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Cautionary Note

"o

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-ooking 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 forwardlooking 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-ooking
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; (I) 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, December 1, 2020. 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.
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An introduction to the DETECT project & WP4

Introduction to project [EAKAGE RISK ASSESSMENT
- Motivation, objectives, approach, partners

= Introduction to DETECT workflow

= Dissemination and publication to date
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Introduction to work packages

- WP2 - Fracture flow, mineralisation, clay swelling e | WP]
= Presentation by Andreas Busch (HW University), WP2 lead WP4 Integrated Risk WP2 .. .
h - d delli Caprock Assessment of Ercicure O A
= WP3 - Fracture characterisation and modelling Integrity CO, Leakage Flow
»  Presentations by Niko Kampman (Shell), Florian Doster (HW Monitoring along Fractures Goi o
. across Cdprock

University), Jeroen Snippe (Shell), WP3 lead
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- WP4 - Containment monitoring for caprock Integrity m , o
e 2 b
- This presentation, Marcella Dean (Shell), WP1 & WP4 lead g i
o o o, WP3
- WP5 — Qualitative and quantitative risk assessment = Leokage
. . Modellin
= Presentation by Sheryl Hurst (Risktec - BT i B
Y Y o
Overview and results WP4
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DETECT

INTEGRATED GEOLOGICAL CO,
LEAKAGE RISK ASSESSMENT
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D E T E CT

DETECT - Integrated geological CO, leakage risk assessment

DeTermining the risk of CO2 |ea|<oge 0|ong fractures of the orimary coprock using an

integrated monitoring and hydro-mechanical-chemical approach Elﬁfé@é&%s%g%s@&%f@

Motivation Approach

A focused effort to increase understanding of Modeling workflows developed and

geologic leakage risks along fractures in suitable monitoring technologies identified

caprocks. This is particularly relevant for large- are integrated as barriers within the HERIOT

scale deployment of CCS which may increase bowtie risk framework, allowing holistic % SWATT
UNIVERSITY

exposure fo containment risks. assessment of geological leakage risks

across caprocks. .
d)iedives E IVR Resources Group
The goal of DETECT is to develop tools to \\V f , Collaboration RWTHAACHEN
assess geological leakage risks related to fault Small consortium with relevant expertise

: : TUVRheinland®
and fractures in caprocks. and proven track record to deliver our — einfan
.. 1SKtec
objectives.
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DETECT workflow

The goal of DETECT is to assess geological leakage

risks related to fault and fractures in caprocks.

WP4

Identify active monitoring
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e | permeability relations and
- analytical stress-state model
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barriers relevant for site and
expected leakage rates

Geological Leakage

Risk Assessment

Modelling results inform
effectiveness of passive
barriers (in seals and
secondary storage units)

Incorporate all modelling and
monitoring barriers in a
qualitative bowtie risk
assessment framework with
associated quantitative
scenario modelling tool
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from numerical up-scaling

Probabilistic dynamic
simulation using uncertainty
ranges on all (parametrized)

controls

WP3

Simulate flow in fracture
networks in caprocks

== Scaling relations based on

meso/fine-scale modelling &
analogues

Estimation of leakage rate
distribution and likelihood at
each caprock in CO, storage

complex

Characterise background
stresses and log-derived rock
transport and geomechanical

properties
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Experimentation and numerical
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fracture processes
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DETECT - Dissemination and publications

Industry conferences/external workshops (>20)

2018: EGU meeting, PROTECT workshop, Geologica Belgica Meeting, GHGT-14, Curtin University, CSIRO, Shell Geophysical Conference, EAGE CO, Storage Workshop 2 posters
2019: IEAGHG Fault workshop, Shell Reservoir Surveillance Team presentation, Pre-ACT Stakeholder Meeting Brussels, CSIRO virtual workshop, FRISK kick-off meeting, Northern Lights MMV,

Online presence

= DETECT page on Research Gate website:
ResearchGate 942 reads, 83 followers

= DETECT website via HWU website:
https://geoenergy.hw.ac.uk/research/detect/

Shell/Equinor DETECT workshop
2020: Shell internal review technical review workshop, DETECT final webinar, GET2020, GHGT-15 abstract accepted, Interpore, SPE CCUS

Publications (7)

Kubeyev, A. (2019). ARMA conference paper: Geomechanics Numerical Code for Modelling Contact in Fractures using VEM.

