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This invention rel-ates to the recovery of petroleum 
from a subterranean reservoir and relates more particu 
larly to the recovery of the petroleum by methods involv 
ing displacement of the petroleum from the reservoir by 
injection of a displacing ?uid into the reservoir. 

Petroleum is ordinarily recovered from a subterranean 
reservoir or formation in which it is present by reason 
of the natural enery within the reservoir forcing the petro 
leum therefrom into ‘a well leading from the surface of 
the earth to the reservoir. The reservoir energy, in most 
instances, is insu?icient to effect recovery of all of the 
petroleum in the reservoir. Thus, the ‘amount of petro 
leum that may be recovered from a reservoir through 
utilization of the natural energy may not be greater than 
about one-third of the petroleum originally in place in 
the reservoir. To improve the extent of recovery of 
petroleum from a reservoir, various methods involving the 
application of extrinsic energy to the reservoir are em 
ployed. 
Among the recovery methods involving application of 

extrinsic energy to the reservoir are those wherein a dis 
placing ?uid is employed. In these methods, the displac 
ing ?uid is injected into'the reservoir through an injection 
Well leading thereto from the surface of the earth. The 
displacing ?uid enters the reservoir and forces the petro 
leum through the reservoir into the direction of a produc 
tion wellleading thereto from the surface of the earth. 
The petroleum enters the production well and is there 
after removed from the well. 
>Recove1'y methods involving the use of a displacing 

?uid which is miscible with the petroleum in the reservoir 
are particularly effective from the standpoint of the 
amount of petroleum recovered. In these methods, the 
miscible displacing ?uid dissolves the petroleum and car 
ries the dissolved petroleum along with it as it moves 
through the reservoir. Thus, the miscible displacing 
?uid displaces substantially entirely all of the petroleum 
from that portion of the reservoir through which it passes. 
Displacing ?uids miscible with the petroleum that are 
most frequently used are lique?ed petroleum gas 
(LPG) and carbon dioxide. 
The miscible displacing ?uid can be followed into the 

reservoir with a driving ?uid which is relatively inex 
pensive compared to the displacing ?uid. The driving 
?uid may or may not be miscible with the displacing 
?uid. Where the driving ?uid is miscible with the dis 
placing ?uid, the driving ?uid displaces substantially en 
tirely all of the displacing ?uid from the portion of the 
reservoir from which the driving ?uid displaced the 
petroleum. The displacing ?uid thus is moved into an 
other portion of the reservoir from which it displaces 
petroleum. As a result, little or none of the displacing 
?uid remains in the reservoir and high recoveries of 
petroleum per unit amount of displacing ?uid employed 
are obtained. Where the driving ?uid is not miscible 
with the displacing ?uid, the driving ?uid does not dis 
place all of the displacing ?uid from the portion of the 
reservoir which it entered. As a result, a portion of the 
displacing ?uid remains in the reservoir and the amount 
of petroleum recovered does not exceed the amount of 
displacing ?uid employed. 

While a miscible displacing ?uid is particularly effective 
from the standpoint of the amount of petroleum displaced 
from the reservoir, various ditiiculties are encountered 
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from using such ?uid. More particularly, where the 
petroleum in the reservoir is ‘asphaltic, the miscible dis 
placing ?uid, upon dissolving the petroleum in the reser 
voir, effects precipitation of the asphaltic constituents of 
the petroleum in the form of solid particles in the reser 
voir. The solid asphaltic constituents precipitated from 
the petroleum tend to block the interstices of the matrix 
of the reservoir containing the petroleum and thereby 
reduce the permeability of the reservoir to the ?ow of-the 
displacing ?uid and of any driving ?uid. Reduction in 
the permeability of the reservoir at any location therein 
will increase the pressure required to maintain a. desired 
rate of ?ow of the displacing ?uid and of any driving 
?uid into the reservoir. However, since the linear rate 
of ?ow of any ?uid injected into the reservoir is greatest 
at the injection well, reduction in the permeability of the 
reservoir in the vicinity of the injection well increases the 
pressure required to maintain a desired rate of ?ow of 
?uid to a greater extent than at other locations in the 
reservoir. In aggravated cases, the reduction in permea 
bility in the vicinity of the injection well may be to the 
extent that ?ow of the displacing ?uid and of any driving 
?uid cannot be effected by any pressure practically at 
t-ained without fracture of the'matrix of the reservoir. 

