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ABSTRACT verticaldistributionof initialgas saturation

It has been recognizedthat the presence
and gravityeffectson the injectedwater
distribution.

of a gas saturationpriovto waterfloodingcan
have an importantinfluenceon oil recovery. INTRODUCTION
The publishedresultson the subjectare
derivedfrom laboratoryexperimentson essenti- At the presenttime,a largefractionof
ally one-dimensionalhorizontalsystemsflooded the oil originallyin placeis left unrecovered
with low pressuredifferentials.In field .n oil reservoirsafterdepletionby the best
applications,high pressuregradientscould methodsavailable. The need for addedrecovery
causeimportanteffectsnot notedin the labor- is of equalimportancewith the searchfor new
story studiessuchas the disappearanceof part oil-producingstructures.Waterfloodingis, and
or all of the gas by solutionin the oil bank. has been in the past,the most universallyused
Also, it has been realized+Lat gravity

5!
rces methodfor increasingoil recoverybeyondthe

make it impossibleto initiateand maint n a levelsprovidedby naturaldepletion. Improve-
uniformgas saturationfrom top to bottomof ments of waterfloodingshouldlead to economic
the productionsection, recoveryof additionaloil in substantial

quantities. One of the methodsthathas been
By the use of numericalmodelsa studyhas proposed f’or increasing recovery of oil by water

been made of the effectsof floodingrate on displacementinvolvescreatinga gas phase ahead
performanceof waterflood in reservoirshaving of the waterfloodfront.
gas saturation.Floodingratesover a very wide
rangehave been simulated. At very high rates As earlyas 1922,Russelllfoundexperi- I
the gas is put into solutionin the oil bank
ahead of the water so no gas saturationeffect

mentallythat floodingof oil reservoirsby a

is noted. The simulatedperformanceat very
mixtureof water and gas yieldedconsiderably
more oil than water or gas drive alone, In the

lcw ratesin the absenceof gravitycheckvery year 1932,producersin the Bradfordfield
well with the publishedlaboratorydata. Intro-
ductionof gravitycausesmarkedlydifferent

injectedtheir surplusproducedgas into oil
reservoirsto conservegas. The operatorsnoted

performancefrom that of the one-dimensional that the injectionof gas priorto waterflooding
horizontalsystemsbecauseof the nonuniform resultedin tiprovedoil recoveries. Breston2
Referencesand illustrationsat end of paper.
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made a surveyof variousoperatorsin the
Bradfordand Alleganyoil fieldsand found
almosball operatorswho had injectedgas prior
to waterfloodingthoughtthey had experience
additionaloil recoveriesbeyondthose attain-
ableby waterfloodalone. However,the exact
mechanismby which additionaldisplacementof
oil from reservoirshad occurredwas not clearly
understood.

In the late 401s etiensivelaboratorywork
was conductedto studyhow the presencelofa gas
saturationcausedimprovedoil recoveryby
waterfloodingsThe variousfactorsthat were
consideredresponsiblefor reducingoil satura-
tion or increasingoil recoverieswere (1)
changesin physicalcharacteristicsof oil, (2)
Jaminactionof gas and (3) additionaldriving
actionof gas. Holmgrenand Morse3 showedthat
the presenceof gas saturationcausedthe oil
saturationfollowingwaterdriveto be reduced
by as much as 15 percentof pore spacebelow
the levelsobtainedwith no gas satiation
present. It appearedthat,over a range of
conditions,gas saturationcouldbe substituted
directlyfor residualoil. we et al.4 made
furtherinvestigationsinto the m~h~ism of
waterfloodingin the presenceof gas saturation.
Kyte notedthat, at the beginningof a flood,
only gas was produced. Subsequently,gas produc
tion ceasedand only oil was produced. After
waterbreakthrough,oil and increasingamounts
of waterwere producedsimultaneously.He found
definiterelationshipsbetween(1)mobileand
trappedgas saturationand (2) residualoil and
initialmobilgas saturation.