Fink, R., Bertier, P., Krooss, B., & Weniger, P. (2019). Hydration State and Interlayer Cation Type (Ca2+, Na+) Control CO2 Sorption Behaviour of
Workshop (Vol. 2019, No. 1, pp. 1-5). European Association of Geoscientists & Engineers.

Philips, T. et al. (2020). Controls on the intrinsic flow properties of mudrock fractures: A review of their importance in subsurface storage. Earth-Scie
Busch, A. et al. (2020). Swelling clay minerals and containment risk assessment for the storage seal of the Peterhead CCS project. JGGC, 2020.

K. Bisdom, P.A. Swaby (2020). Green River Fault and Fracture Structural Model. Conceptual model for hydromechanical leakage modelling and up:
Unrestricted Shell report SR.20.00919, Shell Global Solutions International B.V., Amsterdam

Book Chapter (in print):

Busch, A. (Heriot-Watt University) published a book chapter (pp.283-303) in Geological Carbon Storage, Migration and Leakage of CO2 From Desg
Caprock Integrity, November 2018

March, R.; Maier, C.; Doster, F.; Geiger, S. (2021). A unified Framework for Flow Simulation in Fracture Reservoirs

In Lie, K.-A. and Mayner, O. (2021). Advanced Modelling with the MATLAB Reservoir Simulation Toolbox (MRST), Cambridge University Press

‘Contents lists availabie ar ScicoceDirect

Earth-Science Reviews

lournal homepage: www olseviar com/lacstiesrcitey

Review article

Controls on the intrinsic flow properties of mudrock fractures: A review of | )

their importance in subsurface storage =
‘Tomos Phillips”", Niko Kampman', Kevin Bisdom’,| [ TE
sabine A.M. den Hartog", Veerle Cnudde™, Andreas| CT
fromyend o Multis
= s g scale ex,
D Perimentq|
pre o modelin ol charge,
g of flow # erization ane
Numericq/

rough f;
Zones for o, 9h fractures | f
. rock n fault d
T I Objective prock lea age ‘kOSSGSSnemr amage
» OETECE

gl

ACT knowledge sharing workshops (3)

= 2017 ACT knowledge sharing workshop (October 24, 2017, Bucharest), 2018 ACT knowledge sharing workshop (November 13, 2018, RVE Niederaussem), 2019
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https://www.researchgate.net/project/DETECT-Determining-the-risk-of-CO2-leakage-along-fractures-of-the-primary-caprock-using-an-integrated-monitoring-and-hydro-mechanical-chemical-approach
https://geoenergy.hw.ac.uk/research/detect/

D E T E CT

INTEGRATED GEOLOGICAL CO,
LEAKAGE RISK ASSESSMENT

Roberto E. Rizzo

RWTH Aachen University: Reinhard Fink (WP2.3), Hannes Claes (WP2.2)
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WP?2 lead: Andreas Busch, HWU

WP2 - Fracture flow, mineralisation, clay swelling
WP?2 tested sensitivities of leakage rates along fracture networks or fault damage zones to fluid pressure, chemistry, mineral reaction

rates, saturation changes and effective stress changes to generate the necessary input parameter for leakage modelling in WP3.

