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Summary

Screeningcriteria are useful for cursory examination of many candi-
date reservoirs before expensive reservoir descriptions and eco-
nomic evaluations are done. We have used our CO, screening crite-
ria to estimate the total quantity of CO, that might be needed for the
oil reservoirs of the world. If only depth and oil gravity are consid-
ered, it appears that about 80% of the world’s reservoirs could quali-
fy for some type of CO, injection.

Because the decisions on future EOR projects are based more on
economics than on screening criteria, future oil prices are important.
Therefore, we examined the impact of oil prices on EOR activities
by comparing the actual EOR oil production to that predicted by ear-
lier Natl. Petroleum Council (NPC) reports. Although the lower
prices since 1986have reduced the number of EOR projects, the ac-
tual incremental production has been very close to that predicted for
U.S. $20/bbl in the 1984 NPC report. Incremental oil production
from CO; flooding continuesto increase, and now actually exceeds
the predictions made for U.S.$200il in the NPC report, even though
oil prices have been at approximately that level for some time.

Utilization of Screening Guides

With the reservoir management practices of today, engineers con-
sider the various IOR/EOR options much earlier in the productive
life of afield. For many fields, the decision is not whether, but when,
to inject something. Obviously, economics always play the major
role in “go/no-go” decisions for expensive injection projects, but a
cursory examination with the technical criteria (Tables 1 through
7) is helpful to rule out the less-likely candidates. The criteria are
also useful for surveys of a large number of fields to determine
whether specific gases or liquids could be used for oil recovery if an
injectant was available at a low cost. This application of the C02
screening criteria is described in the next section.

Estimation of the Worldwide Quantity of CO, That Could Be
Used for Oil Recovery. The miscible and immiscible screening cri-
teria for CO; flooding in Table 3 of this paper and in Table 3 of Ref.
1 were used to make a rough estimate of the total quantity of C02
that would be needed to recover oil from qualified oil reservoirs
throughout the world. The estimate was made for the IEA Green-
house Gas R&D Program as part of their ongoing search for ways
to store or dispose of very large amounts of CO; in case that be-
comes necessary to avert global warming. The potential for either
miscible or immiscible CO, flooding for almost 1,0000il fields was
estimated by use of depth and oil-gravity data published in a recent
survey.Z The percent of the fields in each country that met the crite-
ria in Table 3 for either miscible or immiscible C02 flooding was
determined and combined with that country’s oil reserves to esti-
mate the incremental oil recovery and CO, requirements. Assuming
that one-half of the potential new miscible projects would be carried
out as more-efficient enhanced secondary operations, an average re-
covery factor of 22% original oil in place (OOIP) was used, and 10%
recovery was assumed for the immiscible projects. A CO; utiliza-
tion factor of 6 Mcf/incremental bbl was assumed for all estimates.
This estimated oil recovery for each country was then totaled by re-
gion, and all the regions were totaled in Table8 to provide the world
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totals.3 The basis for the assumed incremental oil recovery percent-
age and C02 utilization factors and other details are given in Ref. 3.
Economics was not a part of this initial hypothetical estimate. Al-
though pure CO3 can be obtained from power-plantflue gases (which
contain only 9 to 12%COy), the costs of separation and compression
are much higher than the cost of CO, in the Permian Basin of the
U.S.35 For this study, we assumed that pure, supercritical CO, was
available (presumably by pipeline from power plants) for each of the
fieldsand/or regions of the world. Table 8 shows that about 67 billion
tons of CO; would be required to produce 206 billionbbl of additional
oil. The country-hy-countryresults and other details (including sepa-
rate sections on the costs of CO;, flooding) are given in Ref. 3. Al-
though not much better than an educated guess with many qualifying
numbers, our estimate agreeswell with other estimates of the quantity
of CO, that could be stored (or disposed of) in oil reservoirs.3
Although this is a very large amount of CO;, when the CO, de-
mand is spread over the several decades that would be required for
the hypothetical CO, flooding projects, it would reduce worldwide
power-plant CO, emissions into the atmosphere by only a few per-
cent per year. Therefore, more open-ended CO, disposal methods
(such as the more-costly deep-ocean disposal) will probably be
needed if the complex general circulation models of the atmosphere
ever prove conclusively that global warming from excessCO; isun-
der way.6’7 However, from the viewpoint of overall net cost, one of
the most efficient CO, disposal/storage systems would be the com-
bined injection of C02into oil reservoirs and into any aquifers in the
same or nearby fields.3-8 By including aquifers, this potential for un-
derground CO» storage would be increased significantly, and the
quantity sequestered could have a significant impact on reducing
the atmospheric C02 emissions from the world’s power plants.

