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13 Claims. (Cl. 166-4) 

This invention relates to a process for the recovery 
or production of ?uid hydrocarbons from underground 
formations containing hydrocarbon material, as applied 
to primary, secondary, or tertiary recovery programs. 
A speci?c aspect of the invention pertains to the recovery 
of hydrocarbon material by in situ combustion. 

This application is a continuation-in-part of our applica 
tion Serial No. 754,159, ?led August 11, 1958 (now 
abandoned), which in turn is a continuation-in-part of 
our application Serial No. 529,916, ?led August 22, 1955 
(now U.S. Patent 3,126,955). 
A process known as “inverse air injection” in an in 

situ combustion method of recovering hydrocarbons from 
an underground hydrocarbon-containing formation is dis 
closed in the copending application of John Marx, en 
titled “Oil Recovery Process,” Serial No. 526,388, ?led 
August 4, 1955, now abandoned. In the disclosed meth_ 
od or process a ?re front or combustion front is estab 
lished in a formation surrounding a borehole in the 
formation by injection of hot combustion-supporting gas 
through the borehole into the formation (or by other 
suitable means) and after the combustion front has been 
established, the injection of air into the borehole is 
terminated and air or other combustion-supporting gas 
is injected into surrounding boreholes and forced to the 
combustion front or area so as to continue the combustion 
and advance the combustion front in a direction counter 
current to the ?ow of air to the burning area. If the 
injection of oxygen-containing gas is continued the com 
bustion Zone or front moves through the formation to 
the injection point or borehole. In this manner as the 
combustion front traverses the formation between the 
injection borehole and the borehole at which combus 
tion was initiated, the ?uid hydrocarbons freed from 
the formation by the combustion and the passage of hot 
gas through the burned-out area back of the combus 
tion front are driven into the borehole in which com 
bustion was initiated and are there produced or recovered 
in gaseous and liquid form by conventional methods. 
In this inverse air injection technique, as applied to an 
oil-bearing underground formation, the burned-out or 
coked area back of the ?ame or combustion front re 
tains a substantial proportion of the hydrocarbon ma 
terial driven out of the combustion area as the combus 
tion front advances, even though the reverse injection 
method in in situ combustion produces from about 20 
to 35 or 40 percent or more of the hydrocarbon initially 
present in the formation. Of course, a substantial por 
tion of the hydrocarbon initially in place in the forma 
tion is consumed as fuel in the combustion process. 
We have found that continued injection of air or other 

oxygen-containing combustion-supporting gas into the 
projection well or wells after the flame or combustion 
has arrived at the injection well causes a reversal of the 
direction of the front and continued injection of the gas 
drives the front back to the area of initiation of the 
combustion and to the producing borehole, thereby 
substantially completely depleting the formation. We 
have also found that the inversely moving front can be 
caused to reverse itself at any stage of the process, be 
fore it reaches the injection well, and be driven back 
to its source. Various techniques can be utilized to ef 
fect the reversal. A reduction in velocity of injected 
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air to a value below about 28 s.c.f.h./ft.2 (standard cubic 
feet per hour per square foot of cross section of com 
bustion front) results in reversal of the combustion 
front, as does the complete stoppage of air flow, for a 
period of about one hour or more. Likewise, injection 
of a slug of an inert gas such as CO2, N2, etc., for a 
similar period causes reversal. Reversal of air ?ow, 
whereby air is injected thru the production borehole for 
a period of at least one hour, also effects reversal of the 
front movement when injection thru the air injection 
borehole is resumed. Reducing the 02 concentration in 
the injected gas below about 8 or 10% for at least an 
hour also el‘lects reversal. While a value of 20 s.c.f.h./ft.2 
is an average value, this rate will vary slightly accord 
ing to the characteristics of the stratum. 
We are not certain why the front reverses when the 

