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ABSTRACT

A method for resistively heating a subterranean region to lower the

viscosity of hecavy oil by using production tubing coupled to at Jeast two electrodes
modified for three-phase flow and an electnically msulating body.
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SELECTIVE ELECTROMAGNETIC PRODUCTION TOOL

The present mvention relates gencerally to an miproved method and
apparatus for the recovery of highly viscous o1l n subterrax_ican deposits. In one aspect,
the mvention concerns a method of resistively heating the subterranean formation to
lower the viscosity of the oi1l. In another aspect, the invention concerns a hcating and
production apparatus comprising a flexible production tubmg. In another aspect, the

mvention concerns a method of completing a well by inserting into the fluid-filled well

bore production tubmg modified with a buoyant body.

Heavy oil is naturally formed oil with very high viscosity that often
contams impurities such as sulfur. While conventional light o1l has viscosities ranging
from about 0.5 centipoise (cP) to about 100 cP, heavy oil has viscosities that range from
100 cP to over 1,000,000 cP. Heavy o1l reserves are estimated to equal about 15% of the
total remaming o1l resources i the world. In the United States alone, heavy oil resources
are estimated at about 30.5 bilbon barrels, and heavy o1l production éccounts for a
substanﬁal portion of domestic oil production. For example, m Califormia alone, heavy

oil production accounts for over 60% of the state's total oil .production. With new
reserves of conventional light o1l becoming more difficult to find, improved methods of

heavy oil extraction have become more mportant. Unfortunately, heavy oil is typically‘
expensive to extract, and conventional methods have only about 10 to 30% recovery rates

of heavy oil from existing reserves. Therefore, there is a compelling need to develop a

more efficient and effective means Tor the exiraction of heavy oil.

One of the ways in which heavy oil can be recovered is through
electromagnetic stimulation. This involves lowering the ﬁscosity of heavy o1l by heating
it with electricity. There are several different methods of clecb'onlagnctic stimulation,
mchiding, for example, mductive heating, microwave heatmg, and resistive heating.

Inductive heating utilizes a down-hole heating element that directly turns the current into
heat. Microwave heatmg utilizes very high frequency energy to heat the reservorr.

‘Resistive heatmg utilizes an electrode that is grounded to an adjacent well bore or to the

surface. The electric current from the electrode m this method is conducted by connate

brine in the reservorr. Resistive heating essentially heats the subterranean formation
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surroundmg the heavy oil, resulting m the o1l being heated and lowering its viscosity.

Electromagnetic stinulation is, in theory, the ideal way to lower the

viscosity of heavy o1l because of the wide avatlability of clectricity and because it requires

a munmmnal surface presence. However, the results have not lived up to theory. There bave:

-been many different designs for electromagnetic stimulation of heavy oil reserves, but

notne have worked well enough to gam widesprcad acceptance. Thk 15 pnmarily becausc
the prior art has not developed an economical and robust dowshole deployrent system

for electromagnetic stinmlation.

Among the methods of electromagnetic stnmulation, resistive heating
seemns to hold the most promise as a reliable means of lowering the viscosity of heavy ol

One rcason for ths is that resistive heating docs not require any type of injection, becausc

the current simply flows through the conductive brine of the oil well. However, as in

other types of clectromagnetic stimulation, there has yet to be a widely accepted system
for resistive heating. Thus, there rernans the need for an clectromagnetic heating system

that 15 effective 1n increasing the productive output of heavy oil reservoirs.

O1] and/or natural gas wells are often dnlled horizontally in several
directions from one well head for a vanety of reasons. However, one problem with the
completion of horizontal wells is that it is difficult to extend production tubing to the end

of the well Therefore, there is also a need for a method to more effectively complete a

horizontal well.

Responsive to these and other problems, it is desirable to provide a more

efficient and effective method of extracting heavy oil

Again it is desirable to provide an apparatus which provides an effective

means of resistively heating a subterranean oil reservoir so that heavy oil can be extracted.

Once gain it is desirable to provide a morc ¢ffective means for cornpleting

a horizontal oil and/or gas well.