Impact of Oil Prices on EOR

Major new EOR projects will be started only if they appear profit-
able. This depends on the perception of future oil price. Therefore,
the relationship between future oil prices and EOR was a major
thrust of the two NPC reports.®:10 These extensive studies used as
much laboratory and field information as possible to predict the
EOR production in the future for different ranges of oil prices. Now,
itispossible to compare the NPC predictions with actual oil produc-
tion to date. These comparisons were made recently to see how oil
prices might affect oil recovery from future CO; projects? We have
extended these graphical comparisons and reproduced them here as
Figs. 1through 3. In general, the figures confirm that EOR produc-
tion increases when prices increase and EOR production declines
when prices fall, but not to the extent predicted. There is a time lag
before the effect is noted. Figs. 1and 2 show that total EOR produc-
tion did increase in the early 1980’swhen oil prices were high. This
was in response to an increase in the number of projects during this
period when prices of up to U.S. $50/bbl or more were predicted.
Although the rate of increase slowed in 1986 when oil prices
dropped precipitously, EOR production did not decline until 1994,
after several years of low oil prices (i.e., less than U.S. $20/bbl).!!

The 1984 predictions were made while oil prices were high
(=U.S. $30/bbl), but they were not nearly as optimistic as those
made in 1976 when oil prices were lower. However, the 1984 pre-
dictions benefited from experience gained from the field projects
conducted in the interim. The only price common to both NPC re-
ports is U.S. $20/bbl. The 1976 U.S. $20/bbl prediction would be off
the scale by 1990 if plotted on the 1984 graph of Fig. 2. However,
the U.S. $20/bbl prediction of 1984 is close to the U.S. $10/bbl value
of 1976. Note that the actual oil production does track predictions
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TABLE 1—NITROGENAND FLUE-GASFLOODING

Description

IVitrogen andflue gas are oil recoverymethodsthat use these inexpensivenonhydrocarbon gasesto displace oil in systems that may be either miscible
or immiscibledepending on the pressureand oil composition (see Table 3 of Ref. 1 for immisciblecriteria). Because of their low cost, large volumes of
these gases may be injected. Nitrogen and flue gas are also consideredfor use as chase gases in hydrocarbon-miscibleand CO, floods.
IMechanisms

IVitrogen and flue gas flooding recover oil by (1) vaporizingthe lighter components of the crude oil and generating miscibility if the pressure is high
enough; (2) providinga gasdrivewhere a significantportionof the reservoir volume isfilled with low-costgases, and (3) enhancing gravity drainage in
dipping reservoirs (miscible or immiscible).

Technical Screening Guides

Recommended Range of Current Projects
Crude Oil
Gravity, "API >35 38to54 (miscible)
Viscosity, cp <0.4 0.07 0 0.3
Composition High percentage of light hydrocarbons
Reservoir
Oil saturation, % PV >40 5910 80
Type of formation Sandstone or carbonatewith few fractures and high permeabilitystreaks
Netthickness Relativelythin unless formation is dipping
Average permeability Not critical
Depth, ft >6,000 10,000to 18,500
Temperature, °F Not critical for screening purposes, even though the deep reservoirs requiredto accommodate the high
pressurewill have high temperatures.
Limitations

Developedmiscibilitycan only be achievedwith lightoilsand at very high pressures; therefore, deep reservoirsare needed. A steeply dipping reservoir
isdesiredto permitgravity stabilizationof the displacement, which has an unfavorablemobilityratio. For miscibleor immiscibleenhancedgravitydrain-
age, a dipping reservoir may be crucial to the success of the project.