It is an object of this invention to provide a method 
for avoiding precipitation of asphaltic constituents from 
petroleum within a reservoir upon injection into the 
reservoir of a displacing ?uid miscible with the petroleum. 
It is another object of this invention to decrease the pres 
sure required to maintain a desired rate of ?ow of a dis 
placing ?uid miscible with the petroleum and of any driv 
ing ?uid into ‘a subterranean formation containing an 
asphaltic petroleum. These and other objects of the in 
vention will become apparent from the following detailed 
description. ' 

In accordance with the invention, a subterranean res 
ervoir containing asphaltic petroleum is, prior to injection 
therein through an injection well of a solvent miscible 
with the petroleum to displace the petroleum from the 
reservoir, subjected to the action of an oxidizing ?uid 
under conditions eifecting combustion of petroleum with 
in the reservoir in the vicinity of the injection well. 
By the procedure of the invention, reduction in per 

meability of the reservoir upon introduction therein of the 
miscible displacing ?uid is avoided. By the step of effect 
ing combustion of petroleum Within the reservoir in the 

‘ vicinity of the injection well, the asphaltic petroleum is 
removed from the reservoir in the vicinity of the injec 
tion well. The combustion step effects thermal decom~ 
position of the petroleum with the format-ion therefrom 
of light hydrocarbons which migrate comparatively 
readily through the reservoir under the in?uence of the 
injected oxidizing ?uid. Further, as a result of ‘the ther 
mal decomposition, the asphaltic constituents of the 
petroleum form a graded, low viscosity, low asphalt oil 
which also migrates comparatively easily under the in-' 
?uence of the injected oxidizing ?uid. Additionally, by 
the thermal decomposition, a coked material can be de 
posited within the reservoir which, subsequently, with 
continuation of combustion, is completely burned. Ac 
cordingly, the matrix of the reservoir, subsequent to the 
combustion step, is free of the original asphaltic petrole 
um or of its thermal decomposition products. With sub 
sequent injection of the miscible displacing ?uid, there 
is no precipitation of asphaltic constituents in the reser 
voir in the vicinity of the injection well. Thus, by the 
procedure of the invention, the reservoir in the vicinity of 
the injection well is brought to a maximum permeability 
and the pressure required to ‘maintain a desired rate of 
?ow of displacing ?uid and of any driving ?uid is at a 
minimum. ~ . 
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,In the practice of the invention, .it is preferred that, 
as a preliminary step, permeability of the reservoir be 
established to the ?ow of the oxidizing ?uid to be em 
ployed in the combustion step. By thus establishing 
permeability, assurance can be had that the oxidizing 
?uid can be injected into the formation at a rate su?i 
ciently high to maintain combustion. Permeability to 
the oxidizing ?uid is established merely by injecting the 
oxidizing ?uid under pressure into the reservoir through 
the injection well and continuing injection until a prac 
ticable rate of ?ow of oxidizing ?uid into the reservoir 
at a practicable pressure of injection is attained. 
The oxidizing ?uid employed for the combustion step 

is preferably air. However, other oxidizing ?uids may be 
employed, if desired. Foriexample, air containing an 
inert gaseous constituent such as carbon dioxide or added 
nitrogen to reduce the oxygen content may be employed. 
As a source of carbon dioxide for reducing the oxygen 
content of the air, ?ue gas may be employed. Further, 
if desired, the oxygen concentration of the‘ air may be 
increased by adding oxygen to the air. Moreover, the 
oxidizing ?uid may have added thereto various types of 
materials affecting the combustion step. Thus, for ex 
ample, hydrocarbon ?uid may be added to the oxidizing 
?uid to assist combustion. Further, for example, catalytic 
agents to retard or to accelerate combustion may also be . 
added to the oxidizing ?uid. - 

