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This invention relates to underground combustion proc 
esses in porous media having organic content, such as 
oil reservoirs and fractured oil shale structures. Oil shale 
has no fluid hydrocarbon present and in its natural forma 
tion is not sufficiently permeable to support in situ com 
bustion. Consequently, the area being worked requires 
Some type of initial preparation or conditioning, such as 
shattering or fracturing. These procedures are well 
known in the art and any suitable method may be utilized. 
The practice of the present invention as applied to oil 
shale, involves treatment of a porous media, however 
produced. 

This invention also is useful in the treatment of tar 
sands and petroleum reservoirs, particularly those con 
taining heavy oils. It may utilize but is not limited to a 
two-pass combustion front movement through the struc 
ture being worked, and this may involve either separate 
front movements in the same direction, or reverse com 
bustion followed by forward combustion, as preferred. 
The practice of utilizing a reverse combustion as a 

first pass followed by introduction of additional oxygen 
to reverse the front movement and direct it in concur 
rent flow with the gas is well known. One of the defects 
is that the increase in available oxygen produces higher 
temperatures with the result that the residual coke or 
other hydrocarbon remaining on the rocks or sand grains 
after the first pass is burned in the second pass to such 
an extent that a substantial amount of valuable material 
is lost, which otherwise might be a product of the extrac 
tion. 
Our invention departs from prior practices in several 

respects, all of which improve the efficiency of the treat 
ment and provide higher yields. Of perhaps greatest 
importance is the reduction of available oxygen after 
the initial temperature limits have been reached so as 
to permit continuing extraction without oxidation, due 
to the elimination of combustion, or through utilization 
of gas combustion at temperatures below the minimum 
for burning coke, with product removal by the inert gas 
flow to the production well. 

in either oil reservoirs or oil shale structures, a two 
pass treatment may be utilized in which the front move 
ment of both passes is in the same direction. To do 
this, surface changes are made to convert a former in 
jection well or wells into a production well or wells and 
a former production well into an injection well to direct 
flow into one or a plurality of production wells which 
were injection wells. Particularly in oil shale, this is of 
considerable value in that the first pass front movement 
may be controlled to move rapidly through the deposit 
at substantially non-coking temperatures to bring the tem 
perature in the area being worked to a distilling tempera 
ture, and in so doing, the permeability of the area is 
increased substantially. 
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Due to the fact that there is substantially no heat loss 

in the oil shale deposit, the second pass movement is 
benefited by holding combustion to a minimum. When 
reversing heat front movement is employed, additional 
oxygen is introduced to cause the front reversal when 
it approaches or reaches the injection wells and the effect 
of this is to produce excessively high temperatures and 
sustain combustion in the second pass. The optimum 
condition is attained if sufficient heat is available to distill 
the kerogen content for its removal as an oil. A substan 
tial gas flow is required as the conveying vehicle, but 
combustion no longer is required after the minimum 
temperature requirement is established. 

Consequently, this practice of the present invention 
permits effective utilization of the established heat and 
utilizes a flow of gas from a hot zone to the ultimate 
discharge point. The heat loss due to lower temperatures 
of the injected gas is almost a negligible factor and distil 
lation continues over a long period after combustion is 
terminated. By eliminating secondary burning of car 
bonaceous matter, a substantially greater proportion of 
the kerogen content is recovered as oil than is possible 
in a treatment where two stage combustion is utilized 
over a substantial time interval. 
Another feature of the practice of the present inven 

tion is the utilization of accelerated frontal velocity pro 
viding what may be termed a high velocity front move 
ment. An advantage of this velocity control is to main 
tain lower maximum temperatures in the area being 
worked and by proper control of gas velocity, gas com 
position and catalyst, frontal temperatures and velocities 
may be maintained at predetermined standards. With 
rapid front movement, the available oxygen is rapidly re 
moved from the areas where distilling temperatures per 
sist, and at the completion of the initial pass, the introduc 
tion of inert or relatively inert gases provides a control 
against detrimental combustion in the second stage treat 
ment. 
Another innovation of the present invention is the 

selection and use of catalysts permitting temperature 
development by gas combustion rather than burning a 
substantial amount of the organic content in attaining the 
required temperature. 