Problems

Viscous fingering results in poor verticaland horizontalsweep efficiency. The nonhydrocarbon gases mustbe separatedfrom the saleable produced
gas. Injectionof flue gas has caused corrosionproblems inthe past. At present, nitrogenis beinginjectedinto large successful projectsthat formerly
used flue gas.

TABLE 2—HYDROCARBON-MISCIBLEFLOODING

Jescription

lydrocarbon-miscibleflooding consists of injecting light hydrocarbons throughthe reservoir to form a miscible flood. Three different methods have
ieen used. The first-contactmiscible method uses about 5% PV slug of liquefiedpetroleum gas (LPG), such as propane, followedby naturalgas or gas
indwater. Asecond method, called enriched (condensing) gasdrive, consistsof injectinga 10 to 20% PV slug of naturalgasthat is enrichedwithethane
1rough hexane (CpthroughCe), followedby leangas (dry, mostly methane) and possibly water. The enriching components aretransferredfromthe gas
> the ail. The third and mostcommon method, called high-pressure(vaporizing) gasdrive, consistsof injectinglean gas at high pressureto vaporizeCo
1rough Cg componentsfromthe crude oil beingdisplaced. A combination of condensing/vaporizing mechanismsalso occurs at many reservoircondi-
ons, eventhoughwe usually think that one processis dominant. Immisciblecriteriaare givenin Table 3 of Ref 1.

Aechanisms

iydrocarbonmisciblefloodingrecoverscrude oil by (1) generatingmiscibility (inthe condensingandvaporizinggasdrive); (2) increasingthe oilvolume
swelling); (3) decreasingthe oil viscosity; and (4) immiscible gas displacement, especially enhanced gravity drainage with the right reservoircondi-
ions.

Technical Screening Guides

Recommended Range of Current Projects
Crude Oil
Gravity, °AP! >23 2410 54 (miscible)
Viscosity, cp <3 0.04t02.3
Composition High percentage of light hydrocarbons
Reservoir
Oil saturation, % PV >30 30t0 98
Type of formation Sandstone or carbonatewith a minimum of fractures and
high-permeabilitystreaks
Netthickness Relativelythin unless formationis dipping
Average permeability Not critical if uniform
Depth, ft >4,000 4,040 to 15,900
Temperature, °F Temperature can have a significant effect on the minimum miscibility pressure (MMP); it normally raises the
pressure required. However, this is accounted for in the deeper reservoirsthat are neededto containthe high
pressuresfor the lean gasdrives.
Limitations

The minimumdeothisset by the pressure neededto maintainthe generated miscibility. The required pressurerangesfromabout 1,200 psifor the LPG
processto 4,000 to 5,000 psi for the high-pressuregasdrive,dependingonthe oil. A steeply dippingformationisvery desirableto permitsome gravity
stabilization of the displacement, which normally has an unfavorable mobility ratio.

Problems

Viscous fingering results in poor vertical and horizontal sweep efficiency. Large quantities of valuable hydrocarbonsare required. Solvent may be
trapped and not recovered in the LPG method.
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TABLE 3—CO» FLOODING

Description

CO:; floodingis carried out by injectinglarge quantitiesof CO2 (30% or more of the hydrocarbon P\II) intothe reservoir. Although CO, is not first-contact
misciblewiththe crudeoil, the COz extractsthe light-to-intermediatecomponentsfromthe oiland, if the pressureis highenough, developsmiscibilityto
displacethe crude oil from the reservoir(MMP). Immiscibledisplacements are less effective, butthey recoveroil betterthan waterflooding(see below
and E]'abl_e 3of Ref. 1for immiscible criteria).

Mechanisms

CO; recovers crude oil by (Dswellingthe crude oil (CO, is very soluble in hi%n?ravityoils); (2)oweringthe viscosity of the oil (muchmore effectively
2

than N or CHy); (ﬁ)owermgthe interfacialtension between the oil and the CO/oil phase inthe near-miscibleregions; and (4) generationof miscibility
when pressure s high enough (see below).