.The effectof the presenceof gas on the
relativepermeabilitiesduringwaterfloodwas
investigatedby Holmgrenand Morse.3 They
foundthat the presenceof gas saturationdid
not affectLhe waterrelativepermeabilityat a
givenwater saturation,but loweredthe relati-;c
permeabilityto oil at a givenoil saturation.

Today”it is an establishedfact that the
presenceof a free gas saturationprior to
waterfloodingcan have an importantinfluence
on oil recovery.1-14Much of the published.
informationon this subjectwas obtainedunder
conditionsthat were eithernot clearly
representativeof thoseexistingin a reservoir
or were not sufficientlycontrolledto permit
evaluationof the effectsspecificallycaused
by the presenceof gas saturation.The results
were derivedfrom laborato~ experimentson
essentiallyone-dimensional.horizontalsystems
floodedwith low pressuredifferentials.None
of the publishedresultsof the resebch
includethe effectsof gravitywhilewater-
floodingin the presenceof gas saturation.

Usinga numericalmodel,this paper reportl
the resultsof an investigationof the

displacementby waterfloodingof oil from reser-
voir rock in the presenceof gas saturation.
The effectsof water injectionrateson the
performanceof waterflood have been studiedin
detail. Also includedin the studyis the effecl
of gravitationalforceson the performanceof
the process.

It has been.pointedout by Morse and
Whiting15that, exceptfor local effectsaround
the producingwells,flow in an oil reservoir
can be simulatedby a linear system.

For this studya three-fluidphase,two-
dimensionalnumericalmodel was developed. The
model includesthe effectsof gravityand can
be operatedas a one- or two+limensionalmodel.

Followingare the equationsdescribing
the flow of fluidsin a two4imensionalsystem
flowinggas, oil and water.
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The continuityequationsfor eachof the three
phasesare as follows.
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Gas and oil is consideredas a separateporous
8 .$ mediumin which oil is the wettingphase and
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gas is the nonwettingphase.
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SaturationEquation

So+sw+s =l.O**’*, CO *.(10)
g
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CapillaryPressureEquations
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All of theseequationscan be combinedto
sots

13
form an expressionin terms of oil pressure
only. The procedurehas been describedby
Breitenbachet sl.16f17 Using the nomenclature k *W=(SW)4 , *,0,,00,** . (19
of Breitenba~,~he final simulationequation
is of the followingform. As indicatedby Fig. 2, the effectof

hysteresison gas relativepermeabilitywas
OX+AP ‘-W ‘APz++Ox-Apx- +02Apz-+A9 included. At gas saturationsbelow30 percent

x z of pore space,any decreasein gas saturation

P~ - P~
causesa very rapiddeclinein gas relative

10 permeability.When the gas relativeperme-
=A8( )“”””””””

. (13) abilityreacheszero,the remaininggas satura-

‘1 -to tion is immobileor trapped. Any decreasein
gas saturationbeyondthispointmust be either

The pressureswere determinedat the end by compressionor solutioneffects. The gas
of eachtime stepby an implicitsolutionof saturationtrappedis, of course,a function
Eq. 13. A bandedmatrixinversionsolution of initialgas saturation. To demonstratethe
techniquewas used for calculatingpress.yres. importanceof includinggas relativeperme-
Af5erthe pressureswere known, saturationswere abilityhysteresis,comparativesimulationswer
calculatedexplicitlyby Eqs. S through10. made includingand excludinghysteresis. After

floodingto a producingWOR of 200,the
Basic capillarypressureand relative resultinggas saturationprofilesare shownin