O2 supply is cut off or reduced for a short period and 02 
(air) injection is then resumed. The best theory appears 
to be that the front ceases to advance and thereby fails 
to provide fuel at the leading edge of the front to cause 
the required advancement. Unless volatile fuel is avail 
able in the leading edge of the front, no burning takes 
place there and movement of the burning front in the 
hot unburned carbon residue in the direction of gas flow 
takes place. However, the invention is not to be limited 
by any theory regarding the mechanism of reversal of 
the front. It is sufficient that the steps to be performed 
to effect reversal of the front from a reverse (or inverse) 
to a direct burning front are taught herein. 
The principal object of the invention is to provide a 

process or method of recovery which recovers a sub 
stantial proportion of the hydrocarbon material remain 
ing in an underground formation after recovery of hy 
drocarbons therefrom by inverse injection in situ com 
bustion. Another object of the invention is to provide 
an oil recovery process which substantially completely 
depletes an underground oil-bearing formation of hydro 
carbon material when applied to the formation after in 
verse injection of combustion-supporting gas in in situ 
combustion techniques. A further object is to provide 
an in situ combustion oil recovery method which sub 
stantially upgrades the hydrocarbon material contained in 
the formation and effects recovery thereof. It is also an 
object of the invention to provide a second-stage concur 
rent ?ow combustion recovery method which supplements 
inverse injection in situ combustion recovery to substan 
tially deplete the formation. Another object of the in 
vention is to provide an in situ combustion process which 
permits wider spacing of boreholes and more rapid re~ 
covery of hydrocarbons from a large section of stratum. 
Other objects of the invention will become apparent 
from a consideration of the accompanying disclosure. 
One aspect of the present invention comprises con 

tinuing the injection of combustion-supporting gas into 
the injection borehole at the normal termination of the 
burning step in an inverse air injection process wherein 
the combustion or ?re front is moved through the forma 
tion from the borehole in which combustion is initiated 
to the injection borehole countercurrently to the ?ow 
of the combustion-supporting gas, so as to then reverse 
the direction of movement of the combustion front and 
drive the same back through the formation by direct 
drive toward the production borehole at which com 
bustion was initiated. The process of reversing the di 
rection of the combustion front is effected without re 
ignition or supplying of heat other than that produced 
in the continuing combustion as the front reaches the 
injection borehole, i.e., the reversal is automatic with 
continuing injection of combustion-supporting gas. in 
this manner the coked material formed in the forma 
tion by the ?rst stage combustion and/ or the hydrocar 
bon material trapped by the burned-out area from the 
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hydrocarbon-containing stream flowing to the production 
borehole from the combustion front are burned in part 
so as to, substantially completely drive out all of the 
remaining hydrocarbon material from the formation and 
leave the formation substantially completely depleted 
of hydrocarbon material in the wake of the second state 
combustion front. 

Another aspect of the invention comprises reversing 
the combustion or ?re front from an inverse (or re 
verse) burning front to a direct burning when the front 
is intermediate the injection and ignition (production) 
wells and spaced substantially from both wells. This 
reversal at any stage of the inverse burning phase of 
the process is effected broadly by reducing the 02 rate 
of supply to the combustion front below a level required 
to maintain the inverse movement thereof as set forth 
herein above. 

Hence, the inverse burning front can be reversed to 
a direct burning front at any stage from the time it movesv 
into the stratum from the ignition well until it reaches 
the injection well. It automatically reverses when it runs 
out of “forward” fuel at the injection well and when 
“forward” fuel is cut off purposely at any intermediate 
stage of the inverse burning phase. 

In accordance with the process of the invention, com 
bustion is initiated by any suitable means in a bore 
hole in the hydrocarbon-bearing formation from which 
hydrocarbons are to be produced and after a combus 
tion area surrounding the borehole has been established, 
injection of combustion-supporting as such as air from 
one or more surrounding boreholes is commenced so 
as to force the gas through the formation to the com 
bustion area and cause the combustion or ?re front to 
move through the formation toward or to the injection 

When the combustion front is allowed to 
reach the injection borehole(s), the flow of oxygen-con 
taining gas is continued and the combustion front is 
driven in a reverse direction (by direct drive) to the 
borehole in which combustion was initiated, thereby pro‘ 
ducing ?uid hydrocarbons from the formation during 
both the ?rst (inverse) and second (direct) stages or 
phases of combustion and the hydrocarbon material is 
recovered from the borehole in which combustion was 
initiated. The produced hydrocarbons include the con 
densible hydrocarbon vapors produced by thermal de~ 
composition or cracking in situ, as well as ?uid hydro 
carbon material rendered ?uid by heat obtained from 
the combustion process. 
hydrocarbons are in vapor form due to the high tem 
perature created in the combustion zone and the pas 
sage of the produced ?uids thru the hot stratum behind 
the inverse burning front. 