It is an object of our invention to provide a simple, effi 
cient and economical in situ combustion treatment in 
porous media having organic content which gives a higher 
recovery. 
Another object of our invention is to provide a simple, 

economical and efficient in situ combustion treatment for 
oil shale deposits which utilizes a high velocity combus 
tion front movement to initially attain distillation tem 
peratures within the area being worked and thereafter 
maintains distillation conditions over a protracted period 
without repetition of combustion. 
A further object of the invention is to provide a simple, 

economical and efficient treatment in porous media hav 
ing organic content in which an initial combustion front 
movement is directed through the area being worked in 
an atmosphere having available oxygen in substantial 
quantity, and following such initial front movement with 
a second front movement comprising gas combustion 
maintained at temperatures at which deposited coke is 
not burned to any substantial degree. 
The accompanying drawings illustrates typical instal 
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lations for the practice of our invention. In the draw 
1ngS: 

FIG. 1 is a schematic plan view of a typical five-spot 
Well pattern litilized in a treatment according to the 
present invention; 

FIG. 2 is a schematic top plan view of another well 
pattern which may be utilized in the practice of our in 
vention; and 

FIG. 3 is a vertical section through a typical deposit 
in which the treatment of the present invention is prac 
ticed and illustrates in more or less schematic arrange 
Tment, the components of the surface and underground 
installations. 
When a five-spot well pattern of the type shown in 

FIG. 1 is employed, a series of injection wells 5 will be 
utilized to introduce air or other oxygen-containing gas 
into a structure being Worked, represented in general 
area by the circumferential line 7, and these injection 
wells 5 direct flow of gases toward a substantially cen 
tral production well 6. Usually in initiating combustion 
in such a structure, substantial amounts of oxygen will 
be introduced through the production well 6 to condition 
a circumferential area 8 for initiating combustion, and 
after being properly conditioned, combustion will be 
initiated through well 6 in any suitable manner, causing 
a heat front movement away from well 6 and toward the 
injection wells 5. When combustion is progressing satis 
factorily, air is introduced through the injection wells 
5 and supply through well 6 is terminated with the result 
that reverse combustion is maintained with the hot gases 
passing the combustion front to carry evolved products 
to and out of production well 6. 
The arrangement shown in FIG. 2 involves linear flow 

paths with a row of injection wells Sa supplying the air 
or other oxygen-containing gas and a row of production 
Wells 6a arranged at substantially the same spacing as 
the wells 5a with heat front movement from the produc 
tion wells toward the injection wells. After an opera 
tion of this type is completed, the surface installation 
can be changed so that the wells 5a become production 
wells 6a and front movement is continued in the same 
way through an additional area to be worked. FIG. 3 
illustrates an arrangement of wells in the formation 
which may be either the five-spot pattern of FIG. 1 or 
the linear pattern of FIG. 2. The surface is indicated 
at 2 and a porous media to be worked is shown at 13 
with overburden 4 Overlying the porous media and such 
overburden may be of varying composition as indicated 
by the shading differences. One or more injection wells 
15, here shown as one, extend from a point above the 
Surface through the overburden 14 to the bottom of the 
porous media layer 13. One or more production wells, 
here shown as a single well 16, extend from a point above 
the Surface to the bottom of the porous media structure 
13. A lateral line 17 is provided to conduct the output 
-of well i6 past a normally open valve 8 into a collec 
tion and storage system 19. Oxygen-containing gas, pref 
erably a fuel and catalyst mixture, as will be described 
hereinafter, is delivered through a supply line 21 past a 
normally open valve 22 into the injection well or wells 
5 and this supply is established and maintained through 
out the course of the front movement. 

In initiating combustion, it will be satisfactory to 
deliver the oxygen content through production well 16 in 
which event valve 8 is closed, valve 22 is closed and 
air or other oxygen-containing gas is delivered from a 
Source of Supply 23 past an open valve 24 in line 25 for 
discharge at the bottom of well 16. When sufficient 
Oxygen is introduced in this manner to support combus 
tion, the structure adjoining well 16 is ignited by any 
Suitable method initiating a combustion front movement 
represented at 27 which travels toward the injection well 
or Wells 5. After front movement is progressing satis 
factorily, the air supply through line 25 will be ter 
minated by closing valve 24, valve 18 will be open to 
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4. 
ideliver the output of well 16 into collection system i9, 
and fuel and catalyst or other oxygen Supply will resume 
through line 21 by opening of valve 22. 

