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hole heater, and athermal barrier. The thermal barrier may retard fluid and heat from
flowing between a lower annulus of a wellbore and an upper annulus of a wellbore.
The thermal barrier may be formed from one or more thermal barrier subcomponents.
The downhole heater may be an electrical heater. The thermal barrier may include one
or more vents allowing fluid communication between the lower annulus and upper
annulus ot the wellbore.
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DOWNHOLE HEATER

Cross-Reference to Related Applications

[0001] This application is a nonprovisional application that claims priority from U.S. provisional

application number 62/347,951, filed June 9, 2016.

Technical Field/Field of the Disclosure

[0002] The present disclosure relates generally to downhole tools, and specifically to downhole

heating tools.

Background of the Disclosure

[0003] During production of a hydrocarbon bearing formation, the content of the formation may
lead to low rates of production. For example, where heavy oils such as those including
asphaltene and/or paraffin are encountered, high density and viscosity may slow or prevent the
hydrocarbons from migrating out of the wellbore. Because the viscosity of these oils may reduce
as temperature increases, heating the wellbore and formation may increase production rates in
the formation. However, as fluid enters the wellbore, asphaltene may fall out of solution and clog

the wellbore.

Summary

[0004] The present disclosure provides for a downhole heating apparatus. The downhole heating
apparatus may include a mandrel. The downhole heating apparatus may include a thermal barrier
positioned on an exterior surface of the mandrel. The thermal barrier may include one or more
thermal barrier subcomponents. The downhole heating apparatus may include a downhole heater
mechanically coupled to the mandrel. The downhole heater may be positioned below the thermal

barrier. The downhole heater may include an electric heating element.
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[0005] The present disclosure also provides for a downhole apparatus. The downhole apparatus
may include a mandrel. The downhole apparatus may include a thermal barrier positioned on an
exterior surface of the mandrel. The thermal barrier may include one or more thermal barrier
subcomponents. The downhole apparatus may include a gas separator mechanically coupled to

the mandrel.

[0006] The present disclosure also provides for a system. The system may include a wellbore
formed in a downhole formation. The wellbore may include a casing. The casing may include
one or more perforations. The system may include a downhole heating apparatus positioned
within the wellbore. The downhole apparatus may be mechanically coupled to a tubing string.
The downhole heating apparatus may include a mandrel. The downhole heating apparatus may
include a thermal barrier positioned on an exterior surface of the mandrel. The thermal barrier
may include one or more thermal barrier subcomponents. The thermal barrier may extend from
the exterior surface of the mandrel. The thermal barrier may be positioned above the perforations
in the casing. The thermal barrier may define an upper annulus and a lower annulus, the upper
annulus defined as the interior of the casing above the thermal barrier and the lower annulus
defined as the interior of the casing below the thermal barrier. The downhole heating apparatus

may include a gas separator mechanically coupled to the mandrel.

Brief Description of the Drawings

[0007] In the following detailed description and accompanying figures, various features are not
drawn to scale. The dimensions of the various features may be increased or reduced for clarity of

discussion.
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[0008] FIG. 1 depicts a downhole heating apparatus consistent with at least one embodiment of

the present disclosure positioned in a wellbore.

[0009] FIG. 2 depicts a cross section view of a downhole heating apparatus consistent with at

least one embodiment of the present disclosure.

[0010] FIG. 3 depicts a partial cross section view of a downhole heating apparatus consistent

with at least one embodiment of the present disclosure.

[0011] FIG. 4 depicts a cross section view of a downhole heating apparatus consistent with at

least one embodiment of the present disclosure.

[0012] FIG. 5 depicts a partial cross section view of a downhole heating apparatus consistent

with at least one embodiment of the present disclosure.

[0013] FIG. SA depicts a partial cross section view of a downhole heating apparatus consistent

with at least one embodiment of the present disclosure.

[0014] FIG. 6 depicts a cross section of a downhole heater of a downhole heating apparatus

consistent with at least one embodiment of the present disclosure.

[0015] FIG. 7 depicts a cross section of a downhole heating apparatus consistent with at least

one embodiment of the present disclosure.

[0016] FIG. 8 depicts a cross section of a thermal barrier consistent with at least one

embodiment of the present disclosure.