It has been found that the in situ combustion proc 
ess described herein raises the gravity of the original 
hydrocarbon in the formation from about 10“ API to 
the range of 20 to 30° API depending upon the com 
bustion temperature maintained in the formation dur 
ing the movement of the combustion front therethrough 
‘and other factors, such as the nature of the formation. 
In one particular instance in field operation, an oil of 
10° AF! was increased to 23° API at a combustion tem 
perature of approximately 1000° F. and the viscosity of 
the produced hydrocarbon was approximately only half 
that expected of an oil of this gravity and only a small 
fraction of that of the original oil. It has been found 
that combustion can be adequately supported at tem 
peratures in the combustion zone of about 750 to 800° 
F. on the ?rst stage combustion and this temperature 
usually rises about 200 to 300° F. with substantially 
the same rate of air injection in the second stage com 
bustion in which the ?ow of gas and combustion front 
are concurrent. Temperatures in the range of 1400 to 
1600° F. have been maintained in the combustion front 
during the second stage combustion but the amount of 
cracking of the hydrocarbon material probably is sub 

Usually, all of the produced, 
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stantially greater during inverse injection of air than 
that effected in the second stage combustion at signi? 
cantly higher temperatures, due to driving the hydro 
carbons ahead of the combustion front and not through 

I it, as in ?rst stage combustion. 
Preferred operating temperatures in the ?rst stage com 

bustion (inverse air injection) are in the range of 750 
to 1000° F., and in the second stage (concurrent air 
flow and movement of combustion Zone) are in the 
range of 1000 to 1800” F. 

In order to illustrate the invention, reference is made 
to a test made on a representative tar sand of approxi 
mately 8.0 weight percent tar saturation. The tar sand 
in particulate form was packed into a 1%” 1.1)., 304 
stainless steel tube about 37" long by tamping the sand 
as it was placed in the tube. The tube was heat insu 
lated to simulate underground conditions. Seven ther 
mocouples spaced along the length of the tube projected 
into the sand at intervals of 2” and 4" between the ?rst 
and second and between the second and third thermo 
couples, respectively, and there were 6" intervals be 
tween the third and fourth thermocouples and between 
each pair of succeeding thermocouples to the opposite 
end of the tube. A cap on each end of the tube was 
provided with connections and conduits for introducing 
and withdrawing gas from the tube so that air injection 
could be effected at either end of the tube and with 
drawal of ?uid effluent from the'other connection could 
be simultaneously made from the opposite end. An elec~ 
tric heater was installed at a position close to the num 
ber 1 thermocouple and this electric heater comprised 
a porous disc positioned across the end of the tube so 
that gas passed through the heater before entering the 
sand. The current supplying the heater was turned on 
so as to warm up the heater and nitrogen was intro 
duced to'the heater-end of the tube and when the tem 
perature at the ?rst thermocouple reached 600° F. the 
?ow of nitrogen was cut off and air was passed through 
the heater and into the sand. The temperature at the 
?rst thermocouple rose immediately, indicating that igni 
tion or combustion of the tar had begun. The intro 
duction of air was continued until the temperature rose 
suddenly at the second thermocouple, indicating that the 
combustion or fire front had reached this thermocouple 
which was'approximately 2" from the end of the col 
umn of sand. At this point the injection of air was 
reversed so that the air traveled from the opposite end 
of the tube to the combustion front. The combustion 
continued with inverse air injection as indicated by the 
progression or advance of the combustion front to the 
third thermocouple. In due course the temperature rose 
in succession at thermocouples 4, 5, 6, and 7, indicat 
ing that the combustion front had moved completely 
through the column of sand. Air injection was con 
tinued and the temperature of the seventh and last ther 
mocouple, adjacent the incoming stream of air, rather 
suddenly rose to approximately 1400° F. and then slowly 
dropped. Within a short time the temperature at‘ther 
mocouples 6, 5, 4, 3, 2, and 1 rose in succession in 
that order to a temperature in the neighborhood of 
1400“ F., indicating that the combustion front had pro 
gressed back through the tube concurrently with the 
?ow of air and gas therein; The effluent ?uid was re 
covered from the end of the tube adjacent the No. 1 
thermocouple for purposes of analyses. 

