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The presentinvention relatesto a method forthe in 
place burningofundergroundcarbonaceous deposits?In 
particular,itisconcerned withanovelmethodforestab 
lishinga more uniform combustion front duringreverSe 
burning operations,wherein said deposits Vary rather 
widelyin theirpermeabity. 
Some of the largest known petroleum deposits in the 

world are the Athabascatar sands located in northern 
Aiberta,It has beenestimated thatthisarea alone Con 
tainsapproximately three hundred bilion barrels of oil? 
Other huge depositsofasimiarnaturearetobefoundin 
various localites ofthe United Statesandin Venezuela? 
Owing,however,tothe highly viscous nature ofthese de 
posits,theirproduction has presented an eXtreme?y difi 
cu?problem 

Conventional underground Combustion,ie,an Opera 
tionin which the combustion Zone is propagatedfroma 
pointneartheface ofaninjection weltowarda produc 
ingwel,isimpossible with heavyviscous hydrocarbonsof 
thetypeincludedwithinthe scope ofmyinvention?This 
isforthereasonthatthe coldportion ofthereservoirrock 
yieldingthe heavyoillies betweenthe producingwelland 
the burningZone?In or nearthe burning Zone the Vis 
cosity oftheoilisata minimüm;however,asthe preSSure 
gradientofthesystemforcesthe oitowardthe producing 
wel,the oildecreasesintemperature to that of the un 
burned portion of the reservoir?Eventualy,resistance 
to fow through the reservoirto the producing well be 
Comessogreatthat combustion can no longer continue, 
becauseitisimpossible to Supplyairata Satisfactoryrate 
tothe burningZone. 
Accordingy,the onlywayin which combustion can be 

efectedin reservoirs ofthetype contemplated hereinin 
volyesthe“reverse combustion process.”This methodis 
described in detailin U.S.2,793,696to Morse in which 
conditions are provided such that the combustion Zone 
travels toward the injection well,ie?Countercurrent to 
the fow ofthe airthroughthereservoir? 

It has been observed thatin the application of under 
ground combustion processesin the recovery of tar or 
Crude petroleum from deposits thereof,variations in 
permeability of the reservoir occur,This,of course, 
causes the fow of fuids predominanty through these 
more permeable areas resuitingin a highly non-uniform 
combustionfront. Because ofthis,itisdificulttocontrol 
the Operationanda lower ultimate oilrecovery is eXper 
ienced,These variationsin permeabity can be duetoa 
number of causesSuchas,forexample,diferencesin the 
Solid materialanditscompacting,variationsinfiuidsatu 
ration,the presence of fissures and Cracks,etc?In an 
underground combustion operation,especialy reverse 
combustion?itisindicated that performanceisnot uni 
form where significant diferencesin permeability,espe 
cialyto gas fow,are encountered?Where these varia 
tions exist,the largest portion of theinjectedair findsits 
Wayintothe most permeable Zones causinga combustion 
front to be Createdin those Zonesand to move outaway 
from the wel before the oiin the less permeable Zones 
has hadan opportunitytoignite and become a part of a 
common combustionfronttravelingtoward the producing 
Wellorwels?These conditionsgeneralydonotimprove 
asthe process continuesbut,on the contrary,tend to be 
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2 
come muchworse,makingitextremelydificulttoproduce 
the recoverable oilfrom the less permeable ZOnes? 

Itis,therefore,an objectofmyinventiontoprovidea 
method forrenderingthe confguration of a combustion 
front more uniform when passingthroughareservoir of 
varying permeabity byfrst subjecting the depositin 
voivedto aforward combustion step,continuingthe lat 
ter untilthe front has moved outawayfrom the wela 
short distance,e.g,one ortwo feet,and thereafter cOn 
ductinga reverse burning operation in said depositin 
suchawaythatsaid frontmovesina direction opposite 
thatin which the oxygen-containinggas used tofeed the 
combustionprocessisfloWing, 

Briefy,myinventioncomprisestreatingorconditioning 
acarbonaceous depositvaryingsubstantialyinpermeabi 
ity,priorto a reverse combustion step?by efectingfor 
ward combustioninsaiddepositforalimitedtime,where 
bytheresultingcondensation productsand cooledliquids 
fowingahead of the combustion front and toward the 
producingweltendtoseekoutthemorepermeableZOnes, 
thuscausingthemtoapproachthe degree ofpermeability 
possessed bythe otherZonesin the deposit?Inthisway, 
the permeabity of the depositto be burnedis converted 
intoZones of more uniformpermeabity, 
Whether ornotthe forward combustion step has been 

carried outfor a suficientlength of time can be deter 
mined,forexample,bytakingasecond permeabilitypro 
fie ofthe depositandthen comparingthetwoinorderto 
determine if the permeabiity is suficienty Uniform 
throughoutto employ reverse combustion efectively? 

