
Evolution not Revolution for the Digital Agenda

Reconstructing Workflows to Drive Efficiencies

BY MARK VENABLES, CONTRIBUTING EDITOR

The digital transformation of the oil and gas sector 
has been a constant theme over the past four years 

since the oil price plummeted to record lows. Despite 
pockets of excellence, it has been a steady rather than a 
dramatic change.

It was the seismic sector that first introduced the oil and 
gas industry to digitalization when it appeared back in 
1995, but today’s adoption of digital technology is more 
profound. “We see this not as just a way to stay relevant; 
it is a way to stay competitive,” John Elgen, distinguished 
advisor to BP, told attendees at the Tuesday morning ses-
sion, “Digitalization of E&P Industry: Status and Road-
map to the Future.” 

“The barrels that you find by coming at it from a digital 
world and understanding how to optimize what you are 
doing will be the cheapest barrels that you will find in 
your portfolio,” he said. “In a world of relatively common 
resources and abundant production, if you want to remain 
relevant you have to be on the leading edge of the cost 
curve, so digitization is an imperative. There is no way to 
avoid playing this game.”

Elgen explained that BP has some very big efforts in 

optimizing field production and ultimately, is looking for-
ward to the day when many decisions that are human-
driven now will actually be driven by machines. “It is so 
important to us that we have coined a term for it ‘the 
connected upstream,’ ” he added.

Ashok Belani, executive vice president, technology at 
Schlumberger, took a slightly different tack. He explained 
that the industry has been working with data and com-
puters and operating digitally for some time, but that over 
the past 15 years there have been developments that have 
brought new capabilities. “This digital transformation 
means something completely different to the digital work 
we have done in the past,” he said. “We have worked with 
data, but we don’t work with a lot of data. 

“We should be able to work with all the data 100% of 
the time but we don’t do that. The geoscientists are work-
ing with a maximum of 30 gigabytes of stacked data at any 
one time whereas they should be working with terabytes 
of data that would cover thousands of blocks. If you could 
access all that data, you could be more efficient and at-
tempt more things.”

He added that in the future the changing digital capa-
bilities will allow Schlumberger to innovate in the way 
that it works. “In the future, all data–seismic, financial, lo-

gistics–will be available all the time for all applications.”
Woodside has been on this journey for several years, 

working with a wide variety of partners and they pre-
fer to focus on the people aspect.  Darryl Harris, chief 
geophysicist at Woodside, explained that for them it was a 
collective intelligence. “If we have access to all of our data, 
all of our history, all of our experience, all at once, then we 
bring a collective intelligence to the party,” he said. “That 
enables you to be data-driven and to talk about ‘show me’ 
rather than ‘tell me’ when you make decisions. It all gets 
you away from some of the pre- or misconceptions that 
have built up from the person’s experience in the industry. 
So ‘show me the data that supports what you want to do’; 
that will be a huge benefit in what we do.”

As an organization, Total saw the digital transformation 
as something that was very important, too, and they put in 
place a specific organization to handle it three years ago. 
“You can see in our personal life things have changed, 
particularly in the interface with the digital environment, 
and for us, it is all around that,” said Michael Borrell, sen-
ior vice president E&P North Sea, Total. “For us, it is sim-
ply an enabler; it is all about our operations being more 
efficient and safer. It is about how you can astutely use 
digital with the right interfaces.”  n
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For BP it has been a gradual evolution over the past dec-
ades.  Howard Leach, the company’s head of exploration, 

told Executive Session attendees on Wednesday morning 
that back in 2000 it was very much an asset-based organiza-
tion, but over time it lost the power of operating like a global 
company. His topic addressed the session theme of “Integra-
tion of Disciplines for a More Efficient E&P Industry.”

“Back in 2011 we moved on to become a functional or-
ganization which drove processes and specialized develop-
ment,” Leach said. “We gained a lot of power by driving a 
functional approach, but the problem with that approach 
was a lack of integration and ensuring that people looked 
beyond their small team. As in any big company, there were 
complicated matrices and within all the complexity people 
were multitasking.

“We called it contextual overload,” he said. “There was 
some interaction, but normally by email or one-on-one 
meetings, which is unsatisfactory and very inefficient. We 
have adopted Lean processes to build integrated teams to de-
liver clearly defined projects which cuts out the multitasking. 
These teams feel empowered and it is really working for us.”

Tim Dodson, executive vice president, global explora-
tion, Equinor, moved the conversation along to talk about 
how important it was to ensure that there was always a 
big picture. “It is important that people understand what 
their role is and how what they are doing fits in this overall 
context,” he said. “It is now more an adaption of skills, the 
first step was getting geologists to work together in an inte-
grated manner and make sure our drilling operations were 
fully integrated from start to finish.”