Following establishment of permeability of the reser 
voir to the oxidizing ?uid, combustion is effected within 
the reservoir. For this purpose,,1any of the conventional 
methods for initiating combustion may be employed. For 
example, a heater may be positioned within the injection 
well adjacent to the formation and operated to bring 
the temperature within the reservoir in the vicinity of 
the well to the ignition temperature of the petroleum 
therein. The heater may be any type of heater, for ex 
ample, the heater may be a gas ?red or an electrical 
heater, heretofore employed for initiating combustion 
within a reservoir. With attainmentof the ignition tem 
perature, and supply of the oxidizing ?uid to the reservoir, 
combustion of the petroleum within the formation occurs. 
Combustion may also be initiated employing chemical 
means. Thus, for example, a suitable material, such ‘as 
yellow phosphorus, may be deposited within the reservoir 
and, with supply of oxidizing ?uid, combustion will be 
initiated. Further, for example, with various types-5 of 
petroleum, combustion will occur spontaneously upon 
passage of the oxidizing ?uid through the reservoir. 
Where the reservoir contains such petroleum, combustion 
can be initiated merely by injecting the oxidizing ?uid 
into the reservoir. Where the petroleum ,within the for 
mation is such that it will not attain ignition temperature 
solely with passage of ‘the oxidizing ?uid, petroleum 
capable of spontaneous ignition may be placed in the 
reservoir in the vicinity of the injection well and therafter 
the oxidizing ?uid injected into the reservoir. 
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' Following initiation of combustion within the reservoir, I 
combustion is continued for. such time that the asphaltic 
petroleum is removed from the reservoir for a suitable 
distance from‘ the injection well. With the linear rate of 
?ow of any ?uid injected into the reservoir being greatest 
at the injection well, the pressure drop of the oxidizing 
?uid passed through the reservoir will. become pro 
gressively less per unit distance of linear ?ow with dis 
tance from the injection well. Accordingly,‘ combustion 
is continued until the petroleum is removed from the 
reservoir, for a distance from the injection well that any 
reduction in permeability caused by precipitation of as 
phaltic constituents in the petroleum by solution in the 
miscible displacing ?uid subsequently injected into the‘ 
reservoir will not be of signi?cance from the standpoint of 
obtaining a desired rate of ?ow of displacing ?uid or of - 
any driving ?uid at a desired pressure injection com 
mensurate with the native permeability of the reservoir. 
It is preferred that combustion be continued ‘until the 
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petroleumhas been removed from the reservoir‘for a 
distance of at leastabout 30 feet from the center of the 
injection well. Combustion may be continued,'of course, 
until the petroleum has been removed from the reservoir 
for a greater distance. I .Thus, for example, combustion 
may be continued until the petroleum has been removed 
from the reservoir for a distance of 60 feet or more from 
the center of the injection well. ' Y ' 

Subsequent to removal of the petroleum from the 
reservoir for the desired distance from the injection well,‘ 
the injection of the oxidizing ?uid, and thus the combus 
tion, is discontinued. _ v ' 

Subsequent to discontinuation of combustion, the mis~. 
cible displacement ?uid is injected into the1reservoir 
through the injection well. The miscible displacement 
?uid employed will be lique?ed petroleum gas or carbon ' 
dioxide. Lique?ed petroleum gas consists essentially of 
low molecular weight hydrocarbons which, under the 
conditions of pressure in'which they are used, are in a 
liquid state. Carbon dioxide,under. normal conditions of 
temperature andpressure, is a gas. However, under the. ; 
conditions of pressure in which the carbon dioxide is used, 
‘it remains in‘ the liquid phase or is su?'lciently soluble in‘, 
the petroleum to approximate the displacement e?iciency. 
of the liquid phase. ' > ' ~ 

The amount of the miscible displacing ?uid injected, 
into the reservoir‘ may be conventionally employed- Or-_ 
dinarily, the miscible displacing ?uid is su?iciently ex 
pensive that less than the total pore volume of the res 
ervoir isemployed. Thus, ordinarily, the amount of mis 
cible'displacing ?uid employed is only a fraction of the’ 
total pore volume of the reservoir between the injection 
well and the production .well or wells through which the 

Satisfactory results have been; displacing ?uid passes. 
obtained employing the miscible displacing ,?uid in the 
amount of about 2 percent of the total port volume'of. 
the reservoir through which. the ?uid passes.“ On the 
other hand, the amount employed may be as high as, 20 
percent of the total pore volume. ~ , _ 

Where the ‘amount of miscible displacing ?uid em 
ployed is less than the total pore volume of. the reservoir 
through which the ?uid passes, the miscible displacing‘ 
?uid can be followed by a driving ?uid. Any of the con 
ventionally employed driving ?uids may be used, Thus, 
‘natural gas may be employed as the driving ?uid. , Em 
ploying lique?ed petroleumgas. as the displacing ?uid, 
natural gas as the driving ?uid .will be miscible with the 
lique?ed petroleum, gas where the natural gas is ,‘main 
tained upon injection at a pressure of at least 1000 pounds 
per square inch. Water may also be used as the driving 
?uid. . 

