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ABSTRACT: A method and apparatus include providing one 
or more vertically spaced electrodes in the borehole in electri 
cal contact with the formation. Two electrodes in a common 
borehole may be connected to a surface source of alternating 
current voltage to conductive paths provided respectively by a 
conductive casing and a conductive tubing suitably insulated 
from each other; or the two electrodes connected to the volt 
age source may be placed in separate adjacent boreholes. The 
flow of current through the formation is guided or directed by 
means of insulating barriers which extend laterally into the 
formation from the borehole in vertically spaced relation to 
the electrode. 
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METHODANIDAPPARATUS FOR ELECTRICALLY 
HEATING ASUBSURFACE FORMATION 

BACKGROUND OF THE INVENTION 

This invention relates to a method and apparatus for heating 
an oil- or mineral-bearing formation to stimulate the flow of 
the oil or mineral; and more particularly to a method and ap 
paratus for guiding the flow of electric current in the oil- or 
mineral-bearing formation. 

It is estimated that a large percentage of the known petrole 
um reserves in the United States cannot be recovered using 
conventional pumping methods. Known methods for effecting 
secondary recovery include techniques known as water flood, 
steam injection and fire flood. All of these techniques require 
extensive and quite expensive surface installations for their 
implementation. 
An object of this invention is to provide an improved 

method and apparatus for the recovery of oil or minerals 
through the use of electric current for heating the formation to 
encourage the flow of the oil or mineral from the formation. 
Another object of this invention is to provide a simple and 

efficient method and apparatus for electrically heating the for 
mation including means for guiding the path of current flow 
through the formation. 
The method according to the invention includes providing 

at least one electrode in the bore hole of the producing well in 
electrical contact with the formation, providing a first conduc 
tive path in the bore hole contacting the electrode, providing a 
second conductive path from the surface to the formation, 
providing a flow of electrical current through said conductive 
paths and through said formation to heat the formation, and 
provide insulating barriers extending into the formation from 
the producing bore hole positioned relative to the electrode to 
guide the flow of current through the formation. 
The apparatus of the invention includes at least one elec 

trode in the producing bore hole in contact with the forma 
tion, means within the bore hole defining a first conductive 
path from the surface to the electrode, means defining a 
second conductive path from the surface to the formation, 
which second conductive path may include a second electrode 
in the producing bore hole or in another bore hole, a source of 
alternating current voltage connected to the two conductive 
paths at the surface to effect the flow of current through said 
conductive paths and said formation, and means defining one 
or more insulating barriers extending laterally from the bore 
hole in spaced relation to the electrodes to guide the flow of 
current within the formation. 

DRAWINGS 

The novel features of the invention, as well as additional ob 
jects and advantages thereof, will be understood more fully 
from the following description when read in connection with 
the accompanying drawings in which: 

FIG. is a diagrammatic illustration of one form of the in 
vention including one electrode, one insulating barrier, and 
two conductive paths in a common bore hole; 

FIG. 2 is a diagrammatic illustration of another form of the 
invention including one electrode, two insulating barriers, and 
a single conductive path in the common bore hole; and 

FIG. 3 is a diagrammatic illustration of still another form of 
the invention including two electrodes, a single insulating bar 
rier, and two conductive paths in a common bore hole. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the drawing, there is illustrated in FIG. 1 the 
lower portion of a producing well bore hole 10 which extends 
downwardly through the overburden 11, through the produc 
ing formation 12, and terminates at the boundary between the 
producing formation 12 and the underburden 13. A casing for 
the bore hole extends from the surface and into the producing 
formation 12 to a depth somewhat below the upper surface of 
the formation, the casing including an upper conductive por 
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and a lower insulating portion 15 which may be fabricated of 
fiberglass or ceramic for example. The upper conductive por 
tion extends to a depth somewhat above the producing forma 
tion 12. 
A lower portion 16 of the bore hole 10 may be of reduced 