Technical Screening Guides

Recommended Range of Current Projects
Crude Oil
Gravity, °API >22 27t0 44
Viscosity, cp <10 0.3t0 6
Composition High percentage of intermediatehydrocarbons(especiallyCs to C12)
Reservoir
Oil saturation, % PV >20 15t0 70
Type of formation Sandstone or carbonate and relatively thin unless dipping.
Average permeability Not critical if sufficientinjection rates can be maintained.
Depthand temperature For miscible displacement, depth must be ﬂreat enough to allow inj(7§ction pressures
ﬂreaﬁer than the MMP, which increaseswith temperature (see Fig. 7 of Ref. L)and for
eavier oils. Recommendeddepths for CO, floods of typical PermianBasin olls follow.
Oil Gravity, °API Depth must be greater than (ft)
For CO,-miscible flooding >40 2,500
3210 3.9 2,800
2810 31.9 3,300
2210279 4,000
<22 Fails miscible, screenfor immiscible*
ForimmiscibleCO3 flooding (lower oil recovery) 13t0 21.9 1,800
<13 All oil reservoirsfail at any depth

At <1,800 ft, all reservoirsfail screening criteria for either miscible or immiscibleflooding with supercritical CO5.

Limitations
A good source of low-cost CO; is required.
Problems
Corrosioncan cause problems, especially if there is early breakthrough of CO, in producingwells.
"All reservoirswithoils with gravitiesgreaterthan22°AP| can qualifyfor some immiscible displacement at pressureslessthan the MMP. Ingeneral, the reducedoil recovery will be propor-
tional to the differencebetween the MMP and flooding pressureachieved.{These arbitrarycriteria have been selectedto providea safety marginof approximately 500 feet above typical

reservoirfracture depthfor the requiredmiscibility (MMP) pressures, and about 300 psiabovethe COz criticalpressurefor the immisciblefloods at the shallowdepths. Reservoirtempera-
ture is includedand assumed from depth. See Fig. 7 of Ref. 1and text for the depth/temperature/MMP relationship.]

TABLE 4—MICELLAR/POLYMER, ASP, AND ALKALINE FLOODING

Description
Classicmicellar/polymer flooding consists of injectinga slug that contains water, surfactant, polymer, electrolyte (salt), sometimes a cosolvent (alco-
hol), and possiblya hydrocarbon(oil). The size of the slug is often5to 13% PV for a high-surfactant-concentratiorsystem and 15to 50% PV for low
concentrations. The surfactantslug is followed by polymer-thickenedwater. The polymer concentrationoften rangesfrom 500to 2,000 mg/L, andthe
volume of polymer solution injected may be 50% PV or more.
ASP flooding Is similar except that much of the surfactantis reﬂlaced by low-costalkali so the slugs can be much larger but overall cost is lower and
polymer is usually incorporatedin the larger, dilute slug. For alkalineflooding muchof the injectionwater was treated with low concentrationsof the
aIkIaI]ilneggent andthe surfactantswere generated insitu by interactionwith oil and rock. At thistime (May 1997)we are not aware of any active alkali-
only floods.

Me)éhanisms

All surfactantand alkaline flooding methods recover oil by (1)loweringthe interfacialtension between oil and water; (2)olubilizationof oil in some

micellar systems; (3)emulsificationof oil andwater, especially inthe alkaline methods; (4) wettabilityalteration (inthe alkalinemethods); and (5) mobil-
ity enhancement.

Technical Screening Guides

Recommended
Crude Oil
Gravity, °AP! >20
Viscosity, cp <35
Composition Light intermediates are desirable for miceliar/polymer. Organic acids needed to achieve lowe!
interfacialtensions with alkaline methods.
Reservoir
Oil saturation, % PV >35
Type of formation Sandstones preferred
Netthickness Not critical
Average permeability, md >10
Depth, ft <about 9,000t (see Temperature)
Temperature, °F <200
Limitations

An areal sweep of more than 50% on waterfloodis desired. Relativelyhomogeneousformationis preferred. Highamounts of anhydrite, gypsum, o
clays are undesirable. Available systems provide optimum behavior over a narrow set of conditions. With commercially available surfactants, forma
tlonallvaterchlorldes should be <20,000 ppm and divalent ions (Cat* and Mg*+) <500 ppm.