% . to Temperature control ) - injection
|ectives Oven Oven TSR |
= Pressure: Identify and analyse factors @c,.mmmm.m
controlling fracture flow as a function of pore [T g eernc,
0 . . I @ E At
pressure, confining stress, mineralogy or - Al I  BPholometer]
Fow <o Dipe ton ey pcion

=> Amount of precipitation
Continuous monitorring

strength parameters Shpms o

temperature gradient

storage reservoir

= Clay swelling: Significantly improve

fundamental understanding of the impact of St

<+ advection/capillary trapping

= diffusion

CO, induced expansion of swelling clays in Fault leak scenario highlighting fhree

fractures processes studied.

= Mineralisation: Determine effects of CO,-

induced water-rock inferactions on transport

through fractures WP2T1. Fracture WP2.T2. WP2.T3. Clay
| N Flow: stress- Mineralisation: Swelling: clc?/ swelling
Collaboration i T permeabiiity relations min?rohsoﬁon in affecting fracture
. . . . . . . ractures apertures
Heriot-Watt University, RWTH Aachen University, Shell IRD, Utrecht University
Acceleraﬁng Copyright of Shell Global Solutions International B.V.
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INTEGRATED GEOLOGICAL CO,
LEAKAGE RISK ASSESSMENT

WP3 - Fracture characterisation and modelling

CO2Ws55

Little Grand
Wash Fault

Shell Global Solutions International B.V.: Jeroen Snippe (WP3 Lead), Niko Kampman, Kevin Bisdom, Karin de Borst, Kees Hindriks

Heriot Watt University: Andreas Busch, Nathaniel Forbes Inskip, Tom Phillips, Florian Doster, Rafael Castaneda Neto, Amanzhol Kubeyev
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WP3 lead: Jeroen Snippe, Shell

WP3 - Fracture characterisation and modelling
WP3 characterised 2D/3D fracture network pattern for flow modelling. Developed innovative hydro-mechanical-chemical CO, and

brine leakage modelling at fine-scale, meso-scale and large-scale.

Reference
3 Solufions Meso-scale
. i Fine—ScaleS) ke ond I e
ObleCflves = ink fine and large scale ransfer Fundtions

Identify efficient representations of key processes
. T Identify k tric feat
= Modelling: Develop and apply a predictive I I‘ ently ke geomelric feafures

Deve|op transfer concepts

260002

modelling workflow for realistic CO, and brine

Y &:
leakage rates along realistic fault/fracture ‘ Boundary

. Conditions

Large-scale

g |
A

damage zones through the primary caprock

R H H Discrete Hierarchical Fracture Effective
and continuing into shallower formations Fradure  Model (HEM) / Medium
. . . : , Matrix Embedded Discrete Theory
= Characterisation: Incorporating effects on : . |
. o] vz e s . Boundary
fracture aperture of mineral o . - Conditions
) . o . | 4 e From fine to large scale modelling.
dissolution/precipitation and clay swelling -~
Collaboration |
. . . WP3.1. 2D/3D .
Shell IRD, Heriot-Wait University fracture netv//ork WP3.2. Fine-scale WP3.3. Meso-scale WP3.4. Large-scale
e o modellin? of flow in a modelling and fault zone leak path
charogerisqtion for single facture and upscaling of flow in modelling of storage
flow modelling connected matrix fault damage zones complexes
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Shell Global Solutions International B.V.: Marcella Dean (WP4 Lead), Yuan Qiu, Daria Spivakovska, Samantha Grandi

INTEGRATED GEOLOGICAL CO,
LEAKAGE RISK ASSESSMENT

WP4 - Containment monitoring for caprock Integrity
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DETECT workflow

The goal of DETECT is to assess geological leakage

risks related to fault and fractures in caprocks

WP4

Ty

Identify active monitoring

1.40404]

260403

8.60003}

04

Hydromechanical coupling
using lab-derived stress-
permeability relations and

- analytical stress-state model

8|
¥
2|
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x ate: Mon 31/08/20:

barriers relevant for site and
expected leakage rates

Geological Leakage
Risk Assessment

Incorporate all modelling and
monitoring barriers in a
qualitative bowtie risk
assessment framework with
associated quantitative
scenario modelling tool

