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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”, 
“us” 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. 

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,  May 12, 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  2 



Copyright of Shell

OVERVIEW
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n  Peterhead CCS Project & Goldeneye Storage Complex 

n Project and storage complex overview

n  Risk-Based Measurement, Monitoring and Verification (MMV) 
Plan 

n Objectives (Ensure Conformance and Containment) 

n Identified Threats and Evaluation 

n Bowtie Method, the Goldeneye Bowtie 

n Base Case Monitoring, Contingency, Corrective Measures and 
Post Closure Plans

n  Front End Engineering Design (FEED) Phase & the MMV Plan 

n Challenges/Risks: costs, operational constraints, data 
management 

n Opportunities: emerging technologies (4D DAS VSP) 

n  Summary 
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OVERVIEW

PETERHEAD CCS PROJECT       
GOLDENEYE STORAGE COMPLEX

1.0 
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PETERHEAD CCS PROJECT 
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n  World First – first full-scale CCS project on a 
gas-based power station 

n  Where – capture at Peterhead Power Station; 
storage in depleted Goldeneye gas reservoir 
(100km offshore North Sea, at a depth of more 
than 2km) 

n  Impact –At least 10 million tonnes of CO2 
emissions captured over ten years

n  Funding – UK Government support for both 
capital & operating expenses

n  Technology – post-combustion capture using 
amines

n  Status – February 24, 2014 Shell and UK 
Government signed agreement allowing project  
to enter the Front-End Engineering Design 
(FEED) phase which is expected to last until 
2015
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GOLDENEYE STORAGE SITE & COMPLEX 

n  Storage site (green): 
Volume area within a 
geological formation 
used for the geological 
storage of CO2 and 
associated surface and 
injection facilities



n  Storage complex 
(purple): Storage site 
and surrounding 
geological domain, 
which can have an effect 
on overall storage 
integrity and security, i.e. 
secondary containment 
formations 6 15/05/15 

Vertically bounded by storage seal

Vertically bounded by complex 
seal
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n  Top Reservoir – Depth Map showing 
the Goldeneye Storage Site, fluid 
contacts and wells.

GOLDENEYE STORAGE SITE & WELLS

n  Storage Site – Includes the reservoir 
within the Captain Sandstone 
Member and rocks down to the base 
of the Cromer Knoll Group

n  Closure – Structural dip closure is 
provided to the east, west and south 
with pinchout of the Captain 
reservoir sands to the north 

n  Goldeneye Wells – Of the five 
development wells, three are planned 
to be converted as injector wells, one 
will function as a monitoring well and 
one will be abandoned. 

n  Abandoned Wells –  E&A have been 
assessed for the presence of effective 
barriers

7 15/05/15 
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OBJECTIVES, RISK ASSESSMENT, BASE PLAN, 
CONTINGENCY PLAN & CORRECTIVE MEASURES

THE GOLDENEYE MEASUREMENT, 
MONITORING & VERIFICATION (MMV) 
PLAN 

2.0 
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n  ENSURE CONTAINMENT

n demonstrate effective and secure CO2 storage

n containment risks affect project license to inject 

n  ENSURE CONFORMANCE 

n demonstrate actual storage performance is consistent with 
expectations about injectivity, capacity and CO2 behavior inside the 
storage complex 

n provide support for transfer of liabilities

n  VERIFY SAFEGUARDS

n Verifying the expected effectiveness of existing safeguards created 
by site selection, site characterization and engineering designs

n Creating additional safeguards using monitoring systems to provide 
early warning to trigger timely corrective measures


MMV PLAN OBJECTIVES 

9 15/05/15 

The Monitoring Plan covers all phases and domains of the CO2 storage 
operation 
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BOWTIE METHOD – THEORY 

n  Top Event: CO2 leaving the storage complex 

n  Threats: mechanisms (migration paths) that lead to top event; 
identify potential leak paths

n  Consequences: adverse effects to environment, people and 
reputation 

n  Preventative Safeguards: these decrease the likelihood of a 
threat leading to the top event 

n  Corrective Safeguards: these decrease the likelihood of 
significant consequences after top event 
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THE GOLDENEYE BOWTIE – MODEL STRUCTURE 
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THE GOLDENEYE BOWTIE – EXAMPLE 
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n  Example Hazard and Barriers – Extract from bowtie analysis illustrating 
preventive safeguards
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BASE CASE MONITORING PLAN 

13 15/05/15 



Copyright of INSERT COMPANY NAME HERE 

CONTINGENCY, CORRECTIVE MEASURES & POST 
CLOSURE PLANS
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n  Contingency Plan 
n Provides necessary information 

for corrective measures in case 
of suspected irregularities

n  Post Closure Plan 
n  Includes two post-injection 

seismic surveys: (~1 and ~6 
years post injection) to confirm 
absence of any irregularities and 
conformance to dynamic models

n First post-injection survey after 
store has seen highest injection 
pressures and plume has largest 
footprint 





n  Corrective Measures Plan 
n  Informed and triggered by 

contingency monitoring, risk 
assessment, and regulatory 
engagement 



Modelled distribution of CO2 at the end of injection. 
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FRONT END ENGINEERING DESIGN 
(FEED) PHASE & THE MMV PLAN 

SUMMARY 

3.0 
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FRONT END ENGINEERING DESIGN (FEED) PHASE 
AND THE MMV PLAN 

Besides technology feasibility assessments and cost/benefit 
analysis, during FEED, additional considerations require attention

n  Costs
n 4D surface seismic is the preferred technology (balance frequency of 

repeats with high costs). Alternatives? 

n Need monitoring technologies that are operationally feasible and 
automated

n  Operational constraints
n Unmanned platform with limited space: rack space for Fiber Optics 

(FO) interrogator boxes, access to monitoring data 

n Power requirements on platform, battery life, biofouling, trawling 
activities

n  Data management 
n Large volumes of data from FO monitoring (DAS, DAS VSP, DAS 

microseismic), bandwidth requirements and potential latency issues
16 15/05/15 
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FRONT END ENGINEERING DESIGN (FEED) PHASE 
AND IMPLICATIONS TO THE MMV PLAN 

Emerging technologies offer potential 
low-cost containment monitoring 
solutions

n  Opportunities
n Multi-well DAS VSP can provide high 

fold image of ~2km2 around wells at 
reservoir level and ~0.5Km² at the level 
of secondary storage 

n Should CO₂ leak vertically out of 
Captain, a 4D DAS VSP is expected to 
resolve 4D anomalies as the CO₂ enters 
secondary storage

n Ability to monitor if CO2 leaks out of 
abandoned wells in image area

n Early deployment: requires field trial 17 15/05/15 
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SUMMARY 
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    Monitoring for the Goldeneye Storage Complex 
n Risk-based MMV plan according to identified and assessed threats using 

the Bowtie Method (key technology: 4D seismic) 

n Regulatory compliant covering all phases and domains of CO2 storage 
operation to demonstrate the absence of any irregularities and 
conformance 

n Diversified monitoring technologies complement each other in space and 
time to reduce uncertainties and reduce risks to acceptable levels

n Contingency and Corrective Measures to identify the source/cause of 
any irregularities, assess likely evolution and then plan remediation in 
consultation with the regulatory authorities

n Post Closure Plan in support of handover to confirm absence of any 
irregularities and conformance to dynamic models

n FEED Phase Challenges on MMV plan such as operational constraints, 
costs, data management, etc.
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