Problems

Complexand expensivesystems. Possibilityof chromatographic separationof chemicals in reservoir. High adsorption of surfactant. Interactionsbe
tween surfactantand bolvmer. Dearadationof chemicals at hiah temperature.
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TABLE 5—POLYMER FLOODING
Description
The objective of polymerfloodingisto provide better displacement and volumetric sweep efficienciesduringawaterflood. In polymer flooding, certain
high-molecular-weightpolymers (typically polyacrylamideor xanthan) are dissolved in the injectionwater to decrease water mobility. Polymer con-
centrationsfrom to 2,000mg/L are used; properly sized treatments may require 25 to 60% reservoir PV.
Mechanisms
Polymers improve recovery by (Dincreasingthe viscosity of water; (2) decreasingthe mobility of water; and (3)contacting a larger volume of the
reservoir.
Technical Screening Guides’
Wide-Range Recommendation Range of Current Field Projects

Crude Oil

Gravity, AP} >15 14t0 43

Viscosity, cp <150 (preferably<100 and >10) 1to80

Composition Not critical
Reservoir

Oil saturation,% PV >50 50to 92

Type of formation Sandstones preferred but can be used in carbonates

Netthickness Not critical

Average permeability, md >10 md** 10to 15,000

Depth, ft <9,000 (see Temperature) 1,300 9,600

Temperature,°F <200 to minimize degradation 80to 185

Propertiesaf Polymer-Flood Field Projects
Property 1980's median (171projects) Marmul Oerrel Courtenay Daqing
Oil/water viscosity ratio 9.4 14 e 50 15
at reservoirtemperature
Reservoirtemperature, °F 120 15 136 86 113
Permeability, md IE) 15,000 2,000 2,000 870
% OOIP presentat startup 6 =02 81.5 78 yal
WOR at startup 3 1 4 8 10
HPAM concentration, ppm 460 1,000 1,500 900 1,000
lompolymer/acre-ft sl 373 162 520 2n
ProjectedIOR, % OOIP 49 25*+* -13 0 1
Projectedbbl oil/lbm polymer 1.1 1.2 =14 0.9 0.57
Projectedbbl oil/acre-ft 27 461 =230 499 155
Limitations/Problems
See text for limitations and recommendations for overcoming problems.
‘These screeningguides are vely broad. When identifyingpolymer-flood candidates,we recommendthe reservoir characteristicsand polymer-floodfeatures be close to those of
the four successful projects at the bottom of table.

**In reservoirs where the rock permeabilityis less than 50 md, the polymer may sweep only fractures effectively unless the polymer molecular weight is sufficiently low.
“**|OR over primaly productionfor this case only. Forthe others, IOR is incrementalover waterflooding.

of U.S. $10/bbl for 1976 and U.S. $20/bbl for 1984 in Figs. 1 and
2. Because oil prices were at or below U.S. $20/bbl for much of the
period since 1986, the NPC predictions have merit. The impact of
the lower oil prices since 1986 was finally felt in 1994 when EOR
production (except for CO; flooding) dropped for the first time ow-
ing to fewer projects. The number of EOR projects has been declin-
ing steadily since 1986, the year that oil prices fell. However, Table
9 shows that the profits from EOR projects did not decline during
the recent years of low oil prices. For most EOR methods, Table 9
shows that there was an increase in the percentage of projects that
were profitable, presumably because the less-efficient projects were
discontinued. Also note on Figs. 1and 2 that the EOR production
rate started to increase again in 1996.12

The optimismthat came from the much higher oil prices inthe late
1970’s and early 1980°s was probably very fortunate for the CO;
flooding industry in the U.S. During this period, the large natural
CO, sourceswere developed and pipelines were built. The inexpen-
sive, supercritical CO, has been flowing into the Permian Basin
ever since. The pipelines are being extended, and more projects are
being started as C02 flooding efficiencies continue to increase.13-14
Fig. 3 shows that (after the long “incubation” period) CO; flooding
has now exceeded the NPC prediction for oil prices of U.S. $20/bbl.
This is in spite of the fact that oil prices were near or less than U.S.
$20/bbl for much of the time since 1986.

