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paign, Hill, and Yreston S. McReynoids and Thomas C. 
Bo erg, Tulsa, Okla, assignors to Jersey Production 
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Filed May 4, 1%2, Ser. No. 192,565 
'7 Claims. (Cl. 166-39) 

This invention relates to the production of relatively 
viscous oil from a subterranean reservoir penetrated by a 
well bore. A method and apparatus for thermally stimu 
lating the production of oil from such a reservoir by down 
hole electric heating is provided. More speci?cally the 
method of the invention includes the step of passing an 
electric current between two vertically spaced fractures 
propped with particles of an electrical conductor. The ap 
paratus includes a downhole transformer and two connec 
tion collar assemblies for establishing electrical contact 
between the propping agent of the fractures and the sec 
ondary windings of the downhole transformer. 
The method of the invention is primarily a process for 

thermally stimulating oil production. That is, heat is in 
troduced into the oil-bearing formation for the purpose of 
reducing the viscosity of the oil, thereby facilitating flow 
of the oil into the wellbore and thence to the earth’s sur 
face, either from innate pressure or by pumping. In a 
broad sense it has been recognized in the past that heat 
facilitates the production of viscous oil. Various down 
hole heaters have been developed to provide thermal 
stimulation. However, such methods have been found un 
satisfactory because of the extremely slow rate of heat 
transfer outward from the wellbore. The present inven 
tion overcomes this difficulty by supplying heat directly 
to a relatively large volume of the oil-bearing formation 
surrounding a wellbore. 
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The invention is applicable not only in solving the prob- ' 
lem of viscous oil production, but also in the removal of 
para?in wax deposits and other petroleum residues from 
the pores of the formation surrounding the wellbore. Such 
deposits are frequently troublesome, even in reservoirs 
where oil viscosity is not great enough to warrant applica 
tion of the invention. 

Broadly the method comprises the steps of fracturing 
the oil-bearing formation in an upper region thereof, pref 

. erably at or near its upper boundary, fracturing said for 
mation in a lower region thereof, preferably at or near its 
lower boundary, propping these fractures with particles of 
an electrical conductor, passing an electirc current through 
the oil-bearing formation between the fractures to heat 
the formation, and withdrawing oil from the well at a 
stimulated rate. 
A more limited embodiment of the method includes the 

steps of forming a substantially horizontal, metallic 
propped fracture at or near the upper boundary of the 
oil-bearing formation, and forming a second substantially 
horizontal, metallic propped fracture at or near the lower 
boundary of the oil-bearing formation. The fractures are 
extended radially a distance of 5-500 feet from the well 
bore. Electrical contact is established between the frac 
tures, which serve as electrodes, and a surface source of 
electric power. The voltage drop between the fractures 
is increased until the power input ranges from 10 watts to 
10 kilowatts, per foot of sand thickness lying between the 
fractures. 
An alternating current source is preferred, since direct 

current would cause a rapid deterioration of the propping 
agent, due to electrolysis. Moreover, the use of alternat 
ing current permits the convenient use of a downhole 
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transformer to reduce line losses in transmitting power 
downhole. 
The well completion of the invention comprises a first 

metallic propped fracture extending radially from the well 
bore in an upper portion of the oil-bearing formation, and 
a second metallic propped fracture extending radially from 
said wellbore in a lower portion of the formation. The 
completion includes regular steel casing to within two 
hundred feet of the producing oil sand and non-conduc 
tivecasing from this depth through the sand. The metallic 
propped fractures preferably extend from notched intervals 
in the borehole wall, where the casing is substantially cut 
away, as opposed to ordinary perforations in the casing. 
Next, the non-conductive casing is perforated in the pro 
ducing interval. The tubing string which extends opposite 
the producing formation is equipped with a downhole 
electrical transformer, connection collars, and rubber cups 
or packers to prevent short-circuiting by borehole ?uids. 

It will be readily appreciated that preferred operation 
includes the use of fractures which are substantially hori 
zontal, or more speci?cally, fractures which are substan 
tiallyr parallel to the boundaries of the oil-bearing forma 
tion, in the event that the boundaries are not horizontal. 
However, present fracturing techniques do not always 
ensure uniform horizontal fracture propagation. Irregular 
fractures do not pose a severe problem for purposes of the 
invention, however, especially in thick formations where 
the fractures are vertically spaced apart a considerable 
distance. Of course, the upper and lower fractures must 
not be allowed to interconnect at any point, since the 
resulting short circuit would defeat the basic purpose of 
the invention. The fractures are vertically spaced a dis 
tance of about three feet up to as much as one thousand 
feet or more, depending upon the thickness of the oil-bear 
ing formation. Usually the spacing is from 10 feet to 
100 feet. 
The successful operation of the invention depends upon 

the ability of the oil-bearing reservoir to conduct an elec 
tric current. It is Well known, however, that oil sands do 
inherently possess substantial conductivity, due to‘ the 
presence of at least small amounts of saline connate water. 
The resistivity of oil-bearing, unconsolidated sands usu 
ally ranges from about one to about fifty ohm-meters. 
Consolidated oil-bearing sandstones are generally less con 
ductive, having a resistivity in the range of about ten to 
about one thousand ohm-meters. 
FIGURE 1 shows a cross-sectional view of the oil pro 

ducing formation and the borehole, including the complete 
assembly of the invention. v 
FIGURE 2 is a top view of the connection collar as 

sembly which is mounted on the tubing string opposite 
each fracture. ’ . 