permeabilitycharacteristicsof the reservoir Fig. 5. It is readilyobservedthat,without
rock for &l-lruns are shownin Figs. 1 through hysteresis,the gas left in the reservoirvsrie
4. The formulaused for calculatingcapillary from 1 to 2 percentof reservoirPVVS 28 per-
pressurebetweengas and oil is shownin Eq. 14 centwhen the hysteresiseffectis takeninto
and that for waterand oil by Eq. 15. The account. Sincetrappingof gas is necessaryto
water-oilcapillarypressurecurveis shownin deriveany benefitof originalgas saturation,
Fig. 1. Gas-oilcapillarypressurerelatedto it is essentialto includethe hysteresis
totalliquidsaturation(oil+ water)is effectsto reproduceperformanceof natural
identicalto oil-watercapillarypressurere- reservoirsystems.
latedto water saturationfor this study.
Relativepermeabilitieswere representedby Hysteresiseffectswere similarlyincluded
Formulae16 through19. Theseformulaerepre- for the RKNW as shownin Fig. 3. At totaloil
senta relativelyminor exbensionof Corey’s18 and gas saturationsbelow 44.4 percentof total
concept. In effect,the spaceoccupiedby gas pore space,any decreasein oil plus gas
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saturationcausesa rapiddecreasein the
relativepermeabilityof the totalhydrocarbon
phases. The basis of this work was derived
from the work of Kyte et sl.~ Kyte foundthat
the residualoil.saturation,aftera complete
waterfloodfor a water-wetsand?is a linear
functionof trappedgas saturation.Analysis
of his work showedthat, after completewater-
flood,the total.residualsaturationof hydro-
carbonphasesis also a linearfunctionof the
trapped-gassaturation. The relationship
betweenimmobilegas saturationand residual
saturationof hydrocarbonphase afterwater-
floodfrom the work of Kyte is shownin Fig. 6.
CurveACB in Fig. 7 showsthe relationship
betweenthe residualofi saturationand trapped
gas saturationas derivedby Kyte. His work
indicatedthat thereis no recoveryof oil.
afterwaterbreakthroughfor oils of low
viscosityfor all valuesof trappedgas satura-
tions. The work of Holmgrenand Morse3showed
that waterfloodingin the presenceof gas satur-

0.032percentfor water and less than 0.2 per-
cent for gas. Total simulationtimesvaried
from less than 30 secondsto 2.5 minutesfor
the one-dimensionaltests. Run timesfor the
two-dimensional.simulationscoveringthe ssme
productionhistorywere up to 10 minutes. An
IBM 360-65computerwas used for calculations.

DISCUSSIONAND RESULTS

In orderto eliminatesolutiongas drive
effectsfrom the simulatedwaterflood, the
simulationwas conductedwith constantpressure
at the fluidproducingend. At the startof
eachwaterflood,pressurein all the cellswas
the same exceptfor differencesresultingfrom
the gravitygradient.

Effectsof VariableWater InjectionRates
on the Performanceof Waterfloodinga

One-DimensionslSystem

ationin excessOF about 15 percentre;ultedin For this seriesof simulationsthe fluid
someoil being recoveredafterwaterbreak- saturationsimmediatelyprecedingthe water-
through. Kyterswork for his viscosityoils floodswere (1) gxs saturation- 30 percentof
also showsthat thereis someoil recoveryafter pv, (2) Gfi saturation - 50 percent~d (3)
brealdhrough.It is believedthat the results water saturation- 20 percent. As shownin
from the shortsystemsKyte used may have been Fig. 9, waterwas injectedinto one end of the
influencedby capillaryend effects, This work
duplicatesKyte’swork insofaras ultimateoil

systemat a constantrate and a constantpres-
surewas maintainedat the outletend.

recoveryis concerned,but indicatessomere-
coveryafterwaterbreakthroughat trappedgas Completewaterfloodperformanceswere
saturationsabove13.5percent. As shownin
Fig. 7, the oil recoveryat breakthrough

simulatedfor sevendifferentwater injection
rates. Variationsin the rate of waterinjec-

followsCurveACD, while ultimateoil recovery tion resultedin widelydifferentpressure
followsCurveACB, which is identicslwith differentialsacrossthe system. The pressure
Kyte’sresults. differentialacrossthe systemfor a particular

The validityof the model as well as the
rate of water injectionvariedthroughoutthe
periodof waterflood. At the startof water

effectivenessof the grid systemwere verified
by comparingthe model performanceagainst

injection,pressuredifferentialsstarted

Bucldey-Leverettfractionalflow calculations.
increasing,passedthrougha maximumand, as thl
oil.bank was produced,starteddecreasing.

