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3,209,825 
LOW TEMPERATURE N-SITU COMBUSTION 

John D. Alexander, John N. Dew, and William L. Martin, 
Ponca City, Okla., assignors to Continental Oil Com 
pany, Ponca City, Okla., a corporation of Delaware 

Filed Feb. 14, 1962, Ser. No. 173,249 
14 Claims. (Cl. 166-1) 

This invention relates, as indicated, to an improved 
in-situ combustion process. More particularly, the pres 
ent invention relates to a method of recovering oil from 
a subsurface formation by a low temperature in-situ com 
bustion process. 
As it is well known in the producing division of the 

oil industry, a substantial amount of time and effort is 
being expended in perfecting the recovery of oil from 
partially depleted reservoirs by processes involving burn 
ing of a portion of the hydrocarbons in the reservoir. 
Several in-situ combustion processes have been proposed 
and tried. Results to date indicate that this type of 
process has substantial merit if certain difficulties can 
be overcome. 

In substantially all previous in-situ combustion proc 
esses, an injection well is surrounded by a plurality of 
recovery wells, with all of the wells traversing the forma 
tion to be treated. The initial step in the process is 
to force air or some other gas through the formation 
from the injection well to the recovery wells to determine 
that gas can be forced through the formation. The sec 
ond step in the process is the ignition of at least a por 
tion of the hydrocarbons in the formation around the 
injection well to form a flame front which is sustained 
by injection of air through the injection well, such that 
the flame front proceeds radially from the injection well 
toward the recovery wells. One of the major problems 
in the process is the ignition of hydrocarbons in the for 
mation in an economical manner without damage to the 
equipment in the injection well. 

Perhaps the most popular method of ignition is locat 
ing a suitable heater in the injection well bore adjacent 
the formation to be treated, such that the air injected 
into the formation from the injection well is heated by 
the heater to a temperature sufficient to ignite the hydro 
carbons on the face of the formation formed at the in 
jection well. This method has two serious objections. 
First, the high temperatures reached in the injection well 
bore (sometimes as high as 1200 degrees F.) seriously 
damage the well casing and cement and the heater has 
a short service life at these temperatures. Secondly, the 
rather sudden heating of the formation at the injection 
well frequently causes permeability blocking which is 
primarily caused by vaporization of water in the forma 
tion and Subsequent cooling or condensation of the water 
in the colder formation ahead of the flame front. When 
permeability blocking occurs, air cannot be forced through 
the formation to sustain the flame front. 
Another ignition method involves preheating an inert 

gas (such as nitrogen) at the surface and then injecting 
the heated inert gas down through the well bore into the 
formation to heat the formation to an ignition tempera 
ture; whereupon air is substituted for the inert gas to 
ignite hydrocarbons in the formation and form a flame 
front. This method is also disadvantageous since inert 
gas is expensive and not readily obtainable; large heat 
losses occur in forcing the heated gas through the length 
of the injection well bore, and excessive temperatures 
are created in the well bore with results similar to those 
described above. As a variation of this method, it has 
also been proposed to let the injection well cool off to, 
say 400 degrees F., from an initial temperature of from 
650 F. to 900 degrees F., prior to injection of air in order 
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to provide ignition in the formation at some distance 
from the injection well. This is undoubtedly an improve 
ment since it reduces the maximum temperatures attained 
in the injection well, but the high temperature of the 
inert gas injected in the formation provides permeability 
blocking and a coking of the oil in the formation around 
the injection well which requires an appreciable tempera 
ture for the ignition of the coke. Also, of course, the 
high heat losses in forcing the heated inert gas through 
the length of the injection well remain. 
The present invention contemplates a novel process of 