WPS

Modelling results inform

¢ effectiveness of passive
barriers (in seals and

secondary storage units)
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Probabilistic dynamic
simulation using uncertainty WP
ranges on all (parametrized)

controls

Estimation of leakage rate
distribution and likelihood at
each caprock in CO, storage

complex

Simulate flow in fracture
networks in caprocks

== Scaling relations based on

meso/fine-scale modelling &
analogues

Effective fracture + matrix
vertical permeability, RLP, CPR
R Rmmssanarts| /) for each cell in seal derived
from numerical up-scaling

Characterise background
stresses and log-derived rock
transport and geomechanical
properties
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058214

WP4 - Marcella.Dean@shell.com

Experimentation and numerical
modeling to characterise single
fracture processes

WP2
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micropores

Quantifying the impact of

e smalll-scale physics on CO,-

brine flow at fine-scale
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o)
]

Characterise fault-fracture
networks using analogue
derived scaling relations: fault
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WPA4 lead: Marcella Dean, Shell

WP4 - Containment monitoring for caprock integrity

WP4 selected cost-efficient and effective caprock monitoring technologies which were incorporated as active safeguards in the

bowtie risk framework (WP5).

Objectives

= Feasibility studies: Identify which
containment monitoring technologies can
act as effective and efficient barriers to the
risks posed by CO, leakage along fractures
of the caprock

= Active barriers: Assess effectiveness of
individual containment monitoring
technologies and integrate as active

barriers in containment bowtie

Collaboration
Shell Global Solutions, Risktec Solutions
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The detectable temperature travel distance using
cut-off of 0.1°C for the high leakage case.
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Detectable Temperature Distance Vs. Time
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WP4.T1 Overview WP4.T2 Identify

of relevant monitoring
containment technologies suitable
moniforing

to detect |eqkoie

technologies across caproc
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 RERERERREREERENENEL

Creation date: Thu 17/10/2019 1
Rurie: Leak? yr30_PseudoTd,

Cross section of expected temperature changes for the low, mid
and high leakage scenarios (from left to right) with the same
base case matrix properties.

WP4.T4 Identify
detection thresholds
based on results
from T3 and other
WPs

WPA4.T3 Perform
feasibility studies for
selected monitoring

technologies

WPA4.T5 Incorporate
results as active
safeguards in bowtie

with WP5
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Results: Containment monitoring
options for a North Sea site

In-well Monitoring Technologies - Logging and Fiber Optic Methods

Chlergs/Opperi

2 Saturation monitoring + Change in log response due  *+  The well should be located
ﬁ_ 2 Sonic logging to change of CO, near the leakage path
gL Noise logging concentration The logging requires well
. d h | d . . o 2 Temperature logging +  Acoustic signal from fault inferventions
1. Continuous downhole pressure and temperature monitoring Es readtivation The measurements are not
‘s + Temperature change due fo continuous

Time-lapse logging technologies (Neutron and Thermal

Radioadtive tracers

lecking
Gamma ray response in

The well should be located

2. Gamma logging overburden due to CO, The measurements are not
Neutron Capture) ok leckage continuous

S B Tracer application for CO; is

2 challenging in practice

Distributed Acoustic, Temperature and Pressure Sensing

Geophysical Monitoring Technologies

In-well Pressure and Temperature Monitoring

HSE exposure and high cost

« Distributed Acoustic Sensing = Acoustic signal from fault The well should be located
1 - - " + Distributed Temperature reactivation near the leakage path
TI me |Gpse DAS VS P' DAS Cross We" %_ o Sensing +  Change in temperature and The accuracy of temperature
o5 + Distributed Pressure Sensing pressure due to CO, leakage and pressure measurements is
5. CoannUOUS microseismic monlforlng .—E & not high