This arrangement serves to maintain a flow in media 
13 from the injection wells to the production well with a 
reverse heat front movement maintained to provide the 
desired recovery. Hot gases passing front 27 carry prod 
lucts of combustion and other evolved materials into and 
through the well i6 for delivery into the collection sys 
item 9. 
When combustion front movement is initiated adjacent 

production well 16, it is preferable to arrange the as 
sociated injection well 15 as an exhaust or production 
well. In such event, valve 22 will be closed so that all 
outflow from well 15 will be directed into a line 26 past 
an open valve 28 for discharge into the collection sys 
tem. 9. With such an arrangement, it is possible to Sam 
ple the composition of the gas passing from well 15, and 
when an appreciable amount of CO2 gas is noted, the 
combustion front movement will have progressed to a 
point where it is advantageous to rearrange the Wells, 
making well 15 the injection well and well 16 the produc 
tion well. In such event, valve 28 is closed, valve 18 is 
open and valve 22 is open to deliver fuel and catalyst 
from supply 20 into well 15 while the outflow of well 
6 will pass through line 7 into collection system 19. 
The feature of reversing the well functioning may be 

utilized effectively in a later stage of the treatment. 
For example, if porous media 13 represents an oil shale 
deposit, such deposit will be suitably prepared for in 
situ combustion by shattering of the structure according 
to well known methods so that sufficient permeability will 
be provided to permit the flow of gases through the area 
being worked and thus permit development and mainte 
nance of a combustion front as required. The portions 
of the shale structure 13x shown in FIG. 3 represent 
pyrolyzed or partially pyrolyzed shale and the position 
of the combustion front 27 between the wells 15 and 16 
is indicated. The shale 13 in advance of the front will 
be shattered, but at its natural temperature, whereas the 
pyrolyzed shale section 13x between front 27 and well i6 
will be a high temperature zone in which combustion has 
terminated, but distillation temperatures are maintained 
to continue extract of shale oil from the kerogen of the deposit. 
The practice of the present invention contemplates a 

departure from prior practices, in that the initial combus 
tion front movement represented by 27 is maintained 
under temperature control to produce distillation tem 
peratures within a non-coking temperature range and the 
movement of the front through the shale effectively in 
creases permeability so that as the combustion progresses 
beyond a point where distillation continues, the flow of 
gases into and through the hot zone serves to maintain 
the required distillation temperature and to carry products 
of combustion and other evolved matter to the produc 
tion well and then to the surface. Coking temperatures 
for tar sands, oil shales and conventional oil reservoirs 
vary widely according to different oil properties and coking 
rates. As noted in the May 1960, Journal of Petroleum 
Technology, page 14, coking of heavy oils of tar sands 
will commence at 450° to 500 F., while in refinery opera 
tions coking will begin at 850-900 F., as noted in Ad 
vances in Petroleum Chemistry and Refining 2, page 371 
(1959) Interscience Publishers, Inc., New York. The 
non-coking limits for various materials are well known 
in the art and available in numerous publications, and 
therefore have not been detailed herein. 
When the heat front movement has progressed to a 

point adjoining the injection well, the function of the wells 
may be reversed by surface changes involving closing of 
valves 18 and 22 and opening of valves 24 and 28. As 
a consequence, well 16 then becomes an injection well 
and well 15 becomes a production well discharging 
through line 26 past open valve 28 into collection system 
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19. At this stage, it is preferable to introduce a fuel 
and catalyst mixture, the details of which will be de 
scribed hereinafter, and direct the flow of such gas into 
the pyrolyzed shale 13x from the bottom of well 16, 
causing it to flow toward well 25 now functioning as the 
production well. As there is almost no heat loss to Sur 
rounding structure, the required distillation temperatures 
are maintained in the material behind the advancing 
initial combustion front movement and the fuel and 
catalyst mixture provides a convenient means for direct 
ing a second combustion front movement from Well 6 
to well 5, which is primarily gas combustion with tem 
peratures maintained sufficiently low that no appreciable 
amount of valuable constituent is consumed by Such front 
movement. Any reabsorbed shale oil from the first front 
movement is directed through the hot Zone in advance of 
the second front and carries to the then production well 
15 for delivery into collection system 9 and such second 
movement may be a forward or reverse movement. This 
procedure eliminates the excessive combustion effect 
which results from reversing heat front movement and 
allows a sufficient time interval at any point in the area 
being worked between the contact with the first heat 
front and the contact with the second heat front to per 
mit a substantial amount of distillation to continue in Such 
interval. 