[0017] FIG. 9 depicts a cross section of a thermal barrier consistent with at least one

embodiment of the present disclosure.
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Detailed Description

[0018] The following disclosure provides many different embodiments, or examples, for
implementing different features of various embodiments. Specific examples of components and
arrangements are described below to simplify the present disclosure. These are examples and are
not intended to be limiting. In addition, the present disclosure may repeat reference numerals
and/or letters in the various examples. This repetition is for the purpose of simplicity and clarity
and does not in itself dictate a relationship between the various embodiments and/or
configurations discussed. In disclosure, “below” denotes a positional relationship further from
the surface in a wellbore when the described component or components are positioned in the
wellbore, and “above” denotes a positional relationship closer to the surface in a wellbore when

the described component or components are positioned in the wellbore.

[0019] FIG. 1 depicts downhole heating apparatus 100 positioned in wellbore 1. Wellbore 1, as
used herein, may include vertical wells, horizontal wells, deviated wells, or wells of any
configuration. Downhole heating apparatus 100 may be positioned in wellbore 1 within
downhole formation 66. Downhole formation 66 may be formed of earthen materials including,
for example and without limitation, sand, shale, limestone, or dolomite. Downhole formation 66
may include one or more fluids, such as, for example and without limitation, water, oil, and gas.
In some embodiments, wellbore 1 may be an uncased or open wellbore. In some embodiments,
wellbore 1 may include casing 4. Casing 4 may be a metal tube, and may include one or more
casing perforations 42 which may fluidly couple the interior of casing 4 with downhole
formation 66. In some embodiments, fluid lift device 50 may be positioned at least partially
within tubing string 6. Fluid lift device 50 may provide artificial lift to fluids within wellbore 1.

Fluid lift device 50 may be, for example and without limitation, one or more of a rod pump,
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submersible pump, jet pump, hollow sucker rod, fluid circulating pump, progressive cavity

pump, or any other suitable fluid lifting device.

[0020] In some embodiments, downhole heating apparatus 100 may be mechanically coupled to
tubing string 6. In some embodiments, tubing string 6 may be production tubing. In some
embodiments, tubing string 6 may be any suitable tubular, including, for example and without

limitation, coiled tubing, tubular segments, drill pipe, or casing segments.

[0021] In some embodiments, one or more electrical connections may extend through wellbore 1
to downhole heating apparatus 100. For example and without limitation, power cable 16 may
extend from voltage controller 80 located at the surface to downhole heating apparatus 100. In
some embodiments, voltage controller 80 may control the temperature of downhole heater 40. In
some embodiments, voltage controller 80 may operate to maintain a constant temperature at one
or more locations in wellbore 1. Power cable 16 may carry electrical power to one or more of
fluid lift device 50 and downhole heating apparatus 100 as discussed further herein below. In
some embodiments, thermocouple cable 88 may extend from thermocouple circuit 80 to
downhole heating apparatus 100. Thermocouple cable 88 may, for example and without
limitation, be used to determine a temperature within wellbore 1 or within one or more parts of
downhole heating apparatus 100 as discussed further herein below. Although depicted in FIG. 1
as separate cables, power cable 16 and thermocouple cable 88 as well as any other electrical
cables may be integrated into a single cable. Although depicted as extending through the annulus
one or both of power cable 16 and thermocouple cable 88 may extend through tubing string 6. In

some embodiments, thermocouple cable 89 may extend through the annulus of casing 4.
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[0022] In some embodiments, downhole heating apparatus 100 may include mandrel 20.
Mandrel 20 may be generally tubular in shape. In some embodiments, mandrel 20 may
mechanically couple to tubing string 6. In some embodiments, mandrel 20 may be formed from a
lower part of tubing string 6. Mandrel 20 may form an outer housing of downhole heating
apparatus 100. In some embodiments, as used herein, mandrel 20 may include one or more
components of downhole heating apparatus 100. In some embodiments, downhole heating
apparatus 100 may include downhole heater 40 and gas separator 14. In some embodiments,
downhole heating apparatus 100 may include heater terminal block 36, integral union 34, and

pothead 30, each of which is discussed further herein below.