Fig. 8, whichrepresentsproducedwater-oil Table2 summrizes the waterflooddata for all
ratiovs averagewater saturation,showsthe the water injectionrates simulatedin the
comparisonbetweenthe Buckley-Leverettcslcu- study. In :J.1the floods,the simulationcol-
lationsand the numericalmodelperformance. tinueduntilthe producti,gWOR reached200.
Minor differencesin performancenear water
breakthroughcanbe attributedto the fact that Figs. 10 through13 showthe gas ahd oil
the Bucldey-Leverettmethoddoes not consider saturationprofilesfor sevendifferentrates
capillarypressurebetweenphasesand to of waterinjectionat four differentvalues
numericaldispersioncommonto all models. of cumulativewater injected.
Afterwaterbreakthrough,performanceshowsa
very closematchbetweenthe two. Fig. 10 showsoil and gas saturationpro-

filesexistingin the systemsafter0.125PV of
-Thephysical.reservoirmodeland the grid waterhad been injected, It is observedthat,

systemused for this studyare shownin Fig. 9.
The calculationswere made for a sectionof

at high injectionrates,a significantamounto
free gas has disappearedby beingforcedinto

reservoir,1 ft wide, 1,400ft long and 25 ft
thick. The gas, oil and waterpropertiesused

solutionin the oil between350 and 1,225ft,

for all calculationsappearin Table1.
whilefree gas is presentbetweenO and 350 ft.
The oil saturationprofilefor high rates

Finalmaterial-balanceerrorson all
indicatesthat a sharpoil bank existsbetween
525 and 1,050ft, whiletke oil.saturationfrom

simulationswere less than 0.0003percentof O to 350 ft is the sameas it was at the start
the fluid originallyin placefor oil,less thar. of the waterflood. However,at low rates,gas
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has been trappedand maintainedat about26 to
2? percentsaturationand oil from 350 ft to
1,225ft has been displacedtowardthe produc~
end.

Fig. 11 showsthe saturationprofilesat a
cumulativewaterinjectionof 0.25PV of water.
Exceptfor the very low rates,all gas present
in the systemis trapped. At high water
injectionratesthe gas saturationhas been
reducedto zeroin some sections,whilein
othersit has been reducedbelowthe gas satura
tion at which gas permeabilityis zero. The
gas trappedby the advancingoil bank is com-
pressedand forcedinto solutionin the oil by
&creasing pressure. Gas saturationprofiles
are fairlyuniformfor low waterinjection
rates, Oil saturationprofilesshowthat, at
increasingwaterinjectionrates,a sharperoil
bank resultsaheadof the waterflood.

Fig. 12 representsSaturationprofiles
after0.375PV of water were injected. Gas
saturationprofilesare not significantly
differentfrom those of Fig. 11 exceptthat som
more gas has been forcedinto the solutionby
increasingpressures. For the high injection
rates,the sectionbetween700 and 1,225ft has
been floodedto the irreducibleoil saturation,
but a sharpoil bank stillexistsnear the
producingend. At low ratesof waterinjection
thereis no definite“oilbank” and the whole
systemis contributingto oil production.

Fig. 13 representssaturationprofiles
after0.5 PV of waterwere injected. Gas
saturationprofilesare almostidenticalto
thosein Fig. 12. All oil saturations,except
thosenear the producingend,have reachedthe
irreduciblelevel,

Fig. 14 showsthe gas and oil saturation
profilesat the end of waterfloodingto al?OR
of 200. Also shownin thisfigureis the
saturationprofilefor a simulatedfloodin
whichno gas saturationwas presentpriorto
flooding. In the absenceof gas saturationth(
residualoil saturationfollowingthe waterflo[
is seento be 28 percentof PV. If 28 percent
gas saturationis trapped,maintainedduring
the waterflood,and the systemfloodedto an
hfinite water-oilratio,the residualoil
saturationis reducedto 14.4percent.