in-situ combustion utilizing low temperature oxidation of 
oil in a formation around an injection well. As a prelim 
inary step, a gas (such as air) is forced through the forma 
tion from the injection well to one or more recovery 
wells to establish that gas can be forced through the 
formation. The air being injected is then slowly heated 
in the injection well to a temperature greater than the 
vaporization temperature of the formation water, but 
less than the coking temperature of the oil in the forma 
tion. As a result, permeability blocking is prevented and 
residual oil will remain in the formation around the 
injection well. Continued injection of the heated air 
slowly oxidizes the residual oil around the injection well, 
and the ignition temperature of the oil is reached at some 
distance from the injection well. It will thus be ap 
parent that the flame front is formed away from the in 
jection well to prevent excessive temperatures in the in 
jection well which would cause damage to equipment in 
the injection well. The flame front is directed on through 
the formation by continued injection of air through the 
injection well. As used herein, the term "flame front' 
means the high temperature combustion front which oc 
curs after the ignition temperature of the oil is reached. 
More specifically, the present invention contemplates 

a method of recovering oil from a subsurface formation 
containing oil and water and traversed by an injection 
well and at least one recovery well, comprising the steps 
of: 

(a) forcing air through the formation from the in 
jection well to the recovery well, 

(b) slowly increasing the temperature of the air to a 
temperature sufficiently high to oxidize oil in the forma 
tion, but to a temperature less than a coking temperature 
of the oil, 

(c) moving the flame front provided by said oxidation 
toward the recovery well, and 

(d) recovering the gases and liquids flowing from the 
formation into the recovery well. 
An important object of this invention is to efficiently 

and economically recover oil from a subsurface forma 
tion. 

Another object of this invention is to recover oil from 
a Subsurface formation by in-situ combustion without 
damage to any of the equipment installed in the injec 
tion well. 

Another object of this invention is to minimize the 
possibility of permeability blocking in an in-situ com 
bustion process. 
A further object of this invention is to provide a 

maximum service life for a heater used in an injection 
well in an in-situ combustion process. 
A further object of this invention is to initially ignite 

hydrocarbons in a formation subjected to in-situ combus 
tion at a minimum temperature and in spaced relation 
from the injection well. 
A still further object of this invention is to provide an 

in-situ combustion process having minimum energy re 
quirements. 

Other objects and advantages of the invention will be 
evident from the following detailed description, when   
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read in conjunction with the accompanying drawings 
which illustrate this invention. 

In the drawings: 
FIG. 1 is a plan view of a typical injection and recovery 

well pattern used in an in-situ combustion process. 
FIG. 2 is a vertical sectional view through the injec 

tion well and one of the recovery wells, as taken along 
lines 2-2 of FIG. 1. 

FIG. 3 is a set of typical heat curves obtained in a proc 
ess according to this invention. 

Referring to the drawings in detail, and particularly 
FIG. 1, reference character 10 designates an injection 
well and reference character 2 designates each of a 
plurality of recovery wells arranged in circumferentially 
spaced relation around the injection well. In a typical 
arrangement, five of the recovery wells 2 are drilled 
around the injection well 10 to provide adequate drainage 
points for fluids forced radially outward from the injec 
tion well 10, as will be explained below. 
As shown in FIG. 2, the injection well 10 and each 

of the recovery wells 12 are drilled to such a depth as 
to traverse the formation 14 to be treated. It will be 
understood, of course, that the wells 0 and i2 may have 
all been producing wells utilized in recovering oil from 
the formation E4 by artificial lifting means, such as pumps, 
until the flow from the formation 24 was reduced to 
such an extent that the use of pumps became uneconomi 
cal. On the other hand, a portion of the wells 0 and 12 
may be drilled specifically for utilization of the in-situ. 
combustion process of this invention. 
The injection well 10 may be completed "open hole,” 

but is normally provided with a suitable casing 16 cement 
ed in place and having perforations 8 therein extending 
through the zone of the injection well traversing the for 
mation 14. The recovery wells 2 may be completed 
in any desired fashion, as long as the fluids from the for 
mation 14 may easily enter the recovery Wells and be 
removed from the recovery wells. The recovery well 12 
shown in FIG. 2 is shown as being completed "open 
hole' and no equipment is shown therein, to simplify the 
illustration. 

