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Technical Sessions

« Monitoring for Large-scale projects
* Permit Requirements

* Induced Seismicity

« Shallow Monitoring

* Link Between Geophysical Monitoring Responses and CO2 in
Reservoirs

* Pressure Monitoring and Reservoir Management
« Monitoring Tools — Shallow

* Monitoring Tools — Deep

« Update on Demonstration Projects

* Post Closure Monitoring

- Leakage Failure Scenarios — How to Detect Them (Group work
exercise)






Panel

« Tom Daley, LBNL tmdaley@]bl.gov

« Katherine Romanak, BEG University of Texas at

Austin katherine.romanak@beg.utexas.edu
* Don Lawton, CMC, Canada lawton@ucalgary.ca
 Owaln Tucker, SheII, UK O.Tucker@shell.com
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. Technology R&D For Deep cecceer]
‘;; Monitoring and Geophysics

 Pressure monitoring: High use and potential  oveone actve: rimeiapse

but challenges remain 0 W\f’“ﬁ
—Optimize leakage detection i AN
—Active testing vs passive monitoring ' hosseini 2015

—Permanent deployments above reservoirs
* Need for deep monitoring wells

* Induced seismicity: How can we devise a
u u . Cumulative Seismicity in Oklahoma
monitoring strategy for safe operation? e

—Use of microseisimcity as monitoring tool /

—Example protocols for I.S. from y
geothermal development Y
e 4D surface seismic: continued advances T Holland, 2015

—e.g. Sleipner, Snohvit

LAWRENCE BERKELEY NATIONAL LABORATORY I
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P - TechnOIOQy R&D FOr Deep fErreer (:;
%= Monitoring and Geophysics

* Distributed Acoustic Sensing (DAS) - fibre
optic seismic: great potential Casing Deployment

—Various field deployments are likely
precursors of improvements in seismic
imaging

—Continuous monitoring potential

e Coupling permanent sensors with permanent
sources

—Aquistore: integrated DAS vertical
seismic profile (VSP) with surface seismic
* Notable: Injection begins, with first data!

—RITE: testing fibre strain sensing at small
scale borehole test

LAWRENCE BERKELEY NATIONAL LABORATORY I
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— Technology R&D For Deep |

%  Monitoring and Geophysics "~ ﬂ
= __Yonitoring and 5eopnysics
Example DAS VSP Images at Aquistore

Dynamite; DAS 350 to 2510m Vibrator; DAS 350 to 2510m
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Shallow Monitoring

e “Shallow monitoring: how much do we need and how can we
do it?”
« Panel discussion with practitioners giving their experience in
o Ssoil gas,
o Mmarine,

o groundwater
o atmosphere

* Four short presentations on the ability and practicality of
surface monitoring techniques to detect, attribute and
quantify CO, followed by open discussion.
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THE UNIVERSITY OF

TEXAS WHAT STARTS HERE CHANGES THE WORLD

—— AT AUSTIN —
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# & Overarching Issues

* How much do we need?

A N AN

— How big of a leak is important to find?

— Are we sending mixed messages about
leakage?

— Risk of false alarms

== » How can we do it?

: — Viability of using baseline is questioned*

— Emerging techniques are creating a paradigm
shift

* No need for extended baseline measurements only one-time
characterization

* Targeted response to stakeholder concerns, environmental
assessment, or quantification.

* Faster, easier, less expensive, more accurate



THE UNIVERSITY OF

TEXAS WHAT STARTS HERE CHANGES THE WORLD

—— AT AUSTIN ——

Additional Points
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- Leakage detection is *Leakage *Need accurate,
easier offshore than detection using continuous,
onshore geochemistry In real-time smart

—acoustic methods can grounawater data collection
locate bubble streams wells will be .

« Attribution and difficult. and simple
environmental —Attenuation of signal data reduction
variability challenges —Pet(equljsiree\évell-Spacmg

are similar to
onshore.
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S-CMmC Intermediate depth and

Monitoring Institute

UNIVERSITY OF

overburden monitoring CALGARY

e Controlled CO, release experiments into the overburden at
various depths.

* Assess CO, detection thresholds at these depths across
the full range of monitoring technologies.

* Monitor the vertical migration signature of CO, through the
overburden and impacts on groundwater.

* Understand leakage pathways
* Characterization of full overburden required at baseline.