During inverse injection of air (?rst stage combus 
tion) the average ?ow rate of air was maintained in 
the range of 2000 to 2250 cc./minute and the average 
space velocity was 200 to 250 s.c.f.h./ft.2 (standard cubic 
feet per hour per square foot). The temperatures re 
corded at the various thermocouples were in the range 
of 1000 to 1050° F. 

During the second passage of the combustion front 
through the tube (second stage combustion) the air ?ow 
rate was maintained in the range of 2500 to 2900 cc./min 
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nte, amounting to a space velocity in the range of 270 
to 320 s.c.f.h./ft.2. The temperatures during this stage 
as recorded at the various thermocouples were in the 
range of 1400 to 1470” F. Other runs were made with 
comparable results, indicating that a temperature in the 
range of 750 to 1009° F. may be readily maintained 
during the ?rst stage combustion while a temperature 
in the range of 1000 to 1800° F. may be readily main 
tained during the second stage combustion. 
The gravity of the original tar was found to be about 

10° API and viscosity was considerably greater than 100 
ccntipoises. The hydrocarbon portion of the effluent ob 
tained during inverse air injection (first stage combustion 
‘or ?rst sweep) was found to have gravity of 22.1 ° API and 
a viscosity of 18.6 centipoises. The hydrocarbon elfluent 
from the second stage combustion or second sweep had a 
gravity of 20.0° API and a viscosity of 53.7 centipoises. 
(API gravity at 60° F. and viscosity at 100° F.) These 
results are comparable to those obtatined in other runs 
and are fairly typical. 

Temperature control of the combustion zone may be 
effected by regulation of the ?ow rate of co-mbustion-sup— 
porting gas and/ or by varying the oxygen concentration 
therein. One effective method comprises admixing with 
air some of the combustion gas recovered from the pro 
duction borehole or from other available sources. Higher 
concentrations of oxygen (than in air) may be provided 
by conventional means. 

It was surprising and ‘unexpected to ?nd that the re 
versal of the direction of travel of the ?re or combustion 
front took place when the burning zone reached the end 
of the tube or packed column of tar-containing sand. 
Examination of sand taken ‘from the packed tube,vfollow~ 
ing an inverse air injection run and before the combustion 
‘front was passed through the tube in the opposite direc 
tion, revealed that considerable coke and trapped hydro 
carbons are present in the sand. Examination of the sand 
taken from a "packed tube after traversal thereof by the 
combustion front in both directions shows that the hydro 
carbon material is substantially completely removed and 
the sand has the ‘color of the formation with the hydro 
carbon completely removed therefrom. In other words, 
the sand has substantially the same color as when the 
tar sand is calcined in open in contact with air until all 
of the hydrocarbon material is removed and the sand is 
brought to its normal color. This indicates that the proc 
ess of the invention is adapted to substantially completely 
deplete an underground formation ‘at least in the accessi 
ble ‘burning area thereof. 

In order to further illustrate the invention, reference 
is made to the drawing and to ?eld tests to which the 
drawing relates. FIGURE 1 is a plane view of a well 
pattern utilized in ?eld tests; FIGURE 2 is a graph show 
ing the time-temperature history of one of the Wells in 
the plot of FIGURE 1; and FlGURE 3 is a graph or curve 
showing the relationship ‘between ?re front velocity and 
formation air velocity in ?eld tests. 
A number of ?eld tests ‘were conducted in tar sands 

in the vicinity of Bellamy, Missouri, utilizing inverse air 
injection wherein the combustion zone was caused to 
move thru the tar sand countercurrently to the ?ow of 
combustion air. 
FIGURE 1 illustrates the well pattern utilized in one 

