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This invention relates to the recovery of hydrocarbons
from subterranean oil-bearing formations by in situ com-
bustion. - More particularly, it relates to an improved
method- for oil Tecovery by inteérmittent in  situ
combustion,

Methods of . recovering -o0il from subterranean oil-
bearing formations by intermittent in situ burning -or
combustion are known. . For example,.the United States
Letters Patent . 3,047,064, discloses one such method.
Generally, these methods include the steps of passing a
plurality of direct thermal drives through the oil-bearing
formation. The thermal drives are provided by passing
successive combustion .fronts from an input well to a
production well with extended intervals of time between
each combustion front to.permit the heat in the combus-
tion zone swept by each of the combustion fronts to warm
the unburned oil-bearing formation adjacent to the com-
bustion zone.. - The combined effects of the combustion
fronts. traversing the formation and the warming of the
unburned formation result in oil production at the pro-
duction well. The combustion fronts are continued: suc-
cessively until substantially all of the oil-containing forma-
tion is burned.

These known infermittent in situ combustion methods
for recovering oil from oil-bearing formations. are an im-
provement -over conventional direct and reverse in sitn
combustion methods using .a continuous thermal -drive.
However, there are a number of problems involved in
these methods which result in reducing their commercial
desirability. - One undesired result arises from the fact
that the combustion fronts are propagated at rather high
velocities which causes them to - pass preferentially
through the more permeable areas of the formation and
by-pass- any less .permeable areas.. Thus, there will be
some - unburned areas within. the .oil-bearing. formation
from which no oil is recovered. ' Another undesired re-
sult’arises from the tendency of the oxygen-containing
fluid driving each of the successive combustion fronts to
channel ' through the combustion zone of the previous
combustion front rather-than through the unburned oil-
bearing-formation. - Thus, there is an excessive require-
ment of the oxygen-containing fluid. - Also, there is a
reduction in the oil recovery efficiency of the intermittent
in situ'combustion method with the increasing numbers of
repeated thermal drives required to extend the combustion
zone the full thickness of the oil-containing formation.

In the known inteérmittent in situ combustion methods,
light-bodied oils with a low viscosity are more easily re-
covered than heavy-bodied oils with high viscosity, such
as-tars.. Thus, in these methods the number of thermal
drives and the total amount of .oil recovered are some-
what dependent upon the physical characteristics of the
oil, - One reason for this result is that a light-bodied oil
requires less natural solution gas drive-to flow readily
to the production well -than -the heavy-bodied. oil, which
may. be relatively fluid at: elevated temperatures-to flow
under Similar ‘conditions ‘to" the same well,

After the passage of a combustion front through the
formation, some oil migrates undér a small pressure
gradient -a short vertical -distance intor the combustion
zone -along the boundary between the combustion -zone
and the unburned oil-bearing formation. This small
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amount of migrated oil tends to contribute little to the
operation of the known intermittent in situ combustion
methods. - One reason for this, in addition to a smail
pressure drive, is that substantially all the heat"passing
from the combustion zone to. the unburned oil-bearing
formation is by conduction. . As a result, the unburned
formation is heated .to a distance of only several feet
from the combustion zone and oil ‘can migrate to the
combustion zone only from this relatively small heated
area in the unburned formation. . Further, only a small
amount of such migrated oil will flow into the production
well.

It is therefore an object of the present invention to
provide an improved method of intermittent in situ com-
bustion for recovering hydrocarbons from subterranean
oil-bearing formations. Another object of this invention
is to use such improved method to recover substantially
all'of the oil from a given subterranean oil-bearing forma-
tion and ultimately use a lesser number of successive
thermal drives than in heretofore known similar processes.
Another object of this invention is to use such improved
method in an oil-bearing formation without leaving some
areas unstripped of oil as a result of such areas-having
lower permeability. Another object of this invention
is to.use such improved method for the recovering of
0il from oil-bearing formations with equal facility for
all ' oils independent of their natural characteristics.. ~An-
other object of this invention is to provide an improved
in situ combustion method for recovering oil wherein a
relatively constant ratio of the quantity of the oxygen-
containing fluid injected into.the formation to.the amount
of oil produced is maintained for each of the successive
combustion fronts. These and other objects will be more
apparent from the following description of one illustra-
tive. embodiment of: the present invention and the ap-
pended claims.

