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Making Geophysics Accessible To All
Incoming SEG president looks to grow the organization by increasing access to the geophysical world.

CONVENTIONALS
SMICITY
TER

HIGH-PERFORMANCE

CLOUD-BASED

COMPUTING

COST EFFICIENT

CIRCUM-PACIFIC

NEAR SURFACE

BIG

DATA

GEOHAZARDS

RING OF FIRE

MACHINE

LEARNING

INDUCED SEISMICITY

VA LU E

LIFE OF FIELD

DEEP
SOCIAL

in energy and mineral exploration that all weighed in its
favor. Plus, SEG had run successful meetings there before.
LIFE OF FIELD
SOCIAL CONTRIBUTION
TECHNOLOGY
UNCONVENTIONALS
HIGH-PER“California is a major producer of resources and
RMANCE COMPUTING
BIG DATA
MACHINE LEARNING
SEISMICITY
CLOUD-BASED
ST EFFICIENT
GEOHAZARDS
INDUCED SEISMICITY
D E E P WAT E R
CIRCUM-PACIFIC
or
many
walking
through
the
doors
of
the
Society
always
is a wonderful place to visit. I’d been fortunate to
AR SURFACE
RING OF FIRE
VA LU E
LIFE OF FIELD
SOCIAL CONTRIBUTION
TECHNOLY
U N C O N V E N T I O Nof
A L SExploration
H I G H - P E R F O RGeophysicists
MANCE COMPUTING
B I G Annual
DATA
M AMeetC H I N E L E A R N spend
(SEG)
two summers as an intern in La Habra, California,
G
SEISMICITY
CLOUD-BASED
COST EFFICIENT
GEOHAZARDS
INDUCED SEISMICITY
ing being held
at the Anaheim
Convention
Center
at Chevron’s Oil Field Research Company. The people
CIRCUM-PACIFIC
NEAR SURFACE
RING OF FIRE
VA LU E
LIFE OF FIELD
E P WAT E R
CIAL CONTRIBUTION
TECHNOLOGY
UNCONVENTIONALS
HIGH-PERFORMANCE COMPUTthis
week,
it
will
be
their
first
time
at
the
event.
It
will
be
G
BIG DATA
MACHINE LEARNING
SEISMICITY
CLOUD-BASED
COST EFFICIENT
GEO40th
consecutive
incoming
ZARDS
I N Dthe
UCED
SEISM
ICITY
D E E P WAnnual
ATER
C I RMeeting
C U M - P A C I F I for
C
N E A R S U R F A C SEG
E
RING OF
LIFE OF FIELD
SOCIAL CONTRIBUTION
TECHNOLOGY
UNCONVENTIONALS
E
VA LU E
President RobertB IStewart.
GH-PERFORMANCE COMPUTING
G DATA
MACHINE LEARNING
SEISMICITY
CLOUDSED
C O S T E F F“My
I C I E N Tfirst
G E SEG
O H A Z A Annual
RDS
I N D UMeeting
CED SEISMIC
ITY
D E Eeye-opening
P WAT E R
CIRCUM-PA was
an
IC
NEAR SURFACE
RING OF FIRE
VA LU E
LIFE OF FIELD
SOCIAL CONTRIBUTION
and
experience
Orleans,”
Stewart
U N C O exhilarating
NVENTIONALS
H
I G H - P E R F O R M A in
N C ENew
COMPU
TING
BIG D
ATA
MACHINE
CHNOLOGY
ARNING
SEISMICITY
CLOUD-BASED
COST EFFICIENT
GEOHAZARDS
INDUCED SEISsaid.
“I was a R Istudent
then.
TheL I F E O F
CITY
D E E P WAT E R
CIRCUM-PACIFIC
NEAR SURFACE
NG OF FIRE
VA LU E
TECHNO
LOGY
U N C O N of
V E N Tit
ION
A L S was
H I Gso
H - P E awe
RFORMANCE
LD
SOCIAL CONTRIBUTION
magnitude
all
MPUTING
BIG DATA
MACHINE LEARNING
SEISMICITY
CLOUD-BASED
COST EFFICIENT
our
annual
OHAZARDS
INDUCED SEISMICITY
D E Einspiring.
P WAT E R
C I RIC Ustill
M - P A C find
IFIC
NEAR S
URFACE
RING
FIRE
VA LU E
LIFE OF FIELD
SOCIAL CONTRIBUTION
TECHNOLOGY
UNCONVENTIONgathering
enormously
enthusing
S
HIGH-PERFORMANCE COMPUTING
BIG DATA
MACHINE LEARNING
SEISMICITY
OUD-BASED
COST EFFICIENT
G E O H A and
Z A R D Srefreshing.”
INDUCED SEISMICITY
D E E P WAT E R
CIRM-PACIFIC
NEAR SURFACE
RING OF FIRE
VA LU E
LIFE OF FIELD
SOCIAL CONTRIBUIn selecting Anaheim for the
event, Stewart noted that it was the
city’s location on the Pacific Rim,
its communication and technology
Robert Stewart
industries, and the state’s rich history

NTRIBUTION

TA

TECHNOLOGY

UNCONVENTIONALS

HIGH-PERFORMANCE COMPUTING

BY JENNIFERS EPRESLEY,
EDITOR
ISMICITY
CEXECUTIVE
LOUD-BASED
COST EFFICIENT

MACHINE LEARNING

DUCED SEISMICITY

D E E P WAT E R

CIRCUM-PACIFIC

NEAR SURFACE

VA L -

F

and research were excellent and it was such fun working
right inside a legacy oil field, so close to the beach!”
Stewart looks to draw on his years of experiences
like those he had as a student intern, energy company

DAILY NEWS

BIG

GEOHAZARDS

RING OF FIRE

See GEOPHYSICS continued on page 10

TUESDAY, 16 OCTOBER 2018

Digitalization Key
Topic for Technical
Program
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CONTRIBUindustry, digitalization is
making its way into geophysics,
and the technical program and
keynote speaker at this year’s SEG
International Exposition and Annual Meeting reflect that evolution.
Several program sessions, workDave Alumbaugh
shops and exhibitions will focus
on a variety of digital transformation topics such as
machine learning, data analytics and cloud computing.
“These topics have been emphasized not only due to
their emergence within the upstream oil and gas industry, but also because of the importance of California tech
companies in the development of these technologies,” said
Dave Alumbaugh, 2018 SEG technical program chair.
This year’s keynote speaker will be Darryl Willis, vice
president of oil, gas and energy at Google Cloud. Willis will
open the conference Monday, Oct. 15, at 8:30 a.m. with his
presentation, “The Cost of the Status Quo—Get on Board
or Get Left Behind.” Willis also will serve as a presenter
on Tuesday, Oct. 16, at a 9:30 a.m. Business of Applied
Geophysics (BAG) plenary session. This show’s technical
program will feature six oral and six poster sessions on
machine learning and data analytics, including the annual
Recent Advances and Road Ahead session on Oct. 15.
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KOC:
DARING TO
WEDNESDAY,GO
17 OCTOBER
2018
FURTHER
Kuwait Oil Company’s new 2040 Strategy calls for the exploration of new
frontiers. That is why KOC is currently making excellent progress in our
effort to develop Kuwait’s offshore hydrocarbon reserves. From the recent
and successful 3D seismic survey of Kuwait Bay to the construction of new
infrastructure that will allow us to tap further and deeper into our reservoirs
of wealth, KOC remains committed to living up to its responsibility of
providing energy to the world.
At KOC, our goal is to remain innovative as we develop and embrace new
ideas, methods and approaches that will allow us to overcome operational
challenges and create value as we pursue new frontiers. Alone and with
our partners, we have committed ourselves to operational excellence while
also doing everything in our power to protect the environment in which we
work.

@kocofficial

SCHEDULE
OF EVENTS

Vice President, Editorial Director
Peggy Williams

E&P Editors
Group Managing Editor,
Print Media
Jo Ann Davy

Executive Editor
Jennifer Presley

Senior Editor, Exploration
Rhonda Duey

All events in conjunction with SEG 2018 will be held at the Anaheim Convention Center in Anaheim, Calif.,
unless noted otherwise. For a complete schedule of events visit seg.org/Annual-Meeting-2018/Schedule.

