUCTION | WORKFLOWS

Instructor: Cedric Fayemendy (Equinor, Norway)
Language: English
Level: Intermediate
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 1 day

Course Description

Geophysical Reservoir Monitoring (GRM) of reservoirs relies on fre-
quent time-lapse observations with high-survey repeatability. This
technology is a key enabler for maximizing the oil recovery of oil
and gas fields. The GRM technology aims at understanding and
updating the knowledge of producing reservoirs. This is achieved
through mapping the movement of fluid and pressure fronts and
fluid contacts during production and injection. The combination of
production monitoring with repeated seismic acquisition and geo-
logical and reservoir information provides reliable estimates of static
and dynamic reservoir parameters. The lecture will first review the
geophysical reservoir monitoring history at Equinor. We will share
our experience with 4D processes, resources allocation and the
overall monitoring strategy. The lecture will also cover challenges in
understanding the 4D responses and value creation. Finally, we will
look at how we push the GRM technology towards higher use of
quantitative results.

Course Objectives
The purpose of this course is to provide an overview of the impor-
tance and the benefit of time-lapse seismic.

Course Outline

e Theory of time lapse monitoring

e How do we plan for time lapse seismic?

¢ The value of acquiring time lapse data.

e How are time-lapse data managed by the asset and integrated in
the reservoir management process.

e An overview of the latest developments in time-lapse monitoring
in Equinor including PRM.
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Participants’ Profile

This course should be of interest to managers, geoscientists, reservoir
and petroleum engineers with an interest in reservoir management
and monitoring using time-lapse seismic.

About the Instructor

Cedric Fayemendy is currently working with in Equinor with reservoir
monitoring. He holds a master degree in Geophysics (1998) from
University of Paris VI. He joined Equinor in 2010 after spending 12
years in the oil industry working with Schlumberger and ConocoPhil-

lips.
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Land Seismic on New Technological Level

m BROADBAND § FULL AZIMUTH § MULTICOMPONENT j REFRACTION
RESERVOIR CHARACTERIZATION J STATICS § SURVEY DESIGN j VIBROSEIS

Instructor: Anatoly Cherepovskiy (Independent Consultant, Russia)

Language: English, Russian
Level: Foundation
Duration and Online: 2 to 4 live sessions of 4 hours
formats: Classroom: 1 to 2 days

Course Description

This course will provide information related to recent trends and
advances in land seismic data acquisition technology, equipment and
the methodologies that are being utilized to improve seismic imaging
quality and productivity of 3D acquisition with an emphasize on the
high-end surveys as performed in open areas. The course will not
cover the fundamentals of 3D and multicomponent seismic survey
design, although there will be a section that will give a review of
recent survey design approaches and principles.

Course Objectives

The purpose of this course is to:

e provide an overview of trends in 3D land seismic and achievements;

e understand trade-offs in modern field technologies;

e understand the ways to improve seismic imaging and data condi-
tioning for better reservoir characterization.

Course Outline

1. Introduction

2. The revolutions and trends in 3D land seismic and evolution
in survey design, field equipment, and acquisition techniques.
The criteria of field data quality. The role of global positioning
systems. Arrays versus point receivers and point sources Intra-ar-
ray statics (synthetic and field-data examples), non-vertical ray
emergence, and other factors degrading high-frequency content
of acquired data and distorting amplitudes and AVO effects. Is
there a compromise between high-frequency preservation and
S/N ratio improvement? Digital array forming.

3. Wide-azimuth and high-density surveys
Breakthrough in seismic imaging with HD and WAZ data. More
receivers or more sources? New types of attributes extracted
from HD and WAZ data to better characterize complex and
fractured reservoirs.

4. Excitation and recording of wideband seismic signals
Why do we need broadband signals? Types of velocimeters and
accelerometers. Low-dwell and other nonlinear sweeps. Field
data examples.
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5. 3C sensors and multi-component seismic
Advantages of 3C single sensors from operational and geophys-
ical points of view. Multicomponent seismic with MEMS accel-
erometers: expectations and practical achievements. Ray-tracing
and finite-difference modeling studies.

6. Multiple-fleet and high-productivity vibroseis techniques
New paradigm in seismic exploration: better sampling of noise
and signal. The issues of data and equipment QC in high-pro-
ductivity vibroseis.

7. Diversity stack in noisy areas

8. Cableless recording systems
Innovative technologies enabling a new generation of recording
systems without cables and radio: the importance of GPS in the
evolution of land seismic acquisition techniques. Where cableless
systems are applicable? Full cableless and infill modes. Testing of
autonomous (nodal) and real-time recording systems in Russia.

9. Conclusions
Not all acquisition techniques are equal (status in Russia vs.
Middle East and North America)
What will be high-end land 3D surveys in the future: point 3C
acquisition? A mix of cable and cableless, very dense and very
noisy data?

Participants’ Profile

The course is appropriate not only for geophysicists involved in land
survey design, acquisition, and modeling, but also for those involved
in data processing and interpretation who wish to better understand
the potential improvements that can be made.

Prerequisites

The course assumes familiarity with basic seismic acquisition tech-
niques and equipment. No mathematical background is required,
since physical concepts are graphically illustrated. A comprehensive
list of references is given in the book.

Recommended Reading
Meunier, J., 2011, Seismic acquisition from yesterday to tomorrow:
Distinguished Instructor Short Course, SEG / EAGE, Tulsa, OK USA.

SHORT COURSE CATALOGUE
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About the Instructor

Anatoly Cherepovski received an MSc in Geophysics from Moscow
State University in 1980. He joined OZGEO overseas geological ex-
ploration company (Moscow) and carried out seismic data processing
including almost two years at the field data processing centre in Yem-
en. In 1991 he obtained a PhD at VNIIGeofizika Research Institute
(Moscow) with a dissertation titled flmproving efficiency of vibroseis
investigations in frontier areasf.

In 1995 he joined Petrosystems division of CGG (Moscow) as a
project manager. From 1998 to 2004 he worked for Green Moun-
tain Geophysics (GMG), later I/O GMG, where he was involved in
3D survey design, refraction statics determination, and benchmark
data processing. He presented courses on seismic survey design and
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refraction statics to numerous companies in Russia and CIS. In 2004
he joined I/0 full-wave team and was involved in 3D/3C model-based
survey design, ray-trace and finite-difference modeling. From 2008
t0 2016 he served as regional geophysicist for Sercel, Moscow office,
and provided consultancy on multicomponent equipment and survey
design, high-density single-sensor and single-source seismic, broad-
band seismic, and high-productivity vibroseis techniques. From 2017
he works as seismic expert for NewTech Services company, Moscow
office, and provides consultancy on cableless recording systems and
high-density 3D surveys.

Anatoly is a member of EAGE, SEG, and EAGS (EurAsian Geophysical
Society). He is the author of English-Russian and Russian-English
Dictionary of Exploration Geophysics, EAGE, 2008.

SHORT COURSE CATALOGUE
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Land Seismic Survey Design

3D | BROADBAND J IMAGING | INTEGRATION | INVERSION | LAND
SEISMIC | MODELING | NOISE | SENSORS | SIGNAL PROCESSING J| SIMULTANEOUS
SOURCE | VIBROSEIS | WIDE AZIMUTH

Instructor: Paul Ras (SD2I Geophysical Consulting, Netherlands)

Language: English, Dutch
Level: Intermediate
Duration and Online: 3 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

This course presents an integrated approach to modern land 3D
seismic survey design as it has a key role in the seismic value chain
going from acquisition to processing, imaging and inversion & char-
acterization. It will describe the main technology advances in land
seismic acquisition: high-channel count single sensor (point receiver),
simultaneous source high-productivity vibroseis, broadband and
wireless nodal systems. New acquisition technology has in turn in-
spired progress in processing, imaging and inversion & characteriza-
tion. Seismic survey designs have changed accordingly, wide azimuth
high-density surveys are now the norm in many environments. And
the survey design workflow now includes single sensor, single source,
simultaneous source, broadband, symmetric sampling, cross-spreads,
spatial continuity and more powerful 5D interpolation methods. It
has also become more integrated, with requirements from process-
ing, imaging and inversion & characterization feeding back to the
design and hence acquisition.

Course Objectives

The purpose of this course is to understand:

e The main parameters related to land survey design;

e The generic land seismic survey design workflow;

¢ The impact of the new acquisition technology on survey design;

e How design and acquisition affects processing, imaging and inver-
sion and characterization.

Course Outline

1. Introduction: setting the stage discussing the survey design process
as part of the seismic value chain and from the perspective of
integrated project design;

2. Survey design workflow: generic survey design workflow intro-
ducing the basic design parameters and explaining how they are
estimated. Among other things this involves survey objectives,
resolution, signal and noise. In the next sections, we will show
the impact of the new technologies;

3. The advent of high-channel count systems has enabled single sensor
(or point receiver) recording. This can provide unaliased sampling of
signal and noise enabling easy removal of in particular near surface
source generated noise;

4. Simultaneous source hi-productivity vibroseis: acquiring data from
multiple (groups or single) vibrators simultaneously from different
source locations, which can improve spatial sampling and reduce cost
by increasing productivity;
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5. Broadband: driven by imaging and inversion requirements, there
has been a major technology effort to increase bandwidth,
mostly on the low but also on the high frequency side of the
spectrum;

6. Wireless nodal systems significantly improve operational flexibili-
ty in restricted areas; increasingly being used with single sensors.
Nodal technology is developing fast with higher channel counts
while improving Wifi & Bluetooth technology enables better QC;

7. The impact of survey design at the data processing stage includes
receiver sampling for adequate noise suppression, improved
source sampling for well sampled gathers (cross-spread, source,
receiver) and fold (trace density). When we design the survey, we
can for instance ensure well interpolated & regularized input to
imaging, understanding of multiple behaviour, and enable good
surface wave inversion for near surface modeling;

8. At the imaging stage we should ensure spatial continuity, good
spatial sampling (CMP bin), trace density, azimuth/offset sampling
for azimuth preserving OVT migration, sufficient migration
aperture and bandwidth. We can model for good illumination;

9. To ensure optimum inversion — in particular pre-stack and AVOAz
—and reservoir characterization, wide azimuth, high-density
survey designs can provide good azimuth/offset sampling and
S/N. Low frequency data (broadband) will reduce the dependen-
cy on well data, high frequency data and good spatial sampling
will optimize resolution;

10. Finally, there will be a quick look at some future developments

like ongoing research efforts in the area of vibroseis sources,
simultaneous sources and wavefield interpolation.

Participants’ Profile
Acquisition geophysicists who are naturally involved in survey design
but also processing geophysicists and interpreters who wish to un-
derstand how acquisition programmes can be tailored to tackle their
problems. The course may also be beneficial to geoscience (geophys-
ics and geology) students.

Prerequisites
Participants are assumed to have basic knowledge of seismic acquisition and
processing techniques.

SHORT COURSE CATALOGUE



%) GEOPHYSICS - SEISMIC ACQUISITION ]

About the Instructor

With more than 20 years industry experience principally with
Schlumberger, Paul Ras has worked in land seismic acquisition,
survey evaluation & design, data processing, inversion & reservoir
characterization. He is currently a geophysical consultant based
in the Netherlands, teaching and consulting for Schlumberger
NEXT and working with geophysics startups. Paul began his career
at TNO Institute of Applied Geoscience and Delft Geophysical in
the Netherlands, working in software development and as a seis-
mologist on field crews. He then worked in various roles for Ge-
co-Prakla, on crews and in the survey evaluation and design group.
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After a three year secondment at Saudi Aramco followed by starting
up WesternGeco's data processing center in Saudi Arabia, he moved
to inversion and reservoir services working for Schlumberger’s DCS
segment based in Cairo. Then came various technical and project
management roles mainly involving new technology like the land
UniQ acquisition system, land demultiple processing and seismic
guided drilling. From 2013 until 2015 he worked as a land area
geophysicist for WesternGeco based in the UK. Paul is a graduate
in Applied Geophysics from Delft University of Technology in the
Netherlands.

SHORT COURSE CATALOGUE
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Integrated Seismic Acquisition and Processing

3D | DENSE SURVEYS | DYNAMITE | IMAGING J] INTERPRETATION |
[LAND SEISMIC | MAPPING J MIGRATION |
[NEAR SURFACE | OBC | OFFSHORE ] ONSHORE ] SAND | SENSORS || SPARSE DATA |

Instructor: Jack Bouska (Independent Consultant, Canada)
Language: English
Level: Intermediate
Duration and Online: 2 to 4 live sessions of 4 hours
formats: Classroom: 1 to 2 days

Course Description

A significant transformation is sweeping the seismic industry. The
maturing of simultaneous source shooting, the introduction of
ultra-small-lightweight autonomous recorders, along with the com-
plimentary development of a new generation of highly portable,
miniaturized impulsive seismic sources, all represent a true revolution
in seismic acquisition technology. These new inventions are not only
reducing the cost of conventional seismic, but are enabling ultra
high-quality 3D’s with mega-dense spatial sampling, in ways that
were unimaginable only a decade ago. To truly take full advantage
of these recent innovations in source and recording technology re-
quires abandoning some outdated survey design and data processing
practices in favor of more appropriate methods tailored to modern
seismic surveys. This course covers the full breadth of knowledge and
tools required to select and adjust survey design parameters for op-
timum imaging of the subsurface target, while honoring equipment
limits and surface constraints. Students will learn a practical set of
survey design techniques, using a combination of both presentations
and in-class exercises, which are reinforced using specific examples
of cutting-edge seismic acquisition projects from around the globe.

Course Objectives

Each participant will gain exposure to the core principles of seismic
3D survey design, along with practice in selecting a balanced set of
3D acquisition geometry parameters for both optimum field imple-
mentation and competent data processing. Students will also learn
how those parameter choices directly affect acquisition operations,
data processing and the quality of the final image volume.

Course Outline

e Foundations of seismic system integration and subsurface mapping;
e Methods of acquiring seismic data, to image the subsurface;

e Optimum processing of wide azimuth seismic data, to image the
subsurface;

Introduction to the survey design study, a data driven investigation
into survey objectives, mapping requirements and geographic
constraints;

The survey design procedure, techniques for selecting a balanced
set of 3D geometry parameters;

Offshore Ocean Bottom Seismic 3D survey design, with worked
examples;

Onshore 3D seismic surveys using explosive sources, with worked
examples;
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e Onshore 3D seismic surveys using Vibroseis sources, with Simulta-
neous Source examples.

Participants’ Profile

The course is designed for:

1. Seismic acquisition specialists who wish to learn more about design-
ing cost-effective acquisition programmes, that are well matched
to state-of-the-art processing and imaging technigques, along with
strategies to exploit the future of high channel count crews in order
to create ultra-high quality images;

2. Seismic processing specialists who wish to learn about how ac-
quisition geometry parameter choice directly affects the ability to
attenuate noise, and image the subsurface, in the context of a
modern processing scheme

3. Seismic interpreters with a desire to know more about both of
the above.

Prerequisites

Participants are assumed to possess a working knowledge of the
reflection seismic method and its use in exploration and reservoir
management.

About the Instructor

Jack Bouska graduated with a Geophysics degree from the Uni-
versity of Alberta (1980), and started working at Seiscom-Delta
(1981) then moved to Western Geophysical (1983), before joining
Dome Petroleum in 1985, persevering through the Dome-Amo-
co-BP mergers of 1988 & 1998. His career included residence in;
London U.K., Muscat Oman, and Calgary Alberta, while tackling
a wide variety of projects spanning across five continents. Initial
projects included revitalizing cost effective exploration for Amoco
Canada using his invention of Sparse-3D, later expanding into the
S. American Andes, designing and acquiring some of the world’s
largest Heli-portable 3D’s. His innovation at BP continued with
novel acquisition techniques for Seabed OBC-3D’s in the North
Sea, Caspian Sea, Gulf of Suez, Abu Dhabi, Indonesia and West
of Shetlands. While in the UK, Jack also acted as team Leader for
the upstream technology Reservoir Management team, prior to
moving to Oman as the Middle East region Seismic Delivery Man-
ager, where he instigated several ultra-high speed Vibroseis surveys
made possible by his invention of Distance Separated Simultaneous
Sweeping (DS3). While in Oman, he also invented a new type of
seismic sensor and autonomous node recorder, resulting in sev-

SHORT COURSE CATALOGUE



%) GEOPHYSICS - SEISMIC ACQUISITION ]

eral patents (as inventor) and a commercial implementation (the
BP-Schlumberger-Rosneft Nimble Node). In 2013 he moved back
to Calgary as regional seismic delivery manager for BP's Oil Sands
and Canadian offshore seismic programs, before retiring in 2015,
and turning his attention to industry training and consultation.
As an author of more than 50 industry papers and technical presenta-
tions, Jack’s innovations in seismic acquisition design and processing
have been recognized by numerous geophysical societies; including
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the CSEG with the Best Theme Paper award in 1995, Best of Session
papers in 1997 & 98 and best technical luncheon talk of 2014. The
SEG also awarded Jack the Best Paper in the Leading Edge 2005,
and Honourable Mention in Best Paper category, 2005 National
convention. Jack has served as an EAGE Distinguished Lecturer for
2007-2008 and in 2009, the Society of Exploration Geophysicists
selected him as the spring SEG Distinguished Lecturer in Geophysics.
Jack is an active member of the EAGE, SEG, CSEG, and APEGA.
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Seismic Acquisition Project Essentials:
from Concept to Completion and Beyond

FINANCE | HSE | PROCUREMENT | PROJECT MANAGEMENT | SCOUTING || SEISMIC SURVEY

Instructor: Jan de Bruin (JdB VitalSeis, Philippines)
Language: English
Level: Foundation
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 2 to 4 days

Course Description

Existing courses and books with the title ‘seismic acquisition’ typically

deal with designing seismic surveys, and sometimes also with pro-

cessing and evaluation of the acquired data. Although design it is
an important part of this course, other equally important subjects
receive equal attention. These are:

e Clients: Identify potential clients and understand their wants and
needs.

e Finance: To achieve your clients’ objectives and define a budget.

e Procurement: Identify companies that can carry out the seismic
survey according to the design proposed and the HSE require-
ments. The course will also look at this from the perspective of
seismic companies.

e Scouting: In order to come up with a good design that is not too
expensive it is essential to scout the area where seismic data is
to be acquired. Scouting costs relatively little and helps to avoid
unpleasant and expensive surprises during execution.

e Communities: For the duration of the survey, and in case of
success, geoscientists will be co-habitants of the area with the
people who have lived there for generations. Those people can
and often will have a significant influence on the project and can
make it impossible to complete it.

e Execution: Even with good preparation, unexpected things will
happen when the work in the field starts, making life more
complex and more interesting. When a crew of 1000 people is at
work or a 10 streamer vessel is acquiring data there is little room
for mistakes and not much time to decide what to do.

e Equipment: Equipment changes faster than any of the other
elements. Ever since the beginning of seismic acquisition these
changes have been towards larger quantities, better quality and
lower prices for seismic sources and receivers. This process is
expected to continue and the equipment used today may be very
different from equipment that will be used in the seismic industry
10 years from now.

* Project management and Safety: These are the two pillars on
which any good project rests. Good project management includes
good safety management. One could even argue that the two
are largely the same. Seismic acquisition is an industry where
significant hazards exist and serious accidents still happen. These
can and must be avoided.
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Course Objectives

e better understanding the goals of clients of seismic surveys

e better preparing for a seismic survey, through scouting

e making a better design of the survey (design is also covered in
other courses)

learning how to improve relations with people living in the area
of the seismic survey

e better managing the financial aspects of a seismic survey

Course Outline
. Introduction

. Clients

. Scouting
Design

. Procurement
Safety

. Communities

. Execution

9. Finance

10. Equipment
11. Project management
12. Outro

NV WN =

Participants’ Profile

This course suits professionals who want to understand why their last
seismic survey was not as successful as they expected.

If you are either a client of seismic survey, in procurement, providing
finance support or in an HSE supporting or policing role related to
seismic acquisition, then this course will be of interest to you.

This course will be of interest for employees of seismic companies
who want to have a better understanding of how seismic surveys
are conceived, initiated and managed in oil companies. More detail
about the exact reasons why oil companies want to acquire seismic
data and how they go about this will also be a focus.

If you live in an area where a seismic survey will be conducted or if
you are with an NGO in need of understanding more about seismic
acquisition, then this course is for you.
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Prerequisites

This course is essential for Geophysicists and staff in other disciplines
who are or will be involved in planning and executing seismic sur-
veys. The course also contains important knowledge for those who
are providing support during the planning and execution of these
surveys such as people in HSE, Procurement, and Finance. The course
will be beneficial for those whose task it is to get the highest possible
value out of the data delivered by seismic surveys, for example Geol-
ogists and Reservoir Engineers. It is only in the section about design
that some geophysical background will be helpful but this should not
stop anyone subscribing. Regardless of their experience and educa-
tion, those whose main task is to make important contributions to
the success of seismic surveys will benefit from this course. Partially
this is because the project (the seismic survey) will benefit when all
those involved have a good understanding of what the others are
doing
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About the Instructor

Jan de Bruin worked in nine different countries for Shell, and was ac-
countable for seismic acquisition, seismic processing and quantitative
interpretation in a variety of locations. After leaving Shell in 2015,
he carried out a number of scouting trips in interesting locations
where seismic crews were at work, attended many conferences and
workshops, published a number of papers about AVO, put together
a course and a book about the practical elements of seismic acquisi-
tion, and early 2022 joined BGP International as Chief Geophysicist.
As a result he is up-to-date on developments in a wide range of
geophysical technologies. He has an MSc degree Physics from Delft
University and an MBA from Henley Business School. In recent years
he has specialized further in acquisition geometries, deblending, and.
compressive sensing.
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Basic Geophysical Data Acquisition and Processing

2D, 3D, 4D SEISMIC | ELECTRICAL SURVEYING J| GPR | GRAVITY SURVEYING | IMAGING |
MAGNETICS SURVEYING | RESULT IN DEPTH | ROCK PROPERTIES | SHALLOW RETRACTION
SIGNAL-TO-NOISE RATIO | VALUE OF INFORMATION | WAVE PROPAGATION

Instructor: Jaap C. Mondt (Breakaway, Netherlands)
Language: English, Dutch
Level: Foundation

Duration and Classroom: 5 days
formats:

Course Description

This course treats various geophysical methods, from gravity to

magnetics, electrical, electro-magnetic, refraction and reflection

seismic. It will be taught not only by explaining and discussing the

methods, but above all by applying the theory in mainly Excel based

assignments.

Various kinds of geophysical data are available. They are usually sep-

arated into Non-seismic and Seismic data. Non-seismic data (gravity,

magnetics, electrical, electromagnetics, spectral, etc.) is the main

data used in shallow subsurface applications (engineering, mapping

pollution, archaeology, etc.) and at the early exploration stage in the

search for oil, gas or minerals. Seismic is the main subsurface eval-

uation tool for the EP industry, but it has its limitations. Therefore,

non-seismic methods are used successfully as complementary tools

at the more mature exploration stages and even for production.

In combination with seismic data they can significantly reduce the

uncertainty of subsurface models as they measure different physical

properties of the subsurface. Controlled Source EM, for example,

responds to reservoir resistivity and can thus be used to differentiate

between hydrocarbons and brine in a geological structure mapped

by seismic.

The main topics covered by the programme are:

e Gravity surveying

e Magnetics surveying

e Electrical surveying

e Electro-Magnetic surveying, including Ground Penetrating Radar

e Acquisition of shallow refraction seismic data

e Acquisition of reflection seismic data

* When to use 2D, 3D and 4D seismic / non-seismic

e Principles of wave propagation

e Basic designs of 2D and 3D seismic acquisition

e Processing of seismic and GPR data with the objectives of
improving signal-to-noise ratio, vertical and lateral resolution

e From simple migration to Imaging

e Result in depth (Time-to-Depth conversion)

¢ What to spend on a new survey, be-it a new survey or a repro-
cessing or re-interpretation project. Hence, to determine whether
the expected reward (increase in value) is higher than the cost of
the project. In short, what is the value of the new information
obtained (VOI: Value Of Information)
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Course Objectives

At the end of the course, participants will have a good understand-

ing of what information various geophysical data can give and for

what purposes it can be used. This will enable them to specify the

requirements for a survey or a reprocessing or interpretation project,

either done in-house or by a specialised service provider.

Other benefits include:

e Place and value geophysical activities in a multi-disciplinary
context

¢ Judge the merits of various geophysical techniques

e Better liaise and collaborate with staff in related disciplines

¢ Recognise artefacts and direct hydrocarbon indications on seismic

¢ Value novel developments such as time lapse methods for
hydrocarbon reservoir monitoring or pollution control.

Course Outline

e Part 1: The principles and limitations of Geophysical methods

e Part 2: Gravity surveying, Magnetic surveying, Electrical surveying
e Part 3: Electro-Magnetic surveying

e Part 4: Seismic Refraction surveying

e Part 5: Seismic Reflection surveying

e Part 6: Value of undertaking a new project (VOI)

Participants' Profile

The course is designed for Geologists, Geophysicists and Petroleum
Engineers involved in exploration and development of oil and gas
fields and for those involved in projects related to the shallow
subsurface (monitoring pollution). In addition, it would be useful for
those dealing with the effects of production of a field (subsidence,
earth tremors).

Prerequisites

A reasonable level of understanding of mathematics and physics is
assumed.

Recommended Reading

An Introduction to Geophysical Exploration, Kearey, Brooks, Hill,
ISBNBO-632-04929

SHORT COURSE CATALOGUE
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About the Instructor

Dr Jaap C. Mondt obtained a Bachelors degree in Geology at the
University of Leiden followed by a Masters degree in Theoretical
Geophysics and a PhD on “Full wave theory and the structure of
the lower mantle” at the University of Utrecht. Dr Mondt then
joined Shell Research in The Netherlands to develop methods to
predict lithology and pore-fluid based on seismic, petrophysical and
geological data. Subsequently he worked at Shell Expro in London
to interpret seismic data from the Central North Sea Graben. After
his return to The Netherlands, he headed a team for the develop-
ment of 3D interpretation methods using multi-attribute statistical
and pattern recognition analysis on workstations. After a period of
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Quality Assurance of “Contractor” software for seismic processing,
he became responsible for Geophysics in the Shell Learning Centre.
During that time he was in addition part-time professor in Applied
Geophysics at the University of Utrecht. From 2001 till 2005 he
worked on the development of Potential Field Methods (Gravity,
Magnetics) and EM methods (CSEM) for detecting oil and gas.
After his retirement from Shell, he founded his own company
(Breakaway), specialised in courses on acquisition, processing and
interpretation of geophysical data (seismic, gravity, magnetic and
electromagnetic data). In addition to providing support to the Shell
Learning Centre, he gives his own courses to International as well
as National energy companies.

SHORT COURSE CATALOGUE
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Advanced Seismic Data Acquisition and Processing

TIME-TO-DEPTH CONVERSION

Instructor: Jaap C. Mondt (Breakaway, Netherlands)
Language: English, Dutch
Level: Advanced

Duration and Classroom: 5 days
formats:

Course Description

The course deals with advanced methods of seismic acquisition and
processing. It will be taught not only by explaining the methods,
but above all by applying the theory in mainly Excel based assign-
ments.

Seismic data is one of the main sources of information on the
subsurface. We not only need to obtain the structure that could
contain hydrocarbons, but also the rock properties so we can
decide on whether we are dealing with reservoir rocks (sandstone,
carbonates, even shales), sealing rocks (shales, salt) or source rocks
(shales, coal). It is not only important to know what type of rock is
present, but also what its porosity and permeability is: how easy do
the hydrocarbons flow through the rocks. To obtain the best image
of the subsurface we first need optimum acquisition. Optimum
means fit for purpose. There are several criteria that need to be
satisfied. First of all, the area covered during acquisition should be
the prospect area extended sufficiently to provide fold-fold and
fully migrated data. An acquisition principle that should be adhered
to as much as possible is symmetric sampling, which means equal
shot and receiver spacing and equal in-line and cross-line distances
(for a 3D). A noise spread (trial acquisition with closely spaced
receivers and shots) is acquired in each new area to determine the
needed shot and receiver intervals, the bandwidth, etc. The shot
and receiver station spacing should be such that no spatial aliasing
of the data occurs. Surface and subsurface diagrams are useful to
see what CMP spacing and offsets in each CMP gather result from
the surface geometry of shots and receivers. The data recorded is
the ground motion which gives a continuous (analogue) signal in
time which needs to be digitized for the processing. This digitization
needs to be done so that neither temporal nor spatial aliasing
occurs. Namely, by aliasing information will be lost. Hence, the
complete wave-field which arrives at the surface must be faithfully
represented by the discrete/digital data.

Although all the information is present in the so-called shot or
field records, processing is needed to make them accessible for
interpretation. In interpretation, we try to obtain a true image of
the “geology” of the subsurface. Processing can be divided into a)
signal processing steps and b) wave propagation based processing
steps. Signal processing steps are, for example, static corrections,
removal of shot-generated noise by velocity filtering, shortening

of the wavelet by de-convolution, NMO correction, etc. The
wave-propagation part consists of migration or imaging. For wave
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propagation we need, in principle, to use equations describing

full elastic wave propagation in an inhomogeneous, anisotropic,
visco-elastic earth (as that is what really happens in the subsurface).
However, these equations would lead to very complicated and
computer intensive processing algorithms. So, we usually simplify
our description of the wave propagation. What we do is to use, as
phrased by lan Jones and others, "appropriate approximations".
The one most commonly used is the one-way acoustic wave
equation which describes only a single reflection per reflection
ray-path and ignores density. It only uses a velocity depth model
and only considers P-wave propagation. This will provide us, for
example, with migration algorithms/operators (for time- as well as
depth migration) that will still do a reasonably correct summation
of acquired data. It will give a migration output that still shows,
maybe not correctly, the results of anisotropy, attenuation, wave
conversions, shear velocities, etc. Despite the use of this acoustic
approximation in our processing, amplitudes can be used (can
they?) to determine pore-fluids and pre-stack migrated data that
can be used in AVA analysis for deriving shear wave properties.
But note that if we model, as in inversion, a synthetic geophysical
quantity, say related to amplitudes, such as the reflection coefficient
we need (do we?) to include densities across the interface and for
AVA we need to include density and shear velocity to interpret the
pre-stack seismic amplitudes (as the effect of these properties is
contained in the observed data).

All of this will be treated in this course.

Course Objectives

At the end of the course participants will have a good under-

standing of what information seismic data can give and for what

purposes in Exploration and Production it can be used. This will

enable them to specify the requirements for a survey, either done by

themselves of by a special service provider.

Other benefits include:

¢ Place and value geophysical activities in a multi-disciplinary
context

¢ Judge the merits of various seismic geophysical techniques

e Better liaise and collaborate with staff in related disciplines

e Recognise artefacts and direct hydrocarbon indications on seismic

¢ Value novel developments such as time lapse methods for
hydrocarbon reservoir monitoring

SHORT COURSE CATALOGUE



%) GEOPHYSICS - SEISMIC ACQUISITION ]

Course Outline

e Part 1: The role of seismic in the Exploration and Production of
Hydrocarbons

e Part 2: Seismic Acquisition Strategies

e Part 3: Seismic processing Strategies

e Part 4: Time-to-Depth conversion, Direct Hydrocarbon Indicators

Part 5: Value of Information: How much to spend on new acquisi-

tion and/or new processing

Participants' Profile

The course is designed for geophysicists involved in designing
and supervising seismic acquisition and processing, and for those
involved in specifying/supervising the acquisition and processing
done by service companies.

Prerequisites

Participants should have a basic understanding of seismic acquisi-
tion and processing and general knowledge of the role of seismic in
exploration and production of hydrocarbons.

Recommended Reading

e An Introduction to Geophysical Exploration, Keary, Brooks & Hill,
ISBN-0-632-04929-4

Looking into the Earth, Mussett & Aftab Khan, ISBN-0-521-
78574-X

Fundamentals of Geophysics, Lowrie, ISBN-978-0-521-67596-3
The Art of Being a Scientist, Snieder & Larner, ISBN-978-0-521-
74352-5

52 Things you should know about Geophysics, Hall & Bianco,
ISBN-978-0-9879594-0-9
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About the Instructor

Dr Jaap C. Mondt obtained a Bachelors degree in Geology at the
University of Leiden followed by a Masters degree in Theoretical
Geophysics and a PhD on “Full wave theory and the structure of
the lower mantle” at the University of Utrecht. Dr Mondt then
joined Shell Research in The Netherlands to develop methods to
predict lithology and pore-fluid based on seismic, petrophysical and
geological data. Subsequently he worked at Shell Expro in London
to interpret seismic data from the Central North Sea Graben. After
his return to The Netherlands, he headed a team for the develop-
ment of 3D interpretation methods using multi-attribute statistical
and pattern recognition analysis on workstations. After a period of
Quality Assurance of “Contractor” software for seismic processing,
he became responsible for Geophysics in the Shell Learning Centre.
During that time he was in addition part-time professor in Applied
Geophysics at the University of Utrecht. From 2001 till 2005 he
worked on the development of Potential Field Methods (Gravity,
Magnetics) and EM methods (CSEM) for detecting oil and gas.
After his retirement from Shell, he founded his own company
(Breakaway), specialised in courses on acquisition, processing and
interpretation of geophysical data (seismic, gravity, magnetic and
electromagnetic data). In addition to providing support to the Shell
Learning Centre, he gives his own courses to International as well
as National energy companies.
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Compressive Sensing, Explained and Challenged

SEISMIC ACQUISITION § COMPRESSIVE SENSING § ECONOMICS § SPARSIFICATION
THRESHOLDING § RANDOMIZATION j§ DICTIONARIES j§ DATA

Instructor: Jan de Bruin (JdB VitalSeis, Philippines)
Language: English
Level: Intermediate

Duration and Classroom: 1 day
formats: Online: No online version available

Course Description

This course will, after all the euphoria about Compressive Sensing
(CS), serve to get our feet back on the ground by taking a fresh and
objective view. What works and what doesn't? Which promises are
realistic and which are less so? To decide whether or not to use CS
we should not mainly, or solely, rely on mathematicians telling us
that it works, with no recourse to any challenge of that viewpoint.
A fair amount of understanding is necessary before challenging CS
is possible, appropriate, and has a chance to succeed. This course
provides that understanding. Advanced math will be avoided as
much as possible but some simple mathematical principles will be
explained.

Course objective

Understand how CS is supposed to work, and how it does work
in specific cases, which will result in the ability to make informed
decisions about if and when to use it.

Course Outline

. Introduction

. The data

. Signal and noise, coherent and incoherent
. The Measurement domain and the sparse domain
. Dictionaries and atoms

. Sparse or Compressible

. Other areas where CS is used

. Dynamic range

9. Resolution

10. Randomization and sparsification

11. Adaptive and non-adaptive

12. Reconstruction

13. Thresholding

14. Analysis of some published examples

15. The theory

0O NOYUT A~ WN =

Participants’ Profile

People who have read and understood the two abstracts listed
below, and as a result have become curious to know more, will
most likely enjoy this course and learn from it. For people whose job
it is to design seismic surveys and for those who provide support to
those designs, this course is strongly recommended. The course is
not designed for experts in Compressive Sensing, although they are
very welcome to join.
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Pre-read

1. J.de Bruin, Compressive Sensing Challenged, MEOS-GEO
exhibition 7-9 March 2023 in Bahrain

2. J.de Bruin, Compressive Sensing, Criteria to evaluate a new
technology, Second EAGE Seabed Seismic Today Workshop,
18-20 September, Milan

Prerequisites
To satisfy the profile described above is sufficient.

Suggested reading

1. Candés and Wakin, 2008, An Introduction to Compressive
Sampling, IEEE Signal Processing Magazine.

2. Herrmann and Hennenfent, 2008, Simply denoise: Wavefield
reconstruction via jittered undersampling, Geophysics.

These papers are among the most referenced in publications about
Compressive Sensing. The instructor will offer a critique to each

of them during the course. Some other material in the form of short
notes will be handed out at the course.

About the Instructor

Jan de Bruin worked in nine different countries for Shell, and was
accountable for seismic acquisition, seismic processing and quan-
titative interpretation in a variety of locations. After leaving Shell

in 2015, he carried out a number of scouting trips in interesting
locations where seismic crews were at work, attended many confer-
ences and workshops, published a number of papers about AVO,
put together a course and a book about the practical elements

of seismic acquisition, and early 2022 joined BGP International as
Chief Geophysicist. As a result he is up-to-date on developments in
a wide range of geophysical technologies. He has an MSc degree
Physics from Delft University and an MBA from Henley Business
School. In recent years he has specialized further in acquisition
geometries, deblending, and compressive sensing.
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Geophysical Data Analysis: Concepts & Examples

(4D | AVO | DEPTH MIGRATION | FRACTURES | IMAGING | IMPEDANCE | REFLECTION
RESERVOIR CHARACTERIZATION | ROCK PHYSICS | SIGNAL PROCESSING | TIME LAPSE | TOMOGRAPHY

Instructor: Robert Godfrey (Robert Godfrey Geophysics Inc., Canada)

Language: English
Level: Intermedidate
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

The course covers a range of advanced data analysis topics including
novel signal processing techniques, pre-stack depth migration, reser-
voir characterization, time lapse analysis and the road ahead.

The free on-line books by Jon F. Claerbout, material from SEG Wiki
and papers published in Geophysics, The Leading Edge and SEG
Expanded Abstracts are used to provide technical background for
the course topics.

Each module is illustrated with examples, a list of publications and
exercises.

Course Objectives
1. Suggest acquisition strategies to
a. broaden spectrum (both low and high)
b. reduce acquisition cost where appropriate
¢. provide superior illumination and
d. improve conventional wave imaging using shear waves to
highlight faults/fractures, low compressional wave impedance
contrasts and gas-effected areas.
. Advise and recommend key steps in data processing workflows.
. Choose appropriate pre-stack depth migration algorithms to
image expected dip range (e.g. Kirchhoff, Beam, RTM).
4. Advise on velocity-depth model building workflows (e.g. Grid
Tomography or FWI).
5. Decide on the applicability of applying AVO and what elastic
attributes to estimate.
6. Define optimal petrophysical parameters to be estimated using
elastic attributes and an associated workflow including probabili-
ty analysis if appropriate.

w N

Course Outline

. Signal Processing

. Novel Seismic Acquisition

. Multiple Attenuation

. Pre-Stack Depth Migration
. AVO & Rock Physics

. Quantitative Interpretation
. Time-Lapse Seismic

. The Road Ahead
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Participants’ Profile

The intended audiences for this course are geoscientists-in-training,
seismic data processors, petroleum geologists, seismic interpreters
and operational geophysicists who are seeking to expand their
knowledge base on modern concepts in geophysical data analysis.

Prerequisites
Participants are expected to have a basic knowledge of the funda-
mentals of data processing and some experience in interpretation.

About the Instructor

Robert J. Godfrey received a Bachelor of Applied Science degree in
geological engineering from UBC in 1975 followed by a Ph.D. in
geophysics in 1979 from Stanford University. He was a member of
the Stanford Exploration Project founded by Jon Claerbout.

Following his graduation, he began his career with Mobil Field Re-
search Lab in Dallas and then joined Digicon in London for 8 years
where he worked in research and development. This was followed
by a 25-year stint with Schlumberger where he worked in Calgary,
Austin, London and Cairo, primarily in the fields of reservoir charac-
terization and later in seismic monitoring. In 2015, he established
Robert Godfrey Geophysics Inc., and is currently working as a ge-
ophysical consultant in seismic technology, geophysical education,
and undertakes short-term assignments. He is a member emeritus
of the SEG.

