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10 Claims. (Cl. 166-11) 

ABSTRACT OF THE DISCLOSURE 
A well bore is drilled into a subsurface formation 

containing viscous oil and then a plurality of wells is 
drilled to intersect the well bore and hot fluid is in 
jected into the formation through the plurality of wells 
to cause viscous hydrocarbons to flow into the well 
bore. 

The present invention is directed to recovery of viscous 
oil. More particularly, the invention is concerned with 
the recovery of viscous oils by the use of heat. In its 
more specific aspects, the invention is concerned with 
the recovery of viscous oils in which heated fluids are 
injected into a subsurface earth formation containing 
the viscous oils. 
The present invention may be briefly described as a 

method of recovering viscous hydrocarbons from a sub 
surface earth formation containing the viscous hydro 
carbons in which a well bore is drilled at least into the 
subsurface earth formation containing the viscous hy 
drocarbons. This well bore may be relatively large and 
may have a diameter ranging from about 1 to about 10 
feet. Preferably, it will have a diameter in the range from 
about 2 to about 5 feet. The well bore may be drilled 
to provide a sump in which the viscous oil may ac 
cumulate. A plurality of wells is then drilled to inter 
sect the well bore in the subsurface formation at a point 
preferably above the bottom of the well bore. The well 
bore and the plurality of wells communicate fluidly with 
the subsurface formation. A heated fluid which may be 
'air, steam, hot water, combustion products or the like 
may be injected into the formation from the plurality 
of wells. Injection of the heated fluid causes heating of 
the subsurface formation and, therefore, causes the 
viscosity of the viscous hydrocarbons to be reduced to 
the extent that the viscous hydrocarbons flow into and 
accumulate in the well bore. The heated viscous hydro 
carbons may flow through the formation to the well 
bore and/or into the plurality of wells and thence into 
the well bore. Ordinarily, both flows may occur. There 
after, the viscous hydrocarbons may be removed from 
the well bore such as by pumping. 
The temperature of the heated fluid, whether it be 

Steam, hot water, air or combustion products, should 
be sufficient to heat the formation and to cause the 
viscous hydrocarbons to flow. A suitable temperature of 
the heated fluids may range from about 150 F. to 
about 650 F. 

In the practice of the present invention, it is con 
templated that the well bore will be of relatively large 
diameter such as a diameter in the range of about 1. 
to about 10 feet. A well bore ranging in diameter from 
about 2 to about 5 feet may be satisfactory. Likewise, in 
accordance with the present invention, the well bore 
should be drilled into the formation a sufficient distance 
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2 
to provide a sump in which the viscous hydrocarbons 
accumulate. Thus, the well bore may be drilled com 
pletely through the subsurface formation containing the 
viscous hydrocarbons to provide a sump for the viscous 
hydrocarbons. The well bore may or may not be cased 
or lined with pipe. 

Conversely, the wells which intersect the well bore 
should intersect the well bore at a point above the 
bottom of the well bore such that a sump is provided 
for accumulation of viscous hydrocarbons in the well 
bore. 

In accordance with the present invention, it is con 
templated that the heated fluid will be injected selec 
tively from the plurality of wells into the subsurface 
formation to cause heating of same and reduction of 
viscosity of the viscous hydrocarbons. Preferably, the 
heated fluid is injected selectively near the top of the 
viscous hydrocarbon-containing subsurface earth forma 
tion, but it is within the contemplation of the present 
invention that the heated fluid may be injected at any 
selected point in the subsurface formation. This may be 
accomplished by providing a vertically movable valved 
injector pipe or tubing in each of the wells. The pipe is 
valved at its lower end and is also provided with a 
packer means just above the valve. A section of the pipe 
is slotted or perforated above the packer to allow fluid 
communication between the interior and exterior of the 
pipe. The valve means may be opened by response to 
certain temperatures or pressures. As the pipe is moved 
downwardly in the well, the packer and closed valve 
control the area of fluid injection into the formation. 
Another means of injecting the heated fluid at a se 

lected point is to provide a valved pipe similar to that 
mentioned above with the added provision of two packers 
spaced apart, above and below the perforated or slotted 
section. In either case, all or part of the heated fluids 
may be pumped into the formation or through the well 
bore to the recovery well. 
The present invention also involves a system for re 

