May 29, 1962 R. L. KOCH ETAL 3,036,632
RECOVERY OF HYDROCARBON MATERIALS FROM EARTH
FORMATIONS BY APPLICATION OF HEAT

Filed Dec. 24, 1958 2 Sheets-Sheet 1

FIG. I.

FIG. 2.

ROBERT L. KOCH
HENRY J. RAMEY
RODMAN JENKINS

INVENTOR.

Bym SM

ATTORNEY



May 29, 1962 R. L. KOCH ETAL 3,036,632
RECOVERY OF HYDROCARBON MATERIALS FROM EARTH
FORMATIONS BY APPLICATION OF HEAT
Filed Dec. 24, 1958 i 2 Sheets~Sheet 2

FIG. 4.

ROBERT L. KOCH

HENRY J. RAMEY

RODMAN JENKINS
INVENTOR.

BYU{«&«;A E Jumoilis

ATTORNEY



United States Patent O

~

1CE

3,036,632
Patented May 29, 1952

1

3,036,632 _

RECOVERY OF HYDROCARBON MATERIALS
FROM EARTH FORMATIONS BY APPLICA-
TION OF HEAT

Robert L. Koch, Dallas, Tex., Henry J. Ramey, Jr.,

ton, Calif., and Rodman Jenkins,

assignors, by mesne assigmments,

gon;‘pany, Tnc., New York, N.Y,,
or!

Fuller-
Mount Kisco, N.Y.,
to Socony Mobil Oil
a corporation of New

Yiled Dec. 24, 1958, Ser. No. 782,819
5 Claims. (Cl 166—11)

This invention relates to the recovery of hydrocarbon
materials from earth formations and relates more particu-
larly to the recovery of hydrocarbon materials from earth
formations by the application of heat thereto, said heat
being obtained by combustion in place of a portion of the
hydrocarbon materials in the earth formation.

Petroleum oil is usually recovered initially from an
earth formation containing such hydrocarbon material as
a Tesult of gas pressure or natural water drive forcing the
oil from the oil-bearing formation through a producing
well leading therefrom to the surface of the ground. As
recovery of oil from the formation continues, the energy
within the formation gradually decreases and finally be-
comes insufficient to force the oil to the surface of the
ground, although a large portion of the original quantity
of the oil remains in the formation. To increase the ulti-
mate recovery of the oil, pumping is then employed, but
when the rate of recovery by pumping falls to an uneco-
nomically low level, a further increase in the ultimate
recovery of the oil may still be economically effected by
the employment of such recovery methods as gas drive of
water drive. It has recently been proposed to increase
the ultimate recovery of the oil by a combustion process.

In the combustion process, an oxidizing gas is passed,
as by pumping, through an input well or input wells to the
formation and combustion of the oil within the formation
is initiated by suitable means. A zone of combustion ad-
vances from the input well or input wells to an output
well or output wells leading from the formation to the
surface of the ground. As the combustion zone advances
with continued supply of oxidizing gas to the formation
through the input well or wells, combustion gases, oil, and
distillation and viscosity breaking products of the oil ad-
vance in front of the combustion zone to the output well
or wells from which the fluids are removed and there-
after treated for recovery of the desired valuable con-
stituents. The heat of the flnids advancing in front of the
combustion zone strips the oil-bearing formation of the
greater portion of the oil, leaving behind within the for-

“mation @ carbonaceous hydrocarbon deposit and the car-
bonaceous deposit essentially is the fuel consumed in the
process.

While the combustion process is effective for the re-
covery of oil from earth formations, it suffers to some
extent from various drawbacks. For example, it is neces-
sary to supply continually oxidizing gas to the input well
or wells in order to maintain combustion and the pro-
vision of sufficient compressor capacity to supply sufficient
oxidizing gas plus the costs of operation of the compressors
represent a not inconsiderable item of expense. Further,
control of operating variables is required throughout the
entire process in order to obtain the maximum yield of oil
commensurate with economy of operation which repre-
sents another appreciable itemn of expense.