Generally, the known intermittent in situ combustion
methods utilize an input well and an adjacent production
well which ‘wells penetrate.the subterranean oil-bearing
formation. - A -combustion zone is initiated 'by conven-
tional means through the input well in a.portion .of the
oil-bearing formation adjacent the inpit well. .An oxy-
gen-containing fluid is injected into the combustion zone
to drive a combustion front with a very small vertical
sweep rapidly through the more permeable ‘areas -of ‘the
oil-bearing -formation .to the production well. A heat-
soaking period is obtained by terminating the: injection
of the oxygen-containing fluid’ into’ths :formation. when
the production well is heated to about well-destructive
temperatures.. During the heat-soaking. period the heat
is conducted from the combustion zone into the adjacent
unburned oil-bearing formations.. Preferably, the heat-
soaking period extends for an interval of time sufficient
for the formation -adjacent the production well to- cool
to a temperature at which the formation oil is too ‘viscous
to be produced in significant amounts.  The steps: of
igniting and driving. a combustion front through the
formation- and- terminating the injéction of - the oxygen-
containing fluid to provide the ' heat-soaking period ‘are
repeated to provide successive intermittent thermal-drives
to recover as much of the oil from the mentioned forma—
tlon as possible or desired.

In accordance with-the present invention there are pro-
v1ded additional steps-to be taken in conjunction with the
known- intermittent in-situ’ combustion methods. These
steps greatly improve such methods-whereby substantially
all of the oil containéd in 'a given subierranean’ oil-con-
taining formation can be recovered with greater efficiency.
Briefly, the present invention comprises at least one of
the following-steps to be practiced in conjunction with
the steps of known intermittent in situ combustion meth-
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ods. -Inthe heat-soaking period, after a combustion front
has traversed the formation, a hydrocarbon-soluble gas
is injected through the input well to increase the gas-to-oil
ratio of the oil-bearing formation. After the gas-to-oil
ratio of the oil bearing formation is increased, the pres-
sure in the production well is reduced to increase the flow
of oil through the formation. Snbsequent to reducing the
pressure in the production well, and prior to the initiation
of a subsequent combustion front, a viscous combustibie
fluid is injected through the input well into the combus-
toin zone to reduce the permeability of the combustion
zone. The steps may be repeated until all of the oil in the
oil-bearing formation is recovered.

Proceeding now with a more detailed description of
the present invention, the relationship of the above steps
separately to, and in combination with, the steps of the
known methods of intermittent in situ combustion to re-
cover oil from subterranean formations will become ap-
parent.

The step of injecting a hydrocarbon-soluble gas through
the.input well produces an increase in the gas-to-oil ratio
"in both the unburned portion of the oil-bearing forma-
tion and in the combustion zone. The hydrocarbon-
soluble gas may be any gas that is soluble in the oil of
the formation. The gas may be combustible but should
contain insufficient oxygen to support combustion. The
hydrocarbon-soluble gas preferably is a hydrocarbon
which is normally gaseous at the conditions present with-
in the formation. Natural gas or enriched natural gas
containing C3 or C, hydrocarbons may be used. The
hydrocarbon-soluble gas may also be a gas such as carbon
dioxide or other gas soluble in oil. Effluent residual
gases from the production well may also be used. The
amount of the hydrocarbon-soluble gas injected into the
formation through the input well is not critical. How-
ever, the gas should be injected in an amount to reduce
the viscosity of the oil sufficiently that it will flow at
temperatures of about 200° F. above formation tempera-
ture. Thus, the oil will flow through the formation into
the production well and from the unburned oil-bearing
formation into the combustion zone so-as to resaturate
it at least partially. The injection pressure generally will
not exceed the pressure at which the oxygen-containing
fluid is injected into the combustion zone. Thus, the well-
head gas compressing means employed for injecting the
oxygen-containing - fluid are more fully utilized. How-
ever, the exact magnitude of pressure is not critical and
injection pressures other than those of the oxygen-con-
taining fluid may be used as long as the pressure is not
less than that existing at the production well. The hy-
drocarbon-soluble gas is injected through the input well
during the interval -of time during which the injection of
the oxygen-contained fluid remains. terminated. The hy-
drocarbon-soluble gas may be injected for all or any
part of such interval of time as is found:to produce best
results, !

