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Definitions  & c a utiona ry note 

Reserves: Our use of the term “reserves” in this presentation means SEC proved oil and gas reserves. 

Resources: Our use of the term “resources” in this presentation includes quantities of oil and gas not yet classified as SEC proved oil and gas reserves. Resources are consistent with the Society of Petroleum Engineers 2P and 2C definitions. 

Organic: Our use of the term Organic includes SEC proved oil and gas reserves excluding changes resulting from acquisitions, divestments and year-average pricing impact. 

Shales: Our use of the term ‘shales’ refers to tight, shale and coal bed methane oil and gas acreage.

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 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 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 “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 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, 2015 (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 24th, 2017. 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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Complex IOR/EOR projects risk not 

meeting NPV or production targets

Well & Reservoir Management 

(WRM) reduces such risks

New technologies, including fiber 

optics and 4D seismic are essential 

enablers for cost-effective WRM

Well & R eservoir M ana gement is  E s sentia l for O ptimized R ec overy 

3

OBJECTIVES
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W R M  C ha llenges  in B ra zil P re-S a lt 

 Large reserves in prolific carbonate reservoirs

 Fast-paced developments using FPSOs

 Complex recovery mechanisms (IOR/EOR)

 Water & Gas injection

 Water-Alternating-Gas (WAG)

 High-perm layers, risk of gas cycling

 On-demand monitoring needed 

 Optimize injection schemes

 Optimize development well locations

 Respond to unexpected behaviors
4

OBJECTIVES
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DAS+DTS Flow Profiling 

Benefits  of D is tributed F iber O ptic  S ens ing  for In-Well M onitoring  

Fiber Optic Sensing Applications

 Production and Injection Flow

Warm back Injector profiling 

 Reservoir compaction 

 Hydro frac monitoring 

 Vertical Seismic Profiling (VSP)

 Not ready for subsea wells

DSS Reservoir Compaction 

DTS+DAS Hydrofrac

DAS VSP

DTS Warm back Profiling

5

EXPECTED OUTCOMES
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Distributed Fiber Optic Sensing – Cable Ins ta lla tion 

Read out FO cable at surface 

DxS = Distributed ... Sensing
DTS: Temperature
DAS: Acoustic
DPS: Pressure
DSS: Strain
DCS: Chemical

“anything that deforms the fibre”
6

DEVELOPMENT

Installation Notes

 For Gas Lift or VSP fiber down to packer is sufficient

 For deepwater wells fiber is strapped to tubing

 For DVA wells fiber may be run as wireline

 Installation in subsea wells needs industry pull

FO-cable permanently installed

FO-cable cemented behind
casing or strapped to tubing
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Benefits  from 4D  S eis mic  for A rea l M onitoring  

REDUCE COST

Avoid wrong wells. Optimize well number. 
Optimize injectant use. 
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ACCELERATE PRODUCTION

Manage EOR, injectors, production. 
Improve forecasts and planning.
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INCREASE ULTIMATE RECOVERY

Identify (un)drained areas, fluid contact, 
compartmentalization. Optimize new wells.

SUPPORT

MAINTAIN LTO, REPUTATION, HSSE

Monitoring injection, disposal, CCS, blow-out, 
OOZl. Drill safely into partially depleted reservoirs.

GOAL-ZERO

ACCEPTANCE

DISMISSAL

Monitor for out of 
zone injection

Optimize injection 
& offtake rates

7Hatchell et.al., SEG 2013 Galarraga et. al., SEG 2015

Original well 
location

close to expected 
water front

Revised well 
location

Koster et. al., SEG 1999

Avoid wrong wellsIdentify by-passed oil

Injection zone

Ebaid et.al., TLE 2008

EXPECTED OUTCOMES
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C os t-effec tive 4D  S eis mic  
Tec hnolog ies  

FPSO

DAS 
cable On Demand OBN (future) 

(semi-permanent, multi-sensor)

OBN (retrievable/i4D)
PRM 

(option)