[0023] In some embodiments, downhole heating apparatus 100 may include thermal barrier 12.
Thermal barrier 12 may be positioned on an exterior surface of mandrel 20. In some
embodiments, thermal barrier 12 may be an extension from mandrel 20 to, for example and
without limitation, reduce the cross sectional area between downhole heating apparatus 100 and
casing 4. In some embodiments, as depicted in FIG. 2, thermal barrier 12 may be retained in
place on mandrel 20 by one or more retaining rings 9. In some embodiments, thermal barrier 12
may be any suitable structure for retarding flow of one or both of fluid and heat between the
annulus of casing 4 below thermal barrier 12, defining lower annulus 1b, and above thermal
barrier 12, defining upper annulus la. For example and without limitation, fluid within lower
annulus 1b may include liquid 46 and gas 48. Liquid 46 for the purpose of this disclosure may
include, for example and without limitation, hydrocarbons including, for example and without
limitation, oil, asphaltenes, paraffins, and any other hydrocarbon fraction, and any other liquids
such as water. Heat within lower annulus 1b of casing 4 below thermal barrier 12 may, for

example and without limitation, extend radially into downhole formation 66 surrounding
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downhole heating apparatus 100. In some embodiments, thermal barrier 12 may not form a fluid
seal with casing 4. In some embodiments, heat within lower annulus 1b may rise within casing 4
to, for example and without limitation, heat components of fluid lifting device 50. In certain
embodiments, heat is not fully sealed below thermal barrier 12. In some embodiments, thermal
barrier 12 may include a pothead sized for retarding flow of one or both of fluid and heat

between lower annulus 1b and upper annulus la.

[0024] In some embodiments, thermal barrier 12 may include one or more thermal barrier
subcomponents. In some embodiments, thermal barrier 12 may be formed from a high
temperature material resistant to liquid 46 and gas 48 within wellbore 1 including, but not limited
to, chemicals. In some embodiments, thermal barrier 12 may be formed from an inflexible
material such as a metal or fiberglass sleeve. In some embodiments, thermal barrier 12 may be
formed from a tubing collar. In some embodiments, thermal barrier 12 may be formed from a
mechanical packer or swellable packer. In some embodiments, thermal barrier 12 may be formed
from a flexible material. For example and without limitation, thermal barrier 12 may be formed
from one or more of rubber or polytetrafluoroethylene. In some embodiments, thermal barrier 12
may include one or more casing swab cups. In some such embodiments, the swab cups may be,
for example and without limitation, one or more of V, GW, RTV, EL, M, BM, BV, BX, TA,
TUF, UF, NUF, and HPR type swab cups. In some embodiments, thermal barrier 12 may be
made up of one or more of, for example and without limitation, swab V-cups, packer elements,
seating cups, sliding mandrel rubber, or other molded rubber elements. In some embodiments,
thermal barrier 12 may be formed from a metal. In some embodiments, thermal barrier 12 may
be formed from a rubber including, for example and without limitation, nitrile rubber, oil

resistant nitrile rubber, or any other rubbers suitable for temperatures encountered within
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wellbore 1. In some embodiments, thermal barrier 12 may include one or more of a steel wire
framework, or one or more metal sleeves formed from, for example and without limitation, steel
or aluminum. In some embodiments, one or more cables including power cable 16 and
thermocouple cable 88 may pass through channels formed in thermal barrier 12. In some
embodiments, one or more cables including power cable 16 and thermocouple cable 88 may be
molded integrally into thermal barrier 12. In some embodiments, as depicted in FIG. 7, power
cable 16 and thermocouple cable 88 may enter pothead 30’ at a position above thermal barrier

12.

[0025] In some embodiments, thermal barrier 12 may not fully thermally seal between mandrel
20 and casing 4. In some such embodiments, thermal barrier 12 may provide one or more
thermal flow paths for a portion of the heat generated by downhole heater 40 to rise through
thermal barrier 12 into the annulus of wellbore 1 above thermal barrier 12. In some
embodiments, the thermal flow paths may be one or more vents 74 which provide fluid
communication between upper annulus la and lower annulus 1b as discussed further herein

below.

[0026] In some embodiments, as depicted in FIG. 2, downhole heating apparatus 100 may be
placed in wellbore 1 such that thermal barrier 12 is positioned above casing perforations 42. In
some embodiments, downhole heating apparatus 100 may be placed in wellbore 1 such that
thermal barrier 12 is positioned below casing perforations 42, wherein casing perforations 42 are
aligned with known gas bearing portions of downhole formation 66 and above casing

perforations 42 aligned with liquid bearing portions of downhole formation 66.
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[0027] In some embodiments, downhole heater 40 may be positioned below thermal barrier 12
of downhole heating apparatus 100. In some embodiments, downhole heater 40 may be
positioned below casing perforations 42. In some embodiments, downhole heater 40 may include
heater casing 38 and one or more electric heating elements 40a. Downhole heater 40 may be
formed in varying lengths determined by one or more aspects of downhole formation 66. In some
embodiments, for example and without limitation, downhole heater 40 may be formed in a length
corresponding with the length of casing 4 including casing perforations 42 or the length of a
known oil bearing portion of downhole formation 66. Electric heating elements 40a may be any
electric heating element known in the art, including, for example and without limitation, a
resistance heating element including a coiled element. In some embodiments, electric heating
elements 40a may be formed as an induction heater, cartridge heater, mineral insulated cable, or

dry well heater.