SHORT COURSE CATALOGUE
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Introduction to Modern Marine Seismic Surveys:
Scope, designh and implementation

EXPLORATION | DEVELOPMENT | PROJECT MANAGEMENT | SEISMIC SOURCES
BROADBAND | MARINE SEISMIC | SAMPLING | PLANNING | OFFSHORE | SENSORS |
SIMULTANEOUS SOURCE | SURVEY DESIGN

Instructor: Xander Campman, Shell Global Solutions International B.V. Netherlands

Language: English and Dutch
Level: Intermedidate
Duration and 4 half days of 3-4 hours
formats: One or Two day classroom sessions

Course Description:

Seismic surveys are essential tools for imaging the Earth’s subsurface
using sound. These surveys generate detailed maps that help identify
geological structures and, in many cases, infer rock properties. They
are widely applied in hydrocarbon exploration and development, as
well as in assessing and monitoring emerging carbon capture and
storage (CCS) projects.

Survey design is dependent on a project’s development stage—
whether early exploration, field development, or ongoing monitor-
ing. Factors such as geological complexity, water depth, and regu-
latory environments also influence survey objectives and technology
choices. For example, oil and gas exploration often targets deep
water and complex subsurface environments, while CCS projects are
typically nearshore, in ultra-shallow water, due to infrastructure and
customer proximity.

The evolving complexity of these ventures—combined with advances
in acquisition, processing, and imaging—demands more customized
and technically sound survey designs. Modern workflows require
professionals who not only understand survey design fundamentals
but can also link them to processing strategies, imaging objectives,
operational constraints, and business drivers.

This two-day course addresses marine seismic acquisition through

three distinct perspectives:

e Subsurface Objectives:- Linking subsurface objectives to survey
design across exploration, development, and CCS projects

e Seismic Value Chain: Understanding how acquisition design
choices influence processing, imaging, and interpretation, and
how feedback from those stages informs and refines acquisition
strategies

e Business Context and Operational implementation: Connecting
technical and business objectives with implementation, from
project framing to operations

This training offers an integrated approach to survey design—with a

strong emphasis on understanding which technologies to select and
why those choices matter.
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The course follows Shell’s seismic project management practice
which brings together venture geologists, seismic processing experts,
imaging and interpretation geophysicists, and subject matter experts
(SMEs). Together, they define the project scope and carry out an ini-
tial risk assessment. This initial framing sets the team up for the next
phases: survey design, project initiation, tendering and execution.

By mirroring this staged approach, the course provides both techni-
cal insights and a clear understanding of the business and planning
context. While it emphasizes the technical aspects of survey design
and how technologies address subsurface challenges, its integrated
perspective makes it equally valuable for geologists, geophysicists
involved in seismic processing and interpretation and asset or venture
managers.

By embedding technical knowledge within a broader business and
operational framework, the course equips participants to deliver
high-quality seismic data that supports stronger, better-informed
business decisions timely and safely.

Course Objectives:

e Connect Subsurface Objectives to a technical implementation
through Survey Design: Participants understand how seismic
acquisition supports the specific objectives of exploration, devel-
opment, and CCS ventures—translating geological questions into
technical solutions.

e Integrate the Full Seismic Value Chain: Participants understand
how seismic acquisition links with processing and interpretation,
emphasizing the importance of design choices on the seismic
image and ensuing interpretation.

¢ Bridge Technical, Operational, and Business Strategy: Equip
learners with the tools and perspectives to deliver fit-for-purpose
seismic surveys by aligning technical decisions with operational
realities and broader business objectives.

Course Outline:

This two day course will review the design and implementation of
modern marine seismic surveys, considering subsurface objectives,
available acquisition, processing, and imaging technologies, as well
as environmental, financial, and operational constraints. The course
structure follows roughly the stages of a seismic acquisition project:

SHORT COURSE CATALOGUE
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e Framing the Survey
- Defining project scope and subsurface objectives.
- Identifying objectives for exploration, appraisal, development,
and CCS.
- Initial assessment of operational and project risk.

¢ Legacy Data and Technology Review
- Evaluating existing datasets and velocity information.
- Reviewing modern marine acquisition technologies, including:
- Broadband
- Long-offset, low-frequency acquisition
- Simultaneous Sources

e Survey Design
- Setting parameters: offsets, sampling, bandwidth.
- Tying design to processing, imaging, and interpretation
requirements.

e |Implementation and Execution
- Considering cost and schedule.
- Assessing and mitigating environmental impact.
- Implementing the design with the selected technologies.

¢ Design Challenge
- During the course, participants will work through an actual sur-
vey design problem. We will pause throughout the sections to
reflect on how the discussed topics can be applied in practice.
Participants are encouraged to actively engage in the discus-
sions.

Participant’s Profile:

This course is designed for professionals involved in the planning,
design, or use of seismic surveys across exploration, development,
and CCS projects.

It is especially suited for:

e Geophysicists working in acquisition, processing,
or interpretation.

e Exploration and development geologists.

e Asset, venture, and exploration managers.

e Seismic processing and imaging specialists.

e Project planners and operational staff.
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e Early-career professionals or non-specialists seeking a structured
introduction to seismic survey design.

Whether you're defining survey objectives or using seismic surveys
to guide decisions, this course will strengthen your technical under-
standing and strategic insight.

Prerequisites:

The following background is recommended:

e Basic understanding of geophysics and seismic principles (e.g.,
wave propagation, processing technologies, imaging).

e Familiarity with subsurface exploration workflows, including
exploration, development, or CCS project stages.

e Experience working with seismic data—either in acquisition,
processing, interpretation, or project planning.

e General awareness of project management concepts and busi-
ness drivers in subsurface ventures.

No prior experience in survey design or execution is required, but
participants should be comfortable engaging with multidisciplinary
teams and technical discussions.

About the Instructor:

Xander is a Principal Science Expert in the Geophysics and Geomatics
Operations group at Shell Global Solutions International B.V. in The
Hague, The Netherlands. He joined Shell in 2007 after earning an
MSc in Applied Geophysics and a PhD in Applied Mathematics from
Delft University of Technology.

Xander spent over a decade in exploratory and geophysical research
roles, including five years leading Shell's seismic acquisition research
team. For the past five years, he has focused on Geophysical Op-
erations—supporting seismic surveys worldwide, advancing and
deploying new technologies, improving seismic delivery, and advising
regional ventures globally.
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Velocities, Imaging, and Waveform Inversion -
The Evolution of Characterizing the Earth’s Subsurface

(4D | AVO | DECONVOLUTION J INVERSION | MIGRATION | MULTIPLE ELIMINATION
NOISE CANCELLATION [ SIGNAL PROCESSING J STATIC CORRECTIONS | VELOCITY ANALYSIS

Instructor: lan F. Jones (Independent Consultant, UK)
Language: English
Level: Intermediate
Duration and Online: 2 live sessions of 4 hours

formats: Qnline: Self-paced course - 7 hours of recorded material

Classroom: 1 day

Course Description

In using sound waves to characterise the Earth’s subsurface, we can
employ ray-theory and/or wave-theory, and both migration algo-
rithms and velocity estimation schemes employ one or other of these
theoretical descriptions. In this course, we'll review the evolution of
the industry’s approaches to building earth models via velocity esti-
mation and imaging, outlining the evolution from ray tomography to
full waveform inversion, and look towards the emerging possibilities
for replacing imaging techniques with direct subsurface parameter
inversion methods.

The approach will be non-mathematical, concentrating on an intu-
itive understanding of the principles, demonstrating them via case
histories.
The course will commence with a brief overview of different mi-
gration schemes, and cover the motivations for building detailed
velocity models, and briefly discuss the inherent limitations on our
ability to build a detailed model. Current-day practice will be cov-
ered, exemplified via several case-studies, and we will then discuss
the newer techniques such as waveform inversion and least-squares
migration. The approach will not be mathematical, but rather will
try to concentrate on an intuitive understanding of the principles,
and demonstrate them via case histories. The course schedule will be
divided into the following sections:

e Why do we need a detailed velocity model? Including a brief
review of migration schemes.

e How accurate can we make an image and how detailed can we
get? We'll discus the sources of uncertainty, non-uniqueness and
ambiguity, as well as the intrinsic limits on resolution

e Current industrial practice: Iterative model update with both ray-
based tomography and waveform methods in order to achieve
‘true amplitude’ subsurface information.

e What might come next? Discussing direct inversion of subsurface
parameters as an alternative to simply migrating data.

Following this course, participants should ideally understand how
migration works, in terms of the approximations involved, and how
this relates to the geology to be imaged. They should appreciate the
limitations of current and future imaging and velocity estimation
technology, so as to be able to decide what model building tech-
nique should be employed to image a given geological objective.
And finally, to appreciate the potential for a radical change in current
industrial practise, moving from a sequential imaging route (via mi-
grated images) to a closed-loop inversion route (directly delivering
subsurface attributes).
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Course Objectives

Upon completion of the course, participants will be able to:

e understand how migration works, in terms of the approximations
involved, and how this relates to the geology to be imaged.
appreciate the limitations of current and future imaging and
velocity estimation technology, so as to be able to decide what
model building technique should be employed to image a given
geological objective.

appreciate the potential for a radical change in current industrial
practise, moving from and imaging route (via migrated images) to
an inversions route (delivering subsurface attributes)

Course Outline

The course will cover the building detailed velocity models for imag-
ing, and briefly discuss the inherent limitations on our ability to build
a detailed model. Current-day practice will be covered, exemplified
via case-studies, and we will then discuss the newer techniques such
as waveform inversion and least-squares migration. The approach
will not be mathematical, but rather will concentrate on an intuitive
understanding of the principles, demonstrated via case histories.

The schedule includes:

e Why do we need a detailed velocity model?
(Review of migration schemes)

e How accurate does an image need to be and how detailed can
we get?
(Sources of uncertainty, non-uniqueness and ambiguity, limits on
resolution)

e Current industrial practice: Iterative model update
(ray-based tomography and waveform inversion methods)

¢ \What might come next?
(direct inversion of subsurface parameters)

Participants’ Profile

The course is designed for:

practising geoscientists who desire to better understand the prin-
ciples and limitations of both current and emerging technologies
involved in subsurface parameter estimation and imaging, and ge-
oscience students.
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Prerequisites
A general knowledge of geophysics.

Recommended Reading

e Jones, I.F, 2015, Estimating subsurface parameter fields for
seismic migration: velocity model building, in: Encyclopedia
of Exploration Geophysics. SEG, pp. U1-1-U1-24. Editors:
Vladimir Grechka and Kees Wapenaar. http:/library.seg.org/doi/
pdf/10.1190/1.9781560803027.entry3

e Jones, I.F, 2014, Tutorial: migration imaging conditions. First
Break, 32, no.12, 45-55.

e Brittan, J., J. Bai, H. Delome, C. Wang, and D. Yingst, 2013,
Full waveform inversion — The state of the art: First Break, 31,
75-81.

e Jones, I.F, 2012, Tutorial: Incorporating near-surface velocity
anomalies in pre-stack depth migration models. First Break, 30,
no.3, 47-58.

e Jones, I.F, 2010, Tutorial: ray-based tomography. First Break, 28,
no.2, 45-52

e Jones, I.F, 2010, An introduction to velocity model building,
EAGE, ISBN 978-90-73781-84-9, 296 pages.

About the Instructor

lan Jones received a joint honours BSc in Physics with Geology from
the University of Manchester, UK, in 1977, an MSc in Seismology from
the University of Western Ontario, Canada, and a PhD in Geophysical
Signal Processing from the University of British Columbia, Canada.
After working for ‘Inverse Theory & Applications Inc.” in Canada for
two years, he joined CGG, where for 15 years he was involved in
R&D in the London and Paris offices, latterly as manager of the depth
imaging research group. In 2000 he joined ION GX Technology, as a
Senior Geophysical Advisor in their London office. In 2021 he joined
BrightSkies Geoscience as Senior Geophysical Advisor.

His interests include velocity model building and migration, and his
most recent activity includes writing the text books: ‘Velocities, Im-
aging, and Waveform Inversion: the evolution of characterising the
Earth’s subsurface’ published by the EAGE in 2018; ‘An Introduction
to Velocity Model Building' published by the EAGE in 2010; and
co-editing the SEG Geophysics Reprints series volumes ‘Classics of
Elastic Wave Theory' and also 'Pre-Stack Depth Migration and Ve-
locity Model Building’, as well as contributing the chapter on model
building to the new SEG online encyclopaedia.

He has served as an associate editor for the journals ‘Geophysics’
and ‘Geophysical Prospecting’, and teaches the SEG/EAGE/PESGB
continuing education course on ‘Velocity Model Building' and was
an external lecturer at the University of Leeds and Imperial College
London. lan was awarded the EAGE's Anstey Medal in 2003 for
“contributions to the depth imaging literature”, made the SEG Euro-
pean Honorary Lecturer in 2012 for “contributions to advancing the
science and technology of geophysics”, conducted the 2018-2019
EAGE International Education Tour, and was made an Honorary Life
Member by the EAGE in 2018, and received the best paper award for
his 2019 First Break tutorial on FWI.
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A Comprehensive Overview of Seismic Data Processing Steps

(4D | AVO | DECONVOLUTION J INVERSION | MIGRATION | MULTIPLE ELIMINATION
NOISE CANCELLATION [ SIGNAL PROCESSING J STATIC CORRECTIONS | VELOCITY ANALYSIS

Instructor: Piet Gerritsma (Gerritsma Geophysical Training and Consultancy, Netherlands)

Language: English
Level: Foundation
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 1 day

Course Description

Seismic data processing can be characterized by the application of a
sequence of processes, where for each of these processes there are a
number of different approaches. This course provides a comprehen-
sive overview of the steps that are commonly applied in seismic data
processing and discusses for each step the alternative implementa-
tions together with their inherent assumptions and strengths and
weaknesses. This course provides the participants with a working
knowledge of the different processing methods and enables them
to assess the quality of a processing result. It can serve as a starting
point for further study and/or enable them to be a member of a
processing and/or multidisciplinary team.

Course Objectives

At the end of the course the participants will have obtained an
understanding and appreciation of the many alternative processing
approaches that are representative for the practice of current seismic
data processing. The course emphasizes for each process the vari-
ous existing underlying geophysical models. Many examples will be
shown to illustrate the material; theory with references will be includ-
ed; a handout that covers all course material will be made available.

Course Outline

The following steps in seismic data processing will be discussed:
1. Introduction to data acquisition practises

2. Static corrections

3. Velocity analysis

4. Deconvolution

5. Signal-to-noise enhancement techniques

6. Multiple elimination

7. Stacking

8. Migration: time migration and depth migration

9. Velocity model building

10. Introduction to AVO, 4D Seismic, and Seismic Inversion

Participants’ Profile

Students, starting geophysicists, interpreters and geologists, petro-
physicists and reservoir engineers who wish to understand seismic
data processing either as an introduction for further study and/or as
a knowledgeable member of a multidisciplinary team.
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Prerequisites
Course participants should be interested in seismic data processing;
a background in science will be sufficient.

About the Instructor

Piet Gerritsma (1942) graduated in physics at the University of Gro-
ningen. 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 seis-
mic, 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 interna-
tional 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, Modeling
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 Uni-
versity of Technology. He also 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. He has presented this course several times on behalf of the
EAGE and CSEG.
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An Introduction to Migration, Velocity Model Building,
and Full Waveform Inversion

(3D | ANISOTROPY || DEPTH MIGRATION | IMAGING J INVERSION
TIME MIGRATION | TOMOGRAPHY

Instructor: lan F. Jones (Independent Consultant, UK)
Language: English
Level: Foundation
Duration and Online: 2 to 4 live sessions of 4 hours
formats: Classroom: 1 to 5 days

Course Description

The course will commence with an overview of different migration
schemes, and cover the motivations for building detailed velocity
models, and briefly discuss the inherent limitations on our ability to
build a detailed model.

Current-day practice will be covered, exemplified via many case-stud-
ies, and we will briefly discuss the less well known and emerging
techniques. The approach will mostly be non-mathematical, and
will rather try to concentrate on an intuitive understanding of the
principles, and demonstrate them via case histories. The bias in this
course is towards those techniques that have seen widespread in-
dustrial use over the past 40 years. Unfortunately, some topics will
not be covered, in-part due to the time constraints: these omissions
will include consideration of VSP and multi-component data, and
Marchenko imaging.

Course Objectives

The course objective is to provide the participants a firm under-
standing of the processes and assumptions involved in building
velocity-depth models and of the limitations of various migration
algorithms

Course Outline
For the topics listed below, real data examples will be used to demon-
strate the application and limitation of each technique.

Why do we need a detailed velocity model?

e Review of migration schemes

e The limitations of time migration and benefits of depth migration

e Snell’s law and how to ignore it

e How does depth migration differ from time migration?

e |s depth migration always necessary?

e Migration using ray methods (Kirchhoff, beam, CRAM, etc.)

e Migrating using wavefield extrapolation methods (WEM, RTM,
etc.)

e One-way versus two-way propagation

e Creating gathers in wavefield extrapolation methods

e Pre-processing considerations for RTM

How detailed can we get?

e Sources of uncertainty

¢ Non-uniqueness and ambiguity
e Limits on resolution
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Resolving short-scale-length velocity anomalies:

e Anisotropy versus heterogeneity (and other higher order moveout
effects)

e The mechanics of tomographic inversion with ray theory

Parametric versus non-parametric picking of residual moveout

Structural constraints, MAZ, OVT, and Q tomography

e The mechanics of tomographic inversion with wavefield extrapo-
lation theory (FWI)

Examples of current industrial practice for various geological
settings (time permitting):

¢ Resolving near-surface velocity anomalies

e Seismic response to strong vertical velocity change (e.g. chalk,
basalt, salt)

Seismic response to strong lateral velocity change (e.g. salt walls,
lateral terminations)

Comparisons of ray tomographic and FWI models for specific
case studies

The Future: emerging R&D directions (time permitting)

e Waveform inversion developments

e |east squares migration

e Migrating multiples

e Full wavefield imaging

o Scattered wavefield imaging

¢ ‘Adaptive optical imaging’

e Bayesian uncertainty estimation (putting error bars on images)

Participants’ Profile

Geophysicists with an interest in migration and velocity model build-
ing and geologists (with a basic knowledge of data processing) who
wish to understand a bit more about how the images they look at
are created.

Prerequisites

The course is designed to be followed by anyone with a broad geo-
science background: no specific detailed foreknowledge is required,
although a familiarity with geophysical terminology will be useful.

SHORT COURSE CATALOGUE
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Recommended Reading

e Jones, I.F, 2014, Tutorial: migration imaging conditions. First
Break, accepted.

Jones, I.F, and Davison, I., 2014, Seismic imaging in and around
salt bodies. SEG Interpretation, 2, no.4, SL1-SL20.

Jones, I.F, 2013, Tutorial: The seismic response to strong vertical
velocity change. First Break, 31, no.6., 43-54.

and eigenvalues. First Break, 31, no.1., 51-61.

Jones, I.F, 2012, Tutorial: Incorporating near-surface velocity
anomalies in pre-stack depth migration models. First Break, 30,
no.3,

Jones, I.F, 2010, Tutorial: ray-based tomography. First Break, 28,
no.2, 45-52

Jones, I. F.,, 2008, A modeling study of pre-processing consid-
erations for reverse-time migration: Geophysics,. 73, NO. 6;
T99—T106.

Fruehn, J.K., I. F. Jones, V. Valler, P. Sangvai, A. Biswal, & M.
Mathur, 2008, Resolving Near-Seabed Velocity Anomalies: Deep
Water Offshore Eastern India: Geophysics, 73, No.5, VE235-
VE241..

Jones, I. ., 2008, Effects of pre-processing on reverse time
migration — a North Sea study: First Break, 26, no.6, 73-80.
Jones, I.F,, Sugrue, M.J., Hardy, P.B., 2007, Hybrid Gridded
Tomography. First Break, 25, no.4, 15-21.

Farmer, P., Jones, |.F,, Zhou, H., Bloor, R., Goodwin, M.C., 2006,
Application of Reverse Time Migration to Complex Imaging
Problems. First Break, 24, no.9, 65-73.

Jones, I.F.,, 2003, A review of 3D preSDM velocity model building
techniques First Break, 21, no.3, 45-58.

Jones, I.F, Fruehn, J., 2003, Factors affecting frequency content
in 3D preSDM imaging,: The Leading Edge, 22, no.2,.128-134.

Learner Ouicome

Upon completion of this course, the participants should be able to:

1. Describe how migration works, in terms of the underlying
physics and the associated approximations involved

2. Classify model building and migration schemes in terms of the
theory on which they are based (waves versus rays)

3. Decide which migration and model building scheme are appro-
priate for imaging a given geological environment

4. Characterize the limitations of model building and migration
schemes, in terms of imaging artifacts

5. Differentiate between the current state-of-the art and future
imaging and parameter estimation technologies

Jones, I.F, 2013, Tutorial: Transforms, orthogonality, eigenvectors,

About the Instructor

lan Jones received a joint honours BSc in Physics with Geology from
the University of Manchester, UK, in 1977, an MSc in Seismology from
the University of Western Ontario, Canada, and a PhD in Geophysical
Signal Processing from the University of British Columbia, Canada.
After working for ‘Inverse Theory & Applications Inc.” in Canada for
two years, he joined CGG, where for 15 years he was involved in
R&D in the London and Paris offices, latterly as manager of the depth
imaging research group. In 2000 he joined ION GX Technology, as a
Senior Geophysical Advisor in their London office. In 2021 he joined
BrightSkies Geoscience as Senior Geophysical Advisor.

His interests include velocity model building and migration, and his
most recent activity includes writing the text books: ‘Velocities, Im-
aging, and Waveform Inversion: the evolution of characterising the
Earth’s subsurface’ published by the EAGE in 2018; ‘An Introduction
to Velocity Model Building' published by the EAGE in 2010; and
co-editing the SEG Geophysics Reprints series volumes ‘Classics of
Elastic Wave Theory' and also ‘Pre-Stack Depth Migration and Velocity
Model Building’, as well as contributing the chapter on model build-
ing to the new SEG online encyclopaedia.

He has served as an associate editor for the journals ‘Geophysics’ and
'Geophysical Prospecting’, and teaches the SEG/EAGE/PESGB continu-
ing education course on ‘Velocity Model Building' and was an external
lecturer at the University of Leeds and Imperial College London. lan
was awarded the EAGE's Anstey Medal in 2003 for “contributions
to the depth imaging literature”, made the SEG European Honorary
Lecturer in 2012 for “contributions to advancing the science and
technology of geophysics”, conducted the 2018-2019 EAGE Interna-
tional Education Tour, and was made an Honorary Life Member by the
EAGE in 2018, and received the best paper award for his 2019 First
Break tutorial on FWI.
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Seismic Multiple Removal Techniques: Past, Present and Future

3D | DECONVOLUTION | EXTRAPOLATION J FILTERING | FOURIER | IMAGING_

INTERPOLATION j INVERSION | MIGRATION § RADON TRANSFORM

Instructor: Eric Verschuur (Delft University of Technology, Netherlands)

Language: English
Level: Intermediate
Duration and Online: 3 live sessions of 4 hours
formats: Classroom: 1 to 2 days

Course Description

The main objective of this course is to provide the audience with an
overview of the techniques in seismic multiple removal, starting with
the deconvolution-based methods from the 1960s, via the move-
out discrimination techniques of the 1980s and ending up with
wave-equation based methods from the 1990s and their 3D exten-
sions as developed in the 2000s. Furthermore, the current challenges
in multiple removal and their relation with seismic imaging and in-
version are treated. A secondary objective is to discuss more general
processing concepts such as high-resolution seismic data transforms
(Fourier, Radon), adaptive filtering techniques, wave-equation based
forward and inverse wave propagation and the processing of seismic
data in different transform domains. For each method some brief
description of the theory in terms of mathematics is given. However,
the emphasis in this course is not to thoroughly treat the mathe-
matics but to present some understanding of the workings of each
method.

Course Outline

At the end of each lecture, a list of relevant articles in the open liter-
ature will be specified. The course is subdivided in 10 lectures, each
of them being approximately 30-45 minutes. Within each lecture,
examples of the described concepts on synthetic and field data will
play an important role.

Lecture 1: Multiples ... what's the problem?

e Classification of multiple reflections

e Characteristics of multiples

e Impact on seismic imaging and interpretation

e Categories of multiple removal methods

Lecture 2: Multiple removal based on move-out and dip discrimina-
tion

e Principle of multiple removal by move-out discrimination

e F-K and Radon transforms

e Multiple removal by filtering in the FK or Radon domain

e Towards high-resolution Radon transforms

e Limitations of multiple removal by move-out discrimination

e Multiple removal by target-oriented dip filtering

Lecture 3: Predictive deconvolution

e Convolution and correlation concept

e Designing adaptive filters by least-squares optimisation
e Predictive deconvolution basics

e Extending the predictive deconvolution concept
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Lecture 4: Multiple removal by wave field extrapolation

e Forward and inverse wave field extrapolation

e Multiple prediction by wave field extrapolation

e Application in the wave number and linear Radon domain

Lecture 5: Principles of surface-related multiple elimination

e Derivation of SRME for the 1D situation

¢ Including the source characteristics

e |terative implementation of SRME

e Formulation of SRME for the 2D and 3D situation

o Relation between multiple prediction and subtraction methods

Lecture 6: Practical considerations for surface-related multiple
elimination

e Effect of missing data on SRME

e Interpolation of missing near offsets

e Application of SRME in different data domains

¢ Shallow water multiple removal strategy

Lecture 7: Adaptive subtraction of predicted multiples
e Least squares and L1-norm subtraction
e Pattern recognition and other multiple subtraction techniques

Lecture 8: Towards 3D multiple removal

e Multiples in complex 3D environments

e 3D SRME: theory and practice

e 3D SRME: solutions via data interpolation

Lecture 9: Internal multiple removal

e Internal multiple removal by move-out discrimination
e Extending the SRME concept to internal multiples

¢ Internal multiple removal by inverse scattering

Lecture 10: Removing or using multiples?

e Transforming multiple into primaries

e Estimation of primaries by sparse inversion

¢ Including multiples in the migration process
¢ Including multiples in the inversion process

For the 2-days course , especially the second part of the course, will

be more elaborated with extra topics being:

e more elaborate discussion on adaptive subtraction techniques
(Lecture 7)

* more extensive explanation on internal multiple removal (Lecture 9)

SHORT COURSE CATALOGUE
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¢ including the recently developed EPSI (Estimation of Primaries by
Spares Inversion) methodology (Lecture 10)

e including an extensive discussion on using surface multiples in
Imaging (Lecture 10)

Participants’ Profile

The target audience is composed of people involved in seismic pro-
cessing, imaging and inversion. The mathematical content is kept to
a minimum level with a strong link to the involved physical concepts,
amplified by graphical illustrations. The audience is expected to have
prior knowledge at a B.Sc./M.Sc. level on processing concepts such
as convolution, correlation and Fourier transforms and some basic
knowledge on wave theory.

Prerequisites

Participants should have a basic knowledge of:

e Basic signal processing (convolution, correlation, Fourier trans-
form);

e Basic seismic processing (preprocessing, imaging);

¢ Basic knowledge on the acoustic wave equation and wave
propagation.
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About the Instructor

Eric Verschuur received his M.Sc. degree in 1986 and his Ph.D degree
(honors) in 1991 from Delft University of Technology (TU Delft), both
in Applied Physics. His Ph.D. thesis focused on the surface-related
multiple elimination (SRME) methodology. Currently, he is an asso-
ciate professor at the TU Delft, within the Geoscience department.
Since 2016 he is the Program director of the Delphi research consor-
tium. His research now focuses on geophysical problems related to
the energy transition. In 1997 he received SEG's J. Clarence Karcher
award and in 2006 he was awarded with the Virgil Kauffman Gold
medal from the SEG. Since 2025 he is also a board member of EAGE
in the role of Publication Officer.
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Understanding Seismic Anisotropy in Exploration and
Exploitation: Hands On

DEPTH CONVERSION | FRACTURES | IMAGING J MULTICOMPONENT || P-WAVE
PORE PRESSURE | RECIPROCITY | RESERVOIR CHARACTERIZATION | ROCK PHYSICS | S-WAVE
WIDE AZIMUTH

Instructor: Leon Thomsen (Delta Geophysics, United States)

Language: English
Level: Advanced
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

This course covers all areas of applied seismic anisotropy, with class
exercises and ample time for full discussion. Because anisotropy is
such a fundamental concept, it covers topics in seismic acquisition,
processing, imaging and interpretation, all based on seismic rock
physics.

Course Objectives

This is not a “methods course” but rather a “concept course”, famil-
iarizing the students with essential concepts, enabling them to ask
the right questions in future conversations, rather than to operate
particular software packages.

Course Outline

. Physical principles

. P-waves: imaging
P-waves: characterization
S-waves

. C-waves

. Epilogue

Participants’ Profile

Geophysicists should attend who have a working knowledge of con-
ventional exploration geophysics and wonder how it can be that we
use isotropic concepts to acquire and analyze data that come from
rocks that, after only brief thoughtful consideration, must clearly be
anisotropic.

Recommended Reading

Before attending the course participants are recommended to read

the following paper:

e Thomsen, L., Weak Elastic Anisotropy,Geophysics, 51(10), 1954-
1966,1986.
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About the Instructor

Leon Thomsen holds titles of Chief Scientist at Delta Geophysics, Re-
search Professor at the University of Houston, and Visiting Scientist at
Lawrence Berkeley National Laboratory. He holds a B.S. in geophysics
from California Institute of Technology (Pasadena), and a Ph.D. in
geophysics from Columbia University (New York). He held postdoc-
toral positions at Centre Nationale de la Recherche Scientifique (Par-
is), International Business Machines (Palo Alto), and Caltech. He was
Assistant, then Associate Professor at the State University of New
York (Binghamton), with sabbatical positions at Goddard Institute
for Space Studies (New York) and the Australian National University
(Canberra).

Leon”s industrial career began in 1980, at Amoco”s famous research
center in Tulsa, where he was the Amoco inventor of what we now
call seismic AVO. He led significant revisions to the exploration seismic
paradigm, helping to establish the basic ideas of polar anisotropy and
azimuthal anisotropy. His 1986 paper, establishing the modern field
of seismic anisotropy, is the single-most-cited paper in the history of
Geophysics; a Google search of the term "Thomsen parameter” re-
turns over 300,000 hits. In 1995, he moved to Amoco”s Worldwide
Exploration Group in Houston, where his 1997 paper established the
modern field of converted-wave exploration, defining such concepts
as fC-wavesf, fregistrationf, fgamma effectivef, fdiodic velocityf, etc.
In 2008, Leon retired from BP, and established the consultancy Delta
Geophysics (cf.deltageophysics.net).

Leon has served the Society of Exploration Geophysics as Distin-
guished Lecturer, Vice-President, President (2006-07), and Chairman
of the Board of SEAM. He served as SEG/EAGE DISC Instructor in
2002. He holds the SEG"s Fessenden Award, and the Russian Acad-
emy of Natural Sciences” Kapitsa Medal. He is an Honorary Member
of the Geophysical Society of Houston, and of the EAGE, and is a
Foreign Member of the Russian Academy of Natural Sciences.
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Borehole Seismic Fundamentals and Introduction to
Advanced Techniques

(2D | 3D | 4D | ANISOTROPY BOREHOLE GEOPHYSICS
IMAGING |
| OFFSHORE
VT

Instructor: Allan Campbell (VSP Consultants LLC, United States)

Language: English
Level: Intermediate
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

This course has 6 sections. The course moves from giving a basic
understanding of the most common surveys towards the newest
techniques being developed to solve modern problems.

1. Introduction to Vertical Seismic Profiling

The VSP techniques used in industry are introduced. Basics of
wireline acquisition, and an introduction to fiber based acquisition
are covered. This section gives a brief overview of the value of all
the commonly used borehole seismic techniques, from checkshot
through to 3D VSP.

2. The Basics

Checkshot (velocity survey) and zero-offset VSPs are widely used, are
simple to acquire and process, and have huge value. This section will
describe acquisition, processing and interpretation of these basic, but
possibly the most important, surveys.

3. 2D and 3D Imaging

This section will focus on designing and interpreting walkaway VSP
and 3D VSP surveys. Down-hole receivers create the opportunity for
higher resolution images than surface seismic can provide, and can
provide images in poor seismic imaging areas, or images where sur-
face access is difficult. Advanced processing techniques will be dis-
cussed. Specifics of survey planning and acquisition will be covered.

4. Anisotropy and More

The anisotropy module will focus on extracting VTl and HTI anisotro-
py parameters from walkaway VSP and 3D VSP surveys. Seismic may
be improperly imaged due to poor anisotropy assumptions. Stress
and fracturing information may be deduced from seismic and validat-
ed with VSP. Having receivers down-hole and sources at the surface
creates an ideal opportunity to measure anisotropy in-situ. Ground
truth measurement of AVO can be made with receivers downhole,
this section describes the various VSP AVO technigues in common
use. Downhole arrays are also ideal for locating multiple generators
and measuring Q which we cover in this section.

5. Reservoir Monitoring and Reservoir Properties

This section focuses on time-lapse 3D VSP, which can observe res-
ervoir changes with a greater precision than is possible with surface
seismic. There is an overview of fracture detection and orientation
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with VSPs. Elastic FWI is being developed to measure the reservoir's
elastic properties, and will be briefly covered. A discussion on very
high resolution imaging and tomography with Crosswell seismic
finishes the module.

6. Advanced Acquisition

Technology marches forward as limitations are reached in wireline ac-
quisition. Putting the receivers in the drill string to get real-time VSPs
(while drilling) is becoming routine. Optical fiber (DAS) recording is
an emerging technology which enables efficient, fit-for-purpose VSP
surveys with cost benefits over traditional wireline technology.

Course Objectives

Upon completion of the course, participants will know the basics of
acquiring and processing borehole seismic data. They will also be
familiar with the latest borehole seismic techniques in:

¢ High resolution imaging using 2D and 3D VSP surveys;

¢ Anisotropy determination and fracture analysis;

e Reservoir monitoring using time lapse VSP and crosswell seismic;
e Alternative acquisition schemes such as SWD and DAS.

Participants will have a better understanding of the role of borehole
seismic techniques in hydrocarbon exploration and production. They
will be able to more knowledgeably participate in the design, plan-
ning and execution of advanced surveys and be comfortable with the
interpretation of these surveys.

Course Outline
The course will contain the following modules:
1. Introduction to Vertical Seismic Profiling (1.5hrs)
2. The Basics (2 hrs)
a. Checkshot VSP
b. Zero Offset VSP
3. VSP Imaging: 2D and 3D Techniques (2 hrs)
a. Survey design and modeling
b. Processing
- model building, tomography, imaging techniques (Kirchhoff,
RTM)
¢. 2D imaging
- Offset VSP, Walkaway VSP
d. 3D imaging
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4. Anisotropy and More (3 hrs)
a. Measuring anisotropy with walkaway and 3D VSPs
-VTl and HTI, fractures
b. AVO Analysis
¢. Techniques to locate multiple generators with VSP data
d. Q estimation and Q compensation with VSP data
5. Reservoir Monitoring and Reservoir Properties (1.5 hrs)
a. Time Lapse 3D VSP for reservoir monitoring
b. Elastic FWI (VSP Inversion)
6. Advanced Acquisition (1.5hrs)
a. Seismic while drilling
b. Distributed Acoustic Sensing
Timing of sections may change.

Participants’ Profile

The course is targeted toward those who have a basic understanding
of surface seismic acquisition and processing, but only limited knowl-
edge of borehole seismic. The course is designed to help participants
identify borehole seismic solutions to common seismic interpretation
problems. It is also be useful for those geophysicists needing higher
resolution images than surface seismic can provide, and those geo-
physicists who need to validate seismic processing parameters and
imaging models using borehole seismic. Lastly, the course is relevant
for geophysicists wanting to learn how to use borehole seismic as a
cost-effective reservoir monitoring tool.

Prerequisites
Participants are assumed to have knowledge of seismic response
to earth reflectivity. Participants should be aware of common well
logging services.
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About the Instructor

Allan Campbell graduated in 1984 from the Northern Alberta Insti-
tute of Technology in Edmonton with a diploma in Earth Resources
Technology and, after a spell in Dresser Atlas, graduated in 1990
from the University of Calgary with a BSc., majoring in Geophysics. In
1990, he started his 25-year career at Schlumberger in Calgary. Skills
were developed in borehole seismic processing starting from basic
check-shots up to the most complex 3D VSPs. In 1997, he moved to
Houston Texas, to open a new borehole seismic processing center.
The center rapidly evolved into a global center of excellence for VSP
processing. Campbell helped Schlumberger fully develop 3D VSP
processing capabilities.

2010 to 2015 saw the development of many innovative techniques.
The integration of borehole seismic data into the processing of sur-
face seismic, to improve the resolution and depth control in seismic
images, was finally realized. VSP is now routinely used to detect and
characterize fractures, to estimation of the elastic properties of rocks,
and to monitor the changes in reservoirs due to both enhanced re-
covery methods and storage of CO,.

From 2016 to the present, Campbell has been working as a geo-
physical consultant with VSP Consultants LLC. Projects have included
work for major operators and service companies, supervising VSP
processing projects. Interesting work is also being done on drill bit
seismic in hard rock mining environments. VSP Consultants is also
offering borehole seismic training courses to the oil and gas industry.

SHORT COURSE CATALOGUE
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VSP technology - From check shot to advanced
distributed acoustic sensing

BOREHOLE GEOPHYSICS § ENERGY TRANSITION

Instructor: Sebastien Soulas (Avalon Sciences Ltd, UK)
Language: English, French
Level: Intermediate
Duration and Online: 2 half days of 3-4 hours
formats: Classroom: 1 or 2 days

Course Description
The purpose and objectives of the borehole seismic class will be to
convene earth scientists for the following:

—_

. To understand the various types of borehole seismic solutions for
both integrated reservoir characterization and seismic monitoring.
2. What can borehole seismic bring to derisk drilling operations and
reduce subsurface uncertainties.
3. Distributed Acoustic Sensing (DAS): and 3-C fiber Optic sensor
applications, challenges, showcases and future.

Downhole VSP tools have rapidly evolved from single component
analogue to digital 3-C multi tools (100+ levels) on wireline, Logging
While Drilling (LWD) seismic while drilling to meet real-time demand
of directional drilling to Distributed Acoustic Sensing technology and
rapid development of 3-C optical sensors in harsh environment for
active and passive seismic monitoring using permanent installations.

This will provide insight on how to use and integrate VSP information
for seismic reservoir characterization for Oil and Gas applications
but also in the context of energy transition such as geothermal and
CCUS geophysical monitoring and imaging applications.

