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What is EOR?

Primary recovery

Natural flow Artificial lift

. ‘- --------------
irectly from
primary to : Secondary recovery
tortiary
recovery : Waterflooding Pressure maintenance

Improved
Tertiary recovery oil recovery,

Thermal Gas injection | Chemical & other»

recovery
(EOR) « Steam « CO, * Alkaline
« Hot water * Hydrocarbon * Polymer
« Combustion « Nitrogen/Flue gas * Microbial

SOURCE: SBC ANALYSIS

Conventionalrecovery targets mobile oll in the reservoir and
EOR targets immobile i.e. the oil which cannot be produced
due to capillary and viscous forces



What is EOR? o

A Risk & Challenges
A Complex, technologiieavy, capital and resource intensiv

A Long leadime

A Benefits
A Reenergizeghe reservoir

A Enhanced production and increase Recovery

A Cascading effect in increasing the economic life of the f



EOR Contribution
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Onshore Scenario




Lifecycleof EOR

A . . .
Source : Oil Field Review 2010-11
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Commercial Ongoing Projects

A ThermalProcesses
A In-situ Combustion Santhal

A In-situ Combustion Balol
A In-situ Combustion Lanwa

A Gas Injection Processes
A Miscible Gasnjection : GS 13and,Gandhar

A Water Alternate Gas Scheme : GSShhd,Gandhar
A WaterAlternate Gascheme : GSSand,Gandhar
A ImmiscibleGas Injection iBorholla

A Chemical Processes
A Polymer Floogsanand



EOR Road Majalol
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Heavy OIl : ISCBalol
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Envisaged Primary Recovery: 15 %
Recovered : 20 %

Recoveryenvisaged . 43 %



Heavy OIl : ISC Santhal

Oil Rate, tpd
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Envisaged Primary Recoveryi7 %
Recovered . 28 %

Recoveryenvisaged . 43 %



Light Ol

: MiscibldHC Gas Gandhar
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Recovery throughVF  36%
Recovered Miscibl&l : 50%
Recoveryenvisaged 54%




Medium Oll : PolymeFlood,Sanand
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Ongoing EOR Pilots

A ASPRpilot-Jhalora(K-1V) :Too Early to Tell

A ASPRpilot- KalotXIl :Under Evaluation



Planned EOR Projects

A Commercial
A ASP VirajK IX+X

A Pilot
A Polymer Bechraiji

A Cycle StearBtimulation ‘Lanwa
A ASP Sobhasan SS



Conceptualized EOR Projects

A GravityAssisted Immiscible Gas Injectidkasomarigaon

A Air Injection: Gamij

A Polymer flood : NorthKadi

A Miscible CQinjection : GSL1 ,Gandhar

A Miscible Hydrocarbon Gas injection : EBS&and ol aiplingaon

A ASP flood : KB, Sanand



b Offshore Scenario




Of f shore EOR : Few & Fa

Offshore :
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Opportunities

A Known resources in known Location

A Modest additions on a large base : Gain substantial

Produced
~26%

Target Qil
74% (~1600 MMT)

Offshore Carbonates




Challenges iOffshore n

A Carbonate Environment :
Complex rock mineral composition, dual porosity system,
fracture density

A High Salinity (>30,000 ppm) & Temperature (~405
Hardness (>2000 PPM):
Limits application of Chemical EOR methods

A Large well spacing
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EOR Pilots o

onGgceC

A Completed
A SWAG in Mumbai High: Premature breakthrough of water
FYR 3FLaxX 202S0O0GAQBS 02dzZ RyQ
A Single well Micrgilot on Low Salinity Water Fload
Mumbai High : First time in the world in offshore carbonate

A Ongoing
A SWAGnN HeeraField : No significant gain. Further studies
like Pressure gradient, PLT and tracer survey are planned.

A Planned

A Low Salinityvaterfloodin Western Periphery, Mumbéligh
South

A Conceptualised
A Low Salinitwvaterfloodin SouthHeera



Low SalinityVaterflood

A LSF in Mumbai High l&eera
A Laboratory Studies : MH Reera
A SimulationStudies: MH

A Upscalingrom Lab toField
A Single WelLoSaPilotconducted inMH South
A Application being planned in MHS &l8era
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LSWFinWestern Periphery

Oil-Water Relative Permeability (Merged)
Unsteady-state Method , Liquid-Liquid Imoibition
Confining Pressure : 2000 PSI, Back Pressure: 1400 PSI, Temperature: 90°C
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Relative K studies suggests incremental oil recovery
with reduction inSorby 10%
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@0l Challenges in EOR implementation
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Challenges in Mature Fields

A Legacy infrastructure and rising operating costs
A Integratenew development within current facilities

A Add new facilities to the existimmne (Marginal economics)

V Increasingvater production

V Late lifeopportunities



Challenges in Offshore

A Large well spacing

A High retrofitting cost

A Logistioof transporting EORgents
A Waste Management & HSE issues

A Fear of Unknowns & mindset



EOR Enablers




Knowledge Partners