Recently Dodson put this to a test with interviews with 
new and existing employees. He found there was no real 
gap, but what did jump out was the need for more people 
to take on an integrated role at a technical level to bring 
things together. “Any exploration project is about value and 
a holistic risk assessment, so we needed to ensure we have 
people who can see the big picture when a project is chal-
lenged,” he said. “Over the past years, partly due to our in-
tegration efforts, we have made tremendous improvements 
in efficiency and reduction in costs. It is all about close col-
laboration, meticulous planning and being very clear about 
what to do and deliver and what not to do.” 

Eni was looking at integration five years ago and began 
using an exploration model that it called “design to cost” 
before the oil price crash. But according to Luca Bertelli, 

chief officer exploration, Eni, it has been more effective 
since then. “We have had to restrict the amount of capital, 
so we need to use it effectively,” he said. “We did this by 
trying to shorten our cycle. 

“Recently we expanded the design to cost philosophy to 
our upstream cycle by trying to compress the turnaround 
time and shorten time to market. To do this we needed 
parallel lines between our teams moving to parallel from 
sequential. This involved an early start of screening activi-
ties and stronger integration amongst disciplines early in 
the process.” 

Another important concept was parallelizing the work-
flow and adopting a phased approach where they focused 
quickly on translating resources into reserves and attempt-
ed to mitigate reservoir uncertainty and risks. 

“We have become efficient in exploration and pro-
duction, but also in project management with four 
mega projects coming online last year,” he said.  “We 
are continuing to invest in full insourcing, deeper inte-
gration and adopting leading-edge technology. It is all 
about having the right people with the right attitude 
and disseminating the message throughout our team.  
To achieve this we are rotating our key people amongst 
the teams.”   n
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Thursday,  June 14

07:30 – 15:00  Registration
 Registration area
08:30 – 12:10 Executive Session:  “Focus on Europe: Exploration Plays, Opportunities,  
 and Challenges” Auditorium 15
08:30 – 17:10  Technical program (oral presentations)
 Conference area
08:30 – 17:10  e-Poster presentations
 e-Poster area
09:00 onward Breakfast at the exhibition
 Exhibition floor
09:00 – 16:00  International Prospect Center Program
 Exhibition floor, booth 1860
09:00 – 16:00  Student program
 EAGE Community Hub, booth 410
09:00 – 16:00  Exhibition
09:30 – 13:00  Digital Transformation Area
 Exhibition theatre
12:00 – 15:30 HPC Area 
 Exhibition theatre 
12:30 – 13:00 Motivational speech
 EAGE Community Hub, booth 410
13:30 – 15:10  Getting Published:  “How to Turn your Abstract Into a Catchy Article”
 Room P
15:00 – 16:00  Start-Up Area
 Exhibition Theatre 

For a detailed description of the program use the EAGE 2018 app or refer to the relevant pages
of the EAGE program and catalogue for full descriptions of the EAGE highlights.

Highlights–Thursday, June 14

“Getting Published: How to Turn 
your Abstract into a Catchy Article”
13:30 – 15:10, Room P
Do you want to get more from your EAGE Annual 
2018 presentation? Has your article been rejected for 
a journal and you don’t know why? Visit our how-to 
session on scientific writing. Experienced editors from 
renowned EAGE journals will tell you all about the 
basic ingredients of a good scientific article. They will 
elaborate frankly upon their reasons for rejecting articles. 
Highly recommended for those experiencing difficulty 
in writing down their scientific findings and especially 
for any student or researcher with little experience in 
writing catchy articles.

International Prospect Centre
Exhibition booth 1860
The International Prospect Centre (IPC) at the exhi-
bition provides a face-to-face networking opportuni-
ty and offers a program with presentations by partici-
pating licensing agencies and national oil companies. 
The IPC is powered by ETAP, PGS, TGS, Office Na-
tional des Hydrocarbures et des Mines, Malta—Con-
tinental Shelf Department, Farosese Geological Sur-
vey and EAGE. 

Startup Area
Exhibition booth 1610
Since its inception, EAGE has supported new initia-
tives and innovative ideas. Startups are blossoming 
across the industry and are great influencers on fu-
ture technologies and developments. These startups 
are looking for potential customers as well as inves-
tors in order to develop and spread their innovative 
ideas. To get to know them, at the end of each ex-
hibition day startups will pitch their ideas. Visit the 
area and theatre to get inspired by their positivity 
and enthusiasm and witness firsthand an outbreak of 
disruptive ideas. 

