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Conventional Reservoirs
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ExtremelyTight  VeryTight
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* Natural Gas from Coal reservoirs are classified as unconventional due to type of gas storage

Source: Canadian Society of Unconventional Resources




What is Oil Reservoir Rock?

A permeable subsurface rock that contains petroleum; A e
must be both porous and permeable.
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Argillaceous r
Saskatchewan

Carbonate reservoir rock
http://www.kgs.ku.edu/Publications/Qil/primer03.html
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Usually much v
hlgher

| >mobile: _icoty
) than most v 6y |
crude oils. )

OIL

FAST LANE:
i| Flows quickly

‘ and ea5|ly' , N
' {., — m d ;

) sf"'- Moves quickly through &; L P i)
ore spaces. -] B
A o - p # BN 4

Light oil (16.6 mPa-s or cP) Heavy oil (8,800 mPa-s or cP) Bitumen (64,800 mPa-s or cP)
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Stages of Qil Production: \‘> -

bl ergy

Initial production (using natural reservoir energy)

Oil flows naturally to the surface due to existing reservoir pressure
Recoveries of 6-30% OOIP (vary significantly among reservoirs)

Secondary Production (Waterflooding, gas injection for pressure maintenance)

By 5

Water is typically injected to boost the pressure to displace the oil
Recoveries of 10-20% OOIP (vary among reservoirs)

Remaining in the ground 50-84% OOIP

Tertiary Production (Enhanced Oil Recovery)

Use of different methods such as injection of CO,, natural gas, chemicals, steam
and other methods to recover more of the remaining oil




Primary + Secondary —>‘<— Tertiary/EOR —>

Stages of Oil Production =) ptre i

Mechanism Typical Recovery
Primary 6-30% OOIP
Secondary 10-20% OOIP

50 to 84% of OOIP remaining in the ground

EOR Methods to recover more of the remaining oil:
 Thermal (steam and hot water injection)
e Chemical (polymer, surfactant)

* Miscible displacement, (injection of CO, and/or other
hydrocarbon gases, or inert gas under high pressure)




EOR:
Techniques used to increase production o
beyond primary and secondary recovery - iE
methods. Bt =ead

Objectives:

 Restoring formation Energy

* |mproving oil and/or reservoir conditions
 Enhancing oil displacement in the reservoir
* Improve economic recovery

Additional
Slug for oil R
Releasing Recovery
oil ( Oil Bank
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Mature Field

Production Level

Decline Curve

Economic Limit
[
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http://halliburtonblog.com/wp-content/uploads/2012/04/Mature_Fields.jpg

Mature Oil Fields ptrc ..
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“A mature oil field is one that has come
off plateau, that then has oil processing
capacity where finding the right
technology can unleash those barrels into
the facilities.”

Jonathan Williams, BP

e Significant amounts of residual oils are
left behind in mature fields.

e Excellent opportunities to test new EOR
schemes, drilling methods, and other
innovative technologies to maximize
production.
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Production history of the Weyburn oil field
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EOR is not one technology. It is a toolbox for specific reservoirs

Chemical flooding Gas Flooding m “

eAlkaline eHydrocarbon *|n-situ combustion *Electrical heating in many forms
«Surfactant «CO, *Cyclic steam stimulation *Seismic stimulation

ePolymer eNitrogen eSteam drive *Nuclear stimulation
«Combinations «Flue gas *Hot water drive *Explosive slurries

«Micellar cAir *Electric heating *Microbial

«Emulsion *Nanoparticles
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‘ Injected water, gas, steam, and chemicals can interact with reservoir

,
‘| 1. INJECTANT « OIL

® Pushes oil toward producer

@ Reduces oil viscosity (steam)

@ Oil swelling / miscibility (gas)

® Lowers interfacial tension
(chemicals)

® Mobilizes trapped oil

r2. INJECTANT <> BRINE

@ Mixing and dilution

@ Salinity change

@ Gas dissolves in brine
® pH change

® Scale may form

FLOW DIRECTION

e

From injector to producer

oil, brine, and rock in different ways

4L INJECTOR

. Nt

Reservoir Rock

Water, gas, steam, Porous rock Crude oil in
or chemicals (sandstone / carbonate) pore spaces