Sunday, Oct. 14

7:30 a.m. to 8 p.m.......... Convention Center Main and Self-serve Badge Print Kiosk
8 a.m. to 4 p.m............... EAGE Course (EET 13): Velocities, Imaging and Waveform Inversion–The Evolution of
Characterizing the Earth’s Subsurface
8 a.m. to 5 p.m............... SEG/ExxonMobil Student Education Program (Hilton Anaheim, 2nd Floor, California Ballroom B)
8 a.m. to 5 p.m............... SEG Continuing Education Courses (Level 2)
8 a.m. to 5 p.m............... SEG/Chevron Student Leadership Symposium (Hilton Anaheim, 2nd Floor, California Ballroom C)
11:30 a.m. to 1 p.m........ SEG/Chevron Student Leadership Symposium Lunch (Hilton Anaheim,
2nd Floor, California Ballroom A)
12 p.m. to 8 p.m............. SEG Book Mart
6 p.m. to 8 p.m............... Reproducibility Zoo (Repro Zoo) (Level 1, Exposition Hall A)
6 p.m. to 8 p.m............... Student Lounge (Exhibit Hall)
6 p.m. to 8 p.m............... Icebreaker and Expo Preview (Level 1, Exposition Hall B)

Associate Editor, Production
Brian Walzel

Monday, Oct. 15
7:30 a.m. to 6 p.m.......... Convention Center Main and Self-serve Badge Print Kiosk
7:30 a.m. to 6 p.m.......... SEG Book Mart

Associate Managing Editor
Ariana Hurtado

8:30 a.m. to 4:30 p.m..... Guest Program Hospitality Suite (Hilton Anaheim)
8:30 a.m. to 10 a.m........ Opening Session and Presidential Address (Level 3, Ballroom AB)
9 a.m. to 6 p.m............... Reproducibility Zoo (Repro Zoo) (Level 1, Exposition Hall A)
9 a.m. to 6 p.m............... Exposition Hall and SEG Avenue Open

Senior Editor, Digital News Group
Velda Addison

9 a.m. to 6 p.m............... Global Gathering Place (Level 1, Exposition Halls ABC)
9 a.m. to 6 p.m............... Student Lounge (Exhibit Hall)
10:30 a.m. to 11 a.m...... “Seismic Attributes as the Framework for Data Integration Throughout the Oilfield Life Cycle,” Book
Signing with Kurt J. Marfurt (Level 2, North Foyer)

Chief Technical Director,
Upstream
Richard Mason

11:30 a.m. to 1 p.m........ Foundation Donor Luncheon
12 p.m. to 1:50 p.m........ “Focus on Commercial Technology” Exhibitor Presentations
1:30 p.m. to 5:30 p.m..... SEG EVOLVE 2018: Developing the Fearless Explorers of the Future
1:50 p.m. to 5:10 p.m..... Technical Program Afternoon Sessions
1:50 p.m. to 5:50 p.m..... Business of Applied Geophysics Plenary Session: Southern Gulf of Mexico: Challenges and Opportunities

Contributing Editors
Hassane Kassouf
Andrew Lewis

Corporate Art Director
Alexa Sanders

2 p.m. to 4 p.m............... Challenge Bowl World Finals, Hilton Anaheim
2:45 p.m. to 3:15 p.m..... Coffee Break
4 p.m. to 6 p.m............... Student Speed Mentoring Event
4:30 p.m. to 6 p.m.......... Exposition Hall Reception
5:30 p.m. to 6:30 p.m..... SEG Near-Surface Geophysics Technical Session Panel Discussion: Challenges of Working in the
Coastal Zone
6 p.m. to 7 p.m............... Geoscientists Without Borders 10th Anniversary Reception
6 p.m. to 8 p.m............... 8th Networking Event of the SEG Women’s Network Committee

Senior Graphic Designer
Max Guillory

Senior Vice President-Media
Russell Laas
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SEG EVOLVE: Developing the Fearless
Explorers of the Future
Ten international university teams to present projects and findings.
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n Monday, Oct. 15, and Tuesday, Oct. 16, SEG Annual
Meeting attendees in Anaheim will have the opportunity to hear from some of the best geoscience students
from around the world using the latest technology in the SEG
EVOLVE program.
SEG EVOLVE 2018 offered 60 students hands-on experience
in conducting multidisciplinary subsurface projects using seismic, wireline, core, production and other data. In addition, project management, teamwork and business skills were honed as 10
university teams searched for the best investment opportunity in
their study areas. The students were coordinated by the SEG and
SEG members Allen Bertagne and Mike Forrest, and they were
supported by a pool of experienced industry mentors.

1616 S. Voss, Suite 1000
Houston, Texas 77057
713-260-6400
main fax: 713-840-8585
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Technical Project Coordinator Allen Bertagne (second from
left) works with Instituto Superior Técnico, Universidade
de Lisboa students during the 2018 SEG EVOLVE program.
(Photo courtesy of SEG)

Working with datasets from the Dutch North Sea, Gulf of
Mexico and New Zealand, the participants used Halliburton’s
DecisionSpace Enterprise platform and worked together, often
from different locations, using Halliburton’s iEnergy Cloud. The
SEG EVOLVE program culminates Monday and Tuesday when
each team will
• Make a 10- to 15-minute overview presentation
at the oral sessions;
• Host a poster session to discuss their work and
conclusions in detail; and
• Present their investment opportunity to an
international audience.
All are invited to Room 201D near the top of the main escalator in the Anaheim Convention Center to hear from the 10
international university teams as they summarize their projects,
showcase their investment opportunities and discuss what they
learned. Geoscience experts and SEG legends will provide brief
talks before and after presentations. After the formal presentations are complete, attendees are invited to stay and discuss
projects in greater detail with the teams during the poster and
Landmark workstation sessions and learn how to get involved
in EVOLVE 2019. A drawing will also be held in Room 201D
with winners receiving free copies of the book “Interpreter Sam
Carries On.”
Join the fearless explorers of the future at the SEG Annual
Meeting this week. n
PREVIEW | OCTOBER 15, 2018 | SEG DAILY NEWS

SEG18 Features New Business of
Applied Geophysics Plenary Sessions
Five sessions will facilitate discussions on the economic application of geophysics in the oil and gas industry.
CONTRIBUTED BY SEG

F

ocused on the business impact of applied geophysics in the oil and gas industry, SEG’s new
Business of Applied Geophysics plenary sessions
aim to bring together high-level leaders from operating
companies, governments, service providers, academia
and consulting companies to discuss the business opportunities and challenges of the economic application
of geophysics in the oil and gas business. Separate from
the technical sessions and workshops, the five plenary
sessions will include the following topics and speakers:

Southern Gulf of Mexico: Challenges and Opportunities: Monday, Oct. 15, 1:50 p.m. to 5:50 p.m.—Level 3,
Ballroom B
Representatives of the Mexican government and international leaders will provide industry insights, current
challenges, latest developments, commercial opportunities and networking activity related to the southern
portion of the Gulf of Mexico.
Speakers: Bernard Geiss, exploration manager, Mexico, Total; Héctor Moreira-Rodríguez, commissioner,
National Hydrocarbons Commission (CNH); Kartik
Mutnuri, exploration manager, Mexico, Shell; Maurice
Nessim, president, WesternGeco; a representative from
the Agency for Safety, Energy and Environment (ASEA);
Mark Rowan, president, Rowan Consulting Inc.; and
Read Taylor, executive director, Upstream E&P, Sierra
Oil and Gas Exploration.

