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Cautionary Note

The companies in which Royal Dutch Shell plc directly and indirectly owns investments are separate legal entities. In this presentation “Shell”, “Shell group” and “Royal Dutch Shell” are sometimes used for convenience where 
references are made to Royal Dutch Shell plc and its subsidiaries in general. Likewise, the words “we”, “us” and “our” are also used to refer to Royal Dutch Shell plc and subsidiaries in general or to those who work for them. 
These terms are also used where no useful purpose is served by identifying the particular entity or entities. ‘‘Subsidiaries’’, “Shell subsidiaries” and “Shell companies” as used in this presentation refer to entities over which 
Royal Dutch Shell plc either directly or indirectly has control. Entities and unincorporated arrangements over which Shell has joint control are generally referred to as “joint ventures” and “joint operations”, respectively. Entities 
over which Shell has significant influence but neither control nor joint control are referred to as “associates”. The term “Shell interest” is used for convenience to indicate the direct and/or indirect ownership interest held by 
Shell in an entity or unincorporated joint arrangement, after exclusion of all third-party interest. 

This presentation contains forward-looking statements (within the meaning of the U.S. Private Securities Litigation Reform Act of 1995) concerning the financial condition, results of operations and businesses of Royal Dutch 
Shell. All statements other than statements of historical fact are, or may be deemed to be, forward-looking statements. Forward-looking statements are statements of future expectations that are based on management’s current 
expectations and assumptions and involve known and unknown risks and uncertainties that could cause actual results, performance or events to differ materially from those expressed or implied in these statements. Forward-
looking statements include, among other things, statements concerning the potential exposure of Royal Dutch Shell to market risks and statements expressing management’s expectations, beliefs, estimates, forecasts, projections 
and assumptions. These forward-looking statements are identified by their use of terms and phrases such as “aim”, “ambition’, ‘‘anticipate’’, ‘‘believe’’, ‘‘could’’, ‘‘estimate’’, ‘‘expect’’, ‘‘goals’’, ‘‘intend’’, ‘‘may’’, 
‘‘objectives’’, ‘‘outlook’’, ‘‘plan’’, ‘‘probably’’, ‘‘project’’, ‘‘risks’’, “schedule”, ‘‘seek’’, ‘‘should’’, ‘‘target’’, ‘‘will’’ and similar terms and phrases. There are a number of factors that could affect the future operations of Royal 
Dutch Shell and could cause those results to differ materially from those expressed in the forward-looking statements included in this [report], including (without limitation): (a) price fluctuations in crude oil and natural gas; (b) 
changes in demand for Shell’s products; (c) currency fluctuations; (d) drilling and production results; (e) reserves estimates; (f) loss of market share and industry competition; (g) environmental and physical risks; (h) risks 
associated with the identification of suitable potential acquisition properties and targets, and successful negotiation and completion of such transactions; (i) the risk of doing business in developing countries and countries 
subject to international sanctions; (j) legislative, fiscal and regulatory developments including regulatory measures addressing climate change; (k) economic and financial market conditions in various countries and regions; (l) 
political risks, including the risks of expropriation and renegotiation of the terms of contracts with governmental entities, delays or advancements in the approval of projects and delays in the reimbursement for shared costs; 
and (m) changes in trading conditions. No assurance is provided that future dividend payments will match or exceed previous dividend payments. All forward-looking statements contained in this [report] are expressly 
qualified in their entirety by the cautionary statements contained or referred to in this section. Readers should not place undue reliance on forward-looking statements. Additional risk factors that may affect future results are 
contained in Royal Dutch Shell’s 20-F for the year ended December 31, 2019 (available at www.shell.com/investor and www.sec.gov ). These risk factors also expressly qualify all forward-looking statements contained in this 
presentation and should be considered by the reader. Each forward-looking statement speaks only as of the date of this presentation, March 17, 2021. Neither Royal Dutch Shell plc nor any of its subsidiaries undertake any 
obligation to publicly update or revise any forward-looking statement as a result of new information, future events or other information. In light of these risks, results could differ materially from those stated, implied or inferred 
from the forward-looking statements contained in this presentation.

We may have used certain terms, such as resources, in this presentation that United States Securities and Exchange Commission (SEC) strictly prohibits us from including in our filings with the SEC. U.S. Investors are urged to 
consider closely the disclosure in our Form 20-F, File No 1-32575, available on the SEC website www.sec.gov.



Copyright of Shell International B.V.

Outline

◼ Setting the scene
◼ Seismic interpretation & subsurface characterization: state of the art and present-day challenges

◼ Deep Learning for Seismic Interpretation: opportunity and aspiration

◼ 2016-present: from proof-of-concepts to case studies – learnings
◼ Fault interpretation

◼ Salt body interpretation

◼ Denoising

◼ Attribute computation

◼ Quantitative interpretation (without horizons!)