R 1 ,. T

Formation water with
dissolved minerals

3 INJECTANT &
RESERVOIR ROCK

® Wettability alteration
® Adsorption / chemical loss

@ Clay swelling or
fines migration

® Mineral dissolution /
precipitation

® Thermal stress /
fracturing (steam)

- -3

oy

1)

\:; e
>

4. OIL «> ROCK / BRINE COUPLED EFFECTS
® Capillary trapping

©® Relative permeability changes

@ Emulsions may form

® Residual oil saturation changes

LEGEND P

(/;) Reservoir Rock (solid grains)

¢ oi

Q Brine (formation water)
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@, )0
® Heats reservoir and oil

® Maintains reservoir pressure e Strongly reduces heavy-oil viscosity
® Pushes oil toward producer INJECTOR WATER STEAM CHEMICALS PRS\?El:.(I:.ER ® Improves oil mobility

(displacement / sweep) » Steam condensation helps

* Improves volumetric sweep displace oil _
g . ¢ Can cause thermal expansion
® Can trap some residual oil

; ad and some gravity drainage
behind water front e S —— : - = = gravity g

WATER FRONT OIL DROPLETS

: 9 ' 9§ : : : e Lowers interfacial tension 3
® Pressure maintenance IS i =) SO - - @ - » . .& | (surfactant)

e | : - < g S TSNS e, D -

® Oil swelling = - e @ '@ - a3t o . AL A2 5 a0a e Improves sweep efficiency
o e . . . i ES : b » . 5. OGS y » R ) ofe

® Qil viscosity reduction : - : : (polymer mobility control)

® Miscible or near-miscible : ;:abr;lsi;ze:sv:::‘t;t:gtzn

displacement A
. : . e e ' Sa— . . . < @ Can reduce channeling /
® Gas-drive and gravity drainage f'n gerin ng

MAIN RECOVERY MECHANISMS

s Pressure i Viscosity , Better sweep
e support mobilization reduction @ efficiency

Keeps the reservoir Frees oil droplets Makes oil flow Reaches more oil,
energy strong and moves them more easily leaves less behind
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How to Determine Which EOR Works

ﬂﬂOVBtIOﬂ

v 0il type: light, medium, heavy, or extra-heavy.

Selection v'Rock type: sandstone or carbonate; connected or fractured.
depends on v'Other technical factors: water chemistry, temperature,
reservoir rock pressure, existing wells, and production history.

and fluid v'Sources: Access to CO,, steam fuel, chemicals, power, and

properties, and water treatment.

’

4 economics v'Non-technical factors: economic and market conditions,

regulatory and policy frameworks, environmental
considerations, social impact.

Lab : .
Simulation Scale-up
Tests/Validation =2 = - 4




CO2-EOR
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CO2 Miscible Displacement: ==

Injection Well

—Reservoir Temperature

—Reservoir Pressure

—0Oil Compaosition
—QOil API Gravity

—CO2 Stream Composition l

jscible  Oil

b —

—CO2 Availability

Injected CO, QOll expands and moves
encounters trapped oil il mi towards producing well

Multi-contact miscibility in CO2-EOR miscible flooding
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Oil Viscosity (mPa-s) at Reservoir Conditions

EOR Methods

10 100 1,000 10,000 >100,000

Hydrocarbon
Miscible

Difficult Uneconomic

Nitrogen,
Flue Gas

Difficult Uneconomic

CO, Flooding Difficult Uneconomic

Difficult Uneconomic

Polymer i Uneconomic

3 Alkaline Good i Very difficult Uneconomic

Fire Flood May not be possible Good Uneconomic

Steam

Special Thermal Not commonly applied Various techniques possible




— A practical decision workflow Field Monitoring,
measurement, & verification

Iterative Screening Fiald-scal
ield-scale

* After initial evaluation, new candidate Simulation & Design
site(s) could be re-considered