Course Outline:

1-Day Outline:

1. VSP Basics

Identify differing VSP geometries and general overview

e Select the correct VSP geometry for the business objective

2. VSP Data Acquisition and Processing (equipment and conveyance)

e |dentify which onshore and offshore surface and downhole
equipment to use

e |dentify the correct conveyance methods to use

e |dentify the correct data and the correct tools to use

3. VSP Planning and demo (modelling and feasibility)
e Review the VSP 3D pre-survey modelling software

4. Velocity Survey

e Review data conditioning for first break data picking

e |dentify the limits of absolute time-depth based on well geometry
and geology
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. Basic Rig Source VSP Processing

e Test the parameters and impacts in the processing results
High Angle Wells

Change the parameters associated with high-angle wells and
non-zero offset VSP geometry

6. Look-ahead VSP & SWD
Estimate prediction ahead of the bit and immersion
technique limits

7. Rock Properties, AVO, Anisotropy and multiples
Use VSP beyond time-depth processing

8. Imaging/3D VSP and Future Technologies
Review how to use VSP for 3D surface imaging
Discuss the pros and cons of VSP as a 3D imaging tool

9. Distributed Acoustic Sensing

DAS principles

DAS technology for active/passive seismic applications
Technology evolution and industry examples

2-Day Outline:

Day 1

e VSP Basics, Part 1

e \/SP Basics, Part 2

e VSP Data Acquisition and Processing (equipment and conveyance)
e VSP Planning and demo (modelling and feasibility)

Velocity Survey & Acoustic Log Calibration

Basic Rig Source VSP Processing

Review of three-way Tie Plots (Basic Borehole Seismic Report)
High Angle Wells

* Wrap Up Day 1

Day 2:

e Look-ahead VSP & SWD

e Multiples

e Other Applications (Q, Multiples, Reservoir Monitoring)
e Rock Properties, AVO, Anisotropy
Imaging/3D VSP and Future Technologies

e 3 Components Processing

e 3D VSP Data Interpretation and Integration
Distributed Acoustic Sensing

VSP Planning Exercise

Acquisition QC

Wrap Up/Close Out

SHORT COURSE CATALOGUE
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Participants’ Profile
Geologists, Geophysicists and geoscientists who would like to get an
understanding of VSP principles and various applications.

Prerequisites
Basic understanding of Geology and geophysics including signal
processing and geophysical operations (surface and downhole)

About the Instructor

Sebastien Soulas completed his Master’s degree in Geophysics (spe-
cialising in Borehole geophysics) from School and Observatory of
Earth Sciences (EOST), Strasbourg France, in 1994. He then spent
12 years working in marine seismic data processing, acquisition, and
analysis at various European locations before leading global borehole
seismic activities for Maersk Oil in Copenhagen. He worked for BP
8 years and acted as senior Borehole Seismic Technical Expert in
Upstream Reservoir Development, managing global borehole seismic
operations, including the planning and execution of data acquisition,
data processing and VSP data integration with surface seismic.
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At the beginning of 2019, he joined LYTT as Senior Advisor for Bore-
hole Seismic, a BP tech start-up which develop and deploy high-value
applications using DAS and DTS to provide real-time 24/7 subsurface
analytics including seismic applications. He played an instrumental
role in the design, development, installation, and validation in the
industry’s first subsea DAS VSP system using distributed Fiber Optic
Sensing (DFOS) for bp in GoM Atlantis field.

He joined Avalon Sciences in May 2022 as Global Operations Man-
ager in Somerton and is overseeing field operations, field testing and
advise on internal/external technical matters. He also continues to
provide support to the R&D team in downhole 3-C optical seismic
sensors technology development for active and passive seismic.

He has presented numerous technical papers on borehole Geophysics
including DAS seismic at EAGE and SEG conferences and workshops
promoting data value, technology adoption and integration with
surface seismic.

SHORT COURSE CATALOGUE
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Rock Physics, Geomechanics and Hazard of
Fluid-Induced Seismicity

EARTHQUAKE J ELASTICITY | GEOTHERMAL § INDUCED SEISMICITY § MECHANICS
MONITORING § PORE PRESSURE ] SEDIMENT

Instructor: Serge Shapiro (Freie Universitaet Berlin, Germany)

Language: English
Level: Intermediate
Duration and Online: 2 to 4 live sessions of 4 hours
formats: Clagsroom: 1 to 2 days

Course Description

Part 1 (20% of the course) includes: Rock physical and poroelastic
fundamentals of fluid-induced seismicity (including microseismicity):
Elastic waves, Elastic Anisotropy, Poroelastic waves, Slow wave and
diffusion, Fluid flow in rocks, Seismic attenuation, Reservoir proper-
ties: permeability, porosity, fluid viscosity, fluid elasticity, rock elasticity.
Part 2 (20% of the course) includes: Geomechanics and physics

of faulting and earthquakes and principles of the microseismic
monitoring method: faulting types, faulting criteria, tectonic stress-
es, rock criticality, detection, location, earthquake mechanisms,
moment tensors and magnitudes of earthquakes, microseismic
common receiver gathers, microseismic reflection imaging.

Part 3 (40% of the course) includes: Various types of induced
seismicity: production-induced earthquakes, injection induced
earthquakes, geothermal systems, hydraulic fracturing, waste water
injection and carbon sequestration; interpretation of microseismic
data for reservoir stimulation and hydraulic fracturing: types of
induced seismicity, pressure diffusion, rt-plots, triggering fronts,
back fronts, hydraulic diffusivity, event density, event rate, hydraulic
anisotropy, hydraulic non-line arity, hydraulic fracturing, fracture
propagation, volume balance, fluid loss, stimulated volume, correla-
tions with hydrocarbon production, data quality control, estimation
of hydraulic properties of rocks, fracture efficiency, enhanced
permeability, permeability of fracture, permeability of rocks.

Part 4 (20% of the course) includes: Fundamentals of assessment

of induced-seismicity hazard (injection, post-injection and disposal
operations): Seismicity statistics, Gutenberg-Richter law, Interevent
times, Seismogenic index, Rupture propagation, Bounds of mag-
nitude frequencies, Maximum expected magnitude, triggered and
induced earthquakes, factors controlling hazard and requirements for
microseismic monitoring; Hazard of various types of induced seismic-
ity: hydraulic fracturing, geothermal systems, waste water injection
and carbon sequestration, hydrocarbon production, water reservoirs.

Course Outline

e Rock physics and geomechanics of induced seismicity:
Poroelastic phenomena and seismic waves
Stress, pore pressure and rock failure
Geomechanics of tectonic and induced earthquakes

The method of microseismic monitoring:

Observation systems, detection and location of (micro)earth-
quakes

Microseismic wavefields and imaging
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e Seismicity, pressure diffusion and hydraulic fracturing:
Various types of induced seismicity
Modeling of fluid-induced seismicity
Seismicity during a fluid injection
Seismicity after a termination of a fluid injection
Hydraulic properties of reservoirs and induced seismicity
Hydraulic fracturing of hydrocarbon reservoirs
Seismicity induced by hydraulic fracturing
Non-linear diffusion and seismicity in unconventional reservoirs

e Hazard of induced seismicity:
Rates and magnitudes of fluid-induced earthquakes
Seismogenic index
Statistics of large magnitudes
Hazard of various types of induced seismicity

Participants' Profile

The course is targeted to Geophysicists, Geologists, Petrophysicsits,
Reservoir Engineers, Graduate and Postgraduate Students, Re-
searchers, Interpreters.

Prerequisites

Graduated (bachelor level) in geology, or geophysics, or physics, or
mathematics, or petroleum engineering, or geosciences.
Recommended Reading

S.A. Shapiro, 2015, Fluid-Induced Seismicity, Cambridge (U.K.):
Cambridge University Press, pp 289., ISBN: 9780521884570

About the Instructor

Serge A. Shapiro has been Professor of Geophysics at the Freie
Universitat Berlin, Germany since 1999, and since 2004, Director of
the PHASE (PHysics and Application of Seismic Emission) university
consortium project. From 2001 till 2008 he was one of Coordinator
of the German Continental Deep Drilling Program (KTB). He was
one of Pls of the 3rd KTB long-term fluid-induced seismicity exper-
iment. His research interests include seismogenic processes, wave
phenomena, exploration seismology, and rock physics. He received
the SEG Virgil Kauffman Gold Medal in 2013 for his pioneering
research on fluid-induced seismicity and rock physics, and in 2004
was elected a Fellow of The Institute of Physics (UK).

SHORT COURSE CATALOGUE
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Seismic Processing of Multiples;
Concepts, Applications, Trends

FREE SURFACE | FREE-SURFACE MULTIPLES J INTERNAL MULTIPLES
ADAPTIVE SUBTRACTION | REDATUMING

Instructor: Clément Kostov (Independent Consultant, France)

Language: English
Level: Intermediate
Duration and Online: 2 half-days of 3-4 hours
formats: Classroom: 1 day

Course Description

The topic of seismic multiples evolves continuously as a result of
advances within its own field as well as changes in applications and
related technologies. For many geoscientists, the topic may seem
challenging to enter or to keep abreast of developments.

This course is intended for professionals who are looking for a
refresher on the topic of multiples in seismic processing and for an
introduction to the latest research and technology developments.

The course aims to provide an overview of the techniques in seismic
multiple processing and their relations to other stages and objectives
of the overall seismic data processing sequence. In particular, relations
with survey design, acquisition, data conditioning, and seismic
imaging and inversion are emphasized.

The course material is based on Prof. Eric Verschuur's EAGE Edu-
cation Tour Series book and presentation material from the book,
complemented with updates on recent developments on the topic of
multiples. A handout and a reading list for each topic will be part of
the material distributed before the class.

Course Outline

The course is subdivided in two sessions and a total of 10 lectures,
each about 35 minutes for the online version, including time for

a presentation followed by questions and discussion. Within each
lecture examples of the described concepts on synthetic and field
data will be presented, with particular attention to connections with
the overall data processing flow and objectives.

First session:

1. Examples of multiples in seismic data, definitions of multiples,
numerical modeling methods, synthetics and benchmark datasets.

2. Multiple scattering at different scales in acoustic experiments (VSP,
sonic, sea-bed profiling, crosswell, sonic); using VSP and sonic data
to gain understanding of multiples in surface seismic data.

3. Multiples in velocity model building and imaging seismic data
processing workflows; multiples as noise or as signal.

4. Prediction methods for free-surface multiples; data-driven and
model-based approaches.

5. Adaptive subtractions and assessment and validation of results.
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Second session:

6. Signal processing transforms and their applications to multiples;
Radon transforms, curvelet transform.

7. Removal of overburden effects; up-down deconvolution and
inversion methods for sea-bed and streamer data.

8. Prediction methods for internal multiples: extending the
methods for surface-related multiples, recent perspectives and
theoretical developments.

9. Case study examples: deep-water marine, shallow-water
marine, land (based on published case studies).

10. Wrap-up: summary of the multiple processing technologies
discussed in the course, emerging technologies and trends.

Participants' Profile

The course is designed for geoscientists who work with or have an
interest in surface seismic data and wish to gain a deeper under-
standing of the technology related to multiples in seismic data.
The audience is expected to have prior knowledge at a B.Sc./M.Sc.
level on processing concepts such as convolution, correlation and
Fourier transforms and some basic knowledge of wave theory. The
mathematical content will be kept to the minimum required level,
illustrated with graphics and with a clear link to the applications.

Prerequisites

Participants should have a basic understanding of:

e Signal processing (convolution, correlation, Fourier transform);
e Seismic processing (preprocessing, imaging, postprocessing);
e Acoustic and elastic wave equations and wave propagation;

e Surface seismic acquisition, processing and applications.

About the Instructor

Clément Kostov is currently an Independent Consultant in geophys-
ics. He joined Schlumberger (now SLB) in 1990 and worked at SLB
in research and technology development as technical expert and

as research manager until 2020. Clément’s interest in geosciences
started at the Ecole des Mines de Paris and developed through
graduate studies at Stanford University (PhD in Geophysics ‘90).
Clément is a member of the SEG and EAGE.

SHORT COURSE CATALOGUE
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Classical and Modern Signal Processing
for Seismic Applications

DECONVOLUTION | INTERPOLATION J INVERSION § LAND SEISMIC | MARINE SEISMIC
REDON TRANSFORM | REFLECTION || SIGNAL PROCESSING | SIMULTANEOUS SOURCE
VIBROSEIS | SIMULATION WAVELET

Instructor: Mauricio D. Sacchi (University of Alberta)
Language: English, Spanish, Italian
Level: Advanced
Duration and Online: 4 half days of 3-4 hours
formats: Classroom: 2 days

Course Description

This two-day course offers a comprehensive overview of modern
seismic signal processing techniques, classical methods, and emerg-
ing innovations in sparsity, machine learning, and rank-reduction.
Participants will explore practical algorithms and develop hands-on
skills through Julia-based software prototypes.

Course Objectives:

Upon completion of the course, participants will understand current
technology for advanced signal processing including technology for
5D reconstruction, Compressive Acquisition, De-blending, Recon-
struction of Dispersed source array data.

Course Outline:

1. Review

A short review of Fourier Analysis, Convolution, and Deconvolution.
A review of linear algebra and concepts needed to tackle geophysi-
cal data processing problems.

2. Predictability of Signals in the Frequency (FX) and Time
(TX) Domains and Projection Filters

This topic examines the inherent predictability of signals in both the
frequency and time domains. We will explore the application of pre-
diction and projection filters to isolate and enhance predictable signal
components, improving overall signal analysis and interpretation.

3. Sparsity in Transform-Based Signal Processing: Applications
in Denoising, Interpolation, and Deblending

We will discuss the concept of sparsity and its critical role in
transform-based signal processing techniques, including compres-
sive sensing. The focus will be on denoising, interpolation, and
deblending applications to demonstrate how leveraging sparse
representations can significantly improve signal quality and process-
ing efficiency.

4. Rank-Reduction Methods for Seismic Signal Processing:
Hankel and Tensor-Based Approaches

This section will cover various rank-reduction techniques applicable
to seismic signal processing, specifically focusing on Hankel and
tensor-based methods. We will delve into their practical applications
and discuss methods for implicit-form rapid rank-reduction methods.
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5. Innovative Signal Processing Paradigms: Integrating
Machine Learning for Denoising and Reconstruction

Here, we will explore new paradigms in signal processing that incor-
porate machine learning techniques, such as Implicit Network Rep-
resentation. The discussion will highlight how these methods can be
utilized for advanced denoising and reconstruction tasks, showcasing
their potential to transform traditional signal processing workflows.

6. Emerging ideas: Dispersed Source Array Processing via
sparsity-constrained inversion.

Regularization by denoising. Role of denoisers in the solution of
inverse problems.

Participant’s profile:

The course is designed for geophysicists, engineers, data scientists
working in industry, and graduate students seeking to expand their
expertise in seismic data processing. A basic background in signal
processing and linear algebra is recommended but not required.

Prerequisites:
Participants should have previous knowledge of linear algebra,
Fourier theory, and programming.

About the Instructor:

Mauricio D. Sacchi is a geophysicist and professor in the Depart-
ment of Physics at the University of Alberta. He earned a Geophys-
ics diploma from the National University of La Plata in 1988 before
moving to Canada to pursue a PhD in Geophysics at the University
of British Columbia, which he completed in 1996. He joined the
University of Alberta faculty in 1997.

He is the author (with Tad Ulrych) of the book Information-Based
Signal Processing, and has taught extensively in both graduate
courses and industry short courses on seismic signal theory and
inversion. His excellence has been recognized by numerous awards,
including the CSEG Medal (2012), SEG Honorary Lectureship
(2014), Distinguished Speaker (2015), a CSEG Symposium held

in his honor (2018), and most notably the prestigious SEG Virgil
Kauffman Gold Medal in 2019 for his outstanding contributions to
geophysical exploration.

Beyond research, Sacchi has served as Editor-in-Chief of GEOPHYS-
ICS (2015-2017), Associate Editor for [EEE Transactions on Geosci-
ence and Remote Sensing, and is an active member of professional
societies including CGU, CSEG, EAGE, IEEE, and SEG.

SHORT COURSE CATALOGUE
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Processing Techniques for Multiples in Seismic Data;
Concepts, Applications, Trends

SCATTERING | FREE SURFACE MULTIPLES | INTERNAL MULTIPLES | SRME | ADAPTIVE SUBTRACTION
RADON TRANSFORM | DECONVOLUTION | INTERFEROMETRY J| MIGRATION J INVERSION

Instructor: Eric Verschuur (Delft University of Technology Netherlands) and
Clément Kostov (Independent Consultant, France)

Language: English
Level: Intermediate

Duration and Online: Online self-pacedL 7 hours
formats:

Course Description:

Seismic data processing has traditionally used a subset of the
data, the primaries, as the signal part of the data from which to
create images of the subsurface and to estimate subsurface prop-
erties. Seismic multiples are another subset of the data, which are
considered in most cases as noise to be removed, and in some cases
as signal that complements the primaries.

In this course we cover a broad range of techniques that are used
in seismic data processing to remove multiples or to use multiples
in imaging. For each of these techniques we present the concepts,
the key applications, the recent development trends and we provide
reading suggestions and exercises for self-study.

By focusing on seismic multiples — their relation to primaries, their
challenges and opportunities in data processing - we provide an
opportunity for students to gain a deeper understanding of their
data (primaries, multiples and other events) and of the techniques
they could use in processing to improve results.

Course Outline:

The course is divided into 10 lectures, each of them being ap-
proximately 30-45 minutes. Within each lecture, concepts will be
illustrated with synthetic and field data, and exercises and reading
suggestions will be provided for further study.

Lecture 1: Introduction (part 1)

e Waves in elastic media, earthquake geometry
- Classification and examples of seismic waves

e Computing waves when medium parameters are known

¢ Relations between wavefield components with only limited
knowledge of medium parameters

Lecture 2: Introduction (part 2)
e Application domains and their datasets
- Seismic surveys for hydrocarbons
- Seismic surveys for monitoring CCUS
- High-resolution shallow surveys for drilling hazards, wind farms,
gas hydrates
- Seismology; global, regional, local
e Seismic data processing tasks
- Separation of signal and noise
- Parameter estimation problems
- Imaging methods
- Inversion methods
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- Canonical workflows and role of multiples
- CMP-stack
- AVO inversion
- Velocity estimation and pre-stack migration
- Full-waveform inversion
- Outline of the course

Lecture 3: Lecture Multiple removal based on move-out
and dip discrimination

e Introduction and principles

e Multiple removal using the parabolic Radon transform

- Properties of the transform

- Basic workflow in combination with NMO correction
Higher-dimensional transforms (beyond 2D)

Advances and developments in transform methods

- Amplitude preserving, high-resolution transforms

- Joint transforms (demultiple and de-alias, denoise etc)

Lecture 4: Predictive deconvolution

e Introduction, convolution and correlation concepts
e Convolution and correlation concepts

e Linear filtering, filter design techniques

¢ Predictive deconvolution basics

e Extending the predictive deconvolution concept
Exercises, part 1

Lecture 5: Principles of surface-related multiple elimination 1D

¢ Relations between primaries and multiples for 1D media, normal
incidence

e Including the source signature in SRME 1D

e |terative SRME for 1D

e Relation to predictive deconvolution

Lecture 6: Principles of surface-related multiple
elimination 2D-3D

e Extension of SRME concept to 2D

e Huygens' virtual sources

Reciprocity theorems

Other multiple elimination methods

EPSI approaches using sparsity criteria

Inverse Scattering Series

Extension to 3D

Wavefield extrapolation methods (model-based)

SHORT COURSE CATALOGUE
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Lecture 7: Practical aspects of surface-related multiple
elimi-nation (part 1)
e Introduction
e Data conditioning for SRME
- Review of requirements
- Multiple Contribution Gathers
- Effects of only partially fulfilled requirements
e Closed-loop approaches to handle missing data:
- EPSI approach, mapping multiples to primaries
e Adaptive subtraction of predicted surface-related multiples
- Principles, assumptions, pitfalls, and workflows for
- Matching filters, curvelet transforms, and
- Other methods: Machine Learning, Non-rigid matching

Lecture 8: Practical aspects of surface-related multiple
elimination (part 2)
e Shallow water case
e Sea-bed acquisitions case
- Up/down, down/down deconvolutions (1D media case)
- P waves, pressure and Vz components
- PS waves, pressure and radial components
- SRME predictions using seabed and streamer data
e Land data case
Exercises part 2

Lecture 9: Internal multiples

e Introduction: problem description, historical perspective

e Extending the SRME concept to some classes of internal multiples
and to 3D data

e Predicting all internal multiples using the Inverse Scattering Series

¢ Novel approaches and perspectives using Marchenko theory

e Model-based approaches to handling internal multiples

Lecture 10: Using multiples as signal: concepts, synthetic
examples, state-of-art

e Introduction

e Imaging primaries, imaging with multiples

e The early imaging with multiples applications

e Concepts/heuristics of multiples in tomography and inversion
e SWIM (separated wavefield imaging with multiples)

Lecture 11: Using multiples as signal: recent advances
e Introduction
e Scope (assumptions, advances, challenges and limitations for)
- LS-RTM, free-surface multiples, joint primaries and FSM
- FWI, high-frequency FWI, FWI-derived images
- FWMOD, JMI (internal multiples reflections)
- Marchenko redatuming, imaging, inversion
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Lecture 12: Practical workflows and relation to

acquisition design

e Radon pre- and/or post-migration

e Multiple removal and good primary imaging vs integrated
inversion

¢ Relation of methodologies with acquisition design

Participant’s Profile:

This course is intended for professionals or advanced degree students
who are looking for a refresher on the topic of multiples in seismic
processing and for an introduction to the latest research and tech-
nology developments. Also, it is expected that the students would
be willing to deepen their knowledge of the subject through self-
study readings, exercises and interactions with the instructors during
online sessions.

Prerequisites:

Participants should have a basic knowledge of:

e Signal processing (convolution, correlation, Fourier transform);

e Seismic processing (preprocessing, imaging);

e Properties of acoustic waves, wave propagation, wave equations.

About the Instructor:

Dirk J. (Eric) Verschuur received his M.Sc. degree in 1986 and his
PhD degree (honors) in 1991 from the Delft University of Technology
(DUT), both in applied physics. From 1992 - 1997 he worked under
a senior research fellowship from the Royal Dutch Academy of Art
and Sciences (KNAW). In 1997 he became assistant professor and
since 1999 he is an associate professor at the DUT at the laboratory
of Acoustical Imaging and Sound Control. He is the project leader of
the DELPHI research consortium in the area of Multiple Removal and
Structural Imaging. His main interests are seismic modeling, process-
ing and migration techniques. In 1997 he received SEG's J. Clarence
Karcher award. He is a member of SEG and EAGE.

Clément Kostov is currently an Independent Consultant in geophys-
ics. He joined Schlumberger (now SLB) in 1990 and worked at SLB
in research and technology development as technical expert and as
research manager until 2020. Clément’s interest in geosciences start-
ed at the Ecole des Mines de Paris and developed through graduate
studies at Stanford University (PhD in Geophysics ‘90). Clément is a
member of the SEG and EAGE.
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The Interpreter’'s Guide to Depth Imaging

3D | ANISOTROPY | DEPTH MIGRATION | INTERPRETATION | INVERSION | KIRCHHOFF

MARINE SEISMIC SEISMIC ATTRIBUTES || SEISMOGRAMS | WORKFLOWS

Instructor: Scott Mackay (Mackay Consulting Inc., United States)

Language: English
Level: Intermediate
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

An intuitive approach to understanding the interpretive aspects of
depth imaging, and the risk of using time migration. The course
reviews depth-conversion goals and compares time and depth mi-
gration using case histories. Next is an overview of depth migration
algorithms in common use, Kirchhoff (ray) versus RTM (wave). Indus-
try methodologies are presented for tomographic velocity updates
and full-waveform inversion. This course demonstrates intuitive QCs
and provides spreadsheet analysis tools for planning and ensuring
realistic velocity-resolution goals and stable imaging solutions. The
importance of defining the polarity and phase of the seismic is pre-
sented as part of the database-validation process used to identify and
remove inconsistencies between interpreted surfaces and well tops
before deriving anisotropic parameters. The course continues with
a robust approach to well-top calibration of the final depth-imaging
deliverables. Freeware is provided to provide a statistical method of
depth calibration and estimating depth uncertainty. Finally, there is a
review of using attributes from depth imaging for azimuthal stress
definition and implementing machine learning for classification and
estimation.

Course Objectives

e Appreciate time-to-depth conversion methodologies

e Differentiate between time and depth migration

e Distinguish between commonly used depth migration algorithms

e Appraise methods for velocity updating (tomography/FWI)
appropriate for the geology

» Define target velocity resolution for tomography and related
imaging grids

e Establish consistency between well tops and horizons in an
interpretive database

e Plan and review QCs for iterative velocity updates

e Assess the methods used for determining anisotropic parameters

e Perform well-top calibration of depth-imaging volumes

e Evaluate the validity/uncertainty of advanced seismic attributes

e Review practical aspects of machine-learning classification and
estimation

Course Outline
1. Review of Vertical Depth Conversion Goals
* Velocity field representation
e Depth-uncertainty analysis and risks of using time migration

2. Time and Depth Migration: Comparisons
e Concepts and contrasts in time and depth migration

CPD Points: 8 ‘
CPD Points: 10

. Depth Migration Algorithms: Theory and Practice

e Kirchhoff, Gaussian Beam, 1-way, and 2-way (Reverse Time)
Wave Equation
e Anisotropy and Multi-component considerations

. Depth Migration: Parameter Selection

e Kirchhoff travel times, aliasing, and aperture
¢ \Wave Equation imaging parameters

. Tomographic Velocity Analysis and FWI

e Layer- and grid-based ray methods
e Full waveform inversion (FWI) and FWI Imaging

. Depth Imaging Grids

¢ Defining the mandatory grids: Image trace spacing and depth
increment, travel-time tables, tomographic grid sizes...

. Well/Seismic Database Validation

e Determining seismic data polarity and phase
e Creating synthetic seismogram ties
e |dentifying and correcting database inconsistencies

. Iterative Depth Imaging: Quality Control

e Creation and QC of the initial velocity model

e Iterative tomographic and FWI updates

e Case histories

e Setting up an intuitive review of the iterative velocity-update
process

. Anisotropy

¢ Anisotropic parameterization (Vz, Delta, Epsilon, VTI/TTI...)
e Initial Vz model, velocity and anisotropic parameter updates
e Multiparameter and Elastic FWI applications

10. Well Calibration

e Conversion of time data to calibrated depth
e Depth uncertainty measures (Stochastic modeling, freeware
supplied and demonstrated)

11. Depth-Imaging Attributes

e Azimuthal AVO and other HTI property cubes
e Practical applications of machine-learning algorithms
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Participants’ Profile

Intended for seismic interpreters incorporating depth imaging into
their evaluations, and depth-processing imagers looking to better
interact with interpreters. Training is conducted with a combination
of lectures, demonstrations, and illustrative datasets.

Prerequisites
Participants should be familiar with the seismic method and have
several years of interpretation or processing experience.

About the Instructor

Scott MacKay is an independent consultant with over 40 years of
experience. He is an acknowledged expert in interpretation, depth
conversion, and depth imaging. After graduating from Colorado
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School of Mines with an MS in Geophysics he joined a major oil
company where he worked ten years as an exploration geophysicist.
Scott next joined Schlumberger where he became Manager of R&D
and a Schlumberger Advisor. His other roles included World-wide
Coordinator for Depth Imaging, Manager of Time-lapse Reservoir
Characterization and Multi-component Imaging. During this time,
he earned a PhD in Geology and Geophysics from the University of
Houston. Scott later became an independent consultant working
international interpretation projects and advising on the application
of new technologies and their impact on risk reduction. His main
specialty is the application of depth imaging to unconventional plays
and CCUS planning to quantify reservoir properties. Scott has five
U.S. patents and numerous publications on applying innovative and
practical solutions to exploration and exploitation challenges.
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Full-Waveform Inversion:
Where are the Anisotropic Parameters Hiding?

ANISOTROPY | IMAGING | ISOTROPY | MIGRATION | MINERALS J] OIL AND GAS | VELOCITIES
WAVE EQUATION | WAVE PROPAGATION

Instructor: Tariq Alkhalifah (KAUST, Saudi Arabia)
Language: English
Level: Foundation
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 1 day

Course Description

The course starts by introducing the fundamentals of full-waveform
inversion (FWI) starting from its basic definition. It focuses on the
model update issues and provides analysis of its probable success in
converging to a plausible model. In the course we will discuss the
many challenges we face in applying FWI on seismic data and intro-
duce modern day proposed solutions to these challenges. The focus
of the course will be on FWI applied to anisotropic media. As a result,
the course will also introduce anisotropy, its optimal parametrization
and wavefield simulation in such media. Practical multi-parameter
inversion for anisotropic parameters requires an optimal FWI setup.
We will discuss such a setup, which includes the proper parametriza-
tion of the medium and data access scheme necessary for a potential
convergence to a plausible anisotropic model.

Course Objectives

Upon completion of the course, participants will be able to under-
stand:

¢ The scientific foundation behind full-waveform inversion;

e FWI challenges;

e Wave propagation in anisotropic media;

e Anisotropy + migration velocity analysis;

e Anisotropy + FWI.

Course Outline

| - Introduction to seismic inversion:

1. What is inversion?

2. What do we mean by full waveform inversion?
3. The Algorithm.

Il - The elements of seismic waveform inversion:
1. Model and data.

2. The objective function.

3. The update.

4. The sensitivity kernel.

5. The non-linear issue.

6. Examples.

Il - Seismic anisotropy:

1. Definition and parameters.

2. The acoustic anisotropic wave equation.
3. Fundamental issues.
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IV - FWI and anisotropy:

1. Multi-parameter inversion.

. The right set of parameters.

. The anisotropic sensitivity kernels.
. Getting an initial model.

. Anisotropy and MVA.

u b~ w N

Participants’ Profile

The course is designed for geophysics, mathematicians and physicists
working on problems related to seismic imaging of the Earth and
building the necessary velocity models to do so.

Prerequisites
Participants should have some knowledge on the physics of seismic
wave propagation.

About the Instructor

Tarigq A. Alkhalifah is a professor of geophysics in the division of Phys-
ical Sciences and Engineering at King Abdullah University for Science
and Technology (KAUST). He assumed his duties there in June 2009.
Prior to joining KAUST, Tarig was a research professor and director of
the Oil and Gas Research Institute at King Abdulaziz City for Science
& Technology (KACST). He has also been associate research profes-
sor, assistant research professor and research assistant at KACST.
From 1996 to 1998, Tariq served as a postdoctoral researcher for the
Stanford Exploration Project at Stanford University, USA. He received
the J. Clarence Karcher Award from the Society of Exploration Geo-
physicists (SEG) in 1998 and the Conrad Schlumberger Award from
the European Association for Geoscientists and Engineers (EAGE) in
2003. He is a member of SEG and EAGE. Tariq received his doctoral
degree in geophysics (1997) and master’s degree (1993) in geophysi-
cal engineering from the Colorado School of Mines, USA. He holds a
bachelor’s degree (1988) in geophysics from King Fahd University of
Petroleum and Minerals, Saudi Arabia.
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Applied Depth Imaging

3D | ANISOTROPY | DEPTH MIGRATION | FULL WAVEFIELD ] INTERPRETATION | MODELING
NEAR SURFACE SALT | SHALE | TRAVELTIME § WATER | WIDE AZIMUTH

Instructor: Ruben Martinez (Reservoir Geoscience, United States)

Language: English, Spanish
Level: Intermediate
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

Hydrocarbons are increasingly more difficult to find because reser-
voirs are often located in geologically complex areas. This geological
complexity has motivated a significant paradigm shift from time
imaging towards the extensive use of seismic depth imaging. Depth
imaging improves the definition of the structural and stratigraphic
frameworks and provides a better assessment and mitigation of risk
in E&P.

The goal of this course is for the participant to gain an understanding
of the basic concepts and practical aspects used in building velocity
models and seismic images in the depth domain in an intuitive man-
ner. The participant will also be exposed to depth imaging practices
currently in use by geophysicists and geoscientists through the de-
scription of workflows illustrated with synthetic and field data exam-
ples. The practical aspects are emphasized throughout the course.
At the end of the course, the emerging depth imaging technologies
are reviewed for the participant to make informed decisions about
what technology to use in future E&P projects.

Course Objectives

The aim of this course is focused on depth imaging concepts and

applications for complex geology areas. At the end of the course, the

participant will be able to:

1. Understand the fundamentals of seismic migration;

2. Explain the pitfalls of time imaging;

3. Describe the differences between time and depth seismic
imaging for simple and complex geological structures and
stratigraphy;

4. Discuss basic seismic acquisition parameters influencing the
quality of the seismic images in complex geology areas,;

5. Understand the strengths and weaknesses of the most popular
prestack depth migration methods;

6. Recognize the limitations of the seismic data to produce
optimum seismic images for complex structural and stratigraphic
frameworks;

7. Describe velocity estimation methods required for specific
exploration and field development scenarios;

8. Explain the impact of velocity anisotropy on the quality of depth
images and its effect on the spatial positioning of geological
structures and well ties;

9. Define and/ or choose depth imaging workflows for specific
E&P scenarios such as sub-salt, pre-salt, thrust belt, sub-basalt,
complex carbonates and clastics;

10. Judge the quality of seismic depth images for a geologic

interpretation;

11. Interpret depth-imaged data;
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12. Make informed decisions to choose depth imaging workflows
and technologies to be used in a given exploration or field
development project;

13. Effectively communicate about emerging depth imaging
methods and technology.

Course Outline

. Introduction to the course.

. Seismic migration fundamentals.

. Understanding seismic velocities.

. Practical understanding of velocity anisotropy.

. Review of velocity estimation methods used for depth imaging.

. Seismic data conditioning for depth imaging.

. Isotropic and anisotropic velocity model building and imaging in

practice.

8. Optimization of seismic images for a more reliable geologic
interpretation.

9. Overview of emerging velocity model building and imaging
methods.

Nouh wN =

Participants’ Profile

This course is designed for geophysicists, geoscientists and time
processing and interpretation specialists seeking a practical under-
standing of depth velocity model building and imaging.

Prerequisites
It is desirable that the participants have a basic knowledge about
seismic acquisition, processing and interpretation. Some basics of
structural geology, stratigraphy and well logging are also desirable
but not required.

Recommended Reading

Any general technical reading on basic seismic acquisition, seismic
processing, time imaging, seismic interpretation, structural geology
and/or salt tectonics will help to maximize the learning experience of
the participant.

About the Instructor

Ruben D. Martinez is a Petroleum Geoscience Consultant and in-
structor with Reservoir Geoscience, LLC. He has been active in the
seismic industry for 40 years.

Martinez was associated with Geophysical Service Inc. (GSI) as R&D
Reservoir Geophysicist, Halliburton Geophysical Services (HGS) and
Western Geophysical as Senior Research Geophysicist, AGI as direc-
tor of Seismic Reservoir Characterization and Petroleum GeoServices

SHORT COURSE CATALOGUE



%) GEOPHYSICS - SURFACE IMAGING j

(PGS) as Manager Signal Processing R&D, VP Processing R&D, VP
Seismic Processing Technology, Global Chief Geophysicist I&E and
Chief Geophysicist I&E NSA. His responsibilities in PGS included
directing global R&D and software commercialization of processing
and imaging technologies. As Chief Geophysicist, he was responsible
for the supervision and quality assurance of depth imaging projects,
customer liaison, the promotion of best practices and the commer-
cialization and use of high-end technology. Martinez is author and
co-author of more than 70 technical papers published and/or pre-
sented at international conferences and 12 patents on seismic data
acquisition, processing and imaging. He has also made numerous
technical presentations at international conferences and has taught
numerous courses and conducted seminars and workshops on seis-
mic processing and imaging.

In 2005, he was invited to present the annual Milton B. Dobrin
lecture at the University of Houston. He is currently an instructor
of the Continuing Education Program of the Society of Exploration
Geophysicists (SEG) and the European Association of Geoscientists
and Engineers (EAGE). He is a member of the SEG Board of Directors
as Director at Large. Martinez was the recipient of the 2014 Mexican
Association of Exploration Geophysicists (AMGE) geophysics award
for life-long achievements to geophysics.
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He earned a BSc in Geophysics from the Instituto Politecnico Nacional
(Mexico), MSc in Geophysics from the Colorado School of Mines and
a PhD in Geosciences from the University of Texas at Dallas.

He is a member of the Society of Exploration Geophyscists (SEG),
European Association of Geoscientists and Engineers (EAGE), Geo-
physical Society of Houston (GSH), American Association of Petro-
leum Geologists (AAPG) and Asociacion Mexicana de Geofisicos de
Exploracion (AMGE).
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Beyond Conventional Seismic Imaging

DEPTH MIGRATION | DIFFRACTION | FAULTS | FRACTURES J| FULL WAVEFIELD
[ IMAGING J INVERSION | STACKING J TIME MIGRATION | TRAVELTIME
UNCERTAINTY | UNCONVENTIONAL | VELOCITIES | WAVE PROPAGATION

Instructor: Evgeny Landa (Tel Aviv University, Israel)
Language: English, Russian
Level: Intermediate
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 1 day

Online: Self-paced course -7 hours of recorded material

Course Description

I. Wavefield Data Analysis

Time images usually provide sufficient information for a variety of
subsurface models of moderate complexity and facilitate the estima-
tion of the model for depth migration. Improving the quality of time
sections remains the focus of intensive research. In particular, a lot
of efforts are directed towards improving the accuracy of moveout
correction. The proposed course discusses time imaging procedures
such as Multifocusing and Common Reflection Surface when each
image trace is constructed by stacking traces which need not belong
to the same CMP gather. In this case a new and more general mo-
veout correction is requested. These new methods open a way for
reliable wavefield analysis and wavefront parameters estimation. The
latest represents a basis for different applications including signal en-
hancement, velocity model building, statics correction, AVO analysis.

IIl. Seismic Diffraction

Currently applied seismic processing and imaging are almost ex-
clusively based on seismic reflection. The latest is the response to
continuity in the subsurface. At the same time accurate and reliable
imaging of small scale geological elements and discontinuities of the
subsurface such as faults, unconformity, fractures etc. are a key to
improve seismic resolution. In unconventional reservoirs the main
objective is detection of fracture corridors. Small scale objects give
rise to a diffraction response. Use of seismic diffraction is a rapidly
emerging technology which has tremendous potential to reduce
exploration and production risks and increase oil and gas recovery.
The course integrates elements of the theory of wave propagation,
diffraction modeling and imaging, and interpretation. The main ob-
jectives are: understanding the role of small and medium scale sub-
surface objects and elements in forming the total seismic wavefield
and using diffraction for imaging.

Ill. Imaging without precise knowledge of the subsurface
velocity model

In the proposed course | introduce a way to look at model-independ-
ent seismic imaging using the quantum mechanics concept. Can
Feynman'’s path-integral idea be used for seismic imaging? We can
construct the seismic image by summation over the contributions
of elementary signals propagated along a representative sample of
possible paths between the source and receiver points. When the ve-
locity model is estimated with uncertainties, a single stationary path
does not produce a correctly focused subsurface image. In contrary,
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guantum imaging uses all possible trajectories accounts for multiple
stationary paths and takes into account model uncertainties.

IV. Pitfalls and challenges of seismic inversion

Proposed solutions are usually based on the criterion of the best fit
between calculated and observed data. But it is well understood that
by itself, a good fit does not guarantee that an inverted model is
correct. Seismic inversion may lead to construction of several sub-
surface models with significantly different geological meaning, all of
which fit the observed data equally well. The ill-posedness of seismic
inverse problems is fundamental and does not depend on a particular
type of algorithm or on the approach underlying the algorithms. In
this course, | formulate a number of fundamental questions which
should be addressed to make the inverse problems a mature science
rather than a set of recipes.