It should be noted that not all of the above-listed destrcs need be

accomplished by the invention claimed berein and other 6bjects and advantages of this
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invention will be apparent from the following description of the invention and the

appended claims.

In accordance with one embodiment of the invention, there is provided a
method for resistively heating a subterranean region. The method includes causing
electricity to pass through the region between two or more spaced-apart electrodes. The
electrodes are coupled to production tubing disposed withm the region.

In accordance with another embodiment of the invention, there 1s provided
a method for resistively heating a subterranean region. The method includes causing

electricity to pass through the region between two or more electrodes. The electrodes

being coupled to a common length of production tubing and spaced apart from one

another along the length of the tubing.

In accordance with another embodiment of the mvention, there is provided

a reservoir heating apparatus configured for attachment to production tubing. The '

apparatus includes an elongated electrically insulating body and a plurality of electrically
conductive electrodes. The apparatus is shiftable between a disassembled configuration

wherein the apparatus is decoupled from the tubing and an assembled configuration
wherein the apparatus is coupled to the production tubing. The electrodes are spaced
from one another along the length of the body when the apparatus is in the assembled
configuration. The body electrically insulates the electrodes from the tubing when the
apparatus 1s in the assembled configuration.

In accordance with still another embodiment of the invention, there 1s
provided a Systcm for resistively heating a subterranean rcgioh, The system iﬁciudcs a
first length of production tubmng; a second length of production tubing spaced from the
first ]eﬁgth of product'ion' tubmg; a senes of elcctrically connccted first clectrodes sﬁaccd
along the length of the first length of production tubing; and a series of electrically
connected second electrodes spaced along the length of the second length of production
tubing.

In accordance with a further embodiment of the invention, there is

provided a method for completing a well comprising: (a) coupling a lJow-density body to
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a length of production tubing; and (b) insertmg the length of production tubmg mto a
hole containng a fluid of greater density than the body.

Preferred embodiments of the invention are described in detail below with
reference to the attached drawing figures, wherem: | |

FIG. 1 is a schematic diagram illustrating a heavy oil heatmg apparatus
accordmg to one embodiment of the present mvention, particularly illustrating the heating
apparatus coupled to a length of production tubing extended in a horizontal portion of a

well bore;

FIG. 2 1s an enlarged partial sidde view of a portion of the heating apparatus
of F1G. 1, particularly illustrating the insulating body and spaced apart electrodes of the

heating apparatus;

FIG. 3 1s a an enlarged isometric view of a portion of the heating apparatus
of FIG. 1, particularly illustrating the manner in which the power lines, electrodes, and
msulating body are coupled to and disposed around the production tubing;

F1G. 4 1s a sectional view of the heating apparatus taken along line 4-4 m
F1G. 2, further iltustrating the manner 1 which the power lines, electrodes, and msulating

body are coupled to and disposed around the production tubmg;

FIG. 5 is a sectional view taken along line 5-5 in FIG.4, further illustrating

the electrode, msulating body, and power lines;

FIG. 6 1s a top view of an alternative heavy o1l heating system accordmg to
one embodiment of the present invention, particularly illustrating three heating apparatus

sections disposed m three radially-extending horizontal well bores;

FIG. 7 1s a schematic diagram illustrating a heavjr ol heatmg system
according to one embodiment of the present mvention disposcd within two parallcl well

bores; and

FIG. 8 15 a schematic diagram illustrating the completion of an o1l and/or

gas well according to one embodiment of the present invention, particularly illustrating
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the extension of production tubing equipped with a buoyant body into a horizontal well
filled with a hqud.

