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ABSTRACT OF THE DISCLOSURE 
An improved process of oil recovery comprising inject 

¿ing into the formation through an injection well a hot 
fluid followed by injecting through the same well an oxy 
gen-’containing gas to establish a combustion front and 
Vdriving the oil to a production well to recover the oil. 

The present invention relates to a method of recover 
ing hydrocarbons from an underground hydrocarbon 
containing formation by thermal means. In such methods, 
vheat is applied to the formation so as to reduce the vis 
cosity of the hydrocarbon present in the pores of the 
_formation to enable or improve the drainage of these 
yhydrocarbons to the production wells through which it 
is lifted to the surface. _ 

The'heat required for the desired viscosity reduction 
-of the hydrocarbon can be generated in situ by injecting 
`oxygen-containing gas into the pores of the formatlon, 
which gas causes combustion of part of the hydrocarbon 
'present'within the formation. The ,water vapor generated 
during this reaction condenses against the cold parts of 
the’v-fo'rmation, thereby forming a condensation front 
'which heats the hydrocarbon and drives it towards the 
production wells. A drawback of this method is the high 
cost of compressing the oxygen-containing gas to a suit 
able pressure before injecting it into the formation. 

In another thermal method, »a hot fluid such as hot 
"water, steam or another condensible gas is injected into 
the pores of the formation. The hot ñuid heats the hydro 

' carbon through the pores of the formation to the pro 
duction wells. In this method, the cost involved per unit 
'of enthalpy supplied to the formation is less than the 
cost involved in the above-mentioned in situ combustion 
method. A drawback of this method, however, is the loss 
of heat to the part of the formation being treated, 'as 
well as the loss of heat to the cap rock and the base 

._ rock, which losses may become unacceptable near the 
end of the operation, in particular if there are great dis 
tances between the individual wells. 

In accordance with the present invention these disad 
vantages of the known methods are reduced or eliminated, 

 and a high recovery of hydrocarbons from a hydrocar 
bon-containing underground formation can be achieved 
at relatively low compression costs and with relatively 

v low heat losses. 
According to the invention the method of recovering 

hydrocarbons from an underground, hydrocarbon-con 
taining formation comprises the following steps: 

( 1) ar-ranging at least two wells penetrating into the 
formation and communicating with the pores of the for 
mation, 

(2) injecting via one of the wells into the pores of the 
formation a hot fluid comprising a liquid and/ or a vapor 
capable of condensing in unheated parts of the formation 
under the conditions of operation, until a portion of the 
hydrocarbon has been displaced, 

(3) after the cessation of such injection, injecting via 
the samev well an oxygen-containing gas to create conr 
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bustion of hydrocarbon, and either simultaneously or 
alternately, a liquid to recover heat absorbed by the for 
mation from the hot tiuid, and 

(4) recovering hydrocarbon through the other well 
during the sequence of the 'steps 2 and 3. 

Preferably, the injection of the hot duid in step 2 is 
stopped after at least 50% of the pore volume in the part 
of the formation to be treated has been heated by this 
iluid. 

The steam or other hot fluid may be ~injected over the 
entire height of the hydrocarbon-containing formation 
or only at a particular level. In general, it will be pre 
ferred to inject the hot fluid at a level >near the lowest 
part of the formation. 

It is also preferred that the liquid in step 4 is injected 
at substantially atmospheric temperature. 

If the water saturation in the pores of the lower layers 
of the hydrocarbon-containing formation is appreciably 
greater than the water rsaturation in the upper layers 0f 
the formation, the injection of the treating ñuids is pref 
erably made 'into the layer or layers having the greatest 
Water saturation, provided that this water saturation is 

' lower than 100% . 

The invention will now be described, by Way of eX 
ample, with reference to the accompanying d-rawing, in> 
which FIGURES l and 2 show schematically a vertical 
section of part of the earth’s crust including a hydro 
carbon-containing formation, and injection and produc 
tion wells. In this formation, the mobility of the hydro 
carbon present in the pores is sufficiently low that it 
cannot be recovered in the most economic manner under 
influence of its own energy or by the aid of pumping 
equipment installed in the wells. The mobility is, further 
more, suñiciently low that the application of a cold fluid 
drive is not economically feasible. Such hydrocarbon has 
hitherto been economically recoverable, if at all, by a 
thermal method. ' 
FIGURE l shows the injection of the hot iiuid in step 

2 of the method of the invention, whereas FIGURE 2 
shows the injection of the oxygen-containing gas and the 
aqueous liquid in step 4 of the process. 
From the surface 10 and through the layers 11 land 

16 overlying the hydrocarbon-containing formation 12, 
there are d-rilled two wells 13 and 14, which penetrate 
into the formation 12. The wells are drilled and corn 
pleted in a manner known per se, and for sake of sim 
plicity all details such as casing, tubing, wellhead, ce-V 
m'enting layers, liners, etc., are omitted from the draw 
ing and description. One of the wells 13, is designed as 
an injection well for injecting the required agents for heat 
ing the contents of the formation 12. The other well, 14, 
is designed as a production well for recovering the hydro 

Vcarbons which are displaced from the formation. Al 
though the formation 12 is shown in the drawing substan 
tially horizontal, it will be understood that the method 
of the invention may be applied with similar results to 
hydrocarbon-containing formations which are of the 
slanted type. The cap rock 16 which forms part of the 
overlying layers with 11 as well as the base rock 17, are 
substantially or entirely impermeable. 