V. Time Reversal in Seismic

Time Reversal (TR) plays an important role in seismic. It is directly con-
nected to reverse time migration, interferometry and virtual source
methods. Recently time reversal is proposed to localize subsurface
sources in passive seismic and scatterers in active seismic surveys.
Unlike in conventional migration, time reversal approach, in princi-
ple, does not require application of imaging condition. Numerical
implementation of the time reversal method uses back propagation
of the time-reversed recorded wavefield followed by an analysis of its
obtained focusing. The physical implementation of TR, called Time
Reversal Mirror (TRM), is used in various applications: underwater
acoustics, telecommunication, cancer therapy, lithotripsy, nonde-
structive testing, etc. | demonstrate physical implementation of the
TRM in seismic. Results of the field experiment show very promising
results. | discuss possible applications of the method in seismic explo-
ration and production.

Course Objectives

Upon completion of the course, participants will be able to:

1. Understand the role of time and depth imaging withing the
general exploration work-flow.

2. Understand the differences between several prestack data
analysis approaches, in particular CMP, CRS andincrease MF.

3. Appreciate importance and potential of seismic diffraction for
increase resolution and reliability of seismic imaging.

4. Understand the uncertain nature of seismic velocity model and
acquaintance to a way of taking the uncertainties into account.
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5. Understand and admit fundamental problems of seismic inver-
sion including FWI.

Course Outline
Introduction

e From statistics to determinism
e QOvercoming uncertainties

I. Non CMP-based methods for data analysis and imaging

e Time versus depth imaging

e Why CMP method works?

¢ Non-hyperbolic moveout

e Why CMP method fails?

¢ Non-CMP based moveout: principles

e \Wavefront parameter estimation: Multifocusing and Common
Reflection Stack

¢ Applications: signal enhancement, statics correction, multiple
attenuation, stack, migration

II. Seismic Diffraction

o Reflections versus difraction
e History

¢ Modeling

¢ Diffraction imaging

¢ Wavefield separation

e Case studies

Ill. Imaging without precise velocity model: Quantum seismic
imaging

e Feynman “path-summation” picture of the world

e Path-summation seismic imaging

IV. Pitfalls and challenges of seismic inversion
e Inversion — thinking backward

¢ Non-uniqueness of geophysical inversion

e FWI: the present status

V. Time Reversal in Seismic

Participants’ Profile

Participants should have a basic knowledge of seismic data acquisi-
tion and processing, static correction, CMP stacking for zero-offset
approximation, normal moveout (NMO) correction, velocity analysis,
semblance coherency measure, ray theory.

Prerequisites

Basic knowledge of seismic data acquisition and processing. static

correction, CMP stacking for zero-offset approximation, normal

moveout (NMO) correction, velocity analysis, semblance coherency

measure, dip moveout. Basic knowledge in ray theory.

Recommended Reading

Participants are recommended to read the following articles before

attending the course:

e Peter Hubral, 2001. The hidden roots of human discovery and
creativity. First break, Volume 19.11 November 2001

e Richard Feynman, 1985. Surely You're Joking, Mr. Feynman!:
Adventures of a Curious Character, Edward Hutchings (editor), W.
W. Norton

About the Instructor

Evgeny Landa obtained his MSc degree in geophysics at Novosibirsk
University (1972) and PhD degree in geophysics at Tel Aviv University
(1986). He started his carrier in the former Soviet Union, Novosibirsk
as a researcher, and senior geophysicist at the Siberian Geophysical
Expedition. After immigrating to Israel, he worked at the Geophys-
ical Institute of Israel as a researcher, Head of the R&D group and
Head of the Seismic Department (1981—2002). During 2002-2014
he worked as Director of OPERA (Applied Geophysical Research
Group) in Pau (France) where he was involved in different aspects
of seismic data processing, velocity model building and time and
depth imaging. His work on velocity model building by coherency
inversion has had a strong impact on today’s seismic depth imaging
workflows and forms an important part of the GeoDepth (Paradigm)
software package. Recently he is a professor of Tell Aviv Universi-
ty. His research interest involves using non-reflecting energy for
increasing seismic resolution and imaging without precise velocity
information. He has published more than 60 papers in international
journals and his book ‘Beyond Conventional Seismic Imaging’. He is
a member of EAGE and SEG, from which he received the Awards of
Best Paper (SEG, Honorary Mentioned, 2005) and the EAGE Eotvos
Award (2007 and 2009)
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Migration and Velocity Model Building

DEPTH MIGRATION J IMAGING J INVERSION
TIME MIGRATION | TOMOGRAPHY | TRAVELTIME | VELOCITIES | WAVE EQUATION

Instructor: Piet Gerritsma (Gerritsma Geophysical Training and Consultancy, Netherlands)

Language: English
Level: Advanced
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

The process of migration, whereby a proper image in time or depth of
the subsurface is obtained, is directly related with the velocity model
that both serves as input for the migration process as well as is the result
of such a migration. Therefore migration and velocity model building
are intimately related processes. The implementation of migration is
characterized by a multitude of methods and algorithms; there is also a
great variety of methods to build a velocity model. This course provides
an overview of the migration principles, methods and algorithms and
an overview of velocity model building principles and methods and
algorithms. Examples and case studies will conclude this course.

Course Objectives

At the end of the course the participants will have obtained a com-
plete overview and thorough understanding of the many alternative
methods and algorithms that are currently in use in imaging and
velocity model building.

The course emphasizes for each method the underlying geophysical
model together with its assumptions and strengths and weaknesses;
many examples will be shown to illustrate the material; theory with
references will be included; a handout that covers all course material
will be made available.

Course Outline

The following steps in Migration, DMO and Velocity Model Building
will be discussed:

1. Migration or imaging

e Migration, modelling and inversion

e Geometric approach to migration

e Examples

Resolution before and after migration

Aliasing

Ray definitions

The Dix equations

Definition of time migration and depth migration
The acoustic wave equation

Factorization of the wave equation

e Forward and inverse wavefield extrapolation in depth
Migration principles; the imaging conditions
Migration of various data sets:

- Shot profile migration

- Survey sinking or redatuming

- Zero-offset data migration

Extended imaging conditions (time-shift and/or space-shift)
Migration algorithms:
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- k,f)-migration (Stolt)

- Phase-shift migration (Gazdag)

- Phase-shift-plus-interpolation (PSPI) migration

- Split-step-Fourier (SSF) migration

- Extended split-step Fourier (ESSF) migration

The Kirchhoff integral, the Rayleigh integral and Green’s functions
Kirchhoff (= summation or diffraction stack) migration
Migration by double focused array synthesis

Gaussian beam migration

Reverse time migration — RTM

Migration and demigration

2. Velocity model building

Minimal data sets 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 parameterization

Velocity model building methods:

- coherency inversion or model based stack

- map migration

- dynamic map migration (DMM) or curvature inversion
- stereotomography

- traveltime inversion (TTI)

- traveltime inversion in the migrated domain (TIMD)

- common focus panel (CFP) analysis

- tomographic velocity model building

- depth focusing analysis (DFA)

- WEMVA: wave-equation migration velocity analysis

- differential semblance optimization (DSO)

- full waveform inversion (FWI)

4. Case studies — Examples
Tomography

Full Wave Inversion

Velocity Model Building
Parametric Velocity Estimation

Participants’ Profile

ocessing and interpretation * geologists and petrophysicists who wish
to understand how the various types of velocity information can be
derived from seismic data and who wish to understand how subsur-
face images are generated.
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As the material covers the theory and practical implementations of
present day practices, this course is relevant for those who are fresh
from university as well as for those who wish to be updated on the
newest developments. Participants should have a basic understand-
ing of seismic acquisition and processing practices.

Prerequisites
Course participants should have a basic understanding of seismic
acquisition and processing practices.

About the Instructor

Piet Gerritsma (1942) 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,
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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 (In-
stitut 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 also 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. He has presented this course several times on behalf of
the EAGE and CSEG.
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Satellite INSAR Data - Surface Deformation Monitoring from Space

SUBSIDENCE MONITORING J LANDSLIDE MAPPING AND MONITORING
OIL AND GAS RESERVOIR MONITORING

Instructor: Alessandro Ferretti (TRE ALTAMIRA, Italy)
Language: English
Level: Fundamental
Duration and Online: 2 live sessions of 3-4 hours
formats: Classroom: 1 day

Course Description

Satellite radar data are revolutionizing how we monitor and understand
surface deformation. From mapping earthquake impacts with routinely
generated co-seismic deformation maps to ensuring compliance with
evolving environmental regulations, radar measurements are proving
indispensable across a wide range of applications. This is because radar
technology offers the unparalleled ability to remotely measure tiny sur-
face displacements — down to millimeters — across vast areas and over
extended periods, eliminating the need for costly and time-consuming
ground-based monitoring. However, many geoscientists and engineers
are unfamiliar with how radar sensors orbiting the Earth can measure
ground displacements of a fraction of a centimeter. This course bridges
that gap, providing a step-by-step introduction to satellite radar sen-
sors, SAR imagery, SAR interferometry (InNSAR), and advanced InSAR
techniques.

Course Outline

Here's a glimpse into the applications you'll explore:

e Subsidence Monitoring: From identifying subtle ground sinking

in coastal regions and urban centers to monitoring the stability

of critical infrastructure like dams and bridges, INSAR provides
crucial insights for risk assessment and mitigation.

Landslide Mapping and Monitoring: Learn how InSAR can detect

subtle ground movements, enabling proactive hazard mapping

and monitoring of unstable slopes.

Energy Applications: Discover how InSAR contributes to safer and

more sustainable energy practices. Monitor caprock integrity in

carbon storage sites (CCS), track ground deformation related to
underground gas storage (UGS), and provide useful information
in geothermal energy projects.

¢ Qil and Gas Reservoir Monitoring: Explore how INnSAR data can
be used to monitor reservoir dynamics, track fluid extraction and
injection processes, identify potential subsidence or uplift, and
assess risks to well integrity.

e Mining Area Monitoring: INSAR plays a crucial role in ensuring
the safety and sustainability of mining operations. It helps
monitor surface deformation around open-pit mines and under-
ground workings, assess the stability of tailings dams and waste
piles, and mitigate risks associated with subsidence and slope
instability.
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Beyond the fundamentals, this course delves into:

e Historical INSAR Archives: it will be shown how extensive archives
of SAR imagery, dating back to 1992, can enable the investi-
gation of long-term deformation trends and historical ground
behavior.

The Future of INSAR: you will get a glimpse into the latest ad-
vancements in InSAR technology, including new satellite missions
with enhanced capabilities and cutting-edge data integration and
visualization techniques.

Participants’ Profile

Specifically designed for geoscientists and engineers with no prior
background in remote sensing, this course breaks down complex
concepts into accessible language. You'll gain a solid understanding
of how INSAR data is acquired and processed, and why it has become
an essential information source across a wide range of disciplines.

Prerequisites
None specified.

About the Instructor

Alessandro Ferretti received his PhD in 1997 at the Politecnico di
Milano. His research efforts have been focused on radar data pro-
cessing, SAR interferometry and the use of radar data for surface
deformation monitoring. He is co-inventor of the “Permanent
Scatterer Technique” (PSINSAR), a technology patented in 1999
providing millimetre accuracy surface deformation measurements
from satellite radar data. He is also co-inventor of the algorithm
SqueeSAR® (2009), a second-generation PSINSAR analysis. In March
2000 he co-founded TRE, today TRE ALTAMIRA, the largest InSAR
company worldwide, with &gt;120 employees in various countries.
He is currently a member of EAGE, AGU and the IEEE. Dr. Ferretti was
one of the recipients of the ENI Awards 2012 and the 2016 Highest
Impact Paper Award of the IEEE Geoscience and Remote Sensing
Society. Today Alessandro Ferretti is acting as CEO of TRE ALTAMIRA,
part of the CLS group..

SHORT COURSE CATALOGUE



%) GEOPHYSICS - SURFACE IMAGING j

State of the Art in Full Waveform Inversion

FWI | 3D J AVO JIMAGING J RTM |

Instructor: lan F. Jones (Independent Consultant, UK)
Language: English
Level: Intermediate
Duration and Online: 2 live sessions of 3-4 hours
formats: Classroom: 1 day

Course Description

Over the past ten years, full waveform inversion (FWI) as emerged
and developed to the point that is now the main technique of choice
for detailed model building and reflectivity estimation for complex
geological environments. In this review, the instructor will outline the
underlying principles involved in FWI, detailing the use of RTM to es-
timate the location of subsurface parameter error, and introduce the
many and varied ‘flavors’ of FWI, noting their limitations and benefits.
Use of FWI for model estimation, reflectivity generation, and pre-sack
attribute analysis (AVA) will be covered, and demonstrated with field
data examples.

Course Outline

For the topics listed below, real data examples will be used to demon-

strate the application and limitation of each technique.

e Why do we need a detailed velocity model?

e Migration using wavefield extrapolation methods (WEM, RTM, etc.)
One-way versus two-way propagation

¢ Resolving short-scale-length velocity anomalies

e The mechanics of tomographic inversion with wavefield extrapola-
tion theory (FWI)
The scattering limit
Refraction versus reflection
Different 'norms’ (dynamic versus kinematic: least-squares, travel
time, phase, optimal transport)

e Examples of current industrial practice for various geological
settings
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Participants’ Profile
The course is designed to be followed by anyone with a broad geosci-
ence background.

Prerequisites
No specific detailed foreknowledge is required, although a familiarity
with geophysical terminology will be useful.

About the Instructor

lan received a joint honours BSc in Physics with Geology from the
University of Manchester, UK, in 1977, an MSc in Seismology from
the University of Western Ontario, Canada, and a PhD in Geophysical
Signal Processing from the University of British Columbia, Canada.

After working for ‘Inverse Theory & Applications’ in Canada for two
years, he joined CGG, where for 15 years he was involved in R&D in
the London and Paris offices, latterly as manager of the depth imaging
research group. In 2000 he joined ION GX Technology, as a Senior Geo-
physical Advisor in London, and in 2021 joined BrightSkies Geoscience
as a Consultant Senior Geophysical Advisor.

His interests include velocity model building and migration, having
written the text books: ‘Velocities, Imaging, and Waveform Inversion:
the evolution of characterising the Earth’s subsurface’ published by the
EAGE in 2018; ‘An Introduction to Velocity Model Building’ published
by the EAGE in 2010; and co-editing the SEG Geophysics Reprints se-
ries volumes ‘Classics of Elastic Wave Theory’ and also ‘Pre-Stack Depth
Migration and Velocity Model Building’, as well as contributing the
chapter on model building to the SEG online encyclopaedia.

He has served as an associate editor for the journals ‘Geophysics’ and
‘Geophysical Prospecting’, and teaches the EAGE/SEG/GESGB con-
tinuing education course on “Velocity Model Building and Migration’
and was an external lecturer at the University of Leeds and Imperial
College London. lan was awarded the EAGE’s Anstey Medal in 2003
for “contributions to the depth imaging literature”, made the SEG
European Honorary Lecturer in 2012 for “contributions to advancing
the science and technology of geophysics”, conducted the 2018-2019
EAGE International Education Tour, and was made an Honorary Life
Member by the EAGE in 2018, and received the best paper award for
his 2019 First Break tutorial on FWI.

SHORT COURSE CATALOGUE



Course Description

The application of seismic diffraction imaging (DI) in the E&P industry
has rapidly accelerated in recent years and is now positioned to make
a major impact as a routine method combined with PSTM and PSDM.
This is because the uplift in resolution and detectability of small scale
features offered through the imaging of the diffracted wavefield is
fundamentally superior to attributes derived from post-processing of

%) GEOPHYSICS - INTEGRATED GEOPHYSICS J

Seismic Diffraction - Modeling, Imaging and Applications

DIFFRACTION § HIGH-RESOLUTION IMAGING § FULL ILLUMINATION § STRUCTURAL AND
STRATIGRAPHIC INTERPRETATION | CHANNELS § FLUID-ESCAPE PIPES § FAULTS | FRACTURES
CARBONATES § WELL PLANNING § CASE STUDY

Instructor: Tijmen Jan Moser (Moser Geophysical Services, Netherlands)
Language: English, Dutch
Level: Intermediate
Duration and Online: 3 live sessions of 4 hours
formats: Classroom: 2 days

CPD Points: 6
CPD Points: 10

Course Outline
First day (4 hrs)
. Introduction
Motivation, basic ideas and concepts
Reflection versus diffraction
Applications of diffraction analysis and imaging
Interpretation value

—_

the reflection image. Applications cover a very wide range of objec-
tives such as faults, fractures, karsts, stratigraphic edges, channels, 2. History

fluid escape pipes, volcanic pipes, injectites.

This course covers both the forward and inverse problem of seismic
diffraction. The coverage of the forward problem extends from the
discovery of the phenomenon of diffraction and the basic formula-
tions of Fresnel and Kirchhoff to the evolution of modern seismic
diffraction modeling. Diffraction imaging will be covered from the

Discovery and founding years (1650-1820): Grimaldi, Huygens,
Newton, Young, Fresnel, Poisson, Arago

Scalar diffraction: mathematical foundation — 19th century:
Green, Helmholtz, Kirchhoff, Sommerfeld

Towards Geometrical Theory of Diffraction — early 20th century:
Maggi, Rubinowicz, Keller

Towards Modern Theory: Trorey, Klem-Musatov

early works in the 1970s up to the present state of the art. Case
studies will be presented covering examples for both structural and 3. Diffraction Modeling

stratigraphic targets.

Motivation, definitions, objectives
Physical modeling

The course will put emphasis on key components for successful DI

case studies:

e full integration of all available data, such as well data, legacy
seismic, prior interpretation

e optimal focusing during pre-processing, model building and
migration

e calibration of DI by Fresnel zone sampling to identify different
components of the wavefield offering different interpretation
perspectives

e validation of DI by forward modeling exercises at various scales
(elementary conceptual models, bespoke models, full-detail
scenarios)

e customization to interpretation throughout the workflow

Course Objectives
Upon completion of this course, the participants will:

e Have a detailed and up-to-date understanding of the physics of
diffraction, diffraction modeling and imaging

e Be able to effectively communicate the key aspects of diffraction

technology with other professionals
e Have a good understanding of the added value that seismic
diffraction brings to current exploration and production projects
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Numerical modeling: integral methods, boundary layer methods,
surface and caustic diffraction, finite differences, time-lapse,
scattering methods

Second day (4 hrs)

4.

Imaging

Motivation, definitions, objectives
Anatomy of diffraction

Diffraction and standard processing
Detection of diffracted waves

Separation of diffracted waves

Inversion of diffracted waves

Imaging

Common Reflection Surface/Multifocusing
Focusing and velocity estimation

Fracture detection

Model-based diffraction imaging
lllumination: edge and tip diffraction imaging
Resolution and super-resolution

Image processing and diffraction imaging

SHORT COURSE CATALOGUE
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Third day (4 hrs)

5. Applications/case studies

e Carbonate Shales, Carbonate Ridges

e Faults And Fractures, Fault Detection, Reservoir Fault Interpreta-
tion, Fractured reservoirs, Basement Fractures

e Fluid Escape Features, Volcanic Pipes, Vertically Aligned Objects

e Channels

e Ground-Penetrating Radar Case Study

Participants’ Profile
The course is designed for a general audience of geophysicists, geol-
ogists and reservoir engineers.

Prerequisites
Prerequisites are a basic knowledge of seismic processing and imag-
ing and a very elementary mathematical background.

Recommended reading

Klem-Musatov K., Hoeber H.C., Moser T.J. and Pelissier M.A. (ed-
itors) 2016. Classical and Modern Diffraction Theory, Geophysical
Reprint Series Nr 29, SEG.

Klem-Musatov K., Hoeber H.C., Moser T.J. and Pelissier M.A. (editors)
2016. Seismic Diffraction, Geophysical Reprint Series Nr 30, SEG.

170 e

About the Instructor

Tijmen Jan Moser has a PhD from Utrecht University and has worked
as a geophysical consultant for a number of companies and institutes
(Amoco, Institut Frangais du Pétrole, Karlsruhe University, Bergen
University, Statoil/Hydro, Geophysical Insitute of Israel, Fugro-Jason,
Horizon Energy Partners). Since 2005, he has been working as an
independent consultant, associated with Z-Terra, SGS-Horizon and
others. His main interests include seismic imaging, asymptotic meth-
ods, seismic reservoir characterization and diffraction. Since a few
years he is also involved in geothermal exploration and microseismic
monitoring. He has authored many influential papers on ray theory
and ray methods, Born inversion and modeling, macro-model inde-
pendent imaging, and diffraction imaging, several of which have re-
ceived Best Paper awards. He has co-chaired Special Sessions devoted
to Diffraction at the EAGE conferences of 2010, 2011 and 2012 and
the Workshop on Seismic Diffraction Methods for Fault and Fracture
Detection at the SEG conference in 2012, co-presented the EAGE
Short Course on Seismic Diffraction (2011) and is co-editor of the
SEG reprint volumes on Diffraction (2016). He co-organizes the
APSLIM-IWSA woskhops taking place in the Czech Republic (2015,
2022). He is Editor-in-Chief of Geophysical Prospecting, has served
on SEG's “Geoscientists Without Borders®” and is serving on SEG's
Publication Committee and EAGE’s Oil, Gas and Geoscience Division
Committee and Research Committee. He is a member of SEG and
MAA, and honorary member of EAGE.

SHORT COURSE CATALOGUE
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Integrated Reservoir Modeling

3D | CARBONATES | CORRELATION | GEOSTATISTICS | INTEGRATION

RESERVOIR CHARACTERIZATION j WELL LOG

Instructor: Prof. Dr Michael Poppelreiter (CNPC Research & Development, Dubai)

Language: English
Level: Advanced
Duration and Online: 6 live sessions of 4 hours
formats: Classroom: 3 days

Course Description

This outcrop-based course provides participants with an overview of
the integrated reservoir modeling process, tools and tasks. The data
set is from a Tertiary carbonate reservoir. It exposes participants to
hands-on integrated reservoir modeling.

A conceptual reservoir model and a digital reservoir model are
constructed on paper and digitally. Common sedimentological
techniques such as section logging, gamma ray measurements and
interpretation of aspect ratios from photo panels and maps will be
demonstrated and practiced.

All data required to build models are actual industry data. The uncer-
tainty of all data sets is assessed. Alternative models are constructed.
QC of data versus interpretation is an integral part of the course.
A strong emphasis is put on stratigraphic correlation framework
and structural model building. Property modeling and volumetrics
are carried out interactively as a team exercise. Team interaction is a
fundamental component of this course.

Course Objectives

Upon completion of the course, participants will be familiar with:

e Reservoir modeling workflow;

e Structural model building;

e Construction of a stratigraphic framework;

e Acquisition and modeling of reservoir body dimensions on a
regional and local scale;

e Acquisition, measurement and application of petrophysical
properties;

e Integration of data at different scales: thin sections, cores,
outcrop panels, petrophysical data and regional geological
information depositional system of Tertiary age;

o Well exposed and exceptionally well-studied on a local and a
regional scale.

Course Outline

e Introduction

e Review of statistical analysis and probability

e Part 1: Sources of uncertainty in geophysics and reservoir modeling
e Part 2: Modeling uncertainty in seismic reservoir characterization
e Part 3: Geostatistics and spatial uncertainty

e Part 4: Uncertainty and data integration

e Part 5: Structural uncertainty

e Part 6: Uncertainty in reservoir dynamic modeling

e Part 7: Visualizing uncertainty

e Part 8: Value of Information and decision making
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CPD Points: 12
CPD Points: 15

Participants’ Profile
The course is designed for geologists, geophysicists, engineers,
petrophysicists or others involved in reservoir modeling.

Prerequisites

Participants should have knowledge of geology and petrophysics.
Students are expected to have a clear understanding of how to use
Petrel software as well as some comprehension of the principles of
geology and log analysis.

Recommended Reading
Participants are recommended to read before attending the course
Kerans and Tinker (1997), SEPM Short Course Note 40.

About the Instructor

Prof. Dr Michael C. Poppelreiter, Director of the South East Asian Car-
bonate Research Lab (SEACaRL), Shell Chair in Petroleum Geology
at the Department of Geosciences, Universiti Teknologi PETRONAS
(UTP). From October 2019 he has been working for Shell Kuwait.
Area of expertise: Shell Subject Matter Expert for carbonate geol-
ogy, Outcrop and Regional Geological Studies (focus Middle East),
Conceptual Modelling, Reservoir Modelling and 3D Digital Model-
ling, Project management, CO, in carbonate, Technical Assurance &
Capability (TA-2), 25 publications and 2 books on borehole image
logs and reservoir geology.

SHORT COURSE CATALOGUE
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Seismic Attributes and Their Applications in
Seismic Interpretation

DECOMPOSITION | FAULTS | INTEGRATION | NOISE | WORKFLOWS

Instructor: Behzad Alaei (Earth Science Analytics, Norway)
Language: English, Norwegian, Persian
Level: Intermediate
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 1 day

Course Description

Seismic attributes have been increasingly used in both exploration
and reservoir characterization and has been integrated in the seis-
mic interpretation process. Seismic attribute analysis can extract
information from seismic data that is otherwise hidden and have
been used to identify prospects, ascertain depositional environ-
ments (e.g. fluvial or deep water channels, carbonate buildups),
detect and enhance faults and fracture sets to unravel structural
history, and even provide direct hydrocarbon indicators. They have
proven to be useful in different geological settings such as clastic,
carbonate, and salt related basins as well as different tectonic re-
gimes including extensional, strike-slip, and compressional. Devel-
opments in digital recording and modern visualization techniques
had great impact on the growth of seismic attributes in the past
decades. The purpose of this course is to introduce seismic attrib-
utes with their applications in seismic interpretation using examples
from different sedimentary basins and also through certain attrib-
ute workflows. It is aimed to provide geoscientists with the mini-
mum required theory of how each attribute is generated, with a
greater emphasis on the application in the exploration and reservoir
characterization.

The course is divided into two parts: attributes review/applications
and workflows. The first part starts with a review of seismic attrib-
utes and discusses the noise (random and coherent) reduction as
one essential step of all attribute studies. The number of seismic
attributes has recently increased dramatically causing confusion
for geoscientists to select appropriate ones. In this course, trace-
based attributes, volumetric dip and azimuth, fault detection and
enhancement attributes, volumetric curvature, and frequency
decomposition are presented using examples from different ge-
ological settings. Frequency decomposition is briefly presented
with different decomposition methods such as wavelet transform,
Fourier transform and matching pursuit analysis. Examples illustrate
the interpretation challenges associated with frequency decom-
position data interpretation. The concept of multi-attributes and
geobody extraction is introduced at the end of the first part of the
course with examples on combinations of amplitude, phase, dis-
continuity and frequency attributes to visualize different geological
objects.

In the second part of the course stratigraphic and structural work-
flows are presented. The workflows (and the elements for their plan-
ning) aim to show the integration of several attributes for specific in-
terpretation purposes, with examples of stratigraphic (fluvial/shallow
marine clastic systems, attribute expressions of deep water turbidites
and carbonate settings) and structural imaging workflows. Lastly, the
course analyses the importance of the integration of seismic attribute
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CPD Points: 4
CPD Points: 5

analysis processes with the other seismic interpretation (qualitative or
quantitative) workflows.

Course Objectives

Upon completion, participants will be familiar with a range of
relevant attributes used in seismic exploration and reservoir charac-
terization. They will know the basics of how those attributes were
calculated and will gain understanding of their applications in seismic
interpretation. They will be able to plan some attribute workflows
and they will know how to integrate attribute analysis with other
disciplines of qualitative/quantitative seismic interpretation.

Course Outline

Part I: Seismic Attributes

e Introduction:

- Definition and historical review

- Structure of the short course

Input data cleaning:

- Noise reduction applications with examples

- Workflow oriented noise removal process

- Focus on structurally oriented edge preserving methods to
remove noise

- Mean and median filters for noise removal

e Trace-based attributes:

- Complex trace analysis and the elementary attributes of enve-
lope (reflection strength), instantaneous phase, instantaneous
frequency, and cosine of phase attributes

- Simple examples with interpretation applications

e Dip and Azimuth volumes:

Quantitative estimate of dip and azimuth through seismic

volumes to map morphology of seismic texture

Introduction and theory

e Dip and Azimuth calculation methods including:

- Calculating temporal and spatial derivatives of the phase
estimated using complex trace analysis

- Explicit dip scan to find the most coherent reflector

- Gradient structure tensor

Examples with applications for both structural and stratigraphic

interpretation aspects.

Ul

. Coherence (Measurements of the similarity of seismic waveform)
e Introduction

e Different approaches including:

- Cross correlation

- Semblance

- Variance

SHORT COURSE CATALOGUE
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- Eigenstructure

- Gradient structure Tensor-based coherence

Role of dip and azimuth steering volumes on coherence calculation
Several examples and interpretation criteria

. Fault attributes, attribute enhancement approaches:
Identify objects representing faults from background noise.
Apply filters to enhance already detected faults from background
noise.
Plan different filter sizes to enhance faults with different scales
(regional to small scale).

7. Curvature attribute:

Definition and background theory
Surface and volume curvature measurements
Interpretation applications using some examples

. Frequency decomposition:

Introduction and mathematics of spectral decomposition using
graphic illustrations

Review of decomposition methods:

- DFT (discrete Fourier transform)

- CWT (continuous wavelet transform)

- MPD (matching pursuit decomposition)

Examples and applications in layer thickness estimation,
stratigraphic variations (seismic facies) and Direct Hydrocarbon
detection

Non-uniqueness will be addressed together with resultant
challenges in interpretation of frequency decomposed data

9. Multi attributes, geobody extraction, and iso proportional slicing:
Some attribute blending methods such as RGB blending, and
opacity blending

Geological object identification

Machine learning examples of multi attributes

Selection of appropriate attributes

Quantitative extraction of certain attribute volumes

Iso proportional slicing as an important interpretation tool
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Part Il: Workflows

e Seismic attribute analysis workflow planning:
- Stratigraphic, structural, reservoir characterization
- Factors controlling the seismic attribute workflow planning

e Workflow examples: fault imaging, carbonate imaging

¢ Integration of attribute analysis with other disciplines of seismic
interpretation

Participants’ Profile

The course addresses geoscientists involved in exploration and
production projects where seismic studies play a role and who wish
to learn the basic theory of the main seismic attributes used in ex-
ploration and production, as well as their applications and how to
integrate them in exploration and reservoir characterization studies.

Prerequisites

Participants should have knowledge of seismic interpretation. Math-
ematical concepts of attributes are presented with minimum required
equations and graphic illustrations. Some basic knowledge of seismic
exploration may help.

About the Instructor

Dr. Behzad Alaei is geophysicist and co-founder of Earth Science
Analytics AS. He has PhD in exploration seismology from University
of Bergen, Norway. He has 25 years of industry and research experi-
ence focused on seismic exploration, forward modelling of complex
structures, seismic imaging, seismic attributes, and machine learning
applications in geoscience. He carried out several seismic attribute
studies over different sedimentary basins from Asia to Norwegian
continental shelf and Gulf of Mexico. In the recent years, he has been
involved in the integration of seismic fault attributes with structural
geological investigations of faults as well as development of machine
learning techniques in geoscience.

He is a member of EAGE, SEG, and CSEG.

SHORT COURSE CATALOGUE



%) GEOPHYSICS - INTEGRATED GEOPHYSICS j

Sub-Surface Uncertainty Evaluation (SUE)

ANISOTROPY § INTERPRETATION § RESERVOIR MODELING § TOMOGRAPHY § UNCERTAINTY
WELLS | WORKFLOWS

Instructor: Manish Agarwal (Applied Geoscience Pty Ltd, Australia)

Language: English
Level: Intermediate
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 1 day

Course Description

INTRODUCTION TO SEISMIC UNCERTAINTY EVALUATION

1. Sources of Uncertainties (Data Acquisition, processing & Inter-
pretation).

2. Validation with data examples on assessment/quantification &
qualifications following standard industry practices. Introduction
to new learning techniques/technology.

3. Value addition on how the course will benefit an interpreter,
geologist, and a Reservoir Engineer.

SEISMIC UNCERTAINTY ASSESSMENT

1. Geological factors influence on Velocities

2. Review and evaluate various types of velocity (Average, RMS,
Stacking, Migration, Pseudo, P&S).

SEISMIC UNCERTAINTY QUANTIFICATIONS

1. Construct geologically reasonable velocity models from the data
(include synthetic seismograph creations and concept of geologi-
cal/geophysical well markers).Hard and soft approaches.

2. Map migration, structural modelling & stochastic depth conver-
sion.

3. Advance WCT(Well Constrained Tomography) workflows to
construct geologically plausible models.

SEISMIC UNCERTAINTY QUALIFICATIONS

1. Quantifications to qualification stage: Blind well analysis,
equiprobable model, multiple regression models..

2. Update depth conversion models adaptable to local geology and
test them through amplitude shut-offs and closure maps

3. Evaluate structural uncertainties by performing Monte Carlo
simulation on best reference depth maps

4. Evaluate the products from the multiple realizations: Probability
distribution maps, multi-seed structures, amplitude conformance
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CPD Points: 4
CPD Points: 5

Course Objectives

Seismic Uncertainty Analysis is a three fold approach to support well
planning:

e Assessment, Quantification & Qualification

e Data Analytics is a must to understand data leading to decision
(Data2Decision)

Learn to qualify and quantify your seismic uncertainties: Deter-
minsitic and Stochastic

Deploy Equiprobable models for Uncertainty assessments and
qualifications

Monte Carlo regression engine provides a relatively optimum P10/
P50/P90 Volumetric ranges

Uncertainty reporting and well planning

Course Outline
Day 1 -4HRS

SEISMIC UNCERTAINTIES ASSESSMENT

e Standard practices to evaluate and estimate the Seismic Depth
Uncertainties

e Risk and Myths

e Why Quantification & Qualification of seismic depth uncertainties
is important in E&P?

QUANTIFICATION OF UNCERTAINTIES (SEIS2WELLS)

e Deterministic Depth Conversion— Hard And Soft Approaches

e Probabilistic Depth Conversion — Variogram & uncertainty
modelling

e Additional Techniques: Map Migration, Equiprobable models

ADVANCED RAY BASED DEPTH CALIBRATION (WELL TOMO)

e Tomography Approach For Geological Plausible Velocity Models:
Vertical Ray Tomography

e Why it is better de-risking model? Predictions away from the hard
data

QUANTIFICATION TO QUALIFICATION

e Blind Well Analysis to test the best technical cases
e Multiple regression models

e Equiprobable modelling

SHORT COURSE CATALOGUE
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Day 2 -4HRS

QUALIFICATION OF UNCERTAINTIES: DRILL READY SEISMIC (DRS)
e Structural Flexing To Compute Probabilistic Volumetrics

e Spill Point Control And Amplitude Conformance Volumetrics

¢ Single And Multi-Seed Closures

¢ Probability And Iso-Probability Closure Maps

e Stacked Reservoir Volumetrics

DEPTH RISKING SCORECARD

e Uncertainty Risking Scorecard

e Depth Uncertainty Communication

e Well Planning and Decision Making from the Uncertainty Cube

e PITFALLS & GENERAL DISCUSSIONS
e Case Studies
* Q&A

Participants’ Profile
The course is designed for Geologist, Geophysicist, drilling Engi-
neers and Reservoir Engineers.

Prerequisites
Participants require a working knowledge on basic exploration
cycle.

Recommended reading

e Integration of geology with depth conversion using Well-Con-
strained Tomography, EAGE April 2016

e Managing uncertainty to deliver complex development wells,
AEGC September 2019

e Depth conversion and seismic inversion of the Scarborough gas
field, ASEG December 2019

About the Instructor

Manish Agarwal is a senior reservoir geophysicist based in Perth with
25 years of experience in Oil&Gas exploration & field development.
Areas of expertise include regional & field scale data integration,
seismic and well data interpretation (Woodside operated fields:
Pluto, Cimatti, Laverda, Browse, Scarborough, Myanmar & Senegal)
& geophysical support for field development & drilling (Woodside
operated fields: greater Enfield & greater Pluto).

Full cycle of seismic data acquisition (6 years with Schlumberger &
SVUL), seismic processing & Q.. (11 years with CGG) & interpretation
and field development (9 years with Woodside and Reliance). Active
in support of field development plans, static& dynamic reservoir
modelling & well planning.

Experienced in new ventures & exploration, risk mitigation & data
development. Involved in Q.C/Interpretation of 4D data from multiple
Woodside producing assets (Brunello, Pluto, Laverda & Cimatti).
Developed and integrated technical workflows for time to depth
conversion using image ray tomography. Supported drilling and
completion teams for geosteering long offset wells. Specialist in
quantification of sub-surface depth uncertaintiesand subsequent
probabilistic volumetric assessment.
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Demystifying 4D Time-Lapse Seismic

(4D | GEOMECHANICS | PRM | DEVELOPMENT AND PRODUCTION | INJECTION | INTEGRATION

Instructor: Jan Stammeijer (EPTS Energy Provider Training and Technical Services)

Language: English and Dutch
Level: Foundational

Duration and In- person: 3 Days

formats: Qnline: 5 half days

Course Description:

Why demystifying 4D Time-Lapse Seismic ?

This technology has been around for about three decades or so, and
chances are that you have come across aspects of it.

This course aims to make you comfortable enough to perform your
own 4D interpretations if you are a geophysicist, and to make you
comfortable in understanding the results and using the insights ap-
propriately if you are a geologist, petrophysicist, reservoir engineer,
driller, team leader, or anything else.

Why should you be interested in this topic ?

If your work involves field development, drilling new wells, managing
the reservoir better with existing wells, and/or assessing subsurface
integrity risks, then 4D seismic results can provide a full-field spatial
view of reservoir dynamics following production or injection. This
technology is mature for marine applications and high-porosity
reservoirs, while continued progress is made in more difficult areas
including onshore and lower-porosity reservoirs.

The course aims to make you comfortable with 4D seismic. There-
fore, we will discuss the 4D signatures of various production effects,
starting from basic rock and fluid properties. We will tackle the
role of “good” seismic acquisition and processing approaches to
minimise 4D noise. Then we'll discuss a variety of 4D attributes and
interpretation methods and workflows, both qualitative and quanti-
tative. This culminates in development of one or more 4D-consistent
dynamic subsurface scenarios including uncertainties. Finally, we will
discuss how to link these insights to reservoir models and the process
for updating these, as a basis for field development decision-making.

Included are plenty of real-world examples, as well as exercises in-
cluding doing your own 4D interpretations with pen and paper.

Course Objectives:

The course equips the participants to tackle a number of technical and

non-technical challenges in 4D seismic interpretation. These include:

e Estimating 4D seismic signal types and magnitudes

¢ Understanding noise types and how to suppress these

e Extracting the various types of 4D attributes, understanding their
benefits and limitations

e Integrating the results, calibrating reservoir models, and providing
input for decision-making
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CPD Points: 15
CPD Points: 10

Course Outline:

Day 1 (4 hours)

e Introduction

e Fundamentals - 4D Rock & Fluid properties - 4D Signal - Fluid
effects

e Selected Waterflood examples around the world

e Simple exercises

Day 2 ( 4 hours)

e Fundamentals - 4D Rock & Fluid properties - 4D Signal - Pressure
effects

Fundamentals - 4D Rock & Fluid properties - 4D Signal - Geome-
chanical effects

Fundamentals - Noise - 4D Acquisition & Repeatability

e Simple exercises

Day 3 (4 hours)

e Fundamentals - Noise - 4D Processing

* 4D Interpretation & Attributes

¢ Visualisation, polarities, display standards

Day 4 (4 hours)

e Interpretation exercise, plenary - Oil Field

¢ 4D Integration & Reservoir Models

o Selected case studies (on request/ local focused/ audience
dependent)

Day 5 (4 hours)
e Interpretation exercise in Breakout rooms & Report-out - Gas Field
e 4D Road Ahead, Innovation & Technology Trends

Participant’s Profile:

Professionals working in or with Oil and Gas Assets, independent
of their Discipline (Geophysics, Geology, Reservoir Engineering,
Petrophysics, Geomechanics, etc). Students are also welcome.