This procedure permits utilization of special controls 
between the termination of the first heat front pass and 
the start of the second front pass. For example, an inert 
gas may be injected to reduce temperature to a predeter 
mined value and at a predetermined rate for holding the 
desired heat. Inert gases from the products of combus 
tion, nitrogen, steam or CO may be used. When inert 
gas alone is circulated, distillation continues with product 
removal and no combustion is maintained in the area be 
ing worked. By introducing such gas at a higher velocity 
than in the first combustion front movement, an accel 
erated temperature reduction is attained with product 
renoval continuing as previously described. 
By utilizing a mixture of such gas and a liquid Such as 

water, an even more rapid temperature reduction may be 
effected. Organic liquids also may be used in lieu of 
water, which have the further advantage of diluting heavy 
immobile oils of the deposit to provide sufficient mo 
bility to direct their removal in free-flowing condition to 
the production well. 
The preceding description refers to treatments in porous 

media having organic content, and this terminology is 
intended to include tar sands, oil shale deposits and 
conventional petroleum reservoirs containing heavy oils. 
While oil shale in its natural formation is not permeable, 
it can be rendered sufficiently permeable by fracturing 
or shattering to permit distribution and flow of gases 
through the shattered portion to such a degree that it 
becomes permeable porous media within the requirements 
of this invention. 

In its general application, the present invention pro 
vides an innovation in in situ combustion practices through 
controls which eliminate the requirement for burning 
all of the coke deposited on the sand grains. This is of 
particular importance in heavy oil reservoirs where the 
fuel laid down may be as high as three to five pounds 
per cubic foot of reservoir space. Such control is pro 
vided by use of certain air-gas mixtures, alone, or in con 
junction with certain catalysts. The rate of combustion 
front movement is controlled as detailed hereinafter 
(column 6, lines 32-43) and a substantial amount of gas 
combustion is substituted to reduce consumption of con 
tained fuel. The gas combustion is maintained at non 
coking temperatures and with a lesser oxygen require 
ment. 
The heavy metal oxidation catalysts are well suited 

for use in the practice of this invention. These include 
copper, silver, platinum, vanadium, iron, manganese, 
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6 
titanium. Many of these will be present in the sandstones 
and associated waters of underground porous media hav 
ing organic content, but usually not in sufficient concen 
tration and chemical composition to be effective in the 
treatment. Consequently, it is advantageous to intro 
duce a sufficient quantity of catalyst prior to or during 
the combustion front movement to satisfy the require 
ments of the operation. 

Various gaseous mixtures may be utilized in the prac 
tice of our invention, including the use of inert gases 
at certain stages of the treatment. Such mixtures may 
include air and natural gas, air and butane, air and pro 
pane, air and methane, air and ethane, air and acetylene, 
or complex mixtures of the foregoing. The gaseous mix 
ture may be fed separately and such feed may be con 
tinuous or intermittent. With a distribution system such 
as shown in FIG. 3, it will be preferable to initially supply 
a catalyst composition or mixture from storage supply 
station 20 in water as a carrier vehicle through the sev 
eral injection wells 15 for distribution throughout area 7. 
The required property for the catalyst seems to be that 
it forms unstable oxides which can be oxidized from one 
state to another. It also is possible to inject a solution 
containing a soluble catalyst salt. The salt would decom 
pose to an oxide when heated by the approaching com 
bustion front. Gaseous carrier vehicles and catalysts may 
be used and have the advantage of bringing the catalyst 
to a treatment site at the time its use is required. When 
used, such compositions will comprise the gas introduc 
tion through an injection well, and such supply may be 
intermittent or continuous. 