covery of viscous hydrocarbons from a subsurface earth 
formation containing the viscous hydrocarbons which 
involves a well bore penetrating the subsurface forma 
tion having openings or perforations into the subsurface 
formation. A plurality of wells intersect the well bore in 
the subsurface formation and extend laterally through 
the subsurface formation, each of the plurality of wells 
having openings or perforations into the subsurface 
formation. Means are provided in each of the plurality 
of wells for injecting a heated fluid from the wells at 
least at a selected point into the subsurface earth forma 
tion. Means are provided in the well bore for recovering 
viscous hydrocarbons which flow into and accumulate 
in the well bore. Such means may include a pumping or 
other lifting means. The present invention is quite ad 
vantageous and useful in that it allows substantially com 
plete recovery of viscous hydrocarbons from subsurface 
earth formations which heretofore has been accom 
plished only with difficulty. 
The present invention will be further illustrated by ref 

erence to the drawing in which: 
FIGURE 1 is a sectional view of a system in which the 

present invention may be employed; 
FIGURE 2 is a top view looking down on an arrange 

ment of wells in accordane with the present invention; 
FIGURE 3 is an enlarged fragmentary view of a por 



3,386,508 
3 

tion of FIGURE 1 illustrating fluid action or flow during 
operation of the present invention; and 
FIGURE 4 is a view partly in section illustrating a 

modification of the device of FIGURE 3. 
Referring now to the drawing and particularly to FIG 

URES 1 and 2, numeral 11 designates the earth's surface 
from which a well bore 12 has been drilled by well known 
means to penetrate a subsurface earth formation i3 and 
to extend therethrough into an impervious formation 14. 
Aiso drilled into the subsurface earth formation 13 which 
contains viscous oil is a plurality of wells 15, 16, 17 and 
18 which are drilled through the formation i3 and inter 
sect the well bore 12. Extending from the earth's surface 
into the well bore 12 is a tubing string 19 carrying a pump 
means 20 or other oil lifting means which is arranged ad 
jacent the bottom of the well bore 12. Each of the wells 
15, 16, 17 and 18 is provided, respectively, with casings 
21, 22, 23 and 24. 
The section of the well bore 12 below the casing 25 

is suitably a slotted liner 26. Similarly, the sections of 
the casings 21, 22, 23 and 24 in the subsurface earth 
formation 13 may be slotted liners 27, 28, 29 and 30. 
Such slotted liners are well known. 
The arrangement of the well bore 12 and the wells 

such as 15 and 16 is shown in FIGURE 2 as a top view. 
Although only four injection wells are shown in FIGURE 
1, it will be evident from FIGURE 2 that any desired 
number of wells may be drilled about the recovery well 
12 to adequately blanket the desired area of recovery. 
Each of the well casings 21-24 have positioned therein 

an injector pipe or tubing 31 which is movable vertically 
within the casing such as 21, illustrated in FIGURE 3. 
Tubing 31 has valve means 32 positioned at its lower end 
and also a packer means 33 just above the valve means. 
The section of tubing just above the packer 33 is provid 
ed with slots or perforations 34. The upper end of tubing 
31 passes through a pack-off wellhead 35 (see FIGURE 
1) and is valved at its upper end and also connected to 
a source of heated fluid. The wellhead 35 is also provid 
ed with a valved conduit 36 which is also connected to 
the source of fluid. The conduit 36 fluidly connects with 
the annulus between the casing and tubing. The valves 
are operably responsive (for opening and closing) to 
Specific temperatures or pressures. 

Referring now to FIGURE 4, it will be seen that the 
tubing such as 31A has been modified to provide two 
packer means such as 33 and 33A which are positioned, 
espectively, below and above the perforations 34 to 
afford a straddle pack effect. The tubing 31A is also pro 
vided with the valve means 32 at its lower end below 
packer means 33. 
The present invention operates as follows. It will be 

assumed that the wells 12-18 have been drilled as in 
dicated and the tubing strings 19 and 20 located as 
shown. A heated fluid such as air, steam or hot water, or 
flue gases at a temperature in the range indicated is then 
introduced into the formation surrounding the slotted 
sections of the wells 15, 16, 17 and 18. The tubing dur 
ing this injection operation may be moved up and down 
in the casing with the valve 32 open or closed depend 
ing on the operation. Fluid such as steam may be in 
troduced through the tubing and tubing-casing annulus 
A for the purpose of maintaining the heat in the forma 
tion adjacent the perforated liner. Until a large amount 
of heat has been dissipated into the formation, steam will 
need to be cycled through the injected well bores. 
As the formation surrounding the slotted section, such 

as 27 shown in FIGURE 3, is heated, the viscosity of the 
oil is reduced to a point such that it flows into the well 
bore below the packer 33 and, hence, into the recovery well 
12 and forms a body of oil 40 which may be then lifted 
to the surface by means of the pump 20 and tubing string 
19. Although much of the lowered viscosity oil fiows 
through the various drain wells to the recovery well, it 
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4 
is evident that part of the oil may flow directly from the 
formation into the sump of the recovery well 12. 
As the formation surrounding the slotted section, such 

tion is indicated by the short, arrowed lines while steam 
and hot water flow is indicated by the long curved ar 
rowed lines. The flow of oil and water into the recovery 
well 12 is indicated by the heavy arrowed lines. 

