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This application is a continuation-in-part of my appli 
cation Serial No. 123,529, ?led July 12, 1961 “Single Well 
bore Coking Means and Processes,” now abadoned, and 
my application Serial No. 103,429, ?led April 17, 1961 
entitled “Single Well Subsurface Electri?cation Means and 
Process,” now abandoned. 

This invention is directed to new and useful ‘improve 
ments in ‘apparatus and processes for the electrofracing 
of oil sand formations through a casing and more particu 
larly to apparatus and processes for perforating the casing 
of a borehole and thereafter heating the area surround 
ing the borehole or electro‘linking adjacent boreholes, 
and electrocarbonization and electrogasi?cation of the 
fuel bearing strata adjacent the borehole. 

This application and invention is an improvement over 
my Patent 2,795,279, issued July 11, 1957. 

Prior to the present invention, in the preparation of an 
oil well, a hole was ?rst bored down into the oil bearing 
strata and a steel casing was then inserted into the hole. 
The next step was to perforate the steel casing adjacent 
the oil bearing strata to permit the passage of fluid through 
the casing. This has ‘been accomplished in the past by 
various means {but principally by devices that ?re bullets 
or pellets against the inside wall of the casing to punc 
ture it. 
The present invention provides novel means and proc 

esses for perforating the casing and simultaneously heat 
ing the area surrounding the casing to prevent solidi?ca 
tion of various para?ins which might possibly clog the 
openings in the casing or the casing itself and also permit 
either at the time the well is drilled or later, electro 
carbonization and, if desired, electrogasi?cat-ion of the 
fuel in the oil bearing strata. 
With the foregoing in mind, a primary object of the 

present invention is to provide novel apparatus and proc 
esses for permitting the perforation of a steel casing and 
a borehole or oil well and either simultaneously with the 
perforation or at some later time permit electrocarbon-iza 
tion and electrogasi?cation of the fuel in the fuel bearing 
strata. 

Another object of the present invention is to provide 
a novel apparatus for perforating the walls of the steel 
casing of a borehole or oil well and ‘to provide means 
for permitting pressurizing ?uid to be used for cleaning 
out the holes and the surrounding area so that fluid can 
easily enter the casing. 

Another object of the invention is to provide apparatus 
for and methods of electrolinking paired wellbores com 
municating with a single fuel strata where said paired well 
bores are cased through or in the said fuel strata. 

Another object of the invention is to provide means 
for electrically communicating paired wellbores in a 
single fuel strata where the said wellbores are cased in 
the vicinity of the fuel strata and also permitting the pas 
sage of ?uids from the fuel strata into the said wellbores 
or out of the wellbores into the said fuel strata. 

Still another object of the invention is to provide means 
and processes of selectively electrically perforating steel 
casings in wellbores adjacent fuel strata, the means and 
methods permitting sequential or simultaneous perfora 
tions vertically spaced from one another or radially spaced 
from one another or both. 

Another object of the invention is to provide means 
for electrically perforating steel casings in wellbores and 

10 

30 

40 

50 

60 

70 

2 
communicating with the fuel strata therebeyond, said 
means not only permitting electrical penetration of the 
casing and communication with the fuel strata there 
beyond, but also permitting withdrawal of the electrode 
from the perforation for further perforation and com 
munication, but also providing access for fluids from the 
fuel strata into the wellbore or access for ?uids from the 
wellbore into the fuel strata. 

Another object of the invention is to provide electrical 
means and processes, including electrical circuits, for per 
forating cased wellbores and electrically linking same. 

Another object of the invention is to provide means 
which permit the electrical penetration and treating of a 
formation from -a single cased wellbore, such electrical 
penetration for permeability increase or wellbore coking. 

Other and further objects of the invention will appear 
in the course of the following description. 

In the drawings, which form a part of the instant 
speci?cation and are to be read in conjunction therewith, 
embodiments of the invention are shown and, in the 
various views, like numerals are employed to indicate like 
parts. 