1t is an object of this invention to provide an improved
method of recovering hydrocarbon materials from earth
formations by the combustion process. 1t is another ob-
ject of this invention to recover hydrocarbon materials
from earth formations by the application thereto of heat.
1t is another object of this invention to reduce the cost of
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recovering hydrocarbon materials from earth formations
where Tecovery is obtained by application of heat. It is
another object of this invention to reduce operational con-
trol of process variables in the combustion process for the
recovery of hydrocarbon materials from earth formations.
Other objects of the invention will become apparent from
the following detailed description therecf.

In accordance with the inventiom, combustion is ini-
tiated in an earth formation containing hydrocarbon ma-
terial, oxidizing gas is passed into the formation through
an input well leading thereto whereby the combustion zone
is advanced through the earth formation from the input
well to an output well leading therefrom, thereafter the
supply of oxidizing gas to the earth formation in the di-
rection of the output well is discontinued when the com-
bustion zone has advanced through the formation less
than the entire distance from the input well to an output
well, the heat in the portion of the formation already
traversed by the combustion zone is allowed to transfer
therefrom, without any assistance from injection of fluid,
into the portion of the formation in the direction of an
output well not yet traversed by the combustion zone, and
hydrocarbon material is recovered from the output well,

FIGURE 1 is a diagrammatic representation of an earth
formation penetrated by an input well and four cutput
wells symmetrically arranged about the input well.

FIGURE 2 is a diagrammatic representation of a por-
tion of the earth formation of FIGURE 1 indicating tem-
perature distribution at the time the supply of oxidizing
gas to the formation is discontinued.

FIGURE 3 is a diagrammatic representation of the
same portion of the formation as shown in FIGURE 2
indicating temperature distribution at a time after the
supply of oxidizing gas is discontinued and heat transfer
of fiuid.

FIGURE 4 is a diagrammatic representation of the same
portion of the formation as in FIGURE 1 indicating the
temperature distribution at a still 1ater time after the sup-
ply of oxidizing gas is discontinued and heat transfer has
oceurred without assistance froem injection of fluid.

We have found that, by procedure of the invention, the
hydrocarbon material in the portion of the formation in
the direction of the cutput well not vet traversed by the
combustion zone is raised in temperature, without the
necessity of injection of fuid, to a point where improved
oil recovery is obtained by the resulting lowering of the
viscosity of the hydrocarbon material. For example, with
a hydocarbon material such as 14° API crude oil, a vis-
cosity change from about 5000 to about 200 centipoises
will be effected by increasing the temperature of the oil
from about 60° F. to 135° F. A viscosity change of this
order of magnitude permits a much easier flow of the oil
through the formation with consequent increased ultimate
yield of oil.

Hereinabove as well as hereinafter, advance of the com-
bustion zone from the input well to the output well shall
mean the maximum distance traversed by the combustion
zone along = straight line extending from the output well
to the input well.

In carrying out the imvention oxidizing gas is passed
into the formation through the input well in the direction
of the ocutput well until the combustion zone has ad-
vanced, by virtue of the formation being supplied with
oxidizing gas, a distance equal to at least forty percent of
the distance from the input well to the output well from
which hydrocarbon material is to be recovered. The
oxidizing gas may be passed into the formation in the
direction of the output well until the combustion zone
has advanced, by virtue of the formation being supplied
with oxidizing gas, more than forty percent of the dis-
tance from the input well to the cutput well but ordinarily
it is preferred that oxidizing gas be passed into the forma-
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tion in the direction of the output well no longer than
is required to advance the combustion zone ninety percent
of the distance from the input well to the output well. In
the practice of the invention, the oxidizing gas is passed
continuously into the formation in the direction of the
output well from the time ignition of the hydrocarbon
material in the formation is first effected until the com-
bustion zone has advanced the desired distance. There-
after, heat is permitted to transfer by conduction without
any assistance from injection of fluid in the direction of

¢ cuiput well from the portion of the formation fray-
ersed by the combustion zone to the portion of the for-
mation not yet traversed by the combustion zone. How-
ever, if desired, the oxidizing gas may be passed intermit-
tently into the formation in the direction of the output
well until the total of the increments of the distances ad-
vanced by the combustion zone while oxidizing gas is be-
ing passed into the formation is equal to the desired dis-
tance between the input well and the output well.