of the tests. In this pattern a central well 100 is sur 
rounded by a ring of nine equally spaced injection Wells 
designated 101, 102, 103, 104, 165, rue, v107, 108 and 
109. Each injection well is on a 25 ft. radius from the 
central well. Thermocouple or temperature observation 
wells were drilled at regular intervals along the radius 
between the center well 100 and each of the nine wells 
in the ring, there being three thermocouple wells on each 
radius with thermocouples positioned in each well at four 
different levels within the 6 ft. thick tar sand. Of these 
thermocouple wells only wells 123, 124, and 141 are shown 
in the drawing along with core holes 119a, 1190, and 
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119d. Well 141 and core hole 119d are on 5 ft. radii, 
well 123 is on a 9 ft. radius, core hole 119a is on a 10 
ft. radius, and well 124 and core hole 1190 are on 11 ft. 
radii. 

After drying out the tar sand in the 50 foot circle 
covered by the well pattern by injecting air thru the sand 
between the ‘center well and the wells in the ring, ignition 
of the tar sand was effected at the center well and the 
resulting combustion front was propagated toward the 
ring wells by injecting air thru the ring wells and produc 
ing thru the center well. During the fire front propaga 
tion the injection pressure was varied and the air veloci 
ties also varied from about 45 standard cubic feet per 
square foot of cross section of sand per hour (s.c.f.h./ft.2) 
to substantially below 20 's.c.f.h./ft.2. 
The movement of the ?re front was traced in three 

directions along the line of the thermocouple wells, a 
rise in temperature at a thermocouple indicating the ar 
rival of the ?re front and this was followed by a drop in 
temperature at ‘this particular thermocouple. When the 
air velocity was reduced below about 20 s.c.f.h./ft.2 after 
the ?re front passed a thermocouple and the temperature 
rose and then receded, it was noted that the temperature 
at this thermocouple again rose and receded as if a ?re 
front were again passing this thermocouple. After con 
tinuing the low rate of air injection or air velocity for 
an extended time, cores were taken between the thermo 
couple wells and the ignition or production well (center 
well) and it was found that the sand was burned clean, it 
being almost white in color. Core samples were taken 
at several locations between a thermocouple well and the 
central well after it appeared that the flame front had 
\passed the thermocouple well moving outwardly toward 
the wells in the ring and then had moved back past the 
thermocouple well toward the central well, upon reduction 
of the air velocities below about 20 s.c.f.h./-ft.2. 
The temperature record for well 124 shows that the tem 

perature in this well, at a radius of 11 ft., never reached 
the ignition temperature (550° F.), the highest recorded 
temperature being 400'’ F. Core analyses in well 1190 
(‘same radius) showed small Zones of coked sand, but no 
clean-burned sand. Our laboratory experiments have 
shown that invariably a coked zone precedes the ?re front 
in counterflow (inverse) combustion because of the heat 
conducted ahead of the ?re front and sweeping of this 
sand by the air stream. 
The temperature in well 123 rose to levels as high as 

1095“ F. but did not reach this value till near the end of 
the test and ‘did not decline during air injection. Thus, 
the combustion zone never progressed far enough past 
this well to permit the temperature to decline. Core anal 
ysis in well 119:: at a radius intermediate wells 123 and 
124 showed a clean-burned sand indicating that burnback 
occurred bet-ween wells 1.23 and ‘124. Calculation of the 
air velocity at the combustion zone, using the gas flow 
from the production well during this time and the radius 
of the combustion front based on the temperature readings 
gives a value of -19.6 s.c.f.h./ft.2. Thus, since the com 
bustion front did not reach well 124 but burned past well 
123 and then "back, the air ?ux causing this was quite close 
to 19 s.c.f.h./ft.2 or just below 20 s.c.f.h./ft.2. 
As evidence that this was not merely a temporary burn 

‘back, the temperature record in well 141 is plotted in 
FIGURE 2. It is seen that there are two temperature 
maxirna corresponding to the passage of the counter?ow 
front and later the rate of the burnback ‘or passage of the 
direct burning front past well 141. The core analysis of 
core hole ‘119d at the same radius as well 141 showed 
clean-burned sand to con?rm the conclusions reached. 