In accordance with the present invention, Suitable pack 
ers 20 and 22 are placed in the injection well 10 at the 
upper and lower ends of the formation 4 to isolate 
the Zone 24 of the injection well which traverses the for 
mation 14. It will be understood by those skilled in the 
art that the lower packer 22 may be eliminated if the 
injection well terminates approximately at the bottom of 
the formation 14, and if no perforations are provided 
below the formation E4. A suitable tubing string 26 is 
extended downwardly through the injection well 10, 
through the upper packer 20 and into the upper portion 
of the zone 24. A suitable heater 28 is supported on the 
lower end of the tubing string 26 within the upper por 
tion of the zone 24. The heater 28 may be of any de 
sired construction, such as electric or gas-fired, and is 
so constructed that gas forced downwardly through the 
tubing string 26 will be heated by the heater 28 before 
flowing into the zone 24. 
With the heat equipment installed in the injection well 

10 as illustrated in FIG. 2, air or any other Suitable gas 
is forced through the tubing string 26 and through the 
heater 28 into the Zone 24. The gas flows from the Zone 
24 through the perforations 18 and into and through the 
formation 14 toward the recovery wells i2. The pressure 
required to force the gas through the formation 14 will 
depend upon the characteristics of the formation 14, but 
is typically about 600 p.s. i. When the gas begins dis 
charging into the recovery wells 12, showing that gas 
can be pumped through the formation 44, the heater 28 
is placed in operation to start heating the gas being forced 
through the formation 14. 
The heater 28 is fired in such a manner as to slowly 

or gradually heat the gas being forced through the for 
mation 14, and hence to slowly or gradually heat the 
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4. 
formation. We have found it particularly useful to op 
erate the heater 28 in such a manner as to heat the gas 
being injected in a stepwise or incremental fashion. For 
example, in one field test of the present process, the gas 
(air) was heated and forced through the formation at 
200 degrees F. for five days; then 300 degrees F. for three 
days; then 400 degrees F. for two days; then 600 degrees 
F. for five days. With this gradual heating, no permea 
bility blocking was encountered. It may also be noted 
that at each step, from 200,000 to 800,000 cubic feet of 
air per day were forced through the formation being 
treated. 

In a preferred embodiment of this invention, the gas 
forced or pumped through the formation 14 in all stages 
of the process is air, since this is the most economical 
gas to use and, as shown, has highly useful results. It 
is to be understood, however, that the gas used for de 
termining that gas can be forced through the formation 
14 and for initially heating the formation 14 may be an 
inert gas, such as nitrogen, if desired. In this latter event, 
oxygen must be supplied to the formation 14 through the 
injection well 10 to oxidize hydrocarbons in the formation 
and initiate combustion, as is described below, when the 
necessary temperature of the formation is reached. 
The temperature curves shown in FIG. 3 were ob 

tained from a laboratory test conducted in accordance 
with the process set forth herein, and are believed to be 
representative of the increase in temperature of any oil 
bearing formation treated in accordance with our inven 
tion. It will be observed in FIG. 3 that the temperature 
of the air being injected was gradually raised from about 
300 degrees F. to approximately 475 degrees F. and re 
tained at this latter temperature. This test data clearly 
shows that the particular oil being used began to oxidize 
at a temperature of approximately 425 degrees. As the 
temperature of the injection air increased on up to 450 
and 475 degrees, oxidation of the oil increased in Such a 
manner that the temperature of the core sample down 
stream of the injection point began to increase and con 
tinued to increase until the ignition temperature of ap 
proximately 875 degrees F. was reached. Thus, when air 
is injected into a formation from an injection well and 
is slowly heated as described above, the oil in the for 
mation 14 around the injection well 10 will begin to 
oxidize, yet ignition will take place radially outward 
from the injection well 10 to protect the injection well 10 
from excessive temperatures. 

