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A Background

A What is SAGD?

A Reservoir Management

A Effective Mobility

A Technical issues supported by Results
A Summary of future work
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Background

A Reserves- conventional 1.3 & Heavy 5.5TB"‘,O
A Heavy oil ¢ 0.935G & >200 cp viscosity
A Less mobility

A Appropriate recovery mechanics
A Enhanced Oil Recovery

I Thermal
I Cold

A Steam Assisted Gravity Drainage (SAGD)
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What is SAGD?

A Two parallel & vertically aligned horizontal wells
A Upper-Injector & Lower-Producer

A Potential recovery factor >= 60%

A Steam-Reduces Viscosity

A High mobility

injection

Well
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Reservoir Management

A High Productivity

I Maximum Production
T Minimum Drawdown

A Maintain Integrity
A Mobility
A High Viscosity mmm==p»> High Drawdown

A Sand Management

I Danger of Sand Failure

A What is the Critical Drawdown?
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Critical Drawdown

Drawdown profile
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Mobility & Technical issues

. kIeff
MOblIIty effective:

APVT Property
AHeavy oil -Non-Newtonian fluid

ANeed to understand rheology
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Rheology of Heavy Oil

Apperant Viscosity Vs Shear rate
A About Rheology A
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Mobility & Technical issues

APore size

| APorosity

v

AGrain cementation due

k & k ___ tosteam injection &
a r depletion

T |, ATransient property

AComposition with time

. . |
Effective Mobility = —— #ecueiena
1 Alnflow profile

AHorizontal well
productivity and
injectivity models

Ny

00

>
A L) \1;
Sfaal, ('
@ Ifﬁlf =
S\ R )3
fi DIVE

4'3“' e A

ROBERT GORDON
uversiry-eeroee




Rheology and Drawdown

A From Porosity & absolute permeability
I Dpore Blake-Kozeny-Carman Equation

| Pore velocity: Rectangular/Circular drainage profile

I Shear rate
| Effective viscosity for BP, HB & PL
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Models for Shear Rate vs Effective Viscosity

PSEUDOPLASTIC

243 V >
g= pore€ _I_lg
D nY
pore € u

Vpore= pore velocity, ft/sec

Dpore= pore diameteyin

_ n-1
Metfective = K* 0

BINGHAMPLASTIC

963 V e Z,
ag = +1603

D pore ,7{)

t
Y
Meffective = _g My

QQ&ON!&

7o5m> ROBERT GORDON
wfad )= \2
o\ /S

M9 UNIVERSITY-ABERDEEN
43}' n{v“




Effective viscosity calculations

Shear rate 1/sec

Effective viscosity cp

Vpore ft/sec Power Law | HB BP PL HB BP
2.25645E-07 0.050011 0.046057883 1645.4944 | 63.04663 | 155.626947 | 60.57624
6.76935E-07 0.150032 0.13817365 1645.58619 | 47.17391 | 56.3710192 | 60.57622
1.12822E-06 0.250053 0.230289417 1645.67798 | 41.22245 | 36.4924731 60.5762
1.57951E-06 0.350074 0.322405184 1645.76977 | 37.71864 | 27.9621413 | 60.57618
2.25645E-06 0.500106 0.460578835 | 1645.907455 | 34.32906 21.554724 | 60.57615
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Rheology & Drawdown contd..

A In SAGD-Rheology is time dependant

I Initially BP......due to steam...PL/HB or even Newtonian
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Comparison of HW Models

A 20-25 Productivity models for horizontal well
A No accurate model for heavy oil

Anisotropic conditions & Eccentricity=40%
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Critical Issues

A Rheology of Heavy Oil with Steam
A Inflow and Injectivity Flow Pattern
A Optimum HW Lateral Length

A SOR

I Steam Injection Rate
A Heavy Oil PVT Properties
A Reservoir Characteristics
I K,
I Texture
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Critical issues contd..

Steam . ASteam quality

ASteam temperature

ASteam injection pressure

Alnjection rate

|njector& —  Awell length
Producer AWell spacing

AWell orientation

Reservolr AMultiphase flow

AGrowth of steam chamber

ASteam interaction with oil
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Inflow Patterns
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Key PVT Properties

A Effective Viscosity

I Shear Viscosity
I Bulk Viscosity

A Thermal Coefficient

A Formation Volume Factor
A Density

A Compressibility

A Impactof P& T
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PVT Analysis

37 kIeff
MObIIIty effective —

—_—

ATrack on rheology with steam
injection & time

AShear and Bulk Viscosity
Almpacts on reservoir delivery
ASemi -empirical

ADatabase i Micro-PVT

APVT properties - Viscosity
Density, Thermal coefficient,
Formation factor, compressibility

J ROBERT GORDON
W uversv-eeroee [




P-V curve from Micro-PVT

P-V Diagram at 26 °C Volume & Pressure Vs Time at 26 °C
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Issues with PVT contd..

A Viscosity

A Non-Newtonian-
Temperature dependent

A Bulk and Shear viscosity
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Issues with PVT contd..

A Shear Viscosity contd.. FriorEre

A Impact on IPR ] " S—

A Depends on not only : :;Egmoc
pore velocity but also " S
drainage profile T am am o

A Depends on Steam Oil e
Ratio (SAGD)

A Different production
profile for each
rheological model
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Summary of ongoing work

A Reservoir simulation

I Eclipse for benchmarking
I PLT Data for Validation

A Shortlisted models
I Furui, Butler and Babu & Odeh

A Need modification for heavy oil application

A Simulation for different critical factors on
Eclipse and then modification of shortlisted
models

A Develop new model(s)?
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Summary of future work

A Fit-for-purpose model(s)

I Probability Concept
A [Eclipse + Crystal Ball]?

A Multiphase [Steam + Oil] flow in reservoir Phenomena
I CFD Simulation

A Steam interaction with heavy oil

A User friendly simulator for Steam Assisted Gravity
Drainage (SAGD)
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SAGD Simulator

Heavy Oil Recovery by SAGD

Conventional Heavy Crude Oil and
Crude Oil Reserves Natural Bitumen Deposits
1.0 trillion barrels 5.4 trillion barrels
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) For the following three values go to steam table and select the
values for the nearest steam temperature
Porosity Fraction
Steam Table Injector

Initial Oil S aturation Fraction well i
Residual Oil S aturation Fraction oit
R i T ! F St Densit kgicum Recovery

eservorr | emperature eam Density well

Intemal Eneray of
Steam Temperature [7 e e BTU/lbm P
Desired Temperature Fi S— T { /'( w—]\—bswam injection from
Steam Quality Fraction RIRNO) S Sl aler ¥opar m \\. A ﬁ\n.u:pe‘ra\;v;l!'twm
ea itumen
Density of sand Ibmcu.ft Sandstone a‘im’;é?,lowe'
Sefusted Liuid Dersky brycial Source:hitp://pubs. usas.gov/fs/s070-03/(5070-03 himl

Heat Capacity at Reservoir Temperature BTU/cuft F
Calculate Heat Capacity at Desired Temperature BTU/cuft F

Thermal Diffusivity Sa. ft/day
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