Prerequisites:
None, apart from a basic Oil and Gas background.

SHORT COURSE CATALOGUE
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About the Instructor:

After joining Shell in 1991, Jan started as Research Geophysicist in
Seismic Processing. This was followed by an assignment as Quantita-
tive Interpretation Geophysicist with emphasis on Rock Physics. This
made him “tick all the boxes” when Shell UK sought a focal point
to coordinate this “new technology” called 4D seismic in the late
1990's. He grabbed this opportunity with both hands, and has never
regretted it.

4D seismic was here to stay. From the initial breakthrough results and
extensive deployment efforts in the various diverse geologic provinc-
es of the North Sea, he moved to the USA in the early 2010’s just
when the OBN revolution was starting to take place in Deepwater.

177 e

This technology unlocked 4D in that setting as evidenced by a major
deployment cycle within Shell. This was followed by a more general
Geophysical assignment to the Middle East and its associated chal-
lenges of dealing with Land seismic.

After returning to the USA in the early 2020's he oversaw Shell’s
efforts to deploy 4D in hard-rock settings - with success.

A constant throughout his whole career has been a fascination for
Technological Progress and Innovation, such that 4D Data Quality
kept improving just as Business Requirements grew ever more de-
manding. As a result, 4D seismic is as valuable today in deep/tight/
hard rock reservoirs as it was 25-odd years ago in shallow/soft/high
porosity reservoirs, an enormous achievement by Industry as a whole.

SHORT COURSE CATALOGUE
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4D Time-Lapse Seismic - Still on Plateau after 30 years

(4D | GEOMECHANICS | FLOODING || DECISION MAKING | INTEGRATION | FLOODING | MONITORING

Instructor: Jan Stammeijer (EPTS Energy Provider Training and Technical Services)

Language: English and Dutch
Level: Advanced
Duration and In- person: 1 Day
formats: Qnline: 2 Half Days

Course Description:

The course shows explores the reasons that Dedicated 4D Time-Lapse
Seismic is alive and kicking, about 30-odd years after its first appli-
cations in the North Sea. Why is it that this technology is so widely
used (at least in the offshore) without signs of tapering off, while at
the same time the business challenges keep increasing in the form
of deeper reservoirs, lower porosity, more complicated overburdens?
We will investigate the 4D signal magnitudes in hard rocks, and indi-
cate the challenges associated with some selected cases such as car-
bonates, Land 4D seismic, and Steam floods. Thanks to the immense
progress in seismic acquisition and processing, we see 4D noise levels
dropping to very low levels, enabling deployment of the technology
in areas previously seen as unfeasible. We will discuss current trends
and directions that promise to maintain the momentum of progress.
Finally, we present a number of difficult or anomalous 4D cases that
illustrate some remarkable features in rocks, fluids, or otherwise, and
the learnings drawn from these, sometimes a little speculative.

Course Objectives:

The Course aims to broaden the perspectives of Participants regard-
ing 4D Time-Lapse seismic in several ways, thereby enabling them
to make a more thorough assessment of the role of 4D seismic in
“difficult” cases, and to perform more robust interpretations in their
own 4D projects.

The course aims to achieve this through:

e Developing an understanding of the impact of hard rock/low
porosity on the magnitude of the 4D signal, as well as other
selected challenges

e |llustrating the immense progress in Seismic Acquisition and
Processing and how much impact this has had on 4D noise levels

e Indicating that the technology journey continues, in particular
describing the most important current trends

e Showing some remarkable case examples and the learnings from
these.

Course Outline:

Day 1

1. Today’s “hard” 4D problems and challenges:

e Hard rock 4D

e Estimating small signals & role of porosity

e Carbonates versus clastics

e CCS, depleted gas fields versus saline aquifer; resolution limitations
e Land and its seismic challenges

e EOR/complex reservoir dynamics
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2. Technology and innovation: reducing noise, reducing cost,
increasing temporal frequency

e Seismic Acquisition: spatial densification versus sparsification
e Seismic Processing

e Trends and directions.

3. Selected case studies & learnings

e Hard Rocks

e Complicated Fluids

e Geomechanics through time

e HSSE/safety examples

Participant’s Profile:

The Course should appeal to Subsurface staff involved in Field De-
velopment of “difficult” Assets who are interested in understanding
how modern 4D Time-Lapse Seismic methods can perhaps address
monitoring requirements previously thought unsolvable. This Course
aims to be of interest to those with a strong technical focus as well
as those developing today’s challenging Assets.

Prerequisites:
Some familiarity with 3D and 4D seismic methods.

About the Instructor:

After joining Shell in 1991, Jan started as Research Geophysicist in
Seismic Processing. This was followed by an assignment as Quantitative
Interpretation Geophysicist with emphasis on Rock Physics. This made
him “tick all the boxes” when Shell UK sought a focal point to coor-
dinate this “new technology” called 4D seismic in the late 1990's. He
grabbed this opportunity with both hands, and has never regretted it.

4D seismic was here to stay. From the initial breakthrough results and
extensive deployment efforts in the various diverse geologic provinc-
es of the North Sea, he moved to the USA in the early 2010’s just
when the OBN revolution was starting to take place in Deepwater.
This technology unlocked 4D in that setting as evidenced by a major
deployment cycle within Shell. This was followed by a more general
Geophysical assignment to the Middle East and its associated chal-
lenges of dealing with Land seismic.

After returning to the USA in the early 2020's he oversaw Shell’s
efforts to deploy 4D in hard-rock settings - with success.

A constant throughout his whole career has been a fascination for
Technological Progress and Innovation, such that 4D Data Quality
kept improving just as Business Requirements grew ever more de-
manding. As a result, 4D seismic is as valuable today in deep/tight/
hard rock reservoirs as it was 25-odd years ago in shallow/soft/high
porosity reservoirs, an enormous achievement by Industry as a whole.

SHORT COURSE CATALOGUE
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Novel consirained potential field data inversion techniques
applied to exploration

EXPLORATION m ANALYSIS § GRAVITY | MODELING j INTEGRATION
UNCERTAINTY § SAMPLING | MAGNETICS

Instructor: Jeremie Giraud, The University of Western Australia, Centre for Exploration Targeting.

Language: English and French
Level: Intermediate
Duration and In- person: 1 Day
formats: Qnline: 2 Live Sessions 3-4 hours

Course Description

This short course introduces geoscientists to recent methods for
potential field inversion developed to mitigate the limitations in the
currently available commercial codes, starting with physical property
inversion (i.e., inverting for density or magnetic susceptibility),
followed by geometrical inversion (i.e., inverting for the geometry
of rock units). This course provides an overview of unconstrained
inversion techniques and of the application of advanced petrophys-
ical constraints for physical property inversion using the Tomofast-x
inversion engine. Geometrical inversion approaches such as level
set and trans-dimensional inversion are also covered. With practical
applications in mind, techniques are presented that allow running
large scale inversion with, e.g., wavelet compression or efficient
sub-sampling of the data to invert.

To complement the presented inversion approaches, the course also
covers concept of null space - the set of model variations that leave
the data misfit unchanged or nearly unchanged - and how this can
be leveraged to generate alternative models. Methods to use null
space navigation as a tool for model exploration, scenario generation
and uncertainty assessment are presented and hands-on exercises
guide participants through theoretical concepts and field case studies.

Practical examples of recently developed codes rely on the Python
language and run in the cloud using Google Colab and Jupyter
Notebooks. The codes used for the practicals are open source,
enabling participants to continue developing and applying these
techniques independently after the course.

A custom QGIS plugin will be provided to help users build input
files for the inversion code. The codes are Open-Source so course
participants will leave with the tools they need to further develop
their skills. Instructions on how to install the full inversion code
locally or on remote machines will be provided prior to the course.

Demonstrations of other QGIS plugins of interest to perform
processing of gravity/mag grids, field mapping and 3D geological
modelling will be presented to demonstrate the scope for integrat-
ed geological and geophysical studies.

This course might be particularly relevant for participants who have
an interest the EAGE short-course “Uncertainty Quantification and
Pattern Detection on Model Ensembles” as outputs from the taught
methods can be used as input for this course.
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Course Objectives

After completion of the course, participants will have gained a
practical understanding of the different approaches to constrain
potential field data inversion. They will also be familiar with the
concept of null-space and model exploration for uncertainty
analysis. Participants will be able to model gravity and magnetic
data using the open source codes provided to them once they
return to their place of work.

Course Outline
e Introduction
Overview of current state of inversion research globally, brief
review of available codes, and specifics of what will be covered.
Introduction to unconstrained inversion and ADMM constraints
using Tomofast-x
General presentation of the Tomofast-x open-source potential
fields inversion code, and introduction to the ADMM petrophysi-
cal bound constraints with field application.
Hands on: Tomofast-x inversion & ADMM (part 1)
Hands on: Tomofast-x unconstrained inversion & ADMM (part 2)
Introduction to null space analysis, the example of gravity and
magnetics
Exploring the concept of “null space”, how to perturb a model
without changing (too much) its misfit and generate new
solutions quickly.
Introduction to geometrical inversions using level-sets, presenta-
tion of a field example.
Case study in the Pyrenees using gravity analysis of slab subduction
Field application of null space navigation to investigate several
geological scenarios.
Hands on: Null space navigation (part 1) Synthetic models using
gravity and magnetic data -- density and magnetic susceptibility
perturbations.
Hands on: Null space navigation (part 2) Field application using
gravity data -- geometry perturbation and model sampling.
e Hand on: catch up on either null-space navigation or Tomofast-x
inversion.
e DEMO of other geology-geophysics QGIS plugins
Introduction to trans-dimensional inversion.
DEMO trans-dimensional inversion and analysis of results
e DEMO Interactive examples using synthetic and field data using
QGIS plugin
Group discussion and Q&A.

SHORT COURSE CATALOGUE
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About the Instructor

Jérémie Giraud, PhD, is a geophysicist with a particular focus on
the integration of geo-disciplines. After completing an MSc. Eng.
in geophysics from the School and Observatory of Earth Sciences
(2012, University of Strasbourg, France), he spent a few years at
Schlumberger in Milan, Italy (2012-2015), where he gained expe-
rience in joint inversion and worked on developing and applying
methodologies for integrated reservoir modelling.

After this, in 2018, Dr Giraud completed his PhD at the Centre for
Exploration Targeting (CET) at the University of Western Australia
(Perth). His research focused on integrating geological modelling
and petrophysical data into geophysical inversion. Dr Giraud then
worked on the development of methods for geometrical inversion

at CET. In 2021, he was awarded a Marie Sktodowska-Curie
Fellowship, joining the RING Team (Research for Integrative Numer-
ical Geology, National School of Geology) and collaborating with
the Loop and MinEx CRC academic-industry consortia to further
advance his work on geometrical inversions and develop methods
for the exploration of alternative scenarios.

Since January 2025, Dr Giraud has returned to the Centre for
Exploration Targeting in Perth, Australia, as the recipient of an Industry
Fellowship with support from the Australian Research Council and
industry partners. His current project, titled “Integrative geophysics
Under cover: getting images of the Unknown Unknowns”, focuses on
developing techniques for the exploration of the space of geophysical-
ly acceptable models under geological and petrophysical constraints.
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Geophysical Exploration of Deep Geological Repository Sites
for Radioactive Waste

DEEP GEOLOGICAL REPOSITORY § RADIOCATIVE WASTE § GEOPHYSICAL TECHNIQUES

Instructors: Dirk Orlowsky (DMT GmbH & Co. KG) and Andreas Schuckological (GGL Geophysik und

Geotechnik Leipzig GmbH)
Language: English
Level: Intermediate

Duration and In- person
formats: Qpline

Course Description:

This comprehensive training course offers a detailed introduction to
the geophysical exploration of potential repository sites for radioac-
tive waste. The course is designed for geoscientists, engineers, and
professionals involved in the planning and execution of exploration
programs for repositories. The aim of the course is to equip
participants with the necessary knowledge and skills to develop and
implement geophysical exploration programs tailored to regulatory
requirements, specific geological conditions and exploration
objectives for repository sites. The course will assist participants in
understanding the specific geological and geophysical challenges of
the site selection process and in developing customized exploration
programs. These programs are designed to address key questions
such as determining the location, extent, and thickness of the

host rock formations and the spatial characterization of the major
geological barriers. Another focus of the course is the evaluation

of geomechanical and hydrogeological parameters that are crucial
for the long-term safety of the repository. Participants will learn
how these parameters can be linked to petrophysical properties
determined geophysically. Practical exercises at several stages of the
course will enhance the understanding of the participants for the
needed prameters.

The course provides a comprehensive overview of geophysical meth-
ods that can be applied from the Earth’s surface, as well as borehole
geophysical techniques. Within the course materials these methods
will be made prominent. Participants will learn how to effectively use
and combine these methods to obtain detailed information about the
subsurface. Techniques such as seismic, aero-geophysics, electromag-
netic surveys, and gravimetry are included. These methods enable the
creation of a detailed image of the geological structure and the early
identification of potential risks.

A central component of the course is the integration of results from
surface geophysics and borehole geophysics. Participants will learn
how to combine these data to obtain a comprehensive image of the
potential repository site and address the key questions for repository
characterization. This integration is crucial for fully understanding
the geological structure and ensuring the long-term safety of the
repository. Participants will be equipped to analyse and interpret
data from various sources to make informed decisions.
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As part of the training program, participants are encouraged to
develop their own geophysical exploration programs. Using case
studies and practical exercises, participants will create programs
tailored to specific geological conditions of different host rocks.
These exercises enhance the understanding of the course content
and allow participants to apply what they have learned directly.
The course is aimed at professionals in the fields of geosciences,
engineering, and environmental sciences who are involved in the
exploration and evaluation of repository sites. By the end of the
course, participants should be able to plan and implement geo-
physical exploration programs that meet the specific geoscientific
evaluation criteria in the site selection process to ensure the safety
and stability of a repository.

The course offers a unique opportunity to become familiar with the
latest geophysical methods and techniques and to gain practical
experience in developing exploration programs. Participants will
gain valuable knowledge and skills that they can apply in their
professional activities. The course promotes the exchange of ideas
and experiences and contributes to improving the site selection
process and therefore also the safety and efficiency of radioactive
waste disposal.

Course Objectives:

Upon completion of the course, participants will be able to:

e Develop and implement geophysical exploration programs

tailored to specific geological conditions and regulatory require-

ments.

Evaluate geomechanical and hydrogeological parameters crucial

for repository safety and link them to petrophysical properties

determined geophysically.

Utilize a comprehensive range of geophysical methods, including

seismic, aero-geophysics, electromagnetic surveys, and gravime-

try, to obtain a detailed image of the subsurface.

Integrate data from surface and borehole geophysics to charac-

terize geological barriers, potential repository sites and address

key evaluation questions.

e Design customized exploration programs using case studies and
practical exercises, enhancing their ability to ensure the safety
and efficiency of radioactive waste disposal.

SHORT COURSE CATALOGUE
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Course Outline:

1: Introduction to Radioactive Waste Management

Overview of radioactive waste types and disposal methods
Importance of geological repositories.

2: Geological Conditions and Repository Site Selection
Understanding specific geological conditions Geoscientific evalua-
tion criteria in the site selection process Regulatory requirements.
3: Exploration Objectives and Challenges

Defining exploration objectives Addressing geological and geophys-
ical challenges.

4: Geomechanical and Hydrogeological Parameters

Key geomechanical and hydrogeological parameters for repository
safety Linking geomechanical and hydrogeological parameters to
petrophysical properties.

5: Petrophysical Properties and Geophysical Linkages
Understanding petrophysical properties Techniques for geophysical
determination.

6: Surface Geophysical Methods

Seismic methods and applications Aero-geophysics, electromagnetic
and gravity surveys.

7: Borehole Geophysical Techniques Section

8: Case Studies and Practical Exercises

Development of specific geophysical exploration programs as

part of the site selection process. Performance of several practical
exercises during the different sections of this course.

Participant’s Profile:

This comprehensive training course offers a detailed introduction to
the geophysical exploration of potential repository sites for radioac-
tive waste. The course is designed for geoscientists, engineers, and
professionals involved in the planning and execution of exploration
programs for repositories. The aim of the course is to equip
participants with the necessary knowledge and skills to develop and
implement geophysical exploration programs tailored to regulatory
requirements and specific geological conditions.

Prerequisites:

Basic Knowledge of fundamental concepts in geology, including
different rock types, geological formations, and tectonic processes.
Good knowledge of geophysical methods such as seismic surveys,
electromagnetic methods, and gravimetry. Familiarity at a basic
level with the principles and applications of borehole geophysical
techniques, including logging methods and instrumentation.

About the Instructor:

Dr. Dirk Orlowsky is a distinguished geophysicist with over 35 years
of experience at DMT GmbH & Co. KG, specializing in exploration,
engineering, consulting, and geosciences across various sectors
including mining, oil & gas, civil engineering, and infrastructure. He
holds a Diploma in Geophysics from Ruhr-University Bochum, where
he also completed his doctoral thesis on seismic techniques. His
career at DMT began with a focus on underground coal mines and
expanded to high-resolution geophysical techniques for civil engi-
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neering and raw material exploration. Dr. Orlowsky has held several
leadership roles at DMT, including Geophysicist in Charge and
Project Manager, and has been instrumental in managing national
and international projects. He has chaired international geoscientific
societies such as EEGS-ES and the Near Surface Geoscience Division
of EAGE and served as President of EAGE from 2019 to 2022,
where he initiated the EAGE Division-Circles concept focusing

on energy diversity, climate change, and mineral exploration. Dr.
Orlowsky is actively involved in various committees, including

the German Geophysical Society (DGG), the Union of German
Geo-Scientists (BDG), and the German Society for Non-destructive
Testing (DGZfP). He has organized numerous academic events,
including international workshops and conferences on topics such
as carbon capture and storage, deep geothermal and storage, and
seismic imaging of complex structures. His teaching and mentoring
efforts have guided around 50 students and trainees, and he

has supervised several master’s degree students in collaboration
with universities. Dr. Orlowsky has published approximately 100
articles in peer-reviewed journals and conference proceedings,
contributing significantly to the field of geophysics. His work has
been recognized with various awards and distinctions, highlighting
his integrative achievements and foresight in geosciences. As a peer
reviewer and associated editor, he continues to influence the geo-
physical community, promoting innovative methods and solutions
for complex geological challenges. Dr. Orlowsky’s career reflects a
commitment to advancing geophysical exploration and ensuring the
safe disposal of radioactive waste through cutting-edge research
and collaboration.

Dr. Andreas Schuck is a distinguished geophysicist with over 35
years of experience in seismic exploration, engineering geophysics
as well as consulting and research across various sectors including
geothermal energy, deep geological repositories, salt deposits, oil &
gas, and civil engineering. He holds a Diploma in Geophysics from
the Ruhr-University Bochum and completed his doctoral thesis on
seismic wave propagation in anisotropic media at the Technical Uni-
versity of Berlin. Throughout his career, Dr. Andreas Schuck has held
several leadership positions, including research group leader, head
of the Seismic Processing and Interpretation section, and head of
the Geophysics Department. Currently he is co-owner and manag-
ing director of the GGL Geophysik and Geotechnik Leipzig GmbH.
Moreover, he was a lecturer in Applied Seismics at the University of
Leipzig and for Geophysical Methods at the Martin-Luther University
of Halle-Wittenberg for several years and he has supervised numer-
ous master’s theses in this context. Dr. Andreas Schuck is member
of the committee of “Final Disposal of Radioactive Waste” of the
Nuclear Waste Disposal Commission, which advises the German
Federal Ministry for the Environment on scientific and technical
aspects relating to the final disposal of radioactive waste. Within
the German Geophysical Society he is active as spokesperson for
the working groups on Applied Geophysics and on Geophysics of
Final Repositories. In addition, as a member of the EAGE he recently
chaired workshops on radioactive waste storage.

SHORT COURSE CATALOGUE



%) GEOPHYSICS - MINERAL EXPLORATION J

Geological Interpretation of Geophysical Data for
Mineral Exploration

ELECTROMAGNETISM § GRAVITY § INDUCED SEISMICITY § MAGNETICS
MINERALS j POLARISATION § RADIOMETRICS j§ RESISTIVITY

Instructor: Prof. Michael Dentith (The University of Western Australia, Australia)

Language: English
Level: Intermediate
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 to 5 days

Course Description

The purpose of this course is to provide training in how to use
geophysical methods in mineral exploration. Designed for industry,
government and student geologists seeking to understand how to
use geophysical datasets to explore and map, and geophysicists seek-
ing to include more geology in to their interpretations, this course
teaches participants to integrate geological and geophysical data in
a mineral exploration context.

Core topics include the basic principles of the main geophysical
exploration methods used in mineral exploration including the im-
portance of optimal processing and display of these data and the
strengths and limitations of the various methods. Particular attention
is paid to extracting the maximum amount of geological information
from the data, recognising noise-related artifacts in interpretation
products and how to deal with the ambiguity when interpreting
geophysical datasets.

The course includes practical exploration exercises involving real
exploration data.

Course Objectives

On completion of the course participants will:

e Understand how to integrate geological and geophysical informa-
tion during mineral exploration

Have the ability to solve exploration challenges using geophysical
methods

Be familiar with state-of-the-methods for analysing petrophysical
data

Understand the capabilities and limitations of the various geo-
physical data types

Be aware of the importance of geophysics in the future of
mineral exploration

Course Outline
The course comprises modules, the inclusion of which depends on
its duration.

2 day course:

1. Introduction to geophysics

¢ a. Geophysical methods used in mineral exploration
e b. Geophysical anomalies and their sources;

e c. Ambiguity

¢ d. Geophysical exploration practice

e e. Cost of geophysics
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2. Acquisition to display

a. Signal and noise

e b. Sampling and survey design
e c. Data display

w

. Data enhancement

¢ a. Wavelength-based enhancement
b. gradient-based enhancements;

e c. Amplitude-based enhancements

4. Gravity and magnetic methods

e a. Basic principles of gravity and magnetism

e b. Reduction of gravity data — the influence of terrain

e . Reduction of magnetic data — the importance of levelling

¢ d. Enhancing gravity and magnetic data (derivative-based
enhancements, continuation, reduction to the pole)

5. Qualitative interpretation

¢ a. Understanding petrophysics

¢ b. Beyond ‘geological pattern recognition’ in image interpretation
e c. Geophysical expressions of common geological features

e d. Common pitfalls

6. Quantitative interpretation

* a. Representing the sub-surface with a geophysical mode
e b. Forward modelling

¢. Inverse modelling

d. Analysing a modelling result

7. Electrical and electromagnetic methods

a. Basic principles of electricity

b. Electrical properties of rocks

¢. Resistivity method

d. Induced polarisation method

e e. Basic principles of electromagnetism

f. Electromagnetic data acquisition and interpretation

5 day course:

1. Introduction to geophysics

¢ a. Geophysical methods used in mineral exploration
e b. Geophysical anomalies and their sources

e c. Ambiguity

¢ d. Geophysical exploration practice

e e. Cost of geophysics

SHORT COURSE CATALOGUE
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2. Practical exercise 1 — geophysical anomalies and exploration strategy

3. Acquisition to display

e a. Signal and noise

e b. Sampling and survey design
e c. Data display

4. Practical exercise 2a - Data display

5. Data enhancement

¢ a. Wavelength-based enhancement
e b. Gradient-based enhancements

e . Amplitude-based enhancements

6. Practical exercise 2b — data enhancement

7. Gravity and magnetic methods

e a. Basic principles of gravity and magnetism

e b. Reduction of gravity data — the influence of terrain

e . Reduction of magnetic data — the importance of levelling

¢ d. Enhancing gravity and magnetic data (derivative-based en-
hancements, continuation, reduction to the pole, pseudogravity)

8. Practical exercise 3a — enhancing gravity and magnetic data

9. Petrophysics

a. Best practice in data collection and analysis

b. Rock and mineral density and magnetism

¢. Physical properties and common geological processes

10. Practical exercise 3b — analysis of petrophysical data

11. Qualitative interpretation

* a. Beyond ‘geological pattern recognition’ in image interpretation
¢ b. Geophysical expressions of common geological features

e c. Common pitfalls

12. Practical exercise 3c — interpretation of gravity and magnetic
maps for exploration targeting

13. Quantitative interpretation

¢ a. Representing the sub-surface with a geophysical model
* b. Regional-residual separation

e c. Forward modelling

e d. Inverse modelling

e e. Analysing a modelling result

14. Practical exercise 3d — modelling magnetic anomalies for
exploration targeting

15. Radiometric data

e a. Basic principles of radioactivity

e b. Measuring natural gamma radiation

e c. Processing and displaying radiometric data

¢ d. Geology and geological processes and their effects on gamma
radiation
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16. Practical exercise 4 — interpreting radiometric data for explora-
tion targeting

17. Electrical and electromagnetic methods

e a. Basic principles of electricity

e b. Electrical properties of rocks

e C. Resistivity method

e d. Induced polarisation method

e e. Basic principles of electromagnetism

e f. Electromagnetic data acquisition and interpretation

18. Practical exercise 5 — interpreting electrical and electromagnetic
data for exploration targeting

19. Seismic reflection method

e a. Seismic waves

¢ b. Geological causes of variation in seismic properties
e ¢. Processing and interpretation of seismic data

Participants’ Profile

The course is designed for:

e Industry, government and student geologists seeking to under-
stand how to use geophysical datasets to explore for minerals

e Geophysicists seeking to improve the integration of geology in to
their interpretations

Prerequisites

Participants should have a basic understanding of the geology of
mineral deposits and mineral exploration practice. They should also
be familiar with MS Excel.

Recommended Reading
Dentith, M. and Mudge, S.T., 2014. Geophysics for the Mineral Ex-
ploration Geoscientist. Cambridge University Press.

About the Instructor

Professor Mike Dentith is Professor of Geophysics at The University
of Western Australia, located in Perth, Western Australia. He has
more than 25 years experience in teaching, research and consulting
in petroleum and mineral exploration geophysics.

Professor Dentith is a senior and foundation researcher at the Centre
for Exploration Targeting, a minerals industry-funded research centre
developing new exploration methods for the mining sector, where
he leads the geophysical research theme. Current research projects
include geophysical signatures of mineral deposits, hard-rock petro-
physics, magnetotelluric and seismic methods applied to mineral ex-
ploration and using geophysical methods for assessing regional-scale
prospectivity. This research is funded by industry and government.
Professor Dentith is co-author of the award winning textbook, Geo-
physics for the Mineral Exploration Geoscientist, and editor of two
case study volumes on the geophysical signatures of Australian min-
eral deposits. He has run numerous professional courses for industry,
government and professional societies in Australia, South American,
Asia, Europe and Africa.
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Exploring for Minerals Using Geophysics:
A Mineral System-Based Approach

ELECTROMAGNETISM § GRAVITY § INDUCED SEISMICITY § MAGNETICS
MINERALS jj POLARISATION § RADIOMETRICS j§ RESISTIVITY

Instructor: Prof. Michael Dentith (The University of Western Australia, Australia)

Language: English
Level: Intermediate
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 1 day

Course Description

The purpose of this course is to familiarise mineral exploration geo-
scientists with the very latest developments in our understanding of
the geophysical responses of mineral systems. The course revises the
mineral system concept and considers these ideas in a geophysical
context. New targets, in additional to traditional deposit-scale tar-
gets are proposed, e.g. fluid/metal source zones, fluid conduits and
palaeo-reservoirs.

The geophysical responses of key mineral system components are
considered from first principles. Physical property contrasts expected
to be associated with different components are described and new
methods of analysing petrophysical data are demonstrated. The use
in mineral exploration of deep penetrating ‘academic’ geophysical
methods is also described. Methods covered include the magnetotel-
luric method, deep seismic reflection profiling and teleseismic and
ambient noise passive seismic methods.

Finally exploring for mineral systems using geophysical methods is
demonstrated using examples from three important deposit styles:
carbonate-hosted base metals, magmatic Ni-Cu deposits in mafic/
ultramafic rocks and hydrothermal (orogenic) gold.

Course Objectives

On completion of the course participants will:

e Understand the mineral system concept and its implications for
geophysical exploration, especially when exploring for blind
targets

e Know how to recognise responses from components of mineral
system in their geophysical datasets

e Be aware of recent developments in the use of deep-penetrating
geophysical methods for mineral exploration

e Understand how to use analyse petrophysical data to predict
geophysical responses of mineral system components

e Be familiar with the geophysical characteristics of common
mineral system components, including the components of
selected magmatic, sedimentary-basin-hosted and hydrothermal
mineral systems.

Course Outline

1. Introduction: mineral exploration in 2017

e a. current exploration practice/strategy,

e b. declining discovery rates, rising discovery costs

e c. implications of going ‘under cover’

¢ d. government exploration incentive schemes/public domain data
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2. Mineral systems

a. Description of the concept and implications for mineral

exploration

b. Mineral system classification schemes

e . The importance of geographically widespread data and deep
penetrating geophysical methods

e d. New targets suggested by the mineral systems concept:
source, reservoirs, pathways and the importance of associated
alteration

3. Petrophysics

a. A new conceptual framework for petrophysical data: bulk-

grain-texture

e b. Importance of proper sampling

e c. Importance of analysing the data in a geochemical/petrological/
geological framework

e d. Workflow for petrophysical data in a mineral systems context:
analysis in context of lithology, stratigraphy, metamorphism/
alteration, location

4. Large scale and deep penetrating geophysical methods

¢ a. Key mineral systems targets (major faults, craton margins,

mantle metasomatism, fluid reservoirs, major magma chambers)

and their geophysical expression

b. Potential field data (responses from mineral system compo-

nents)

e c. Magnetotelluric data (responses from mineral system compo-
nents)

e d. Active source seismic methods - deep reflection, refraction

data (responses from mineral system components)

e. Passive seismic methods - teleseismic, ambient noise methods

(responses from mineral system components)

Ul

. Geophysics of selected mineral systems
a. Sedimentary basin-hosted system: Carbonate-hosted base
metals (Mississippi Valley-type, Irish style)

e b. Magmatic system: Ni-Cu in mafic/ultramafic intrusions

e c. Hydrothermal system: orogenic gold
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Participants’ Profile

The course is designed for:

¢ Industry, government and student geoscientists who are using
the mineral system concept to guide exploration and wish to
understand how geophysical methods can be integrated in to
their exploration strategy

Geoscientists with a basic understanding of geophysical data sets
seeking to be innovative in their use of geophysical exploration
methods

Prerequisites
Participants should have a basic understanding of the geology of
mineral deposits and mineral exploration practice.

Recommended Reading

McCuaig, T.C. and Hronsky, J.M.A., 2014. The Mineral System Con-
cept: The Key to Exploration Targeting Society of Economic Geolo-
gists Special Publication 18, pp. 153-175
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About the Instructor

Professor Mike Dentith is Professor of Geophysics at The University
of Western Australia, located in Perth, Western Australia. He has
more than 25 years experience in teaching, research and consulting
in petroleum and mineral exploration geophysics.

Professor Dentith is a senior and foundation researcher at the Centre
for Exploration Targeting, a minerals industry-funded research centre
developing new exploration methods for the mining sector, where
he leads the geophysical research theme. Current research projects
include geophysical signatures of mineral deposits, hard-rock petro-
physics, magnetotelluric and seismic methods applied to mineral ex-
ploration and using geophysical methods for assessing regional-scale
prospectivity. This research is funded by industry and government.
Professor Dentith is co-author of the award winning textbook, Geo-
physics for the Mineral Exploration Geoscientist, and editor of two
case study volumes on the geophysical signatures of Australian min-
eral deposits. He has run numerous professional courses for industry,
government and professional societies in Australia, South American,
Asia, Europe and Africa.

SHORT COURSE CATALOGUE
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Microseismic Monitoring for the Energy Industry

ANISOTROPY | EARTHQUAKE | GEOPHONES J INDUCED SEISMICITY

ISOTROPY || P-WAVE | POLARISATION || S-WAVE | GEOTHERMAL

Instructor: Leo Eisner (Seismik, Czech Republic)
Language: English
Level: Foundation
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

This newly revised programme explaines the principles of microseismic
monitoring ranging from single monitoring borehole to surface and
near surface networks. The applications cover from conventional to
unconventional production, through geothermal energy extraction
to CO2 sequestration. We will focus on understanding the meas-
urements made in passive seismic, their use and their uncertainties.
The course will also discuss the latest developments in microseismicity
from DAS monitoring systems, source mechanisms, tomography and
anisotropy to reservoir simulations. Finally, we will discuss social and
scientific aspects of (induced) seismicity related to oil and gas reservoir,
hydraulic fracturing and unconventional production.

Course Objectives

Upon completion of the course, participants will be able to:

e Select the right type of microseismic monitoring array to meet the
goals that need to be monitored,

e Design an optimal array for passive seismic (surface or downhole)
monitoring, estimate in it uncertainties of locations for microseis-
mic events;

e Orient downhole geophones from a perforation or calibration
shot, estimate approximate distance and depth of a recorded
microseismic event;

e Calibrate velocity model;

e |dentify shear wave splitting in downhole microseismic datasets;

¢ Mitigate hazards associated with induced seismicity by fluid injection;

e Determine epicenter from the surface monitoring array and
estimate source mechanisms of visible microseismic events;

e Determine if the seismicity in the vicinity of an oilfield is related to
injection or extraction of fluids.

Course Outline

1. Introduction: Definitions, a brief review of microseismicity outside
of oil industry: water reservoirs, mining, geothermal, CO2 sequestra-
tion. Microseismicity and induced seismicity by reservoir production.
Historical review of microseismicity in energy industry with focus on
hydraulic fracturing (Basel, Soultz, M-site, Cotton Valley, Barnett,
etc). Principles of the hydraulic fracturing and geomechanics. Goal of
microseismic monitoring and options to meet them.

2. Earthquake seismology: number of unknowns, differences be-
tween active and passive seismic. Receivers - how to select optimal
type of sensors to meet our goals. Absolute location, relative loca-
tion. P- and S-wave polarizations. Frequency content of microseismic
data. Finite source. Earthquake magnitudes.
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3. Downhole monitoring: single well monitoring technique - S-P
wave time + P-wave polarization technique location. Horizontal
monitoring borehole. Picking strategies for downhole monotoring.
Optimal design of downhole monitoring array. Orientation of down-
hole geophones. Velocity model building and calibration. Inclined/
dual and multi well monitoring.

4. Surface monitoring: P-wave location from surface: depth vs. ori-
gin time. Detection uncertainty and signal-to-noise ratio. Frequency
content, attenuation and detection. Design of surface monitoring
array. Calibration and velocity model building. Relative locations:
using S-waves recorded at the surface monitoring array. Case study
comparing the downhole and surface locations. Why surface micro-
seismic monitoring works, near surface attenuation.

5. Source mechanisms: concept of source mechanism, definition of
dip, strike and rake for shear source. Description of shear, tensile,
volumetric, CLVD components of source mechanism. Inversion for
source mechanisms from single monitoring borehole, multiple
monitoring boreholes surface P-wave only data. Radiation pattern
of source mechanisms frequently seen in microseismic monitoring.
Source mechanisms and stress orientation.

6. Advanced source parametrization: Magnitude: definition and de-
termination, seismic energy, b-values and magnitude of completness,
physical liminations of b-values, stress drop, source dimensions.

7. Anisotropy: Introduction to anisotropy. Effect of anisotropic me-
dia on S-waves: shear wave splitting. Shear wave splitting observed
in microseismic data. Inversion of anisotropic media from P- and
S-waves using microseismic events, time lapse changes. Anisotropy
and surface monitoring of microseismic events.

8. Reservoir simulations: Current use of microseismicity in oil indus-
try and implementation of microseismicity into modeling. Diffusion
model for pressure triggering of microseismic events. Non-linear
diffussion and mass balance. Discrete Fracture Networks constrained
by microseismicity. Reservoir simulations and history matching.

9. Seismicity in the vicinity of energy exploration. History of felt
seismicity related to oil and gas industry. Differentiation of natural
and induced seismicity. Seismic moment and total injected volume.
Blackpool case study as an example of induced seismicity. Oklahoma
and DFW seismicity - natural seismicity? Hazard assesment and miti-
gation. Social aspects related to development of shale gas.

SHORT COURSE CATALOGUE
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10. Review of recent reserch effort and case studies in microseis-
micity. Models of relationship between microseismicity and hydraulic
fracturing. Most important things to remember about microseismic-

ity.

Participants’ Profile
The course is designed for users and practitioners in microseismic
monitoring.

Prerequisites

No requirements prior to the course are needed, although knowl-
edge of seismology and hydraulic fracturing would be beneficial.
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About the Instructor

Leo Eisner obtained his MSc. degree in Physics at the Charles Univer-
sity of Prague and Ph.D. in Geophysics from the California Institute
of Technology and his M.S in Geophysics from the Charles University
in Prague. He spent six years as a Senior Research Scientist with Cam-
bridge Schlumberger Research. He then moved to MicroSeismic, Inc.
in 2008 and since 2009 till 2010 he was the Chief Geophysicist. in
2010 he moved to Prague to become Purkyne Fellow at the Czech
Academy of Sciences. He worked in the Academy of Sciences until
2017. He founded and he is currently the President of a consulting
company Seismik s.r.o. His papers and extended abstracts cover a
broad range of subjects, including the seismic ray method, finite-dif-
ference methods, seismological investigations of local and regional
earthquakes and microearthquakes induced by hydraulic fracturing,
etc. He has lead/advised three Ph.D.s and six MSc. theses.

SHORT COURSE CATALOGUE
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Seismic Fracture Characterization:
Concepts and Practical Applications

E ANISOTROPY § CARBONATES § MECHANICS § MULTICOMPONENT § P-WAVE
ROCK PHYSICS § SEISMIC ATTRIBUTES § UNCONVENTIONAL

Instructor: Enru Liu (ExxonMobil, United States)
Language: English
Level: Foundation
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 1 day

Course Description

The ability to identify fracture clusters and corridors and their preva-
lent directions within many carbonates and unconventional resourc-
es (shale gas, tight gas and tight oil reservoirs) can have a significant
impact on field development planning as well as on the placement of
individual wells. The characterization of natural fractures is difficult
and cannot be achieved by any single discipline or single measure-
ment. Geophysics can identify spatial distributions of fractures and
fracture corridors between wells and seismically-derived fracture in-
formation to complement (not compete with) other measurements,
such as outcrops, core, FMI, cross-dipole and other fracture informa-
tion. This course is an introduction to the fundamental concepts of
seismic fracture characterization by introducing seismic anisotropy,
equivalent-medium representation theories of fractured rock and
methodologies for extracting fracture parameters from seismic data.
With a focus on practical applications, three case studies are pre-
sented to demonstrate the applicability, workflow and limitations of
this technology: a physical laboratory 3D experiment where fracture
distributions are known, a Middle East fractured carbonate reservoir
and a fractured tight gas reservoir.