Increasing the gas-to-oil ratio of the oil-bearing for-
mation by at least partially saturating the oil contained
therein increases the efficiency of known intermittent in
situ combustion methods. For example, injecting the
hydrocarbon-soluble gas provides a heat convection
means which reduces the time required for distributing
the heat from the combustion zone to the unburned oil-
bearing formation.  Further, the viscosity of the oil
in the unburned oil-bearing formation is reduced pro-
portionately to the increase in the gas-to-oil ratio and
the temperature increase. Thus, the oil is more readily
driven from the capillaries and pores of the formation to
flow to the production well and through the combustion
zone. This flow. reduces the time of the heat-soaking
period.

The previously burned area or combustion zone is at
least partially resaturated with oil as a result of the above
gas injection, and the permeability to gas of the un-
bured formation is increased due to the decreased liquid
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‘saturation. For these reasons, the oxygen-containing
fluid will not channel as readily through the previous
combustion zone upon passage of a subsequent com-
bustion front. The oil-producing efficiency. of a subse-
quent combustion front thereby is improved by an in-
crease in. the vertical sweep of such combustion front
because the oxygen-containing fluid will flow in greater
amounts through the unburned oil-bearing formation.
This is of particular significance when the vertical di-
mension of the combustion zone is large and is especially
important when the oil in the formation has a high
viscosity.

The injection of the gas provides. a further result with
respect to the recovery of oil. Thus, injecting the hy-
drocarbon-soluble gas provides a pressure gradient be-
tween the input and the production wells during the
“heat-soaking period” to move the oil in the formation
from the high pressure area adjacent the input well to
the lower pressure area adjacent the production well.
This is particularly so when used with one or both of the
following steps.

The step of reducing the pressure in: the production
well may be used separately or in combination with the
preceding step. The pressure is reduced to a point at
which significant solution gas drive occurs in the unburned
oil-bearing formation and combustion zoné adjacent the
production well. The pressure in the production well is
reduced at a time subsequent to terminating the injection
of the oxygen-containing fluid into the formation and
prior to a subsequent combustion front being driven
through the oil-bearing formation to adjacent the pro-
duction well. If the step of injecting the hydrocarbon-
soluble gas is utilized, the pressure reducing. step should
preferably occur after the desired increase in the gas-to-
oil ratio is obtained in the formation. However, this
step is useful in improving the efficiency of -the known
in situ combustion methods without injection. of the
hydrocarbon-soluble gas. More particularly, it is useful
when the oil in the formation has any significant vapor
pressure at the conditions present in the heated portions
of the formation. The pressure in the production well
is reduced in an amount sufficient to produce significant
solution gas drive in the oil contained in the heated
formation adjacent the combustion zone. For example,
assume the injection pressure of the oxygen-containing
fluid or the hydrocarbon-soluble gas, as the case may
be, to be about 500 pounds per square inch gauge (here-
inafter abbreviated as “p.si.g.”). ‘The pressure in the
production well may be reduced conveniently, for ex-
ample, to about 15 ps.ig. Thus, a reduction in pres-
sure of 485 pounds can be effected. Such pressure re-
duction can create significant solution gas drives in even
tarlike oils having only a moderate gas-to-oil ratio.  This
reduction in pressure causes the oil to flow from the inter-
stices of the unburned oil-containing formation and into
the combustion zone to resaturate same. Also, the oil
flows from the formation info the production well. The
flow of oil accelerates the cooling of the formation
adjacent the production well by convection to reduce the
period of heat soaking. Moreover, the combustion zone
is resaturated for a relatively great radial distance from
the production well as a result of the rather high perme-
ability of the combustion zone. This step is of great ad-
vantage when used separately or in combination with the
other steps of this invention. This step results in an in-
crease in the amount of oil recovery at the production
well due to solution gas drive during the heat-soaking
period. of intermittent in situ combustion, Also, this step
results in partially blocking the combustion zone adjacent
the production well during passage of a subsequent com:
bustion front to reduce the tendency of the injected
oxygen-containing fluid to channel through the previous
combustion zone rather than passing through the un-
burned oil-bearing formation. This, of course; greatly
increases the efficiency of the subsequent thermal drives,
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Upon passage of the combustion front through the oil-
centaining formation in conventional methods, the pres-
sure between. the input well and the output well rapidly
becomes equalized when the flow of the oxygen-con-
taining fluid or other fluids into the formation is termi-
nated.  This is because the combustion zone is a rather
highly permeable zone through which. fluids can freely
flow from the input well to the production: well.. Oil
production will be slight under these circumstances since
only a slight pressure gradient may -exist between the
input ‘and production wells. . Thus, increasing the gas-
to-oil ratio by the preceding step produces significant
increases in oil production in-combination with the step
of reducing the pressure in the production well.