After the catalyst has been distributed as aforesaid, the 
porous media is charged with sufficient oxygen to estab 
lish and maintain combustion, usually through produc 
tion well 16 as previously described. Combustion is 
initiated in the manner described hereinbefore and both 
frontal temperature and velocity are controlled by vary 
ing total gas velocity, gas composition and catalyst. It 
is desirable to have a high frontal velocity in this stage, 
and we have found that by proper conrol in conjunction 
with catalyst use, frontal velocities may be increased as 
much as two and one-half times normal velocities and with 
a lowering of frontal temperatures. 
The use of the catalyst will be effective in oil reservoirs, 

tar sands and oil shale deposits. Utilization of a rapid 
combustion front advance in the first pass treatment with 
temperature of the front maintained at essentially a non 
coking temperature benefits the operation in changing the 
pour point of the heavy oil causing it to flow freely to 
the production well. However, combustion moves fast 
enough that burning of contained organic content is avoid 
ed to a large degree, and yet produces sufficient heat so 
that cracking and extraction may continue for a long in 
terval after passage of the front. The continuous flow 
of hot gases and products of combustion from the front 
to the production well offsets any tendency toward heat 
loss in the area in between and makes possible a con 
siderable amount of cracking or distillation after combus 
tion is terminated. 
Another feature of the practice of this invention as 

applied to oil shale structures is the recognition that 
until a temperature of about 1100 F. is attained, there is 
no CO2 evolution from the carbonate minerals of the 
deposit. Therefore, it is possible to utilize a first front 
pass to develop the main oil shale extraction with distilla 
tion temperatures maintained after passage of the front to 
attain an essentially complete extraction from various 
parts of the working area before arrival of a second 
front. The second combustion front will be controlled 
to develop temperatures approximating 1500 F. so as to 
obtain CO extraction for process use. The second front 
movement may involve reversing of frontal movement as 
previously described, or changing wells as previously de 
scribed so as to establish uniform treatment time between 
frontal passes throughout the entire area. 
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It is also intended that retort off gases may be utilized 
in such an operation. They are introduced at substan 
tially higher temperatuers than the air normally supplied 
and preheat the portion of the shale in advance of the 
front. While the fuel value of the return gas is usually 
not enough to be significant, establishing a high pressure 
preheated zone in advance of the front assists in develop 
ing the rapid frontal advance and assists distillation. On 
the downstream side of the front. In this way, only a 
negligible amount of the extracted organic content is 
used as fuel and most of it passes to the production well 
and is recovered in the treatment. 
The catalysts described hereinbefore may be utilized 

in other types of treatments with effective results. For 
instance, in reservoirs having no appreciable quantity of 
catalyst material occurring naturally, the introduction of 
such catalysts will serve to reduce temperature in the coal 
bustion front with increased velocity of its movement, 
all of which produces higher extraction. Also, in light 
oil reservoirs, the reduced ignition temperatures deriving 
from catalyst introduction make otherwise volatile con 
stituents available as fuel and support in situ combustion 
where it would not be feasible to use it otherwise. 
What we claim is: 
1. In a method for the recovery of hydrocarbons from 

underground formations penetrated at spaced points by 
an injection well and a producing well wherein combus 
tion is initiated in such a formation prepared for in situ. 
combustion and a combustion front is propagated through 
a prepared portion of said formation having an oxidation 
catalyst distributed therein, the improvement which com 
prises propagating a combustion front through the for 
mation by varying, in relation to oxidation catalyst con 
centration in the prepared portion, the velocity and oxygen 
content of a continuous flow of a gas mixture introduced 
through the injection well for directing said frontal move 
ment, so as to establish a maximum temperature in said 
frontal movement capable of maintaining distillation tem 
peratures but insufficient to cause coking of an appreciable 
amount of the hydrocarbons within the prepared portion 
during recovery of a major portion of the hydrocarbon 
content of said prepared portion, and recovering evolved 
products through the producing well. 

