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9Claims,(CI,166?11) 
This invention relates to a process for producing hy 

drocarbons byin situ combustion. A Specific aspect of 
the invention pertains to increasing fuid fioW thru an 
injection borehole in a carbonaceous stratum. 

In situ combustion in the Tecovery of hydrocarbons 
from underground strata containing carbonaceous ma 
terialis becomingmore prevalentinthe petroleumindus 
try. Inthistechnique of production,combustionisiniti 
atedin the carbonaceous stratum and the reSulting Com 
bustionzoneiscausedto movethru the stratum by either 
inverse or directair drive wherebythe heat of combus 
tion of a substantial proportion of the hydrocarbon in 
the stratum drives out and usualy upgrades a Substantial 
proportion ofthe unburned hydrocarbon material. 
The ignition of carbonaceous material in a Stratum 

around a bore hole therein folowed by injection of air 
thrutheignitionborehole and recovery of product hydro 
carbons and combustion gas thru another borehole in 
the stratumis a direct air drive process for efectingin 
situ combustion and Tecovery of hydrocarbons from the 
stratum. In this type of operation the stratum usualy 
plugs in front of the combustion zone because a heavy 
viscous liquid bank of hydrocarbon colectsinthe stratum 
inadvance of the combustion Zone which prevents move 
ment ofairto the combustion process. To overcome this 
dificulty and to permit the continued progress of the 
combustion zone thru the stratum,inverse air injection 
has been resorted to. By this technique,a combustion 
zone is established around anignition borehole by any 
suitable means and airis fed thru the stratum to the com 
bustionzone from one or more Surrounding boreholeS. 

?n situ combustion techniques are being applied to tar 
sands,shale,Athabasca sand and other strata in virgin 
state,to coal veins by fracturing,and to strata partialy 
depleted by primary and even Secondary and tertiary re 
covery methods. 

In injecting fuid thru an injection borehole in a car 
bonaceous stratum,the rate offiow with a given preSSure 
is dependentupon the permeabity ofthe stratum around 
the borehole. Because there is a limit to the amount 
of ayailabie pressure for forcing a fiuid thru a Stratum 
it is highly desirable and economical to increase the 
permeability of the stratum to obtain high fow rates 
with agiven available pressure In actualfield operation 
itis necessary to feed a combustion front of Substantial 
area from each injection borehole. Of course,the area 
ofthe borehole wal within the stratumis a factorin the 
injection rate,the larger the borehole the higher the rate 
of injection with a given preSSure; however,there is an 
economic limit to the Size of the borehole that can be 
provided. ftis thus Seen that with agiven Size borehole, 
of Say,8 to 20 inchesin diameter,a Substantialincrease 
in porosity orpermeability of the Stratum for several feet 
surrounding the borehole greatly facitates fluid injec 
tion rates with a given available preSSure. 

Accordingly,itis an object of the invention to provide 
an improved process for producing hydrocarbons by in 
situ combustion. Another objectisto increase the perme 
abity of the stratum adjacent an injection borehole uti 
lized in in situ combustion and/or fluid drive to produce 
hydrocarbons from a carbonaceous stratum,Another 
objectis to provide an in situ combustion process which 
requires lowerinjection pressures foragiven fow rate of 
injected air. Other objects of the invention Wil become 
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2 
apparent upon consideration of the accompanying dis 
cloSure. 

