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“This presentation is an update of the material presented in the ANP conference in 2013. It includes
new material related with some real results of improvement of the recovery factor in some mature

fields “
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Lack of Focus on Mature Fields lead to Low RF, onshore case

Can you see the mouse in the picture below?
There is only one!

Lack of focus associated to current Framework did not
enable onshore production to develop to its full potential

23 operadores terrestres
produziram 143 Mbbl/dia de petréleo
26 MMm?dia de gas natural
totalizando 306 Mboe/d

* 5,5% da producdo petréleo
* 23% da produgdo de gas

m-virtual.blogspot.com.br/

Fonte: ANP - novembro de 2016
143

Mbbl/d 7855 pogos onshore
39 boed/poco

10 bacias sedimentares
8 Estados da Federagdo
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Participagdo da Petrobras
* 96% da producdo de petréleo
* 70% da producdo de gas




Mature Field Rehabilitation:

Real Projects — Measurable Oil in the Tanks

Not far from Brazil...

Mature Onshore Qilfield Mature Onshore OQilfield

Year 12 Maonth 1 Month
B e
12
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Outline

Historical Facts of Oil Industry Evolution:
Key Events, Economical Signals & Technology Challenges

3i Rule for Business Success in the Oil Industy:
innovation - 7 ntegration - i mplementation
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Flexibility is the Name of the Game

sSchilumherger



OIl Industry transformation

20s-60s XXI Century
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* Mass Production = Mega Merging = New Players (Service Companies s
» Massive Consumption = Privatization and Outsourcing and Consultancies) ®
= From Monopoly to Large I0Cs = Globalization = Expropriation and Modernization of
(Standard Oil Segmentation) . . the State Companies
= Reduction on Information Cost,

Foundation of the NOCs Logistics and Overhead Reserves Controlled by NOCs

Technology Monopolized by Large Technology Goes to Service Regionalism
I0Cs Companies Service Companies Lead Tech.

Concession Contracts Production Sharing Contract Service Contracts
No Environmental Conscious Environmental Conscious More Environmental Conscious

) Before 70’s ) 70’s and beyond
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Oil Price Volatility Punctuated by Global Macro-events
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Range of the Breakeven Qil Price by Play Type

60 $/bbl would make Economically Feasibly several projects again,
however high-cost producers still be out of the race!

COST OF SUPPLY CURVE

160

140

Producing
Shelf

x
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Breakeven Qil Price, USD/barrel

720 820 920 1,020

Remaining resources as of 2016, Million bbl
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Technological Challenges

Geographic Arctic Exploration
New Exploration _
Frontier Vertical Pre-Salt Plays
Technological Unconventional &
Reservoirs nd
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Historical Facts of Oil Industry Evolution:
Key Events, Economical Signals & Technology Challenges

3i Rule for Business Success in the Oil Industy:
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7 nhovation

o000 RN RN

» Research Center -« Tech Center

Schlumberger Brazil Research & Geoengineering Center
Schlumberger Cambridge Research Center
Schlumberger Dhahran Carbonate Research Center
Schlumberger-Doll Research Center

sSchilumherger

SLB annually invests 1 B$ in Research &
Development through its six research
centers (i.e. Boston, US; Cambridge, UK)
and eight technological and training centers

Fit for purpose technologies. New ideas
tailored to maximize operating efficiency,
increase productivity and reduce the
environmental footprint

Real Time Transmission
3D Geomechanical modeling
Low environmental impact testing
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i ntegration

Reservoir Modeling

_ and Intelligent Field Production / Project Seismic Processing &
Processn‘]g M(a{']agement Interpretat|0n
Facilities AN e

Access to Reservoir
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implementation : People + Technology to Succeed

» High Q&HSE Standards

=  EXxcellence in Execution

= Continuous Improvement Philosophy

= Training Programs
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= Knowledge Management
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Evolution of Petroleum Contracts

VI

License Agreements Service Contracts/

Joint Ventures

*Combining a risk-

*Transferring Tl
reward mode

ownership

*Governments
interest in ownership

*Transferring the oil
benefit

and control / need of
Technology/risk-
reward model

Concession Production-Sharing
Agreements Agreements

sSchilumherger
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Flexibility is the Name of the Game

Current oil price scenario demands  All contracts to date There are no standardized
to be more creative and efficient have been “Fit For contract
Purpose

Allow parties to maintain ~ Service Companies remains as
their Company identities  service providers

Governments/Operators keep
reserves ownership
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Principles of Our Business Model

Service Company

Identity

Not Booking Reserves

Not Taking Equity

Not Operators of Record

Differentiation Full Operative Capacity
International Expertise

Leading Edge Technology
Financial Capacity (CAPEX)
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Schematic Business Model Mechanism

