Scale discrepancy paradox between observation
and modelling in fractured reservoir models in oil
and gas industry

Pascal Richard* and Loic Bazalgette *

* Shell Global Solutions International B.V., The Netherlands
Head of Structural Geology Discipline
** Shell secondee at Petroleum Development Oman, Muscat, Oman
Fracture Reservoir Subject Matter Expert

Copyright of Shell Global Solutions International B.V. EGU 2021. Session TS3.1 - Faults and fractures in rocks : mechanics, occurrence, dating, 26% April 2021 1
stress history and fluid flow



Definitions & 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 “Group” 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 its 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,

" o "o

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”’,

o o o o i o

"“expect’’, ""goals’’, "intend”’, “‘may’’, ‘‘objectives’’, "‘outlook’’, “’plan’’, ““probably’’, ‘’project’’, ‘‘risks’’, “schedule”, ‘‘seek’’, ‘’should”’, ‘target’’, ‘‘wil

III

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 presentation, 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; () 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; (m) risks associated with the impact of pandemics, such as the COVID-19 (coronavirus) outbreak; and (n) 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 presentation 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 Form 20-F for the year ended December 31, 2020 (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, 26t April 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 the United States Securities and Exchange Commission (SEC) strictly prohibits us from including in our filings with the SEC. 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.
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Our challenge

No scale on purpose
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Our challenge
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No scale on purpose
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Iterative fracture modeling workflow
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Regional scale

Scales of observation
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Modlified from SPE-188185
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Modlified from SPE-188185
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Modlified from SPE-177766

What is captured in a simulation grid layer?
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Modified from SPE-177766

What is captured in a simulation grid layer?
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Modified from IPTC - 17620

Fracture characterization - Core / BHI validation
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Modlified from SPE-188185

Fracture characterization - Core / BHI validation

Starting point of conceptual fracture
diagram/model = well data (core, BHI)
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Modlified from SPE-188185

Fracture characterization - Core / BHI validation

Starting point of conceptual fracture Detailed conceptual fracture diagram from
diagram/model = well data (core, BHI) cores, BHI, structural evolution etc
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Modlified from SPE-188185

Discrete Fracture Network property simplification

Representation of DFN in the dynamic world Detailed conceptual fracture diagram from
- the geologist nightmare cores, BHI, structural evolution et
e — - f R A
i~ K
S -~ g B B
| b —g| Km
- -~ - - = |~ v
_ . L~ ,\006\
« 100m —— <~

= The detailed characterization work is fundamental to define
= Conceptual fracture diagrams/models
=  What need to be captured into the dynamic models > Simplification strategy for dynamic simulation
= How to model dynamically to capture the sub-surface connectivity (depends on recovery mechanisms)
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What do we capture in a 100 m x 100 m grid cell?
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What do we capture in a 100 m x 100 m grid cell?
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Key message

Sub-surface models are only simplified numerical representations.
They do not capture the geological complexity, but they must be based on
thorough detailed observations and data integration.

It is fundamental for the Academic’s to continue to develop generations of geoscientists with
fundamental rock mechanics understanding as well as observation and data integration skills.
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Summary for more discussion

0O Detailed observations are essential to build conceptual fracture models.
QO Upscaling from cm’s scale observation to 100m grid cell size is often a must.

Q This simplification disconnects the scales of observation and modelling.

v To ensure elaboration of simplified and appropriate, but geologically sound models, in the future, it is
critical to develop new generations of geoscientists, with this in mind.

v Skills required to understand, and properly model fractured reservoirs extend far beyond the ability to
compile data or build a Discrete Fracture Network in software applications.

Because of the importance of fractured reservoirs in the hydrocarbon, geothermal, or carbon storage
industries, developing a new generation of geologists capable of integrating the advanced concepts of
fractured mechanics, natural geological observations and structural geology together with a strong
understanding of sub-surface static and dynamic modelling is more than ever essential.
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