While the [step of e?ecting combustion within the res 
ervoir prior to injection ofthe miscible displacing ?uid. is 
primarily of utility from the standpoint of avoiding re- 1_ 
ductionin permeability of the formation, it has‘ other. 
advantages. For example, subsequent to the combustionj' 
step,‘ the portion of the reservoir through which com 
bustion has been etfected will be saturated with gas. Fur 
ther, the‘highly permeable zones within the reservoir be 
yond the point where combustion has been e?iected will 
also be saturated to a large extent with gas.‘ On the other“ 
hand, the less permeable zones within thereservoir bei't 
yond the point where combustion has been effected will 
be saturated to a lesser extent with gas or will be free of ' 
gas. As is known, the permeability of the reservoir to a 
liquid is inversely proportional to the extent of gas satu-‘ 1 
ration. Thus, the high gas saturation of the highly per-_ 
meable zones tends to block themovement of liquid in 
these zones. 

the highly permeable zones, is minimized and a greater 
sweep ve?iciency by the displacement procedure is ob- . 

" tained. 

75 
‘ ‘In a particular embodiment of the invention, wateris. 
injected into the, reservoir subsequent to discontinuation 

Accordingly, bypassing of themiscible dis-p ‘ 
_ placing ?uid, and driving ?uid where employed, through 
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of the combustion step and prior to injection of the mis 
cible displacing ?uid. The portion of the reservoir in 
which combustion took place will be at a high tem 
perature. The water has a high speci?c heat, and the 
water injected into the reservoir will remove heat from 
the portion of the‘reservoi-r in which the combustion 
took place and pass it into the adjoining portion of the 
reservoir in the direction of the production well. Thus, 
by injection of the water, the petroleum in the portion 
of the reservoir beyond the point where combustion was 
effected becomes heated and its viscosity consequently 
becomes reduced. As a result, the movement of the 
petroleum in the direction of the production well is fa 
cilitated. 

Injection of water into the reservoir subsequent to the 
combustion step provides an additional advantage where 
the miscible displacing ?uid employed is lique?ed pe 
troleum gas and the driving ?uid is water. With injec 
tion of the water into the reservoir, the matrix of the 
reservoir tends to become water-wet. Upon subsequent 
passage of the lique?ed petroleum gas through the water 
wet reservoir, a lesser amount of lique?ed petroleum gas 
will remain within the reservoir because of the greater 
difficulty of displacement of water than of gas by the 
lique?ed petroleum gas. Thus, by the step of injecting 
water into the reservoir, a lesser amount of the lique?ed 
petroleum gas is left in the reservoir and consequently 
a greater amount of lique?ed petroleum gas is avail 
able for displacement of petroleum. 

Further advantages accrue from the injection of 
water into the reservoir subsequent to the combustion 
step. One of these arises from the fact that the water 
passes preferentially into the zones containing the hydro 
carbons having a lower mobility produced by the com 
bustion step and into the zones of higher permeability. 
By so doing, the permeability of these zones to the sub 
sequent lique?ed petroleum gas injected into the reser 
voir is reduced. Accordingly, bypassing of the miscible 
displacing ?uid through these zones with premature 
breakthrough at the production well is minimized. An 
other of the advantages arises from the fact that the water 
effects displacement of petroleum from the reservoir be 
yond the portion in which combustion had been carried 
out. As a result, the volume of the reservoir contain 
ing asphaltic petroleum is decreased. Thus, the volume 
of reservoir around the injection well from which as 
phaltic petroleum which would precipitate asphalt upon 
contact with the miscible displacing ?uid has been re 
moved is increased. 
Having thus described my invention, 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. 