Prod (bbl/d)

Prod (bbl/d)

CAPEX
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Integrated Operations to Avoid Value Erosion

Production Shortfalls

Model
Optimized Value
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Integrated Reservoir Management and Technology Focus is Key to
Improve recovery factor

WG Seismic Reprocessing Advanced Core Analysis
Buenos Aires with RSA Lab Houston
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Completion e D=, N S Reservoir Simulation with
. : WG _Clusters Houston

Hydraulic
Fracturing

Construction
Vortex
Reduced Reservoir Damage



Historical field Issues for mature fields
Ccommon issues

= Reservoirs Pressure decline

= Recovery factor Plateau with Primary Recovery
= Uneven drainage

= \Water Fingering

= \Water Coning

= Large Well spacing limiting recovering factor.

= By passed pay zones
Overlooked discrete sands
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Why Secondary Recovery Projects Fail?
Main factors for failure

Reservoir factors

Lack of proper Reservoir Description &
Characterization

Over simplication of issues in simulation
models

Early water break
permeability streaks

Limited undertanding of sweep mechanisms
Improper pattern selection

through in high

sSchilumherger

Organizational factors

Lack of secondary recovery concept
acceptance by the Field Personnel

Inadequate Water quality
Lack of quantifiable surveillance system.

Lack of selectivity & Little Mitigation of water
break through

Scarce Water, gas, Co2 supplies in the area
Field Implementation & management
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Revamping Reservoir Characterization

= A novel approach based on continuous logs calibrations (GR-Den-Neu-Rt)
with :
» Advanced Logs , Micro-Imaging, NMR Bin Porosities & Pore Size, Dielectric logs
= Routine Core Analysis
= Advanced Core Analysis (Xray, SEM, Capillary Pressures, NMR, Petrography,
» Formation Damage, Fine Migration,)
= Stationary NMR & Mobility measurements in Open Hole.
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= Extended Core Injection Test at Bottom Hole Condition (P, T)




Work Plan Waterflood Pilot and EOR Implementation

Q3 Q@4 Q1 Q@2 Q@3 Q@4 Q1 Q@2 Q@3 Q4 Q1 Q2 Q@ Q4 Q1 Q2 Q3 Q4

Waterflood Pilot

Pilot Selection/Design
Data Acquisition/Models

Facilities Design & Detail
Engineering

Bidding/Procurement -
Permits

Facilities Construction

Water Injection start
Monitoring and Surveillance
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EOR Feasibility Study

Pre-Screening Conceptual [ ]

Studies and Lab Analysis, [

Product Selection Polymers

Facilities Engineering

Bidding/Procurement -

Injection Facilities Adequacy

Injection with EOR agent
Monitoring and Surveillance



Recommendations from a Reservoir Point of View

= Revamping of Reservoir Characterization is a must to avoid most
faillures previously discussed , which will also improve the future FDP

results.
» Waterflooding is a holistic approach prior to EOR

» |t takes time
= Develop Training Material & WF Concepts for Operational Personnel
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Mature Field Rehabilitation:

Real Projects — Measurable Oil in the Tanks

Mature Onshore Qilfield Mature Onshore Oilfield

Month 1 Month
12

Incremental Production )

I PastProduction & Predicted Baseline S
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Action Plan Action Plan
- Surface facilities upgrade and Fluids processing optimization ~ Spud 15t well 6 weeks after signature

Increased Recovery Factor: 13% to 19% Increased Recovery Factor: 32% to 39 %



Our Commitment with the International Oll & Gas Industry

1 3 Total Project Investment
Oil & Gas 10.00%bn
Projects ' Ecuador \\\

$3. 3 bn 1 - 83 PETROAMAZONAS
1 1 Countries 8.00 SPM Investment by
SPM Footprint Country @ 2015

240 Kbbld | China

Co-manage Production O 1 O
O us Colombia

100 o o 0.30

SPM Incremental Production . O 024 0 “
Oman

$ 3 = 3 bn ) (] New Project %

Total Invested until Dec. 2015 I\/lalaySIa 6 P,
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sOma Oil Company sAoc.

Guatemala Mexico 4 0.3

s12 o 0.032 0065 "™

Total Full Life Projects Investment
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In Summary: Three important factors for the success

Resources
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Conclusions

where Technology and Expertise play the main role to success in
mature fields

* The evolution of the oil industry has created a New Business Space

Current and Future industry challenges transit through a New Reality
that requires new working relationships and favorable

regulations
‘H‘*! Integrated reservoir modeling together with fit for purpose
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technology are key to improve recovery factor
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Thank you!
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