FIG. 1 is a diagrammatic View of a borehole entering 
a fuel bearing strata with the apparatus of the present 
invention ‘applied thereto. 

FIG. 2 is an enlarged side elevational view partially 
in ‘section of one form of apparatus made in accordance 
with the present invention. 
FIG. 3 is a schematic cross-sectional view through an 

earth formation showing two wellbores therein communi 
cating with a single fuel strata, apparatus of the present 
invention applied into both wellbores for easing penetra 
tion and electrical linking therein. 
FIG. 4 is an enlarged side elevational view, with parts 

cut away and in section better to illustrate the construc 
tion of the electrodes employed in FIG. 3. 

Referring more speci?cally to the drawings, reference 
numeral 10 designates generally a strata of underground 
fuel such as an oil sand strata with a borehole 11 ex 
tending into the strata of fuel. A steel casing 12 is pro 
vided within the borehole and a hollow tubular member 
13 extends downwardly into the borehole centrally of 
the steel casing 12 and terminates adjacent the fuel bear 
ing strata 10. A cap 14- formed of insulating material is 
provided at the top of the borehole 11 and serves to po 
sition the tubular member 13 within the borehole and elec 
trically insulate the tubular member from the casing 12 
and the surrounding ground area. 

In accordance with the present invention a plurality of 
electrodes 15 are carried by the lower end of the tubular 
member 13 and are adapted to be forced outwardly into 
engagement with the steel casing 12' to perforate the cas 
ing and heat the area of the fuel bearing strata 10 sur 
rounding the casing. The electrodes 15 preferably are 
carbon electrodes carried by a cylindrical metal base 
member 16, which is slidably mounted in a sleeve 17. 
The sleeve 17 in turn is supported within a ceramic cas 
ing 18 within which a hollow metal spool 19 is em 
bedded. The spool terminates short of the bottom of 
the ceramic casing 18 and is secured to the lower end 
of the tubular member 13, for example, by means of a 
plurality of bolts 21). A cap 21 is provided over the outer 
end of each sleeve 17 to engage the base member 16 of 
each electrode 15 and limit forward movement of the elec 
trode 15'. The electrodes 15 preferably are spring-loaded 
to be projected toward their outer or extended position 
for example, by means of a spring 22 positioned within 
each sleeve 17 and in engagement with the rear surface 
of each base member 16. 
With this above construction after the well or borehole 

has been drilled, the tubular member 13 carrying the 
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ceramic casing 18 and electrodes 15 is lowered into the 
well or borehole with the electrodes 15 spring biased out 
wardly against the inner surface of the well casing 12. 
When the electrodes reach the desired location adjacent 
a fuel bearing strata 10, electric current is supplied to the 
electrodes causing the electrodes to burn openings 23 
through the wall of the casing 12 and also heat the area 
in the fuel bearing strata 10 surrounding the well casing 
12. Electric current is provided to the electrodes from 
a suitable source of current such as a transformer 24 and 
voltage regulator 25 through a switch 26 and a pair of 
leads 27 and 28. One lead 27 goes to a terminal 29 se 
cured to the tubular member 13 while the other lead 28 
is connected to a terminal 30 embedded in the ground 
adjacent the wall or borehole. The terminal 29 is inter 
connected with the electrodes through the electrode base 
16, spring 22, spool 19 and tubular member 13, all of 
which are made of an electrically conductive material 
such as steel. ‘ 

After openings have been burned or formed in the wall 
of the metal casing 12, it may be desirable or necessary 
to clean the hole in the casing and the area of the fuel 
bearing strata 10 surrounding the casing by forcing ?uid 
under pressure outwardly through the openings. To ac 
complish this, openings 31 are provided in the core of the 
spool 19 in ?uid communication with the interior of the 
sleeves 17 and the core of the spool 19 is placed in ?uid 
communication with the interior of the tubular member 
13. A suitable ?uid under pressure is then admitted to 
the interior of the tubular member 13 and the ?uid passes 
downwardly through the tubular member into the core of 
the bore 19. Thereafter, the ?uid passes outwardly into 
the sleeve 17 and through openings 33 provided centrally 
of each electrode 15. The ?uid under pressure may be 
used to maintain the openings 33 in the electrode open 
and also maintain the area surrounding each electrode 15 
open. Additionally, ?uid from the fuel bearing strata 19 
may be permitted to escape through the well by passing 
through the openings 33 in the electrodes and then up 
wardly through the tubular member 13. 