Digital Tranformation Area
Exhibition booth 1802
EAGE looks to the future for new ideas and new ways 
of working faster, smarter and more efficiently. This 
year we are delighted to include the Digital Transfor-
mation Area in our 80th Annual Conference and Ex-
hibition—exclusively for those working in the digital 
energy arena, providing solutions around people, pro-
cesses and technology. Pass by the Digital Transfor-
mation Area and visit the presentations held at the 
theater and learn from the latest ideas and develop-
ments in this field.
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Mind the Gap: Data Migration and
Metadata Quality
Acquiring another company’s data requires a thorough compliance process.

BY SUE CARR AND TRISH MULDER, KATALYST 
DATA MANAGEMENT

Acquiring new assets and the accompanying datasets 
often means dealing with another organization’s data 

quality and completeness standards. Geoscientists and data 
managers must find a way to “mind the gap” caused by 
missing data records as they begin to reconcile their seis-
mic database through a data compliance process. Having 
a methodical approach to dividing and conquering the 
volumes of records associated with seismic data assets will 
help ensure that the new datasets are truly complete and 
workstation-ready.

This article reviews the first step of a larger three-part 
data compliance process that should be at the core of eve-
ry oil and gas company’s data management program. 

Reviewing migration and metadata quality
If an organization has acquired the assets from another 
company, data management standards and data governance 
will come into play as the data migration process begins. 
Data are typically handled in silos—the geoscientists work 
with the data, operations handle the database and the legal 
department handles the contracts, but they may not com-
municate as often as they should across departments.

When doing a migration into the company’s environ-
ment, it’s important to have a compliance process in place. 
Integrating assets across departments, even though they do 
not report to the same person, will ensure that the data 
streams flow in concert to have a compliant dataset. 

Evaluating the data
Following a structured migration process means profiling 
the data that are being brought into a new environment. 
Loading the new data into an Oracle database that is sep-
arate from the production database will help to create a 
profile of the new data and identify potential issues. The 
reference data and the metadata will provide insight into the 
data, values and attributes. 

Once that is completed, the next step is to map those 
attributes into the subsurface data management database. 
When a company has data coming in from a new source, 
it’s recommended that the new data are flagged so that 
they can be differentiated from the existing data once it’s 
all mixed together. Companies should determine the key 
attributes and what fields matter most to the organization 
and focus on getting those loaded into the database.

After making these evaluations, quite often companies 
will find that portions of the imported datasets are miss-
ing records, such as stacks, field data, observer’s notes and 
navigation. Without these attributes, the data cannot be 
reprocessed or sent to workstations, and the company loses 
the value of the dataset.

Reconciling the data
Once the seismic dataset has been ingested into the data 
management database, it’s a good idea to run a health check 
and see how the data measures up to existing standards 
within the organization. Most data management applica-
tions have some kind of health check, smart maps or analyt-
ics that are embedded directly into the data management 
application. 

This process will identify the problem areas where data 
managers need to focus on minding the gap of missing in-
formation. The areas missing metadata will help determine 
the cleanup projects and the focus that will be required. 
Following this exercise, data owners should then investi-
gate their contracts and tie them back to the data records.

Katalyst Data Management has more than 40 years of 
experience assisting oil and gas companies with seismic 
data asset organization following asset acquisition. The 
company offers a free online webinar series reviewing the 
entire data compliance process. Katalyst’s cloud-based data 
management solution, iGlass, is utilized by some of the 
largest operators in the world.

For more information, visit Katalyst booth 1252. n

Most data management applications have some kind of analytics that will identify the problem areas where data manag-
ers need to focus on minding the gap of missing information. (Image courtesy of Katalyst Data Management)
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Shearwater and 
Spectrum Announce 
Software Agreement
Shearwater GeoServices and Spectrum have signed an 
agreement to provide Shearwater Reveal software to 
Spectrum’s seismic imaging division. Spectrum chose Re-
veal for its modern, easily extensible platform and highly 
interactive capabilities. 

The software allows for rapid testing of advanced work-
flows and parameter selection. This promotes high produc-
tivity and better quality results. The programming interface 
allows Spectrum to insert its own proprietary technologies 
into the same environment for seamless workflows.  Spec-
trum will be working closely with the Processing and Im-
aging division at Shearwater to implement Reveal and en-
sure the highest quality of results are achieved.  n

INDUSTRY NEWS

Silixa Launches 
Carina Seismic 
Silixa has launched Carina Seismic, a high-resolution, dis-
tributed fiber-optic sensing-based seismic acquisition plat-
form that delivers high-accuracy, repeat seismic on demand 
without interrupting production or risking infrastructure. 

The Carina Seismic System uses Silixa’s new family of 
Constellation fibers, achieving up to 20dB (100x) improve-
ment in signal to noise ratio compared to standard fibers.