Course Objectives

Upon completion of the course, participants will be able to:

e Understand key geological aspects of fractures and their roles in
hydrocarbon exploration and production;

e Understand the fundamental concept of seismic anisotropy and
the equivalent medium representation of fractured rock;

e Understand the principal methodologies of seismic fracture char-
acterization using shear-wave splitting and azimuthal variation of
seismic attributes;

e Understand the basic data requirement, assumptions, limitations
and applicability of seismic fracture prediction technology;

e Apply practical workflow introduced in this course to real seismic
data;

e Interpret and integrate seismically-derived fractures with other
measurements.

Course Outline

e Introduction: key geological elements

e Fundamental seismic anisotropy

e Equivalent medium representation of fractured rock

e Fracture characterization using P-wave data

e Shear-waves and applications of multicomponent seismology
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e Case study 1: 3D Physical laboratory data

e Case study 2: An example from offshore Middle East carbonate
reservoir

e Case study 3: An example from tight gas reservoir

e Summary and road ahead

Participants’ Profile

The integrated nature of this subject means that the book and the
associated course are purposely designed for individuals from all sub-
surface disciplines including geophysics, geomechanics, rock physics,
petrophysics, geology, reservoir modeling and reservoir engineering.

Prerequisites
None. Students as well as experienced geoscientists and engineers
should benefit from this course.

About the Instructor

Dr Enru Liu has over twenty-five years of experience working in rock
physics, poroelasticity, seismic anisotropy, multicomponent seismolo-
gy, fracture modelling/characterisation, modelling wave propagation
in complex media, seismic attribute analysis and interpretation. He
received a BSc in geophysics from the Changchun Geological Institute
(now part of the Jilin University, China) and a PhD in geophysics from
the University of Edinburgh (UK). He was a Principal Research Scien-
tist at the British Geological Survey (BGS) until March 2007 when he
joined ExxonMobil Upstream Research Company (EMURC). While at
BGS, he was the principal researcher of the Edinburgh Anisotropy Pro-
ject — an industry sponsored research consortium since 1988 and was
the Principal Investigator of several industry and UK research council
funded projects including the NERC Micro-to-Macro programme. He
is currently a research associate in the Geophysics Division of EMURC.
He has published over 80 papers in peer-reviewed journals on the
subject covered in this course. He was an honorary/visiting professor
at the China University of Mining and Technology (2003-2007), an
honorary fellow of the University of Edinburgh (2005-2008) and a
member of the Peer Review College of the UK Natural Environment
Research Council (2006-2007). He is a member of the SEG Research
Committee, the SEG Development & Production Committee, the
EAGE Research Committee and a member of the Editorial Boards of
Geophysical Prospecting (2000-2011) and Journal of Seismic Explora-
tion (since 2008). He was the co-recipient of the Cagniard Award from
EAGE in 2007 and received an honourable mention of a co-authored
paper published in The Leading Edge in 2007.
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Seismic Surveillance for Reservoir Delivery

4D | INTEGRATION || INTERPRETATION | MARINE | MONITORING | SEISMICITY | SHELF | TIME-LAPSE

Instructor: Olav Inge Barkved (Petoro, Norway)
Language: English
Level: Foundation
Duration and Online: 2 live sessions of 4 hours
formats: Cjassroom: 1 day

Course Description

Time-lapse seismic surveys or 4D seismic provide snapshots of a
producing hydrocarbon reservoir and its surroundings. The benefit
of the technology in monitoring fluid and pressure changes and to
point out bypassed oil or un-drained compartments has been well
documented over the last 10-15 years. Still the technology is un-
dergoing rapid development. One of the recent focuses has been
the use of permanent seismic installation allowing for cost- effective
frequent surveying, and an added benefit of providing additional
recordings that would not be available without the permanent array.
In addition, recent case studies have helped raise the awareness of
how seismic monitoring techniques can be used to understand pos-
sible production induced effects outside the reservoir, often linked to
geo-mechanical changes.

This course will provide some context on what is driving the dynamic
changes linked to producing a hydrocarbon reservoir and what we
should expect to observe using seismic technologies in a varied ge-
ological setting. It will address key issues that impact the feasibility
of time-lapse seismic and evaluate established methods. However,
the focus will be on ‘new’ technologies, use of a permanent array,
frequent seismic surveying and integration of the data.

Examples from the Valhall field will be used extensively to illustrate
the potential of seismic data and to articulate issues related to in-
terpretation and integration. This will include data examples from
marine towed 4D, frequent surveying using permanently installed
sensors, in-well recordings and analysis of passive data, including
micro seismicity. Use of seismic surveillance information to support
reservoir management, new well delivery and base management will
be a central part of the presentation.

Course Objectives

In the course we will aim at addressing:

e What type of fields and mechanism are candidates for seismic
surveillance?

e An overview over available technologies for seismic surveillance of
producing reservoirs, with a primary focus on time lapse methods
and permanent systems

e 4D seismic and linkage to geo-mechanics

e Application and Integration across the disciplines; challenges and
benefits

e Case stories

e How we value the seismic surveillance

e How recent example of emerging technologies can tell us what
the future will bring
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Participants’ Profile

This course is of interest to managers, geoscientists and reservoir and
petroleum engineers who aim for integrating time-lapse seismic data
into the next level of technical and business decisions and anyone
else who sees the benefit of tracking changes in the subsurface in a
wider sense. The intention is to inspire, educate and possibly enter-
tain individuals on how to embark on a seismic surveillance project
and stimulate new ideas for those with some experience in the topic.
The course will be biased towards marine seismic applications but
this should not prohibit possible usage on land.

Prerequisites
Participants should have a basic appreciation of geosciences and
petroleum technical principles linked to producing hydrocarbon.

About the Instructor

Olav Inge Barkved graduated with a Geophysics degree from the
Norwegian Institute of Technology in 1983. He spent the first part
of his career with Geco, as a Research Scientist, working a variety
of aspects related to seismic reservoir characterization, interpretation
technology and processing.

In 1992 Olav joined Amoco, and remained through the merger with
BP in 1998. He has been supporting the development of the Valhall
field in Norway as a geophysicist, technology coordinator and team
lead and had a role as a global Advisor in Geophysics. Since 2003
Olav was the project leader of the Valhall Life of Field Seismic delivery
program, and in 2006 he received the Norwegian Geophysical Award
for his technical contribution and ability to identify and implement
emerging technologies to support business objectives in support of
field development. BP's Valhall Life of Field Seismic Project has been
recognized by the industry by receiving the Norwegian Petroleum
Directorates Improved Recovery award, the ONS innovation award
and OTC's Distinguished Achievement Award.

In 2013 Olav joined Petoro AS as a senior advisor. Petoro is a compa-
ny that manage the Norwegian State’s large holdings in oil and gas
licences on the Norwegian continental shelf.

Olav has also together with his colleagues received The EAGE best
paper award in 1997 and in 2009, the Louis Canard Award in 2008
and TLE best paper award in 2008.

Olav is a member of NGF, NPF, EAGE and SEG and served as an EAGE
Distinguished Lecturer in 2010.
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Seismic Reservoir Characterization:
An Earth Modeling Perspective

CARBONATES j§ GEOSTATISTICS § INTEGRATION J INTERPOLATION j INTERPRETATION

INVERSION Jj LITHOLOGY J ROCK PHYSICS j SEDIMENT

Instructor: Philippe Doyen (Independent Consultant, UK)
Language: English
Level: Intermediate
Duration and Online: 2 to 4 live sessions of 4 hours
formats: Classroom: 1 to 2 days

Course Description

Three-dimensional numerical earth models play an increasingly
important role in the petroleum industry to improve reservoir man-
agement and optimize hydrocarbon recovery. A key challenge for
reservoir geoscientists is the quantitative integration of 3D and 4D
seismic data into static and dynamic earth modeling workflows.
Using a combination of theory and illustrations from real field stud-
ies, this two-day course reviews best practices and challenges for
constraining earth models with seismic information and quantifying
subsurface uncertainty.

Course Objectives

The course objectives of the course are to:

e Provide a practical introduction to techniques and workflows
combining geostatistics and rock physics for the construction of
seismic-constrained earth models;

e Explain how to integrate quantitatively seismic and well data in
earth modelling workflows and evaluate the associated geo-mod-
el uncertainty;

e Describe the assumptions and technical limitations of current
seismic-based geo-modeling techniques, thus helping reduce the
black-box application of software tools;

¢ Highlight the technical challenges and the road ahead for
quantitative seismic interpretation.

Course Outline

The two-days course is divided into 7 modules, which provide an

overview of basic concepts and their application to a number of

case study examples involving both clastic, carbonate and uncon-

ventional reservoirs.

e Module 1 — Introduction to geostatistics and earth modelling
from seismic data.

e Module 2 — Geostatistical interpolation techniques for seis-
mic-guided 3-D earth models.

e Module 3 — Stochastic simulation with seismic constraints.

e Module 4 — Seismic lithology and fluid prediction using statistical
techniques.

e Module 5 — Stochastic inversion.

e Module 6 — Statistical rock physics.

e Module 7 — Simulator-to-Seismic workflow using 4-D earth
models.
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Participants’ Profile

The course is aimed at geoscientists and engineers who are involved
in the construction of earth models and who wish to learn about
practical techniques for seismic data integration, combined use of
seismic rock physics and geostatistics, uncertainty modeling and
quantitative 4D interpretation. The course comes at a time when
seismic-based earth modeling has become a key activity for integrat-
ed asset teams in the E&P industry. It should therefore be of interest
to a broad audience, including technical specialists and managers,
who are actively involved or supervise seismic-to-simulator activities.
Basic knowledge of seismic inversion techniques and geostatistics is
desirable.

Prerequisites
Basic knowledge of seismic inversion techniques ad geostatistics is
desirable

About the Instructor

Philippe Doyen, formerly VP R&D for the GeoConsulting business
line of CGG, is now working as an independent consultant with
worldwide responsibility for technology development in reservoir
characterization. Prior to joining CGG in 2003, Philippe was Research
Director for Schlumberger Information Solutions (SIS). He has also
worked for more than 10 years with Western Geophysical / Western
Atlas where he was R&D manager for reservoir geophysics.

Philippe holds MS and PhD degrees in geophysics from Stanford Uni-
versity. He also holds a Mining Engineering degree (1st class) from
the University of Louvain, Belgium. Philippe has been an Adjunct Pro-
fessor at the University of Bergen, Norway, from 2006 to 2012. He
was also part-time Geophysics Professor in the Mining Engineering
department of the University of Louvain from 1989 to 1992.
Philippe has over 25 years R&D, consulting and teaching experience
in seismic reservoir characterization, geostatistics, geological model-
ling and rock physics. He has developed several patented methods
for multi data integration and uncertainty quantification in reservoir
modelling.
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Geostatistical Reservoir Modeling and
Uncertainty Quantification

ELASTICITY | GEOSTATISTICS | INTEGRATION | INVERSION | MODELING | MONITORING || NOISE |
ROCK PHYSICS | TIME-LAPSE

Instructor: Dario Grana (University of Wyoming, United States)

Language: English
Level: Intermediate

Duration and Online: Self-paced course - 7 hours of recorded material

formats: Qnline: 10SC- 2 live sessions of 4 hours
Classroom: 1 day

Course Description

Reservoir modeling provides a set of techniques to create three-di-
mensional numerical earth models in terms of elastic, petrophysical
and dynamic properties of reservoir rocks. Mathematical/physical
models of the reservoir are generally uncertain due to the lack of
information, noise in data measurements, approximations and as-
sumptions. The course focuses on geostatistical methods for reser-
voir modeling and uncertainty quantification techniques for reservoir
predictions.

It is divided into four main parts: Geostatistical methods for interpo-
lation and simulation; Rock physics modeling; Geophysical inverse
problems; Uncertainty quantification.

Uncertainty propagation from measured data, through physical mod-
els to model predictions will be studied with a focus on seismic data
inversion, static reservoir characterization, structural modeling, dy-
namic fluid simulation, and time-lapse monitoring. Real case studies
will be presented for each topic to illustrate the proposed workflows.

Course Objectives

Upon completion of the course, participants will be able to:

e Generate multiple reservoir models;

e Understand physical relations between reservoir and geophysical
parameters;

e Evaluate the uncertainty of model predictions.

Course Outline

The one-day short course will have the following schedule:
Introduction

e Part 1: Review of statistical analysis and probability

e Part 2: Geostatistics and spatial uncertainty

e Part 3: Rock physics

e Part 4: Geostatistics and spatial uncertainty

e Part 5: Seismic inversion

e Part 6: Uncertainty quantification

e Part 7: Visualizing uncertainty

Case studies will be presented for each section.

192 o

CPD Points: 3
CPD Points: 4
CPD Points: 5

Participants’ Profile
The course is designed for employees of oil companies in geophysics
and reservoir modeling.

Prerequisites
Participants should have knowledge of basic reservoir modeling con-
cepts and of common geophysical data.

About the Instructor

Dario Grana is an associate professor in the Department of Geology
and Geophysics at the University of Wyoming. He received a MS in
Mathematics at University of Pavia (ltaly) in 2005, a MS in Applied
Mathematics at University of Milano Bicocca (Italy) in 2006, and a
Ph.D. in Geophysics at Stanford University in 2013. He worked four
years at Eni Exploration and Production in Milan. He joined the Uni-
versity of Wyoming in 2013. He is coauthor of the book ‘Seismic
Reflections of Rock Properties’, published by Cambridge University
Press in 2014. He is the recipient of the 2017 EAGE Van Weelden
Award, the 2016 SEG Karcher Award, and the 2015 Best Paper
Award in Mathematical Geosciences. His main research interests are
rock physics, seismic reservoir characterization, geostatistics, data-as-
similation and inverse problems for subsurface modeling.
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Operational Geomechanics: Characterization of Rock Siress,
Rock Fractures and Rock Stability for Energy, Environmental,
and Engineering Industrial Operations in the Lithosphere

Instructor: Mohammed S. Ameen (Geomechanics and Rock Fractures Expert, UK,

retired from Saudi Aramco)
Language: English
Level: Foundation
Duration and Online: not available
formats: Classroom: 1 day

Course Description

This EAGE Education Tour (EET) course starts by introducing
definitions of fundamental concepts such as force, stress and strain;
which are the building blocks of natural and operationally induced
geomechanical failure, both at deep and shallow zones of the Earth
lithosphere. In that context natural rock and lithospheric stress
homogeneity vs heterogeneity, and isotropy vs anisotropy are also
discussed. The course goes on to address and illustrate naturally
occurring rock fractures. Natural fractures’ statistical, geometric, and
kinematic categories, and structural habitats are also discussed.

Subsequently, the course presents the impact of natural fractures on
fluid transmissivity /permeability and fluid storativity/effective porosity
of rock masses which are crucial in many aspects such as hydro-
carbon assets (both conventional and unconventional reservoirs),
geothermal, and water reservoirs and nuclear waste repositories, cap
seal and fault seal integrity and seismic hazards.

The high-resolution detection, measurement, and diagnosis of
fractures and stress indicators on drill bore scale (e.g. oil and gas
wells, geothermal wells, site investigation boring in environmental,
and geotechnical engineering projects like nuclear waste repositories,
dam sites etc) are a starting point to any effective geomechanical
assessment of rocks. These are presented focusing particularly
(amongst other tools) on borehole image logs like resistivity and
ultrasonic images and rock samples such as full diameter drill core,
side wall plugs, and cuttings. Quality control on logs- and core-based
data is an essential step in assuring reliability of their interpretation
and subsequent decision-making. Therefore, the course covers the
uncertainties associated with such tools (e.g. natural versus induced
fractures; borehole deformation phenomena and their stress/strength
implications etc).

Current day Earth stresses are the driving engine for any ongoing
natural and artificially induced rock deformation and failure. Oper-
ational geomechanics’ workflows used for the assessment of in situ
stress magnitude and the in-situ stress orientation are introduced and
discussed. Uncertainty sources in such workflows are also considered.
The application areas of operational geomechanics with a particular
attention to borehole instability and other engineering infrastructure
integrity risks are then illustrated.

193 e

CPD Points: 5

The course will also discuss the concept of rock-based mechanical
anisotropy and heterogeneity and how they affect our operational
practices. In that context it will discuss the impact on areas such as:
hydrofracture stimulation; rock mass stability in deep and shallow
environments including tunnels and dams, deep oil and gas boreholes
and the seismic stability of existing faults in response to human made
activities such as hydraulic fracturing and other operational activities.

Course Outline

The course will cover the principles, and tools relevant to operational
geomechanics with specific attention to borehole-scale characteriza-
tion. The following aspects are covered:

1. Introduction to force, stress and strain;

2. Natural rock fractures: their causes, statistical, geometric, and
kinematic categories;

3. Borehole-scale geomechanical tools:

3.1 Borehole images

3.2 Borehole rock samples (whole core, plugs, cuttings)

3.3 Sonic logs and supplementary open hole logs;

4. Rock mechanical characterization based on rock samples and logs;

5. In-Situ Stress Characterization based on rock samples, logs, and
special field tests:

5.1 Assessment of in situ stress magnitude

5.2 Assessment of in situ stress orientation;

6. Assessment of rock mechanical and in-situ stress anisotropy;

7. Application areas of operational geomechanics.

Participants' Profile

The course is designed for geologists, geophysicists, and engineers
working on and managers concerned with natural fractures and
in-situ stresses characterization and instability risks of rock masses.
The course is relevant to:

1. Oil and gas conventional and unconventional exploration,
development and production;

2. Reservoir stimulation (e.g. hydrofracturing);

3. Assessment of geomechanical impact on fluid flow or sealing
capacity of rocks (e.g. sealing faults; cap rock integrity etc);

4. Geothermal reservoirs;

5. Nuclear waste repository site investigation;

6. Geotechnical/engineering projects like tunnels, dams foundation,
highways etc.

SHORT COURSE CATALOGUE
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Prerequisites

Participants should have a basic knowledge of geology and a
perception of the definition of rock porosity, permeability, and
rock mass texture and structure. No software will be utilized in the
course.

About the Instructor

Mohammed S. Ameen holds a PhD in structural geology and rock
mechanics, from Imperial College, London, 1988 and has had over
30 years industrial and academic experience in the Middle East and
Europe. As part of his industrial experience he has spent nearly

22 years working with Saudi Aramco, as the Principal Professional
in Geomechanics. Ameen joined the Exploration Organization

in Aramco in 1998, and has worked on diverse structural and
geomechanical issues for exploration and development on all
hydrocarbon provinces in Saudi Arabia, covering both conventional
and unconventional resources across the expansive stratigraphic
section of the kingdom. His work has covered both carbonate and
siliciclastic reservoirs.

Prior to joining Aramco Ameen worked on geomechanical issues
related to hydrocarbon exploration and geotechnical projects, e.g.
nuclear waste repositories, strategic gas storage in depleted reser-
voirs, tunnel stabilities etc. Ameen started his career working as an
explorationist by pioneering comprehensive fractures and fold traps
characterization across the Taurus-Zagros of Irag, incorporating 30
structural traps. Ameen is an Associate editor of the AAPG Bulletin,
and the Journal of Unconventional Oil and Gas Resources (JUOGR).
He has been an instructor of industrial courses for the AAPG and in
house in Aramco. He has 28 peer-reviewed articles; 3 edited books;
one published book on operational geomechanics; and over 900
citations. He has been awarded four US patents, and has filed a few
pending patent applications.
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Near-Surface Geoscience

ACOUSTIC | DRILLING | GEOMORPHOLOGY | HAZARDS J| INTEGRATION | INTERPRETATION
NOISE | REMOTE SENSING | SHALLOW

Instructor: Andreas Laake (SLB, United States)
Language: English
Level: Intermediate
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 1 day

Course Description

This course covers the geological and geophysical concepts govern-
ing the near-surface. Methods for investigating and characterizing
the near-surface such as remote sensing and surface geophysical
methods are presented. The different measurements are archived
and integrated in a geographical information system (GIS). The final
integration reveals geological information about the near-surface
and provides geophysical information for corrections in seismic data
processing.

Course Objectives

The course introduces geomorphology as a concept to understand
the geological and geophysical characteristics of the near-surface,
enabling the students to extract structural and lithological informa-
tion. This information can be used on one hand for the prediction of
shallow drilling hazards and outlining deeper structures and on the
other hand for the correction of near-surface effects in seismic data
processing.

Course Outline

. Geomorphology and the near-surface

. Methods for investigation

. Near-surface characterization

. Impact of geomorphology on geophysical data
. Representation and integration in GIS

. Interpretation of near-surface geoscientific data
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Participants’ Profile

Geophysicists and geologists who are working in exploration and are
curious to understand the impact of the near-surface on subsurface
geophysical data and who wish to understand what the surface geo-
morphology can tell them about subsurface structures.

196 o

CPD Points: 4
CPD Points: 5

Prerequisites
Participants should have a basic knowledge of geophysics and ge-
ology.

About the Instructor

Andreas Laake is Geophysical Advisor at WesternGeco. He holds a
diploma degree in physics and geology and a PhD degree in phys-
ics and geosciences from the University of Kiel, Germany. He held
a research position at the Max-Planck-Institute for Hydrodynamic
Research in Goettingen (Germany).

Andreas’ industrial career began in 1988 as a hydroacoustic scientist
with Prakla-Seismos in Germany. At Geco-Prakla in 1993, he started
the geophysical design work for single sensor seismic technology
which is now known as Q-Land technology. Since 2002, with West-
ernGeco, he has worked on remote sensing techniques and their
integration into the seismic and reservoir workflow. In cooperation
with the European Space Agency he developed a technique for char-
acterization and modelling of the near-surface by merging satellite
data with geological and geophysical data, which allows the predic-
tion of noise features and the generation of synthetic seismic data
prior to seismic data acquisition. This technology is also integrated
with geographic information system (GIS) software and reservoir
modelling (Petrel).

SHORT COURSE CATALOGUE
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Subsurface Utility Engineering Detection & Mapping of
Subsurface Utilities

SUBSURFACE UTILITY ENGINEERING | SUE | INDUCTION LOCATORS || GPR | GPS | HAZARDS MAPPING
WAVE PROPAGATION || SIGNAL PROCESSING

Instructor: Sanjay Rana (AF Academy - Aqua Foundation, India)

Language: English
Level: Foundation
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 1 day

Course Description

Having accurate knowledge of subsurface/ underground/ buried
utilities (pipes/ cables/ drains etc.) is critical for any infrastructure
project. The successful detection and mapping of buried utilities
involves the combination of several techniques, the results of which
are synthesized down to a single interpreted plot. The techniques
and methodologies used will primarily depend upon the required
outcome for the survey, the site conditions and the type of pipes
or cables being targeted. Subsurface Utility Engineering (SUE) is an
upcoming field dealing with procedure and standards for detection
and mapping of underground utilities. The course comprehensively
covers all the aspects related to conducting a successful underground
utility detection and mapping project.

Course Objectives

Upon completion of the course, participants will be able to:

e Learn how to detect and map buried pipes and cables (metallic &
non-metallic) without digging

Learn Ground Penetrating Radar

Learn Induction Locators (cable & pipe locators/ radio locators)
Understand quality levels of SUE (Subsurface Utility Engineering)
Advanced data processing of Ground Penetrating Radar data
Avoid accidents/ damage to underground utilities during con-
struction

Course Outline

e Introduction to Subsurface Utility Engineering (SUE)

o Utility Quality Level Attributes

e Steps and procedures for QL-D data collection

e Survey procedures for collecting QL-C data (including use of total
station, DGPS, etc.)

e Field Procedure and Approaches for GPR Surveys

e Data Processing of GPR data

e Data interpretation of GPR data

e Field Procedure and Approaches for EPL Surveys

e SUE map preparation guidelines, including plan, L section etc.

Participants’ Profile

This course will help professionals, engineers and managers from
entire spectrum of construction, infrastructure and municipal sector.
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CPD Points: 4
CPD Points: 5

Prerequisites
None

About the Instructor

Dr. Sanjay Rana is a geophysicist by profession. He has been work-
ing in the field of engineering geophysics for last 30 years. Dr Rana
graduated in 1990 from University of Roorkee, now IIT Roorkee, in
M Tech (Applied Geophysics), as Gold Medalist. Dr Rana started his
career with UP State Government and also worked briefly as Scientist
‘C" with Department of Atomic Energy. He became an entrepreneur
in 1995, starting first ever engineering geophysics company in pri-
vate sector in India.

He has been instrumental in starting full-fledged operations in private
sector providing services like seismic refraction, ground penetrating
radar, electrical tomography, seismic tomography, Microgravity, mag-
netic etc. He has carried out geophysical investigations for more than
2000 projects including projects in India, Afghanistan, Bahrain, Sin-
gapore, Qatar, Saudi Arabia, Nepal, Bhutan, Kuwait etc. He Initiated
the concept of SUE in India in 2001 and is principal author of Indian
code/ standard for Subsurface Utility Engineering.

SHORT COURSE CATALOGUE
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A Gentle Introduction to Electromagnetics (EM) in Geophysics

ANISOTROPY | ELECTROMAGNETISM | ELECTROMAGNETISM | GPR | RESISTIVITY

Instructor: Jaap C. Mondt (Breakaway, Netherlands)
Language: English, Dutch
Level: Intermediate
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

Although in the search for hydrocarbons seismic plays the dominant
role, complementary data can be very useful. A clear example is that
seismic can clearly determine reservoir geometries based on acoustic
impedance changes but is less sensitive to the pore-fluids. Electro-
magnetic measurements, such as Controlled Source EM (CSEM)
measures resistivity directly and hence can discriminate between
brine and hydrocarbon fill.

You might wonder about the poorer resolution of EM compared with
seismic. Indeed, that is the case, but by combining the two inde-
pendent sources of information, then seismic will give the structure
(container) which then can be used as a constraint for the inversion
of EM. Another application is in the realm of determining the shape
of allochthone salt bodies below which hydrocarbons can be present.
Numerous applications can be mentioned in relation to shallow seis-
mic. An obvious one is the use of Ground Penetrating Radar (GPR)
for investigating archaeological sites or determining the depth to
upwelling deep salt-water due to severe pumping of fresh water for
irrigation.

This course is unigque in its hands-on exercises and its use of an open-
source software Apps developed at UBC.

Course Objectives

Upon completion of this course, participants will be able to:

1. Interpret heuristically the basic equations governing EM phe-
nomena;

2. Explain that EM characteristics/properties and uses depend on
the frequency of the electromagnetic “wave”;

3. Define the realms of EM diffusion and EM wave propagation;

4. Understand how EM can be used in the search for hydrocarbons,
investigating the shallow subsurface for the extend of pollution
or salt water penetration;

5. Relate Induced Polarization to the presence of a working
hydrocarbon system in the deeper subsurface.
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CPD Points: 8
CPD Points: 10

Participants’ Profile

All those who are interested in understanding the use of Electro-
magnetic (EM) methods in Geophysical Applications. These are the
geoscientists working in hydrocarbon exploration and exploitation
as well as those applying shallow surface geophysics for detecting
ore bodies, determining the extend of shallow pollution, foundation
engineering, etc.

Prerequisites

Prerequisite is an intermediate level of understanding of physics and
geophysics in the context of exploration and production of hydro-
carbons and mitigation of pollution, including the issue of salt water
penetration.

About the Instructor

Jaap Mondt acquired a MA Bachelor’s degree in Geology (University
of Leiden), Master's degree in Geophysics (University of Utrecht),
PhD in Utrecht on “Full wave theory and the structure of the lower
mantle”. He then joined Shell Research to develop methods for
Quantitative Interpretation. Subsequently he worked in Shell Expro
in London where he was actively involved in acquiring, processing
and interpreting Offshore Well Seismic data. After his return to the
Netherlands he headed a team for the development of 3D interpreta-
tion methods using multi-attribute statistical and pattern recognition
methods. After a period of Quality Assurance of “Contractor” soft-
ware for seismic processing, Jaap became responsible for Geophysics
in the Shell Learning Centre. During that time, he was also part-time
professor in Applied Geophysics at the University of Utrecht. From
2001 till 2005 he worked on the development of Potential Field
Methods (Gravity, Magnetics) for detecting oil and gas. Finally, he
became a champion on the use of EM methods and became involved
in designing acquisition, processing and interpretation methods
for Marine Controlled Source EM (CSEM). After his retirement, he
founded Breakaway, providing courses on acquisition, processing
and interpretation of geophysical data (seismic, gravity, magnetic
and electromagnetic data).

In the last couple of years, Jaap developed a keen interest in the use
of Machine Learning for Geophysical Applications and developed a
practical Machine Learning course for Geophysicists and Interpreters.

SHORT COURSE CATALOGUE
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Non-Seismic Data Acquisition and Processing:
Gravity & Magnetics

ANISOTROPY | ELECTROMAGNETISM | ELECTROMAGNETISM | GPR | RESISTIVITY

Instructor: Jaap C. Mondt (Breakaway, Netherlands)
Language: English, Dutch
Level: Intermediate

Duration and Online: Extensive Course - self-paced study + 6 live sessions of 2 hours CPD Points: 10

formats: Qpline: 10SC - 4 live sessions of 4 hours
Classroom: 2 days

Course Description

Non-Seismic methods such as gravity and magnetics provide valuable
complementary information about the subsurface that is not pro-
vided by Seismic methods. In this course you will learn about these
techniques and their use in the search for hydrocarbons, ores, salt-
fresh water boundaries, etc.

Course Objectives

Upon completion of this course, participants will be able to under-
stand the use of gravity and magnetics data, how they are acquired,
the benefits of employing them in geophysical acquisition projects
and how to decide how much money to spend on a Non-Seismic
Project.

Course Outline

Part 1: Gravity

e Geophysical Methods

e Gravity Anomaly

e Depth Estimation

e Gravity Response

e Inversion of Gravity Data
e Gravity Resolution

Part 2: Magnetics

e Geo-Mag Signatures

e Magnetic Modelling

e Magnetic Anomaly

e Inversion of Magnetic Data

e Gravity and Magnetic Response
e Geomodel Inversion
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CPD Points: 8
CPD Points: 10

Participants’ Profile
The course assumes a reasonable understanding of Physics.

Recommended Reading

Philip Kearey, Michael Brooks, lan Hill, An Introduction to Geophysical
Exploration, John Wiley & Sons, April 2013.

J. D. Fairhead, Advances in Gravity and Magnetic processing and
Interpretation, EAGE ISBN 978-94-6282-175-0.

About the Instructor

Jaap Mondt acquired a MA Bachelor’s degree in Geology (University
of Leiden), Master's degree in Geophysics (University of Utrecht),
PhD in Utrecht on “Full wave theory and the structure of the lower
mantle”. He then joined Shell Research to develop methods for
Quantitative Interpretation. Subsequently he worked in Shell Expro
in London where he was actively involved in acquiring, processing
and interpreting Offshore Well Seismic data. After his return to the
Netherlands he headed a team for the development of 3D interpreta-
tion methods using multi-attribute statistical and pattern recognition
methods. After a period of Quality Assurance of “Contractor” soft-
ware for seismic processing, Jaap became responsible for Geophysics
in the Shell Learning Centre. During that time, he was also part-time
professor in Applied Geophysics at the University of Utrecht. From
2001 till 2005 he worked on the development of Potential Field
Methods (Gravity, Magnetics) for detecting oil and gas. Finally, he
became a champion on the use of EM methods and became involved
in designing acquisition, processing and interpretation methods
for Marine Controlled Source EM (CSEM). After his retirement, he
founded Breakaway, providing courses on acquisition, processing
and interpretation of geophysical data (seismic, gravity, magnetic
and electromagnetic data).

In the last couple of years, Jaap developed a keen interest in the use
of Machine Learning for Geophysical Applications and developed a
practical Machine Learning course for Geophysicists and Interpreters.

SHORT COURSE CATALOGUE
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Gravity and Magnetic Methods for Oil & Gas and
Mineral Exploration and Production

m DENSITY § GROUNDWATER jJ INTERPRETATION j§ INVERSION
MAGNETIC SURVEY | MAGNETICS § TIME-LAPSE § WATER

Instructor: Yaoguo Li (Colorado School of Mines, United States)

Language: English
Level: Foundation
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 1 day

Course Description

Gravity and magnetic data are among the oldest geophysical data ac-
quired for the purpose of resource exploration and exploitation. They
currently also have the widest areal coverage on the Earth, span a
great range of scales and play important roles in mineral, energy and
groundwater arenas. The interpretation methods have evolved from
data map-based visual inspection, various map enhancements and
depth estimation, to quantitative interpretations based on inversions
and integrated modeling. In particular, 3D inversion techniques have
emerged as a major component in this evolution. The availability of
3D inversion techniques has advanced potential-field interpretation
from ‘anomaly bump hunting’ to 3D imaging of the subsurface by
reconstructing the distribution of density or magnetic properties in
various geological units and, thereby, have shifted interpretations
from the data domain to the model domain. Similarly, inversion tech-
niques are also poised to make major contributions to integrated
modeling and interpretation, as well as to differentiating and char-
acterizing geology, geological processes and reservoir dynamics. This
course will focus on the methodology, numerical computation, solu-
tion strategy and applications of 3D physical property inversions of
gravity and magnetic data sets. The course is designed to have two
tracks in order to meet the different needs of the EAGE community
in mineral exploration and in oil & gas exploration and production.
We achieve this by dividing the course into two parts: methodologies
common in potential-field methods in Part | and discussion of tools
and applications specific to mineral exploration or oil & gas reservoir
monitoring in Part Il.

Course Outline

Part I: Common concepts and methodologies

1. Fundamentals of potential-field data observed in gravity, gravity
gradiometry, and magnetic surveys.

2. Data processing methods based on equivalent source technique
and inverse formulation.

3. 3D gravity and magnetic inversions and the practical strategies
for their efficient solution and applications to large-scale
problems.

4. Binary inversion potential-field data in 3D.

5. Gravity gradiometry.
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CPD Points: 4
CPD Points: 5

(option) Part Il: Mineral exploration track

1. Inversion and interpretation of magnetic data affected by
remanent magnetization.

2. Case histories from mineral exploration.

(option) Part II: Oil & gas track

1. Time-lapse monitoring of oil and gas reservoirs.

2. Inversion of time-lapse gravity data for reservoir properties.

Participants’ Profile

Participants are expected to have a basic background in applied
geophysics and some knowledge of potential-field methods. We
anticipate the geoscientists in the following areas will benefit from
the course:

¢ Potential-field methods

e Mineral exploration

® Integrate interpretation

e Reservoir monitoring

e Groundwater hydrology

About the Instructor

Yaoguo Li received his B.Sc. in geophysics from the Wuhan College
of Geology (currently China University of Geosciences) in 1983, and
a Ph.D. in geophysics from the University of British Columbia in 1992.
He worked with the UBC-Geophysical Inversion Facility at UBC from
1992 to 1999, first as a Post-doctoral Fellow and then as a Research
Associate. He is currently an Associate Professor of Geophysics at the
Colorado School of Mines and leads the Center for Gravity, Electrical,
and Magnetic Studies (CGEM) and the Gravity and Magnetics Re-
search Consortium (GMRC). He is a co-recipient of the 1999 Gerald
W. Hohmann Award, SERDP 2007 Project of the Year Award, and
2010 ASEG-PESA Laric Hawkins Award.

His research interests include inverse theory; inversion of gravity,
magnetic, and electrical & EM data arising from applied geophysics;
and their application to resource exploration, environmental, and ge-
otechnical problems. He has been doing research in these areas and
has developed or co-developed a number of program libraries for
inverting different types of geophysical data. These include DCIP2D,
DCIP3D, GRAV3D, MAG3D, GG3D, BININV3D, and AMP3D.

SHORT COURSE CATALOGUE
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Satellite INSAR Data: Reservoir Monitoring from Space

DEFORMATION J DISPLACEMENT J| GPS | INTERFEROMETRY | REMOTE SENSING
| SENSORS | SEQUESTRATION J| TIME-LAPSE | ENVIRONMENT

Instructor: Alessandro Ferretti (TRE ALTAMIRA, Italy)
Language: English
Level: Foundation
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 1 day

Course Description

Satellite radar data for surface deformation monitoring are gaining
increasing attention and not only within the oil and gas community.
Co-seismic deformation maps are routinely generated using satellite
images acquired before and after an earthquake and radar meas-
urements are now becoming mandatory to be compliant with new
environmental regulations. Radar data provide a powerful tool for
remotely measuring extremely small surface displacements over large
areas and long periods of time, without requiring the installation of
in-situ equipment. However, apart from remote sensing and radar
specialists, only a relatively small number of geoscientists and engi-
neers understand how a radar sensor orbiting the Earth can actually
measure ground displacements of a fraction of a centimetre. This
course provides a step-by-step introduction to satellite radar sensors,
SAR imagery, SAR interferometry and advanced InSAR techniques.
Rather than a tutorial for remote sensing specialists, the course starts
from very basic concepts and explains in plain language the most
important ideas related to SAR data processing and why geoscientists
and engineers should take a vested interest in this new information
source. Instead of providing a thorough analysis of INSAR algorithms,
the main aim of the course is to diffuse the news about the potential
impact of InSAR results on many real-life applications, highlighting
where and when they can provide effective solutions. Participants will
learn that INSAR is not only an information source for research and
development activities, but also a reliable tool that can be applied
successfully to many different applications, some of them related to
the so-called “energy transition” and the need to run “environmen-
tal friendly” energy projects. Special attention is paid to oil and gas
applications where surface deformation data can provide valuable
constraints on reservoir dynamics, enabling time-lapse monitoring of
volumetric strains at depth. Volume changes in the reservoir induced
by fluid extraction and injection can induce both subsidence and
uplift. Stress changes may then trigger the reactivation of faults and
threaten well integrity. Depending on the depth of the reservoir and
the characteristics of the cap rock, deformation may also be detect-
able at the surface. After demonstrating case studies focusing on
secondary and tertiary oil recovery, Carbon Capture and Sequestra-
tion (CCS) and Underground Gas Storage (UGS), the course describes
the available historical archives of SAR images, allowing, even if not
at full worldwide coverage, the estimation of surface deformation
phenomena since 1992. The course concludes with a brief discussion
of the new satellite sensors to be launched in the next few years and
the new trends in data integration and visualization.
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CPD Points: 5
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Course Objectives

Upon completion of the course, participants will be able to:
understand the key interest of INSAR for geoscientists and engineers;
understand the basic concepts behind Synthetic Aperture Radar
(SAR) sensors;

appreciate the main differences between SAR and optical images;
understand the basic data requirements, assumptions, limitations
and applicability of SAR interferometry (INSAR);

discover advantages and limitations of advanced InSAR techniques
for estimating sub-centimetre surface deformation phenomena
from space;

realize why InSAR data are becoming a standard tool for surface
deformation monitoring;

compare InSAR data with in situ measurements, such as: GPS and
tiltmeters;

understand how surface deformation can be related to geophysical
parameters at depth;

see how INSAR data are an effective tool for monitoring subsidence
phenomena;

understand the importance of surface deformation monitoring in
Carbon Capture and Sequestration (CCS) and Underground Gas
Storage (UGS) projects;

understand why InSAR data can be used as a cost-effective tool for
reservoir management, as well as a risk mitigation tool;

start thinking about future applications of satellite radar data,
possibly in synergy with other in-situ observations.

Course Outline

1. Introduction: why are satellite radar data relevant?

2. Synthetic Aperture Radar (SAR) sensors: acquisition geometry and
image formation.

3. Measuring range variations: the magic of SAR interferometry
(INSAR).

4. Atool for digital elevation model reconstruction and surface
deformation analysis.

5. Advanced InSAR techniques: from qualitative to quantitative data.

6. From surface deformation to volume and pressure changes at
depth.

7. Overview of possible applications: subsidence monitoring, fault
characterization, calibration of geological models, reservoir
monitoring.