Abroadaspectoftheinventioncomprisesincreasingthe 
permeability of a Stratum adjacent an injection borehole 
by applying heat to the stratum adjacent Said borehole 
So as to drive volatile hydrocarbon material therefrom 
and leave void Spaces or pores in the Stratum which in 
crease the permeability thereof A preferred procedure 
comprises burning a fuel in the injection borehole ad 
jacent the carbonaceous Stratum so as to heatthe Stratum 
and fuidize and/or lower the viscosity of the hydrocar 
bons therein,whereby they are removed from the Section 
of Stratum adjacent the borehole and leave the Stratum 
more permeable than before. One method comprises 
burning a mass of soid fuel such as charcoal,charcoal 
Saturated with a heavy liquid fuel,porous refractory 
material(Suchas aluminapebbles)saturated with a liquid 
fuei (such as equal parts of asphalt and diesel fuel) 
whereby the stratum is heated to retort hydrocarbons 
therefrom and raise the temperature of the stratum to 
above its ignition point. Air or other combustion-Sup 
porting gas,alone,or admixed with a fuel gas such as 
propane in a concentration of about 1 to 7 volume per 
cent of the mixture,is then fed to the heated stratum 
either thru the injection borehole or thru a production 
borehole Spaced apart therefrom So as to establish in 
Situ combustion in the Stratum and drive the combustion 
front into the stratum a few feet,This procedure not 
only clears the porous stratum of a Substantial propor 
tion ofits carbonaceous deposits,but also,in most cases, 
efects a fracturing of the Stratum in the burned out 
area So as to greatly increaSe the permeability thereof. 
In laboratory tests,in Situ combustion of carbonaceous 

rock taken from a Stratum increasedits apparent permea 
bility from 0.03 to 40 darcys. When carbonates are 
present in the Sand or rock Stratum,decomposition of 
these by heatalso hastheefect ofincreasingpermeability. 

After burning out the injection borehole and increasing 
the permeability of the Stratum around the Same,a fire 
is initiated in the stratum around a production borehole 
Spaced from the injection borehole in conventional man 
ner,Such as by burning a charcoal packin the production 
borehole and injecting a premix of oxygen-containing 
combustion-Supporting gas(air)and fuel gas,such as 
natural gas or propane,in Which the concentration of 
fuel gas is in the range of about1 to 7 volume percent, 
into the Stratum thru the injection borehole so that the 
premix pasSes thru the Stratum to the burning charcoal 
thereby establishing in Situ combustion in the stratum 
around the production borehole. This technique is more 
fuly describedin the appication of H.W. Parker,J. W. 
Marx,and J. C. Trantham,S.N.741,329,filed June 11, 
1958. After combustion is established around the pro 
duction borehole,the resulting combustion zone is ad 
Vanced thru the stratum to the injection borehole by 
injection of combustion supporting gas therethru. The 
combustion Supporting gas may comprise air,oxygen 
enriched air,pure oxygen,or any of thesegases contain 
ing a minor proportion of fuelgas. 
The movement of the combustionzone thruthestratum 

countercurrently to the fiow of airproduces a substantial 
amount of hydrocarbons from the stratum which are 
colected alongwith the combustiongas thruthe produc 
tion borehole and the hydrocarbons are recovered from 
the collected efuentin conventional manner. 
A more complete understanding of the invention may 

be hadbyreference to the accompanying schematic draw 
ing Which is an elevation in partial section thru a car 
bonaceous Stratum penetrated by production and injec 
tion boreholes. 

Referring to the drawing,a production borehole 12 
and an injection borehole 14 penetrate a carbonaceous 
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Stratum 101ying between an overburden 16 and a Sub 
stratum 18. Production borehole 12is provided with a 
casing 20 extending approximately to the upper level of 
the stratum. Production tubing22 extends to the Iower 
end of casing2{} in borehole 12 and an injection line 24 
is alSo connected with the well head on casing 20,In 
jection borehole 14is provided with casing 26 and with 
injection tubing 28. The draWing Shows fractures 30 
around borehole 14 Which have beeninduced by burning 
the Stratum around this borehole as heretofore deScribed. 
At the Stage of operation Shown,a fire front has been 
estabished around production borehole i2 and this has 
been adyanced thru the stratum as indicated at 32 by 
injection ofair thru tubing28which passes thru the more 
permeable area around borehole l4 and moves thru the 
Stratum to the combustion front thereby moving the 
Same toward the injection borehole. 

ftisto be understood that production borehole 12 may 
be eithera central borehole in a 5,7,or 9-Spot Well pat 
tern,Surrounded by a ring of injection boreholes 14,or 
it may be one of a line of production boreholes With a 
parallel line of injection boreholes i4 on each Side of 
the ine of production boreholes. Numeral 34 designates 
fractures formed around production borehole f2 as the 
fire front passesinto the stratum from this borehole. 