In accordance with the invention, there is lirst injected 
a hot fluid via injection well 13 into the pores of the 
formation, which iluid in this particular example consists 
of steam. This steam may be either wet, dry or super 
heated. If desired, a hydrocarbon may be mixed with the 
steam for increasing the recovery eli’iciency. 
The injectivity of the steam into the formation 12 may 

be increased in the neighborhood of the well 13, by any, 
of the known methods, c_g., by fracturing. 
The steam is obtained from any convenient source 

(not shown), and must of course be at a pressure higher 
than the formation pore pressure, this steam is conducted 
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under this pressure into the top of the well 13. If desired, 
bleedwater from -a boiler supplyingthe steam may also 
be injected into the well 13. This has the advantage that 
undesirable salts are removed from the boiler without 
loss of heat. Undesirable salts will be removed from the 
boiler if wet steam is employed for injection. 
The injection of steam into the formation 12 is stopped 

¿after at least 50% of the pore volume of the part of the 
formation to be treated has been heated. This means in 
practice that the `amount of injected steam is more than 
3 to 10 times the pore volume measured as steamn con 
densate. When the part of the formation to be treated 
is refer-red to there is to be understood that part of the 
.formation arranged between the injection well(s) and 
the production well(s), which is, during the application 
,of""the method of the invention, sufñciently heated to 
allow the hydrocarbon to ñow therefrom to the produc 
non wears). ’ - 

During injection of the steam', condensation occurs 
against the relatively cold hydrocarbon forming a con 
densation front 18 which, under the influence of further 
steam injection, travels in the direction of the produc 
tion well 14. From here the hydrocarbon is recovered, 
,if necessary with the aid of pumps or the like. 

After the desired amount of steam has been injected 
into the pores `of the formation 12, this injection is 
stopped, and in place thereof compressed air or other 
oxygen-containing gas is pumped into the pore space of 
theforrnation 12 Where the temperature conditions en 
able spontaneous combustion to take place wherever the 
_oxygen-containing gas comes into contact with suñiciently 
great amounts of -hot hydrocarbon. In this way, as shown 
in FIGURE 2, a combustion front 19 is formed, which 
travels in the direction of the production well 14, and 
by virtue of vaporization and subsequent condensation 
-of water already present in the formation and of water 
Vcreated by the combustion, for-ms a new condensation 
front 20. 
An aqueous liquid is simultaneously or alternately with 

the oxygen-containing gas injected into the formation 
through injection well 13, which liquid vserves as a heat 
carrier for transporting the heat left behind in the for 

Y mation by the preceding steam injection and by the com' 
-_bustîon process. The liquid, suitably. ordinary water, on 
contacting the hot formation, is heated and’vaporized, 
thereby extracting heat from the formation and trans 
ferring it to colder parts of the formation, thereby also 
taking part in the formation of the new condensation 
front 20. > > , 

`In the example as shown described with reference to 
. the drawing, the oxygen-containing gas is air, whereas 
the heat carrier is primarily water. 

It will be clear from the above description that the 
present combination of the two processes which are 
known per se, namely a normal hot ñuid drive and a 
,wet in situ combustion drive (in which air and water 
are simultaneously or alternately injected), constitutes 
very economic and efficient process for displacing hydro 
carbon from the pores of hydrocarbon-containing under 

. ground formations. By first applying a steam drive to 
. the formation, the advantage of low-energy requirements 
is obtained. This process is continued until the amount 
of heat absorbed by the treated part of the formation 
and adjacent layers rises to an undesirable value. At this 

~ point the manner of heat generation is changed from ex 
ternal heat generation by the injection of steam to in situ 
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heat generation by the injection of air. During the in situ 
combustion process, the heat which was previously ab 
sorbed in the treated part of the formation is transported 
by the water which is injected simultaneously or alter 
nately wit-h the air, towards the untreated pa-rt of the 
formation. In this manner, the reservoir of heat remain 
fIom the steam drive phase is utilized to heat the injected 
water and thereby improve the overall efficiency. Fur 
thermore, the increasing distance between the injection 
well and the condensation front, which would in a simple 
steam drive recovery unfavorably affect the heat trans 
port by the steam in the later stages of the recovery, 
has little influence on the air passing therethrough in the 
second phase of the' method of the invention. Since at 
the moment when the steam drive is replaced by the in 
situ combustion, the. distance between the condensation 
front and the production well, and consequently also the 
injection pressure, are considerably smaller than the cor 
responding distance and injection pressure would be in 
a simple in situ combustion process, the economics of 
the method of the invention yare likewise favorable. 

Although in the example described with reference to 
the drawing only two wells have been shown for carrying 
out the method according to the invention, the present 
invention is -by no means limited thereto. Any number 
of wells and any type of well pattern may be used. 

I claim as my invention: Y 
1. An improved method of recovering oil from an 

underground formation containing oil in substantially 
non-flowable state under formation conditions, compris 
ing the following steps: . 

(1) establishing injection and production Wells which 
penetrate the oil production zone of the formation 
pores and are in communication with each other; 

(2) injecting through an injection well and into the 
production zone of the formation, steam until at 
least 50% of the pore volume of the formation has 
ybeen steam heated and thereafter stopping the steam 
injection; 

(3) establishing a wet in situ combustion drive by 
injecting through the same injection well as in step 
(2) 'an oxygen-containing gas and alternatelyl or 
simultaneously also .injecting an aqueous liquid; and, 

(4) recovering the “mobilized oil through a produc 
tion well.  

2. The method of claim 1 wherein the oxygen-con 
 taining gas is ai-r and the aqueous liquid is water. 

60 

3. The method of claim 2 wherein in step (3) the injec 
tion of air and Water is done simultaneously. 

4. The method of claim 1 wherein in step (3) the water 
is injected after the in sit-u combustion front has been 
established. _ . 
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