[0028] In some embodiments, electric heating elements 40a may be positioned within heater
casing 38. In some embodiments, heater casing 38 may be formed from a material such as steel.
In some embodiments, heater casing 38 may, for example and without limitation, protect electric
heating elements 40a as downhole heating apparatus 100 is inserted into wellbore 1. In some
embodiments, heater casing 38 may be formed from a material having high heat transfer
properties including, for example and without limitation, aluminum. In some embodiments,
heater casing 38 may include one or more holes, slots, or perforations to allow fluid within lower

annulus 1b to enter heater casing 38.

[0029] In some embodiments, electric heating elements 40a may be encased within heater casing
38. Heater casing 38 may form a fluid enclosure about electric heating elements 40a. Heater

casing 38 may be heated by electric heating elements 40a and transfer the heat to fluid in lower

9
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annulus 1b. In some embodiments, heat transfer fluid 72 may be positioned within heater casing
38 to, for example and without limitation, protect electric heating elements 40a from, for
example and without limitation, overheating or corrosion, and facilitate heat transfer between
electric heating elements 40a and heater casing 38. In some embodiments, heat transfer fluid 72
may be a non-corrosive fluid with high temperature tolerance and low thermal expansion. For
example and without limitation, in some embodiments, heat transfer fluid 72 may be a glycol
such as, for example and without limitation, triethylene glycol. In some embodiments, heat
transfer fluid 72 may be a hydrocarbon such as motor oil. In some embodiments, heater casing
38 may be at least partially filled with heat transfer fluid 72 such that allowance is made for any

expansion of heat transfer fluid 72.

[0030] In some embodiments, heater casing 38 may be formed to have a length longer than the
length of electric heating elements 40a. In such an embodiment, heat transfer fluid 72 may heat

heater casing 38 by, for example and without limitation, convection of heat transfer fluid 72.

[0031] In some embodiments, heat from electric heating elements 40a may pass into heater
casing 38. Heated heater casing 38 may contact and transfer heat to fluids and other materials
within lower annulus 1b. In some embodiments, for example and without limitation, components
of the fluid including asphaltenes, paraffins, and other viscous components of liquid 46 within
lower annulus 1b may be heated or melted. In some embodiments, heat from electric heating
elements 40a may heat formation fluids in casing perforations 42 and downhole formation 66.
The viscosity of liquid 46 within lower annulus 1b may, without being bound to theory, lower in

viscosity and may be more easily produced by fluid lift device 50.

10
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[0032] In some embodiments, heater casing 38 may include one or more fins 92. Fins 92, as
depicted in FIG. 6, may extend radially outward into lower annulus 1b. In some embodiments,
fins 92 may, for example and without limitation, increase heat transfer between heater casing 38
and fluid within lower annulus 1b. In some embodiments, fins 92 may be vertical, horizontal,

spiral, helical, or any other suitable configuration.

[0033] In some embodiments, although depicted as a single unit, downhole heater 40 may
include multiple segments mechanically linked together, and may be electrically interconnected.
In some embodiments, downhole heater 40 may include one or more lengths of non-heated
elements between heated elements to, for example and without limitation, separate the heated

areas.

[0034] In some embodiments, with reference to FIG. 5, electrical power may be supplied to
electric heating elements 40a from power cable 16. In some embodiments, electric heating
elements 40a may be powered by alternating current or direct current. In some embodiments, for
example and without limitation, 240 volt single phase, 240 volt three phase, 480 volt single
phase, 480 volt three phase, or 110 volt single phase alternating current may be supplied to
electric heating elements 40a. In some embodiments, voltage controller 80 may control the
voltage supplied to electric heating elements 40a to, for example and without limitation,

modulate the temperature of downhole heater 40.