Speakers: Seth Blumsack, associate department head,
Energy and Mineral Engineering, Pennsylvania State
University; John Bradford, professor and department
head, Geophysics, Colorado School of Mines; Rosemary
Knight, George L. Harrington professor, School of Earth
Sciences, Stanford University; Yunyue Li, assistant professor, Department of Civil and Environmental Engineering, National University of Singapore; and Magne
Reiersgard, executive vice president, Marine Contracts,
Petroleum Geo-Services.
Geophysical Return on Investment for Unconventionals: Wednesday, Oct. 17, 1:50 p.m. to 5:50 p.m.—Level
3, Ballroom B
Unconventional resources have motivated the geophysical profession to adapt and develop new applica-

Digital Transformation: Business Opportunities and
Challenges: Tuesday, Oct. 16, 9:30 a.m. to 11:30 a.m.—
Level 3, Ballroom B
Advances in enabling technologies such as machine
learning, easy access to Big Data, and cloud computing are transforming how industry acquires, processes, interprets and applies subsurface information.
Speakers: John Etgen, distinguished adviser, Seismic Imaging, BP; Darryl Harris, manager, Subsurface
Functional Excellence, Woodside Energy; Sha-Chelle
Manning, director, Technology Alliances and Ventures,
Pioneer Natural Resources; Shashi Menon, digital manager, Exploration and Field Development Technologies,
Schlumberger; Robert Schapiro, ideas and innovation
leader, ExxonMobil; and Darryl Willis, vice president,
Oil, Gas and Energy, Google Cloud.

tions to meet the cost, timing and subsurface information
needs of unconventional operators.
Speakers: Peter Duncan, president and CEO, MicroSeismic; Rusty Gilbert, general manager, Technology
Deployment and Adoption, Chevron Technology Ventures; Rob Hull, senior staff geophysicist, Pioneer Natural Resources; Doug Klepacki, manager, Geophysics,
Cimarex Energy Co.; and Duane Dopkin, executive vice
president, Geoscience, Emerson E&P.
Speakers are subject to change. Registration for the
Business of Applied Geophysics plenary sessions is
included in the SEG18 full-delegate registration fee,
and is available separately for $475 for SEG members
and $525 for nonmembers. For more information, visit
seg.org/am/bags or visit the SEG mobile app. n

CHANGE THE WAY YOU

MAKE DECISIONS
Use Real-Time Completions Evaluation to improve your unconventional development
and diagnose the effectiveness of completion designs.
Our real-time tools allow operators to:
» Understand how treatment parameters such as volumes, rates and proppant concentration
impact the fracture network
» Indicate which part of this fracture network is contributing to short and long-term production
» Improve the productivity of every stage on-the-spot and without having to wait months for data

Operating in a Regulated Industry: Tuesday, Oct. 16,
1:50 p.m. to 5:50 p.m.—Level 3, Ballroom B
High level federal and state officials, oil and gas operators and contractor management will discuss working in
a regulated industry, the challenges regulators and operators face and the intersections between them which are
permitted activities.
Speakers: Stephen Bohlen, Lawrence Livermore
National Laboratory; Trem Smith, Berry Petroleum
Corp; Christina Sistrunk, Aera Energy; Megan Silva,
Aera Energy; Tom Umenhofer, vice president, Operations—Western States Petroleum Association; Mike
Montgomery, assistant director, Water Division—
USEPA Region 9; Cameron Campbell, Inland District
Deputy—California Department of Conservation,
Division of Oil, Gas and Geothermal Resources; Nikki
Martin, president, IAGC; and John Borkovich, Groundwater Monitoring section chief, California State Water
Resources Control Board.
Impacting Society: Frontiers for Geophysicists:
Wednesday, Oct. 17, 8:30 a.m. to 11:30 a.m.—Level 3,
Ballroom B
Inadequate access to energy and freshwater plagues
billions and accelerated urbanization often concentrates
people into disaster-prone areas. What has our community already done to help provide water, identify and
mitigate natural disasters, and help design more efficient
cities, and how can we do it better?
SEG DAILY NEWS | OCTOBER 15, 2018 | PREVIEW
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Basin-scale RTM Migration Delivers Seamless Data
in Santos Basin
Seismic data from 11 separate surveys have been merged into a single broadband product.
CONTRIBUTED BY PGS

P

GS’ largest ever migration has been completed to
deliver the final data products for Santos Vision.
More than 34,000 sq km (13,127 sq miles) of seismic data from 11 separate surveys have been merged
into a single seamless high-quality broadband product
covering a large swath of the prolific Santos Basin.
The Santos Vision program satisfies the industry’s
demand for accurate seismic imaging of the presalt
See SEAMLESS DATA continued on page 11
Left, presalt imaging is key for mitigating risk in the
area. With a data-driven approach utilizing both FWI
and tomography generated continuous velocity model
updates through the salt and into the presalt, this
avoids an imprecise horizon-based velocity boundary
at the base of salt. (Image courtesy of PGS)

Software Extends Field Life,
Maximizes Value of Large Datasets
A new software provides improved onshore data handling and delivers powerful new workflows through improved
knowledge management and machine learning.
CONTRIBUTED BY IKON SCIENCE

I

kon Science has released RokDoc 6.6.0 and launched
the RokDoc Reservoir Monitoring product, with a
continuing focus on enabling E&P companies to
improve efficiencies, reduce costs and maximize return
on investment.
RokDoc supports corner point grid data, allowing
the integration of static (geomodel) and dynamic (flow
simulation) property models into 3-D/4-D shared earth
models that can be utilized for 4-D time-lapse feasibility
and “close the loop” workflows. Using this comprehensive new toolset, asset teams can work collaboratively to
update geomodel and simulation data with information
from 4-D seismic and other sources.
During the SEG conference, the Ikon Science team,
along with industry thought leader in 4-D technology, Dave Johnston, will deliver a number of talks and
demonstrations of these new capabilities.
“With numerous oil and gas basins across the globe
entering into a new era of late-stage production and
decommissioning, it is more important than ever that
technology keeps pace and enables economic tail-end
production to be realized and vital infrastructure to be
preserved,” said Kester Waters, global portfolio manager, reservoir. “In order to achieve this goal, we need
to handle larger, more complex, multivintage datasets
and apply algorithms that are capable of delivering
more information both spatially and temporally and at a
higher resolution. This new software release is delivering
solutions that help our clients to do that.”

Case studies

At the company’s booth, Ikon Science also will be unveiling new case studies demonstrating recent improvements
in the field of corporate knowledge management, allowing the capture, aggregation and management of rock
property information and providing a framework for
large-scale machine learning and artificial intelligence
applications. The case studies, which will be presented in
a lunch and learn on Monday, Oct. 15, will demonstrate
Ikon’s machine learning approach to quantitative interpretation, leveraging the knowledge management system to identify, extract and deliver high-quality data for
4

A 3-D perspective of a 3-D/4-D shared earth model shows geomodel and simulator properties combined with 3-D
and 4-D seismic properties (inverted ΔSw and facies) to deliver an integrated interpretation of the subsurface.
(Image courtesy of Ikon Science)

training of machine learning algorithms using RokDoc’s
External Interface. Machine learning algorithms can
then be rapidly deployed across assets delivering novel
solutions to subsurface E&P and drilling challenges.

Improvements, new capabilities

RokDoc 6.6.0 also has numerous usability and workflow improvements for handling of large well datasets,
with the addition of new multiwell selection capabilities
across the software. The software now supports the loading, manipulation and conversion of gather datasets with
irregular offsets, common in land-based projects. End
users can move seamlessly from well-based rock physics, pressure and geomechanical analysis of conventional
and unconventional reservoirs through to data-driven,
3-D seismic reservoir characterization, delivering 3-D
analytical geomechanical, petrophysical and elastic
property models in a single, unified platform.
“While many mature basins are seeing the onset
of decommissioning projects and while U.S. onshore

unconventional production creeps ever higher, several new regions (e.g., Mexico, Guyana and the Eastern
Mediterranean) are emerging as significant new players,
coinciding with a renaissance in deepwater drilling,” said
Alexander Edwards, global portfolio manager, wells. “As
well as these significant new areas and discoveries, there
is considerable and growing activity in underexplored
regions of West Africa, GoM [Gulf of Mexico] and East
Coast Canada among others, with some key new wells
currently being drilled or planned in the next 12 months.
In these data-poor areas, it is vital to leverage all available information and to integrate that information optimally to reduce uncertainty and risk.”
The RokDoc 6.6.0 software delivers new capabilities
that facilitate this integration and analysis allowing, for
example, the use of basin model derivatives to drive
Ikon’s Joint Impedance and Facies Inversion as well as a
significant number of new pore pressure and rock physics models that can be applied across the full spectrum
of 1-D through 3-D/4-D workflows. n
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Modern Facies Analysis Brings Greater Accuracy
to Reservoir Models
A new facies-first technique provides greater geomodel accuracy to optimize reservoir appraisal and assessment.
CONTRIBUTED BY CGG GEOSOFTWARE