?n ordertodetermine whetherthe process ofmyinven 
tionshould be usedina particular underground combus 
tion project,gaspermeabity profles should be run as 
mentioned above?If the permeabity in the depOSitis 
substantialynon-uniform,then the process of myinven 
tion can be employed to advantage. Bythe eXpression 
“substantially non-uniform”as used with reference to 
the permeab?ity of certain Zones in the deposit to be 
burned,Imeanzones havingsuficiently high perneabity 
topermitburningthroughtotheinjectionwellbefore the 
najority of said section has been burned toasimilar eX 
tent,If such conditions exist withoutsome meaSure be 
ingtakentoequalize the permeability throughoutthe de 
posit,theinjectedairafterthe initial breakthrough does 
not contact the unburned material buttendsto bypassit 
viathe path orpathsformed bythe burning ofthe more 
permeable Zones? 

Itisrealizedthatcarbonaceousdeposits ofthetypecon 
templated herein are seldom if ever completely homo 
geneousin compositionand/orphysical makeup?Hence 
itiseXpected thateven underthe moreidealconditions, 
variationsin permeabilitythroughoutagiven depositWil 
exist,Howeyer,ifthese Variationsdonotexceedthe less 
permeable Zones by Values offrom about10to 15 per 
cent,reverse combustion maybe carried out withoutex 
cessive fingering and premature breakthrough at one or 
two levels before the balance of the combustion front 
reaches the injection wel,Otherwise expressed,if the 
preSSure required toinjectairatanylevelin Said deposit 
does notvary more thanabout50p.si,thenitisgeneral 
ly propertoproceed with the reverse combustion opera 
tion?Itiswithinthe Scope of myinvention,nevertheless, 
toemploythisforward burningstep priortoreversecom 
bustion as a precautionary Oras a standard treatment 
for the purpose ofinsuring the formation and mainte 
nance of a Substantialy uniform combustion front 
throughoutthe entire operation. Byprovidingacondition 
Of this Sort in the reservoir,it will be appreciated that 
naximum recovery of hydrocarbon productscan bereal 
ized, 
Afurtherembodiment of myinvention comprisesef 

fectingaforward combustionstepinareservoirin which 
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reverse combustion has already been initiated,Such 
measures may be employed to advantage wheretrouble 
Some variationsin permeability occur duringreverse com 
bustion,Evidence ofthepresence ofthesedificultiescan 
be provided by a Suitable observation well or we?s be 
tween the injection and producingwels,Thus,ifitis 
determined bytemperature measurementsin an obServa 
tion Welthata narrow Section,forexample?One Ortwo 
feetin thickness,of the depositis hotterthan therest of 
the Section,thisis anindication that non-uniform burn 
ing within the depositistaking place,The operator un 
der Such circumstances should then discontinue reyerse 
combustion temporarily and burn forward fora limited 
period of time,foreXampie?from12to24 hours,toper 
mit preferentialcondensation offiuidsinthemore perme 
able Sections ofthe deposit,Inthismanner,the perme 
abity of the depositis rendered more uniformandre 
Verse combustion can thenbereSumed, 
A number of conditions control orinfüence the ef 