In the combustion process, the combustion zone ad-
vances from the input well to the output well during the
time that oxidizing gas is being passed to the formation
in the direction of the output well. By conduction dur-
ing the time that gas is not being passed to the forma-
tion in the direction of the output well, the portion of
the formation lying in front of the combustion zone may
be heated above the ignition temperature of the hydro-
carbon material contained therein, However, this is not
to be regarded as advance of the combustion zone, and,
where intermittent operation is employed, the total time
that oxidizing gas is passed into the formation in the di-

ection of the output well is such that the accumulated

distance of advance of the combustion zone with each
passage of oxidizing gas in the direction of the output
well is equal to the desired distance.

An essential step of the invention is discontinuance of
the supply of oxidizing gas to the earth formation in the
direction of the output well and allowance of transfer
of the heat without any assistance from injection of fluid
from the portion of the formation already traversed by
the combustion zone to the portion of the formation in the
direction of an output well not yet traversed by the com-
bustion zone. This step involves not only shuiting off
the supply of oxidizing gas but stopping flow of any liquid
or gaseous medium into the input well through the for-
mation in the direction of the output well. As a result
of this step, the hydrocarbon material in the portion of
the formation in the direction of the output well not yet
traversed by the combustion zone is increased in tempera-
ture with resulting ease of flow and recovery, as herein-
above mentioned. But, this increase in temperature is
obtained without the necessity of any expenditure of en-
ergy as would be involved in maintaining combustion dur-
ing this time by passing oxidizing gas to the formation in
the direction of the output well or by transferring heat
during this time from the portion of the formation trav-
ersed by the combustion zone to the portion of the for-
mation in the direction of the output well not yet trav-
ersed by the combustion zone by passing an inert fluid
through the formation in the direction of the output well.
Further, no control of process variables is required while
heat is being transferred without assistance from injection
of fluid.

Transfer of heat from the portion of the formation
already traversed by the combustion zone to the por-
tion of the formation in the direction of the output well
not yet traversed by the combustion zone without any
assistance from injection of fluid may cause production
of hydrocarbon material from the output well depending
upon the properties of the hydrocarbon material within
the formation, the temperatures attained within the for-
mation, and the proximity of the combustion zone to the
output well. However, production of hydrocarbon ma-
terial from the output well may not occur as a result of
this transfer of heat. It is, therefore, necessary, follow-
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4
ing the transfer of heat, to pass a fluid from the input well
through the formation to the output well to drive the hy-
drocarbon material to the output well in order to obtain
production therefrom.

In the practice of the invention, transfer of heat with-
out any assistance from injection of fuid from the forma-
tion already traversed by the combustion zone to the for-
mation in the direction of the output well not yet trav-
ersed by the combustion zone is permitted to occur for a
period of time. This period of time may vary but must
be appreciable in order that the benefits of permitting
heat to transfer without any assistance from injection of
fluid are obtained. Accordingly, this period must be at
least as great as one month, or thirty days. In a pre-
ferred embodiment of the invention, this period, which is
at least as great as one moath, is also sufficiently great
that heat will have transferred through the formation
without assistance from injection of fluid to the extent
that the temperature of the formation at the output well
will have risen measurably above its temperature existing
at the time the supply of oxidizing gas, and combustion,
was discontinued. By a measurable rise of temperature
is meant an increase in temperature which is detectable
by instruments ordinarily employed in the art of recover-
ing hydrocarbon materials from earth formations by the
application of heat. These instruments include thermom-
cters or thermocouples. A preferred rise in temperature
is about 50° F.

Following the step of transfer of heat without any
agsistance from injection of fluid from the formation al-
ready traversed by the combustion zone to the formation
in the direction of the output well not yet traversed by
the combustion zone, a fluid is injected into the input well
through the formation to the output well to drive hydro-

5 carbon material within the formation to the output well.

By the term “fluid,” gases as well as liquids are included.
This step of injecting fluid into the input well through the
formation to the output well, in order that the benefits of
the invention with respect to control of process variables
are obtained, must be carried out under conditions that
combustion will not occur, Thus, this step may be carried
out employing a fluid which will not support combustion.
Such fluids include carbon dioxide, water, hydrocarbons
such as methane, etc.