D

eriving facies models from the outcomes
of seismic inversions and their derivatives
has become standard practice in reservoir
characterization workflows. Although facies
classification methods are rooted in Bayesian inference
theory, they continue to evolve. CGG GeoSoftware
has included some valuable new capabilities to
improve facies analysis within its Jason Facies & Fluids
Probabilities (FFP) interpretation tool as part of its new
10.0 release of Jason Workbench scheduled for the end
of this year.
Bayesian classification methods are dependent
on the prior information, or “priors,” supplied to
them. Of critical importance is the development
of 3-D priors for the Bayesian estimation of facies.
The move to 3-D prior information facilitates the
encoding of layer ordering information, providing
greater accuracy over simpler layer proportion
methods. Three-dimensional priors are constructed
with probabilities from petrophysical facies analysis,
averaging over wells and ensuring structural
compliance. Because of this implementation,
dependency on well log interpolation is not needed.
Prior information can come from other sources too,
such as gravity or magnetic data.

domains, incorporating rock physics templates, make
the derivation of appropriate and useful facies much
more achievable. Any changes in the petrophysical
facies definitions are immediately reflected in the
elastic crossplot.
The concept of per-facies trends is an important
one in both depth-dependent facies analysis and
the creation of low-frequency models (LFMs) for
inversions. In previous work, CGG GeoSoftware has
used 3-D priors to obtain initial facies estimates after
a first pass of amplitude versus offset (AVO) inversion,
using a simple but structure-compliant LFM derived
from logs.
With the new features available in Jason FFP, users
will be able to follow the strategy of a facies-first
approach so that facies estimates coupled with per-

facies trends can be used to build 3-D low-frequency
models for AVO inversions, again without any well
log interpolation. The inputs are seismic partial-angle
or offset stacks with wavelets removed (i.e., a quick
post-stack inversion). The derived LFMs incorporate
statistics, which can vary by geologic layer, respect
dip and faulting and provide a better starting model
for prestack inversion. A post-AVO inversion facies
analysis confirms that the facies derived from the
AVO inversion outcomes are consistent with the initial
estimates but exhibit fewer false positives and wrong
facies identifications.
For more information, SEG attendees can visit
John Pendrel’s presentation at 4:20 p.m. during
Monday afternoon’s technical session (AVOSI 1) in
Room 206A. n

In this Bayesian facies analysis of a Barnett Shale
dataset, green represents litho-facies with the highest
quartz content and the greatest brittleness. (Image
courtesy of CGG GeoSoftware)

Deterministic inversions produce single sets of elastic
properties. It is widely recognized that there must be
some uncertainty about these values. This uncertainty
is represented by the scatter around the best-fit line to a
crossplot of filtered logs versus inversion outcomes. The
residuals from the best-fit line are plotted as a histogram
and modeled by their own probability density function.
These are then formally incorporated into the Bayesian
analysis so that facies estimates, along with their
probabilities of occurrence, account for uncertainty,
facilitating risk analyses. For these reasons, it is preferred
to perform a facies-inversion workflow that can be run
as a single application or separate steps, enabling these
important quality controls.
Bias is a classic problem in seismic inversion and can
arise as algorithms are challenged to resolve thinner
and thinner beds. The typical result is that layers
look larger than they are and properties estimated
from them are compromised. Derivatives, such as
porosity, created from biased inversions also will be
affected. In CGG GeoSoftware’s workflow, any bias is
captured and automatically encoded into the Bayesian
analysis and the datapoints on the elastic crossplot are
relocated. Therefore, the estimated facies are assured
to be accurate.
Estimated facies sometimes fail to meet the
needs and expectations of geomodelers. Dual facies
crossplots in both the petrophysical and elastic
SEG DAILY NEWS | OCTOBER 15, 2018 | PREVIEW
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Real-time Drainage Forecast While Fracturing
Accounting for reservoir heterogeneity by enabling real-time adjustments to treatment parameters
can help improve capital efficiency, especially for high-wellbore-density developments.
CONTRIBUTED BY MICROSEISMIC INC.

A

ccounting for variability in geology and reservoir parameters is one of the most challenging
tasks for operators in the unconventional space.
Add in pressure depletion effects from adjacent parent
wells and the variability between nearby wells can reach
up to 50%. Recent multidisciplinary industry projects in
the Eagle Ford Shale and the Midland Basin have shown
how complex the fracture networks are that operators
create with hydraulic stimulation and how different they
are from current fracture mechanics models used in the
industry. Microseismic monitoring has long been a tool
to see how individual stages are treating in real time, but
rarely ever were changes made on-the-fly. Most applications were limited to avoiding stimulating geohazards,
such as faults or unfavorable fracture sets, to avoid fluid
loss, casing failure or communication with water- or
H2S-bearing zones. Using MicroSeismic Inc.’s Completions Engineering workflows the industry has access to
an effective tool to customize the treatment design for
every stage in real time to achieve optimum stimulation
and recovery.
Identical treatment designs for every stage on a
wellbore do not account for variability in geology or
stress state along the lateral, which can either reduce an
operator’s capital efficiency due to overstimulation or
leave resources behind. To make real-time adjustments
of treatment parameters, such as slurry rate, proppant
concentration or overall slurry volume, MicroSeismic Inc. provides drainage forecasts based on source
mechanisms and the propped portion of the imaged
discrete fracture network (DFN) by utilizing a RealTime Drainage Visualizer.
The new visualizer includes a Production Potential
Model (PPM) that provides insights into wellbore interference and identifies bypassed reservoirs in real time to
facilitate changes to the treatment resulting in increased
production and ultimate recovery. The PPM is a finite
element fractal representation of the reservoir where
each element inherits the production characteristics of
the well that will produce from it. Flow characteristics
are based on focal-mechanism-derived fractures in the
DFN. Utilizing a fast-marching method to determine

optimal flow paths and relative start times for each element, it identifies a pathway back to the wellbore. The
PPM is designed to honor the supplied type curves for
each well and show how that production is distributed
throughout the reservoir volume to identify wellbore
interference and bypassed resources.
The PPM has been validated against history-matched
reservoir models to ensure accuracy when visualizing
drainage volumes used to adjust treatment parameters

FIGURE 1. A gun-barrel view displays productive SRV for two eight-well case studies. Image A shows overstimulation due to identical treatment design and lack of customization to reservoir parameters. Image B shows the
result of real-time enabled adjustment of treatment parameters to meet specified drainage requirements for the
given wellbore spacing. (Image courtesy of MicroSeismic Inc.)

on-the-fly to ensure the required drainage volume and
ultimate recovery are met for a specific wellbore spacing. MicroSeismic Inc. believes this will be of special
importance in multitarget high wellbore density areas,
such as the Permian Basin, where suboptimal development can lead to billions of dollars in destroyed
resource potential. Image A in Figure 1 shows a case
study for a target zone where overstimulation has
destroyed net present value due to overstimulation.
The propped fracture volumes shown in a gun-barrel
view for eight wells severely overlap and will compete

,
Don t Feed the Coders!
Repro Zoo Goes Beyond Digital

L

ed by SEG, the Emerging Professionals International Committee (EPIC) and Agile, a new event
at the SEG Annual Meeting called the Repro Zoo
will work toward making the entire catalog of geoscience
literature reproducible. The event will take place during
regular exhibition hours at booth 749 in the Digital
Arena section of the exhibition hall.
The first wave of digital transformation was about
digitization. The SEG Digital Library is fully digitized—
from bibliographic records to the content. The Repro
Zoo is an experimental step beyond “just digital,” with
the goal of making the entire catalog of geoscience literature reproducible. This means accessible, openly licensed
data, open implementations of algorithms and complete
scientific transparency in how results were obtained.
Picture an open, welcoming space on the exhibition
floor. People can wander up and immediately start con-
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Accounting for reservoir heterogeneity by enabling
real-time adjustments to treatment parameters, such as
injected volume, pump rate and proppant concentration,
can help improve capital, efficiency especially for high
wellbore density developments. Early field testing of
the Real-Time Drainage Visualizer and the PPM show
promising results that have been validated by numerical
simulation. Customized treatment designs enabled by
MicroSeismic Inc.’s Real-Time Completions Evaluation
workflows are the latest step in a fast-paced history of
shale development innovations. n

Visit the SEG
Book Mart

All-inclusive new event strives to make catalog of geoscience literature reproducible.
CONTRIBUTED BY SEG

over the same volumes in long-term production. They
exceed the required drainage volume for the given
wellbore spacing and will show significant interference
early in the production cycle. Image B shows a custom
treatment design enabled by real-time monitoring. The
productive stimulated reservoir volume that contains
the propped DFN is more appropriate for the wellbore
spacing and avoids overspending and delays communication between wellbores for improved recovery.