Measurement Method Evaluation method Challenges/Opportunities

Measurement Method Evaluation method Challenges/Opportunities

MI e 2D and 3D VSP* (geophones  «  Identify time-lapse signals +  Geophones cannot easily be g + PDG (Permanent Downhole ~ + Unexpected pressure changes +  In-well monitering for
and DAS) due to pressure, saturation, deployed in injedtion wells oo 2 Gauges) or DPS (Distributed due to containment loss pressure is restricted to the
- | — i and temperature changes « DAS has directional limitation a Pressure Sensors) shall be +  Site-specific expected CO, }ﬂe“ |_oc5:1ions for installation,
‘ S =@ * Micoseismic (geophones and + Record microseismicity * Need sufficient sensors fo able to pick up the pressure leckage flow rate and i.e., limited the areal
R R, 3 DAS) locate microseismic sources 5|gnu| within certain distance distance between monitoring coverage for potenhcﬂ
- ] £ . Crosswell EM (source and e LI e Pl FE I e ey iR away from the faults and/or well locations fo likely leckage along faults and
1L sensor in well, i.e. casing); to saturation changes resolution, but a linear fractures lek path. |euk|uge gq‘rhs must be _frr:dures ) )
- e - EM in cased holes; surface response fo saturation ErElliei : € pressure increasing
o caused by CO, leakage is
b L 3 changes typically much higher than
the accuracy (~0.002% FS,
Cosatuatonat Top D leveln year 2020 + 2D ond 3D surface seismic ~ *  Identify time-lapse signals * Most costly, but highest i.e., ~2Psi) of pressure
(streamers, OBN, OBC, P- due to pressure, saturation, spatial resolution o gauges
. - 2 . N
g cable, PRM) and temperature changes Non ||r_1eur response fo & * The temperature cooling +  Unexpected temperature *  In-well monitoring for
2 - _ o safuration chgnges g caused by CO, leakage can changes due to containment temperature is restricted to
3 Micoseismic (surface passive  *  Record microseismicity . |.|r_n|ted sensitivity to detect £ be diaed Tem T
acousfic sensors) microseismic events at f:lepth e » The temperature signal is installation, i.e., limited the
+  Seabed geodesy * Detedt seabed movements * Requires sufficient spatial and local and restricted to the areal coverage for potential
with pressure and sonar temporal coverage (cost — immediate vicinity of the leakage dlong faults and
methods benefit analysis required) leckage pathway fractures
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Yuan Qliu, Daria Spivakovska Shell

10mD & 10% 40mD & 20% 200mD & 30%

RN RN R

......

In-well monitoring assessment

Example of results

! CO, saturation

jeadedsicistangtnty

REIERRRERERRERRSTENRNE.
i
8

= Using a pseudo-thermal leakage model we modelled the effects of = " " changes for three
: er: . = bili
changing permeabilities, distance to leak and leakage rates - * permeability
e e e s seea B T ™ T A T cases.
= Temperature and pressure monitoring for geologic leakage K-10mD & Por-10% K-40mD & Por-20% K-200mD & Por-30%

detection is expected to perform well. The performance depends

on permeability, saturation and distance to fault/fracture system

= Neutron and Thermal Neutron Capture (TNC) are recommended

r2 Pressure changes
for three

Baeeegacaseybebsel

tE3G3iisescbasanbtysy

low-cost tools for leakage detection : _ 5 _ = 51 permeability
= Fiber optics Distributed Temperature Sensing (DTS) (installed B ?%R‘ cases.
behind casing) is considered one of the best options for monitoring
leakage within the vicinity of the instrumented well
o After 20 year After 25 year After 30 year 0
50 . Defecf0b|e

Modelled neutron <
tool response -
after 20, 25,30
years (left). 1250

1500

=
=3
=)

distance for
neutron tool.