In the past, it has been the practice to heat a forma 
tion around an injection well to temperatures substantial 
ly above the coking temperature of the oil in the forma 
tion (from 550 F. to 700 F.). Under these conditions, 
the coke at the face of the walls of the injection well or the 
coke immediately adjacent the injection well was ignited. 
This procedure is desirable in the sense that all of the 
valuable hydrocarbons should be recovered and only the 
low value coke would be burned. We have found, how 
ever, that coke has a high ignition temperature, com 
pared with residual oil. In our process, the formation 
around the injection well 10 is gradually heated to drive 
off the lighter hydrocarbons, but the temperature of the 
formation adjacent the injection well is not raised into 
the coking temperature range of the oil until a flame front 
has been formed away from the well bore. As a result, 
the initial ignition of the hydrocarbons in the formation 
14 around the injection well is established with much 
lower well bore temperatures than have been used in the 
past. It will be understood, of course, that once ignition 
is made and the flame front is established, the tempera 
ture at the flame front will be above the coking tem 
perature of the oil and will drive off all of the hydrocar 
bons except for the coke, such that only coke will be 
burned in the bulk of reservoir space. An added advan 
tage of slowly heating the gas injected in the formation 
14 is that the formation water is gradually vaporized and 
forced through the formation 14 without forming a perme 
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ability block as is frequently encountered with prior proc 
esses, as indicated above. 
The injection of air through the injection well 10 is 

continued after establishment of the flame front in order 
to sustain the flame front and drive the flame front radial 
ly toward the recovery wells 12. Also, it is preferred that 
the heater 28 be continued in operation after ignition is 
established to continually preheat the air being fed to the 
formation. This sustains the flame front to prevent the 
possibility of excessive heat loss behind the flame front 
and extinguishment of the flame. 
The gases and liquids driven from the formation 14 

into the recovery wells 12 may be recovered in any de 
sired manner which will preserve the valuable hydrocar 
bons. The recovery of these hydrocarbons from the wells 
12 is not, in itself, a part of our invention, and may be 
performed by well known procedures. 
From the foregoing it will be apparent that the present 

invention provides a convenient and economical process 
of recovering oil from a subsurface formation. The tem 
perature of the injection well is retained sufficiently low 
as not to damage any of the equipment in the injection 
well, and the heater used in the injection well will have a 
long service life. The flame front is formed radially out 
ward from the injection well and is formed without per 
meability blocking. It will also be apparent that the pres 
ent process will have a minimum of energy requirements. 

Changes may be made in the combination and arrange 
ment of steps or procedures as heretofore set forth in this 
specification and shown in the drawings, it being under 
stood that changes may be made without departing from 
the spirit and scope of the invention as defined in the 
following claims. 
What is claimed is: 
1. A method of recovering oil from a subsurface forma 

tion containing oil and water and traversed by an injec 
tion well and at least one recovery well, comprising the 
steps of: 

(a) forcing gas through the formation from the injec 
jection well to the recovery well; 

(b) slowly, over a period of days, increasing the tem 
perature of said gas within the injection well and 
while the resulting heated gas is being injected into 
the formation from the injection well to a tempera 
ture greater than the vaporization temperature of the 
formation water, but less than the coking tempera 
ture of the oil in the formation, to retain residual oil 
in the formation around the injection well; 

(c) injecting air into the formation from the injection 
well at a temperature sufficiently high to oxidize the 
residual oil for initiating combustion of the residual 
oil and forming a flame front around the injection 
well; 

(d) continuing the injection of air into the formation 
from the injection well until the flame front formed 
by combustion of the oil in the formation has ad 
vanced into proximity with the recovery well, and 

(e) recovering the gases and liquids flowing into the 
recovery well from the formation. 