tributing. Contributions can be as simple as a couple of
votes for a favorite figure or paper, or as committed as a
couple of hours of coding.
Participants will use the content in SEG’s most downloaded and cited publications to test and reproduce
geophysical scholarship. People can contribute in lots
of ways—nominating papers or figures, helping digitize
or enter data, coding algorithms and visualizations, testing the submissions, getting involved on social media
(#reprozoo), reviewing and documentation, etc. Anyone
can participate.
Reproducible research is one of the tenets of
scholarship. The act of reproducing another geoscientist’s findings has educational value for the
researcher, the reproducing geoscientist and the
community as a whole. There is much interest from
the scientific community to strengthen reproducibility and reuse of research. Contribute to the
reproducibility of the science and its future at the
Repro Zoo. n

Located on the second level of the convention center, just outside of the technical
session rooms, the SEG Book Mart is the
destination to find the applied geophysics
content you need. Many of the most popular
titles are on sale, and all attendees pay the
meeting price regardless of membership status. Shopping hours are Oct. 14 from noon
to 8 p.m., Oct. 15 to Oct. 18 from 7:30 a.m. to
6 p.m., and Oct. 19 from 7:30 a.m. to 1 p.m.
Join us on Monday, Oct. 15, from 10:30
a.m. to 11 a.m. to have Kurt Marfurt sign
your copy of his new book, “Seismic Attributes as the Framework for Data Integration
Throughout the Oilfield Life Cycle.” Other
new titles include “The Seismic Signal and
Its Meaning” by André Luiz Romanelli Rosa
and “Introduction to Petroleum Seismology,” second edition, by Luc T. Ikelle and
Lasse Amundsen. Selected titles from AAPG
and SPE also will be available. n
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Connecting Subsurface Intelligence
with Surface Operations
A new digital twin proxy is set to transform operational efficiency.
BY HASSANE KASSOUF,
EMERSON AUTOMATION SOLUTIONS

D

espite the recent oil price optimism, returning to
pre-2013 operational tactics seems unlikely. The
demands for digitalization and automation from
oil and gas operators are rising at unprecedented speed.
By 2020 well over 20 billion Internet of Things (IoT) devices will be connected, with more than 5 billion devices
starting to use edge intelligence and computing to usher
in the next phase of digital transformation.
Furthermore, volatile oil prices and super-fast drilling operations have become today’s new global normal.
It is increasingly difficult to build E&P plans that can be
operationally credible and still make financial sense a
year or two into execution. A new emerging concept, a
proxy digital twin, is starting to bridge this gap by virtually connecting services between all surface and subsurface components of the exploration-to-market value
chain. Cloud-based connectivity between device sensors,
combined with reservoir artificial intelligence (AI) capabilities that scan massive amounts of geological and historical production data using parallel computing, enables
full-scale operational control and collaboration between
the subsurface reservoir and across surface operations.
The digital twin impact is beginning to spread
from manufacturing, where it initially helped prevent
unplanned shutdowns by pinpointing root-cause prob-

lems in machinery, into what is called “connected services.” These, for example, use subsurface E&P software
to provide data about failures in wells or optimization of
production operations and flow farther down the chain.
So what is driving this evolution? Managers are making very high-risk decisions about future investment and
development strategies at staggering costs. Conventional
production operations are dated, expensive, time-consuming and uncollaborative, leveraging only a negligible fraction of data relative to the volumes collected. To
provide some context, Emerson Automation Solutions’
research, in step with industry data, shows that more
than 65% of projects greater than $1 billion fail, with
companies exceeding their budgets by more than 25%
or missing deadlines by more than 50%.
To reverse current industry trends of capital project cost and schedule overages, subsurface knowledge
must be made available at the speed of surface operations. Today, digitalization is making that possible.
Software will connect surface and subsurface technologies with automation and control systems, modeling
and simulation systems, and human operations. The
Industrial Internet of Things and AI are driving the
speed and scale at which Big Data can be translated into
actionable findings and reproduced across asset value
chains. What is the outcome? Accelerated operations,
increased recovery factor and minimized capex are all
at reduced risk. Predictive analytics directly translates
to operational and project efficiency.

How is it that industrial automation players can lead
this transformation? They have a front-row presence in
digital transformation initiatives of thousands of clients
and their organizations. What Emerson has observed is
that if a cross-organizational digital adoption culture is
established in advance, then product and IT automation
stands a chance. Once actionable data starts flowing
through a connected Big Loop via an AI-enabled software infrastructure, more holistic questions about how
to improve the bottom-line business value will emerge.
Patterns will start to surface from the activity. Oil and
gas users will be encouraged to ask questions like: where
exactly will maintenance be planned in the hydrocarbon
flow process from the reservoir to the well to the pipeline to improve HSE practices, or does it make sense to
build a predictive model for data flowing from sensors
to allocate the right equipment? That is when and where
breakthroughs will happen. Insightful questions can be
asked, not just about today’s problems, but about future
problems as well.
By leveraging predictive analytics, machine learning
and IoT-connected sensors, it is possible to improve
E&P operations by intelligently using greater masses of
data, including seismic, production and historical drilling, to help validate and perpetually refine predictive
reservoir models. Reservoir-driven digital collaboration
also optimizes production and flow from upstream into
midstream and downstream operations, eliminating the
remaining area of pervasive inefficiencies. n

Celebrating 10 Years
2008

2018

NEW THIS YEAR!

Business of Applied Geophysics Plenary Sessions.
Included with your full-delegate registration.

Southern Gulf of Mexico:
Challenges and Opportunities
Today, 1:50-5:50 PM
Level 3, Ballroom B
Due to its rather recent opening and energy
reform, Mexico is in the limelight of the oil and
gas industry. The aim of this session is to listen
to key representatives of the Mexican government
and international leaders providing industry
insights, current challenges, latest developments,
commercial opportunities, and networking activity
related to the Southern portion of the Gulf of
Mexico. Download the SEG Events mobile app for
the latest information.

Join us as we celebrate 10 years
of supporting humanitarian applications
of geoscience around the world.
Monday, 15 October
6:00 PM–7:00 PM

Hilton Anaheim, Fourth Floor, Laguna A

All are welcome!
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Seismic Data Analysis Software Addresses Efficiency
Software offers time processing with advanced packages for land and marine data.
CONTRIBUTED BY SHEARWATER GEOSERVICES

A

great deal has happened at Shearwater in the
two years since the company officially launched
at the SEG exhibition and conference in 2016.
This year at its booth the company will showcase the
growth and technical innovations it has implemented
during that two-year period. The daily on-booth presentations will highlight the very latest new technology
and algorithms within Reveal, the company’s intuitive
and interactive seismic data analysis software package
that is constantly evolving. Reveal offers time processing
with advanced packages for land and marine data as well
as depth imaging packages in Kirchhoff prestack depth
migration, tomography, reverse time migration (RTM),
model building, well log analysis and full waveform inversion (FWI).

Each day of the exhibition, via a series of regular presentations and live demos, the company will be demonstrating
the newest advances in land statics, depth imaging, hands-on
Python coding and machine learning velocity picking.
Understanding the complex challenges of processing and
imaging 2-D and 3-D land data is key, and the booth presentations will demonstrate how the Reveal software’s message
passing interface-enabled land processing tools accurately
determine and correct for refraction and residual statics.
Reveal’s depth imaging and modeling tools incorporate well and cultural information into the same graphical user interface as all the other processing tools, which
allow surface seismic data to be combined with well logs
and horizons to optimize the model-building process.
Shearwater’s RTM imaging technique is particularly
suited to geology with rapid or sudden lateral changes
in velocity that cause significant distortion of the wave-