[0035] In some embodiments, power cable 16 may include one or more electrical wires 62. In
some embodiments, power cable 16 may include ground wire 62A. In some embodiments,
electrical connections between power cable 16 and electric heating elements 40a may be

positioned within pothead 30. In some embodiments, pothead 30 may be a tubular member. In

11
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some embodiments, pothead 30 may define an interior enclosure which may be substantially
fluidly sealed from fluids within lower annulus 1b. In some embodiments, pothead 30 may be at
least partially filled with an insulating fluid such as transformer oil 120. In some embodiments,
pothead 30 may include fill up port 110 to allow pothead 30 to be filled with transformer oil 120
after pothead 30 is assembled. In certain embodiments, pothead 30 may be mechanically coupled
to downhole heater 40. In some embodiments, pothead 30 may be mechanically coupled to
downhole heater 40 by integral union 34. Integral union 34 may be an annular member which
may mechanically couple pothead 30 to downhole heater 40 by threaded connection 70. In some
embodiments, integral union 34 may include one or more seals, such as O-ring 60 and shoulder
seals 68 to fluidly seal the interior of pothead 30 from lower annulus 1b. For example and
without limitation, integral union 34 may be a Bowen type integral union. In other embodiments,
pothead 30°” may be directly coupled to downhole heater 40 as depicted in FIG. SA without the
use of an integral union. In such an embodiment, threaded connection 70’ may be formed
between pothead 30°” and downhole heater 40. Pothead 30 may include blanking plate 54 to, for
example and without limitation, limit fluid ingress from above pothead 30. In some
embodiments, pothead 30 may include upper threaded connection 71b to couple pothead 30 to
lower perforated tubing joint 18 or an extension tubing joint below lower perforated tubing joint

18 as discussed further herein below.

[0036] In some embodiments, pothead 30 may include cable coupler 26. Cable coupler 26 may
allow power cable 16, electrical wires 62, or ground wire 62A therefrom to enter pothead 30
while maintaining a fluid seal. In some embodiments, cable coupler 26 may mechanically couple
power cable 16 to pothead 30. In some embodiments, cable coupler 26 may include one or more

electrical connectors to allow power cable 16 to be electrically coupled to electrical wires 62

12
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within pothead 30. In certain embodiments, cable coupler 26 may include one or more of quick
connects, slide on connections, or snap connections. In some embodiments, cable coupler 26

may be offset or centered depending on the configuration of pothead 30.

[0037] In some embodiments, downhole heater 40 may include heater terminal block 36, which
may mechanically couple to terminals 32 of electric heating elements 40a. In some
embodiments, heater casing 38 may be mechanically coupled to heater terminal block 36 by
threaded connection 71a. Terminals 32 may include heater wires 28. In some embodiments,
electrical wires 62 may be electrically coupled to heater wires 28 such as by a crimped
connection. In some embodiments, copper sleeve 64 may be positioned about electrical wires 62
and heater wires 28 and crimped to form the electrical connection. In some embodiments,
downhole heater 40 may include ground nut 99 in electrical contact with a portion of downhole
heater 40. In some embodiments, ground wire 28A may couple between ground nut 99 and
ground wire 62A. In some embodiments, ground wires 28A and 62A may be electrically coupled
by a crimped connection including a copper sleeve 64. In some embodiments, insulation 64’ may
be positioned about copper sleeve 64. In some embodiments, insulation 64’ may include, for
example and without limitation, high temperature tape or shrink wrap used to wrap one or more
of heater wires 28, electrical wires 62, and copper sleeves 64 to provide electrical insulation or
protection from corrosion within pothead 30. In some embodiments, pothead 30 may be at least
partially filled with an insulating material such as an epoxy resin. In some such embodiments,
electrical wires 62 may couple to heater wires 28 by, for example and without limitation, a press
fit connection as pothead 30 is mechanically coupled to terminal block 36. In such an
embodiment, the press fit connection may, for example and without limitation, include one or

more of a quick connect, slide on connection, or snap connection.

13
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[0038] In some embodiments, with reference to FIG. 2, downhole heating apparatus may include
gas separator 14. Gas separator 14 may include lower perforated tubing joint 18. Lower
perforated tubing joint 18 may be mechanically coupled to mandrel 20, or may be formed as a
part of mandrel 20. Lower perforated tubing joint 18 may form an outer housing of gas separator
14. Lower perforated tubing joint 18 may be sealed at the bottom. In some embodiments, lower

perforated tubing joint 18 may be sealed at the bottom by blanking plate 54.