While the increasing of the permeability of the injec 
tion borehole has been deScribed in connection With in 
situ combustion,it is also feasible to utilize this proce 
dure When injecting any fuid into a Stratum thru an in 
jection borehole to drive hydrocarbons from the Stratum 
as ingas drive orin Water fiooding. 

Certain nodifications of the invention will become 
apparent to those skied in the art and the illustrative 
details disclosed are not to be construed as imposing un 
necessary limitations on the inyention. 

I claim: 
1. A proceSS for producing hydrocarbons from a car 

bonaceous Stratum penetrated by an injection borehole 
and a production borehole which comprises heating Said 
Stratum adjacent Said injection borehole So as to drive 
volatile hydrocarbons therefrom thereby increasing the 
permeability of the Stratum adjacent Saidinjection bore 
hole;terminating the heating of Said Stratum around Said 
injection borehole; thereafter,igniting Said stratum 
around Said production borehole;injecting an O2-contain 
ing combustion-Supporting gas into Said Stratum thru 
Said injection borehole So as to paSS Same to the ignited 
Stratum and cause the combustion to move toWard Said 
injection borehole;andrecoveringproduced hydrocarbons 
thru Said production borehole. 

2. A proceSS for producing hydrocarbons from a car 
bonaceous Stratum penetrated by an injection borehole 
and a production borehole which comprises heating Said 
Stratum adjacent Said injection borehole So as to drive 
Volatile hydrocarbons therefrom and form fractures ex 
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4 
tending into Said Stratum from Said borehole,thereby 
increasing the permeabity of the Stratum adjacent Said 
injection borehole; thereafter,terminating the aforesaid 
heating and igniting Said Stratum around Said production 
borehole;injecting an O2-containing combustion-Support 
inggas into Said Stratum thru Saidinjection borehole so 
as to paSS Same to the ignited Stratum and cause the 
combustion to move toward Said injection borehole;and 
recovering produced hydrocarbons thru said production 
borehole. 

3. The process of claim 2 Wherein Said heating is 
efected by initiating combustion in Said stratum around 
Saidinjection borehole, - 
4,The proceSS of claim 2 wherein a mass of fuelis 

packed into Said injection borehole and burned therein 
to fracture Said Stratum. 

5. The process of claim4wherein Saidfuelis charcoal, 
and air is injected into Said injection borehole to burn 
Said charcoal and drive the combustion into the stratum 
around Said borehole, 
6,The process of claim 2 wherein said O2-containing 

gaS comprises air admixed with a minor proportion of 
fuelgasupto about7volumepercent. 

7. The process of claim 2 wherein fuelisignited in 
Saidinjection borehole and air containing fuelgasin the 
range of about 1 to 7 volume percent is injected thru 
Said production borehole So as to pass same to saidin 
jection borehole to burn Said fueland cause the combus 
tion to move into said stratum a few feet. 

8. The process of claim 7 wherein said fuel comprises 
a charcoal pack. 

9. A process for producing a permeable combustible 
Carbonaceous Stratum which comprises igniting said 
Stratum adjacent a first borehole therein;feeding com 
bustion-Supporting gas to the resulting combustion zone 
so as to move Same out from Said borehole thereby burn 
ing out carbonaceous material from an annulus around 
said first borehole;thereafter terminating said burning; 
igniting Said stratum adjacent a Second borehole therei 
ofset from Said first borehole;injecting combustion 
Supportinggas thru Said first borehole so as to feedsame 
to the reSulting combustion zone around said second 
borehole and to cause Said zoneto move towardsaidfirst borehole;andrecovering producedfuidsthrusaidsecond 
borehole. 
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