At high water injectionrates,the gas
saturationin some sectionsof the systemis
reducedto zero. In otherparts of the system
gas saturationis reducedbelow the 28 percent
levelat which it was trappedby the oil bank.
The net resultis that in parts of the system]
benefitsor onlypartialbenefitsof trapped
gas saturationare derivedat high injection
rates. At high rates residualoil saturations
are higherthan thosefor low injectionrates

..-—.

wherevery littlevolumeof gas goesback into
solution.

Figs. 15 and 16 showthe oil saturation
profilesat water injectionratesof 0.0107and
12.8LB/D. Profileswe shownfor different
volumesof water injected. As shownby Fig. 15,
at the low rate very littleoil bankingis
evident. After 1.75PV of waterhad been
injected,the producedWOR is 200. The oil
saturationprofilefor 1.75PV of waterinjectec
indicatesthat most of the systemhas reached
the irreducibleoil saturationcorrespondingto
the gas saturationpresent, Fig. 16 showsthat
at high rate a sharpoil.bank develops. Part
of the systemhas reachedirreducibleoil
saturationbeforethe oil bank breakthrough.
Oil recoveryafterbreakthroughis small, After
injectionof 0.99 PV of water the producedWOR
was 200. The saturationprofilefor 0.99PVof
water injectedindicatesthat no benefitof the
original.gas saturationhas been derivedin the
part of the systemfrom 350 ft to 1,225ft.

Fig. 17 illustrates,for all injection
rates,the variationof averagegas and oil
saturationswith cumulativewaterinjected-
Averagegas saturationis an essentiallylinear
functionof pore volumesof waterinjectedat
the startof the flood. The averagegas satura-
tion passesthrougha minimumamd increases
slightlynear the end of the flood. Afterwate]
breakthrough,the pressurein the systemstarts
to decrease,resultingin the liberationof
solutiongas from the residualoil and expansior
of the trappedgas. The averageoil saturation
increasesabovethat presentat the startof
the waterfloodin the high water injectionrate
simulations.This is the resultof gas being
forcedinto solutionin the oil and,hence,an
increasingoil reservoirvolumefactor. At ].OW

injectionrates,only a negligibleamountof ga:
goes into solutionin the oil so the avwage oil
saturationstartsdecreasingfrom the startof
water injection, At all valuesof cumulative
water injected,the averageoil saturationof
the systemincreasesas injectionrate increase:
This is simplybecausethe higherratesof
water injectioncausepressureincreasesthat
diminishthe amountof gas saturationpresent
upon arrivalof the waterfloodfront.

Fig. 18 showsthe oil recoveredas a frac-
tion of oil initiallyin place as relatedto
cumulativewater injected. At low flooding
ratesoil productionstartswhen less cumulative
waterhas been injectedthan for higherinjec-
tion rates. For all amountsof cumulative
water injectedthe oil recoveryis highestfor
the lowestrate of water injection. This
figurealso indicatesthat oil recoveryafter
waterbreakthroughis almostnegligiblefor the
high injectionrate floods.

—
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Fig. 19 indicatesthe variationsin ulti- breakthroughoccursstartingwith the bottom
mate oil recovery(ata WOR of 200) with water sectionfirst. However,at a WOR of 200,
injectionrates. For the systemunder study almostall of the reservoirhas been flooded.
ultimateail.recoveredvariesfrom 71.5 percent
to 50.5percentof oil.originallyin place. For the waterinjectionrate of 0.001B/D,
Initislslopeof the curveis steepand then the resultingpressuredifferentialacrossthe
tendsto level off. Once increasinginjection systemis less than the water-c:~gravityhead
rateshave causedpressuresto increaseenough end the percentageof oil.recoveredis much
to put all gas into solution,furtherticreases less than observedin the higherratefloods.
in injectionrate have no furthereffect. Injectedwaterpreferentiallyfloodsthe

bottom+nostsectionof the system. Flooding
Effectsof VariableWater InjectionRates of upper sectionsof the reservoirtakesplace
on the Performanceof ‘l%o-llimensionsl from the bottomupward,ratherthan horizon-