This step of injecting flnid into the output well through
the input well through the formation to the output well
may also be carried out employing a fluid, such as air,
which will support combustion. However, where a fluid
which will support combustion is employed, in order that
this step be carried out under conditions that combustion
will not occur, the maximum temperature within the for-
mation in the path of the flow of fivid, and the tempera-
ture of the fluid upon entrance into the formation, must
be below the ignition temperature of the hydrocarbon de-
posit.  Accordingly, where, following the step of transfer
of heat without any assistance from injection of fluid, a
fluid which will Support combustion is employed to drive
hydrocarbon material within the formation to the output
well, the period of time during which transfer of heat
without any assistance from injection of fluid is permitted
to occur must be sufficiently great that the maximum tem-
berature between the input well and the output well in
the path of the flow of fluid js below the ignition tempera-
tare of the hydrocarbon deposit within the formation.
Ignition temperatures of the hydrocarbon deposit within
the formation may vary depending upon the character of
the deposit. However, ordinarily, the ignition tempera-
ture of the hydrocarbon deposit will be at least as great
as 400° F. Thus, where a fluid which will support com-
bustion is to be employed to drive hydrocarbon material
within the formation to the output well, the period of
time that heat is permitted to transfer without assistance
from injection of fluid must not only be at least as great
as one month but also must be sufficiently great that the
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maximum temperature within the formation is not in
excess of 400° F.

A formation being treated by the subsurface combus-
tion process may have one input well Jeading thereto
and one output well leading therefrom. In most in-
stances, however, the formation will have a plurality of
output wells leading therefrom and the output wells are
ordinarily arranged in a symmetrical pattern around the
input well. In carrying out the precess of the invention
where the earth formation has only one output well lead-
ing therefrom, the supply of oxidizing gas to the forma-
tion is discontinued when the combustion zone has ad-
vanced the desired distance between the input well and
the output well. On the other hand, in carrying out the
process of the inventicn where the earth formation has a
plurality of output wells leading therefrom, the supply
of oxidizing gas is discontinued by impesing a back pres-
sure successively upon each of the output wells when the
combustion zone has advanced the desired distance from
the input well to each individual output well whereby
the advance of the combustion zone to that output well
is halted. The imposition of the back pressure is most
conveniently effected by closing off each well although
other methods may be employed if desired. ‘When back
pressure has been imposed upon the last of the output
wells leading from the formation, the supply of oxidiz-
ing gas is discontinued. 1In the event the combustion
zone advances at a uniform rate between the input well
and each of the output wells, the supply of oxidizing gas
is discontinued when the combustion zone has traversed
the desired distance.

The following will be illustrative of the invention.

Referring to FIGURE 1, a portion of an earth forma-
tion delineated by four output wells leading therefrom is
indicated generally by the numeral 19. Cutput wells
i1, 12, 13, and 14 lead from the formation and are ar-
ranged in a symmetrical pattern, namely, a square, about
input well 15 leading to the formation. The temperature of
fhis formation is 100° F. Combustion is initiated in the
formation at the input well 15 and oxidizing gas is passed
into the well whereby the combustion zone advances from
the input well to each of the output wells. For purposes
of the example, only that portion 28 of the formation
will be considered with respect to the temperature dis-
fribution therein. However, it will be understood that
similar temperature distribution will occur within similar
segments of the formation 190.

Oxidizing gas is passed into the formation until the
combustion zone has advanced forty percent of the dis-
tance along the line 21 between the input well 15 and
the output well 14, at which time the supply of com-
bustion gas is discontinued. By means of thermocouples,
the temperature over that portion of the segment 20
represented by the volume 22 bounded by the surface
73 in FIGURE 2 was determined to be 1100° F. on the
average.