FIGURE 3 shows a cross-sectional view of the collar 
assembly taken along the line A-—A of FIGURE 2. 
‘Referring now to FIGURE 1 in detail, a cross-sectional 

view of the earth is shown which includes oil-bearing for 
mation l1, overburden 12, and underburden 13 penetrated 
by wellbore 14. The well completion of the invention 
includes ordinary steel casing 15, plastic or other non-con 
ducting casing 16 having perforations 17 therein, and larger 
openings or notches l8 and 19 near the upper and lower 
boundaries, respectively, of the oil-bearing formation. 
Extending radially from the wellbore into the formations 
at the level of notched interval 18 is a metallic propped 
fracture 20. A similar fracture 21 extends radially from 
the wellbore at the level of notched interval 19. 

Suspended within wellbore l4 and mounted on tubing 
string 22 is an assembly of elements comprising downhole 
transformer 23, connection collars 2d and 25, input cable 
2s, cable 27 which connects collar 24 with the secondary 
winding of transformer 23, and cable 28 which connects 
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collar 25 with the secondary winding of the transformer. 
Bristles 2% extend in contact with the metallic propping 
agent of fracture 2t) completing the electrical connection 
with the secondary winding of transformer 23. Similar 
ly, the bristles 30 of collar 25 establish contact with the 
propping agent of fracture 21, completing the electrical 
connection between the propping agent and the secondary 
winding of the transformer. 
The downhole transformer is employed in order to per 

mit the transmission down the well of a high voltage, low 
current power supply which is then transformed downhole 
into a low voltage, high current power supply thereby re 
ducing line losses in transmitting power down the well. 
The purpose of the connection collar assemblies is to 

establish electrical contact between the metal propping 
agent of the fractures and the secondary winding of the 
transformer. The assembly is preferably a radial metallic 
brush with the bristles connected to the secondary winding 
and insulated from the tubing string. As the tubing string 
is lowered into the well the bristles are bent up along the 
casing wall, and as the assembly passes the notched in 
tervals in the borehole wall opposite the fractures, the 
bristles spring out, making contact with the propping 
agent. Slight motions of raising, lowering and rotating 
the tubing string are sometimes necessary to establish ?rm 
contact between the collar bristles and the propping agent 
in the fractures. 

Opening 37. is provided within tubing string 22 at a 
point beneath transformer 23 v hereby crude oil produced 
from the formation ?ows through the center of trans 
former 23 and serves as a cooling medium for said trans 
former. 

Conventional packers 32 and 33 are provided in order 
to seal the borehole and thereby prevent the collection 
of ?uids within the borehole to the extent which would 
cause short-circuitin g between the respective collar bristles. 
Packer 34 is also desirable, to prevent formation fluids 
from entering the wellbore through notched interval 18, 
and to prevnt wellbore ?uids from entering the formation. 
For the purpose of carrying out the invention, plastic 

or other non-conducting casing 16 must extend throughout 
the producing interval. The reason for this is that ordi 
nary steel casing would cause short-circuiting directly 
between the connection collars and thus prevent any sub 
stantial penetration of the electric current into the forma 
tion to stimulate the production of oil. 

Ordinary perforations 17 are provided throughout the 
major portion of the producing interval in order to ac 
commodate the influx of oil. Openings 1% and 1% ‘pro— 
vided near the upper and lower extremities of the produc 
ing interval are much larger than perforations 17 in order 
that they may accommodate bristles 29 and 3d of the 
connection collars. Propped fractures Ztl and 21 are 
then provided by any conventional techniques, an example 
of which is disclosed in US. 2,802,531, the details of which 
are not essential to a complete disclosure of the present 
invention. The metallic particles may be aluminum 
spheres, for example. Other metals are also suitable, in 
cluding iron, copper, magnesium, and zinc. Carbon par 
ticles are also suitable. 

Next, the downhole transformer 23, connection collars 
29 and 3t} and packers 32, 33 and 34 are mounted on 
tubing string 22, lowered into the wellbore, and positioned 
opposite the producing interval such that bristles 29 and 
39 can be made to establish contact with the propping 
agent within fractures 20 and 21. 
The coils of transformer 23 are wrapped on a hollow 

core which surrounds tubing string 22. As an example, 
the transformer may operate from a 4,160 volt supply 
source with an approximate primary to secondary turns 
ratio of 500 to 1 and a power rating of 15 to 30 kilowatts. 
Preferably, the transformer utilizes the produced oil as a 
cooling fluid and thus operates at temperatures below 250° 
F. Such a transformer has a minimum e?iciency of 90 
percent. 
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Referring now to FIGURE 2, a top view of connection 

collar 24 is shown which includes bristles 29 extending 
radially therefrom. The collar is mounted on tubing 
string 22 with a separation of the collar from the tubing 
by a band of electrical insulation 41. An opening 42 is 
provided through which the input cable 26 extends. 
Bristles 29 are made from a highly conductive, resilient 
material. As an example each bristle may be a steel strip 
one inch by one-tenth of an inch and about 12 inches long. 