ciency with which the reverse combustion phase of the 
prOceSS Of myinventioniscarried Out,Cne ofthe more 
important factorsin this connection isthe air injection 
rate anditsefectoncombustionzonetemperature,The 
combustion Zonetemperature,as welasthe combustion 
ZOne Velocity,during reverSe burningincrease with in 
Creasedairinjectionrates,Heatlossestothe Sürrounding 
formation havelittleornoefectoncombustionzonetem 
peratUre?However,Combustion Zone Velocity decreases 
directlywithincreasingheatloss,Whenloweroilrecov 
eriesare obtained atconstant combustion Zonetempera 
ture,itisanindication that heatlossesareincreasing Or 
have increased?Constant combustion Zone temperature 
underSuch circumstancesismaintained by burning more 
hydrocarbonin place,thuscausinglower recovery. High 
combustion Zone temperatures involve the burning of 
largeramounts of Oilin place?Accordingy,oilrecovery 
eficiencyfalsofatthe highercombustionZonetempera 
tures?Atlowinjection rates,i.e.,abo?t40S.cf./hr./ft°, 
orless,thetemperatureachievedis notordinariyconsid 
ered Suficient to vaporize or crackappreciabie anounts 
ofthetaroroil,Undersuch conditionsthe o?recovery 
eficiencybyreversecombustionislow? 
Attemperatures belowabout400°F,littleoiisrecov 

ered byreversecombustion,Thisis readiyshown when 
the systemisoperatedatconstantairinjection rates. For 
example,ina Series oftests carried outin AthabaScatar 
Sands,combustion Zone temperatures of about870° F, 
were generated atairinjection rates of the Order of60 
s.cf./hr/ft°andatpressuresnearatmospheric,i.e.,about 
15to 25 p.si,When the pressure wasincreased to 265 
p.si,the combustion ZonetemperatUre wasfound to de 
creaseto about650°F.atthesameairrate,Likewise,at 
an airinjection rate of60s.cf./hr./ft°,the combustion 
Zonevelocityatpressuresofthe order of15to25P.si.was 
about.17ft./hr. Whereas,at265p.si,the velocity was 
about.45ft/hr.atthesame airrate?Thus,it wil be 
Seen that both combustion ZOne velocityand temperatüre 
are dependent Upon and can be controled by reservoir 
preSSUre?Accordingy,in ordertosecure high oilrecov 
ery eficiency by employing reverse combustion injection 
rates offrom about75to 100s.c.f/hr/ft°,preferably 
fromabout90to 100s.cf/hr/ft°?should beemployed? 
Under Such conditions,combustion Zone temperatures 
fromtheorderof800°to900°F.wilbeproduced, 
When performingthe forward combustion step airin 

jection rates should be Suficientto prodüce combüstion 
fronttemperatures of the order offrom about1500°to 
2500° F, 
The process of myinvention wilbe furtheriustrated 

by reference to the accompanyingdrawingin which an 
injection wel2anda producingwel4 penetrate an oi 
ortar-bearingformation 6ofvaryingpermeabity,Cas 
ing3 and5inwels2and4,respectively,isrüntothetop 
ofZOne6and cementedtothe surroundingformationat15 
and 7,1eavingan openholefrom thatlevelto thebottom 
ofoi-bearingZone 5,Bothwelsare equippedwith tubing 
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strings ?0 and 22,An initia permeabiity test of the 
formationismade byinjectingairwhich folows a path 
indicated bythedashedarrows through pipe8andtubing 
19carryingspaced packers12andintopacked-ofZOne ?4 
via ports ?6. By movingpackers ?2 Up and down the 
open hole to pack of narrow Zones folowed by an air 
injection step,the permeability ofeach ofthese Zonescan 
be established,Duringthesetests,valved ines 9and?? 
are closed while lines8and 3are open?For example, 
aninitialairinjectiontestmayshowapermeabilityprofle 
simiarto thatindicated by dotted line ?8,Packers12 
are then removed,combustioninitiatedin the Open hole 
orwel4inanyconvenient manner Suchas,foreXample, 
bymeans ofa burnerand forward combustion Sustained 
intheform ofcombustionfront21byforcingairintothe 
formation viatubing1? Untila pressure drop of from 
about50to100 p.si.isobserved,indicatingthatcondenSa 
tion productsare beginningtoreduce the perneabity of 
the formation?A second permeability testis then run 
showingachangeinthe permeability profileasildstrated 
by dashedline29,Thereafter,airisinjectedintowel2 
and formation 6asindicated bythe solid-linearrows via 
Hne ???Combustion front21then proceedstowardin 
jection we?2countercurrentyto the fow ofinjectedair? 
Froducts of combustion,condensed oiland heavy oilare 
forced into wel4 and produced out the annulus and 
?ipe 9. 
By the present description,it wil be apparent that ? 