Turnmng matially to FIG. 1, a well bore 10 1s illustrated as extending in a
subterranean formation 12 proximate an oil-bearing portion 14 of subterranean formation
12. Well bore 10 mcludes a cased section 16 and an uncased section 18. Cased section
16 of well bore 10 is cased with casmg 20 and extends in a substanﬁally vertical fashion,
Uncased section 18 of well bore 10 is not cased. In one embodimcnt of the present
mvention, uncased section 18 of well bore . 10 extends 1n a substantially horizontal fashion
proximate oil-bearing portion 14 of subterranean formation 12. In another embodiment of
the present mvention, uncased section 18 of well bore 10 extends in a substantially
vertical fashion proximate o1l-bearing portion 14 of subterranean formation 12. In yet
another embodiment of the present mvention, uncased section 18 of well bore 10 extends
in a substantially sloped fashion proximate oil-bearing portion 14 of subterranean
formation 12. A production tubing 22 is disposed within well bore 10. Prcferably,
production tubing 22 1s a conventional flexible metallic tubing such as, for example,
coiled tubing. Alternatively, production tubing 22 is substantially composed of
non-conductive material, such as plastic or fiberglass. In the further alternative,

production tubing 22 is a conventional flexible metallic tubing including electrical
insulators between each section of the tubing. An unmodified portion 24 of production
tubing 22 extends into cased section 16 of well bore 10, while a modified portion 26 of
production tubmg 22 extends into uncased section 18 of well bore 10. Modified portion
26 of production tubing 22 is perforated to permit o1l disposed in uncased section 18 of
well bore 10 and onginating from oi-beaning portion 14 of subterranean formation 12 to

enter production tubing 22.

Modified portion 26 of production tubing 22 is equipped with a heéting_
and production apparatus 28. Heating and production ap'paratuS 28 generally compriscs
an electrically insulating body 30 and a phurality of electrodes 32. Insulating body 30 1s
coupled to and extends along the length of modified portion 26 of production tubing 22.
Electrodes 32 are generally ring-shaped and are coupled to and extend around insulating
body 30. Electrodes 32 are made of an electrically conductive material, preferably metal,

most preferably stainless st.c‘cl. Electrodes 32 are spaccd from one another along the
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length of modified portion 26 of production tubing 22. As described in detail below,
elecirodes 32 can be electrified to cause resistive heating of oil-bearing portion 14 of
subterranean formation 12. Insulating body 30 is Operéble to electrically msulate
production tubing 22 from electrodes 32. It is preferred for heating apparatus 28 to
include at Jeast 2 electrodes 32, more preferably at least 4 electrodes 32, and most
prc::ferably 6 to 20 electrodes 32. Preferably, electrodes 32 afc spaced from one another
along the length of production tubing 22 by about 25 to about 500 feet, more preferably
about 50 to about 200 feet. Preferably, each electrode 32 has a length of about 1 to about
10 fcet, more preferably about 2 to about 5 feet. In a preferred embodiment of the present
ipvention, msulatimg body 30 extends continuously along a substantial iength (preferably
all) of modified portion 26 of production tubing 22. Preferably, msulating body 30
continuously extends at least about 300 feet along the length of prodliction tubmg 22,
more preferably about 400 to about 2,000 feet along the length of production tubing 22.

Turning now to FIGS. 2-5, in a preferred embodiment of the invention,
heating and production apparatus 28 includes msulating body 30, electrodes 32, powér
lmes 34, msulating collars 36, fastening collars 38, and C-clips 40. Insulating body 30
comprises a plurahty of, preferably four, mdividual body sections 42a,b,c,d. Each of the
preferably four power lines 34a,b,c,d 1s disposed between a respective body section
42a,b,c,d. C-clips 40 are preferably formed of a flexible, electrically insulating material
such as plastic. Each C-clip 40a,b,c,d holds a respective parr of body sections 42a,b,c,d
together and holds a respective powér Ime 34a,b,c,d in place within insulating body 30.

In this manner, insulating body 30 is operable to electrically insulate power Imes 34a,b,c,d
from each one another, from production tubing 22, and from electrodes 32. Insulatmg
collars 36 are operable to further insulate electrodes 32 and production tﬁbﬁg 22 from
power Imes 34. Fastening collars 38 are operable to securely couple msulatmg collars 36
to insulating body 30. In addition, fastening collars 38 help hold mdividual body sections
42a,b,c,d together. Each electrode 32 extends around and is coupled to a respective
insulating collar 36. As perhaps best illustrated in FIGS. 3-5, each electrode 32 defines a
plurality of electrode perforations 44, each insulating collar 36 defines a plurality of collar
perforations 46, x'nsulatl'ltaé> body 30 defines a plurality of msulating body perforations 48,
and production tubing 22 defes a plurahity of tubing perforations 50. As perhaps best
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illustrate m FIGS. 4 and 5, 1t 1s preferred for electrode, collar, and body perforations 44,
46, and 48 to be substantially aligned so as to form a flow channel 52 that permts fluid
flow therethrough and into production tubing 22.