Waterfloods tally. At a producedWOR of 200, an appreciable——
fractionof the upperpart of the systemis left

In oil-producingreservoirswhere gravity ~floodede
forceshave a significanteffect,gas has a
tendencyto migrateto the top of the producing It must be pointedout that the above
section. Thus, therewill be more gas avail- resultsare quantitativelyapplicableonly to
ableto be trappedin the upperlevelsthan in the reservoirsimul.’.ted.The exacteffectof
the bottomof the section. For the two- water injectionrate will be sffectedto a
dimensionalfloodsreportedhere,the physicsl markeddegreeby fluidpropertiessuch as
model simulatedis shownin Fig. 9. Gas satura- solubilitytviscosityand shrinkageas well as
tions shownwere thoseresultingfrom a solution by relativepermeabilitypr~pertiesand the
gas drive simulationreportedby Morse and floodpattern. Gravityeffectswill increase
Whiting.15 Specifically,saturationsare those with the thicknessof reservoirsflooded.
resultingfrom a solutiongas drive from 1,791.4
psi to 1,500psi at an oil-productionrate of CONCLUSIONS
0.1 STB/D. At the startof waterfloodsimula-
tions,water saturationwas 20 percentof PV in The behatiorof one-dimensionalhorizontal
the bottomsectionof the reservoirand water waterflood has been investigatedunder a very
saturationsin the rest of the reservoirwere wide range af water injectionrates. Importanc(
in staticcapillarypressureequilibrium. of gravitaticxuilforceson the performanceof

waterflcodinghas been studiedin a seriesof
Simulationswere made for threedifferent two-dimensionalsimulations.Conclusionsof

ratesof water injection,and floodingwas this work are as fol.lows~
ccmtimed untilthe producedWOR reached200.
The gravitypressuredifferentialbetweenwater 1. Numericalmodelscan be used to
and oil from top to bottomof the systemwas duplicatequantitativelytbe effectsof free
2.23psi. Table3 summarizesthe waterflood
data for all the threewaterinjectionrates

gas saturationon performanceof laboratory
waterflood.

simulatedin this study.
2. In the absenceof gravitythe effects

Fig. 20 illustratesthe movementof the on waterfloodoil recoveryof an initial.free
waterfloodfrontfor differentrates of water gas phase are sensitiveto floodingrate over
injection. The positionof the floodfrontshas a wide rangeof rates. In this range,oil
been representedafterabout14,28, 42 and 56 recovereddecreaseswith increasingrate.
percentof the oil initiallyin placehas been
produced. Also representedis the position 3. At floodingrateshigherthen a certai
of the floodfront at a producedWOR of 200 level (dependin

7
on reservoirand fluid

for each of the runs. The line denotedas the characteristicsno beneficialeffectof an
flood front showsthe boundaryof the completelY initialfree gas phaseis noted. In this rate
floodedzone;that is, the oil saturationhas range all free gas is dissolvedpriorto the
reachedthe value at which ofl permeabilityis arrivalof the waterfloodfront.
zero.

4. When gravityeffectsare considered,
Thereis no significantdifferenceof oil lower floodingratestend towardloweroil

recoveriesbetweenthe waterinjectionrate recoveriesover a certainrangeof flooding
of 0.1 and 0.5 B/Do For both of the floods? rates.
the pressuredifferentialsacrossthe system
are substantisll.ygreaterthan the gravityhead
betweenwater and oil. Thereis more residual

5. An optimumwaterflooding”rateis
indicatedfor any givenhorizontaloil reservoi

oil left in the outletto cornerarea for 0.1
?

becauseof the opposingeffectsof gravityand
B/D floodthan for 0.5 B D flood. Water initialfree gas saturation.
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TABLE 1 - FLUID CHARACTERISTICS

Pressure
Psi

2000

1825

1600

1200

800

400
100

Reservoir Volume Factor
Gas oil’
MCF Res. Bbl.