diameter, being produced through coring, for example, to 
ascertain the nature of the producing formation. The bottom 
of the bore hole may be provided with a cement plug 17 to 
support a conventional steel screen 18 provided with slots or 
other openings to permit the flow of oil into the well. An insu 
lating packer 19 positions the screen relative to the lower end 
of the insulating casing 15 and physically seals the annular 
opening between the upper end of the screen and the lower 
end of the conductive casing. 
A string of tubing 21 extends from the surface to the bottom 

of the bore hole, terminating within the screen 18, to carry the 
oil to the surface. This tubing is of conductive material to pro 
vide a path for the flow of electric current from the surface to 
one or more electrodes within the bore hole contacting the 
producing formation 12. An electrode 22 is defined within two 
annular cavities 23 and 24 which are cut into the formation 
12, extending laterally from the lower portion 16 of a bore 
hole 10. These cavities, and the annulus between the walls of 
the bore hole portion 16 and the exterior surface of the screen 
18, are filled with electrically conductive particles 25 which 
may be metallic pellets of steel or aluminum, carbon pellets, 
or metallic pellets coated with carbon, for example. These 
particles are retained in the cavities by the conductive screen 
18 and the packer 19. The conductive tubing 21 is electrically 
connected to the screen 18 by a pair of conventional central 
izers 26 fixed to the tubing and having bands which bow out 
wardly into engagement with the inner walls of the screen. 
As illustrated diagrammatically, a source of alternating cur 

rent voltage 29 has one terminal connected to the upper end 
of the conductive tubing 12 and another terminal connected 
to the upper end of the conductive casing 14. Current flows 
then from the voltage source 29 through the tubing 22, the 
centralizers 26, the screen 18 and the conductive particles 25 
into the formation 12, then through the formation 12 and the 
overburden 11 and returning through the conductive portion 
14 of the casing. To prevent any short circuit current paths, 
the tubing 22 is insulated from the conductive casing 14 by 
means of vertically spaced insulating spacers 27; and the 
screen 18 is insulated from the conductive casing by the inter 
vening nonconductive casing portion 15. 

In order to increase the extent of the formation 2 which 
may be effectively heated by the above described electrical 
circuit, the flow path of current through the formation 12 may 
be guided to extend further in a radial direction from the bore 
hole 10. For this purpose, an insulating barrier 30 is provided, 
consisting of generally disc-shaped shield of insulating materi 
all which extends radially from the bore hole and having an ef 
fective radius greater than that of the electrode. This barrier is 
formed by providing a notched interval 31 in the insulating 
portion 15 of the casing and in the adjacent cement, and form 
ing an adjacent annular cavity 32 in the formation 12 of the 
desired radial extent. The notched interval and cavity are then 
filled with an insulating material 33, such as an insulating ce 
ment or an insulating epoxy, with the insulating material being 
retained by an insulating sleeve 34 confined between the 
packer 19 and an upper packer 35. 

FIG. 2 is a diagrammatic illustration of another form of 
producing well bore hole 40 which includes a single electri 
cally conductive path to an electrode within the producing 
formation which is included in an electric circuit including a 
second conductive path to the formation and which is spaced 
laterally from the bore hole 40, possible in an adjacent well 
bore hole which may or may not be another producing well. In 
this arrangement, the well bore hole extends from the surface 
through the overburden 11 and the producing formation 12 to 
the lower boundary between the producing formation 12 and 
the underburden 13. The bore hole includes a lower cored 

tion 14, which may be conventional steel casing for example, 75 portion 41, similar to the bore hole of FIG. 1. This bore hole is 
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cased, for example, with an insulating casing 42 which extends 
from the surface to a point below the upper surface of the 
producing formation 12; and a screen 43 is positioned in the 
lower bore hole portion 41 and physically connected to the 
lower end of the casing 42 by means of a packer 44. 
A low resistance electrically conductive path is provided 

from the surface to the bottom of the bore hole by a string of 
conductive tubing 45 which is also the production tubing for 
carrying the production fluid to the surface. 
An electrode 47 is identical to that of FIG. 1 including cen 