◼ Deep Learning for Seismic Interpretation: hype or trend?
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Setting the scene: Deep Learning for Seismic 
Interpretation – challenges & opportunities
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Our state of the art in seismic interpretation… but is it enough?
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Seismic Interpretation at Shell in 2020

Recent advances get “more geology out of seismic faster”, but…

… it’s not getting easier
◼ Subtle traps still elude us

◼ Deeper, harder rocks challenge detectability and risking

◼ We’re only human: too much data, too little time

What next?
◼ Advances in seismic acquisition/processing/imaging are critical

◼ Deep Learning has the potential to revolutionize 
Seismic Interpretation, unlock subtle traps and 
stranded hydrocarbons

Data courtesy of CGGVeritas Broadseis

Courtesy Dr Janis Keuper

Porosity from full-band data Porosity from 8Hz low-cut data
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Deep Learning “revolution”?
Yes but…

◼ The encouraging
◼ Has proven utility in several applications

◼ “Learn by example”

◼ Better: detection matching human accuracy

◼ Faster/more: reduction of human intervention in 

conventional time-consuming tasks

◼ The challenging
◼ Weak learner ☺

◼ Picky learner 

◼ Slow learner 

◼ Opaque learner 

Medical image segmentation using a 3D CNN, trained using the BRATS data set (brain tumors)

In some cases can do 
things that no hand-
crafted algorithm can 

do
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2016 to present day: from proof of concept 
to case studies
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Seismic 
conditioning

Quantitative 
Interpretation

Seismic 
Interpretation

Seismic 
attributes

Emulate existing algorithms
Faster, better (coherent noise)

Pattern recognition
Faster/better/more

Emulate existing algorithms
Faster 

Predict trap, reservoir, pore-fill
Simplify

Delays interpretation
Coherent noise difficult to 
identify and eliminate 

Time consuming, repetitive
Difficult to codify/automate in 
poor seismic

Some attributes like S.D. are 
computationally expensive

Complex, skill-intensive tasks
Subtle traps and varying RP may 
elude scrutiny, esp. in large 
volumes

Aspiration

Challenge

Copyright of Shell International B.V.
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Deep Learning strategies for fault interpretation
Forward modelling: one way to overcome “pickiness” and honor physics
◼ To predict well, neural nets need lots of examples, accurately labelled

◼ Our approach: model thousands of “random” fake data

◼ Perfect labels in 3D

◼ Abundant, diverse training data (stochastic geology)

◼ Challenge: synthetic data must be “realistic enough”

La
be

lle
d 

da
ta

Real 
data

Common approach
Human labels 1-20% of the actual data to 
train the Neural Net for the remainder of 
the data

Our approach
Generate thousands of physics-based, perfectly labelled 
“fake” datasets to train the Neural net
then apply to any data

Real 
data

train apply

train apply

“Fake” 3D datasets 

Fake
data
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Segmentation-style Deep Learning for fault interpretation
Teaching the machine to recognize faults in 3D
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Base Seismic

Hand-Labels

ML Inference

Base Seismic

Hand-Labels

ML Inference

Salt geobodies driven by local training and expertise
Interactive A.I.
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Base Seismic

ML Inference

Base Seismic

ML Inference

Salt geobodies driven by local training and expertise
Interactive A.I.
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Salt geobodies driven by local training and expertise
Interactive A.I.
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Regression-style Deep Learning for denoising
Teaching the machine to mimic established processes

Data under creative commons license from Open Seismic Repository https://terranubis.com/osr
https://terranubis.com/datainfo/Netherlands-Offshore-F3-Block-Complete

https://terranubis.com/osr
https://terranubis.com/datainfo/Netherlands-Offshore-F3-Block-Complete
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Regression-style Deep Learning for seismic attributes
Teaching the machine to emulate advanced seismic attributes

F3 public dataset from NLData under creative commons license from Open Seismic Repository https://terranubis.com/osr
https://terranubis.com/datainfo/Netherlands-Offshore-F3-Block-Complete

https://terranubis.com/osr
https://terranubis.com/datainfo/Netherlands-Offshore-F3-Block-Complete
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Segmentation-style Deep Learning for hydrocarbon prediction
Teach the machine to identify potential HC traps
◼ Multi-dimensional network trained to recognize 

hydrocarbon-bearing traps in 3D on AVO data

◼ Does not require horizons

◼ Superhuman performance on synthetic seismic

◼ Encouraging field trials on real data/business cases
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Segmentation-style Deep Learning for hydrocarbon prediction
Teach the machine to identify potential HC traps

Far angle stack
Copyright of Shell International B.V.
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Segmentation-style Deep Learning for hydrocarbon prediction
Teach the machine to identify potential HC traps

DL
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Hype or trend?
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◼ Strengths

◼ Superhuman/good accuracy on synthetic/real data

◼ Not just pattern recognition: can integrate (physics-based) modelling

◼ Does not need horizons (humans do!)

◼ Small code base, can be very fast, open source

◼ Limitations Opportunities

◼ Generalization error/finite data bias → More, accurately labelled data/realistic modelling

◼ Supervised vs unsupervised vs reinforcement learning? → Interactive A.I.; blended solutions...

◼ Black box: requires human validation of each lead → Explainable A.I. 

◼ Subsurface data miss the geological time dimension! → Geologists still have a job

Gartner hype cycle: we’re not there yet

t

E hype

innovation disillusionment

reality

Can Deep Learning really do geology?
Learning by example is not a panacea, nor a free ride
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1. No analytical solution 
(e.g., high-dimensional, 

non-linear problem)

3. Sufficient 
good-quality 
training data

2. A relationship 
between model 
and data exists

4. Total cost lower 
than manual 
interpretation

Deep 
Learning is 
appropriate

When is Deep Learning appropriate?
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50 years of seismic technologies

Source: M. Poupon and S. Gesbert, 2015, updated 2018
Examples of Oil Companies’ Patents 

Modified from Barnes, 2001 and Marfurt, 2007
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