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This invention relates to the heating of underground 
formations and pertains more particularly to the heating 
of hydrocarbon-bearing formations which are traversed 
by a plurality of wells. 

in many oil fields and in most deposits of oil shales and 
tar Sands, the oil or hydrocarbon present is often viscous 
or is so intimately held by the sand particles or by the 
formation that it is impossible to produce the hydrocarbon 
materials merely by drilling wells through or into the 
deposits as is done with ordinary oil fields. Various 
methods have been employed in an attempt to recover cer 
tain viscous oils from underground formations with vary 
ing success being achieved with such methods as flood 
ing with solvents, creating an underground combustion 
Zone, etc. Combustion of oil shale deposits has also been 
tried but the more general method has been to mine the 
shale, pulverize it and then recover the oil from the pull 
verized shale. 

it is an object of the present invention to provide a 
novel method of heating an underground formation sur 
rounding a Well borehole to some distance therefrom for 
reducing the viscosity of a heavy hydrocarbon so that it 
Will be driven to and produced from another well. 
A further object of the present invention is to provide 

a method of heating an underground formation in com 
munication with a hydrocarbon-bearing formation to pro 
vide partial distillation of the hydrocarbon to increase 
further the pressure in the formation. 

Another object of the present invention is to provide a 
method for heating an underground formation in order 
to stimulate flow of oil from depleted fields so that it 
Will be driven to adjacent wells where it can be readily 
produced. 

Still another object of the present invention is to pro 
vide a method for heating an underground formation for 
reducing the viscosity of the oil present in the formation 
While at the same time providing partial gasification of the 
residual oil in the formation. 
These and other objects of this invention will be under 

stood from the following description taken with reference 
to the drawing, wherein: 
FIGURE 1 is a diagrammatic view of a well taken in 

cross-Section wherein the hydrocarbon-producing forma 
tion has been fractured prior to installing the heating equip 
ment; 
FIGURE 2 is a diagrammatic view of a longitudinal 

Section of a Well for producing fluids driven into the well 
from the heat-generating wells of FIGURES 1 and 3; and, 
FIGURE 3 is a diagrammatic view of a longitudinal 

Section of another heating well wherein the producing for 
nation has a plurality of directionally drilled holes in it. 

Referring to FIGURE 1 of the drawing, a well is shown 
in which a well casing it has been installed which extends 
down into the hydrocarbon-producing formation 12. The 
portion of the Weil casing 1 that extends into the pro 
ducing formation 12 is provided with a series of perfora 
tions i3 which may extend through the wall of the casing 
in all directions or in only one direction. The top of the 
Well casing 11 is closed by any suitable well closure means 
schematically represented by a plate 14. Extending down 
Wardly through the plate closure 14 to a point within the 
producing formation 2 of the well are a pair of concen 

IO 

20 

25 

30 

35 

40 

45 

50 

5 5 

60 

65 

O 

2 
tric pipe strings 15 and 15. The innermost pipe string 
55 is open at the lower end thereof while the outermost 
pipe string iS has a closed lower end. Thus, it will be 
seen that the concentric pipe strings 5 and 6 provide 
neans whereby a heating fluid may be circulated down to 
the bottom of the well and up to the surface again. The 
circulation is preferably down through the annulus be 
tween the inner and outer strings 15 and 6 with the flow 
of fluid returning up through the inner string 5 as in 
dicated by the arrows. Thus, when hot water or another 
fluid is circulated through the pipe strings 15 and 16 a 
heater is provided in the well opposite the producing 
Zone 2. 

Prior to installing the pipe strings 15 and 6, the pro 
ducing formation 52 was fractured in any manner well 
known to the art so as to provide a series of radially 
extending fractures E7 which extend into the producing 
ormation 2 Some distance from the well. These frac 
tures if may be either horizontal or vertical type frac 
tures. After the fractures 17 were opened, a fluid con 
taining particles of a highly heat-conductive material was 
pumped down the well and into the fracture 17. The 
particie-carrying fluid is of any suitable type which will 
pass readily into the producing formation 12 leaving the 
particles behind to fill the fracture i7. The amount of 
particle-carrying fluid which is pumped into the fracture 
is preferably selected so that the particles are packed to 
gether in intimate heat-transferring contact with each 
other. Preferably the carrying fluid used is a hydrocarbon 
fiuid, but water may be employed if desired. After the 
fractures 7 have been filed with the particles of heat 
conductive material, the heating apparatus comprising the 
pipe strings 5 and 6 are installed in the well. In a pre 
ferred arrangement a sufficient volume of additional heat 
conductive material is circulated or dumped down the 
well to fill the well, as at 18, preferably to at least the 
top of the producing formation 2 to be heated. 
The particles of material which are packed around the 