8. Time-lapse data for Carbon Capture and Sequestration (CCS),
Underground Gas Storage (UGS), secondary and tertiary (EOR) oil
recovery projects.

SHORT COURSE CATALOGUE
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9. Available data sources and historical archives of SAR data. A
quick overview of other INSAR applications.
10. Summary and future trends.

Participants’ Profile

The course is designed for anyone who would like to understand
how satellite sensors can measure surface displacements to a fraction
of a centimetre from space. It is not a course for radar specialists.
Reservoir engineers, geophysicists, geodesists, geologists should all
be interested in this new tool for surface deformation monitoring
that is becoming more and more a standard. Radar data are still
largely unknown but their impact on oil & gas and civil protection
applications can be huge.

Prerequisites

Rather than a strong background in remote sensing, geophysics and
calculus, curiosity is probably the most important prerequisite. The
course can be understood by geoscientists and engineers with a
moderate mathematical background.
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About the Instructor

Alessandro Ferretti received his PhD in 1997 at the Politecnico di
Milano. His research efforts have been focused on radar data pro-
cessing, SAR interferometry and the use of radar data for surface
deformation monitoring. He is co-inventor of the “Permanent
Scatterer Technique” (PSINSAR), a technology patented in 1999
providing millimetre accuracy surface deformation measurements
from satellite radar data. He is also co-inventor of the algorithm
SqueeSAR® (2009), a second-generation PSINSAR analysis. In March
2000 he co-founded TRE, today TRE ALTAMIRA, the largest INSAR
company worldwide, with &gt;120 employees in various countries.
He is currently a member of EAGE, AGU and the IEEE. Dr. Ferretti was
one of the recipients of the ENI Awards 2012 and the 2016 Highest
Impact Paper Award of the IEEE Geoscience and Remote Sensing
Society. Today Alessandro Ferretti is acting as CEO of TRE ALTAMIRA,
part of the CLS group.

SHORT COURSE CATALOGUE
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Near Surface Modeling

for Static Corrections

VELOCITY § LAYER | MODELLING j UPHOLES § REFRACTION § STATICS
DELAY-TIME | TOMOGRAPHY

Instructor: Ralph Bridle (Independent Consultant, Philippines)
Language: English
Level: Foundation
Duration and Online: Self-paced course
formats: 9 hours of recorded material

Course Description

Throughout the class there are two persistent themes, the near-surface
is complex and any single method does not work everywhere. The
presentations start with the geomorphology of the near-surface which
is examined, in terms of processes and environments. The physics of
raypath propagation is explained. There are assumptions for the whole
course: Corrections are not dynamic, physical ground conditions are
isotropic and elastic modeling and time domain seismic data processing.

A single layer from surface to datum is the initial near-surface mod-
el. This is also known as field statics a simple solution supplied by
acquisition field crews and often applied as a “first look”. The first
augmentation of the basic model is from extra information obtained
from uphole survey. The upholes are the only direct measurement
of the near-surface depth and velocity layers. The multiple layer
model creates improved static corrections over the initial model.
Furthermore the uphole interpretation and multiple layer model can
adequately define the regional time structure.

Refraction statics, of increasing complexity, does provide mod-
els which improve the short wavelength focusing of the seismic
horizons. The course will describe the theory and assumptions of
intercept-time, plus-minus and generalized linear inversion refraction
techniques. Reduced travel time analysis is shown to infill the delay
time distribution. The modeling culminates with an introduction to
refraction tomography.

Course Objectives
Upon completion of the course, participants will be able to:

Judge the geomorphologic and environmental contributions to
the complexity of the near-surface. Distinguish the rock physics
and wave properties that influence seismic P-wave velocity and
propagation.

Ability to build single or multiple layer velocity models from
interpretations of uphole survey data and additional traveltimes
due to sand dunes.

Construct delay times and calculate statics from reciprocal time
refraction analysis.

Differentiate the concepts of common receiver and common
emergent point.

Demonstrate the concepts of generalized linear inversion, ray
tracing, and tomography.
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CPD Points: 5

Course Outline

. Geomorphology

. Physics of wave propagation

. Single layer velocity model

. Multiple layer modeling

. Arrival time of refracted arrivals

. Intercept-time refraction statics

. Delay time method and common refractor point
. Tomography

0O NOYUTL A~ WN =

Participants’ Profile

Geophysicists performing seismic data processing requiring know!-
edge to build near-surface models for static corrections. Interpreters
of seismic time domain images who desire to understand the com-
plexity of the near-surface model with respect to data quality.

Prerequisites

Basic knowledge of structural geology and lithology.

Basic knowledge of seismic acquisition methods and time domain
seismic data processing.

About the Instructor

Ralph Bridle (1957) is a retired Geophysical Consultant formerly with
Saudi Aramco in the Near Surface Modeling Unit of the Geophysical
Data Processing Division in Dhahran, Saudi Arabia. He achieved his
Mining BSc(hons) from Camborne School of Mines, Cornwall, England.

Ralphs first experience was in mining, at Shamva gold mine in what
was Rhodesia. In 1980 he moved to geophysics and employed by
Seismograph Service Ltd (SSL) on acquisition field crews in Pakistan,
Bangladesh and Indonesia. Subsequently he transferred to seismic
data processing at locations in Libya, Australia, Tunisia, Oman, So-
malia and Nigeria. Most of his experience is in data acquisition and
processing of seismic data in deserts.

From 1991 until retirement in 2017 Ralph gained more experience in
Saudi Aramco’s Near Surface Modeling Unit. His specialty was mod-
eling the near surface for static corrections, modeling multiple layers
from uphole surveys, various refraction static methods, tomography
and application of geostatistics. Ralph was an enthusiastic mentor
and gave numerous in-house classes ranging from one hour to five
days. His legacy is found in papers published by SEG and EAGE. In
2014 the SEG awarded him Active Membership for Life. Since 2017
he has been resident, with his wife, in the Philippines.

SHORT COURSE CATALOGUE
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The Use of Surface Waves for Near Surface
Velocity Model Building

(2D | 3D | ALGORITHM | DISPERSION J INVERSION | PASSIVE | SAMPLING | SHEAR WAVE

SPECTRAL ANALYSIS | WAVE PROPAGATION

Instructor: Laura Valentina Socco (Politecnico di Torino, Italy)

Language: English
Level: Intermediate

Duration and Classroom: 1 day
formats:

Course Description

The use of surface wave analysis for near-surface characterization
has dramatically increased in the last decade thanks to the possibility
offered by this technique for shear wave velocity estimation. New
tools and approaches have been developed for surface wave data
acquisition and analysis to make the method robust and suitable to
complex systems. The course will supply an overview of the method
starting from surface wave propagation and dealing with acquisi-
tion, processing and inversion of surface wave data. Advantages and
weaknesses of different approaches as well as requirements for data
acquisition and analysis will be discussed. Recent developments will
be presented with example of results and applications to different
near-surface problems.

Course Objectives

The course will provide the participants with a wide overview of
the main steps of the surface wave method: acquisition, processing
and inversion. Different approaches with their potentialities and
limitations will be discussed through many practical examples to en-
able the participants to acquire knowledge about the requirements
and design of data acquisition, processing methods and inversion
algorithms for different applications from small-scale engineering
problems towards large-scale exploration.

Course Outline

e Surface wave propagation in homogeneous and layered media;

e Geometrical dispersion, modal curves and their properties;

e The use of surface wave for near surface characterisation: the
method outline;

¢ Data acquisition: on purpose acquired active data, other active
data, passive data;

e Processing: from raw data to dispersion curves;

e Inversion: stochastic methods, linearized methods (1D, pseu-
do-2d/3D), higher modes

¢ The final results: resolution and uncertainties

¢ The requirements for acquisition, processing and inversion.
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Participants’ Profile
Near-surface geophysicists and exploration geophysicists interested
in near-surface velocity models.

Prerequisites
Participants should have basic knowledge of sampling principles,
spectral analysis and inversion of seismic data.

About the Instructor

Laura Valentina Socco (1966), is presently Assistant Professor in
Applied Geophysics at the Politecnico di Torino (Technical University
of Turin), where she took her PhD. Her research work is focused
on near surface problems with particular attention to surface wave
methods. She is author of about 60 scientific publications in the field
of Applied Geophysics in international and national journals and in
the proceedings of national and international scientific conferences.
She is member of EAGE Research Committee and Educational Com-
mittee and is Associate Editor of “Geophysics” and “Near Surface
Geophysics”. She is vice-director of the Doctorate School of the
Politecnico di Torino.

She teaches Applied Geophysics for Petroleum Engineering at Po-
litecnico di Torino and Geophysical Prospecting at University of Turin.
She has been member of the High Quality Laboratory DIPLAB (Disas-
ter Planning Laboratory), of Politecnico di Torino since 2002. She is
principal investigator for many research projects financed by national
and international institutions and by private and public companies.
Convenor of the workshop on “Surface Wave Methods for near
surface characterisation”, EAGE (Stavanger 2003), she has been des-
ignated Guest Editor of a special issue of “Near Surface Geophysics”
which was published in 2004.
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Rock Physics for Quantitative Seismic Reservoir
Characterization

ELASTICITY | INTEGRATION J INTERPRETATION | LITHOLOGY | MODELING ] OFFSHORE |
OIL AND GAS | POROSITY | RESERVOIR CHARACTERIZATION | ROCK PHYSICS
SANDSTONE J| SATURATION J| SHALE | UNCERTAINTY | WORKFLOWS

Instructor: Prof. Tapan Mukerji (Stanford University, United States)

Language: English
Level: Intermediate
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

The purpose of the course is to give an overview of rock physics
observations and models relating reservoir properties such as satura-
tion, lithology, clay content, and pore pressure and their seismic sig-
natures. Understanding this relation can help to improve quantitative
seismic interpretation. The course covers fundamentals of Rock Phys-
ics ranging from basic laboratory and theoretical results to practical
“recipes” that can be immediately applied in the field. Application
of quantitative tools for understanding and predicting the effects of
lithology, pore fluid types and saturation, saturation scales, stress,
pore pressure and temperature, and fractures on seismic velocity.
Use of rock physics models requires understanding the assumptions
and pitfalls of each model and the uncertainties associated with
the interpretations using these models. Analysis of case studies and
strategies for quantitative seismic interpretation using statistical rock
physics work flows, and suggestions for more effectively employing
seismic-to-rock properties transforms in Bayesian machine learning
for reservoir characterization and monitoring, with emphasis on seis-
mic interpretation and uncertainty quantification for lithology and
subsurface fluid detection.

Course Objectives

On completion of the course, participants will be able to:

e Use rock physics models with a better understanding of assump-
tions and pitfalls;

e Combine statistical rock physics in quantitative seismic interpreta-
tion workflows;

e Select appropriate rock physics models for reservoir characteriza-
tion;

e Use rock physics models to build appropriate training sets for
Bayesian machine learning applications in quantitative seismic
interpretation.

Course Outline

e Introduction to Rock Physics, motivation, introductory examples

e Parameters that influence seismic velocities - conceptual overview

e Effects of fluids, stress, pore pressure, temperature, porosity,
fractures

e Bounding methods for robust modeling of seismic velocities
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CPD Points: 8
CPD Points: 10

Effective media models for elastic properties of rocks
Gassmann Fluid substitution — uses, abuses, and pitfalls

e Derivation, recipe and examples, useful approximations

Partial saturation and the relation of velocities to reservoir
processes

The importance of saturation scales and their effect on seismic
velocity

Shaly sands and their seismic signatures

Granular media models, unconsolidated sand model, cemented
sand model

Velocity dispersion and attenuation; Velocity Upscaling

Rock Physics of AVO interpretation and Vp/Vs relations
Quantitative seismic interpretation and rock physics templates
Statistical rock physics, Bayesian machine learning and uncertain-
ty quantification

Rock physics modeling to augment deep learning training data
e Example case studies using AVO and seismic impedance for
quantitative reservoir characterization

Participants’ Profile

The course is recommended for all geophysicists, reservoir geologists,
seismic interpreters, and engineers concerned with reservoir char-
acterization, reservoir delineation, hydrocarbon detection, reservoir
development and recovery monitoring.

Prerequisites
No specific prerequisites needed.

Recommended Reading

Participants are recommended to preferably read:

e Avseth, P., Mukerji, T., and Mavko, G., 2005, Quantitative Seismic
Interpretation: Applying Rock Physics Tools to Reduce Interpreta-
tion Risk, Cambridge University Press

e Mavko, G., Mukerji, T., and Dvorkin, J., 2009, The Rock Physics
Handbook, 2nd Edition, Cambridge University Press

e Dvorkin, J., Gutierrez, M, and Grana, D., Seismic reflections of

rock properties, Cambridge

Offset-dependent reflectivity, Castagna & Backus, SEG

Physical properties of rocks, Schoen, Elsevier

SHORT COURSE CATALOGUE
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About the Instructor

Tapan Mukeriji is a Professor (Research) at Stanford University where
he got his Ph.D. (1995) in Geophysics. Tapan co-directs the Stan-
ford Center for Earth Resources Forecasting (SCERF), Stanford Rock
Physics and Borehole Geophysics (SRB) and the Basin and Petroleum
System Modeling (BPSM) projects at Stanford University. His research
interests include rock physics, spatial statistics, wave propagation,
and stochastic methods for quantitative reservoir characterization
and time-lapse reservoir monitoring. Tapan combines experience in
conducting leading edge research, teaching, and directing graduate
student research. He was awarded the Karcher Award in 2000 by the
Society of Exploration Geophysicists, and received the ENI award in
2014. He is an associate editor for Geophysics, journal of the Society
of Exploration Geophysicists, and Computers and Geosciences. In
addition to numerous journal publications, Tapan has co-authored
The Rock Physics Handbook, Quantitative Seismic Interpretation, and
The Value of Information in the Earth Sciences, all published by Cam-
bridge University Press. He has been an invited keynote speaker and
instructor for numerous short courses on rock physics and geostatis-
tics, in North and South America, Europe, Africa, Australia and Asia.

207 e SHORT COURSE CATALOGUE



m‘:”@ RESERVOIR CHARACTERIZATION - ROCK PHYSICS ]

3D Printing as an Emerging Technology in Geosciences

CARBON CAPTURE | ENERGY TRANSITION | GEOTHERMAL | HYDROGEN | POROSITY
FRACTURES | PERMEABILITY | RESERVOIR | AQUIFER J CAD |

Instructors: Prof. Dr Franciszek Hasiuk (Kansas Geological Survey) and
Sergey Ishutov (Concordia University of Edmonton, Canada)

Language: English, Russian
Level: Foundation
Duration and Online: 2 live sessions of 4 hours
formats: Classroom: 1 day

Course Description

3D printing provides a fast, cost-effective way to transform digital
geoscience data into tangible models that enable the physical rep-
resentation of complex 3D geometries. 3D-printed models enhance
communication among researchers, students, technical manage-
ment, and non-experts, because those models can be manipulated
“in the real world”. For research purposes, physical models can be
experimented upon in the laboratory to validate numerical predic-
tions of rock properties to understand various scenarios of fluid flow
in reservoir formations. This two-day course is designed to cover
broad topics related to 3D printing applications in reservoir charac-
terization, carbon capture and storage as well as energy transition.

In Day 1, participants will learn about the most common 3D printing
techniques that use both rock-like materials (e.g., sand, gypsum,
clay) and polymers (e.g., plastics, resins). While these cost-effective
methods are shaping the future of manufacturing, 3D printing ge-
ological media requires profound understanding of capabilities and
limitations of each technique and its material properties. Participants
will design simple 3D-printable models containing pore and fracture
networks using CAD and computed tomography data. Challenges
from the data resolution and anisotropy of pore networks embedded
within CAD models will be discussed in relation to 3D-printed copies
of such models.

In Day 2, participants will learn how 3D-printed models can be used
in destructive and non-destructive analyses to study geomechanical
and transport properties (e.g., porosity and connectivity of pore
and fracture networks). For reservoir rock analysis, 3D printing of
near-identical rock proxies provides an approach to conduct repeata-
ble laboratory experiments without destroying natural rock samples.
Course instructors will provide an interactive exercise on case studies
of 3D printing applications for the energy transition, including carbon
capture and storage, hydrogen storage, and geothermal energy. Par-
ticipants will learn how to search for pre-made models from on-line
repositories as well as modifying these models in addition to CAD
design and 3D-print terrain models with no CAD or GIS software.
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CPD Points: 4
CPD Points: 5

Course Objectives

On completion of the course, participants will be able to:

e Understand capabilities and limitations of different 3D printing
techniques;

e Demonstrate how to digitally design 3D-printable models using

CAD software or computed tomography data;

Provide the assessment of digital models and their relative

3D-printed replicas in relation to the affinity with physical

properties of natural rocks;

Characterize how 3D printing can increase the effectiveness of

communicating the energy transition by researchers to manage-

ment and laymen using porous models of reservoir rocks.

Course Outline
Day 1: Introduction to 3D printing and review of its current appli-
cations
e Lecture "Overview of 3D printing technlogy”:
- History of 3D printing
- Common 3D printing techniques
- Materials used and their physical and chemical properties
- Current and future advances of 3D printing
e Exercise “Digital design of 3D-printable models”:
- With CAD (idealized porous models)
- From computed tomography data (reservoir rock samples)

Day 2: Application of 3D printing in modeling porous media and

geomorphic features

e Practical exercise “Digital design of 3D-printable models”:

- With CAD (idealized porous models)

- From computed tomography data (reservoir rock samples)

- Using TouchTerrain app (terrain models)

Activity “Assessment of accuracy of 3D-printed models”:

- Success or failure of external and internal features

- Post-processing efficiency and precision

Lecture “Validation of flow properties in reservoir rock models”:

- Advantages of destructive tests

- Limitations of non-destructive tests

- Value of adding 3D printing into reservoir characterization
workflow

3D printing models in coordination with local 3D printing service

companies

Live demonstration of 3D printing reservoir rock models

SHORT COURSE CATALOGUE
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Participants’ Profile

The course is designed in two days to accommodate a broad range of
participant groups. It is useful for students, (geo)scientists, engineers,
and managers who are interested in current advances of 3D printing
in research and teaching. It can also be beneficial for managers and
stakeholders who want to learn the use of 3D printing in technical
communications, including net-zero energy applications. Because the
course covers research applications of 3D printing in geoscience and
engineering disciplines geologists, petrophysicists, stratigraphers,
geophysicists, geomorphologists, reservoir and geomechanical engi-
neers and geomodellers from both industry and academia may be
interested in the course outcomes. In addition, the course will involve
review of current advances in research on 3D printing reservoir rock
models based on case studies from the literature and authors’ own
research projects.

Prerequisites
Prior knowledge of CAD modeling and interpretation of computed
tomography data would be useful, but is not required.

Recommended Reading

Hodder, K.J., Sanchez-Barra, A.J., Ishutov, S., Zambrano-Narvaez,
G., and Chalaturnyk, R.J. (2022) Increasing density of 3D-printed
sandstone through compaction: Energies, v. 15, no. 5.

Ishutov, S., Hodder, K., Chalaturnyk, R., and Zambrano-Narvaez, G.
(2021) Replication of carbonate Reservoir Pores at the Original Size
Using 3D Printing: Petrophysics, v. 62, no. 5.

Hodder, K., Ishutov, S., Craplewe, K., and Chalaturnyk, R. (2021)
Binder saturation as a controlling factor for porosity variation in
3D-printed sandstone: Petrophysics, v. 62, no. 5

Kong, L., Ishutoy, S., Hasiuk, F., and Xu, C. (2021) 3D printing

for experiments in petrophysics, rock physics, and rock mechan-
ics: a review: SPE Reservoir Evaluation and Engineering, doi:
10.2118/206744-PA.

Song, R., Wang, Y., Ishutov, S., Zambrano-Narvaez, G., Hodder,
K.J., Chalaturnyk, R.J., Sun, S., Liu, J., and Gamage R.P. (2020)

A comprehensive experimental study on mechanical behavior,
microstructure and transport properties of 3D-printed rock analogs:
Rock Mechanics and Rock Engineering, doi: 10.1007/s00603-020-
02239-4.

Ishutov, S., 2019, Establishing Framework for 3D Printing Porous
Rock Models in Curable Resins: Transport in Porous Media, doi:
10.1007/511242-019-01297-9.

Watson, F., Maes, J., Geiger, S., Mackay, E.J., Singleton, M., McGra-
vie, T., Annouilh, T, Jobe, T.D., Zhang, S., Agar, S., Ishutov, S., and
Hasiuk, F., 2018, Comparison of Flow and Transport Experiments
on 3D Printed Micromodels with Direct Numerical Simulations:
Transport in Porous Media, doi: 10.1007/511242-018-1136-9.
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Ishutov, S., Hasiuk, F, Agar, S.M., and Jobe, D., 2018, Using
resin-based 3D printing to build

accurate proxies of porous sedimentary rocks: Groundwater, v. 56,
no. 3.

Ishutov, S., Jobe, T.D., Zhang, S., Gonzalez, M.A., Agar, S.M.,
Hasiuk, F., Watson, F., Geiger, S.,

Mackay, E., and Chalaturnyk, R., 2018, 3D printing for geoscience:
fundamental research, education, and applications for the petrole-
um industry: American Association of Petroleum Geologists Bulletin,
v. 102, no. 1, p. 1-26, doi: 10.1306/0329171621117056.

Hasiuk, F.J., Ishutoy, S., and Pacyga, A., 2018, Validating 3D-printed
porous models with tomography and porosimetry: Rapid Prototyp-
ing Journal, v. 24, no. 3.

Ishutov, S., and Hasiuk, F, 2017, 3D printing Berea sandstone:
testing a new tool for petrophysical

analysis of reservoirs: Petrophysics, v. 58, no. 6, p. 592-602.
Ishutov S., Fullmer, S.M., Buono, A.S., Hasiuk F.J., Harding, C., and
Gray, J., 2017, Resurrection of a reservoir sandstone from tomo-
graphic data using 3-D printing: American Association of Petroleum
Geologists Bulletin, v. 101, no. 9, p. 1425-1443.

Ishutov S., Hasiuk F.J., Harding, C., and Gray, J.N., 2015, 3-D
printing sandstone porosity models,

AAPG - SEG Interpretation, v. 3, no. 3, SX49-SX61.

About the Instructors

Prof. Dr. Franek Hasiuk, Associate Scientist at the Kansas Geological
Survey, is an expert in carbonate geology and 3D printing. His disser-
tation from the University of Michigan involved understanding the
secular variation of seawater chemistry and temperature from marine
carbonate chemistry. He worked at ExxonMobil Upstream Research
for four years where he developed a deep appreciation for carbonate
petrophysics while working on a variety of projects including a global
synthesis of carbonate microporosity. Since joining lowa State Univer-
sity, the mission of his “GeoFabLab” has been to better understand
the chemistry and petrophysics of rocks by using 3D-printed rock
models as well as man-made rocks, like concrete and asphalt.

Dr. Sergey Ishutov, Assistant Professor at Concordia University of Ed-
monton, is an expert in 3D printing porous media from CAD and to-
mographic models. He received his B.Sc. in petroleum geology from
the University of Aberdeen in Scotland and M.Sc. in geology from
California State University Long Beach. Dr. Ishutov received a PhD in
geology from lowa State University. His research experience is in ac-
quisition, processing, and interpretation of seismic data and analysis
of computed tomography data from reservoir core plugs. Dr. Ishutov
received multiple awards and research grants from professional soci-
eties and industry collaborators to establish foundation research in
3D printing reservoir rock samples. He has work experience at major
petroleum companies, including ExxonMobil, Aramco, and Shell.
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Applied Microfacies

CARBONATES || DIAGENESIS | MINERALOGY | PERMEABILITY | STRATIGRAPHY | THIN SECTION | WELLS

Instructor: Prof. Dr Michael Poppelreiter (Shell, Kuwait)
Language: English
Level: Intermediate
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

Hands-on microfacies characterization using industry data sets. Anal-
ysis: mineralogy, components, pore types, diagenesis. Participants are
instructed on how to capture observations such that patterns and
rules might be detected. The course encourages participants to think
of processes and products during thin section characterization.
Industry data sets are used to illustrate the use of microfacies char-
acterization to help solve operational issues of carbonate fields.
Production increase is demanded. Wells (fully cored) show contrary
production behavior. The stratigraphy is ‘layer cake’ and both wells
are perforated in the highest perm interval of a few meters thick.
Thin sections are linked with petrophysical data, openhole logs and
production data. Course participants are encouraged to use thin
section descriptions to develop a conceptual model for permeability
based on a depositional model architecture based on the investiga-
tion of available this sections.

Course Objectives

Upon completion of the course, participants will be able to:

e Quality control thin sections.

e Determine the mineralogy of a stained section.

e Characterize fossiliferous and non-fossiliferous components such
as ooids or brachiopods.

e Classify the carbonate texture (Dunham) and grain geometry.
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CPD Points: 8
CPD Points: 10

Participants’ Profile
The course is designed for geologists, petrophysicists, stratigraphers
as well as explorers in academic and industry positions.

Prerequisites
Participants should have knowledge of the principles of carbonate
geology and a fundamental understanding of petrophysics.

About the Instructor

Prof. Dr Michael C. Poppelreiter, Director of the South East Asian Car-
bonate Research Lab (SEACaRL), Shell Chair in Petroleum Geology
at the Department of Geosciences, Universiti Teknologi PETRONAS
(UTP). From October 2019 he has been working for Shell Kuwait.
Area of expertise: Shell Subject Matter Expert for carbonate geol-
ogy, Outcrop and Regional Geological Studies (focus Middle East),
Conceptual Modelling, Reservoir Modelling and 3D Digital Model-
ling, Project management, CO, in carbonate, Technical Assurance &
Capability (TA-2), 25 publications and 2 books on borehole image
logs and reservoir geology.
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Explorational Rock Physics and Seismic Reservoir Prediction

4D | ATTENUATION | CARBONATES J| INTERPRETATION | INVERSION | LITHOLOGY | REMOTE SENSING

Instructors: Per Avseth (Independent Consultant, Norway) and
Prof. Dr Tor Arne Johansen (University of Bergen, Norway)

Language: English
Level: Intermediate
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

The field of rock physics represents the link between qualitative
geologic parameters and quantitative geophysical measurements.
Increasingly over the last decade, rock physics stands out as a key
technology in petroleum geophysics, as it has become an integral
part of quantitative seismic interpretation. Ultimately, the application
of rock physics tools can reduce exploration risk and improve reser-
voir forecasting in the petroleum industry.

This course covers fundamentals of rock physics, ranging from basic
laboratory and theoretical results to practical recipes that can be im-
mediately applied in the field, presenting qualitative and quantitative
tools for understanding and predicting the effects of lithology, pore
fluid types and saturation, stress and pore pressure, fractures and
temperature on seismic velocity and attenuation.

The importance and benefit of linking rock physics to geologic pro-
cesses, including depositional and compactional trends as well as
tectonic uplift and unloading, are key to this course, which demon-
strates in detail how to build so-called rock physics templates that
can be used to interpret both well log and seismic inversion data in
terms of geological trends and reservoir properties. It is important in
exploration and appraisal to extrapolate away from existing wells,
taking into account how the depositional environment changes
as well as burial depth trends. In this way rock physics can better
constrain the geophysical inversion and classification problem in
underexplored marginal fields, surrounding satellite areas, or in new
frontiers.

In particular, we focus on how rock physics properties, fluid sensitivi-
ties and associated seismic signatures change as we go from soft sed-
iments in the shallow subsurface to well consolidated rocks that have
undergone more severe mechanical and chemical compaction, and
even uplift and brittle deformation. Likewise, we show how seismic
amplitudes can change drastically as we go from one depositional
environment to another, for instance in a channel-levee complex as
we go from central axis to the levee and overbank area.

The course includes practical examples and case studies, as well
as suggested workflows, where rock physics models are combined
with well log and prestack seismic data, sedimentologic information,
inputs from basin modeling and statistical techniques to predict res-
ervoir geology and fluids from seismic amplitudes.

Course Objectives

Upon completion of the course participants will understand:

¢ The link between geologic processes and rock physics properties;
e Pore fluid / rock interactions during wave propagation;

e Upscaling and heterogeneous reservoirs;
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CPD Points: 8
CPD Points: 10

e How to build their own rock physics template.

e The ultimate goal is to improve the understanding of seismic
amplitudes and predict geologic and reservoir parameters from
seismic inversion data and at the same time create awareness
about limitations and pitfalls.

Course Outline

e Basic rock physics theory and relations;

e Fluid and lithology substitution for reservoir rocks;

e Pore fluid — rock interactions during wave propagation;

e How to build a Rock Physics template;

e Upscaling and seismic signatures of heterogeneous reservoirs;
¢ Introduction to shale and carbonate rock physics.

Participants’ Profile

The course is intended for geophysicists, geologists and petrophysi-
cists who wish to be involved in quantitative seismic interpretation.
The course will focus on how rock physics can be used in exploration
but many aspects will also be relevant for production and 4D geo-
physics.

Prerequisites

Fundamental understanding of physics and mathematics. Education-
al background and/or practical experience in geology, geophysics
and/or petrophysics.

About the Instructors

Per Avseth is a geophysical advisor at Tullow Qil in Oslo, Norway,
and adjunct professor in geophysics at the Norwegian University of
Science and Technology (NTNU) in Trondheim, Norway. Per received
his M.Sc. in Applied Petroleum Geosciences from NTNU in 1994,
and his Ph.D. in Geophysics from Stanford University, California, in
2000. Per worked as a research geophysicist at Norsk Hydro in Ber-
gen, 2001-2006. Per's research interests include applied rock physics
and AVO analysis, for quantitative seismic exploration and reservoir
characterization.

Tor Arne Johansen is a full professor in Reservoir Geophysics at the
Department of Earth Science, University of Bergen, and a scientific
advisor for NORSAR. He received his PhD in Geophysics in 1990 from
Bergen University. His research interests cover remote sensing tech-
niques, rock physics, seismic modelling and processing.
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Rock Physics and Computational Geophysics

ANISOTROPY § ATTENUATION § BOREHOLE GEOPHYSICS § ELECTROMAGNETISM
ENVIRONMENTAL GEOPHYSICS f HYDROCARBON EXPLORATION f§ POROELASTICITY
SYNTHETIC SEISMOGRAMS j VISCOELASTICITY § WAVE SIMULATION

Instructor: José M. Carcione (OGS, Italy)
Language: English, Italian, Spanish
Level: Advanced
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

This course presents the fundamentals of the physical principles
and computational techniques for wave propagation in anisotropic,
anelastic and porous media, including the analogy between acoustic
waves (in the general sense) and electromagnetic (EM) waves. The
emphasis is on geophysical applications for hydrocarbon exploration,
but researchers in the fields of earthquake seismology, rock phys-
ics, and material science, -- including many branches of acoustics
of fluids and solids (acoustics of materials, non-destructive testing,
etc.) -- may also find the material useful. The course illustrates the
use of seismic and EM modeling, with an account of the numerical
algorithms for computing synthetic seismograms, diffusion fields and
radargrams, with applications in the field of geophysical prospecting,
seismology and rock physics, such as evaluation of methane hydrate
content, upscaling techniques, detection of overpressure, Antarctic
and permafrost exploration, exploration of the Earth's deep crust,
time-lapse for monitoring of CO, injection, seismic modeling in geo-
thermal fields, seismic inversion, etc.

Course Objectives

On completion of the course, participants will be able to:

e Understand the physics of seismic (and EM) wave propagation
and diffusion fields in real media, such as rocks and geological
formations;

e Solve complex problems using numerical methods, as finite-differ-
ences, Fourier techniques, and machine learning methods;

e Apply these concepts to seismic and EM applications, such as
hydrocarbon prospection, earthquakes, surface radar applica-
tions, EM low-frequency methods for environmental problems,
rock physics, etc.

Course Outline

Methods:

e Mechanical viscoelastics models

e The wave equation with attenuation
e Seismic anisotropy

e Seismic attenuation

e Poroelasticity

e Seismic rock physics

e Hooke's law and wave equation

e Forward modeling. Computation of synthetic seismograms
e Reflection coefficients. AVO
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CPD Points: 8
CPD Points: 10

EM rock physics

Maxwell’s equation

The seismic-EM analogy

e Geo-radar equations

The diffusion equation in EM prospecting

Machine learning methods. Neural networks, genetic algorithms,
etc.

Applications :

e Fluid flow in porous rocks

¢ Unconventional resources. Oil and gas shales

e Cross-well seismic and EM methods

Upscaling methods

AVO cases

Rock-physics templates

Q and velocity anisotropy in fractured media

Geophone-soil coupling models

Physics and simulation of waves at the ocean bottom

Recent advances to model waves in reservoir and source rocks
Theory, simulation and case histories for detection and quantifica-
tion of gas hydrates

Theories for pore-pressure prediction and mud-weight design,
with case histories

Seismic-modeling case histories

Seismic inversion

Microseismicity

Borehole waves

Injection of fluids and seismic and EM monitoring. Time-lapse
cases

Tools for GPR applications.

Participants’ Profile

The course is useful for geologists, geophysicists, petrophysicists and
reservoir engineers. The emphasis is on geophysical applications for
hydrocarbon exploration, but researchers in the fields of earthquake
seismology, rock acoustics and material science — including many
branches of acoustics of fluids and solids (acoustics of materials,
nondestructive testing, etc.) — may also find this course useful.

Prerequisites
Participants should have knowledge of the basic concepts of wave
theory.

SHORT COURSE CATALOGUE
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Recommended Reading

Participants are recommended to preferably read “Elastic waves in
the Earth” (1979) by Pilant, “Physical properties of rocks” (2011) by
Schon, and “Wave fields in real media” by Carcione (2015), before
attending the course.

About the Instructor

José M. Carcione has the degrees “Licenciado in Ciencias Fisicas”
(Buenos Aires University), “Dottore in Fisica” (Milan University) and
Ph.D. in Geophysics (Tel-Aviv University). From 1978 to 1980 he
worked at the “Comision Nacional de Energia Atémica” at Buenos
Aires. From 1981 to 1987 he was employed as a research geo-
physicist at YPF (national oil company of Argentina). Presently, he
is Director of Research at OGS. He was awarded the Alexander von
Humboldt scholarship for a post-doc at Hamburg University (1987-

213 o

1989). In 2007, he received the Anstey award at the EAGE in London
and the 2017 EAGE Conrad Schlumberger award in Paris. Carcione
published more than 280 journal articles on acoustic and electro-
magnetic numerical modeling, with applications to oil exploration
and environmental geophysics. He is the author of the books “Wave
fields in Real Media — Theory and numerical simulation of wave
propagation in anisotropic, anelastic, porous and electromagnetic
media” (see (Elsevier, 2015, 3rd edition), and “Seismic Exploration
of Hydrocarbons in Heterogeneous Reservoirs” (Elsevier, 2015) He
has been editor of “Geophysics” since 1999. He has coordinated
many projects funded by the EU and private companies. Carcione
has been a member of the commission (GEV04) for evaluation of
Italian research in the field of Earth Sciences (ANVUR) in the periods
2004-2010 and 2011-2014. Carcione has an H-index: 53, accord-
ing to Google Scholar.
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Modern Seismic Reservoir Characterization

ANISOTROPY ELASTICITY | FLUID | FRACTURES GEOMECHANICS | GASSMANN |

IMPEDANCE Jj INTERPRETATION J LITHOLOGY j§ PORE PRESSURE POROSITY J ROCK PHYSICS j§ SHALE

Instructor:
Language: English
Level: Advanced
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 days

Leon Thomsen (Delta Geophysics, United States)

Course Description

Classical reservoir characterization typically assumes that the reservoir

is elastically and hydraulically isotropic, and may be adequately ana-

lyzed using core and/or log data. However, most real reservoirs are

elastically and hydraulically anisotropic, and spatially heterogeneous

(on many scales), so that core and/or log data are not representative

of the larger reservoir volume. This applies to both conventional and

unconventional reservoirs. Hence, the best means to physically char-

acterize most real reservoirs, throughout their volume, uses seismic

data, acquired and interpreted anisotropically.

This course summarizes the state-of-the-art of seismic reservoir

characterization, using anisotropic seismic rock physics. The course

normally requires 16 hours of instruction, and includes numerous

classroom exercises. Topics include:

e Context: A world with excess supply of oil, and low demand. The
shale revolution. Hubbert's extended Peak.

e Physical principles: Aliased data. Inhomogeneous formations.
Friendly multiples. Spatial resolution

e Introduction to Anisotropy: Weak. Polar. Azimuthal. Shear wave
splitting.

e Lithology: Shale content from anisotropy itself.

e Geomechanics: Without Poisson’s ratio or Young's modulus, since
these are isotropic concepts.

e Fluids: Logical error in Gassmann poroelasticity.

e Pore pressure: Subsurface fluid compartments. Anisotropic
velocities for calibration.

¢ Anisotropic AVO: Including the anisotropic term in the AVO
gradient, a first-order effect!

e Fractures: No penny-shaped cracks. Multiple fracture-sets.

e Permeability: 4D gives the best seismic measure. Impermeable
barriers.

Course Objectives

Upon completion of this course, participants will:

e realize that many of the assumptions of conventional reservoir
characterization do not apply to the Real World

e understand the basic elements of anisotropic seismics

e be able to implement that understanding to estimate lithology,
pore pressure fractures, and permeability from seismic data, with
appropriate caveats

e be able to apply post-Gassmann fluids estimation

¢ be able to forward-model anisotropic AVO, and to find the
missing parameter from the data.
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Course Outline

Context

The Shale Revolution

Hubbert's Extended Peak

The geophysical response: subsurface physical characterization
Physical principles

Requirement for, and limitations of seismic data
Equation of motion vs wave equation

Friendly multiples

Exercise: Thin layers

Anisotropy

Weak polar anisotropy parameters

Exercise: Plane-wave velocities

P-waves: normal moveout; abnormal moveout
Azimuthal anisotropy

Lithology

Shale content from anisotropy

Geomechanics

Compliance vs stiffness

Young's modulus, Poisson’s ratio, bulk modulus
Exercise: geomechanics moduli

Fluids

Biot, Gassmann

Biot vs Gassmann

Brown and Korringa

Determining the parameters

Exercise: Post-Gassmann fluid dependence
Effective media

Fluid effects on anisotropic formations
Exercise: Thin-layer fluid dependence

Pore pressure

Subsurface fluid compartments

Effect of anisotropy on pore pressure estimation
Anisotropic AVO

Effect of polar anisotropy on AVO gradient
Exercise: Anisotropic AVO

Determining the parameter

Effect of azimuthal anisotropy on AVO gradient
Cracks and fractures

Crack formation by unequal stresses
Microfractures and macro joints

Effects of cracks on velocities

Shear wave splitting

Exercise: 2Cx2C rotation
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Permeability

Permeability tensor

Cleating in CoalBed Methane
Fractures in the Austin Chalk

4D permeability in the North Sea

Participants’ Profile

This course is designed for geophysicists with five or more years of
professional experience, whose management expects them to go
beyond subsurface imaging to physically characterize subsurface
reservoirs. Their conventional tools for doing that are based on
demonstrably false assumptions. This course will help them to use
their experience in modern ways to address the same challenges.

Prerequisites

This course is designed for geophysicists with five or more years of
professional experience, whose management expects them to go
beyond subsurface imaging to physically characterize subsurface
reservoirs. Their conventional tools for doing that are based on
demonstrably false assumptions. This course will help them to use
their experience in modern ways to address the same challenges.