2. A process as defined in claim 1, in which the catalyst 
is a copper composition. 

3. A process as defined in claim 1, in which the catalyst 
is an iron composition. 

4. A process as defined in claim 1, in which the catalyst 
is a manganese composition. 

5. In a method for the recovery of hydrocarbons from 
underground formations penetrated at spaced points by 
an injection well and a producing well wherein combus 
tion is initiated in such a formation prepared for in situ. 
combustion and a combustion front is propagated through 
a prepared portion of said formation having an oxidation 
catalyst distributed therein, the improvement which com 
prises propagating a combustion front through the for 
mation, inclusive of gas combustion, by varying, in rela 
tion to oxidation catalyst concentration in the prepared 
portion, the velocity and oxygen content of a continuous 
flow of a gas mixture introduced through the injection 
well for supporting combustion and directing said frontal 
movement, so as to establish a maximum temperature in 
said frontal movement capable of maintaining distillation 
temperatures but insufficient to cause coking of an 
appreciable amount of the hydrocarbons within the pre 
pared portion during recovery of a major portion of the 
hydrocarbon content of said prepared portion, and re 
covering evolved products through the producing well. 

6. In a method for the recovery of hydrocarbons from 
underground formations penetrated at spaced points by 
an injection well and a producing well wherein com 
bustion is initiated in such a formation prepared for 
in situ combustion and a combustion front is propagated 
through a prepared portion of said formation having an 
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8 
oxidation catalyst distributed therein, the improvement 
which comprises propagating a first combustion front 
through the formation by varying, in relation to oxidation 
catalyst concentration in the prepared portion, the veloc 
ity and oxygen content of a continuous flow of a gas 
mixture introduced through the injection well for direct 
ing said frontal movement, so as to establish a maximum 
temperature in said frontal movement insufficient to cause 
coking of any appreciable amount of the hydrocarbons 
within the prepared portion, directing a second combus 
tion front movement through said prepared portion by 
introduction through the injection well of a continuous 
flow of a gas mixture capable of establishing distillation 
temperatures in a combustion-free atmosphere in advance 
of said second front movement, and recovering evolved 
products through the producing well. 

7. In a method for the recovery of hydrocarbons from 
underground formations penetrated at spaced points by 
an injection well and a producing well wherein combus 
tion is initiated in such a formation prepared for in situ. 
combustion and a combustion front is propagated through 
a prepared portion of said formation having an oxida 
tion catalyst distributed therein, the improvement which 
comprises propagating a combustion front through the 
formation by varying, in relation to oxidation catalyst 
concentration in the prepared portion, the velocity, oxida 
tion catalyst and oxygen content of a continuous flow of 
a gas mixture introduced through the injection well for 
directing said frontal movement, so as to establish a 
maximum temperature in said frontal movement capable 
of maintaining distillation temperatures but insufficient 
to cause coking of an appreciable amount of the hydro 
carbons within the prepared portion during recovery of 
a major portion of the hydrocarbon content of said pre 
pared portion, and recovering evolved products through 
the producing well. 

8. In a method for the recovery of hydrocarbons from 
underground formations penetrated at spaced points by 
an injection well and a producing well wherein combus 
tion is initiated in such a formation prepared for in situ. 
combustion and a combustion front is propagated through 
a prepared portion of said formation having an oxidation 
catalyst distributed therein, the improvement which com 
prises propagating a combustion front through the for 
mation by varying, in relation to oxidation catalyst con 
centration in the prepared portion, the input velocity 
and oxygen content of a combustion-supporting gas mix 
ture introduced through the injection well so as to estab 
lish a maximum temperature in the frontal movement 
capable of maintaining distillation temperatures but insuf 
ficient to cause coking of an appreciable amount of the 
hydrocarbons within the prepared portion of the forma 
tion during recovery of a major portion of the hydro 
carbon content of said prepared portion, and recovering 
evolved products through the producing well. 