While it may be preferred to introduce the hot or 
heated fluid into the formation 13 adjacent the top there 
of as shown in FIGURE 3, it is within the contemplation 
of the present invention to introduce the hot fluid selec 
tively into any portion of the formation 13. Thus, at the 
beginning of the operation, it may be desirable to intro 
duce the hot fluid near the top of the formation 13 and 
thereafter selectively and/or progressively introduce the 
hot fluid at lower points in the formation. This may be 
accomplished also by moving a tubing string such as 
31 carrying a valve, such as 32, and packer 33 down any 
of the wells 15, 16, 17 or 18 and causing same to open 
by pressure differential, specific temperature, or by ma 
nipulation by wire lines from the surface as may be de 
sired. For specific spotting of injection fluids into the 
formation, it is evident that the straddle packers of FIG 
URE 4 would be more desirable. 
The techniques for drilling large shafts ranging in 

diameter from 1 to 10 feet are well known and, there 
fore, will not be described further herein. Likewise, the 
techniques for drilling directional wells are well known 
and need not be described further. 
As examples of types of viscous oil which may be 

recovered in accordance with the present invention, there 
are oil fields in California, Kansas and Texas, and else 
where in the world which are susceptible to treatment in 
accordance with the present invention and recovery of 
hydrocarbons therefrom. Thus, the present invention is 
quite important and useful and also advantageous. 
Ths nature and objects of the present invention hav 

ing been completely described and illustrated, and the 
best mode and embodiment contemplated set forth, what 
we wish to claim as new and useful and secure by Let 
ters Patent is: 

1. A method of recovering viscous oil from a subsur 
face formation containing said viscous oil which com 
prises: 

drilling a well bore at least into said subsurfaces forma 
tion; 

drilling a plurality of wells to intersect said well bore 
in said subsurface formation; 

Said well bore and said plurality of wells communi 
cating fluidly with said subsurface formation; 

injecting a heated fluid into said formation from said 
plurality of wells; 

thereby causing said viscous oil to flow into and accumu 
late in said well bore; and 

recovering said viscous oil from said well bore. 
2. A method in accordance with claim 1 in which the 

heated fluid is steam. 
3. A method in accordance with claim 1 in which the 

heated fluid is hot water at a temperature sufficiently above 
formation temperature to cause said viscous oil to flow. 

4. A method in accordance with claim 1 in which the 
heated fluid is a gas. 

5. A method in accordance with claim 1 in which the 
well bore is of a diameter substantially greater than the 
diameter of each of said plurality of wells and said well 
bore extends below the point where said wells intersect 
the well bore. 

6. A method in accordance with claim 1 in which heated 
fluid is injected selectively from said plurality of wells 
at a point adjacent the top of said subsurface formation. 

7. A method in accordance with claim 1 in which said 
viscous oil is recovered from said well bore by pumping. 

8. A method in accordance with claim 1 in which the 
plurality of Wells is directionally drilled from horizontally 
Spaced-apart points on the earth's surface from said well 



3,386,508 
5 

bore through said subsurface formation to expose a large 
area of each of said plurality of wells to said subsurface 
formation. 

9. A method in accordance with claim 1 in which the 
heated fluid is injected into said subsurface formation from 
selected points in said plurality of wells. 

10. A system for recovery of viscous oil from a sub 
surface earth formation containing viscous oil which 
comprises: 
a well bore penetrating said subsurface formation hav 

ing openings into said subsurface formation; 
a plurality of wells intersecting said well bore in said 

subsurface formation extending laterally through and 
having openings into said subsurface formation; 

means in said wells for injecting a heated fluid from 
said wells at least at a selected point into said sub 
surface formation; and 

10 

5 

6 
means adjacent the bottom of said well bore for recov 

ering viscous oil which flow into and accumulate in 
said well bore. 
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