Laboratory Evaluation e » Ongoing monitoring and analysis
» : * Scale up for commercial application

. ”ngh-level | L S L) PVT, geochemical, geomechanical,
Feasibility Assessment | ) — process modeling

R _ Dynamic injection modeling
Routine/special core analysis History match of field data

Long-term compatibility/injectivity RuUn various scenarios

Phase behaViour Of reservoir fIUidS_ ) Opt|m|ze application parameters
: injection fluid
* Data collection

- Bockand Feld flidharacterizdiion — Pcnemiealand:geophysical changes

. . , Small to large-volume core displacements
* |dentify critical mechanisms and

possible failure factors nergy
rc nnovatlon

Sustamable Energy




EOR Project Design and Implementation

o Identify critical mechanisms and possible failure factors

trc Egy

Sustalnable Energy

* Design small scale experiments to test these
* High-level numerical modeling and economic analysis

3 months ‘

e Design and perform scaled 3D model experiments

* |dentify any previously * unknown unknowns”

3—6 months

12-24 months
o Numerical simulation and scale up

* Detailed numerical modeling and economic analysis

12-24 months ‘

Field Pilot

» Select location for the field pilot
* Close monitoring and analysis of initial pilot results

0 12—36 months ‘

Commercial Application

3. L ST P ST 5 > -
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Sy 2 ,,Q‘V T e o




conditions.

Fluid-Fluid Compatibility

1 Scaling/precipitation/waxing
ﬂ =~ '* Room conditions and reservoir P&T
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* Chemical characterization

» Effluent analysis during
chemical flooding

* Liquid hydrocarbon

* Field sampled gas

* Coreflood produced gas

Linear Coreflood Apparatus

 Different diameter and length of coreholders with
pore volume up to 10L

* Interim pressure and temperature ports

» Different configurations, e.g., parallel, series

| Custom Data Acquisition and Control
e LabView Coded GUI
» 24/7 Logging and Control

i iapt: Relative Permeability

* Radial flow to evaluate sweep
§- efficiency

" Large-scale EOR tests to evaluate § s

i blocking and conformance agents {. IS5 i

Lab Evaluatlon[Valldatlo

Physical Testing: Fluid and Rock analysis,
Core flooding, PVT, IFT, wettability, HPHT

'l’ nergy

wnovanon

ptrc

nable Energy

* Modeling and Simulation

\,,/

Integrated data acquisition and analysis

systems. :
SI|m Tube

| Custom PVT system

 Conventional light/medium/heavy oils

Unsteady State * High-T bitumen thermal tests
Steady state * Specialized tests, e.g., new phase detection, non-
History miatch equilibrium kinetics, chemical treatment

) | * Dual micro- & mini-xay tube
. * Walk-in chamber for large model/sample

|+ Digital core analysis :

* Production QC/QA

CT-aided Triaxial Cell 5'-;5

e Real-time see-through tests

 Core/tailing sands integrity

e Salt precipitation in

. Multlple injection/production wells CCS/geothermal

* Multiple pressure points
* CT imaging capability

Contact angle & IFT meter
Micromodel

* HPHT measurements

"’” ) * Microscopic recovery mechanisms “! = e Minimum miscibility test
/;,ﬂ ~ 7 . ) \\ — 1
@@a@ e Chemical EOR \_\:?", Wettability in CCS and gas flooding
ag‘ .

e Foamy oil flow




Innovation Through Collaboration
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Partnerships with
global operators and
R&D institutions

Successful JIPs and
public-private
partnerships.

Interface with funding s,
agencies and regulatory R 5 e e
bodies




zOR CAN CREA ALUE FROM EXISTING FIELDS, BUT ONLY WHEN
TECHNOLOGY), EOLOGY, ECONOMICS AND PUBLIC SAFEGUARDS LINE UP
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Thank You

We welcome visits, proposal discussions, and technical briefings

To contact us:
Matt.nasehi@ptrc.ca
www.ptrc.ca
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