outside of the lower end of the pipe string heater 16 and 
which fill the fractures 7 are preferably a fluid-transport 
able form of aluminum, copper, or some other metallic 
material which has a thermal conductivity greater than 
that of the formation which is to be heated. By extend 
ing the body of material of increased heat conductivity 
into the formation by means of the fractures 17, an in 
crease in the rate of heat transfer from the heat source 
A6 into the formation 22 takes place. The amount of 
the increase that takes place in the rate at which heat is 
transferred to the formation, increases as larger amounts 
of metal are inserted into the formation. It is preferable 
but not essential that each portion of the metal be placed 
in intimate heat-transferring contact with the adjacent 
portions. Small flakes of metal foil or particles of soft 
metai which are pressed together as the fractures subside 
are particularly effective. Relatively low-melting metal 
lic materials which fuse together at the temperatures of 
the heating operation are also particularly effective. 

Fluid surrounding the well of FIGURE 1, when 
heated, would be driven to an adjacent producing well 
illustrated schematically in FIGURE 2 as comprising a 
well casing 21 having perforations 22 near the lower end 
thereof in the section of the casing that traverses the 
producing formation 12. Extending down through the 
casing 21 is a production tubing string 23 having a pump 
of any suitable type secured to the lower end thereof. 
The pump 24 may be actuated, as by a string of sucker 
rods 25 which is reciprocated by a conventional prime 
mover 26. 

In another well installation in which the method of the 
present invention may be practiced, a well casing 31 
(FIGURE 3) is shown as lining a well with a pair of 
side windows 32 and 33 having been milled or otherwise 
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cut through the side wall of the casing 31. Side holes 
34 and 35 are then drilled through the milled holes 32 
and 33 in a conventional manner so as to provide holes 
which extend into the producing formation 12 for a sub 
stantial distance from the well. These holes 34 and 35 
are then filled with particles of a material of high conduc 
tivity in the same manner as described hereinabove with 
regard to FIGURE 1. However, if the angle of the holes 
34 and 35 is sufficient, the granular or particulate ma 
terial of high conductivity may be dumped down the 
well and into the side holes 34 and 35 rather than cir 
culating it in place by means of a fluid. If desired, how 
ever, a carrying fluid may be employed as described with 
regard to FIGURE 1. 

Prior to or after the holes 34 and 35 have been filled 
with the particulate material of high conductivity, a 
suitable heater, for example an electric heater 37 is low 
ered down through the well casing 32 by means of a 
weight-supporting and current-transmitting cable 38, the 
heater 37 being suspended on its cable 33 from the top 
39 of the well with the heater being positioned at the 
level of the producing formation 2. With the heater 37 
in place the well casing can be filled with the heat-con 
ductive material to a point above the heater 37. Power 
would be supplied to the heater through a power lead 46. 
The well, arranged as shown in FIGURE 3, may be 

to heat the oil contained in the surrounding formation and 
drive the heated oil toward a producing well such as the 
one shown in FIGURE 2. Alternatively, the well shown 
in FIGURE 3 may be perforated above the Zone con 
taining the heater and completed by installing a pump 
such as pump 24 (FIGURE 2) within the well op 
posite the upper perforated Zone. In this latter arrange 
ment, particularly where the temperatures employed are 
sufficient to pyrolyze the oil contained in the surround 
ing formation, the fluidized hydrocarbons are driven into 
the perforated zone of the wall by the localized rela 
tively high pressures which are thermally induced within 
the formation around the well. 
The method for heating an underground oil-bearing 

formation described hereinabove gives an improved rate 
of heat transfer from a heat source to the formation 
where the heat transfer is accomplished by conduction 
through the formation. While the method has been illus 
trated with regard to fracturing or directionally drilling 
the producing formation to create channels which extend 
outWardly from a well into the producing formation, it is 
to be understood that other types of fractures, crevices or 
holes may be employed including those which occur 
naturally so long as they extend laterally from the well 
into the producing formation. 
We claim as our invention: 
1. A method of heating a hydrocarbon-bearing earth 