With the supply of combustion gas discontinued and
heat permitted to transfer from the portion of the forma-
tion behind the combustion zone to the portion of the
formation not yet traversed by the combustion zone
without any assistance from injection of fluid, the heat
distribution at a period of time one year following dis-
continuance of the supply of combustion gas is as indi-
cated in FIGURE 3. At the surface 24 the temperature
iz 250° F., at the surface 25 the temperature is 200°
F., and at locations between surfaces 24 and 25 the tem-
perature varies between 200° and 250° F. depending upon
the distance between the surfaces. At the surface 30
the temperature is 175° F., and at locations between the
surfaces 3@ and 25, the temperature varies between 175°
and 200° F. depending upon the distance between the
surfaces.

Two years after the supply of oxidizing gas to the
formation has been discontinued and transfer of heat is
permitted to take place without assistance from injection
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of fluid, the temperature distribution within the forma-
tion is as indicated in FIGURE 4. Over surface 24, the
temperature is 250° F., over surface 25 the temperature
is 200° F., and over surface 2§ the temperature is 175°
F., and it will be noted that the 17 5° F. surface has ad-
vanced a considerable distance toward the output well
and the lower portion thereof has extended halfway to
the top of the output well. Asa result of the increase
in temperature of the greater portion of the formation
from its original temperature of 100° F., the hydrocar-
bon material within the formation is considerably reduced
in viscosity with resultant improvement in ease of pro-
duction. Injection of fluid at this time into the input
well 15 assists in driving the hydrocarben material within
the formation to the output well 14.

The invention may be employed in connection with
the combusticn process for the recovery of petroleum
oil from partially depleted subterranean petroleum oil
reservoirs where the reservoir emergy has decreased to
the point that oil is no longer forced to the surface and
particularly to the point that the rate of recovery by
pumping is so low as to be uneconomical. The inven-
tion may also be employed in connection with the com-
bustion process for the recovery of petroleum oil from
a subterranean reservoir wherein the oil has such high
viscosity that efficient recovery by water drive or other
conventional means cannot be effected. Further, the
invention is applicable in connection with the combus-
tion process for the recovery of hydrocarbon materials
from earth formations such as tar sands, for example,
those existing in the Athabasca region of Canada and else-
where.

This application is a continuation-in-part of our co-
pending application Serial No. 371,291, filed July 30,
1953,

Having thus described our inveation, it will be under-
stood that such description has been given by way of
illustration and example and not by way of limitation,
reference for the latter purpose being had to the ap-
pended claims.

What is claimed is:

1. In a process for the recovery of hydrocarbon ma-
terials from an earth formation wherein an oxidizing
gas is passed to said formation through an input well
leading thereto and forced through said formation to at
least one output well leading therefrom, combustion of a
portion of the hydrocarbon materials is maintained with-
in said formation, and a combustion zone is advanced
through said formation as a result of the passage of said
oxidizing gas, the improvement comprising passing said
oxidizing gas to said formation through said input well
in the direction of said output well until said combustion
zome as a result of the passage of said oxidizing gas to
said formation has advanced more than 40 percent but
less than 90 percent of the distance on a straight line
between said input well and said output well, discon-
tinuing passage of gas through said input well to said
formation for a period of time which is appreciable and
is at least as great as one month thereby permitting heat
without assistance from injection of fluid in the direction
of said output well during said period of time to transfer
from the portion of said formation traversed by said
combustion zone to the portion of said formation in the
direction of said output well not traversed by said com-
bustion zone, and thereafter, to assist in production of
hydrocarbon materials from said output well, passing
fiuid through said formation to said cutput well under con-
ditions that combustion of said hydrocarbon materials in
said formation is absent.

2. In a process for the recovery of hydrocarbon ma-
terials from an earth formation wherein an oxidizing
gas is passed to said formation through an input well
leading thereto and forced through said formation to at
least one output well leading therefrom, combustion of a
portion of the hydrocarbon mmaterials is maintained with-
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in said formation, and a combustion zone is advanced
through said formation as a result of the passage of said
oxidizing gas, the improvement comprising passing said
oxidizing gas to said formation through said input well
in the direction of said output well until said combustion
zone as a result of the passage of said oxidizing gas to
said formation has advanced more than 40 percent but
less than 90 percent of the distance on a straight line
between said input well and said output well, discon-
tinuing passage of gas through said input well to said
formation for a period of time which is appreciable and
is at least as great as one month thereby permitting heat
without assistance from injection of fluid in the direction
of said output well during said period of time to transfer
from the portion of said formation traversed by said
combustion zone to the portion of said formation in the
direction of said output well not traversed by said com-
bustion zone until the temperature of said formation at
said output well has risen measurably above its tempera-
ture existing at the time said passage of gas to said input
well was discontinued, and thereafter, to assist in pro-
duction of hydrecarbon materials from said output well,
passing fluid through said formation to said output well
under conditions that combustion of said hydrocarbon
materials in said formation is absent.