The Reveal software’s message passing interface enables land processing tools to accurately determine and
correct for refraction and residual statics. (Image courtesy of Shearwater GeoServices)

front. The use of the two-way wave equation also allows
clear imaging below the most complex overburdens.
The Shearwater FWI iterative tomographic technique
is driven directly by differences between the true seismic data and synthetic data modeled with the estimated
earth model. All modeling is performed using an accurate solution to the two-way wave equation, which leads
to a much greater resolution in the inverted model than
can be achieved through conventional ray-based tomographic algorithms. FWI is fully integrated within the
Reveal platform, enabling easy incorporation of inversion into larger model-building workflows. For example,
intermediate output models can readily be used to test
gather flattening as the inversion proceeds.
For Reveal software licensees, the Shearwater
hands-on Python coding booth presentation will be
of special interest as it focuses on Reveal’s application
programming interface (API). This Python, C++ and
Java developer’s environment gives users the flexibility
to create and incorporate their own algorithms into any
Reveal workflow and to run their own code efficiently.
The APIs also can expand to cluster-scales with open
multiprocessing and message passing interface, thereby
increasing their code’s capabilities within Reveal.
Machine learning is a very hot topic in the industry,
and Shearwater’s machine learning velocity auto-picking
is no exception. The algorithm reduces the number of
spurious picks and calculates solutions that most accurately reflect the change in velocity from one location
to the next, based on the quality of the data. The daily
presentations at the company’s booth will demonstrate
its machine learning-assisted velocity auto-picking,
along with its machine learning horizon auto-picker. The
company’s experts will show how they use unsupervised
learning to auto-pick velocities from hand-picked seeds
as well as supervised learning to auto-pick horizons from
hand-picked seeds. Attendees also will get to see how the
auto-picked horizons are used to obtain a horizon-constrained velocity model in a much shorter time when
compared to just hand-picking alone.
Visit booth 1601 for more information. n

Digitize the World—Time to Get Out of the Box
With billions of dollars of E&P data trapped in physical storage, the oil and gas industry is still struggling
with the transformation from paper to digits.
CONTRIBUTED BY KATALYST DATA MANAGEMENT

D

ecades of data acquisition in the oil and gas industry has amounted to trillions of dollars spent
to discover what’s hidden beneath the subsurface. Now that data archive volumes have become insurmountable, many companies are investing their dollars
to discover what’s hidden in their data archives. With the
need to re-evaluate existing fields, reprocess historical
data and revisit former prospects, the untapped value
buried within boxes and boxes of data can only be imagined. Now that data analytics has started to play a major
role in E&P decision making, these volumes of historical
data must be accessible.
The problem is that data analytics software cannot
upload data from a cardboard box or a physical tape.
Every company handles their legacy data differently,
but most all of them have an original copy of their data
stored somewhere in physical storage. The boxes of data
may contain computers, tapes, reels or various magnetic
or paper media, all containing millions of dollars’ worth
of valuable information. But the data (and its value)
remain trapped in an unusable format.
Now that nearly every play is being re-evaluated, the
historical data that go with it must be accessed. Not just
exploration data but all of the records associated with a
8

well, prospect, play or field can provide the answers and
insight, which can make or break an exploration prospect.
If this information was accessible, it could provide a
wealth of information on potential new discoveries, optimizations and the successful application of new exploration and exploitation technologies. But much of it is
still on paper. As much as the phrase “analog to digital”
has become almost a given in today’s world, there is still
much work to be done in the oil and gas industry.
Digitization is hardly a buzz word, but it may as well
be in terms of the way it could revolutionize the subsurface data programs for companies whose vast data
archives reside on paper or some other form of inaccessible media. Going from “paper to digits” for seismic,
well logs, well files, maps, graphics, reports and the like
could provide the equivalent of rocket fuel for an exploration company’s geoscience department and data analytics program.
Bringing a warehouse full of data archives up to speed
for a digital world is a considerable undertaking. Katalyst Data Management has spent the past 40 years
assisting oil and gas companies with their subsurface
data volumes and has created a software platform specifically tailored to the needs of geoscientists. Known as
iGlass, the Professional Petroleum Data Management
Association platform is capable of managing any type
of subsurface data in digital format. The interface has a

user-friendly GIS platform, is accessible via a multicloud
environment and maintains more than 30 petabytes of
subsurface data.
The caveat is that the data must be in a digital format. To bring decades worth of subsurface archives up to
today’s technology, Katalyst has spent decades collecting
and restoring legacy computer equipment, filling its data
centers with servers, scanners and data experts to create
a well-oiled digitizing machine ready for any size of project. The results are that the mystery box is revealed. Like
an interpreter turns squiggles into geological histories,
the boxes of data become a digital, accessible resource,
ready to upload data into a digital database for data management, interpretation and analytics.
Most subsurface data are organized spatially via the
iGlass map and then further broken down by the metadata and other information that is most useful for each
data type. What comes to the surface is a wealth of information that can benefit geoscience analysis, business
process efficiency and management decision. All processes are at cycle times that are an order of magnitude
faster than hunting through storage and boxes.
“Paper to digits” is a reality for every company and an
especially lucrative one for the oil and gas industry. Katalyst is focused on guiding oil and gas companies through
this process and on a mission to digitize the world. For
more information, visit SEG booth 1935. n
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Multiclient Inversion Project in the Delaware Basin
Partnering companies are nearing completion on a multiclient seismic characterization project
over a recently acquired seismic survey called Red Tank.
BY ANDREW LEWIS, FAIRFIELD GEOTECHNOLOGIES

T

he Delaware Basin is a prolific basin for unconventional hydrocarbon exploitation. Fairfield Geotechnologies has acquired more than 7,770 sq
km (3,000 sq miles) of seismic data throughout the Delaware Basin, and the company’s library continues to grow.
Seismic data are critical to gain an understanding of subsurface complexities. To make the most of these data, Fairfield Geotechnologies has partnered with Ikon Science to
provide seismic characterization and earth modeling.
Fairfield Geotechnologies and Ikon Science are
nearing completion on a multiclient seismic char-

acterization project over a recently acquired seismic
survey called Red Tank. Red Tank, acquired using
Fairfield Geotechnologies’ ZLand system, encompasses 984 sq km (380 sq miles) in New Mexico’s
Lea and Eddy counties. This densely sampled, fullazimuth seismic survey was acquired and processed
to maximize the benefit of quantitative interpretation.
The vibroseis sweep in this survey starts very low at 2
Hz to benefit bandwidth on the low end of the spectrum. The low frequencies are further enhanced using
a geophone correction during processing to ensure
the broadest possible bandwidth. Holes in the acquisition are addressed using a proprietary 5-D interpolation algorithm. Finally, a post-migration gather

Acoustic impedance from conventional simultaneous inversion (left) is compared to Ji-Fi (right). (Image courtesy
of Fairfield Geotechnologies)

conditioning sequence is used to refine the imaging
and increase the signal-to-noise-ratio of the seismic
data prior to inversion.
Ikon Science has developed an approach to seismic inversion called Ji-Fi (joint impedance and facies
inversion), which simultaneously solves for elastic rock properties and most likely lithofacies. This
approach has significant benefits over conventional
simultaneous inversion techniques. There is no need
to create a low-frequency model using this approach.
In the Delaware Basin, a poor low-frequency model
can lead to a poor prediction of thin discontinuous carbonate beds, which are important to identify
before drilling. Ji-Fi is based on a thorough regional
rock physics analysis benefiting the resolution of Ji-Fi
when compared to conventional simultaneous inversion. Additionally, the rock physics constraints used
in the approach help produce a more stable density
volume in many instances. The approach serves as the
basis for further analysis such as pore pressure prediction and geomechanics.
Fairfield Geotechnologies created a small well log
library within the Red Tank survey to use in the project.
Working with Ikon Science and the Bureau of Economic
Geology, the wells underwent a thorough and consistent
petrophysical analysis. Additionally, stratigraphic tops
for these wells were picked by industry experts at the
Bureau of Economic Geology.
See INVERSION continued on page 11

8TH NETWORKING EVENT OF THE SEG
WOMEN’S NETWORK COMMITTEE
Today, 6:00 PM-8:00 PM
Level 3, Room 303A
Members/Nonmembers: $40, Students: $10
Christina Sistrunk, President and CEO of Aera Energy,
will share her experiences with the crowd. With a
production of 125,000 BOPD, Aera Energy LLC is one of
California’s largest oil and gas producers, accounting
for 25% of the state’s production.
Maria Capello, Chair of the SEG Women’s Network
Committee, has graciously offered two copies of her
recently published book, Learned in the Trenches as door
prizes. The book shares the learnings and perspectives
of two pioneer women who waded the many challenges
posed by multiculturalism and gender in one of the
corporate environments more rigid and traditional in the
business world: the energy sector in the Middle East.
Includes hors d’oeuvres and a cash bar.
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BOOK SIGNING WITH
KURT MARFURT IS MONDAY!
10:30 AM-11:00 AM
Book Mart (Level 2, North Foyer near technical sessions)
Have Kurt sign your 2018 DISC book, Seismic Attributes
as the Framework for Data Integration throughout the
Oilfield Life Cycle!
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Vibroseis Source Vehicle Improves Broadband
Source Performance
Vibroseis source vehicle significantly increases low-frequency force output while maintaining a broad frequency band performance.
CONTRIBUTED BY INOVA GEOPHYSICAL