8

Detectable distance

8

1750

o 00 400 600 B0
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Assessed effectiveness of active containment monitoring barriers in
the bowtie

= The expected performance of different

monitoring technology options was assessed for

low, medium and high leakage rates

= Effectiveness of active barriers was assessed for

primary seal, secondary storage and secondary

seal

Leakage via existing
fracture network

m
=

m
=

Monitoring:
Geophysical
monitoring during
injection checks that
CO2 plume size and
behaviour is as
expected. If
deviation, gather more
data and re-assess
models; intervene if
necessary to stop or
alter injection pattern.

Monitoring: Downhole
monitoring of
pressure, acoustics,
seismicity. If
deviation, gather more
data and re-assess
models; intervene if
necessary to stop or
alter injection pattern.

1to 11,15

12,14, 16, 17,18

Induced seismicity
enhances
permeability or
causes shear failure
of existing faults or
fractures

Acceleraﬁng
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Monitoring: Monitoring
during injection
detects induced

seismicity.
Intervention if
necessary to stop or
alter injection pattern

15, 19, 20

Monitoring: Downhole
monitoring of
pressure, acoustics,
seismicity. If
deviation, gather more
data and re-assess
models; intervene if
necessary to stop or
alter injection pattern.

1to 11,15

Copyright of Shell Global Solutions International B.V.

CO2 in storage

Bowtie : Release from primary storage unit via geology e S -

) (1363 kg/day*m2): (7.9 kg/day*m32): (0.2 kg/day*m32):
Ibd:vr;:;:nng LEiET e = D= a — Primary Seal : b — Secondary Storage : ¢ — Secondary Seal
Release from primary storage unit via geology — prevention measures (left side of bowtie)

12 Time-lapse DAS VSP reflection survey Gr;;od I;a:: r | Poor Good Eiclr Poor Good| Fair | Poor
Geophysical monitoring - = 5
during injection checks that | 14 Time-lapse cross-well seismic Good|, Fair | Poor o] REalis IEvo Gooalfalid (R
. b ac abc
CO, plume size and
behaviour i cted. - - -
Ifed;\‘:il;tli] Cr):\s ;Zt?:((epr)em (?re 16 Time-lapse surface seismic with streamers Good| Fair | Poor Good| Fair | Poor Good| Fair | Poor
data and re-assess models; (narrow azimuth) abe
intervene if necessary to i
stop or alter injection 17 Time-lapse Ocean Bottom Nodes (OBN) or Good| Fair | Poor Good| Fair | Poor Good| Fair | Poor
pattern. (12, 14, 16, 17 Ocean Bottom Cables (OBC) or Permanent o “be
18) ror T Reservoir Monitoring (PRM)
. . . L Good| Fair | Poor Good| Fair | Poor Good| Fair | Poor
18 Time-lapse high resolution seismic
abc abc
1
4
Monitoring during injection | 15 Acoustic Reflection Survey (BARS) or deep Good| Fair | Poor Good| Fair | Poor Good| Fair W
detects induced seismicity. | sonic imaging b | ac abk
Intervention if necessary to
stop or alter injection 19 Micro-seismic monitoring at seabed with Good| Fair | Poor Good| Fair | Poor Good| Fair | Poor
pattern broadband seismometers
-—— " N lio)
20 Passive seismic monitoring with PRM or OBN ozl 7 For ol ol Hpoor condl HPoor

Release from
primary storage
unit via geology

-
S

m
=

m
=

Monitoring:
Geophysical
monitoring determines
extent of CO2
migration (i.e.
containment
monitoring)

Monitoring: Downhole
monitoring to detect
changes in pressure,
acoustics, seismicity

1to 11,15

12, 13, 14, 16 to 20, 22

Monitoring:
Monitoring / sampling,
attribution and
quantification of leaks
or contamination at
target e.g.
groundwater,
sediment, marine
environment, etc. (as
appropriate) and
comparison to baseline