After the openings have been burned or cut in the wall 
of the well casing 12, passage of electrical current to the 
electrodes 15 may be maintained causing the electrodes 
to heat the surrounding area of the fuel bearing strata 1t} 
and cause electrocarbonization of the fuel in the fuel 
bearing strata 10. Additionally, heated air or steam may 
be supplied through the tubular member 13 in addition to 
the heat supplied by the electric current discharged from 
the electrodes 15 to cause electrogasi?cation of the area 
of the fuel bearing strata 10 surrounding the well casing. 

Referring to FIG. 3, numeral 40 designates a strata of 
underground fuel such as an oil sand strata with a bore 
hole 41 extending into the strata of fuel. The right-hand 
well in the ?gure will be ?rst described. A steel casing 
42 is provided Within the borehole and a hollow tubu 
lar member 43 extends downwardly into the borehole 
centrally of the steel casing 42 (centralizers may be used 
as required of an insulating material) and terminates ad 
jacent the fuel bearing strata 40. A cap 44 formed of 
insulating material is provided at the top of the bore 
hole 41 and serves to concentrically position the tubular 
member 43 within the borehole and electrically insulate 
the tubular member from the casing 42 and the surround 
ing ground area. 

< In accordance with the present invention, at least one 
electrode 45 is carried by the lower end of the tubular 
member 43 and is adapted to be forced outwardly into 
electrical contact or physical engagement with the steel 
casing 42 to perforate the casing and penetrate the area 
of the fuel bearing strata 40 surrounding the casing. Ad 
ditionally, electrical current may be conveyed into the 
formation for purposes to be described. The electrode 
45 preferably is a carbon electrode carried by a cylindri 
cal metal base member (see FIG. 4) which is slidably 
mounted in a sleeve 47. The sleeve 47 in turn is sup 
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ported within a ceramic casing 48 Within which a hol 
low metal spool 49 is embedded. Spool 49 terminates 
short of the bottom of the ceramic casing 48 and is se 
cured to the lower end of the tubular member 43, for 
example, by means of a plurality of bolts 50. A cap 51 
is provided over the outer end of the sleeve 47 adapted 
to engage the base member 46 of the electrode 45 and 
limit forward movement of the electrode 45. Electrode 
45 preferably is spring loaded to be projected toward its 
outer or extended position, for example, by means of 
a spring 52 positioned within each sleeve 47 and in en 
gagement with the rear surface of each base member 46. 

In the modi?cation of the invention shown, the tapered 
end 45a of the electrode is preferably substantially the 
only portion thereof that may be extruded beyond the cap 
51 whereby picking up of the tubing 43 or rotation thereof 
after casing perforation will not snap off the electrode 
and will permit it to be positioned at a different Vertically 
or radially spaced position from the original perforation. 
On the other side of the ceramic casing 48 is positioned 
an extension 53 on which is mounted a plastic or other 
resilient insulating material cap 54 whereby to provide a 
rugged insulated spacer opposed to the electrode whereby 
to maintain the latter in contact with the casing wall which 
is desired to be perforated. 

Part of the well completion to the left in FIG. 3 iden 
tical to those of the right-hand completion are numbered 
the same but primed. 
With the above construction, after the wellbore has 

been drilled and the casing 41 set therein, the tubing 43 
carrying the ceramic casing 48 and electrode 4-5 is lowered 
into the borehole inside of the casing with the electrode 
45 springing back outwardly against the inner surface 
of the well casing 42. When the electrode reaches the 
desired location adjacent the fuel bearing strata and when 
the corresponding electrode in the opposite wellbore has 
reached a like position, electrical current is supplied to the 
electrodes causing them each to burn an opening through 
the respective walls of the casing. Thereafter electrical 
current may be applied to the oil sand or fuel strata there 
through. This heats the oil sand and causes the effects 
described in my previous applications and patent noted 
above, supra. 