9. In a method for underground combustion in porous 
media having an organic content, said media being pene 
trated at spaced points by an injection well and a pro 
ducing well, the improvement which comprises injecting 
an oxygen-containing gas through one of said wells into 
said media, initiating a moving zone of combustion there 
in at a point remote from the injection well, supplying 
oxygen-containing gas carrying an oxidation catalyst 
through the injection well at a regulated velocity capable 
of maintaining said combustion zone at an accelerated rate 
of advance toward said injection well and at a non-coking 
temperature until said Zone has reached an area adjacent 
the injection well, subsequently introducing an oxygen 
deficient fuel gas into said media for maintaining distil 
lation temperatures in the porous media by gas com 
bustion, and removing evolved products through said pro 
duction well. 

10. In a methor of underground combustion in oil shale 
having an organic content, said shale being penetrated 
at spaced points by an injection well and a producing 
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well, the improvement which comprises injecting an oxy 
gen-containing gas through one of said wells into a per 
meable portion of the oil shale structure, initiating a mov 
ing zone of combustion therein at a point remote from 
the injection well, supplying oxygen-containing gas carry 
ing an oxidation catalyst through said injection well, vary 
ing the total oxygen-containing gas velocity and oxygen 
containing gas composition so as to maintain said com 
bustion zone at an accelerated rate of advance toward 
said injection well and at a non-coking temperature until 
said zone has reached an area adjacent the injection well, 
subsequently introducing an oxygen-deficient fuel gas into 
said shale for maintaining distillation temperatures in the 
pyrolyzed shale, and removing evolved products through 
said production well. 

11. In a method of underground combustion in porous 
media having an organic content, said media being pene 
trated at spaced points by an injection well and a producing 
well, the improvement which comprises injecting an oxy 
gen-containing gas through one of said wells into said 
media, initiating a moving zone of combustion therein at 
a point remote from the injection well, supplying oxygen 
containing gas carrying an oxidation catalyst through the 
injection well at a regulated velocity capable of main 
taining said combustion Zone at an accelerated rate of 
advance toward said injection well and at a non 
coking temperature until said zone has reached an area 
adjacent the injection well, subsequently introducing an 
inert gas into said media for maintaining distillation tem 
peratures in the porous media by gas combustion, and re 
moving evolved products through said production well. 

12. In a method of undeground combustion in oil shale 
having an organic content, said shale being penetrated at 
spaced points by an injection well and a producing well, 
the improvement which comprises injecting an oxy 
gen-containing gas through one of said wells into 
a permeable portion of the oil shale structure, ini 
tiating a moving zone of combustion therein at a point 
remote from the injection well, supplying oxygen-contain 
ing gas carrying an oxidation catalyst through said in 
jection well, varying the total oxygen-contaning gas 
velocity, amount of catalyst and oxygen-containing gas 
composition so as to maintain said combustion zone at an 
accelerated rate of advance toward said injection well and 
at a non-coking temperature until said zone has reached 
an area adjacent the injection well, subsequently intro 
ducing an oxygen-deficient fuel gas into said shale for 
maintaining distillation temperatures in the pyrolyzed 
shale, and removing evolved products through said pro 
duction well. 

13. In a method of underground combustion in porous 
media having an organic content, said media being pene 
trated at spaced points by an injection well and a pro 
ducing well, the improvement which comprises injecting 
an oxygen-containing gas through one of said wells into 
such a porous media, initiating a moving Zone of com 
bustion therein at a point remote from the injection well, 
supplying oxygen-containing gas carrying an oxidation 
catalyst through said injection well, varying the total 
oxygen-containing gas velocity, amount of catalyst and 
oxygen-containing gas composition so as to maintain said 
combustion zone at an accelerated rate of advance toward 
said injection well and at a non-coking temperature until 
said zone has reached an area adjacent the injection well, 
subsequently introducing an oxygen-deficient fuel gas into 
said media for maintaining distillation temperatures in the 
media, and removing evolved products through said pro 
duction well. 

14. In a method of underground combustion in porous 
media having an organic content, said media being pene 
trated at spaced points by an injection well and a producing 
well, the improvement which comprises injecting an 
oxygen-containing gas through one of said wells into such 
a porous media, initiating a moving zone of combustion 
therein at a point remote from the injection well, Supply 
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10 
ing oxygen-containing gas carrying an oxidation catalyst 
through said injection well, varying the total oxygen-con 
taining gas velocity, amount of catalyst and oxygen-con 
taining gas composition so as to maintain said combustion 
zone at an accelerated rate of advance toward said injec 
tion well and at a non-coking temperature until said zone 
has reached an area adjacent the injection well, subse 
quently introducing an inert gas into said media for main 
taining distillation temperatures in the media, and re 
moving evolved products through said production well. 