tralizers 48 affixed to the lower end of the tubing and contact 
ing the screen 43; the screen 43 retaining conductive particles 
49 with upper and lower annular cavities 50 and 51 extending 
laterally from the bore hole portion 41, with the screen main 
taining electrical contact with these particles. 
With the arrangement of FIG. 2, an alternating current volt 

age source 53, at the surface, has one terminal connected to 
the upper end of the tubing 45, and another terminal con 
nected at the surface through a conductor S4 to the upper end 
of a conductive path defining tubing or rod extending toward 
the formation in an adjacent bore hole, for example. The flow 
of current then is through the tubing 45 centralizer 48 screen 
43 particles 49, and through the producing formation 12 to 
the other conductive path defining means. 
The conductive tubing 45 is insulated from the walls of the 

bore hole, above the formation, by the insulating casing 42. 
Since the bore hole 40 contains only a single conductive path, 
and since the conductive tubing is a much lower resistance 
path than would be the walls of the formation, it may not be 
necessary to provide particular means to insulate the tubing 
from the bore hole walls of the formation 12 in this configura 
tion. Accordingly, the casing may, in the alternative, consist of 
an upper conductive portion and a lower insulating portion as 
in the arrangement of FIG. 1. 

It may be desirable, in this situation, to prevent too rapid a 
vertical diffusion of the current flow path as it moves away 
from the electrode 47, in order to concentrate the power ab 
sorption of the electrical current and therefore the heating ef 
fect within an effective area adjacent to the producing well 
bore. 
To prevent the too rapid diffusion of the current flow path 

through the formation 12 adjacent to the electrode 47, there 
are provided two insulating barriers or shields 55 and 56 
disposed respectively above and below the electrode 47. The 
upper barrier 55 is similar to that illustrated in FIG. consist 
ing of a disclike mass 57 of insulating material disposed in a 
notched interval 58 in the lower end of the insulating casing 
42 and an adjacent cavity 49. The insulating cement or epoxy 
57 is again retained by an insulating sleeve 60 confined 
between a lower packer 44 and an upper packer 51. The lower 
insulating barrier 56 is defined by a disclike mass 62 of insulat 
ing cement or epoxy, for example, which defines the bottom of 
the bore hole portion 41 and which extends laterally from the 
bore hole in an annular cavity 63. 
The radial extent of the insulating barriers 55 and 56 is 

preferably greater than that of the electrode 47. 
FIG. 3 is a diagrammatic illustration of still another produc 

ing well arrangement wherein electric current flows between 
electrodes vertically spaced in a common bore hole, and a 
bore hole containing means defining separate conductive 
paths for the respective electrodes. Referring to FIG, 3, there 
is shown a production bore hole 70 extending from the surface 
through the overburden 11 and the producing formation 12 to 
the boundary between the producing formation and the un 
derburden 13. In this configuration, the bore hole is cased 
from the surface to the bottom thereof, with an upper insulat 
ing portion 71 extending from the surface to a point below the 
upper surface of the producing formation 12, and with an in 
sulating portion 72 extending from the conductive portion to 
the bottom of the bore hole. Preferably, the casing is ce 
mented in the bore hole with an insulating cement, at least in 
the portion of the bore hole which extends through the 
producing formation 12. The insulating cement may also 
define a base or bottom plug for the bore hole 70. 
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4. 
A conductive tubing 75 for carrying the produced fluid to 

the surface also defines a low-resistance-conductive path for a 
lower electrode 76 disposed adjacent to the bottom of the 
bore hole. This lower electrode consists of a mass of conduc 
tive particles 77, such as metallic carbon-coated pellets, 
disposed in a notched interval in the lower end of the insulat 
ing casing 72 and adjacent cement 73, and an adjacent cavity 
78 in the producing formation 12. The particles are retained in 
the cavity by a conductive sleeve or screen 79, positioned in 
the bottom of the bore hole by a packer 80, the sleeve 79 
being electrically engaged by a conductive centralizer 81 fixed 
to the lower end of the tubing 75. 
An upper electrode 84 is positioned adjacent to the upper 