Carina Seismic can eliminate the need for costly and high-
risk well interventions or ocean-bottom seismic and offers 
continuous data availability along the entire wellbore for eve-
ry seismic shot, throughout the life of the well. High signal to 
noise ratio gives data quality comparable to that of a conven-
tional geophone array and enables seismic surveys with nomi-
nal source effort, hence lowering the operation time and cost.

Permanent installations enable 4-D seismic on de-
mand as well as surveys in flowing wells, without the 
need for intervention.  n
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Machine Learning Boosts Interpretation 
Confidence
Machine learning algorithms empower interpreters with new tools to solve an old problem.                               

BY LORENA GUERRA AND PATRICK DURAND, 
EMERSON AUTOMATION SOLUTIONS

A growing machine learning approach taken by Emerson 
through the Paradigm Integrated Canvas has enabled 

the implementation of new workflows for interpreters, with 
each workflow using a different machine learning algorithm 
suited to the task at hand.

Using these workflows, interpreters can easily integrate 
and use huge amounts of data from multiple sources (e.g., 
well cores, well logs, prestack and post-stack seismic data 
and attributes) to produce rapid results as well as reducing 
the level of uncertainty.

The Attribute Clustering Workflow released in Paradigm 
18 offers the ability to create unsupervised classification 
volumes with three different detection objectives:

• Anomalies for amplitude versus offset analysis and im-
proved geobody identification; 

• Structural delineation to aid fault interpretation; and 
• Stratigraphy for seismic facies analysis. 

To accomplish these tasks, the algorithm uses a self-
growing neural network approach based on growing neural 
gas. This algorithm provides a good solution for matching 
the data’s high dimensionality. However, as with any self-        
organizing network, growing networks are attracted by 
data density. Since the goal is to overcome this issue to map 
anomalies, the algorithm is adapted to also focus on outliers. 
To accomplish this, the workflow performs neural network 
training through the following steps:

1. Train the network on a subset of points of the interval 
of interest;

2. Detect outliers from the previous stage to populate the 

network with outlier zones;
3. Train only on outliers; and
4. Agglomerate the neurons 

into classes using a hierarchical 
clustering algorithm.

For each point of the inter-
val of interest the classification 
process affects a class based 
on distance criteria between 
neurons and computes a pos-
teriori probability of class as-
signments. It generates new 
displays and provides inter-
preters with a clearer image. It 
enables easy extraction of the 
different geobodies based on 
their class or on a combination 
of different classes.

The Rock Type Classifica-
tion Workflow released in 
Paradigm 17 is a supervised 
classification algorithm that 
predicts facies lateral distri-
bution and probability of 
occurrence using a democratic neural network associa-
tion (DNNA).

Well log information is the main source of information 
for lithology and fluid content.  Therefore, a key step in 
lithology and fluid prediction is precise and careful analysis 
of the well data. DNNA is designed to use lithology logs 
or facies that are determined using petrophysical properties 
calibrated to cores.

Alternatively, raw data such as gathers bring a huge quan-
tity of highly valuable but often subtle information that is 

difficult to handle without making approximations. A neu-
ral network application using DNNA offers the ability to 
infer facies defined at wells using prestack seismic data. 

The neural network is composed of several independent 
networks in parallel. The training identifies patterns in the 
data that can be used to make predictions while the parallel 
training provides a suite of independent predictors.

The DNNA probabilistic approach combines all seismic-
related information to build facies probability cubes.

For more information, visit Emerson at booth 720.  n
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Geobodies detected from the most probable facies volume show a high probability of 
the best quality reservoir                  distribution to help optimize well planning. (Image courtesy 
of Emerson Automation Solutions)
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Strategic Acquisition Strengthens 
Technology Portfolio
Developments support reservoir monitoring.

The PMSS consists of a suite of standard ISO containers that have been 
fitted with equipment and service modules that together form a fully 
portable seismic source system. The source system is compact, very 
safe to recover and deploy and is able to acquire data at relatively high 
speed. (Image courtesy of FairfieldNodal)

CONTRIBUTED BY FAIRFIELDNODAL

On Dec. 31, 2017, FairfieldNodal announced it had fi-
nalized an agreement to purchase the assets of WGP 

Group Ltd., a provider of marine geophysical services head-
quartered in Wiltshire, U.K. FairfieldNodal, a provider of 
marine ocean-bottom node technology, views the acquisi-
tion as a strategic opportunity to strengthen and expand its 
technology portfolio. Terry Hibben, WGP’s CTO, is confi-
dent the move will help develop new technologies and ex-
pand its operational locations globally. 