[0039] In certain embodiments, lower perforated tubing joint 18 may extend through thermal
barrier 12 and be fluidly sealed thereto. Lower perforated tubing joint 18 may include lower
vents 90 positioned below thermal barrier 12 and in fluid communication with lower annulus 1b.
In some embodiments, lower perforated tubing joint 18 may be mechanically coupled to upper
perforated tubing joint 10. Upper perforated tubing joint 10 may be mechanically and sealingly
coupled to tubing string 6 by tubing collar 8. Upper perforated tubing joint 10 may include upper
vents 76 positioned above thermal barrier 12 and in fluid communication with upper annulus la.
In some embodiments, lower vents 90 and upper vents 76 may be in fluid communication with
the interior of lower perforated tubing joint 18. Upper vents 76 and lower vents 90 may be

formed, for example and without limitation, as one or more of holes, slots, or perforations.

[0040] In some embodiments, vent 74 may be formed through thermal barrier 12. In some
embodiments, vent 74 may be a hollow channel or may include a tubular segment. In some
embodiments, vent 74 may be a packer bypass as understood in the art. In some embodiments,
vent 74 may be part of the channel formed in thermal barrier 12 for power cable 16 as previously
described. In some embodiments, such as embodiments depicted in FIG 4, upper perforated
tubing joint 10 may be eliminated, and lower perforated tubing joint 18’ may include only vents
90’.

14
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[0041] In some embodiments, vent 74 may be formed as a part of mandrel 20, pothead 30, or any
other component of downhole heating apparatus 100 colocated with thermal barrier 12. For
example and without limitation, as depicted in FIG. 7, vent 74 may be formed as a channel
through pothead 30’. However, vent 74 may be formed in any component of downhole heating
apparatus 100 without deviating from the scope of this disclosure. In some such embodiments,
vent 74 may be formed in pothead 30’ or other component of downhole heating apparatus 100
by, for example and without limitation, machining, forging, molding, casting, bolting, or

swedging in place.

[0042] In some embodiments, such as those depicted in FIG. 8, vent 74a may be formed as a slot
in thermal barrier 12°. In certain embodiments, as depicted in FIGS. 8 and 9, channel 74b
through which power cable 16 and thermocouple cable 88 pass through thermal barrier 12° may
be formed such that channel 74b acts as a vent allowing fluid and heat to flow through thermal
barrier 12. As further depicted in FIGS. 8 and 9, thermal barrier 12’ may be formed about
mandrel 20 such that mandrel 20 is radially offset within casing 4. In some such embodiments,
by radially offsetting mandrel 20, channel 74b may be larger than an embodiment in which

mandrel 20 is centered within casing 4.

[0043] With respect to FIG. 2, in some embodiments, gas separator 14 may include dip tube 52.
Dip tube 52 may extend partially downward through lower perforated tubing joint 18. Dip tube
52 may be mechanically coupled to mandrel 20 by seating nipple 2. Seating nipple 2 may form a
fluid seal between dip tube 52 and mandrel 20. In certain embodiments, dip tube 52 may be
mechanically coupled to the bottom of fluid lift device 50 or the inside of tubing string 6. Dip

tube 52 may be open at dip tube upper end 52a and dip tube lower end 52b. Dip tube 52 may

15
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fluidly couple between the interior of lower perforated tubing joint 18 at dip tube lower end 52b

and the interior of tubing string 6 at dip tube upper end 52a.

[0044] In some embodiments, dip tube lower end 52b may be positioned below lower vents 90.
In some embodiments, dip tube lower end 52b may include screen filter 24. Screen filter 24 may,
for example and without limitation, allow only fluids to enter dip tube 52, retarding the entry of
solids. Screen filter 24 may include, for example and without limitation, one or more slots, holes,
or trays in dip tube lower end 52b. In some embodiments, dip tube 52 may include check valve
22. Check valve 22 may, for example and without limitation, prevent fluid from passing from
tubing string 6 into lower perforated tubing joint 18 and lower annulus 1b. For example and
without limitation, if fluid lift device 50 is turned off or loses prime, fluid within tubing string 6
may be prevented from flowing through gas separator 14. Although check valve 22 is depicted as
a ball-and-seat check valve, any suitable type of check valve may be utilized without deviating

from the scope of this disclosure.