3. In a process for the recovery of hydrocarbon ma-
terials from an earth formation wherein an oxidizing
gas is passed to said formation through an input well
leading thereto and forced through said formation to at
least one output well leading therefrom, combustion of a
portion of the hydrocarbon materials is maintained with-
in said formation, and a combustion zone is advanced
through said formation as a result of the passage of said
oxidizing gas, the improvement comprising passing said
oxidizing gas to said formation through said input well
in the direction of said output well until said combustion
zone as a result of the passage of said oxidizing gas to
said formation has advanced miore than 40 percent but
less than 90 percent of the distance on a straight line
between said input well and said output well, discon-
tinuing passage of gas through said -input well to said
formatjon for a period of time which is appreciable and
is at least as great as one month thereby permitting heat
without assistance from injection of fluid in the direction
of said output well during said period of time to transfer
from the portion of said formation traversed by said
combustion zone to the portion of said formation in the
direction of said output well, and thereafter, to assist
in production of hydrocarbon materials from said output
well, passing a fluid which will not support combustion
of said hydrccarbon materials in said formation through
said formation to said output well.

4. In a process for the recovery of hydrocarbon ma-
terials from an earth formation wherein an oxidizing
gas is passed to said formation through an input well
leading thereto and forced through said formation to at
least one output well leading therefrom, combustion of a
portion of the hydrocarbon materials is maintained with-
in said formation, and a combustion zone is advanced
through said formation as a result of the passage of said
oxidizing gas, the improvement comprising passing said
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oxidizing gas to said formation through said input well
in the direction of said output well until said combustion
zone as a result of the passage of said oxidizing gas to
said formation has advanced more than 40 percent but
less than 90 percent of the distance on a straight line
between said input well and said output well, discon-
tinuing passage of oxidizing gas through said input well
to said formation for a period of time which is ap-
preciable and is at least as great as one month thereby
permitting heat without assistance from injection of fluid
in the direction of said output well during said period of
time to transfer from the portion of said formation trav-
ersed by said combustion zone to the portion of said
formation in the direction of said output well until the
maximum temperature in the formation between the in-
put well and the output well in the path of the flow of
fluid through said formation is below the ignition tem-
perature of said hydrocarbon materials in said formation,
and thereafter, to assist in- production of hydrocarbon
materials from said formation, passing fluid through said
formation to said output well at a temperature below the
ignition temperature of said hydrocarbon materials in
said formation.

5. In a process for the recovery of hydrocarbon ma-
terials from an earth formation wherein an oxidizing gas
is passed to said formation through an input well leading
thereto and forced through said formation to at least
one output well leading therefrom, combustion of a
portion of the hydrocarben materials is maintained with-
in said formation, and a combustion zome is advanced
through said formation as a result of the passage of said
oxidizing gas, the improvement comprising passing said
oxidizing gas to said formation through said input well
in the direction of said output well until said combustion
zone as a result of the passage of said oxidizing gas to
said formation has advanced more than 40 percent but
less than 90 percent of the distance on a straight line
between said input well and said output well, dis-
continuing passage of gas through said input well to
said formation for a period of time which is appreciable
and is at least as great as one month thereby permitting
heat without assistance from injection of fluid in the di-
rection of said output well during said period of time to
transfer from the portion of said formation traversed
by said combustion zone to the portion of said formation
in the direction of said output well not traversed by said
combustion zone until the temperature of said formation
at said output well has risen at least 50° F. above its
‘temperature existing at the time said passage of gas to
said input well was discontinued, and thereafter, to assist
in production of hydrocarbon materials from said output
well, passing fluid through said formation to said output
well under conditions that combustion of said hydrocar-
bon materials in said formation is absent,
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