havefurnishedtheartwithanoveland Unobviousmethod 
forrenderingthepermeabiyofareservoirmoreunform? 
togasfow,This,inturn,makespossiblethe creation of, 
a more Uniform combustion front when Said reservoiris 
subjected toreverse combustion, 

?tisto be emphasized thatthe process of myinvention 
isprimariyapplicabletoreservoirshavingalow efective 
initial or native permeability,Bythe eXpression“low 
efective initial permeabity?”I mean a formation in 
which Conve?tionalforward combustion alone cannot be 
carried outowingto the fact thatthe oiltemporarily re 
ducedin viscosityinthe combustion Zoneincreasesin Vis 
cosity whenitcontactscoldreservoirrock onits wayto 
the producingwel,Hence,itsresistance tofowthrough 
the rock becomes Sogreatthatitiseither Uneconomical 
orimpossibletocontinue airinjection?Statedotherwise, 
forwardcombustionaloneisconsideredfeasibleonlywhen 
the fow capacity of the reservoir in millidarcy feetis 
greaterthanabout30timesthe oilviscosityincentipoises? 
The aforesaidexpression,as applied to situations where 
reverse combustionalone cannotbe used torecoveroilin 
commercialquantities,referstoreServoirswherethemaxi 
mümairinjectionrateisinsuficientto produceacombus 
tionZonetemperature ofabout700°toabout800°F. 

Iclaim: 
1,In a process for subjectingatarsand depositto a 

reyerse combustion Operation,Said deposit being pene 
trated byaproducingWelandaninjectionwelandWhere 
in the preSSure required toinjectagasinto at leastany 
twoZones of Said deposit difersmorethanabout50p.sj, 
theimprovementwhichcomprises: 

ignitingtheface of Said depositadjacentsaidproducing 
Wel, 

Supplying an OXygen-containing gas to the resulting 
ignited portion via Said producingwellsoasto prop 
agateacombustionfrontintosaiddepositinthesame 
direction assaidgasisfowingtherethroggh, 

continuingintroduction ofsaidgas via said producing 
Welluntila presSUre drop offrom about50to about 
100 pSi,is observed betweensaid wells,indicating 
that COndenSation products are beginningtoreduce 
the perneabity ofsaid deposit, 

makingagaspermeabilityprofle ofthatportion ofsaid 
depositcontainingsaidtwo Zones, 

repeatingthe above cycle untilthe permeabiity ofsaid 
depositincludingSaidzonesissuch thatthepressure 
required toinjectagasinto anylevelin said deposit 
doesnotvarynorethanabout50p.si? 
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thereafterinjecting an oxygen-containing gas Stream 
intosaid depositvia Saidinjection welsothat Said 
frontmovesthroughsaiddepositinadirection oppo 
site to the fow of Said stream and toward Saidin 
jection wel,and 

recoveringhydrocarbon productsfrom Saiddepositvia 
Saidproducingwel? 

2. In a process for conducting a reverse combustion 
Operationinatarsand deposit penetrated byaninjection 
wellanda producingwel,whereinthe pressure required 
toinjectagasinto atleastanytwo Zones of Said deposit 
difers more thanabout50psi,theimprovementwhich 
comprises: 

ignitingthe face ofsaiddepositinsaid producingwel, 
Supplyingtheresultingignited depositwithanoxygen 

containing gas via said producing wel whereby a 
combustion frontformsandiscaused tomove into 
saiddepositinthesamedirectionasthefow ofsaid 
gastherethrough, 

continuing the introduction of said gas via said pro 
ducingwel Untila pressUre drop of not more than 
about100p.si.isobservedbetweensaidwelsindicat 
ingthatcondensation products are beginningtore 
ducethepermeabity ofsaidZones, 
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? 
makinga permeability profle of that portion of Said 

deposit containing Said two Zones, 
repeatingtheabovecycleasmanytimesasarenecessary 

untilthe permeabity of said depositincludngsaid 
ZOnesinSuchthatthe pressurerequiredtoinjectagas 
intoanylevelinsaiddepositdoesnotvarymorethan 
about50 p.si? 

thereafterinjecting an oxygen-containinggas stream 
into SaiddepositviaSaidinjection we?wherebysaid 
front movesthrough said depositina direction op 

?ositethe flow of said stream,and 
recovering hydrocarbon productsfrom said depositvia 

Said producingwel? 
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