formation for the purpose of producing a hydrocarbon 
fluid therefrom, said method comprising the steps of es 
tablishing communication between the hydrocarbon-bear 
ing formation and the ground surface through at least 
one well provided with lateral openings extending into 
said hydrocarbon-bearing formation, transporting down 
said Well and into the openings thereof a highly heat 
conductive material, depositing said material in said 
well and said openings so that the material is in heat 
transferring proximity with said formation, said de 
posited material filling the well adjacent the hydrocar 
bon-bearing formation, and heating the material in the 
well to a temperature sufficient to heat the surrounding 
hydrocarbon-bearing formation adjacent the well, said 
heating being carried out by positioning heating means 
in the well in contact with the highly heat conductive ma 
terial in the well whereby heat is conducted from said 
heating means through said heat conductive material to 
the hydrocarbon formation adjacent the well and is fur 
ther conducted through the material deposited within 
fractures or openings which extend laterally into said hy 
drocarbon formation. 

s 

5 

O 

5 

20 

25 

30 

40 

55 

60 

70 

75 

$4. 

2. A method of heating a hydrocarbon-bearing earth 
formation for the purpose of producing a hydrocarbon 
fluid therefrom, said method comprising the steps of es 
tablishing communication between the hydrocarbon-bear 
ing formation and the ground surface through at least one 
well provided with lateral openings extending into said 
hydrocarbon-bearing formation, transporting down said 
Well and into the openings thereof particles of a highly 
heat-conductive material, depositing said particles in said 
Well and Said openings so that the particles are in heat 
transferring proximity with each other, said deposited par 
ticles filling the well adjacent the hydrocarbon-bearing for 
mation, and heating the particulate material in the well to 
a temperature sufficient to heat the surrounding hydro 
carbon-bearing formation adjacent the well, said heating 
being carried out by positioning heating means in the 
well in contact with the deposited particles in the well 
whereby heat is conducted from said heating means 
through said particulate material to the hydrocarbon 
formation adjacent the well and is further conducted 
through the particulate material deposited within the 
fractures or openings which extend laterally into said hy 
drocarbon formation. 

3. A method of heating a hydrocrabon-bearing earth 
formation which is penetrated by at least two wells for 
the purpose of producing a hydrocarbon fluid there 
from, said method comprising the steps of establishing 
communication between the hydrocarbon-bearing forma 
tion and the ground surface through at least two wells, 
one of said wells being provided with lateral openings ex 
tending into said hydrocarbon-bearing formation, trans 
porting down said well and into the openings thereof par 
ticles of a highly heat-conductive material, depositing said 
particles in said well and said openings so that the par 
ticles are in heat-transferring contact with each other, said 
deposited particles filling the well adjacent the hydro 
carbon-bearing formation, and heating the particulate ma 
terial in the well to a temperature sufficient to heat the 
surrounding hydrocarbon-bearing formation adjacent the 
Well, Said heating being carried out by positioning heat 
ing means in the well in contact with the deposited par 
ticles in the well whereby heat is conducted from said 
heating means through said particulate material to the 
hydrocarbon formation adjacent the well and is further 
conducted through the particulate material deposited 
within the fractures or openings which extend laterally 
into said hydrocarbon formation. 

4. A method of heating a hydrocarbon-bearing earth 
formation which is penetrated by at least two wells for 
the purpose of producing a hydrocarbon fluid there 
from, said method comprising the steps of establishing 
communication between the hydrocarbon-bearing forma 
tion and the ground surface through at least two wells, 
one of Said Wells being provided with lateral openings ex 
tending into said hydrocarbon-bearing formation, pump 
ing down said well and into the openings thereof a fluid 
carrying particles of a highly heat-conductive material, 
depositing said particles in said well and said openings so 
that the particles are in heat-transferring contact with 
each other, said deposited particles filling the well ad 
jacent the hydrocarbon-bearing formation, and heating 
the particulate material in the well to a temperature suf 
ficient to heat the surrounding hydrocarbon-bearing for 
mation adjacent the well, said heating being carried out 
by positioning heating means in the well in contact with the 
deposited particles in the well whereby heat is conducted 
from said heating means through said particulate mate 
rial to the hydrocarbon formation adjacent the well and 
is further conducted through the particulate material de 
posited within the fractures or openings which extend 
laterally into said hydrocarbon formation. 