About the Instructor

Leon Thomsen holds titles of Chief Scientist at Delta Geophysics,
Research Professor at the University of Houston, and Visiting
Scientist at Lawrence Berkeley National Laboratory. He holds a B.S.
in geophysics from California Institute of Technology (Pasadena),
and a Ph.D. in geophysics from Columbia University (New York).
He held postdoctoral positions at Centre Nationale de la Recherche
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Scientifique (Paris), International Business Machines (Palo Alto), and
Caltech. He was Assistant, then Associate Professor at the State
University of New York (Binghamton), with sabbatical positions at
Goddard Institute for Space Studies (New York) and the Australian
National University (Canberra).

Leon’s industrial career began in 1980, at Amoco’s famous research
center in Tulsa, where he was the Amoco inventor of what we now
call seismic AVO. He led significant revisions to the exploration
seismic paradigm, helping to establish the basic ideas of polar
anisotropy and azimuthal anisotropy. His 1986 paper, establishing
the modern field of seismic anisotropy, is the single-most-cited
paper in the history of Geophysics; a Google search of the term
“Thomsen parameter” returns over 300,000 hits. In 1995, he
moved to Amoco’s Worldwide Exploration Group in Houston, where
his 1997 paper established the modern field of converted-wave

noou

exploration, defining such concepts as “C-waves”, “registration”,
“gamma effective”, “diodic velocity”, etc. In 2008, Leon retired
from BP, and established the consultancy Delta Geophysics (cf.

deltageophysics.net).

Leon has served the Society of Exploration Geophysics as
Distinguished Lecturer, Vice-President, President (2006-07), and
Chairman of the Board of SEAM. He served as SEG/EAGE DISC
Instructor in 2002. He holds the SEG"s Fessenden Award, and the
Russian Academy of Natural Sciences” Kapitsa Medal. He is an
Honorary Member of the Geophysical Society of Houston, and of
the EAGE, and is a Foreign Member of the Russian Academy of
Natural Sciences.

SHORT COURSE CATALOGUE



/ﬂ”,,%“) RESERVOIR CHARACTERIZATION - GEOMECHANICS J

Geophysics Under Stress: Geomechanical Applications of
Seismic and Borehole Acoustic Waves

ANISOTROPY || DRILLING J ELASTICITY | FRACTURES | MONITORING
PORE PRESSURE ] PRODUCTION f ROCK PHYSICS | SAND | SHALE

Instructor: Colin Sayers (SLB, United States)
Language: English
Level: Advanced

Duration and Classroom: 1 day
formats:

Course Description

The state of stress within the earth has a profound effect on the
propagation of seismic and borehole acoustic waves, which leads to
many important applications of elastic waves for solving problems in
petroleum geomechanics. The purpose of this course is to provide an
overview of the sensitivity of elastic waves in the earth to the in-situ
stress, pore pressure and anisotropy of the rock fabric resulting from
the depositional and stress history of the rock and to introduce some
of the applications of this sensitivity. The course will provide the basis
for applying geophysics and rock physics solutions to geomechan-
ical challenges in exploration, drilling and production. A variety of
applications and real data examples will be presented and particular
emphasis will be placed on the rock physics basis underlying the use
of geophysical data for solving geomechanical problems.

Course Objectives

Upon completion of the course, participants will have an under-
standing of the sensitivity of elastic waves in the earth to mineralogy,
porosity, pore shapes, pore fluids, pore pressures, stresses and the
anisotropy of the rock fabric resulting from the depositional and
stress history of the rock and how to use this understanding in
guantitative interpretation of seismic data and in the construction of
mechanical earth models.

Course Outline

The following topics will be addressed in the course:

e Introduction to the effects of stress in the earth. Why pore pres-
sure, in-situ stress and geomechanical properties are important.
Sediment compaction and the state of stress in the earth. Vertical
stress, pore pressure and sediment compaction. Horizontal stress
in a relaxed basin. Estimation of the minimum and the maximum
horizontal stress. Tectonic strains.

Pore pressure. Velocity vs. effective stress relations. Pore pressure
estimation from velocity. Clay diagenesis. Unloading. The need for
fit-for-purpose seismic velocities. Uncertainty analysis. Combining
seismic velocities with well velocities for improved pore pressure
estimation. Dipping layers and lateral pore pressure transfer.
Stress sensitivity of sandstones. Third-order elasticity theory.
Dependence of elastic wave velocities on porosity in sandstones.
The importance of compliant grain boundaries, microcracks and
fractures on velocities in sandstones. The use of elastic waves to
monitor stress-induced damage.
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Wellbore stability and wave velocities near a borehole. Stress
changes in the vicinity of a borehole. Mechanical behavior of rock
in the vicinity of a borehole. Stress dependence of elastic wave
velocities. Linearized expressions for the change in velocity for
small changes in stress.

Reservoir geomechanics and 4D seismic monitoring. Reservoir
stress path. The effect of stress path on rock deformation and
failure. Rock failure. Monitoring reservoir stress changes using
time-lapse seismic. The difference in reservoir stress path between
injection and depletion.

Fractured reservoirs. Effects of fractures on seismic waves. Multi-
ple fracture sets. Amplitude Versus Offset and Azimuth (AVOA).
Simplifications for weak anisotropy. Effects of inequality between
the normal and shear compliance of fractures. Microstructural
models of fracture compliance.

The seismic anisotropy of shales. The relation of shale anisotropy
to microstructure. The effect of interparticle regions on seismic
anisotropy. Clay mineral anisotropy. Effect of disorder in the
orientation of clay particles. The static elastic moduli for a Tl
medium and the implications for hydraulic fracture containment.

Participants’ Profile

The integrated nature of this course means that it is suitable for
individuals from all subsurface disciplines including geophysics, ge-
omechanics, rock physics, petrophysics, geology, geomodelling and
drilling and reservoir and petroleum engineering. The short-course
presentation, limited to one-day, will provide an overview of the basic
concepts and applications and minimizes the use of mathematical
developments. As a result, the course presentation does not require
a theoretical background and can be attended by a broad section of
working geoscientists and engineers interested in applying geophysi-
cal data to the solution of geomechanical problems. The course book
will provide support for the lecture and further extend some of the
more technical considerations.

Prerequisites
Participants should have a basic knowledge of geology, geophysics
and petrophysics.

Recommended Reading
Geophysics Under Stress: Geomechanical Applications of Seismic and
Borehole Acoustic Waves, by Colin M. Sayers.

SHORT COURSE CATALOGUE
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About the Instructor

Colin Sayers is a Scientific Advisor in the Schlumberger Seismic for
Unconventionals Center of Excellence in Houston, providing consul-
tancy in geophysics, rock physics, drilling and reservoir geomechanics
and the characterization of fractured reservoirs. He entered the oil
industry to join Shell's Exploration and Production Laboratory in
Rijswijk, The Netherlands in 1986, and moved to Schlumberger in
1991.

His technical interests include geophysics, rock physics, drilling and
reservoir geomechanics, pore pressure prediction, wellbore stability
analysis, analysis of production-induced reservoir stress changes,
subsidence, fault reactivation, 3D mechanical earth modelling,
sanding, fractured reservoir evaluation, borehole/seismic integration,
stress-dependent acoustics, advanced sonic logging, AVAZ, fluid flow
in fractured reservoirs.
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He is a member of the AGU, EAGE, GSH, HGS, SEG, SPE and SPWLA,
and the SEG Research Committee. He has served on the editorial
board of Geophysical Prospecting, the International Journal of Rock
Mechanics and Mining Science, and The Leading Edge. He has a B.A.
in Physics from the University of Lancaster, U.K., a D.I.C. in Mathe-
matical Physics and a Ph.D. in Physics from Imperial College, London,
U.K. He has published numerous papers and holds several patents in
the areas covered by this course.

He was the 2010 chair of the editorial board of The Leading Edge,
and presented the 2010 SEG/EAGE Distinguished Instructor Short
Course on “Geophysics under stress: Geomechanical applications of
seismic and borehole waves”. In 2013 he was awarded Honorary
Membership of the Geophysical Society of Houston “In Recognition
and Appreciation of Distinguished Contributions to the Geophysical
Profession”. He was awarded 2013 Best Paper in The Leading Edge,
Society of Exploration Geophysicists.

SHORT COURSE CATALOGUE
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Applied Oilfield Geomechanics

RESERVOIR CHARACTERIZATION - GEOMECHANICS J

4D SEISMIC § CALIBRATION § DISPLACEMENT § FAULT RE-ACTIVATION

MECHANICAL PROPERTIES | MUD WEIGHT §j PORE PRESSURE J| STRAIN § STRESS

Instructor: Jorg Herwanger (MP Geomechanics, UK)
Language: English
Level: Foundation
Duration and Online: 2 to 4 live sessions of 4 hour
formats: Classroom: 1 to 2 days

Course Description

3D geomechanical models are frequently used to assess the state
of stress inside the Earth. Knowledge of the stress-state in a reser-
voir and the surrounding rock allows assessing the risk of reservoir
compaction, wellbore failure, sanding, breach of seal integrity and
fault re-activation amongst others. Three-dimensional seismic data
and inversion models can be used in building geomechanical models
and time-lapse (4D) seismic data provide a means of calibrating the
dynamic behaviour of reservoir geomechanical models. The purpose
of this course is to provide an overview of currently available work-
flows to build and run calibrated 3D and 4D geomechanical models,
maximizing the use of seismic data.

By attending the course, participants will deepen their insight into
each of the elements that comprise a 3D and 4D geomechanical
model. Special attention is given to the way that seismic data assist
in the process, what other data sources are required, how to calibrate
geomechanical models and finally, how to interpret geomechanical
models for a range of applications.

Course Objectives

The purpose of this course is to:

1. Provide an overview of the currently available techniques of
building and calibrating 3D and 4D geomechanical models;

2. Demonstrate the interaction between rock properties, pore
pressure and stress state;

3. Apply the knowledge of stress state from geomechanical models
to field development and reservoir management;

4. Understand the limitations of current workflows and techniques
and give a glimpse of the road ahead.

Course Outline
e Introduction: Applications of geomechanics in the oilfield
life-cycle;
e Rock mechanical properties:
- Elastic and strength properties;
- How do you derive mechanical properties in practice.
e Stress and strain tensors:
- Workflow for building 3D and 4D geomechanical models;
- Calibration of 3D geomechanical models using well-centric 1D
geomechanical models;
- Analysis and display of displacement vectors, strain tensors and
stress tensors.
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CPD Points: 4 to 8
CPD Points: 5 to 10

e Case studies:

- Building a 3D geomechanical model using seismic AVO inver-
sion in an onshore tight gas reservoir;

- Geomechanical controls on hydraulic stimulation;

- Wellbore stability for inclined wells: Why inclined and horizontal
wells behave differently from vertical wells;

- Multiple uses of 3D and 4D geomechanical flow models:
Applications in a deepwater carbonate and clastic fields;

- Stress rotations during production and their impact on hydraulic
stimulation.

Participants’ Profile

Geomechanics projects integrate data and models from many dif-
ferent subsurface disciplines, including geophysics, rock mechanics
testing, geology, geomodelling, rock physics and reservoir engineer-
ing. The course is designed for practising geoscientists and engineers
and demonstrates how their discipline knowledge contributes to
geomechanical modeling.

The course is also beneficial to students of petroleum geoscience
(geophysics and geology). Finally, the course also appeals to manag-
ers of subsurface teams, increasing the appreciation of the complexi-
ty of the subsurface workflows that his or her team needs to address.

Prerequisites

This course is aimed at geoscientists and engineers with an inter-
est in geomechanics, be their background in geology, geophysics,
rock physics, reservoir engineering or geomechanics. The course
was developed mainly with a practicing geophysicist or geologist in
mind. The course has an emphasis on making the physics behind the
presented techniques accessible and clear and will appeal to curious
and inquisitive people. This course is also suited for Master’s and PhD
students as the course (material) is designed in such a way that the
principles of geomechanics become clear.

Geomechanics is still a relatively new discipline in the oilfield environ-
ment and is not taught as part of most university Geoscience-pro-
grams. Therefore a lot of graphic examples are included in the course
material to aid intuitive understanding.

SHORT COURSE CATALOGUE
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About the Instructor

Jorg Herwanger is a Director at MPGeomechanics, a geomechanics
consulting and software company he co-founded in July 2016. His
work combines experimental observations and the development of
mathematical models and workflows in seismic, rock physics and
reservoir geomechanics. Working closely with clients and his team,
he carries out 3D and 4D geomechanical projects, integrating 1D
geomechanical models, seismic inversion methods, rock physics and
pore pressure predictions into reservoir flow and geomechanical
models. Previous companies he worked for included Ikon Science and
Schlumberger. Before working in the upstream oil and gas industry,
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Jorg’s interest was in the development and computer implementation
of tomographic methods to determine anisotropic electrical properties
from observed crosswell data. He combined these newly developed
techniques with anisotropic velocity tomography to detect and eval-
uate fractures. Jorg is a member of EAGE, SPE and SEG. He served as
an EAGE Distinguished Lecturer from 2007-2009, and EAGE Education
Tour (EET-5) Lecturer in 2011-2012, and was the 2016-2018 EAGE
Education Officer on the EAGE Board. For the EET-5, Jorg wrote the
eponymous book on “Seismic Geomechanics”. Jorg holds a Diplom
degree from Technische Universitat Clausthal, Germany and a PhD
from Imperial College, London, U.K., both in Geophysics

SHORT COURSE CATALOGUE
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Oilfield Geomechanics: Application to Drilling, Completions,
Reservoir, Production, Geology and Geophysics

COMPACTION j FAULT REACTIVATION § FAULTS § FLUID § FLOW § FRACTURES

HYDRAULIC | FRACTURING J IN-SITU STRESS § PORE PRESSURE | PRODUCTION PREDICTION

ROCK DEFORMATION § ROCK MECHANICS § ROCK STRENGTH § SAND PRODUCTION
PREDICTION § SUBSIDENCE § UNCERTAINTIES § WELLBORE STABILITY

Instructor: David Wiprut (Baker Hughes United States)
Language: English
Level: Intermediate
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 3 days

Course Description

Stress and pressure act on every reservoir, wellbore and completion.
The process of drilling, production and injection will modify stresses
and pressures, sometimes to the extent that the risks for failures
in and around the producing wells or even at the surface increase
considerably. Geomechanics is the study of the interaction between
current-day stresses and pre-existing structures and lithologies. By un-
derstanding how stresses and rock properties interact, a large number
of oilfield problems and operations can be addressed and optimized,
including wellbore instability, sand production, fault reactivations,
fracture permeability, pore pressure prediction, casing collapse and
shear, compaction and subsidence, hydraulic fracturing, and more.
This course provides participants with a solid understanding of rock
mechanics, rock mechanical properties, and the associated laborato-
ry measurements and procedures used to determine these proper-
ties. Additionally, participants will learn how stresses and pressures in
the earth are measured and constrained, through various tools and
techniques of analysis. The participants will understand the risks for
mechanical rock failure during drilling and field development, the
implications of these failures over the life of the well and field, and
how these can be managed and mitigated.

The course is operationally focused and designed to provide an un-
derstanding of how drilling and operating costs can be lowered, risks
and uncertainties reduced, productivity increased, field development
strategies optimized, well planning supported, and safety improved
in conventional and unconventional reservoirs.

With 18 exercises, in-chapter and end-of-chapter class discussion
questions, and hands-on demonstrations, this industry-leading class
helps to ensure the participants are ready to identify the geomechan-
ical risks hiding in every field.

The training course will provide course participants with a detailed
understanding of geomechanical modeling and model applications.
They will learn about:

e Rock deformation and mechanics

e Rock failure and rock strength

e Determination of the in-situ stresses

e Pore pressure prediction

Wellbore stability

e Sand production prediction
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e Casing collapse and shear

e Fractures, faults, and fluid flow
e Hydraulic fracturing

e Compaction and subsidence

Course Objectives

Course participants will:

e Calculate stresses, pressures, and rock properties

Calculate when faults will slip and determine the consequences
of slip

Calculate stress concentrations around wellbores drilled in
principal stress directions

Run a quick-look sand production prediction calculation

Gain a better understanding of their future reservoir challenges
and how geomechanics affects their well planning and reservoir
decisions.

Course Outline

Day 1: Overview Basic constitutive laws

e Rock failure

e Pore pressure

¢ The tectonic stress field — basic principles
e n-situ stress determination

Day 2: In-situ stress determination

¢ Building a geomechanical model — data inputs
e Wellbore stability

e Fracture pressure

Day 3: Geomechanics applied to completions engineering

Sand production prediction

e Casing collapse and shear Geomechanics for geology &
geophysics applications

Fractures and faults in three dimensions

Fracture permeability

Fault leakage

Geomechanics applied to reservoir engineering

Water floods and hydraulic fracturing

Production effects - compaction and normal faulting in reservoirs

SHORT COURSE CATALOGUE



m'ﬂﬁl‘) RESERVOIR CHARACTERIZATION - GEOMECHANICS ]

Participants’ Profile

This is a intermediate course for anybody interested or involved in
subsurface oilfield operations. Anyone impacted by rock failures,
from beginning engineers to highly experienced supervisors and
managers, can benefit from understanding geomechanics.

Prerequisites

Knowledge of oilfield operations and practices is desirable, but not
cessary.
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About the Instructor

Dr. David Wiprut has been working on geomechanics problems
in the oil and gas industry since 1996. He received his Ph.D. from
Stanford University in 2000 studying the state of stress, wellbore
stability, and fault leakage in the northern North Sea. Dr. Wiprut
has continued to work on similar issues with GMI and subsequently
Baker Hughes since earning his degree, and has accumulated exten-
sive experience working on geomechanics problems throughout the
world. Dr. Wiprut oversees external training activities world-wide for
Baker Hughes Geomechanics Services, advises on technical issues for
geomechanics consulting projects, and manages the geomechanics
competency and career progression program.

SHORT COURSE CATALOGUE
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Seismic Geomechanics: How to Build and Calibrate
Geomechanical Models using 3D and 4D Seismic Data

GEOMECHANICS § PETROPHYSICS § CROSS DISCIPLINE

Instructor: Jorg Herwanger (MP Geomechanics, UK)
Language: English
Level: Foundation
Duration and Online: 2 live sessions of 4 hours
formats: Clagsroom: 1 day

Course Description

Three-dimensional geomechanical models are becoming more fre-
quently used to assess the state of stress inside the Earth. Knowledge
of the stress-state in a reservoir and the surrounding rock allows
assessing the risk of reservoir compaction, wellbore failure, sanding,
breach of seal integrity, fault re-activation and allows the design of
mitigation for these issues. Three-dimensional seismic data and inver-
sion models can be used in building geomechanical models and time-
lapse (4D) seismic data provide a means of calibrating the dynamic
behavior of reservoir geomechanical models. The purpose of this
course is to provide an overview of currently available workflows to
build and run calibrated reservoir geomechanical models maximizing
the use of 3D and 4D seismic data. Rock-physics, relating the state
of stress in the Earth and the propagation velocity of seismic waves,
forms the link between seismic observations and the geomechanical
model, and this link will be discussed both from experimental data
and from a theoretical viewpoint. Attendees will learn how a com-
bination of 3D geomechanical models, coupled to flow models, built
and calibrated with 3D and 4D seismic data help in creating a deep
understanding of the reservoir depletion processes and the state of
stress in the reservoir and surrounding rock.

Course Objectives

The purpose of this course is to:

e Provide an overview over currently available workflows to build,
run and calibrate reservoir geomechanical models maximizing the
use of 3D and 4D seismic data;

Apply the understanding gained from running such workflows to
field development and reservoir management;

Understand the limitations of current workflows and techniques
and give a glimpse of the road ahead.

Course Outline

The course addresses the following issues:

e Field observations of geomechanically induced time-lapse seismic
signals. Where do they occur and why?

e Building a 3D geomechanical model. Demonstrating a seismic-to
simulation workflow, including building a framework model
to surface and property population from seismically derived
properties.
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e Running coupled modeling of a reservoir simulation model and
a geomechanical model. Non-linear stress-strain relationship,
reservoir compaction, failure models, stress and strain tensors.

e Rock-physics for elastic and inelastic deformation. Velocity-stress
relationship for elastic and inelastic deformation. Velocity during
loading and unloading. Stress-induced velocity anisotropy.

e Time-lapse seismic observations. Time-lapse time-shifts, AVO
attributes, shear-wave splitting.

e Case-study of integrating flow model, geomechanical model and
time-lapse observations.

Participants’ Profile

The integrated nature of the subject and approach makes this course
appealing to practitioners and researchers from a wide range of
subsurface disciplines, ranging from geophysics, geomechanics, ge-
omodelling, geology, rock physics and reservoir engineering. Practis-
ing geoscientists and engineers will appreciate the inter-disciplinary
approach to addressing reservoir management issues and should
be able to use ideas and approaches taught in this course in their
day-to-day work. The course draws heavily on field observations and
examples, while limiting the use of mathematical developments. This
makes the course appealing to a wide cross-section of geoscientists
and engineers that are interested in the inter-related nature of the
subsurface disciplines. It should also be appealing to managers of
cross-disciplinary subsurface teams, increasing the appreciation of
the complexity of the subsurface workflows that his or her team
needs to address.

Prerequisites

This course is aimed at geoscientists and engineers with an interest in
integration between the different subsurface disciplines. The course
presents both currently available seismic-to-simulation techniques. The
course has an emphasis on making the physics behind the presented
techniques accessible and clear and will appeal to curious and inquis-
itive people. This course is also suited for Master’s and PhD students
as the course (material) is designed in such a way that the principles
of geomechanics become clear. Geomechanics is still a relatively new
discipline in the oilfield environment and is not taught as part of most
university Geoscience-programs. Therefore a lot of graphic examples
to aid intuitive understanding are included in the course material.

SHORT COURSE CATALOGUE
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About the Instructor

Jérg Herwanger is a Director at MPGeomechanics, a geomechanics
consulting and software company he co-founded in July 2016. His
work combines experimental observations and the development of
mathematical models and workflows in seismic, rock physics and
reservoir geomechanics. Working closely with clients and his team,
he carries out 3D and 4D geomechanical projects, integrating 1D
geomechanical models, seismic inversion methods, rock physics and
pore pressure predictions into reservoir flow and geomechanical
models. Previous companies he worked for included Ikon Science and
Schlumberger. Before working in the upstream oil and gas industry,
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Jorg's interest was in the development and computer implementation
of tomographic methods to determine anisotropic electrical properties
from observed crosswell data. He combined these newly developed
technigues with anisotropic velocity tomography to detect and evalu-
ate fractures. Jorg is a member of EAGE, SPE and SEG. He served as an
EAGE Distinguished Lecturer from 2007-2009, EAGE Education Tour
(EET-5) Lecturer in 2011-2012, and was the EAGE Education Officer
on the EAGE Board from 2016-2018. For the EET-5, Jorg wrote the
eponymous book on “Seismic Geomechanics”. Jorg holds a Diplom
degree from Technische Universitat Clausthal, Germany and a PhD
from Imperial College, London, U.K., both in Geophysics.
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Geoscience Communication and Public Engagement

COMMUNICATION j PUBLIC ENGAGEMENT jj SOCIAL LICENCE

Instructor: Prof. lain Stewart (University of Plymouth / Royal Scientific Society of Jordan, Jordan)

Language: English
Level: Foundation

Duration and Online: 2 live sessions of 3-4 hours
formats: Classroom: 1 day

Course Description

Geological issues are increasingly intruding on the everyday lives of
ordinary people. Whether it is the onshore extraction of oil and gas,
the subsurface injection of waters for geothermal power or the deep
storage of waste products, communities across the world are being
confronted with controversial geological interventions beneath their
backyards. Communicating these complex scientific and technical
issues is made more challenging by the general public’s unfamiliarity
with the geological realm. To address these challenges, geoscientists
need to design and develop new strategies to engage dissonant
publics.

Those strategies will require geoscientists to engage more effectively
with journalists and the wider media, to target their messaging at
those audiences most able to effect change, and to establish trusted
relationships with the end-user communities they are working with.
But at the heart of the communication challenge is how geoscientists
can be better communicators.

With that in mind, the course will provide practical experience in
creating more compelling, impactful messages and to get those
messages out more effectively. Building on a better understanding
of the media landscape and working with journalists and media pro-
fessionals, the session will help develop practical learning on how to
use story-telling, visual imagery and social media channels to create
more engaging geoscience media content. Practical insights from
story-telling, film-making, and visualisation offer ways to improve
the impact of our technical and scientific communications (research
papers, conference presentations), facilitate the interchange of
ideas with different disciplines (e.g. with engineers, management),
ease our interaction with journalists and other external stakeholder
groups, and showcase what we do more widely to the public.

But better scientific storytelling alone is unlikely to persuade publics
and policy makers about technically complex and socially contested
geoscientific arguments. For that, geoscientists need to have a more
informed grounding in the cognitive heuristics and behavioural traits
that guide people in making decisions in circumstances of deep
uncertainty. Drawing from psychology and the social sciences, the
course will explore how geoscientists can better ‘sense’ target audi-
ences and ‘respond’ with appropriate messaging, as well as having
an appreciation of how to deal with community outrage around
controversial geoscientific topics. The course highlights how policy
and decision making at local or community level requires building
relationships with non-geoscience stakeholders within and across
sectors. Partnership building involves a suite of skills not normally
encountered in conventional communications training, notably inter-
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personal skills (empathy, listening, reflexivity) and participatory skills
(negotiation, conciliation, facilitation).

Course Outline

[45 min] Introduction to Geocience Communication

¢ why should geoscientists communicate?

¢ the science communication landscape

e roles and responsibilities for the geoscience communicator
e barriers and benefits of strategic science communication

[45 min] Exercise: The Risk Communication Bowtie
[45 min] Make and Sell Communications: Geoscience and the Media

¢ Working with journalists and the media

e Lessons from popular geoscience on television
e The importance of audience and framing

e Mind your language - getting free of jargon

[30 min] Exercise: Half-Life Your Geoscience

[45 min] Sense and Respond Communications: the science of the
public

e Fast and slow thinking: cognitive biases and heuristics

e The role of subjectivity

¢ The importance of norms values and beliefs

[1 hr] Storifying Geoscience
e The power of stories and storytelling
¢ Narrative frameworks

[30 min] Exercise: the ABT Method

[1 hr] Communicating Contested Geoscience: co-creation with
stakeholders and communities

e communication issues in the geo-energy sector

e lessons from fracking and geothermal

e securing the social licence: trust and transparency

e dealing with community outrage

¢ people-centred strategies for communication

[30 min] Resolution - - wrap up Q & A

SHORT COURSE CATALOGUE
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Participants’ Profile

The course is designed for industry practitioners and academic re-
searchers that are interested in conveying the excitement and impor-
tance of the Earth sciences to broad audiences or want to translate
their technical know-how for communities, stakeholders or policy
makers. The content will suit all levels of professional geoscientist but
is perhaps more useful for those at an early-career stage, to explore
how science communication and public engagement can be part of
their strategic technical skillset.

Prerequisite
No pre-requisites required

About the Instructor

lain Stewart is the El Hassan bin Talal Research Chair in Sustainability
at the Royal Scientific Society (Jordan) and Professor of Geoscience
Communication at the University of Plymouth (UK), where he also
holds the UNESCO Chair for Geoscience and Society. His research
interests are in disaster risk reduction, climate change, geoenergy,
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geoheritage and Earth science communication. His geoscience
communication work has involved a 15-year partnership with BBC
Science making popular television programmes about planet Earth.
His television promotion of geoenergy issues includes the 3-part se-
ries ‘Planet Oil’ (2015) and documentaries such as ‘Scotland’s First Oil
Rush’ (2016) and ‘Fracking: The New Energy Rush’ (2013). That work
on communicating geoscience to the public has been recognised with
the AAPG Environmental Geosciences Public Outreach Award (2020)
and its ‘Geoscientists in the Media’award (2014), alongside the GSA
‘President’s Medal’ (2018), as well as the American Geosciences
Institute’s ‘Public Understanding of Geosciences’ award (2017), the
European Federation of Geoscientists Medal of Merit (2016), and
American Geophysical Union award for public engagement (2014).
A member of the AAPG advisory board for its ‘Energy Transition’ con-
gresses in 2018 and 2019, he is a member of the AAPG Sustainable
Development Committee as well as the AGU’s Global Engagement
Committee. He currently leads the UNESCO / IUGS International
Geoscience Programme (IGCP) Project 685 ‘Geology for Sustainable
Development’ (2019-2024).
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Mitigating Bias, Blindness and lllusion in E&P Decision Making

m CALIBRATION § DECISION MAKING § ECONOMICS § ESTIMATION § HEURISTICS
INTUITION j OBJECTIVITY § OVERCONFIDENCE j§ PLANNING j POST-APPRAISAL
UNCERTAINTY § WORKFLOWS RISK

Instructors: Marc Bond (Rose & Associates, UK) and

Creties Jenkins (Rose & Associates, United States)

Language: English
Level: Foundation
Duration and Online: 4 live sessions of 4 hours
formats: Classroom: 2 days

Course Description

Decisions in E&P ventures are affected by cognitive bias, perceptual
blindness, and various forms of illusion which permeate our analy-
ses, interpretations and decisions. This two-day course examines the
influence of these cognitive pitfalls and presents techniques that can
be used to mitigate their impact.

“Bias" refers to errors in thinking whereby interpretations and judg-
ments are drawn in an illogical fashion. “Blindness” is the condition
where we fail to see an unexpected event in plain sight. “lllusion”
refers to misleading beliefs based on a false impression of reality.

All three—Bias, Blindness, and lllusion--can lead to poor decisions
regarding which work to undertake, what issues to focus on, and
whether to continue investing time, effort, and money in a given pro-
ject. The course begins by examining how these cognitive errors affect
us. Several different errors are discussed, including: Perceptual Blind-
ness; lllusions of Potential, Knowledge and Objectivity; and Anchoring,
Availability, Confirmation, Framing, Information, Overconfidence and
Motivational Biases. Exercises, videos, and examples help illustrate
how these manifest themselves in our daily activities and affect our
judgment, often without us realizing it. We then focus on the oil and
gas industry where drilling portfolios, production forecasts, resource
assessments, and other activities are regularly impacted. Techniques
are presented that can be used to mitigate cognitive errors and exam-
ples are shown where these techniques have worked.

A key element of the course are the mitigation exercises which give
participants a chance to apply what's been learned to real-life situ-
ations. For example, what elements of the “anchoring bias” led to
the belief that the exploration potential of a prospect offshore Brazil
was much greater than it turned out to be? Or, what elements of
the “confirmation bias” led to a decision regarding which analogous
data should be used to predict the outcome of a new drilling project?
The second day includes a series of exploration and appraisal case
studies resulting in both positive and negative outcomes. Participants
are asked to identify cognitive errors contributing to the project re-
sults, and which of these had the greatest impact. This is followed by
a 3-hour, real-world exercise using project data to give participants
practice in addressing cognitive errors. The exercise requires partici-
pants to list all of their assumptions followed by a list of the contrary
assumptions. This is followed by an assessment of the impacts if the
contrary assumptions are true, and what key types of data / analyses
will be required to determine which set of assumptions are correct.
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Finally, the participants identify cognitive errors leading to the actual
project outcome.

The course concludes by presenting a summary ‘toolkit" with miti-
gation techniques that can immediately be applied to project work
and decisions. This includes a laminated card listing the various types
of bias, blindness and illusion on one side, and the six key steps to
mitigate these cognitive errors on the flip side. This helps participants
immediately apply the concepts to their daily work.

Course Objectives

Upon completion of the course, participants will be able to:

e |dentify the influence of Bias, Blindness and lllusion on their
analyses, interpretations and decisions;

Apply techniques that will mitigate the impact of these in their
project work and decision-making;

Ensure that their behavior does not unwittingly reinforce these
cognitive errors in others.

Course Outline
1. Introduction (1 hour)
2. Blindness and lllusion (3 hours)
a. Perceptual Blindness
b. lllusion of Knowledge, Potential, and Objectivity
3. Bias (4 hours)
a. Anchoring, Availability, Confirmation, Framing, Information,
and Overconfidence Bias
b. Motivational Bias
4. Case Studies--an appropriate subset of these will be chosen (2
hours)
a. Plio-Pleistocene Sandstone (Exploration Well)
b. Cambrian Sandstone (Field Appraisal)
c. Pliocene Sandstone (Exploration ‘Drill or Drop’)
d. Jurassic Sandstone (Exploration License Round)
e. Cretaceous Shale (Field Appraisal)
f. Cambrian Sandstone (Field Appraisal)
5. Real-World Exercise--one of these will be chosen (3 hours)
a. Triassic sandstone, structural play (Exploration Well)
b. Fractured carbonate, waterflood potential (Field Appraisal)
6. Summary ‘Toolkit' (1 hour)
Participants’ Profile
This course is designed to have broad appeal to all levels and dis-
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ciplines within an organization: junior to senior level geoscientists,
junior to senior level engineers, analysts, landmen, HSE, HR, etc. And
mid-level to senior managers and executives.

About the Instructors

The course is designed to be taught be one instructor. However, two
different instructors are available to teach the course.

Marc Bond (MSc Geophysics, Colorado School of Mines) is an Asso-
ciate with Rose & Associates specializing in exploration and appraisal
assessments. He is actively involved in ensuring that the technical
work underpinning an evaluation has appropriately reflected the
opportunity and captures both the uncertainty and risk, leading to
effective decision-making. He has over 35 years' international ex-
perience in the oil and gas industry. Previously he worked for BG
Group and Tenneco Oil where he held a variety of management and
technical assignments, with his most recent roles including: Chief
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Geophysicist; Subsurface Assurance Manager for conventional and
unconventional exploration, appraisal and development projects; and
Exploration Manager Bolivia.

Creties Jenkins (PE., P.G.) is a Partner with Rose and Associates
specializing in the characterization of unconventional reservoirs.
Over the last 15 years he has conducted integrated studies, project
reviews, and resource evaluations for 50+ companies and taught
100+ industry courses and workshops. He has served as a technical
editor, distinguished lecturer, distinguished author for SPE, and is
a past president of the Energy Minerals Division of AAPG. Creties
has 30+ years of experience having previously worked at Tenneco,
ARCO, and DeGolyer & MacNaughton. He holds a BSc in Geological
Engineering and a MSc in Geology from the South Dakota School
of Mines.

SHORT COURSE CATALOGUE



TRAINING AND DEVELOPMENT « HUMAN RESOURCES J

Navigating Career Challenges and Opportunities of
the Energy Transition

EMOTIONAL INTELLIGENCE § SOFT-SKILLS § MENTAL FITNESS § DECISION MAKING
HABITS | CHANGE MANAGEMENT J ACTION PLAN § PEER-LEARNING
PROFESSIONAL DEVELOPMENT j OPTIONS PRIORITIZATION j COACHING

Instructors: Esther Bloem, Lucia Levato, Gwenola Michaud
Language: English
Level: Foundation

Duration and Online: Extensive Course - self-paced components + 6 live sessions of

CPD Points: 10

formats: 1 hour webinar and 1.5 hour group coaching session

Course Description

This extensive online short course helps geoscientists and engineers
navigate career challenges and opportunities inherent to the decarbon-
ization and energy transition. The purpose of the course is to set up
activities that allow participants to reflect and come to their own con-
clusions about their current professional situation and next steps. The
coaching approach encourages participants to maximize their personal
and professional potential by empowering them to plan actions, initiate
changes, and track progress toward defined career goals. It aims at en-
abling a cross-learning environment to face the uncertainties associated
with career transitions. Participants share experiences, compare view-
points and cooperate to establish a positive and supportive atmosphere.

The course, designed as a coaching program over five weeks, includes
six online meetings of two and half hours (2.5 hours) consisting of
group coaching focused on your experiences from the previous week
and presentations outlining the self-paced activities for the following
week. Each week is supplemented with self-paced activities described
in a downloadable activity book.

We begin in better understanding yourself and your current behaviors,
then consider how to improve interactions and learning from others
and the outside world through the 5 following contents:

Content 1 — Context Definition & Assessment - You - Who are you? We
focus on better understanding the issues, their consequences and their
context. You grow a better self-awareness and reconnect with your
strengths in order to explore and find proactively durable solutions.

Content 2 — Goal Definition - Strategy & Vision - Where? We help in
defining your values, goals, vision and mission.

Content 3 — Manage life balancing action, energy and direction
- How? We assist you in establishing habits and building your path
toward your vision.

Content 4 — Learn and adjust - Go! We see how to draw new lessons

and adjust to overcome hurdles, learning in finding better solutions
with others.
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Content 5 — Cooperation & Opportunity Creation. We focus on cre-
ating new opportunities through synergizing and networking. You
will go over the key takeaways and findings, as well as practice your
elevator pitch.

Course Objectives

Upon completion of the course the participants will be able to:

1. identify their strengths,

2. recognize their triggers of stressful situations,

3. improve their self mastery through self awareness, self
confidence and self control,

4. define their next career move aligned with their objectives,
strengths & values,

5. implement simple actions that help kick-start their next career
move.

Participants’ Profile

The course is intended for geoscientists and engineers :

e wishing to boost or change their career

¢ willing to challenge themselves, ready to sometimes step out
of their comfort zone and take charge of their professional
development

who are facing or expecting changes or challenges in their career
and who are willing to prepare themselves and feel serene in
facing these changes

Prerequisites

Commitment to the following ground structuring and evolutionary

rules:

e Respect the timing allocated for the activities

¢ Confidentiality

e Active Participation, including participation to the in-between
sessions activities

e Open mind, open heart, open will: Question your own certainties

e Hold judgment

Connect with peers

Share your feelings and questions

Let the future you want, inspire you

e Act: implement at least the smallest step you have identified
towards your career objectives
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About the Instructors

Esther Bloem

e M.Sc. in Applied Geophysics (cum laude) from Delft University of
Technology, The Netherlands

e Ph.D. in Environmental Sciences from Wageningen University and

Research, The Netherlands

Life coach and Certified Positive Intelligence Coach

Since 2008, she has worked as a research scientist at the Division

of Environment and Natural Resources at the Norwegian Institute

of Bioeconomy Research (NIBIO)

Esther currently coaches on mental fitness. She has observed that

mental fitness is key for performance and happiness

Lucia Levato

e M.Sc. in Physics. from University of Rome, La Sapienza, Italy

e Ph.D. in Earth Sciences from University of Geneva, Switzerland
e Certified professional coach (International Coaching Federation),
certified practitioner of TRIMA approach by competencies

+ 35 years of experience in project management, research,
teaching and mentoring, coordination of multicultural teams in:
- Academia - Institute of geophysics, University of Lausanne

- Entrepreneurial activity - Education and webmarketing

- Oil and Gas industry - CGG

In 2017 Lucia founded LUSVAL to promote the emergence of
inclusive and collaborative work environments by leveraging the
potential of people and teams

Gwenola Michaud

e Master in Geophysics from Ecole et Observatoire des Sciences de la
Terre of Strasbourg, France

e Ph.D. in Geophysics from Colorado School of Mines, USA

Certified professional coach from Institut de Coaching International

of Geneva, Switzerland

Since 1998 she has worked in the Oil & Gas Industry in various

companies, including Schlumberger, on reservoir characterization

and surveillance, time-lapse analysis, multi-component borehole

data and passive seismic data

Since 2020, she is a freelance in digital and software solution

development and commercialization in the Energy and Environment

Industries. Gwenola is also a coach in personal development to help

technical people get back their motivation and reach new results in

their career and life.
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