It is well known in the in situ combustion art that an 
inversely moving combustion front leaves a black car 
bonaceous residue in the sand behind the combustion 
front. It is also known that a direct drive combustion 
front burns the sand substantially clean. This has been 
demonstrated in the laboratory on numerous ‘occasions. 
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It is therefore obvious from the foregoing data that the 
combustion front moved out past a’ thermocouple well 
by inverse drive and reversed and moved back past the 
same thermocouple well by direct drive upon reduction 
of the air velocity below about 20 s.c.f.h./ft.2. 
The graph of FIGURE 2 shows the temperature curve 

of Well 141 in the aforesaid test pattern. The ?rst peak 
temperature is sharp and is typical of a reverse burning 
front while the second peak temperature is much more 
gradual and is typical of a direct burning front. About 
165 hours after ignition, the air ?ux was reduced below 
about 20 s.c.f.h./ft.'2 which apparently caused the com 
bustion or ?re front to reverse and pass back thru the sand 
adjacent the thermocouple well 1141 thereby gradually pro 
ducing another peak temperature. 
The curve or graph of FIGURE 3 was derived from 

data obtained in a “line-drive” test made between two 
parallel lines of spaced apart wells and from the ?eld‘test 
described in connection with FIGURES l and 2. The re 
lationship between ?re front propagation velocity (Vf) 
and formation air velocity (S), as determined from ?eld 
measurements on the é-foot-thick Bellamy pay zone, can’ 
be described by the empirical equation: 

Vf=0.013 l (S--Sc) 0-5 
Here 

Vf=?re front propagation rate, in feet/ hour; 
S :forrnation air velocity, in s.c.f.h./ft.2; and 
Sc=limiting formation air velocity, taken as 19 s.c.f.h./ft.2. 

The curve clearly demonstrates that the ?re front has zero ‘ 
outward velocity when the formation air velocity is slightly 
less than 20 s.c.f.h./ft.2. This collaborates with and cor 
roborates the evidence that the ?re front actually reverses 
and moves back to the ignition well and low formation air 
velocity below about 20 s.c.f.h./ft.2. 

Experience in the Bellamy ?eld tests clearly demon 
strates that a counter?ow or reverse burning front in an 
in situ combustion process is caused to reverse to a direct 
burning front by reducing the air ?ux below about 20 
s.c.f.h./ft.2. This reversal may also be effected by injection 
of a slug of non-oxidizing gas, or by termination of injec 
tion for a short period. The effect may be produced also 
by reducing the 02 content of the injected combustion 
supporting gas, such as below about 10% at rates of in 
jection above 20 s.c.f.h./ft.2. In the Bellamy tests, re 
versal of the inverse burning front was effected by both 
lowering the air ?ux to less than 20 s.c.f.h./ft.2 and by 
completing compressor shut-down followed by resumption 
of air injection at combustion supporting rates such as 
about 20 s.c.f.h./ft.2. The time required for cooling the 
leading edge of the combustion or ?re front su?icient to 
deprive the leading edge of the necessary volatile hydro 
carbon material to continue the reverse burning for as long 
as about one hour. Longer periods may be utilized in 
effecting the reversal, the only requirement being that the 
temperature in the combustion area or hot zone created by 
the burning process not be‘ allowed to cool below combus 
tion-supporting temperatures. 
We have discovered another technique of operation uti 

lizing inverse and direct air injection which comprises initi 
ating combustion around a plurality of in-line ignition 
boreholes and driving the combustion fronts by inverse 
drive toward two lines of air injection boreholes, one on 
each side of the line of ignition boreholes and generally 
parallel therewith, until the combustion fronts are substan 
tially midway between the line of ignition boreholes and 
the lines of injection boreholes. At this point the move 
ment of the fronts is reversed by any of the previously 
described methods so that they are driven back to the line 
of ignition boreholes. During both phases of the process, 
produced hydrocarbons are recovered thru the ignition 
boreholes, which may be considered production boreholes.‘ 
The next step in the process comprises igniting the 

stratum around the injection boreholes in each line and 
injecting air thru the production boreholes of the preced 
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ing operation so as to drive thelcombustion fronts to 
ward the production boreholes by inverse drive. ‘When 
the fronts arrive at the previously burned out areas, they 
automatically reverse. In this manner an inverse and a 
direct burning phase are passed only about half the dis 
tance betweenthe lines of boreholes which makes it feas 
ible to utilize greater spacing between lines of boreholes 
and increases rate of production from a ?eld. 