Electrical current is provided to the electrodes from a 
suitable source of current such as a transformer 54 and 
voltage regulator 55 through a switch 56 and a pair of 
leads 57 and 58. One lead 57 goes to a terminal 59 se 
cured to the tubular member 13, while the other lead 58 
is connected to a terminal 60 secured to the other tubular 
member 43’. The terminal 59 is interconnected with the 
electrode in the right-hand well through the electrode 
base 46, spring 52, spool 49 and tubular member 43, all 
of which are made of an electrically conductive material 
such as steel. 

Fluid passage from the formation into the tubing may 
be achieved through the perforated electrode, as may fluid 
passage from the tubing into the formation through the 
casing. If the electrode opening is of su?icient size and 
the electrode of a suf?icent strength, with suitable seal 
means, fracturing or pressuring of the formation through 
the electrode can be accomplished. 

In a ?rst variation of the process using the apparatus 
of FIGS. 3 and 4, once the casing has been perforated at 
both wells, su?icient current is ?owed through the two 
electrodes to electrically link and/ or electrofrac according 
to the teachings of the above applications therebetween. 
Secondly, one or both electrodes may be vertically dis 
placed relative to the original perforations and electro— 
linking and a second perforation and electrolinking carried 
out. Naturally, in such case, the current will be shut off 
during the vertical transfer of one or more electrodes. 
In this manner, one formation may be electrolinked at a 
plurality of vertically spaced positions whereby to increase 
permeability in a lesser permeability situation. Alterna 
tively, both wells may be vertically electrolinked across 
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the face of the fuel strata for the same purpose simul 
taneously using several electrodes as in FIGS. 1 and 2, the 
electrodes, however, on one side of the casing vertically 
spaced. Fluid may be ?owed through the electrodes dur 
ing the process of electrolinking whereby to provide under 
ground cracking in the manner of my previous applica 
tion Serial No. 42,401, ?led July 12, 1960 entitled “Under 
ground Cracking of Mineral Fuels,” and now abandoned. 
The apparatus of FIG. 4 may be employed in conjunc 

tion with a surface ground circuit, that is, a surface ground 
element tied to the other end of the electrical circuit as 
in FIG. 1, whereby to coke the fuel strata adjacent the 
wellbore on the side perforated by the electrode. In case 
circumferential coking is desired, the circuit of FIG. 1 
may be employed. If directional coking is desired, a 
single electrode apparatus as in FIG. 4 is best. The tip 
paratus of FIG. 4 may be vertically raised and lowered to 
coke selectively or across the face of the formation, as 
desired. It may additionally or simultaneously be ro 
tated inside the casing for radial spacing of perforations. 

In certain circumstances the casing may be sheathed 
with insulating material in its length down to the fuel 
strata or cemented as seen in FIG. 3 with a relatively non 
conductive cementitious material to aid control of the 
?ow of electrical power. 
From the foregoing it will be seen that this invention 

is one well adapted to attain all of the ends and objects 
hereinabove set forth together with other advantages 
which are obvious and which are inherent to the apparatus 
and process. 

It will be understood that certain features and subcom 
binations are of utility and may be employed without 
reference to other features and subcombinations. This 
is contemplated by and is within the scope of the claims. 
As many possible embodiments may be made of the 

invention without departing from the scope thereof, it is 
to be understood that all matter herein set forth or shown 
in the accompanying drawings is to interpreted as illus 
trative and not in a limiting sense. 
Having thus described my invention, I claim: 
1. Apparatus for perforating the casing of a borehole 

or the like adjacent fuel bearing strata comprising a 
tubular support member extending longitudinally of said 
borehole and terminating at the fuel bearing strata, at 
least one electrode carried by the lower end of said tubu 
lar member adjacent said fuel bearing strata and in en 
gagement with said casing, means de?ning a passageway 
extending through said electrode, said passageway being 
in ?uid communication with the interior of said tubular 
member, and an electric circuit interconnected with said 
electrode to energize said electrode and cause said elec 
trode to perforate said casing and heat the fuel bearing 
strata adjacent said casing. 