I

NOVA’s latest generation vibroseis source vehicle, the AHV-V TITAN, for broadband source
performance is designed to significantly increase
low-frequency force output while maintaining a broad
frequency band performance. The vehicle utilizes an
increased stroke length and a redesigned hydraulic
system to provide almost a doubling of force at low frequencies compared to conventional vibroseis. The hydraulic system has a faster response and a very stable
supply pressure to minimize cavitation to ensure high
force at low frequencies and greater stability at high
frequencies. Major improvements in the baseplate and
airbag design also result in better coupling, reduced
harmonic distortion and a more accurate and repeatable source signature.
The performance of the AHV-V TITAN is highlighted
in Figure 1, which illustrates the difference in low-frequency energy output from TITAN compared to a conventional AHV-IV 380.
The AHV-V TITAN has a flexible design that allows
two different weight configurations on the same vehicle, one providing a peak force of 60,000 lb (267 kN)

and the other providing a
peak force of 80,000 lb (356
kN), allowing TITAN to
service both the heavy and
super heavy vehicle weight
classes. The vibrator is capable of operating over a wide
frequency range from 1 Hz
to 130 Hz dictated by ground
conditions and source controller settings, including
drive level, peak force and
hold-down weight. These
features along with the
mechanical design improvements contribute to providing enhanced broadband
FIGURE 1. Theoretical force profiles of the AHV-IV 380 vibrator are compared to
geophysical imaging.
AHV-V. (Image courtesy of INOVA Geophysical)
TITAN is powered by
a new Cummins 589 HP
engine, which is significantly quieter and more fuel
The AHV-V TITAN, combined with a high-perforefficient than previous engines and can optionally
mance source controller such as Vib Pro HD and INOsupport Tier 4 Final engine emissions standards. The
VA’s custom sweep design service, provides the industry
vehicle can be supplied with a wide variety of safety
with a vibroseis solution, pushing the limits of broadand convenience options.
band source energy on a hydraulic vehicle platform. n

Can AI Help Interpreters?
Companies are working to solve the hiccups.
BY RHONDA DUEY, SENIOR EDITOR, EXPLORATION

A

rtificial intelligence (AI) is not exactly new, but
the oil and gas industry has struggled to find a fit
for it in several sectors.
One of the issues with AI might also be one of its
strengths when it comes to interpretation. While AI systems can rapidly track through reams of data, they need
to be trained to quickly find patterns that some geoscientists might miss. “Seismic interpretation and processing are very human-intensive and knowledge-intensive,”
said Ulisses Mello, director of the IBM Brazil Research
Laboratory. “It’s parallel to doctors. Seismic is similar to
radiology because technicians have to sift through thousands of images. The idea is to assist in a process that
makes sense.”
A key component of interpretation is pattern recognition, Mello said, but biases can cloud the truth. “A lot of
geoscientific expertise leads to bias,” he said. “If you have
a geologist who’s worked his whole life offshore Brazil,

he can go to West Africa and be helpful. But Colombia?
Not so much.”
IBM is working with Galp to address the challenge
of incorporating AI into the geoscience workflow.
After a three-year project partially funded by a Brazilian agency, a prototype tool has been developed to
use AI and other technologies to help geoscientists
identify and evaluate exploration prospects as well as
risk assessments and the interpretation of 3-D seismic
images. But balancing the human element with the scientific element is as important.
“AI tools bring additional considerations—have you
considered this? Have you considered that?” Mello said.
“It accelerates the knowledge transfer quickly.”
One goal of the tool is to speed up transfer between
the old guard and the new guard. The prototype, Mello
wrote in a blog, “automates the analysis of technical documents (including notes made by research scientists),
provides advice and suggestions on possible interpretations of subsurface images and aids in risk assessments.”

He added that the tool integrates information from multiple sources, including published papers.
“In Brazil it takes more than three years for companies to catch up, which is why they partner with other
companies to gain the domain expertise,” he said. “If a
tool could read every paper or report in Portuguese that
Petrobras ever published, it would speed things up.”
Mello said the prototype will reside on current applications that are already available to the industry, and the
intention is to make it commercially available at some point.
While the geoscience industry is gifted at many things,
this has still been a learning curve for the research group,
and Mello said things like learning how an interpreter
actually looks at a seismic section through eye-tracking
devices helped to understand how interpreters make
decisions and make the product intuitive.
“Different professionals go through different paths,
and that’s trickier for the system to learn because geoscientists are not very linear in the way they think,” he said.
“It’s an exciting new area.” n

through mentorship and consulting. They, too, need
avenues of engagement.”
Other goals in the year ahead for the new president
include building on the conference theme of “One
World. One Geophysical Community,” through the
establishment of regional offices and the continued
enhancement of the organization’s online offerings
to help make geophysics more widely available to
natural resource and energy communities all over
the world.
“We’re looking at being better able to provide services
and knowledge,” he said. “I also would like to increase
the broad impact of geophysics and its range of applications. We can work more with creating resilience against
natural disasters and hazards, be more involved with
urban infrastructure and in geotechnical engineering,

integrate our views with those of remote sensing and
planetary exploration.”
In looking back over his time with SEG, Stewart sees
the organization as the professional, but comfortable,
home for applied geophysicists.
“Much of the magic of our professional lives is made
at meetings—reacquainting with old friends and colleagues, making plans for new projects, providing and
engaging services, learning something new,” he said.
“We’re fortunate to be able to make scientific contributions via the SEG, then apply them to the world of practical resources and energy. That’s so important and critical
to our society’s prosperity. Our goals are to understand
the Earth with its properties and processes and to find
and produce resources conscientiously. SEG is our home,
and the Annual Meeting is our place to do that.” n

GEOPHYSICS
(continued from page 1)

employee, contractor, and later as a professor to
continue SEG’s efforts to encourage and support a
wide diversity of experience, regions and fields of
geophysical application.
For example, regarding young geophysicists, he said,
“On account of the previous boom in resource prices, we
have a wave of recent graduates and young professionals
trying to get a foothold in the industry. So, we’re encouraging a move of many of our offerings and services in
that direction.”
The SEG has traditionally been very supportive of
students, he noted. “We have many student leadership
programs, scholarship opportunities and field efforts,”
Stewart said. “We also have a major outgoing group of
highly experienced, capable and senior people that we
hope will continue with us and pass on their wisdom
10
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SEAMLESS DATA
(continued from page 4)

hydrocarbon plays offshore Brazil and delivers the most
comprehensive and geologically sound dataset to date. It
mitigates exploration risk and provides a reliable seismic
foundation to pursue new opportunities.

Subsurface geology, seismic solutions

Challenges in the Santos Basin primarily relate to the
reservoir targets, which are localized in presalt carbonate buildups underneath heterogeneously layered evaporate sequences (LES), i.e., salt, and interbedded with
volcanic rocks. On legacy data the presalt image is not
well expressed, so the complexity of the salt and the differing character of the post-salt carbonates throughout
the area need to be understood and incorporated into
the velocity model-building process. The high degree of
complexity within the LES and the presence of areas with
good reflectivity and others with little or no reflectivity
must be accounted for in the modeling to obtain clear
images in the presalt.
One major objective of the reprocessing was to image
the presalt stratigraphic signature and rift architecture
as these are directly related to the play type characterized by presalt carbonate buildups along tilted or uplifted
fault block highs. Santos Vision delivers high-granularity
imaging of the base salt and reveals reservoir presence,
and accurate imaging of the rift fault patterns beneath
the salt mitigates the risk of CO2 invasion.
Utilizing a velocity modeling process that avoids a
hard velocity boundary at the base of the salt has enabled
the production of a high-quality image. A data-driven
approach was favored with continuous velocity updates
throughout the salt and the presalt section using both
full waveform inversion (FWI) and tomography for
velocity model building. The velocity updates were
rigorously validated against geological conformity and
structural constraints.

