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This invention relates to a process for initiating com 
bustion in a carbonaceous stratum for the purpose of re 
covering hydrocarbons therefrom. 
The recovery of hydrocarbons from carbonaceous 

strata has been given added impetus in the petroleum 
industry of late. In this type of process the carbonaceous 
material in the stratum is ignited by any suitable means 
and the ignited area is supplied with oxygen either by 
direct injection of air through the ignition borehole or 
by inverse injection of air from surrounding boreholes. 
The combustion in the stratum burns only a portion of 
the hydrocarbon therein and drives another substantial 
portion out of the formation into a production borehole 
from which the hydrocarbons are recovered in conven 
tional manner. 

In practicing this type of recovery of hydrocarbons it 
has been found dii?cult to establish a combustion Zone of 
sufficient size to facilitate the easy drive of the combus 
tion zone through the carbonaceous stratum. Unless a 
relatively large section of the stratum around an ignition 
borehole is raised in temperature considerably above nor 
mal stratum temperature, a great deal of difficulty is ex 
perienced in making the combustion zone move through 
the stratum. This is the problem with which the inven 
tion is particularly concerned. 

Accordingly, it is an object of the invention to provide 
a process for recovering hydrocarbons from a permeable 
carbonaceous stratum. Another object is to provide a 
process for initiating in situ combustion in a carbonaceous 
stratum. A further object is to provide a process for 
preparing a section of carbonaceous stratum around an 
ignition borehole for in situ combustion on a scale which 
assures continuation of the combustion after its initiation. 

Other objects of the invention will become apparent 
upon consideration of the accompanying disclosure. 

In the investigation of countercurrent in situ combus 
tion in a ?eld test, it was found that one of the most im 
portant objectives was to get the combustion started in 
a large enough area around the ignition borehole to de 
termine if propagation of countercurrent in situ combus 
tion was possible under reservoir conditions. Laboratory 
tests have been made which demonstrate that the main 
taining of higher reservoir temperature facilitates the 
propagation of countercurrent in situ combustion. Tubes 
packed with tar sand and maintained at 200° F. burned 
readily, whereas tar sand in unheated tubes generally 
failed to support combustion. 
A broad aspect of the invention comprises passing a 

hot gas such as combustion gas, air, or other non-dele 
terious gas at a temperature in the range of about 225 to 
350° F. through a section of stratum adjacent an ignition 
borehole so as to raise the temperature of the selected 
section to this range and, while the stratum is at such 
temperature, igniting the carbonaceous material at the 
ignition borehole by suitable means, and then feeding air 
or other free-oxygen-containing gas to the resulting com 
bustion zone through the heated section. The process is 
best operated by drilling spaced-apart injection boreholes 
in a ring around the ignition borehole spaced therefrom 
a distance of several feet, such as 3 to 10 feet. It is feasi 
ble to drill the injection boreholes thru the stratum by 
means of conventional drilling equipment from the igni 
tion borehole so as to reduce the cost of drilling, par 
ticularly where the stratum is relatively deep. The hot 
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gas is then injected either through the ignition borehole 
and out the injection boreholes, or vice versa, so as to 
heat up the annular section of the stratum adjacent_ the 
ignition borehole. A preferred method comprises inject 
ing heated air through the injection boreholes to the 1g 
nition borehole through the carbonaceous stratum and 
when the temperature of the whole section of stratum 
between the ignition and injection boreholes has been 
heated to the range of 150 or 200° F. to about 300° F., 
the carbonaceous material at the ignition borehole is 
heated up by means of an electric heater, a squib‘, a gas 
?red heater, or by any other suitable means, to the igni 
tion temperature of the carbonaceous material, at which 
time the combustion thereof is initiated because of the 
?ow of air through the stratum into the ignition bore 
hole. It is also feasible to heat the walls of the ignition 
borehole to combustion supporting temperature while the 
?ow of gas through the stratum is cut off and then ini 
tiating ?ow of oxygen-containing gas, such as air, ‘from 
the injection boreholes to the ignition borehole through 
the heated stratum after the ignition temperature has been 
reached. 
A second series of injection boreholes are drilled in 