* Need more geomechanics analyses and models to use
monitoring data effectively.

* Pressure monitoring — work-horse method, opportunity for
large areal coverage in above zone monitoring interval.
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Containment &
Monitoring Institute

Intermediate depth and
overburden monitoring CALGARY

Above zone pressure monitoring
(Hosseini, 2015)

Well model for optimum leak detection

Potential monitoring
well locations (red lines)

Overlying aquifer

~3.2km

Cap rock
160 m

Storage fomation

002 injectors (green lines)

e Large areal coverage
e Relatively cheap (Cameron, 2015)
 Small pressure changes detectable

e Detect small leaks over time

A
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SCMC Intermediate depth and

Monitoring Institute

UNIVERSITY OF

overburden monitoring CALGARY

) ) , ) CaMl test field site, Alberta Canada
Legacy well integrity/casing failure

Observation - C02 injectors
M E \L " surface monitoring

' X :
Injection Well Abandoned Q we"(s) }r é; V5| technologies

. €02 ~Well o
1 Vados!? ~=.=_-" - Cluster of Producing Oil Wells
Zone Flow= = A

Cemented surface =
casing

Depth

MHS

Reservoir

Arter Ceha et al., 2004

Legacy wells most likely CO, leakage
pathway, particularly in depleted oil and
gas reservoirs
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@ LARGE SCALE COMMERCIAL PROJECTS

Requirements from monitoring

Shell
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CAUTIONARY STATEMENT

The companies in which Royal Dutch Shell plc directly and indirectly owns investments are separate 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”, “
and “our” are also used to refer to subsidiaries in general or to those who work for them. These expressions are also used where no useful purpose is served by
identifying the particular company or companies. “Subsidiaries”, “Shell subsidiaries” and “Shell companies” as used in this presentation refer to companies in which
Royal Dutch Shell either directly or indirectly has control. Companies over which Shell has joint control are generally referred to as “joint ventures” and companies
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 a venture, partnership or company, after exclusion of all third-party interest.

us”

This presentation contains forward-looking statements 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 “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 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; (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. 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 20-F for the year ended December 31, 2014 (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, August 18, 2015. 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. You can also obtain these forms from the SEC by calling 1-800-SEC-0330

Shell 17



OPERATOR PERSPECTIVE FROM MAJOR PROJECTS

m Safely deployable in real world situations; reliable and robust; cost effective
® Minimise impact on stakeholders
® The monitoring will be designed to address risks

m Support demonstration of absence of leakage
m Provide evidence for stakeholders that storage site is working as expected

m Increase the strength of containment barriers — monitor and act

m Good spatial and temporal coverage is desired; clear detection signals

% \
N LY
Observation well 0B-2 for [0
Moebetsu Formation

(vertical)

Shell



SIGNIFICANT PROGRESS

B Chevron presented experience on bringing all the data together in one
system — integrating subsurface models, micro seismic and InSAR.

m VSP experience on Quest and Aquistore
m Rapid technology development of fibre based seismic detection
m Ability to be less intrusive on local stakeholders
m Better imaging of the subsurface
m Performing focussed risk based monitoring
m Key to deploying CCS as a cost effective CO, reduction technology

m Discussions and presentations on — what is the right level of
monitoring?

m Simple techniques like pressure

m What is the correct level of post-closure monitoring?

Shell



AREAS WHERE FOCUS NEEDS TO BE MAINTAINED

Shell

Understanding microseismicity

m \Water injection experience was presented, but more work needs to be done
here (mainly more seismic stations) to characterise the rates and events that
cause a risk with water disposal

m Tomakomai monitoring configuration presented — this work, combined with
InSalah, Decatur, Aquistore and Quest, will provide insight into CO, injection
microseismicity

New technologies — like ambient noise — have the
promise to provide continuous active seismic
monitoring without impacting stakeholders

Significant progress in marine monitoring, but need to

level as the terrestrial one.




BRINGING STORAGE AND EOR TOGETHER

||||||

Dover 33 |«

m Battelle work on Pinnacle reefs, and PCOR work at | s 7//#
Bell Creek: monitoring the associated storage that \
takes place with CO,-EOR T

m Key work being done in operational sites

m Scientifically demonstrating the facts that the industry knows —
retention ratios, no leakage, emissions related to recycle etc.

Shell
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