Referring again to FIGS. 4 and 5, heating and production apparatus 28 also
includes an electrical connection means for electrically connecting each electrode 32 to a
smgle one of the power lines 34. In one embodiment of the present nvention, this
electrical connection means is provided by a jumper screw 54 that extends through
electrode 32, though msulating collar 36, though C-chp 40, and mnto contact with power
Ime 34. Refernng to FIG. 4, m another embodiment 6f the present mvention, the
electrical connection means 1s provided by a switch 56. Switch 56 includes a first
conductive element 58 connected to one of the power lines 34 and a second conductive
element 60 connected to electrode 32. A control line 62 can be provided to selectively
electrify electrode 32 by turning switch 56 on and off. Thus, in this embodiment, each
electrode 32 spaced along the length of production tubing 22 can be individually turned
on and off. In another embodiment of the present mvention, a thermocouple 6;4 1S
provided along the length of production tubing 22. Thermocouple 64 is preferably a
fiberoptic cable, and is operable to measure the temperature of well bore 10 and

subterranean formation 12.

Referring agam to FIGS. 3-5’, as mentioned above, production tubing 22
can be conventional tubmg that 1s modified to include heating and production apparatus
28 after the manufacture of production tubing 22, or production tubing 22 may
alternatively be composed of non-conductive material that is modified to include heatmg
and production apparatus 28. In another embodiment of the present invention, production
tubing 22 may comprise conventional production tubing that includes insulators between
each section of tubing and is modified to include heating and production apparatus 28. In
order to modify production tubing 22 to include heating and pro',duction apparatus 28,
heatmg and production apparatus 28 must be transformed from a disassembled
conhiguration (where apparatus 28 is decoupled from production tubing 22) to an
assernbled configuration (where apparatus 28 is coupled to production tubing 22). In-
order to couple heating and production apparatus 28 to production tubing 22, power lines

34a,b,c,d are placed betwecn body sections 42a b,c,d; body sections 42ab,c,d are placed
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- around production tubmng 22, C-é]ips 40a,b,c,d are used to secure body sections 42a b,c,d

on production tubjng 22; msulating collar 36 is placed over msulating body 30; fastening

. collars 38 are placed around msulatmg collar 36; and electrode 32 1s placed over

insulating collar 36.

. Referring again to FIGS. 1-5, in order to heat oil-bearing portion 14 of
subterranean formation 12, two or more electrodes 32 are electrified or grounded. '

Electrifying the electrodes 32 causes electricity to pass through subterranean fonnatidp 12
from an electrified electrode to a grounded electrode 32. The electrical resistance

provided by subterranean formation 12 resistively beats subterranean formation 12 and

. the fluids contamned therei. Préferably, oil-bearing portion 14 of subterranean fonnation‘

12 contains a highly viscous oil. The resistive heating of subterranean formation 12 '
causes the high wiscous oil to become less viscous, so that it can easily flow mto uncased

portion 18 of well bore 10. Once m well bore 10, the heated oil can easily be withdrawn
from well bore 10 via production tubmg 22. |

~ Referring again to FIGS. 1-5, in one embodiment of the invention, power
hnes 34a,b,c arc charécd with three-phase clectricity, while power Ime 34d serves as a '
ground. In this embodiment, switch 56 1s operable to connect electrode 32 with one of
pbwer lines 34a,b,c,d. Thus, all of the _elccﬁ‘odcs 32 on apparatus 28 can be electrified at
a desired phase. In another embodiment of the prcsént mvention, thermomuiales 60 are

used to generate a temperature profile of the subterranean formation 12. Using this

- profile, electrodes 32 can be electrified or grounded in order to optimize the temperature

profile of oil-bearing portion 14 of subterranean formation 12 for the flow of heavy oil

into production tubing 22.