Future Technical and Economic
Improvements Expected

Even with the low oil prices, there are many technological advances
that should continue to improve the outlook for EOR and IOR.
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These include (1) three-dimensional seismic—to determine where
the target oil is located, in old as well as new fields; (2) use of hori-
zontal injection as well as production wells!3; (3) cheaper horizon-
tal injection wells with multilaterals, short radius, and those used in
lieu of more costly infill drilling; (4) more efficient reservoir simula-
tion methods; and (5) foam for mobility control, especially in CO2
flooding. These and other technological advances are expected to
improve the process efficiency and cost effectiveness of EOR meth-
ods in the future.

Conclusions

1. The CO, screening criteria were used to estimate the capacity
of the world’s oil reservoirs for the storage/disposal of CO,. If only
depth and oil gravity are considered, it appears that about 80% of the
world’s reservoirs could qualify for some type of CO; injection to
produce incremental oil.

2. The impact of oil prices on EOR production in the U.S. was
considered by comparing the recent EOR production to that pre-
dicted by the NPC reports for various oil prices. Although lower oil
prices since 1986 have reduced the number of EOR projects, the ac-
tual incremental production has been very close to that predicted for
U.S. $20/bbl in the 1984 NPC report. Incremental oil production
from CO, flooding has increased continuously and now exceeds the
predictions for U.S. $20 oil in the NPC report.
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TABLE 6—IN-SITU COMBUSTION

Description
In-situcombustion or firefloodinginvolvesstarting a fire inthe reservoir andinjectingair to sustainthe burningof some of the crude oil. The mostcom-
montechnique isforwardcombustioninwhich the reservairis ignitedinaninjection well, andairisin'ectedtogropagatethecombustionfrontawayfron
the well. One of the variationsof this technique is a combination of forward combustion and waterflooding (COFCAW). A second techniqueis reverse
combustion inwhich a fire is started in awell that will eventually becomea producingwell, and air injectionis then switchedto adjacent wells; however,
no successfulfield trials have been completedfor reverse combustion.

Mechanisms
In-situcombustionrecoverscrude oil by (1) the applicationof heatwhich is transferred downstream by conductionand convection, thus loweringthe

viscosityofthe oil; (2)he productsofsteam distillationandthermalcrackingthat are carriedforwardto mix with and upgrade the crude; (3)burningcoke
that is producedfrom the heavy ends of the oil; and (4) the pressure suppliedto the reservoir by injected air

Technical Screening Guides

Recommended Range of Current Projects
Crude Oil
Gravity, °AP} 10to 27 10to0 40
Viscosity, cp <5,000 610 5,000
Composition Some asphalticcomponents to aid coke deposition
Reservoir
Oil saturation, % PV >50 62to A
Type of formation Sand or sandstone with high porosity
Net thickness, ft >10
Average permeability, md >50 85t0 4,000
Depth, ft <11,500 400to 11,300
Temperature, °F >100 100to 22
Limitations

If sufficientcoke is not depositedfrom the oil being burned, the combustion processwill not be sustained; this preventsthe applicationfor high-gravity
paraffinicoils. If excessive coke is deposited, the rate of advance of the combustion zone will be slow andthe quantityof air requiredto sustaincombus-
tionwill be high. Oil saturationand porosity mustbe highto minimizeheat lossto rock. Process tendsto sweep through upper part of reservoirso that
sweep efficiency is poor in thick formations.

Problems

Adverse mobility ratio. Early breakthroughof the combustion front (and, 02-containing gas mixtures). Complex processthat requireslarge capital in-
vestmentandisdifficult to control. Producedflue gases can present environmental problems. Operationalproblems, such as severe corrosioncaused
by low-pHhotwater, seriousoil/water emulsions, increasedsand production, depositionof carbonorwax, and pipefailuresinthe producingwells as a
result of the very high temperatures.