the formation through the carbonaceous stratum in a 
ring or other suitable pattern radially outside of the ?rst 
series of injection boreholes and usually at a considerably 
greater distance therefrom than the space between the 
ignition borehole and the ?rst series of injection bore 
holes. After combustion has been initiated around the 
ignition borehole and the combustion zone has been ad 
vanced so that it approaches the ?rst series of injection 
boreholes, the flow of gas through the ?rst series of bore 
holes is cut off and combustion supporting gas is injected 
through the second series of boreholes to feed and ad 
vance the combustion zone radially outwardly ‘from the 
ignition borehole and from the ?rst series of boreholes. 
During this type of operation the ignition borehole is uti 
lized as a production borehole from which hydrocarbons 
are recovered by conventional methods. It is feasible to 
close the ignition borehole after the combustion zone has 
advanced beyond the ?rst series of boreholes .and recover 
hydrocarbons from this ?rst series of boreholes. 
A more complete understanding of the invention may 

be had by reference to the accompanying schematic draw 
ing of which FIGURE 1 is a plan view of one arrange 
ment of apparatus for effecting the process of the inven 
tion and FIGURE 2 is an elevation through a stratum 
showing a corresponding arrangement of apparatus. 

Referring to FIGURE 1, an ignition or production bore 
hole 10 is surrounded by a ?rst series of injection bore 
holes 12 and a second series of outer injection boreholes 
14. An indirect heat exchanger and furnace 16 is con 
nected with ignition well 10 by means of conduit 18. 
Inlet conduit 20 supplies the heating gas for the carbo 
naceous stratum and conduit 22 conducts the heated gas 
to each of the ?rst series of injection wells 12. Addi 
tional conventional equipment, not shown, is utilized in 
injecting combustion supporting gas through boreholes 
14. Conduit 24 is utilized for withdrawing hydrocarbon 
product from well 10. 

Referring to FIGURE 2, wells or boreholes 10‘, 12, and 
14 pass through carbonaceous stratum 26 which is na 
turally permeable or has been fractured and propped to 
render the same gas permeable. Boreholes 12; are spaced 
within about 3 to 10 feet of borehole 10 and boreholes 
14 are usually spaced at a substantially greater distance 
Ehan 10 feet outside of boreholes 12 such as 25 to 2000 
eet. 

To illustrate one method of operation, air is injected 
thru conduit 20 into indirect heat exchanger and furnace 
16, which is preferably gas ?red, and the heated air at a 
temperature of about 300° F. is injected into stratum 26 
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thru boreholes 12 and passes thru the stratum to borehole 
10 from which it is vented either thru ‘conduit 18 and 
heat exchanger 16 or thru conduit 24. Injection of hot 
air is continued until the formation between the injection 
boreholes and the ignition borehole. is raised to about 
250° F . At this time, the wall of borehole 10 in stratum 
26 is raised to ignition temperature by means of a gas 
?red heater positioned. on a conduit in borehole 10, not 
shown, the combustion gas. from the heater and the air 
from the formation being vented through borehole 10. 
As the temperature of the carbonaceous material at here 
hole 10 reaches ignition temperature,‘ the presence of air 
causes ignition thereof and in situ combustion is auto 
matically established. By venting the hot combustion 
gas through heat exchanger-r16 during the heating of the 
borehole with the gas-?red’ heater, air introduced through 
conduit 20 is raised to the required temperature without 
additional heat being supplied from the burner connected 
to the heat exchanger. After the combustion zone has 
advanced to the proximity of the ?rst series of injection 
boreholes 12, ?ow of air therethrough is cut oif and injec 
tion through the second series of boreholes 14- is com 
menced so that the combustion zone is moved outwardly 
from boreholes 12.toward boreholes 14. During this 
phase of the process, it is not necessary to heat the in 
jected air. ' 

During the combustion process, hydrocarbons in the 
stratum are rendered more ?uid and pass through the 
burned out stratum to borehole 10 from which they are 
removed by conventional methods. When injection 
through boreholes 12 is terminated these boreholes are 
sealed to assure passage of air' through the combustion 
zone. 