Iclaim: 
1. A method for the recovery of asphaltic type pe 

troleum from a subterranean reservoir wherein a ?uid 
capable of miscibly displacing said petroleum is injected 
into said reservoir through a ?rst well and moved through 
said reservoir to a second well and injection of said ?uid 
etfects precipitation of asphaltic constituents from said 
petroleum and thereby reduces the permeability of said 
reservoir from the standpoint of obtaining a desired rate 
of ?ow into said reservoir of said ?uid and said ?uid by 
passes through highly permeable zones in said reservoir, 
comprising the steps of: 

(a) effecting ‘combustion of said petroleum in said 
reservoir in the presence of an oxidizing ?uid ad 
jacent to a ?rst well penetrating said reservoir to 
remove said petroleum from said reservoir from a 
distance from said ?rst well such that reduction in 
permeability of said reservoir by precipitation of 
asphaltic constituents will not be of signi?cance 
from the standpoint of obtaining a desired rate of 
?ow of said ?uid and highly permeable zones Within 
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6 
said reservoir beyond said distance trom said ?rst 
well will be saturated to a large extent with gas 
whereby permeability of said zones to said‘ ?uid is 
reduced, 

(b) discontinuing said combustion of said petroleum, 
(c) thereafter injecting into said reservoir through 

said ?rst well said ?uid capable of miscibly dis 
placing said petroleum from said reservoir and dis 
placing said petroleum within said reservoir toward 
said second well whereby precipitation of asphaltic 
constituents from said petroleum by said ?uid will 
not occur within said reservoir at a‘ distance from 
said ?rst well that reduction in permeability of said 
reservoir by said precipitation will be of signi? 
cance from the standpoint .of obtaining a desired 
rate of ?ow of said ?uid and the movement of 
liquid in said zones having reduced permeability as 
a result of said gas saturation tends to be blocked 
whereby bypassing of said ?uid is minimized, and 

(d) recovering said petroleum from said reservoir 
through said second well. 

2. The method of claim 1 wherein an oxidizing ?uid 
is passed into said reservoir prior to effecting combustion 
of said petroleum in order toetfect permeability to said 
?uid in said reservoir. 

3. The method of claim 1 wherein said combustion 
is continued until said petroleum has been removed 
from said reservoir for a distance of at least 30 feet from 
the center of said ?rst well. 

4. The method of claim 1 wherein said ?uid which 
is miscible with said petroleum is injected into said reser 
voir in an amount at least as great as 2 percent of the 
total pore volume of said reservoir between said ?rst 
well and said second well. 

5. The method of claim 1 wherein said ?uid which 
is miscible with said petroleum is lique?ed petroleum 
gas. 

6. The method of claim 1 wherein said ?uid which is 
miscible with said petroleum is carbon dioxide. 

7. The method of claim 1 wherein said ?uid which is 
miscible with said petroleum is passed through said reser 
voir in the direction of said second well by injecting a 
driving ?uid into said reservoir through said ?rst well. 

8. The method of claim 7 wherein said driving ?uid 
is natural gas. 

9. The method of claim 7 wherein said driving ?uid 
is water. 

10. The method of claim 1 wherein following step 
(b) and prior to step (c) water is injected into said 
reservoir through said ?rst well whereby said water 
passes preferentially into zones containing hydrocarbons 
having a lower mobility produced by said combustion 
in step (a) and into zones of higher permeability where 
by bypassing of said ?uid is further minimized and the 
heat contained in said reservoir as a result of said com 
bustion is moved into said reservoir in the direction of 
said second well to heat said petroleum within said reser 
voir and thereby reduce its viscosity. 

11. The method of claim 1 wherein said ?uid capable 
of miscibly displacing said petroleum is lique?ed pe 
troleum gas and, following step (c), water is injected 
into said reservoir through said ?rst well as a driving 
?uid. 

12. The method of claim 11 wherein following dis 
continuing of said combustion and prior to said injection 
of a ?uid capable of miscibly displacing said petroleum 
water is injected into said reservoir through said ?rst 
well whereby the matrix of said reservoir is wetted with 
water with consequent reduction in the amount remaining 
in said reservoir of said subsequently injected lique?ed 
petroleum gas and whereby said water passes preferen 
tially into zones containing hydrocarbons having a lower 
mobility produced by said combustion step and into zones 
of higher permeability with the results that bypassing 
of said ?uid is further minimized and said heat contained 
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