The step -of injecting a viscous combustible fluid
through the input well into the combustion zone may be
used. separately or in combination with the preceding
steps.  This viscous fluid may be of any type that can
be burned in the formation upon the injection of an
oxygen-containing fluid in a similar manner as the in-
terstitial oil.. Further, the viscosity of the injected: fluid
at the temperature in the combustion zone should be
about as great as the viscosity of the formation or res-
ervoir oil at the temperature in the unburned formation.
Most commonly, it is a heavy crude oil.  Other viscous
hydrocarbons ‘may. also be used. The amount of the

‘combustible fluid injected through the input well into

the combustion zone is not critical. ' An amount of fluid
injected to penetrate the combustion zone from the input

well to the production well would produce maximum re-

sults. - However, injecting sufficient fluid ‘to penetrate
the combustion zone to a small radial distance from the
input well is sufficient. - Such small radial distances may
be between about 3 to about 15 feet. The combustible
fluid is imjected through the input well at a time prior
to the initiation of ‘a subsequent combustion front and
injecting an oxygen-containing fluid into the input well.
This step may be used separately with the known in-
termittent in situ combustion methods.: However, it has

“especial utility when used in conjunction with oné or

both ‘of the preceding steps. By resaturating the com-
bustion zone adjacent the input well, a subsequent com-
bustion front can be initiated having a much greater
vertical sweep adjacent the input well than the preceding
combustion front that has passed through the oil-con-

‘taining formation.. ‘Thus, the number of successive in-

termittent thermal drives required to strip the oil from
the formation is greatly reduced. - This, of .course, in-
creases the efficiency of ‘the method in recovering oil.
By ‘using this step in conjunction with the step of in-
jecting ‘a hydrocarbon-soluble gas, the increased vertical
sweep. of each successive combustion front will be main-
tained- substantially throughout its passage through the
formation. : One factor maintaining such increased .verti-

cal- sweep is the lower viscosity of the gas-saturated

oil in the unburned oil-bearing formation which' pro-
vides ‘a greater flow of the oil towards the production
well and into the combustion zone. ~A similar result is
obtained as a result of the pressure reduction step at the
The reduced pressure in the produc-
tion well provides an oil “plug” in the combustion zone
adjacent such ‘well.  As a result, a substantially. equal
and uniform pressure gradient exists in both: the unburned
oil-bearing formation and the combustion zone adjacent
the production well. Thus, injecting the viscous com-

~bustible fluid into the combustion zone reduces the perme-

ability of the combustion’ zone to-about the permeability
of the unburned oil-bearing formation, especially adjacert
the input-well to maintain the initial vertical sweep effi-
ciency of combustion front.  Additionally, this step re-
duces the possibility of the oxygen-containing fluid being

" injected into the input well to by-pass or channel through

the previous combustion zone to the production well.
The steps of reducing the pressure-at the production well
and injecting the hydrocarbon-soluble gas maintain the
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vertical sweep efficiency throughout the travel of the sub-
sequent combustion front. The combination .of all. of
the above steps minimizes the amounts of oxygen-con-
taining fluid required to.produce a desired degree of oil
recovery. This is.for the reason that the ratio of the
amount of oxygen-containing fiuid to the amount of oil
recovered in each successive sweep remains relatively
constant throughout the method of the present invention.

In summary, the preceding steps may be used individu-
ally and in combination with the steps of the known
methods of intermittent in situ combustion' for recovering
oil from subterranean oil-bearing formations with great
advantage,

From the foregoing it will be apparent that there has
been herein disclosed a' novel improved method. of “in-
termittent in situ combustion for efficiently and comiplete-
ly recovering oil in accordance with the stated objects of
this invention. Various combinations and subcombina~
tions of the "disclosed steps of this invention . may be
made with the steps.of the known methods of the type
described as is apparent to one skilled .in the art. It
is intended that these combinations and the subcombi-
nations of such steps are to be included in the disclosed
invention and encompassed within the scope of the fol-
lowing appended ¢laims.