The integration with FairfieldNodal will allow WGP to 
concentrate on its solution provider ethos as well as develop 
and test new ideas. 

“Now is the time to grow our infrastructure, expand 
our client base and look at new areas of operation,” Hib-
ben said. 

WGP and FairfieldNodal plan to expand on their core 
capabilities and build a presence in more locations. “We be-
lieve that our core strength is giving clients multiple options 
on how they can achieve their goals,” he said. “We can be 

agile in our approach to projects since we are not tied to 
one supplier or system.”

WGP has an operational history since 2003 of delivering 
safe and efficient life-of-field seismic acquisition to maxi-
mize oil recovery through reservoir management services. 
WGP offers bespoke design, build and operational services 
for portable modular source systems (PMSS).  These sys-
tems support permanent reservoir monitoring (PRM) in-
stallations and can be quickly mobilized onto the back deck 
of a vessel of opportunity for on-demand 4-D seismic. 4-D 
seismic plays a key role in reservoir management and risk 
reduction that involves delineation of economic reservoir 
limits, estimation of reserve volumes, well placement, recov-
ery strategy and subsidence monitoring.  

WGP recently won a contract from ConocoPhillips for 
the development of a PRM system on Ekofisk. “It started 
in September 2016 and will run for five years,” Hibben said. 
As part of our commitment we designed and built a PMSS, 
and we now run a base in Stavanger, which serves Conoco-
Phillips and Statoil [now Equinor] projects.” 

Looking ahead, Hibben hopes to build on recent source 

technology advancement. “Last year we were involved in 
the development and testing of autonomous sources for an 
oil major, which we found both challenging and intriguing 
because it is a displacement technology, which fits perfectly 
with the company ethos of finding and supplying solutions 
to clients’ questions or problems. The testing went very 
well, and the next phase will involve taking the system into 
deepwater application and further trials,” he said. 

“The digitalization of systems, which involves capturing, 
analysis and use of Big Data, is another exciting segment in 
our business. We are working both with clients and inter-
nally on databases, data transfer and analytics. Some of our 
discoveries have led us to question the effectiveness of the 
existing quality control applied to sources. We feel that some 
things that are lost in the background noise of streamer ac-
quisition are far more relevant to PRM or ocean-bottom 
seismic operations. It is perfectly possible to predict quality 
and make acquisition planning decisions based on reliable 
information,” he said. 

For more information, visit FairfieldNodal booth 1420. n

ION Reaches 100 
Deployments of 
Marlin Offshore 
Operations 
Optimization 
Software
ION Geophysical Corp. has reported the 100th deploy-
ment of its Marlin offshore operations optimization soft-
ware. Similar to air traffic control for the marine envi-
ronment, Marlin supports a step-change offshore from 
traditional manual processes to digital solutions that inte-
grate and share information in real time to enable better, 
safer decisions. 

Marlin has helped operators around the world improve 
their situational awareness and optimize their operational 
plans. Deployments have spanned autonomous underwa-
ter vehicle flights, integrated offshore activities, time-lapse 
seismic surveys, marine operations in arctic ice, and shore-
based marine control centers. ION’s cloud-enabled soft-
ware keeps information continuously updated so teams 
onshore and offshore can visualize and collaborate using 
the most accurate, high quality data.  n

INDUSTRY NEWS
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Increasing E&P Efficiency With Cloud, 
Machine Learning
Cloud-ready applications, Python plug-ins part of new offering.

 #WintershallOnTrack

Visit us at stand #815

A view of the drilling pipe on the 
Deepsea Stavanger drilling rig, from 
which the wells for the Maria field 
were spudded into the depths of the 
Norwegian Sea.

Shaping the future.

Facies classification clustering results from supervised machine learn-
ing analysis shown in a 3-D color cross-plot generated using Python 
Extensions in PowerLog. (Image courtesy of CGG GeoSoftware) 

EAGE Annual 
2018 Proceedings
The EAGE extended abstracts, SPE papers and 
exhibitors’ profiles and workshop abstracts will 
be available via the EAGE Annual 2018 app and 
on EAGE’s online geoscience database, EarthDoc, 
at earthdoc.org. This database enables browsing 
of thousands of event papers and journal articles. 
EarthDoc contains over 60,000 scientific docu-
ments, and new material is added weekly.

CONTRIBUTED BY CGG GEOSOFTWARE

The IT industry is experiencing an important transfor-
mation as companies invest in new technologies to drive 

growth and innovation. This trend is strongly reflected in the 
industry as E&P companies deal with enormous amounts 
of legacy data and increasing volumes of new data along 
with the expense and complexity of software to analyze and 
interpret this information. Challenges include operational 
efficiency, increasingly short project cycle times, communi-
cating with a regional or global workforce, data silos, legacy 
software and restricted resources.  