surface of the producing formation 12 and consists of a mass 
of conductive particles 85 confined within a notched interval 
provided in the lower end of the conductive casing 71 and the 
adjacent cement and in an adjacent annular cavity 86 extend 
ing into the formation 12. The particles are retained within a 
cavity by a conductive sleeve 87, confined between a lower in 
sulating packer 88 and an upper packer 89. 
The conductive casing 71 defines a conductive path from 

the surface to the electrode 84, and must be insulated from the 
conductive tubing 75. This insulation is provided by a string of 
insulating tubing 91 which extends from the surface to a depth 
sufficient to overlap the upper end of the insulating casing 72. 
The insulating packer 88 mechanically couples these insulat 
ing members, and seals the annulus between them to obviate 
any conductive path between the electrodes 76 and 84 within 
the casing. Similarly, the insulating casing 72 and the insulat 
ing cement 72 obviate any low-resistance conductive path 
between the electrodes, so that the current flowing between 
the electrodes necessarily flows through the formation 12. The 
terminals of the alternating current source 92 are connected 
at the surface to the conductive tubing and the conductive 
casing so that the current flows through the tubing and as 
sociated electrode 76, through the formation 12, then through 
the electrode 84 and associated conductive casing 71. 

In order to expand the area of the formation which is effec 
tively heated by the current flowing therethrough, an insulat 
ing barrier 93 is formed within the formation between the 
electrodes. This barrier takes the form of a disc-shaped mass 
of insulating material 94, such as insulating cement or epoxy, 
confined in an annular cavity 95 formed in a formation 12 
through a notched interval 96 provided in the insulating casing 
72 and the adjacent cement 73. The insulating material is 
retained in a cavity by means of an insulating sleeve 96 sup 
ported on a packer 97. 
The insulating barrier 93 preferably has a radial extent 

greater than that of the electrodes 76 and 84, and serves to 
deflect the current flow path through the formation outward 
relative to the bore hole to effect heating of the formation at 
radial distance greater from the bore hole than would other 
wise be effected, and thereby increase the amount of forma 
tion which may be produced. The produced fluid flows from 
the formation into the well through perforations 98, formed in 
the insulating casing and the adjacent cement by conventional 
techniques; and the production tubing 75 may include slots or 
other openings 99 to effect the flow of fluid into the tubing to 
be transported to the surface. 
A method of the invention which may be practiced by the 

above described producing well configurations, or by other 
configurations, includes the steps: establishing an electrode in 
the producing well bore hole in electrical contact with the for 
mation to be produced; providing a first low-resistance con 
ductive path contacting the electrode, which is preferably pro 
vided by a conductive tubing which is also the tubing for trans 
porting the produced fluid to the surface; providing a second 
low-resistance conductive path from the surface to the forma 
tion, which may be provided by a conductive path from the 
surface to the formation, which may be provided by a conduc 
tive casing either alone or in conjunction with a second elec 
trode, or a conductive pipe or rod in an adjacent bore hole; 
producing a flow of electric current through the two conduc 
tive paths and the formation. The current being carried in the 
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connate water in the formation to heat the formation and 
providing one or more insulating barriers extending radially 
from the producing bore hole into the formation to guide, 
direct or concentrate the flow path of current through the for 
mation to provide more efficient or more extensive heating of 5 
the formation. 
What is claimed is: 
1. A method for electrically heating a subsurface formation 

through at least one bore hole extending from the surface into 
said formation including the steps: 

establishing an electrode in said bore hole in electrical com 
munication with said formation; 

providing a first relatively low-resistance conductive path in 
said bore hole extending from the surface to contact said 
electrode; 

providing a second relatively low-resistance conductive 
path extending from the surface to said formation; 

producing a flow of electric current from a voltage source 
through said first and second conductive paths, said elec 
trode, and said formation to heat said formation; 

providing at least one insulating barrier extending laterally 
from said bore hole in vertically spaced relation to said 
electrode to guide the flow path of electric current 
through said formation. 