What is claimed is:

1. In a method of recovering hydmcarbons by inter-
mittent in situ combustion from a subterranean oil-bear-
ing formation which has been penetrated by an input well .
and-an adjacent production well and includes the steps
of initiating: a- combustion zone in & portion of ‘the oil-
bearing formation- adjacent the input well and injecting
an oxygen-containing fluid into the combustion zone to
drive a combustion front through -the more permeable
areas of the oil-bearing formation to the production well,
recovering hydrocarbons from the production well, ter-
minating the injection of the oxygen-containing ﬁmd into
the formation upon the production well being heated to
about well-destructive " temperatures for an’ interval 'of
time until the formation adjacent the productlon well
cools to a temperature at Wthh the formation oil is too
viscous to be produced in significant amounts and there-
after repeating the recited steps, the 1mprovement which
comprises the steps of:

(a) injecting a hydrocarbon—soluble gas through the
input well to increase the gas-to-oil ratio of the un-
burned oil-bearing -formation. and the. combustion
zone -between the -input’ and production -wells for
the interval of time when the injection of the oxygen-
containing fluid remains terminated,

(). reducing -the pressure . in the productlon well: to
a pressure at-which significant .solution gas drive
occurs in the unburned oil:bearing formation adja-
cent to.-the production well at a time subsequent to
terminating the injection of the oxygen-containing
fluid- into the formation and prior.to a subsequent
combustion front being driven through the oil-bear-
ing formation to adjacent the production well, and

(c) injecting a viscous combustible: fluid ‘through: the
input well into the combustion zone in an amount to
substantially reduce the permeability of the combus-
tion zome adjacent the input well at a:time prior to
the initiating of a subsequent:combustion front.

2. In a method of recovering hydrocarbons by inter-

“mittent in situ combustion from a subterranean oil-bear-

ing formation which has been penetrated by an input well
and an adjacent production well ‘and: includes-the “steps
of initiating a. combustion zone in-a. portion of the’ oil-
bearing formation adjacent the-input well and injecting
an oxygen-containing fluid into the combustion Zone to
drive -a_combustion front through'thé more permeable.
areas of the oil-bearing  formation: -to. the  production
well, recovering hydrocarbons from the production well;
terminating ‘the “injection of the -oxygen-containing fluid
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into the formation upon the production well being heated
to about well-destructive temperatures for an interval of
‘time until the formation adjacent the production well
cools to a temperature at which the formation oil is too
viscous to be produced in significant amounts and there-
after repeating the recited steps, the improvement which
comprises:

(a) injecting a hydrocarbon-soluble gas through the
input well to increase the gas-to-oil ratio of the un-
burned oil-bearing formation and the combustion
zone between the input and production wells for the
interval of time when the injection of the oxygen-
containing fluid remains terminated, and

(b) reducing the pressure in the production well to a
pressure at which' significant solution gas drive oc-
curs in the unburned oil-bearing formation adjacent
to the production well at a time subsequent to ter-
minating the injection of the oxygen-confaining fluid
into the formation and prior to a subsequent combus-
tion  front being driven through the ojl- bearing
formation to adjacent the production well.

3. In a method ‘of recovering hydrocarbons by inter-

“mittent in situ combustion from a subterranean oil-bear-

ing formation which has been penetrated by an input well
and an adjacent production well and includes the steps of
initiating 'a- combustion zone in a portion of the oil-bear-
ing formation adjacent the input well and injecting an
oxygen-containing fiuid into the combustion zone to drive
a combustion front through the more permeable areas of
the oil-bearing formation to the production well, recover-
ing hydrocarbons from the production well, terminating
the injection of the oxygen-containing fluid into the for-
mation upon the production well being heated to about
well-destructive temperatures for an interval of time un-
til the formation adjacent the production well cools to a
temperature :at which the formation oil is too viscous to
be produced in significant amounts thereafter repeating
the recited steps, the improvement which comprises:

(a) injecting a hydrocarbon-soluble gas through the
input well to increase the gas-to-oil ratio of the un-
burned oil-bearing formation and the combustion
Zone between the input and production wells for the
interval of time when the injection of the oxygen-
containing fluid remains terminated, and

(b) injecting a viscous combustible fiuid through the
input well into the combustion zone in an amount to
substantially reduce the permeability of the com-
bustion zone adjacent the input well at a time prior
to the initiating of a subsequent combustion front.