[0045] In some embodiments, as depicted in detail in FIG. 3, fluid from lower annulus 1b may
include liquid 46 and gas 48 as previously described. For the purposes of FIG. 3, liquid 46 is
depicted as solid dots, and gas 48 is depicted as open dots. As fluid within lower annulus 1b is
heated by downhole heater 40, the fluid’s viscosity may be reduced. In response to fluid pressure
within downhole formation 66 or the action of fluid lift device 50, liquid 46 and gas 48 enter
lower perforated tubing joint 18 through lower vents 90. In some embodiments, some of gas 48
may be entrained within liquid 46. As liquid 46 is heated by downhole heater 40, some or all of

gas 48 may be freed from liquid 46.
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[0046] Within lower perforated tubing joint 18, the fluid may separate by the action of gravity.
In some embodiments, the less-dense gas 48 may rise within lower perforated tubing joint 18
while the more-dense liquid 46 sinks. Separated gas 48 may rise within lower perforated tubing
joint 18 into upper perforated tubing joint 10 and exit through upper vent 76 into upper annulus
la. Gas 48 may continue to rise in upper annulus la of casing 4, and be recovered or discarded at

the surface.

[0047] In other embodiments, as depicted in FIG. 4, separated gas 48 may be retained within
lower perforated tubing joint 18 by seating nipple 2; separated gas 48 may exit lower perforated

tubing joint 18’ through vents 90’ and pass through vent 74 formed in thermal barrier 12.

[0048] Separated liquid 46 may sink within lower perforated tubing joint 18 until it is below dip
tube 52. Liquid 46 may pass through screen filter 24 and check valve 22 and pass upward
through dip tube 52 into tubing string 6. Once in tubing string 6, formation pressure or the action

of fluid lift device 50 may transfer liquid 46 to the surface for production.

[0049] In some embodiments, vacuum pressure may be applied to wellbore 1 to, for example and
without limitation, increase production rates. In some such embodiments, vacuum may be
exerted on downhole formation 66 through lower annulus 1b, lower vents 90, upper vents 76,
and upper annulus la. In some embodiments, vacuum may be exerted on downhole formation 66

through vent 74.

[0050] In some embodiments, one or more fluids may be introduced into lower annulus 1b and
downhole formation 66. The fluids may travel from upper annulus la, through upper vents 76,
lower vents 90, and into lower annulus 1b. For example and without limitation, fluids may
include water, hot water, oil, hot oil, steam, or other chemicals including corrosion and scale
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prevention chemicals or solvents. In some embodiments, a capillary line may extend from upper
vent 76 or vent 74 to the surface for circulation or placement of fluids. In some embodiments, the
introduced fluids may, for example and without limitation, force any fluid within upper annulus

la or lower annulus 1b heated by downhole heater 40 into downhole formation 66.

[0051] In some embodiments, upper annulus 1a may fill with fluids such as liquid 46 during, for
example and without limitation, a time cycled production in which fluid lift device 50 is
deactivated for a period of time. In some such embodiments, liquid 46 in upper annulus la may,
for example and without limitation, flow through upper vents 76 or vent 74 into lower annulus

1b or into tubing string 6.

[0052] Although depicted as a single thermal barrier 12, multiple thermal barriers 12 may be
included in downhole heating apparatus 100 without deviating from the scope of this disclosure.
For example, one or more additional thermal barriers 12 may be positioned elsewhere on
downhole heating apparatus 100 such as on downhole heater 40 to, for example and without

limitation, isolate a section of casing 4.

[0053] In some embodiments, as depicted in FIG. 2, downhole heater 40, pothead 30, lower
perforated tubing joint 18, gas separator 14, dip tube 52, seating nipple 2, and entry to fluid lift
device 50 may be positioned at or near casing perforations 42. In some embodiments, as depicted
in FIG. 4, downhole heater 40, pothead 30, lower perforated tubing joint 18, gas separator 14, dip
tube 52, seating nipple 2, and entry to fluid lift device 50 may be positioned lower than casing
perforations 42. In some such embodiments, for example and without limitation, fluid lift device
50 may more efficiently lift fluids from wellbore 1 in, for example and without limitation, low

pressure wellbores 1.
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[0054] In some embodiments, mandrel 20, tubing collar 8, gas separator 14, lower perforated
tubing joint 18, pothead 30, and upper perforated tubing joint 10 may be formed from chrome

moly tubing or other heat resistant material.