Turnmg now to FIG. 6, in another embodment of the mvention, heating
and production apparatus 100 has a first produdion leg 102, a second production leg 104,
and a third prdduction leg 106. First production leg 102 cbmprises a first insulating- body
108 extended around production tubing and a first set of electrodes 110; second '
production leg 104 compn'scs a second msulatmg b‘ody 112 cxtcnded around pro_ductidn
fubing and a second set of electrodes 114; and third pro&dction leg 106 comprises a third
inéulating body 116 extended around production tubing and a third set of electrodes 118.
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Each production leg can be assembled m substantially the same manner as heating and
production apparatus 28 m FIGS. 1-5 described above. The first production leg 102 is
disposed in a first well bore 120; a second production leg 104 is disposed in a second well
bore 122; and a third production leg 106 is disposed m a third well bore 124. First
production leg 102, second production leg 104,. and third production leg 106 are
as.sembled‘ and operate in the manner descnibed above for FIGS. 2-5. First, second, and
third sets of electrodes can be powered by three-phase electricity in a manner such that the
first, second, and third sets of electrodes are each electrified at a different phase. The first
end electrode 126, second end electrode 128, and third end electrode 130 are preferably
connected to the ground power line, so that each end electrode is neutralized. When
electrified, the electrodes cause electricity to pass into the subterranean region in which
the well bores 120, 122, 124 are disposed. The electricity flows through electricallj
conductive brine, and serves to heat heavy ol m the region, thereby lowering its viscosity

and enabling 1t to flow mto the production tubmg of apparatus 100.

Turning now to FIG. 7, another embodiment of the present invention
comprises two lengths of production tubing disposed in well bore 202. Well bore 202
COmpriSes a smgle vertical portion 204, a first horizontal portion 206, and a second
horizontal portion 208. Well bore 202 extends through an oil-bearing subterranean region
210. Vertical portion 5.04 of well bore 202 is cased with casing 212. First horizontal
portion 206 and second horizontal portion 208 of well bore 202 are uncased. Disposed
within first horizontal portion 206 of well bore 202 is first heating and production
apparatus 214. First heating and production apparatus 214 comprises first production

tubing 216, a first electrically insulating body 218, and a first set of electrodes 220.
Disposed within second horizontal portion 208 of well bore 202 is second heating and

production apparatus 222. Second heating and production apparatus 222 comprises
second production tubing 224, a second electrically insulating body 226, and a second set
of electrodes 228. In both heatng and production apparatuses 214, 222, the insulating

bodies 218, 226, sets of electrodes 220, 228, and production tubing 216, 224 are
perforated for fhuid flow mto the respective production tubing. First heating apparatus
214 and second heating apparatus 222 can be assembled and operate in substantially the

same manner described above with reference to FIGS. 1-6.
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Turning to FIG. 8, another embodiment of the invention mvolves the
completion of oil and/or gas well 300. In this embodiment, the heating and production
appai*atus 302 comprises production tubing 304, an electrically msulating body 306, and
a plurahty of electrodes 308. Insulating body 306 is comprised of a low-density material
with a specific gravity less than about 1, preferably less than_about 0.75. The low density
of ’ins'ulating body 306 enablés apparatus 302 to float on hquid 310 m well bore 312. '

Because apparatus 302 floats on liquid 310, 1t is easicr to move épparatus- 302 to the end

of the well bore 312.

The preferred forms of the invention dcscn"bed above are to be used as
illustration only, and should not be used m a miting sensé to interpret the scope of the
présent invention. Obvious modifications to the exemplary embodiments, set forth above,
could be readily made by those skilled in the art without departing from the spirit of the

present mvention.
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The embodiments of the present invention for which an exclusive property or

privilege is claimed are defined as tollows:

1. A method for resistively heating a subterranean region of at least one

uncased wellbore, said method comprising:

causing electricity to pass through the region between two or more spaced-
apart electrodes, said electrodes being coupled to and spaced along production tubing
disposed within the region, and said electrodes being electrically insulated from the

production tubing by an electrically insulating body coupled to said tubing.

