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Summary

all Screening criteria have been proposed for enhanced oil recovery &or) methods. Data
from EOR projects around the world have been examined and the optimum characteristics
for successful projects have been noted. Steam flooding is still the dominant EOR method.
All chemical flooding has been declining, but polymers and gels are being used successfully
for sweep improvement and water shutoff. Only C02 flooding activity has increased

continuously.
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Fig. 1-EOR productioninthe U.S. (datafrom Ref. 25).
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TABLE 1—CURRENT AND PAST EOR METHODS

Table Number
Method (in Ref. 16)
Gas (and Hydrocarbon Solvent) Methods
“Inert” gas injection
Nitrogen injection 1
Flue-gasinjection 1
Hydrocarbon-gas (and liquid) injection 2

High-pressuregasdrive
Enriched-gasdrive
Miscible solvent (LPG or propane) flooding
COs; flooding 3

Improved Waterflooding Methods
Alcohol-misciblesolvent flooding

Micellar/polymer (surfactant)flooding 4
Low IFT waterflooding
Alkaline flooding 4
ASP flooding 4
Polymer flooding 5
Gels for water shutoff

Microbialinjection

Thermal Methods
In-situ combustion 6
Standard forward combustion
Wet combustion
02-enrichedcombustion
Reverse combustion
Steam and hot-water injection 7
Hot-waterflooding
Steam stimulation

Steamflooding
Surface miningand extraction

TABLE 2-CLASSIFICATION OF CURRENT ENHANCED
RECOVERY METHODS*

Solvent extractionand/or “miscible-type”processes
Nitrogen and flue gas
Hydrocarbon-misciblemethods
CO,, flooding
“Solvent” extraction of mined, oil-bearingore

IFT reduction processes

Micellar/polymer flooding (sometimesincluded in miscible-
type flooding above)

ASP flooding

Viscosity reduction (of oil) or viscosity increase (of driving fluid)
processes plus pressure
Steamflooding
Fireflooding
Polymerflooding
Enhanced gravity drainage by gas or steam injection
‘Classified by the main mechanismof oil displacement (excluding gel treatments).

SPE Reservoir Engineering, August 1997



TABLE 3-SUMMARY OF SCREENING CRITERIA FOR EOR METHODS
Oil Properties
Reservoir Characteristics
_'?2;?{'3' Oil Net Average
in MEgR 4 Gravity Viscosity Saturation Formation Thickness Permeability Depth Tem@erature
Ref. 16 etho (°APY) (cp) Composition (% PV) Type ® (md) () F)
Gas InjectionMethods (Miscible)
1 Nitrogenand >35/748 <0.4%0.2N Highpercent | >40/757 Sandstone Thin unless NC NC
flue gas ofCi toc7 or dipping > 6,000
carbonate
2 Hydrocarbon >23741/ <3N0.5N HigE p?r(t‘?nt >307807 Sandstone Thinunless NC > 4,000 NC
of w2tz or dipping
carbonate
3 CO. >22/3673 <10N15N Highpercent | »20/755/ Sandstone Wide range NC >2,5002 NC
OfCs to C12 or
carbonate
1-3 Immiscible >12 NC >35/70/ NC NC if dipping NC NC
gases <600 and/or > 1,800
good vertical
permeability
(E| hanced) Watq flooding
4 Micellar/ >20,35/ <35\13\ Light, >35753” | Sandstone NC >107450 7 >8,000%3,250 | >20080
Polymer, - intermediate, - preferred -
ASP, and some organic
Alkaline acids for
Flooding alkalinefloods
5 Polymer >18 <150, >10 NC >50/780/7 Sandstone NC >10/"BE/'U <9,000 >200140
Floodina Dreferred —
ThermaliMechranical
6 Combustion >10/16—=7 <5,000 Sama ! >502722 | High-porosity =10 >50¢ <11,500%3,500 | >100135
— _ asohaltic - sand/
1200 components sandstone
7 Steam <200,000 NC >40.7667 | High-porosity >20 >200725540% | <4500 1,500 NC
> 8to0 13.6-7 ‘ - sand/
4,700 sandstone
—_ Surface mining 7to 11 Zero NC =8 wi% Mineable >10€ NC »31 NC
cold flow sand tar sand overburden to
sand ratio
NC=notcritical.
a Underlinedvalues represent the approximatemean or average for currentfield projects.
bSee Table 3 of Ref. 16.
>3md from some carbonatereservairs if the intent is to sweep only the fracture system.
Transmissibility >20 md-Wcp
dTransmissibilty > 50 md-wep
eSee depth.
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Fig.4—Depth and oil gravity of producing EOR projects outside
the U.S. (data from Ref. 25).

Fig. 3—Depth and oil gravity of producing EOR projects in the
U.S. (data from Ref. 25).

SPE Reservoir Engineering, August 1997

191



100,000

2
g

8
8
S

EOR Production [B/D]

8
g
[=]

c o 4l

POHS i 1 M %3 10 22 18 s188R 2313EITHIANHN 25154 wa
Steam Combustion Polymer & co2
MicsliarPolymer

Oil Gravity [ * API)

Hydro-  nirmgen
o

Fig.®E=OR productionvs. oil gravity inthe U.S. (datafrom Ref.
24).

floods, >35 4g » means that the process should work with oils
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ed. They are considered together because the pressures
required
(MMP) for good displacement are similar,?® and it appears that they
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TABLE4—ADDITIONAL CONVERSION FACTORS USEFUL
FOR READINGCO,-FLOODING LITERATURE

1bpl=42 U.S. gallons=0.159 m3
1ﬂg=0.0283 n%

1,000ft3 (Mscf or Mcf)=28.3 m3

Standard conditions irlJ.S. oil industry (may vary insome
states) = 1atm and60°F (1.013 bar, 14.7 psia)

COydensity at standard conditions =0.00186&/cm?3
or 1.87 kg/m3=0,1166 Ibm/fH3

17,15043 of CO, at 80°F {1 atm) =(weighs)
1ton U.S. (2,000 Ibm)

1ton U.8.=2,000 Ibm=907 kg (1 kg=2.2 Ibm)

1 ton US.=0.807 metric ton or tonne

1tonne COs = 18,904 scf ab0°F and 1atm

1 Gt (gigatonne)= 1 billion metric tons

1 bbl oil {35°APl) =0.16982 ton U.8. =0.16895 tonne

1Mscf/bbl =0.31324 tonne COy/tonne oil (35°API)

Some factorsare rounded for convenienceand quick estimates.
Crude oil density typicedhges from 0.8 to 0.95af¢m3 or 800 to 950 ka/m2.
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