Collar 25 and bristles 30 are essentially identical to 
collar 24 and bristles 29, the only difference being that 
no opening 42. is required therein. Accordingly, collar 
25 is not separately illustrated or described in detail. 

Referring now to FIGURE 3 bristles 29 are connected 
to collar 24 by means of bolts 44. Collar 24 is in turn 
connected to tubing 22 by means of bolts 43. Bolts 43 
must be non-conducting in order to maintain the electrical 
insulating of collar 24 from tubing 22. Cable 27 from 
the secondary winding of transformer 23 is connected to 
collar 24 by bolts 44. 
The power requirement for the process ranges from 

about 10 watts to about 10 kilowatts, per foot of produc 
ing sand thickness. The preferred range is from about 
100 watts to about 1.0 kilowatt, per foot of producing 
sand thickness, depending on the degree of heating desired 
in a given formation. 
At equilibrium conditions, the temperature rise within 

the heated zone of the reservoir depends primarily upon 
the power input per foot of sand thickness, and the rate 
of oil flow, which acts to remove heat from the Zone. 
Within the preferred range of power input, as stated above, 
the temperature of the heated zone will be raised at least 
about 25° F., where the initial rate of drainage is 0.80 
barrel per day, per foot of sand thickness, and as much as 
890° P. where the initial production of oil is is only 0.25 
barrel per day, per foot of sand thickness. 
As a speci?c example of the invention, calculations 

show that a stimulated ?ow rate of 100 barrels of oil per 
day is attained from an expenditure of 17.5 kilowatts 
of e?ective power input to a system having the following 
characteristics: 

Well depth ____________________________ __ft__ 2800 
Producing sand thickness ________________ __ft__ 50 
Drainage radius _______________________ __ft__ 500 
Well base radius _______________________ __ft__ 0.25 
Fracture radius ________________________ __ft__ 60 
Volumetric heat capacity, ° F. _._____B.t.u./ft.3__ 31.25 
Initial reservoir temp. _________________ __° F__ 84 
Initial oil viscosity ____________________ __cp__ 432 
Unstimulated flow rate ___________ __bbls./day__ 50 

What is claimed is: 
1. A method for thermally stimulating the production 

of oil from a subterranean reservoir penetrated by a well 
bore, which comprises fracturing the oil-bearing formation 
in an upper region thereof, fracturing said formation in 
a lower region thereof, propping said fractures with par 
ticles of an electrical conductor, connecting said fractures 
with a source of electric current, passing an electric cur 
rent between said fractures to heat said formation, and 
withdrawing oil from said Wellbore at a stimulated. rate. 

2. A method as de?ned by claim 1 wherein said frac 
tures are substantially horizontal. 

3. Apparatus for electrically heating a subterranean 
oil-bearing formation penetrated by a wellbore, said for 
mation having two vertically spaced conductor-propped 
fractures extending radially from said wellbore, which 
comprises a transformer, an electrical input cable con 
nected to the respective terminals of the primary Winding 
of said transformer, a connection collar assembly at each 
end of said transformer electrically connected to the 
respective terminals of the secondary winding of said 
transformer, said transformer and said collar assemblies 
being adapted to be mounted on a tubing string and 
lowered therewith into said wellbore to a position oppo 
site said oil-bearing formation, said collar assemblies 
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being spaced from each other along said tubing string a 
distance substantially equal to the vertical spacing of 
said fractures, and said collar assemblies comprising 
means for establishing electrical contact with the propping 
material in said fractures. 

4. Apparatus as de?ned by claim 3, wherein said 
fractures are substantially horizontal. 

5. A method for thermally stimulating the production 
of oil from a subterranean reservoir penetrated by a well 
bore, which comprises forming a substantially horizontal, 
metallic propped fracture near the upper boundary of the 
oil-bearing formation, forming a substantially horizontal, 
metallic propped fracture near the lower boundary of 
said formation, establishing electrical contact between said 
fractures and a surface source of electric power, increas 
ing the voltage applied to said fractures until the power 
input to the formation falls within the range of 100 watts 
to 1.0 kilowatts, per foot of oil-bearing formation, and 
producing oil from said formation at a stimulated rate. 

6. A method for thermally stimulating the production 
of oil from a subterranean reservoir penetrated by a well 
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bore, which comprises forming a metallic propped fracture 
near the upper boundary of the oil-bearing formation, 
forming a metallic propped fracture near the lower 
boundary of said formation, establishing electrical contact 
between said fractures and a surface source of electric 
power, establishing a voltage drop between said fractures 
which corresponds to a power input to the formation 
within the range of 10 watts to 10 kilowatts per foot of 
oil-bearing formation, and producing oil from said forma 
tion at a stimulated rate. 

7. A method as de?ned by claim 6, wherein said 
fractures are substantially horizontal. 
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