5. A method of heating a hydrocarbon-bearing earth 
formation which is penetrated by at least two wells for 
the purpose of producing a hydrocarbon fluid therefrom, 
said method comprising the steps of establishing com 
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munication between the hydrocarbon-bearing formation 
and the ground surface through at least two wells, creat 
ing lateral openings extending into said hydrocarbon-bear 
ing formation in communication with one of said wells, 
transporting down said well and into the openings thereof 
particles of a highly heat-conductive material, depositing 
said particles in said well and said openings so that the 
particles are in heat-transferring contact with each other, 
said deposited particles filling the well adjacent the hy 
drocarbon-bearing formation, and heating the particulate 
material in the well to a temperature sufficient to heat the 
surrounding hydrocarbon-bearing formation adjacent the 
well, said heating being carried out by positioning heating 
means in the well in contact with the deposited particles 
in the well whereby heat is conducted from said heating 
means through said particulate material to the hydro 
carbon formation adjacent the well and is further con 
ducted through the particulate material deposited within 
the fractures or openings which extend laterally into said 
hydrocarbon formation, 

6. A method of heating a hydrocarbon-bearing earth 
formation which is penetrated by at least two wells for 
the purpose of producing a hydrocarbon fluid therefrom, 
said method comprising the steps of establishing com 
munication between the hydrocarbon-bearing formation 
and the ground surface through at least two wells, frac 
turing said hydrocarbon-bearing formation in communi 
cation with one of said wells to create lateral openings 
therein, pumping down said well and into the openings 
thereof a fluid carrying particles of a highly heat-conduc 
tive material, depositing said particles in said well and 
said openings so that the particles are in heat-transferring 
contact with each other, said deposited particles filling 
the well adjacent the hydrocarbon-bearing formation, and 
heating the particulate material in the well to a tempera 
ture Sufficient to heat the surrounding hydrocarbon-bear 
ing formation adjacent the well, said heating being carried 
out by positioning heating means in the well in contact 
with the deposited particles in the well whereby heat is 
conducted from said heating means through said par 
ticulate material to the hydrocarbon formation adjacent 
the well and is further conducted through the particu 
late material deposited within the fractures or openings 
which extend laterally into said hydrocarbon formation. 

7. A method of heating a hydrocarbon-bearing earth 
formation which is penetrated by at least two wells for 
the purpose of producing a hydrocarbon fluid therefrom, 
said method comprising the steps of establishing com 
munication between the hydrocarbon-bearing formation 
and the ground Surface through at least two wells, direc 
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tionally drilling lateral openings extending into said hy 
drocarbon-bearing formation in communication with one 
of said wells, pumping down said well and into the open 
ings thereof a fluid carrying particles of a highly heat 
conductive material, depositing said particles in said well 
and said openings so that the particles are in heat-trans 
ferring contact with each other, said deposited particles 
filling the well adjacent the hydrocarbon-bearing forma 
tion, and heating the particulate material in the well to a 
temperature sufficient to heat the surrounding hydrocar 
bon-bearing formation adjacent the well, said heating 
being carried out by positioning heating means in the 
well in contact with the deposited particles in the well 
whereby heat is conducted from said heating means 
through said particulate material to the hydrocarbon for 
mation adjacent the well and is further conducted through 
the particulate material deposited within the fractures or 
openings which extend laterally into said hydrocarbon 
formation. 

8. A method of heating a hydrocarbon-bearing earth 
formation which is penetrated by at least two wells for the 
purpose of producing a hydrocarbon fluid therefrom, said 
method coinprising the steps of establishing communica 
tion between the hydrocarbon-bearing formation and the 
ground surface through at least two wells, creating lateral 
openings extending into said hydrocarbon-bearing forma 
tion in communication with one of said Wells, pumping 
down said well and into the openings thereof a fluid 
carrying particles of a highly heat-conductive material, 
depositing said particles in said well and said openings so 
that the particles are in heat-transferring contact with 
each other, said deposited particles filling the well ad 
jacent the hydrocarbon-bearing formation, installing heat 
ing means in the well in contact with the deposited par 
ticles in the well and in communication with a heat-gen 
erating power source at the top of the well, and heating 
the particulate material in the well to a temperature suf 
ficient to heat the surrounding hydrocarbon-bearing for 
mation adjacent the well, said heat being conducted from 
said heating means through said particulate material to 
the hydrocarbon formation adjacent the well and is fur 
ther conducted through the particulate material deposited 
within the fractures or openings which extend laterally 
into said hydrocarbon formation. 
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