Wave Glider 
(data harvest)

Node handling 
via ROV

Data harvest
via AUV

Subsea
(future)

HighRes 4D
(shallow reservoirs,

4D geohazards)
DAS 4D VSP 

(shot spiral)

Shot grid for OBN / PRM

Small source 
(future)

DVA

Injector

PMT
(pressure)

PIES
(velocity)

Subsidence, containment 
& fault slip monitoring

Se
a

Sea-bed

Su
bs

ur
fa

ce

2012 DAS 3D VSP
Near well image

2012 OBN 3D
Field wide image

2012-2015 DAS VSP

Producer

OOZI

RAM4D
(Autonomous source) 

(future)

Slowdowns 
due to 

reservoir 
compaction

Seismic
Time-shifts

Technologies

 Sensors on sea surface, 

seabed, boreholes

 Retrievable or permanent

Monitoring Objectives

 Water injection, sweep 

efficiency

 Out-of-zone injection, 

geomechanics, 

subsidence

 Optimal quality/cost 

trade-off

DEVELOPMENT

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj7g7XmhvvOAhXDOxoKHYEIC0sQjRwIBw&url=http://asvglobal.com/geophysical-survey/&bvm=bv.131783435,d.d2s&psig=AFQjCNHewD6m6xPJlBv08OpwllGDypkgdg&ust=1473261996718605
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj7g7XmhvvOAhXDOxoKHYEIC0sQjRwIBw&url=http://asvglobal.com/geophysical-survey/&bvm=bv.131783435,d.d2s&psig=AFQjCNHewD6m6xPJlBv08OpwllGDypkgdg&ust=1473261996718605
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D A S  V S P  for Low-C os t W a ter F lood M onitoring  in Deepwa ter 

November 2016 9

 What it is 
 Use existing fiber optic cables to generate 4D images around wells 

 Advantages: non-intrusive, permanent, low-cost, on-demand

 4D seismic images to monitor performance of water sweep near 

injectors/producers frequently and without well intervention

 Achieved Milestones 
 Surveys in 5 wells at Mars/Ursa show robustness under well 

conditions (flowing/shut-in), fiber types, and well geometries

 Proof of concept of 4D VSP validated against conventional 4D OBN

 Next steps 
 Demonstrate GoM cost target of $1mln per multi-well survey 

 Increase area covered by advanced imaging techniques

 Support effort to qualify technology for subsea wells

DAS VSP at Mars and Ursa (2015/2016)

RESULTS
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P ermanent R eservoir M onitoring  (P R M ) a t B C -10 O -N orth 
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Monitor1 – Baseline
i4D signals of 2-4 month WI 

Monitor2 – Monitor1
8 months 

1%

-1%

Frequent monitoring impacts WRM  confirms injection in zone, adequate water sweep, allows 
optimization of injection & offtake rates / reveals detailed reservoir architecture & aquifer support

RESULTS
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The Future – Seis m ic  & F iber-O ptic  S urveillance in B ra zil P re-S a lt  

 Cost-effective On-Demand OBN system 

 Data harvesting by AUV (OPEX savings)

 Development / Manufacture / Field Trial

 Subsea fiber-optics: data acquisition & integration

 Levy funded development (proposed)

FlatFish

LESSONS LEARNED

Ultimate on-demand ocean bottom nodes 

(OD OBN) for cost-effective reservoir 

monitoring of pre-salt reservoirs

Lowest cost but 

not suitable for 

4D pre-salt
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Lessons Learned – Fiber O ptic s  & 4D  S eis mic   

Near well Monitoring

 One may monitor areas near injectors/producers using DAS VSP

 DAS VSP is very robust against well conditions, geometries, and fiber types

 Fiber optic installations in subsea wells will change the game in deepwater

Full-field Monitoring

 4D seismic sensitivity improves significantly with permanent sensors

 This is required to monitor small effects between frequent surveys

 Timely 4D seismic can help optimize well operations & reduce risk

LESSONS LEARNED