15. In a method of underground combustion in porous 
media having an organic content, said media being pene 
trated at spaced points by an injection well and a produc 
ing well, the improvement which comprises injecting an 
oxygen-containing gas through one of said wells into such 
a porous media, initiating a moving zone of combustion 
therein at a point remote from the injection well, supply 
ing oxygen-containing gas carrying a vapor phase combus 
tion catalyst through said injection well, varying the total 
oxygen-containing gas velocity, amount of catalyst and 
oxygen-containing gas composition so as to maintain said 
combustion zone at an accelerated rate of advance toward 
said injection well and at a non-coking temperature until 
said zone has reached an area adjacent the injection well, 
subsequently introducing an inert gas into said media for 
maintaining distillation temperatures in the media, and 
removing evolved products through said production well. 

16. In a method of underground combustion in porous 
media having an organic content, said media being pene 
trated at spaced points by an injection well and a produc 
ing well, the improvement which comprises injecting an 
oxygen-containing gas through one of said wells into said 
media, initiating a moving zone of combustion therein at 
a point remote from the injection well, supplying oxygen 
containing gas carrying an oxidation catalyst through the 
injection well at a regulated velocity capable of maintain 
ing said combustion zone at an accelerated rate of ad 
vance toward said injection well and at a non-coking tem 
perature until said Zone has reached an area adjacent the 
injection well, subsequently introducing an inert gas in a 
liquid carrier vehicle into said media for maintaining dis 
tillation temperatures in the media, and removing evolved 
products through said production well. 

17. In a method of underground combustion in porous 
media having an organic content, said media being pene 
trated at spaced points by an injection well and a produc 
ing well, the improvement which comprises injecting an 
oxygen-containing gas through one of said wells into said 
media, initiating a moving zone of combustion therein at 
a point remote from the injection well, supplying oxygen 
containing gas carrying an oxidation catalyst through the 
injection well at a regulated velocity capable of maintain 
ing said combustion Zone at an accelerated rate of advance 
toward said injection well and at a non-coking tempera 
ture until said Zone has reached an area adjacent the in 
jection well, Subsequently introducing an inert gas and 
water into said media for maintaining distillation tem 
peratures in the media, and removing evolved products 
through said production well. 

18. In a method of underground combustion in porous 
media having an organic content, said media being pene 
trated at spaced points by an injection well and a produc 
ing well, the improvement which comprises injecting an 
oxygen-containing gas through one of said wells into said 
media, initiating a moving zone of combustion therein at 
a point remote from the injection well, supplying oxygen 
containing gas carrying an oxidation catalyst through the 
injection well at a regulated velocity capable of maintain 
ing said combustion Zone at an accelerated rate of ad 
Vance toward said injection well and at a non-coking 
temperature until said Zone has reached an area adjacent 
the injection well, subsequently introducing an inert gas 
and an organic liquid into said media for maintaining 
distillation temperatures in the media, and removing 
evolved products through said production well. 
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19. In a method for the recovery of hydrocarbons from 
underground formations penetrated at spaced points by 
an injection well and a producing well wherein combus 
tion is initiated in such a formation prepared for in situ 
combustion and a combustion front is propagated through 
a prepared portion of said formation having an oxidation 
catalyst distributed therein, the improvemnet which com 
prises propagating a combustion front through the forma 
tion by varying, in relation to oxidation catalyst concen 
tration in the prepared portion, the velocity and oxygen 
content of a continuous flow of a gas mixture introduced 
through the injection well for directing said frontal move 
ment, so as to establish a maximum temperature in said 
frontal movement capable of maintaining distillation tem 
peratures but insufficient to cause appreciable CO evolu 
tion, directing a second frontal movement through the 
prepared portion with enough oxygen-containing gas sup 
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plied so as to obtain substantial CO2 extraction through 
out the prepared portion, and recovering evolved products 
through the producing well. 
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