2. A method of recovering oil from a subsurface 
formation containing oil and water and traversed by an 
injection well and at least one recovery well, comprising 
the steps of: 

(a) forcing air through the formation from the injec 
tion well to the recovery well; 

(b) slowly over a period of days, increasing the tem 
perature of said air within the injection well and 
while the resulting heated air is being injected into 
the formation from the injection well to a tempera 
ture less than the coking temperature of the oil in 
the formation, but sufficiently high to oxidize residu 
al oil in the formation around the injection well to 
form a flame front in the formation; 

(c) continuing the injection of air into the formation 
through the injection well for moving the flame front 
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6 
formed by said oxidation toward the recovery well, 
and 

(d) recovering the gases and liquids flowing into the 
recovery well from the formation. 

3. The method defined in claim 2 wherein the tempera 
ture of the air injected through the injection well is in 
creased stepwise. 

4. The method defined in claim 2 wherein said air is 
heated within the injection well in the zone of the well 
traversing the formation. 

5. The method defined in claim 2 wherein the air in 
jected into the formation through the injection well for 
moving the flame front toward the recovery well is 
heated to a temperature sufficiently high to oxidize residu 
al oil in the formation. 

6. The method defined in claim 2 wherein the tempera 
ture of the air is between about 300 F. and about 700 F. 

7. The method defined in claim 6 wherein the tempera 
ture of said air in step (a) is greater than the vaporiza 
tion temperature of the formation water. 

8. The method defined in claim 2 wherein the tempera 
ture of the air is between about 300 F. and about 550 F. 

9. The method defined in claim 2 wherein the tempera 
ture of the air is between about 300 F. and about 475 F. 

10. A method of recovering oil from a subsurface 
formation containing oil and water, comprising the steps 
of: 

(a) providing an injection well from the surface 
through the formation; 

(b) providing a plurality of recovery wells in circum 
ferentially spaced relation around the injection well, 
with each of said recovery wells being drilled 
through the formation; 

(c) isolating the zone of the injection well travers 
ing the formation; 

(d) forcing gas through the formation from the injec 
tion well to the recovery wells, 

(e) placing a heater in said Zone, 
(f) activating said heater, 
(g) pumping air through said heater and said Zone 

into the formation, 
(h) controlling the temperature of said heater to slow 
ly increase the temperature of the air being forced 
into the formation from said zone, over a period of 
days, until the temperature of the air exceeds the 
vaporization temperature of the water in the forma 
tion but is less than the coking temperature of the oil 
in the formation, for forcing formation water and 
lighter hydrocarbons through the formation toward 
the recovery well and initiating combustion of 
residual oil in the formation around the injection 
well, and 

(i) recovering the gases and liquids flowing from the 
formation into the recovery wells. 

11. A method of recovering oil from a subsurface 
formation containing oil and water and traversed by an 
injection well and at least one recovery well, comprising 
the steps of: 

(a) gradually, over a period of days, heating the 
formation from the injection well towards the recov 
evry well with a gas heated within the injection well 
and while the resulting heated gas is being injected 
into the formation from the injection well to a tem 
perature less than the coking temperature of the oil 
to drive the water and lighter hydrocarbon compo 
nents of the oil toward the recovery well; 

(b) igniting the residual oil in the formation around 
the injection well with air heated to a temperature 
less than the coking temperature of the oil in the 
formation to form a flame front; 

(c) injecting air into the formation from the injection 
well to drive the flame front toward the recovery 
well; and 

(d) recovering the liquid and gaseous hydrocarbons 
from the recovery well. 
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12. The method defined in claim 1 wherein the tem- (c) continuing injecting air into the formation from 
perature of said gas is between about 300 F. and about the injection well to drive the flame front toward the 
700° F. recovery well; and 

3. A method of recovering oil from a SubSurface (d) recovering liquid and gaseous hydrocarbons from 
formation containing oil and water and traversed by an the recovery well. 
injection well and at least one recovery well, comprising 4. The method defined in claim 3 wherein the tem 
the steps of: perature of said air is between about 300 F. and about 

(a) introducing heated air into the formation from the 700° F. 
injection well; References Cited by the Examiner 
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