In establishing ignition and a combustion front around 
a line of ignition boreholes, a preferred manner of operat 
ing comprises igniting the stratum around alternate bore 
holes in the line and utilizing the other boreholes in the 
line as air injection boreholes so as to drive the combus 
tion front from each ignition borehole to the adjacent in 
jection boreholes. Direct drive of the combustion front 
to the adjacent boreholes may also be practiced in some 
types of strata which are not subject to plugging by heavy 
liquid hydrocarbons. Of course, after the combustion 
front has been established along‘the line of ignition bore 
holes inthis manner, injection of air thru the parallel lines 
of injection boreholes is initiated and the process is effected 
as aforesaid, 

It is also feasible to effect inverse drive of a combustion 
front between a ?rst ring of boreholes immediately sur 
rounding a central borehole and said central borehole and 
simultaneously between said ?rst ring of boreholes and a 
second ring of outer boreholes generally concentric with 
said first ring, in similar manner to the operation described 
in connection with inline boreholes. Ignition is effected 
around said ?rst ring and air is injected thru the central 
borehole and also thru the outer ring of boreholes so as to 
effect‘ inverse drive of the combustion fronts toward the 
outer ring and‘ toward the central borehole. When the 
combustion fronts have reached a selected intermediate 
area, usually midway, reversal is effected by reducing the 
?ow of air below the rate required to maintain the in 
versely moving front so that the slower flow initiates driv 
ing the combustion front back thru the partially burned 
area. After reversal, the ?ow rate may of course be in— 
creased in order to provide faster production rates. After 
the combustion fronts are moved partially thru the areas 
from the ?rst ring of boreholes toward the outer ring and 
toward the central borehole by inverse drive and back by 
direct drive, the stratum is ignited around the central bore 
hole and also around the outer ring of boreholes and air 
is injected thru the ?rst ring of boreholes so as to move 
the combustion fronts to the burned-out area and back 
to the starting points. Simultaneously with the ignition of 
the stratum around the outer ring and with injection of 
air thru the ?rst ring, air may be injected thru a third 
ring of concentric boreholes more remote from the cen 
tral borehole so that the process is repeated and. produc 
tion is extended radially outwardly from the central bore 
hole as far as desired. 
The process of the invention is applicable to the re 

covery of oil from formations which are amenable to re 
covery by inverse air injection in the in situ combustion 
technique. Hence, the process is applicable to primary, 
secondary, or tertiary ‘recovery programs and is particu 
larly applicable to the recovery of crudes too viscous to 
produce by other methods. A speci?c application is in the 
recovery of hydrocarbons deposited in shales and tar sands 
which present practically insurmountable difficulties when 
utilizing conventional recovery methods. 
The original tar of the sand tested had a speci?c gravity 

of about 10° ‘API and this was upgraded during ?rst stage 
combustion recovery to approximately 23° A'PI gravity 
and the recovered oil had a viscosity of 20 cp. at 100° F. 
or 106 secs. Saybolt. 
The permeability of a formation may be increased, prior 

to application of the process thereto, by conventional 
means such as hydrofracing or sandfracing. 

Certain modi?cations of the invention will become ap 
parent to those skilled in the art and the illustrative details 
disclosed are not to be construed as imposing unnecessary 
limitations on the invention. 



@ 
We claim: 
1. A process for the underground combustion of a gas 

pervious carbonaceous deposit penetrated at spaced points 
by an injection well and a production well which com 
prises initiating a zone of combustion therein at a point 
adjoining said production well by heating and contacting 
the deposit at said point with an 02-containing gas; there 
after supplying Oz-containing gas (at less than combustion 
supporting temperature at the area of injection) thru 
said injection well to said zone to maintain said zone and 
to propagate same into said deposit away from said pro 
duction well countercurrently to the flow of said gas; 
after said zone has been moved substantially away from 
said production well, and, while it is spaced substantially 
from said injection well, reversing the direction of move 
ment thereof by reducing the O2 ?ow rate to said zone be 
low a sustaining rate for an inverse burning zone, and 
driving same back toward said production well by inject 
ing Oz-containing gas to said zone; and recovering fluids 
resulting therefrom thru said production well. 