4, In a method of recovering hydrocarbons by inter-

mittent in situ combustion from a subterranean oil-bear-
ing formation which has been penetrated by an input well
and an - adjacent production well and includes the steps
of initiating a combustion zone in a portion of the oil-
bearing formation adjacent the. input well and injecting
an oxygen-containing fluid into the combustion zone to
drive a combustion front through the more permeable
areas of the oil-bearing formation to the production well,
recovering hydrocarbons from the production well, termi-
nating the injection of the oxygen-containing fluid into
the formation upon the production well being heated to
about well-destructive temperatures for an interval of time
until the formation adjacent the production well cools
to a temperature at which the formation oil is too vis-
cous to be produced in significant amounts and thereafter
repeating the recited steps, the improvement which com-
prises:

(a) reducing the pressure in the production well to
a pressure at which significant solution gas drive oc-
curs in the unburned oil-bearing formation -adjacent
‘to the production well at a time subsequent to ter-
minating the injection of the oxygen-containing fiuid
into the formation and prior to a subsequent com-
bustion front being driven -through the oil-bearing
formation to adjacent the production well, and
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(b) injecting a viscous combustible fluid through the
input well into the ¢ombustion zone in an amount
to substantially reduce the permeability of the com-
bustion zone adjacent the input well at a time prior
to the initiating of a subsequent combustion front.

5. In a method of recovering hydrocarbons by inter-

mittent in situ combustion from a subterranean oil-bear-
ing formation which has been penectrated by an input well
and an adjacent production well and includes the steps
of initiating a combustion zone in a portion of the oil-
bearing formation adjacent the input well and injecting
an oxygen-containing fluid into the combustion zone to
drive a combustion front through the more permeable
areas of the oil-bearing formation to the production well,
recovering hydrocarbons from the production well, termi-
nating the injection of the oxygen-containing fluid into
the formation upon the production well being heated -to
about well-destructive temperatures for an interval of time
until the formation adjacent the production well cools to
a temperature at which the formation. oil is too viscous
to be produced in significant amounts and thereafter re-
peating the recited steps, the improvement which com-
prises injecting a hydrocarbon-soluble - gas through  the
input well to increase the gas-to-oil ratio of the unburned
oil-bearing formation and the combustion zone between
the input and production wells for the interval of time
when the injection of the oxygen-containing fluid is termi-
nated whereby the heat from the combustion zone is dis-
tributed to the unburned oil-bearing formation and the
viscosity of the oil in such formation is reduced.

6. In a method of recevering hydrocarbons by intermit-

tent in situ combustion from a subterranean oil-bearing

formation which has been penetrated by an input well

and an adjacent production well and includes the steps
of initiating a combustion zone in a portion of the oil-
bearing formation adjacent.the input well and injecting
an oXygen-containing fluid into the combustion zone to
drive a combustion front through the more permeable
areas of the oil-bearing formation to the production well,
recovering hydrocarbons from the production well, termi-
nating the injection of the oxygen-containing fluid into
the formation upon the production well being heated to

-about well-destructive temperatures for an interval of time

until the formation adjacent the production well cools to-a
temperature at which the formation oil is too viscous to
be produced in significant amounts and thereafter repeat-
ing the recited steps, the improvement which comprises
reducing the pressure in the production well to a pressure
at which significant solution gas. drive occurs in the un-
burned oil-bearing formation adjacent to the production
well, and said step of reducing the pressure occurring at
a time subsequent to terminating the injection of the oxy-
gen-containing fluid into the formation and prior to a
subsequent combustion front being driven through the
oil-bearing formation to adjacent the production well
whereby the amount of oil produced into the production
well is increased and sufficient oil is driven from the un-
burned oil-bearing formation into the combustion zone
to reduce its permeability.

7. In a method of recovering hydrocarbons by intermit-
tent in situ combustion from a subterranean oil-bearing
formation which has been penetrated by an input well
and an adjacent production well and includes the steps of
initiating a combustion zone in a portion. of the oil-bear-
ing formation adjacent the input well and injecting an oxy-
gen-containing fluid into the combustion zone. to drive a
combustion front through the more permeable areas of
the oil-bearing formation to the production well, recover-
ing hydrocarbons from the production well, terminating
the injection of the oxygen-containing fluid into the for-
mation upon the production well being heated to about
well-destructive temperatures for an interval of time un-
til the formation adjacent the production well cools to a
temperature at which the formation oil is too viscous to be
produced in significant amounts and thereafter repeating
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the-recited steps, the improvement which comprises in-~

jecting a viscous combustible fluid through the input well
into the combustion zone in .an amount to substantially
reduce the permeability-of the combustion zone adjacent
the input well, and the step of injecting such fluid occur-
ring prior to the initiating of a succéeding combustion
front and imjecting an oxygen-containing fiuid into the
input well whereby the vertical sweep of the succeeding
combustion front is greatly increased to more effectively
recover all the oil from the oil-bearing formation.
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