2. The method of claim 1, said electrodes being disposed in an uncased

open-hole well bore.

3. The method of claim 2, said well bore being oriented substantially

horizontally.

4. The method of claim 1, said electrodes being dispersed in two or more

uncased well bores.

3. The method of claim 4, said well bores being substantially parallel to
one another.

6. The method of claim 5, said electricity passing between the well bores.

7. The method of claim 1, said subterranean region containing highly

viscous oil, said oil being resistively heated by the electricity passing through the region to

thereby cause the oil to become less viscous.

8. The method of claim 1, said electrodes being disposed within two or
more substantially horizontal and substantially co-planar uncased well bores, said electricity

passing between said well bores.
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9. The method of claim 1, said electrodes being coupled around the

outside of the production tubing.

10.  The method of claim 9, each of said electrodes extending completely

around the production tubing.

11.  The method of claim 1, said insulating body extending completely

around the production tubing.

12. The method of claim 11, said insulating body extending continuously

along at least 300 feet of the length of the production tubing.

13.  The method of claim 1, said electrodes being coupled around the

insulating body.

14. The method of claim 13, said insulating body, said electrodes, and said
production tubing being perforated to permit fluid flow therethrough and into the tubing
along a substantial length of the tubing.

15. The method of claim 1, each of said electrodes being electrically

coupled to one of a plurality of electrical conductors extending along the production tubing.

16.  The method of claim 135, said conductors being electrically insulated

from the production tubing by the insulating body.

17.  The method of claim 16, said insulating body electrically insulating

each of the electrodes from at least one of the conductors.

18. A method for resistively heating a subterranean region, said method
comprising:
causing electricity to pass through the region between a first set of two or
more electrodes, said first set of electrodes being disposed in an uncased open-hole

well bore, said first set of electrodes being coupled to a common length of first



CA 02588366 2010-03-03

.13 -

production tubing and spaced apart from one another along the length of the first
production tubing; and

causing electricity to pass through the region between said first set of
electrodes and a second set of electrodes coupled to a common length of second
production tubing, said second set of electrodes being spaced apart from one another
along the length of the second production tubing, said second production tubing being
spaced from and extending substantially parallel to the first production tubing, said
first production tubing having a first electrically insulating body coupled thereto, said
second production tubing having a second electrically insulating body coupled
thereto, said first and second production tubing, said electrodes, and said insulating
bodies being perforated to permit fluid flow therethrough and into the respective

production tubing.

19.  The method of claim 18, said first and second production tubing being

disposed in two separate, substantially horizontal, substantially parallel uncased well bores.

20.  The method of claim 18, said electrodes being spaced apart from one
another by at least 25 feet.

21.  The method of claim 20, said electrodes being spaced apart in the
range of from about 50 feet to about 200 feet.

22.  The method of claim 20, said first set of electrodes comprising at least

four individual electrodes.

23. A method for resistively heating a subterranean region, said method
comprising:
causing electricity to pass through the region between a first set of two or
more electrodes, said first set of electrodes being disposed in an uncased open-hole
well bore, said first set of electrodes being coupled to a common length of first
production tubing and spaced apart from one another along the length of the first
production tubing; and
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causing electricity to pass through the region between said first set of

electrodes and a second set of electrodes coupled to a common length of second
production tubing, said second set of electrodes being spaced apart from one another
along the length of the second production tubing, said second production tubing being
spaced from and extending substantially parallel to the first production tubing, said
first production tubing having a first electrically insulating body coupled thereto, said
second production tubing having a second electrically insulating body coupled
thereto, each of said first and second 1nsulating bodies housing at least four power
lines, three of said power lines being configured to carry three-phase electricity, a

fourth one of the power lines being configured to act as a ground.

24.  The method of claim 23, said electrodes comprising metallic rings
through which the power lines run, each of said electrodes being connected to at least one of

the power lines by a contact means to thereby electrify or ground the electrode.

25. The method of claim 24, further comprising:
using a plurality of spaced-apart thermocouples coupled along the length of

the first production tubing to create a temperature profile of the subterranean region.