Emission at seabed

21

December 2020



SRR

D ETE CT

T
INTEGRATED GEOLOGICAL CO,
LEAKAGE RISK ASSESSMENT

WPS5 - Qudlitative and quantitative risk assessment

CO02in
storage l

g NN\

WP2.1 Pressure
effects
hi

Injection pressure - Capacity of underlying Fracture network Stress-dependency of Phase behaviour of i
below threshold formation geometry conductivity co2 monitoring

. . WP3 Flow
- - through Detected flow above
seal seal

P/T path and phase WP4 Containment
behaviour of the CO2 monitoring

WP2.3 Swelling clay
effects



VWP5 Lead: Sheryl Hurst, Risktec

WPS5 - Qualitative and quantitative risk assessment

WP5 integrated learnings from DETECT into qualitative bowties and quantitative model to serve as an industry guideline for risk

assessment of CO, leakage across fractures in the caprock.

Predictive module
User interface = Output display

Objectives L %4

= Qualitative risk assessment: To develop

DM - Aee At ki 3C

tie diagram icting th
bowtie diagrams depicting the natural — E—

etk [m—
&8 BQ : QA0 "B OO »- RAERA T BZLa4D

pathways for CO, release from subsurface e o e

€02 in storage (Release from primary storage unit)

Data store of flow simulation results

Res. Res. Res.
Type Type Type LLL) ~  Data store
1 2 3

storage and the measures in place to

prevent/mitigate the risk (Pre-Prepared)

= Quantitative risk assessment: To develop

iO
= : I
> FRIORBEGEO TP PP

quantitative risk assessment model aligned to

the bowtie, using output from the other WPs Quantitative model structure.

to determine prevention/mitigation measure

effectiveness
WP5.T1 . Ider\tif}/ WP5.T2. Bowtie risk WP.5.T3. Quo.ntitotive
Collaboration ot s | | dieniaione | | o ok
Risktec (TUV Rheinland Group), Shell IRD models scenarios scenarios
Acceleraﬁng Copyright of Shell Global Solutions International B.V.
%‘iﬁmbgm The project has been subsidized through the ERANET Cofund ACT (Project no. 271497), the European Commission, the Research Council of Norway, the Rijksdienst voor Ondernemend  December 2020 19
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DETECT workflow

The goal of DETECT is to assess geological leakage

risks related to fault and fractures in caprocks

WP4

Ty

Identify active monitoring

1.40404]

260403

8.60003}

04

Hydromechanical coupling
using lab-derived stress-
permeability relations and

- analytical stress-state model

8|
¥
2|

Zanwor Toeot pr=n Thes0s
x ate: Mon 31/08/20:

barriers relevant for site and
expected leakage rates

Geological Leakage
Risk Assessment

Incorporate all modelling and
monitoring barriers in a
qualitative bowtie risk
assessment framework with
associated quantitative
scenario modelling tool

WPS

Modelling results inform

¢ effectiveness of passive
barriers (in seals and

secondary storage units)

Acceleraﬁng
Gcs
Technologies

Probabilistic dynamic
simulation using uncertainty WP
ranges on all (parametrized)

controls

Estimation of leakage rate
distribution and likelihood at
each caprock in CO, storage

complex

Simulate flow in fracture
networks in caprocks

== Scaling relations based on

meso/fine-scale modelling &
analogues

Effective fracture + matrix
vertical permeability, RLP, CPR
R Rmmssanarts| /) for each cell in seal derived
from numerical up-scaling

Characterise background
stresses and log-derived rock
transport and geomechanical
properties

kf [mD)
058214

058214

058214

WP4 - Marcella.Dean@shell.com

Experimentation and numerical
modeling to characterise single
fracture processes

WP2

fracture
perture

matrix
micropores

Quantifying the impact of

e smalll-scale physics on CO,-

brine flow at fine-scale

20

m m m m m m m m
o)
]

Characterise fault-fracture
networks using analogue
derived scaling relations: fault
throw-length-frequency
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