Res. Bbl STB

1.1695 1.2676

1.1191 1.2698

0.9807 1.2447
0.7149 1.2005

0.4412 1.1573

0.1948 1.1089

0.0410 1.0441

Density Gradient

Gas oil
Psi/Ft. Psi/Ft.——

0.0784 0.3204

0,0733 0.3199

0.0641 0.3232

0.0467 0,3292

0.0288 0.3353

0,0127 0.3431

0,0027 0.3569

Gas Volubility in Oil

MCF/STB

0.5800

0.5800

0.5213

0,4120

0.3027

0.1864

0.0667

Viscosity-Centipoise

Gas

0.0167

0.0170

0.0161

0,0144

0.0133

0.0119

0.0110

oil

1.3593

1.3505

1.3853

1.4537

1.6147

2.0723

3.2476

Note: Gas volubility in water is zero. Water has a formation volume factor of 1.0
Res. Bbl/STB and water viscosity is 0.8 times oil viscosity.

TABLE 2 - SUMMARY OF ONE-DIMENSIONAL FLOODING DATA

Maximum Average Reservoir Properties at Oil Recovered at Water -
Rate of Water Pressure Terminal Water-Oil Ratio of 200
Injection

Oil Ratio of 200
Differential Gas Oil Water

Bbls/Day
Fraction of

Psi
Fraction of

Saturation Saturation Saturation Pressure Oil in Place Pore Volume

0.0107 11.88 0.2761 0.1485 0.5754 503.65 0.7031 0.3516

0.107 92.04 0.2525 0.1593 0.5882 532.81 0.6813 0.3407

0.535 291.25 0,1896 0.1887 0.6217 637.48 0.6283 0.31&2

1.07 457.37 0.1487 0.2088 0.6425 736.80 0.5931 0.2966

2.14 725.64 0.1030 0.2300 0.6670 891.36 0.5517 i).2759

6.42 1665.52 0.0507 0.2557 0.6936 1410,79 0.5190 0.2597

12,84 3017.12 0.0390 0,2610 0.7000 2171.41 0,5040 0.2521

Note: For all water floods: Original Gas Saturation = 0.30 of pore volume, Oil Saturation = 0.50,
Water Saturation = 0.20 and Pressure - 500 psi.

TABLE 3 - SUMMARY OF TWO-DIMENSIONAL FLOODING DATA

Maxinism Average Reservoir Properties st
Horizontal Te?nninalWater Oil Ratio of 200

Rate of Pressure Gas oil Water
Water Differential Saturation Saturation Saturation

Injection Lower Most Fraction Fraction Fraction
Bbl/Day_ Section-Psi Pore Volume Pore Volume Pore Volume Pressure

0.001 2.807 0.0597 0,3463 0.5940 1505.14

0.1 23.726 0.0567 0.2554 0,6879 1514,03

0.5 ‘ 111.573 0$0530 0.2552 0.6918 1557.73

Oil Recovered
Water Oil Ratio of 200
Fraction of Fraction of
Oil in Place Pore Volume

0.5779 0+4768

0,6900 0.5682

0.6915 0.5692

Pore Volume, Ave:ageNote: For all Water Floods: Original Average Gas Saturation = 0.0613 of
Oil Sat~ration = 0.8205, Average Water Saturation = 0.1182 and Average Pressure ?
1504.34 psia.
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POROSITY = 5 percent

ORIGINAL OIL SATURATION = 50percent

ORIGINAL WATER SATURATION = 20 percent

ORIGINAL GAS SATURATION ● 30 percent
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THICKNESS = I foot
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