2. A method as set forth in claim 1 
including providing said insulating barrier by producing an 

annular cavity extending laterally into said formation 
from said bore hole; 

and filling said cavity with an insulating material 
3. A method as set forth in claim 2 
wherein said cavity is filled with an insulating cement. 
4. A method as set forth in claim 
wherein said cavity is filled with an insulating epoxy. 
5. A method as set forth in claim 1 
including providing an insulating liner for said bore hole ex 

tending between said electrode and said barrier. 
6. A method as set forth in claim 1 
including providing two insulating barriers extending 

laterally into said formation from said bore hole and posi 
tioned respectively above and below said electrode. 

7. A method as set forth in clain 6 
including providing said second conductive path within a 

bore hole spaced laterally from said first named bore 
hole. 

8. A method as set forth in claim 1 
including establishing a second electrode in said bore hole 

in electrical communication with said formation and in 
vertically spaced relation to said first named electrode; 

connecting said second electrode to said second conductive 
path; 

insulating said first and second electrodes from each other 
within said bore hole; 

and providing said insulating barrier between said vertically 
spaced electrodes. 

9. A method as set forth in claim 8 
including providing an insulating liner in said bore hole 
between said electrode; 

and joining said insulating barrier to said insulating liner. 
10. A method as set forth in claim 9 
and providing said insulating barrier by forming a notched 

interval in said insulating liner, providing an adjacent an 
nular cavity in said formation, and filling said notched in 
terval and said cavity with an insulating material. 

11. A method as set forth in claim 
including providing a conductive tubing in said bore hole 

defining said first conductive path; 
and providing a conductive casing in said bore hole defining 

said second conductive path. 
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2. A method as set forth in claim 

including providing an insulating barrier above said elec 
trode; 

and providing said second conductive path within said bore 
hole terminating at point above said insulating barrier. 

13. A method as set forth in claim 12 
including providing a conductive tubing defining said first 
conductive path; 

providing a conductive casing defining said second conduc 
tive path; 

and insulating said conductive tubing from said conductive 
casing. 

14. Apparatus for electrically heating a subsurface forma 
tion through at least one bore hole extending from the surface 
into said formation comprising: 
means defining an electrode in said bore hole communicat 

ing with said formation; 
means in said bore hole defining a first relatively low-re 

sistance conductive path extending from the surface to 
said formation and connected to said electrode; 

means defining a second relatively low-resistance conduc 
tive path extending from the surface to said formation; 

a source of alternating current supply voltage; 
means at the surface connecting one terminal of said volt 
age source to said first conductive path, and means con 
necting another terminal of said voltage source to a 
second conductive path for completing an electric circuit 
through said first and second conductive paths and said 
electrode through said formation; 

and means defining at least one insulating barrier extending 
laterally from said bore hole into said formation; said bar 
rier means being spaced vertically from said electrode to 
guide the flow of current through said formation. 

15. Apparatus as set forth in claim 14 
wherein said insulating barrier means is defined by a mass of 

insulating material urged into an annular cavity extending 
laterally from said bore hole. 

16. Apparatus as set forth in claim 15 
wherein said insulating material is an insulating cement. 
17. Apparatus as set forth in claim 15 
wherein said insulating material is an epoxy material. 
18. Apparatus as set forth in claim 14 
said first conductive path being defined by a conductive 

tubing; and said second conductive path being defined by 
a conductive casing. 

19. Apparatus as set forth in claim 14 
said insulating barrier being disposed vertically above said 

electrode; and said second conductive path being 
disposed within said bore hole, terminating at a point 
above said insulating barrier. 

20. Apparatus as set forth in claim 14 
first and second insulating barriers disposed respectively 
above and below said electrode; said second conductive 
path being provided in a bore hole spaced laterally from 
said first named bore hole. 

21. Apparatus as set forth in claim 14 
means defining first and second vertically spaced elec 

trodes; said first electrode being connected to said first 
conductive path; said second conductive path being 
disposed within said bore hole and being connected to 
said second electrode, 

said insulating barrier being disposed vertically between 
said first and second electrodes. 

22. Apparatus as set forth in claim 21 
means defining an insulating liner for said bore hole 
between said first and second electrodes; and said insulat 
ing barrier extending laterally from said insulating liner, 