The cloud
Due to the industry’s dynamics and its need for flexibility 
and information security, the cloud is increasingly seen as 
a viable and practical solution for the oil and gas industry, 
particularly now that cloud service providers are building 
security into their software development processes. Security 
of data in the cloud is often better today than in a com-
pany’s own networks.

As part of this shift to the cloud, CGG GeoSoftware 
will be offering existing applications in the cloud as well 
as continuing to make them available on currently sup-
ported platforms. In phase one, HampsonRussell and Jason 
will be available from a client’s Microsoft Azure Cloud. This 
includes compute-intensive GeoSoftware applications used 
for inversion and amplitude versus offset (AVO) analysis not 
only being multi central processing unit-enabled but being 
able to access cloud compute power. If a 100-node cluster is 
needed to complete projects quickly, GeoSoftware applica-
tions can automatically provision this in the cloud, execute 
tasks in parallel and then tear down the virtual cluster to 
make sure that users only pay for the cloud infrastructure 
when needed. In addition, PowerLog can be accessed from 
the cloud through PetroCubic.

Future GeoSoftware developments will include commer-
cialization with other cloud providers like Amazon (AWS) 
and Google (GCP) and software redesign to take full advan-
tage of the cloud and provide a software-as-a-service model.

Machine learning
PowerLog now provides access to machine learning capa-
bilities that enable users to address complex petrophysi-
cal and reservoir engineering challenges. The native Py-
thon Extensions implementation in the latest version is a 
game-changer when it comes to developing workflows to 
address a wide variety of challenges, including developing 
permeability models in carbonates, developing porosity and 
permeability models in unconventional reservoirs, generat-
ing missing log curves and data clustering for facies clas-
sification. PowerLog now enables users to take advantage 
of open-source Python utilities and programs that include 
hundreds of scientific calculation, data analysis and visuali-
zation libraries and programs.  

Emerge from HampsonRussell also provides machine 
learning capabilities, an important tool for geoscientists, 

which can improve the accuracy of lithological predic-
tions in seismic analysis. Developed more than 20 years ago, 
Emerge’s original neural network capabilities were well 
suited for geoscience challenges given that they can solve 
for many variables at one time and handle the very com-
plex statistical analysis required to create a prediction of li-
thology from large seismic data volumes. Emerge has many 
types of supervised neural networks that focus on different 
kinds of problems. Supervised networks are first trained by 
presenting them with observed values (such as well poros-
ity) at well tie locations and then letting them determine 
a relationship between the seismic attributes and the well 
values. An example of such a neural network would be the 
Kohonen self-organizing map. A chief distinction from de-
terministic seismic analysis methods such as inversion and 
AVO is that multivariate statistics, classification and neural 
networks do not assume an underlying model but instead 
try to build the relationships directly from the data. This 
distinction is significant because it removes potential bias 
from the analysis.

Attendees can visit CGG booth 1640.  n
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Broadband Data Reveal New Prospects
Central Graben dataset is ready in time for Danish licensing round. 

CONTRIBUTED BY PGS

As the industry collectively recovers from a three-year 
drought and the market outlook is more optimistic, the 

upcoming announcement of the eighth Danish licensing 
round is highly anticipated. The licensing round will have a 
six-month application deadline with awards expected with-
in six months. 

To provide applicants with the best chance of success, 
PGS has finalized the processing of 7,600 sq km (2,934 sq 
miles) of modern dual-sensor broadband towed-streamer 
seismic data. These data are incorporated into a unified pre-
stack depth Central Graben GeoStreamer PURE volume, 
which exceeds 18,000 sq km (6,950 sq miles). The Cen-
tral Graben dataset provides multisensor data of unmatched 
quality offshore Denmark. Plays can be assessed from a re-
gional perspective right down to the reservoir detail with 
the same dataset.

There are many geological targets in the area. The main 
petroleum system is characterized by Middle to Late Ju-
rassic source rock and individual Jurassic fluvial-deltaic to 
shallow marine sandstones plus Late Cretaceous to Pale-
ocene chalk and sandstones sealed by intra-Jurassic to 
Paleocene claystones. 

Imaging and characterizing chalk 
Chalk studies conducted in the U.K. and Norway reveal ob-
vious similarities with potential plays in the Danish offshore 
areas. Lessons learned from seismic reservoir characteriza-
tion studies using elastic attributes can be replicated for 
these Danish chalk analogues. The reliable attributes pro-
vided by broadband GeoStreamer data enable careful rock 
physics analysis and calibration at wells. Utilizing broadband 
seismic data as input to prestack inversion workflows is 
effective for the reliable differentiation of the intra-chalk 
layering away from the wells. This is important to under-
stand the high-porosity chalk observed at established hy-
drocarbon discoveries and fields. The rock physics results 
demonstrate that broadband seismic data with robust elastic 
attributes can distinguish hydrocarbon-filled porous chalk 
from water-wet anomalies in Denmark, too.