The temperature of the section of stratum between in 
jection boreholes 12 and borehole 10 must be limited 
during preheating to a temperature of about 300° to 350° 
F., depending upon the character of the stratum being 
ignited. If higher temperatures are utilized in some for 
mations there is too much conversion of solid and semi 
solid carbonaceous material to viscous liquid material 
which plugs the formation. In others heating to higher 
temperatures drives so much hydrocarbon therefrom that 
there is insu?icient carbonaceous residue left to adequate 
lly sustain combustion. 

It is preferred to heat the section of stratum to a tem 
perature above the boiling point of connate water pres 
ent but not greater than about 275° F. This type of heat 
ing improves the section of stratum for in situ combus 
tion, requires a minimum of heating, and makes it possi 
ble to readily ignite the stratum and establish a su?icient 
1y large heat reservoir to assure moving the combustion 
zone thru the stratum. 

I claim: 
1. A process for initiating in situ combustion in a per 

meable carbonaceous stratum comprising passing a gas 
at a temperature in the range of about 225 to 400° F. 
thru a section of said stratum between an ignition bore 
hole and at least one ?rst injection borehole therein 
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within several feet .of said ignition borehole so as to. 
raise the temperature of said section to at least the boiling 
point of connate water and not over 350° F.; while said 
section is at such temperature, igniting the carbonaceous 
material adjacent said. ignition borehole; and passing a 
free-oxygen-containing.gas from said at least one ?rst 
injection borehole to the ignited area to expand the ig 
nited area and advance the resulting combustion zone 
countercurrently to the ?ow of said gas. 

2. The process of claim 1 wherein the heating gas and 
oxygen-containing gas are injected thru at least 3 injec 
tion boreholes spaced substantially uniformly around said 
ignition borehole. 

3. The process of claim 2 wherein the heating gas and 
oxygen-containing gas comprise air. 

4. The process of claim 1 including the steps of cut 
ting off the flow of oxygen-containing gas thru said at 
least one ?rst injection borehole as the combustion zone 
approaches same and feeding oxygen-containing gas to 
the combustion zone from at least one second injection 
borehole radially outside of said ?rst injection borehole. 

5. A process for initiating combustion in a permeable 
carbonaceous stratum and recovering hydrocarbons there 
from by in situ combustion comprising passing a gas at a 
temperature in the range of about 225 to 400° F. radially 
thru an annular section of said stratum between an igni 
tion borehole and a series of surrounding ?rst injection 
boreholes spaced from said ignition borehole a distance 
of several feet so as to heat said section to a temperature 
of at least the boiling point of connate water and not 
above 350° F.; While said section is at said temperature, 
heating the carbonaceous material ‘at said ignition bore 
hole to ignition temperature; passing air thru said sec 
tion from said ?rst injection boreholes to the hot area 
at said ignition borehole to initiate combustion of carbo 
naceous material; continuing air injection thru said ?rst 
injection boreholes to advance the resulting combustion 
zone outwardly thereto; closing said ?rst injection bore 
holes and injecting air into a series of second injec 
tion boreholes radially outside of said ?rst series to feed 
said combustion front; and recovering hydrocarbons pro 
duced by the combustion thru said ignition borehole. 

6. The process of claim 5 wherein said gas comprises 
air and heating of the carbonaceous material to ignition 
temperature is e?ected while heated air is ?owing to said 
ignition borehole from said ?rst injection boreholes. 

7. The process of claim 5 wherein said gas is injected 
thru said ?rst injection boreholes and is passed to said 
ignition borehole to heat said annular section. 

8. The process of claim 5 wherein said gas is injected 
thru said ignition borehole and is passed to said ?rst in 
jection boreholes to heat said annular section. 
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