2. Apparatus for perforating the casing of a borehole 
or the like adjacent fuel bearing strata comprising a 
tubular support member extending longitudinally of said 
borehole and terminating at the fuel bearing strata, at 
least one electrode positioned adjacent the lower end of 
said tubular member, means resiliently mounting said 
electrode on said tubular member for movement in a 
direction substantially radially of said tubular member, 
said mounting means normally urging said electrode 
radially outwardly away from said tubular member into 
engagement with said casing, and an electric circuit inter 
connected with said electrode to energize the electrode 
and cause said electrode to perforate said casing and heat 
the fuel bearing strata adjacent said casing, said tubular 
member electrically insulated from said casing and form 
ing a part of the electric circuit for said electrode. 

3. The method for perforating the casing of a borehole 
and the like and heating fuel bearing strata surrounding 
said borehole comprising the steps of positioning an elec 
trode within the well casing at the fuel bearing strata, 
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6 
engaging the casing with said electrode, supplying elec 
tric energy to said electrode and causing said electrode 
to perforate said casing, and continuously supplying a 
predetermined amount of electric energy to said electrode 
after the perforation of said casing to heat the fuel bear 
ing strata surrounding the casing. 

4. The method as in claim 3 including the step of 
supplying ?uid under pressure to said electrode after the 
perforation of said casing and forcing the ?uid through 
said electrode and out through said perforation. 

5. A method for perforating the casing of a wellbore 
communicating with underground fuel strata comprising 
the steps of positioning an electrode within the wellbore 
casing adjacent the fuel bearing strata, establishing an 
electrical circuit between a surface ground adjacent the 
wellbore and said electrode, supplying electrical energy to 
said circuit whereby to cause said electrode to perforate 
the casing and come into electrical contact with said fuel 
strata. 

6. A process for communicating an electrode with fuel 
strata through a well casing and maintaining said corn 
munication comprising the steps of drilling a wellbore 
into a fuel strata, running a casing into said wellbore 
into said fuel strata, running a hollow tubing into said 
casing adjacent said fuel strata having a hollow electrode 
thereon, connecting an electrical power circuit to said 
electrode whereby to apply electrical energy to said cas 
ing, perforating said casing by application of electrical 
energy thereto through said electrode, and ?owing ?uid 
through said tubing and perforated electrode thereon into 
said casing opening and into said fuel bearing strata 
around said casing. 

7. A process as in claim 6 including stopping the 
?ow of ?uid through said hollow electrodes and pro 
ducing fuel strata ?uids through said hollow electrode 
into said tubing. 

8. A process of radially perforating a casing at a plural 
ity of positions with a lesser number of electrodes than 
the number of perforations comprising drilling a well 
bore into an earth formation into a fuel strata, running 
a casing in said wellbore into said fuel strata, positioning 
an electrode Within said casing opposite said fuel strata 
at a ?rst radial position, supplying suflicient electrical 
energy to said electrode to penetrate said casing at a 
?rst radial position, ceasing supply of electrical current 
to said electrode, rotating said electrode in said wellbore 
casing to a second radial position, applying su?icient 
electrical energy ‘to said electrode to perforate said cas 
ing at said second radial position. 

9. A process of increasing permeability in fuel strata 
comprising drilling a wellbore through the earth forma 
tion containing the fuel strata into said fuel strata, run 
ning a casing in said fuel strata, positioning an electrode 
into said fuel strata within said casing, establishing a 
surface electrical ground sufficiently far from said well 
bore to avoid arcing between the ground and the said 
casing and connecting electrical power circuits between 
said surface ground and said electrode, ?owing electrical 
energy between said ground and said electrode whereby 
to perforate said casing and ?owing additional electrical 
current into said circuit whereby to electrically link said 
surface ground and said electrode. 
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