Revealing new Paleozoic plays 
The new dataset generated considerable interest with PGS 
geologists as significant parallels could be made to similar 
observations on the East Shetland Platform. Untested ba-
sins of Paleozoic age on the Ringkøbing-Fyn High were 
mapped and range in age from Devonian to Permian. Inter-
pretations of the GeoStreamer data enabled better under-
standing of these basins on older seismic data. Rock physics 
studies were conducted on wells penetrating Permian and 
Devonian reservoir sections, and the results were combined 
with quantitative interpretation workflows to extract elas-
tic rock properties. The results were very encouraging, with 
porosities of up to 28% observed in the Permian reservoirs 
and 12% to 15% in the Devonian reservoir. Confident pre-
dictions of high-porosity reservoirs away from wells are 
possible using acoustic impedance volumes from the broad-
band data. Soft kicks and gas chimneys observed close to or 
above these sub-basins suggest a working source rock and 

further support the idea of a working hydrocarbon system. 
The discovery of this new play is attributed to the superior 
resolution and the reliable attributes of the modern broad-
band seismic data. 

Further potential of the Central Graben area
The 18,000 sq km of high-quality GeoStreamer 3-D data 
in the Central Graben area reveal plenty of potential wait-
ing to be explored in this area. Key fields include Ula, Gyda, 
Ekofisk, Eldfisk, and Valhall, with discoveries King Lear and 
Mjølner. The latest advanced imaging routines have been 
applied to target the Paleocene and Cretaceous chalk, Mid-
dle to Late Jurassic, as well as the Permian and Triassic. Per-
mian eolian sands are particularly well imaged by a work-
flow that has included anisotropic velocity model building, 
Kirchhoff depth migration and PGS Complete Wavefield 
Imaging.  
  Visit PGS at booth 1240 to find our more.  n

GeoStreamer PURE delivers more low and high frequencies, superior structural resolution and definition, and reliable data for attribute analy-
sis. (Image courtesy of PGS)
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Literally.
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imaging and 4D analysis or sparsely sampled for exploration 
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Providing ‘Pop-up’ Processing Solutions Worldwide
Centers are set up quickly wherever services are needed. 
CONTRIBUTED BY SHEARWATER

Shearwater GeoServices has just completed a series of on-
shore data processing projects in a processing center in 

Mumbai, India, for a major client. Commencing in January 
2017, and using its proprietary Reveal data processing soft-
ware, the company processed 4,500 sq km (1,737 sq miles) of 
3-D from four new 3-D surveys in both time and depth. The 

time processing used the proprietary SHarpSig shot-by-shot 
near-field designature and SHarp de-ghosting broadband 
tools. Depth processing included 7-iteration model building, 
Kirchhoff depth migration and the integration of wells using 
the Reveal software system.

The team consisted of 15 geophysicists, working in the 
company’s center in Mumbai, and was managed from one of 
the company’s main processing hubs in the U.K. This is be-

cause the center in Mumbai was installed to process a specific 
volume of work and so is not a permanent processing hub. 
The hardware and personnel have been re-deployed else-
where where project specific resources are needed.

Set up in less than a month, this bespoke project-driven 
model allowed Shearwater to provide very cost-efficient, 
high-quality results in Mumbai using its local partnerships 
and the same level of experience and dedicated support 
that is available in any of the company’s main data process-
ing centers.

With this innovative “pop-up” approach to data processing 
services the company is able to provide full processing and 
imaging services on a truly global scale, setting up centers 
quickly and easily in whichever location services are needed. 

This model is just a part of the company’s focus on provid-
ing highly flexible project-designed processing solutions that 
are not constrained by location or existing processing models. 
The company is continuing to expand its regional presence 
in key locations, including a new center in the Asian Pacific 
region in 2018 and setting up centers similar to the one in 
Mumbai as needed.

Other new and cost-efficient processing solutions are pro-
vided with the company’s innovative processing consultancy 
services. Shearwater now provides geophysical expertise and 
support for clients running their own in-house projects using 
the Reveal software, again on a bespoke, project-specific basis. 
This gives clients the benefits of an in-house, dedicated team 
when and where they need it without the cost of a perma-
nent in-house center.