2. The process of claim 1 wherein said zone is driven 
back to said production well. ' 

3. The process of claim 1 wherein reversal of the coun 
ter?ow movement of said zone is e?ected by reducing the 
O2 flow rate below that which occurs when air is injected 
at about 20 standard cubic feet per hour per square foot 
of cross section of combustion zone for a period of at 
least one hour and resuming O2 injection before the tem 
perature of said zone falls below combustion-supporting 
temperatures. 

4. The process of claim 3 wherein injection of said gas 
is terminated to stop the counter?ow movement of said 
zone. 

5. The process of claim 3 wherein said gas is air and the 
rate of flow is reduced substantially below 20 standard 
cubic feet per hour per square foot of cross section of com 
bustion zone perpendicular to the direction of gas flow. 

6. The process of claim 1 wherein the combustion tem 
perature during countercurrent ?ow of gas and combustion 
front is in the range of about 750 to 1000° F. and during 
concurrent flow is in the range of about 1000 to 1800° F. 

7. The process of claim 1 wherein a plurality of injec 
tion wells surrounding a central production well are used 
to move the combustion zone to the area of each injection 
well and back to said production well. 

8. The process of claim 1 wherein a plurality of in-line 
injection wells and a plurality of in-line production Wells 
parallel therewith are used to move the combustion zone 
thru the deposit between said lines of wells toward the 
injection wells and back toward the production wells. 

9. The process of claim 8 wherein said zone is moved 
counter?ow to an area about midway between the lines 
of injection and production wells and then back to the 
line of production wells by direct drive followed by cutting 
ofr‘ gas injection thru the injection wells and igniting said 
deposit around said injection wells, injecting said gas thru 
said production wells to the ignited areas around the in 
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jection wells so as to move the resulting combustion zones 
counter?ow to the flow of gas until same arrive at the 
burned out area. 

10. The process of claim 9 including the step of con 
tinuing injection of said gas after the combustion zones 
arrive at said burned out area so as to drive same by direct 
drive back to said injection wells. 

11. In a process for the underground combustion of a 
carbonaceous deposit, said deposit being penetrated at 
spaced points by an injection well and a producing well, 
the improvement which comprises injecting into said 
deposit an oxygen-containing gas, initiating a zone of com 
bustion therein at a point adjoining said producing Well, 
thereafter supplying oxygen-containing gas through said 
injection well to said zone to maintain said zone and to 
propagate it through said deposit toward said injection well 
until said zone has reached an area a substantial distance 
from both of the wells, stopping the movement of said 
zone at said area by reducing the flow rate of said gas 
thereto below the sustaining rate for inverse movement 
thereof, subsequently further introducing oxygen-contain 
ing gas into said deposit through said injection well where 
by the course or" said zone is reversed and travels concur 
rently with said gas toward said producing well, and recov 
ering fluids resulting therefrom through said producing 
well. 

12. A process for recovering hydrocarbons from a gas 
pervious carbonaceous stratum penetrated at spaced points 
by an injection well and a production well which com 
prises initiating a zone of combustion therein at a point 
adjoining said production well by heating and contacting 
the deposit at said point with an Ola-containing gas; there 
after supplying air (at less than combustion-supporting 
temperature at the area of injection) thru said injection 
well to said zone at a rate substantially above 20 s.c.i"'.h./ 
it? (standard cubic feet per hour per square foot of cross 
section of the combustion zone) so as to maintain said 
zone and propagate same counterflow to air into said 
stratum toward said injection well; when said zone has 
reached an area intermediate said Wells and spaced sub 
stantially therefrom, reducing the flow rate of air substan 
tially below 20v s.c.f.h./ft.2 for at least one hour so as to 
stop the movement of said zone toward said injection well; 
thereafter continuing the ?ow of air at a combustion-sup 
porting rate so as to move said zone by direct drive back 
toward said production well; and recovering produced 
?uids thru said production well. 

13. The process of claim 12 wherein the counterflow 
movement of said zone is stopped by injecting a slug of 
non-oxidizing gas. 
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