26.  The method of claim 25, further comprising:
selectively electrifying or grounding the electrodes in order to optimize the

temperature profile.

27.  Areservoir heating apparatus configured for attachment to production
tubing, said apparatus comprising:

an elongated electrically insulating body; and

a plurality of electrically conductive electrodes, said apparatus being shiftable

between a disassembled configuration wherein the apparatus 1s decoupled from the
tubing and an assembled configuration wherein the apparatus is coupled to the
production tubing;

said electrodes being spaced from one another along the length of the body

when the apparatus 1s 1n the assembled configuration; and
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sald body electrically insulating the electrodes from the tubing when the

apparatus 1s in the assembled configuration.

28.  The reservoir heating apparatus of claim 27, said production tubing
and said insulating body being perforated to permit fluid flow into the production tubing in

the assembled configuration.

29.  The reservoir heating apparatus of claim 27, said electrodes being

spaced apart by at least about 25 feet when the apparatus 1s in the assembled configuration.

30.  The reservoir heating apparatus of claim 27, said electrodes being
spaced apart in the range of from about 50 feet to about 200 feet when the apparatus 1s in the

assembled configuration.

31.  The reservoir heating apparatus of claim 27, further comprising:
a plurality ot separate power lines at least partly disposed 1n the insulating
body and extending along the production tubing when the apparatus is in the

assembled configuration.

32.  The reservoir heating apparatus of claim 31, further comprising:
an electrical connector associated with each electrode and operable to
clectrically couple the electrode to one of the power lines when the apparatus is in the

assembled configuration.

33.  The reservoir heating apparatus of claim 32, said electrical connector

comprising a jumper screw.

34.  The reservoir heating apparatus of claim 32, said electrical connector

comprising a switch.

35.  The reservoir heating apparatus of claim 34, further comprising:
a control line disposed in the insulating body and connected to each of the

switches when the apparatus 1s 1n the assembled configuration, said control line being
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capable of controlling each individual switch so that the electrical connection between

the power lines and each electrode can be selectively switched on and off.

36.  The reservoir heating apparatus of claim 31, each of said electrodes
comprising an electrically conductive ring surrounding the insulating body and power lines

when the apparatus 1s in the assembled configuration.

37.  The reservoir heating apparatus of claim 36, said electrodes being

about 1 to about 10 feet 1n length.

38.  The reservoir heating apparatus of claim 27, said apparatus including

one or more thermocouples attached to the body.

39.  The reservoir heating apparatus of claim 38, said thermocouples

comprising a fiber optic cable disposed within the insulating body.

40. A system for resistively heating a subterranean region, said system
comprising:
a first length of production tubing;
a second length of production tubing spaced from the first length of production
tubing;
a series of electrically connected first electrodes spaced along the length of the
first length of production tubing; and

a series of electrically connected second electrodes spaced along the length of
the second length of production tubing, and said first electrodes being electrically
insulated from the first length of production tubing by a first electrically insulating
body coupled to the first length of production tubing.

41.  The system of claim 40, at least a portion of said first and second

lengths of production tubing being oriented substantially horizontally.

42.  The system of claim 40, further comprising:

a second 1nsulating body coupled to the second length of production tubing.
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43.  The system of claim 42, said first and second insulated bodies
insulating the first and second electrodes from the first and second lengths of production

tubing, respectively.

44,  The system of claim 42, said first and second insulating bodies having

a specific gravity less than about 1.

45.  The system of claim 44, said first and second insulating bodies having

a specific gravity less than about 0.75.

46.  The system of claim 40, further comprising:

a first set of two or more separate power lines coupled to and extending along
the first length of production tubing; and

a second set of two or more separate power lines coupled to and extending

along the length of the second length of production tubing.

47.  The system of claim 46, said first and second electrodes comprising

metallic rings through which the first and second sets of power lines run, respectively.

48.  The system of claim 46, further comprising:
an electrical connector associated with each electrode and operable to connect

each electrode to one of the power lines.

49.  The system of claim 48, said electrical connector being a jumper

SCICW.,

50.  The system of claim 48, said electrical connector being a switch.
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