In addition the company is also growing its in-field pro-
cessing consultancy. By putting Reveal software and experi-
enced geophysicists out on crews to process the data, clients 
get the advantage of Shearwater’s full processing ability. This 
includes de-blending, de-ghosting, 3DRSME and prestack 
time migration, plus Fast Track Pre-Stack Depth Migration 
within five weeks after the last shot, no matter who is acquir-
ing the data.

For more information, visit Shearwater booth 920.  n
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New CSEM Technology Improves Detection of 
Deeper, Smaller Reservoirs
A stronger source combined with a new inversion code will provide reliable subsurface resistivity images with improved reservoir detectability.
CONTRIBUTED BY EMGS

Controlled source electromagnetics (CSEM) has been 
used commercially for more than 15 years, and EMGS 

has executed more than 900 surveys worldwide. CSEM 
measures the electrical resistivity of the Earth and can 
therefore identify reservoir hydrocarbon saturation in the 
same way as a resistivity logging tool. The measured elec-
tromagnetic signal has an exponential decay and may suf-
fer with respect to penetration depth and image resolution. 
Until now, the imaging limitation has been 2 km to 3 km 
(1 mile to 2 miles) burial depth depending on geological 
complexity and the size of the reservoir. 

To improve on this, EMGS has performed two significant 
upgrades to its technology. A new source, Deep Blue, was 
developed in a joint industry project together with Equinor 
(formerly Statoil) and Shell. The Deep Blue source has up 
to 10 times the strength of the conventional source and can 
emit reliable frequencies up to 50 Hz. The first field test was 
carried out in 2016, and the source already has been used 
for several commercial projects. Increasing both the source 
strength and frequency spectra enables improved detection 
of deeper and small reservoirs. This is a significant technol-
ogy step change, which will impact the CSEM value for 
both frontier and near-field exploration. Also an improve-
ment was made with a new 3-D inversion code for subsur-
face imaging. The forward model engine is the same as be-
fore, but the model update algorithm uses a Gauss-Newton 
scheme, providing a more robust and reliable image. This is 
realized by providing images that are less dependent on start 
models and have improved resolution. 

The combination of the two technology developments 
will provide reliable subsurface resistivity images with im-
proved reservoir detectability. It opens CSEM applications 

in frontier areas hunting for deep targets or small volumes in 
a near-field setting.  

For more information, visit EMGS booth 600.  n

Halliburton 
Launches Ultradeep 
Resistivity Service 
Halliburton has released the EarthStar ultradeep resistiv-
ity service, a logging-while-drilling technology that helps 
operators map reservoir and fluid boundaries over 61 m 
(200 ft) from the wellbore, more than doubling the depth 
of investigation of current industry offerings. The service 
delivers a comprehensive reservoir view so operators can 
eliminate costly pilot holes and sidetracks, make informed 
geosteering decisions in real time and better plan future 
field development. 

EarthStar uses azimuthal electromagnetic measure-
ments to map the geological structure around a wellbore, 
enhancing the operator’s knowledge of the reservoir for 
improvement of recovery potential. The measurements 
are integrated with Halliburton RoxC geosteering soft-
ware, which uses advanced computing methods to pro-
vide real-time visualizations of the reservoir structure 
and fluid boundaries. 

Operators can deploy the service in a number of ap-
plications including geomapping to estimate the volume 
of hydrocarbons in a reservoir, identifying bypassed pay 
and planning for future field development. In geosteering 
applications, EarthStar helps position wells in the reser-
voir’s “sweet spot” for maximizing recovery. Additionally, 
through geostopping, the service provides early indica-
tions of potential drilling hazards. 

An operator in the North Sea recently deployed Earth-
Star in a mature carbonate field to identify remaining oil 
within a partially water-flooded reservoir. The service 
mapped the location of the oil and helped guide geo-
steering decisions to maximize well contact with the oil-
bearing zones. After successfully drilling a long interval, 
the well entered a zone of injected water that continued 
for over 120 m (400 ft). The operator considered halting 
drilling, but EarthStar data indicated a second oil deposit 
approximately 15 m (50 ft) below the well. This increased 
the productive length of the zone by 50%, dramatically 
increasing overall production potential.  n
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Apply Machine Learning
To Your Toughest Challenges

CGG GeoSoftware helps you successfully navigate deep learning, machine 
learning and cloud computing to solve your most diffi cult geophysical and 
petrophysical problems:  

• Use deep feedforward neural networks to combine seismic and log data 
to predict rock properties 

• Execute a machine learning workfl ow to generate high-quality facies logs 
on multiple wells simultaneously

• Smooth your migration to the cloud with our roadmap for cloud computing

• Enjoy the advantages of accessing open source libraries

Visit EAGE booth #1640 to see machine learning examples from CGG GeoSoftware – 
a powerful advantage throughout the fi eld lifecycle.
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