TABLE 7—STEAMFLOODING

Jescription

The steamdrive processor steamfloodinginvolves continuous injection of about80% quality steamtodisplacecrudeoiltoward producingwells. Normal
»ractice is to precede and accompany the steamdrive by a cyclic steam stimulationof the producingwells (called huff 'n’ puff).

dechanisms

Steam recoverscrudeoil by (Lheatingthe crude oiland reducingitsviscosity; (2yupplyingthe pressureto driveoilto the producingwell; and (3)steam
fistiliation, especially in light crude oils

Technical Screening Guides

Recommended Range of Current Projects
Crude Oll
Gravity, °AP{ 8to 25 8to 27
Viscosity, cp <100,000 10to 137,000
Composition Not critical but some light ends for steam distillation will help
Reservoir
Oil saturation, % PV >40 35t0 90
Type of formation Sand or sandstone with high porosity and permeabilitypreferred
Net thickness, ft >20
Average permeability, md >200 md (see Transmissibility) 63to 10,000
Transmissibility, md-ft/cp >50
Depth, ft <5,000 150to 4,500
Temperature, °F Not critical 60to 280

Limitations

Ol saturations mustbe quite high, and the pay zone shouldbe morethan 20ft thick to minimize heatlossesto adjacent formations. Lighter, less-viscous
srude oils can be steamfloodedbut normallywill not be if the reservoir responds to an ordinary waterflood. Steamﬂomi'rl% is primarily applicableto
viscous oils in massive, high-permeabilitysandstones or unconsolidatedsands. Because of excess heat lossesin the wellbore, steamfloodedreser-
voirs shouldbe as shallow as possibleas longas pressurefor sufficientinjectionrates can be maintained. Steamfloodingis notnormallyusedin carbon-

ate reservoirs. Because about one-third of the additionaloil recoveredis consumedto generate the requiredsteam, the cost perincrementalbarrelof oil
is high. A low percentage of water-sensitive clays is desired for good injectivity.

or help on the figures, and Liz Bustamante for valuable assistance
in the preparation of this manuscript.
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TABLE 8—-SUMMARY OF ESTIMATED WORLDWIDE €0, DEMAND/UTILIZATION AND POTENTIAL OIL RECOVERY
Total CO, Required  Urgency, Timing
Potential Oil Production by CO, Injection* To Produce or Regional Potential CO,
Incremental Oil* Adjustment Utilization
Oil-Producing Region (billionbbl) (billiontons) (billiontons) (%) (billiontons)
Middle East 141.04 26.28 49.39 -12 43.47
Western Hemisphere 28.78 5.3% 10.08 +10 1n.m
Africa 13.18 2.46 41 -5 4.3
Eastern Europe and CIS 10.85 2.2 3.8 0 3.8
Asia-Pacific 8.59 16 30 -5 2.86
Western Europe 3R 0.66 123 +15 1.42
World Totals 205.9%6 3B.37 72.14 [-71 67.03
‘From tables in Ref. 3.
“Net reductionin world total.
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TABLE 9—PROFITABILITY OF EOR PROJECTSINTHE U.S.
Percent Reported as Profitable
Method 1982 1988 1990 194
Steam 86 95 96 96
Combustion 65 78 88 80
Hot water — 89 78 100
COo 2 66 a 8L
Hydrocarbon 50 100 100 100
Nitrogen 100 100 100 100
Flue gas 100 100 100 -
Polymer 72 92 86 100
Micellar/Polymer 0 0 0 0
Alkaline or alkaline/surfactant 40 100 * 100
‘One success.
Table updated from Refs.4 and 11.
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81 Metric Conversion Factors

acre-ft x 1.233489 E-03=ha
"AP1  141.5/(131.5 + "API) =gfcm?
bbl x 1.589873 E-01=m3
cp x 1.0* E-03=Pa-‘s
ft X 3.048% E-0l=m
‘F (°F—32)/1.8 =°C
Ibm X 4.535 924 E-0l1=kg
md x 9.869 233 E-04 =um?
psi X 6.894 757 E+00 =kPa
ton x 9.071 847 E-01=Mg
tonne X 1.0* E+00 =Mg

SPERE

‘Conversion factor is exact
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