INVERSION
(continued from page 9)

A good velocity model

One large, consistent velocity model is available for Santos Vision. It was built using a combination of geological interpretation, hyperTomo and FWI through the
post-salt sediments to achieve an optimum and accurate
velocity model of the area. Capturing the variability in
the post-salt Albian carbonates and the avoidance of a
hard velocity boundary at the base of the salt were key
to this solution.
On a regional level, a domain approach addressed the
variability in post-rift architecture, including the character of the dominant salt geometries and associated
post-salt sediment cover. PGS’ implementation of FWI
utilizing the full wavefield was deployed. Following
the success of FWI in the post-salt sediments, it was
pushed deeper than ever before. Reflection-based FWI
enabled robust velocity updates in the presalt section
and down to the acoustic basement throughout the
entire 34,000-sq-km area.

The Red Tank seismic characterization project
focuses on an interval from the top of the Bone
Spring through the Wolfcamp Formation. The
Bone Spring interval is a tight, low-permeability,
thick carbonate with interbeds of siliciclastic mudstone. The Wolfcamp interval has discontinuous
thin bedded carbonates within an organic rich
shale with some sandstone. It is clearly evident that
the geology in this stacked play is very heterogeneous. Ji-Fi is capable of identifying some of this
heterogeneity even at very low frequencies. Beyond
characterizing the complex geology, this project is
geared toward identifying optimum landing zones
and reducing geosteering errors. Using the highfidelity rock property volumes from Ji-Fi, Fairfield
can start to understand the relationship between
geology and fracture stimulation design. Furthermore, this information can be used to assess the
relationship between geology and production in an
effort to maximize the productivity of new wells.
For more information, visit the Fairfield Geotechnologies and Ikon Science booths at SEG. n

Imaging solutions for complex challenges

Merging 11 surveys of varying acquisition vintages and
layouts to provide a seamless broadband dataset is not
straightforward. The solution was a robust broadband
processing sequence and a monster reverse time migration (RTM), using a much greater number of angle
gathers than the industry standard, to deliver consistent
quality over the whole area. The result is an excellent
presalt image, better than previously achieved, and the
advantage is being able to pick and choose data without
worrying about consistency.
Imaging deliverables include a full bandwidth Kirchhoff high-fidelity image and 35-Hz RTM and least square
migration images, which feature illumination based
amplitude compensation for better presalt resolution
and rift fault imaging.

Determining leads, mitigating risk

Now with a large-scale view in a single dataset, Santos
Vision offers exploration companies access to accurate
data and images to improve exploration, reduce risk and
create their own vision of this prolific basin.
The successful workflow developed here is applicable
to the greater Santos and Campos basins, and PGS has
future reprocessing plans for the area. For more information, visit PGS at booth 1841. n

DIGITALIZATION
(continued from page 1)

Alumbaugh said
the BAG sessions,
which are scheduled for each day of
the conference, are
new to the annual
SEG show and will
run parallel to the
technical program.
Dan Hollis
General Chairman Dan Hollis said BAG program topics
include the Southern Gulf of Mexico (Oct.
15, 1:30 p.m.), Digital Transformation (Oct.
16, 9:30 a.m.), Operating in a Regulated
Industry (Oct. 16, 1:50 p.m.), Impacting
Society: Frontiers for Geophysicists (Oct.
17, 8:30 a.m.) and Return on Investment for
Unconventionals (Oct. 17, 1:50 p.m.).
Hollis said the creation of the BAG sessions was a result of the meeting’s technical
program committee identifying trends of
how economics, technology and social issues
impact geophysics. The sessions are open to
any attendee with full-delegate registration.
Alumbaugh noted that the conference’s
technical program committee also put an
emphasis on topics associated with characterizing the shallow subsurface.
“Thus we have six oral and six poster
sessions under the auspices of ‘near-surface’ as well as three special sessions that
are oriented to engineering and hydrology
applications,” he said.
Among the program sessions that
Alumbaugh said generated the most interest, based on the number of submitted
abstracts for particular topics, are Seismic
Full Waveform Inversion, Interpretation,
Machine Learning and Data Analytics, and
Reservoir Characterization.
Alumbaugh noted two special sessions
and one vertical seismic profiling session

will focus on the use of fiber-optic
distribution systems.
“The use of distributed acoustic sensing
technology has seen rapid growth in the
last few years, especially with companies
now deploying fiber optic in wells to provide long-term monitoring capabilities of
pressure, temperature and acoustic emissions downhole,” he said.
A session that Alumbaugh said could
be of interest for attendees working across
multiple disciplines is Geophysics and
Medical Imaging Applications.
“Geophysical and medical imaging methodologies share a plethora of similarities
and obey the same physics, with a primary
difference that optimal data acquisition is
much, much easier in the medical imaging realm than it is for geophysics,” Alumbaugh said. “That is, it is much easier and
less costly to surround a part of the human
body with sensors than it is to completely
surround a given volume of earth. This session will explore the similarities and differences between these two fields of imaging.”
Hollis suggested attendees view the conference’s official program to get a sense of
what is new this year, such as the Digital
Arena and the upgraded and rebranded
HPC pavilion on the exhibition floor.
“Finally, I would suggest to an attendee
that they yield to a little bit of serendipity
and explore what is new,” he said. n

Of Note:

The Challenge Bowl
World Finals take place today,
Monday, Oct. 15, from 2 p.m. to
4 p.m. at the Hilton Anaheim.
Regional champions and other
teams will compete.
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Marine Acquisition
Processing & Imaging
Reveal® Software
Multi-Client

Clearly Better.
A powerful fleet, complete with modern technology, manned by
experienced crews with advanced Fast Track processing capacity.
Work safely and efficiently, in all operating conditions delivering a cost-effective, high-quality service.
Visit us on booth 1601

Revealing possibilities
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Deep Learning for Top Salt Interpretation
A new workflow reduces project turnaround time.
CONTRIBUTED BY WESTERNGECO

T

he interpretation of complex salt geometry
boundaries on large seismic surveys can be a
time-consuming task requiring intensive manual
interpretation that can take up to several weeks. This
process involves a selection of numerous surface control
points throughout the entire seismic volume to guide
any current auto tracker. For large seismic volumes,
multiple interpreters are needed to complete this task in
a timely manner.

The figure illustrates the results of using the
WesternGeco ConvNet workflow to pick the top
of salt in a Gulf of Mexico multiclient case study.
(Image courtesy of WesternGeco)

New workflow

WesternGeco has established a new workflow that uses
convolutional neural networks (ConvNet) as a reliable
tool to automatically interpret the top of salt bodies
in sediment flood volumes—a key phase in any earth
model building workflow. This use of machine learning reduces the turnaround time while still delivering a
high-quality interpretation.
ConvNets are gaining traction in the E&P industry
due to their performance in solving pattern recognition
challenges in other industries, such as medical imaging
and robotics. WesternGeco has adapted this technology
and applied it to top salt interpretation.

How it works

A ConvNet is formed by a combination of the following
building blocks:
• Convolutional layers, which is a set of filters
applied to the input data;
• Pooling layers, extracting subsets of
information from the output of the
convolutional layers; and
• Fully connected layers, applying nonlinear
functions to the weighted sums of the outputs
of previous layers.
The number of undetermined coefficients involved in
a ConvNet is typically high, in the millions. The optimization of the coefficients is referred to as training, and it
must be driven by a set of examples whose answers are
known; this is called a training sequence. The coefficients
are updated iteratively to minimize the error against the
known desired responses.
For seismic interpretation purposes, the proper
training of a ConvNet requires access to a large pool
of training data. The WesternGeco multiclient seismic
data library contains a comprehensive set of high-quality interpreted volumes that enabled the training of a
ConvNet that was able to generalize to new seismic surveys that were not in the training pool.
Training the ConvNet is a computationally intensive
task that requires the optimization of a huge number of
coefficients tested on large volumes of data. However,
once the workflow has been trained, it can be applied to
new data with a quick turnaround time of hours rather
than weeks.

Case study

The use of ConvNets has been successfully applied to
several datasets in different areas of the Gulf of Mexico. This enabled the visualization of the initial top salt
interpretation in Schlumberger’s Petrel E&P software
platform in a matter of hours after the seismic image
was created. This new workflow produced high-quality results that received approval from expert seismic
data interpreters and compared well with the quality of
conventional human interpretation that was run independently as a benchmark.
When used in production projects, this workflow
replaces the initial, manually intensive work with a few
hours of automated machine learning that is followed by
expert geological interpretation. Thus, the experts have
more time to focus on understanding the more challenging areas in need of additional human insight.
In summary, the workflow significantly reduces the
overall earth model building turnaround time and
enhances the subsurface characterization.
For additional information, visit Schlumberger at
booth 1641. n
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