[0055] The foregoing outlines features of several embodiments. Such features may be replaced

by any one of numerous equivalent alternatives, only some of which are disclosed herein.
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Claims:

1.

A downhole heating apparatus comprising:

a mandrel;

a thermal barrier, the thermal barrier positioned on an exterior surface of the
mandrel, the thermal barrier including one or more thermal barrier

subcomponents; and

a downhole heater, the downhole heater mechanically coupled to the mandrel, the
downhole heater positioned below the thermal barrier, the downhole

heater including an electric heating element.

The downhole heating apparatus of claim 1, wherein the electric heating element is a

resistance or inductive heating element.

The downhole heating apparatus of claim 1, further comprising a thermocouple cable.

The downhole heating apparatus of claim 1, further comprising a power cable, the power
cable including one or more electrical wires electrically coupled to one or more heater wires

of the electric heating element positioned within the pothead.

The downhole heating apparatus of claim 4, wherein the power cable passes through the

thermal barrier.

The downhole heating apparatus of claim 4, further comprising a pothead, the pothead being
generally tubular, the pothead mechanically coupled to the downhole heater, the power cable
sealingly coupled to the pothead by a cable coupler, the wires of the power cable electrically
coupled to the heater wires.
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11.

12.

13.

14.

15.
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The downhole heating apparatus of claim 6, wherein the cable coupler includes one or more

of a quick connect, slide on connection, or snap connections.

The downhole heating apparatus of claim 6, wherein the pothead is mechanically coupled to

the mandrel.

The downhole heating apparatus of claim 6, wherein the downhole heater further comprises a
terminal block, and the pothead is mechanically connected to the heater block by a threaded

connection.

The downhole heating apparatus of claim 9, wherein the pothead further comprises an

integral union, the integral union threadedly coupled to the heater block.

The downhole heating apparatus of claim 10, further comprising one or more seals positioned

between the pothead and the integral union.

The downhole heating apparatus of claim 4, wherein the electrical wires are electrically

coupled to the heater wires by a crimped connection.

The downhole heating apparatus of claim 12, further comprising one or more of high

temperature tape or shrink wrap wrapped about the crimped connection.

The downhole heating apparatus of claim 1, wherein the downhole heater further comprises a

heater casing positioned about the electric heating element.

The downhole heating apparatus of claim 14, wherein the heater casing includes one or more

holes, slots, or perforations.
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23.
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The downhole heating apparatus of claim 14, wherein the heater casing forms a fluid

enclosure about the electric heating element.

The downhole heating apparatus of claim 16, wherein the heater casing is at least partially

filled with a heat transfer fluid.

The downhole heating apparatus of claim 14, wherein the heater casing further comprises one

or more fins positioned on an exterior surface of the heater casing.

The downhole heating apparatus of claim 6, wherein the pothead further comprises a

blanking plate, the blanking plate fluidly sealing an upper end of the pothead.

The downhole heating apparatus of claim 1, further comprising a gas separator, the gas
separator mechanically coupled to the mandrel, the gas separator positioned above the

downhole heater.

The downhole heating apparatus of claim 20, wherein the gas separator comprises a lower
perforated tubing joint, the lower perforated tubing joint including a lower vent, the lower
vent positioned below the thermal barrier and fluidly coupling the interior of the lower

perforated tubing joint to the exterior of the lower perforated tubing joint.

The downhole heating apparatus of claim 21, wherein the gas separator further comprises an
upper perforated tubing joint, the upper perforated tubing joint including an upper vent, the
upper vent positioned above the thermal barrier and fluidly coupling the interior of the upper

perforated tubing joint to the exterior of the upper perforated tubing joint.

The downhole heating apparatus of claim 21, wherein the gas separator further comprises a

dip tube, the dip tube extending downward within the lower perforated tubing joint, the dip
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tube being open at an upper end and a lower end of the dip tube, the dip tube mechanically

coupled to the mandrel and fluidly sealed to the mandrel.

24. The downhole heating apparatus of claim 23, wherein the dip tube is mechanically coupled to

the mandrel and fluidly sealed to the mandrel by a seating nipple.

25. The downhole heating apparatus of claim 23, wherein the dip tube further comprises a screen

filter.

26. The downhole heating apparatus of claim 1, wherein the thermal barrier includes one or more

thermal flow paths.

27. The downhole heating apparatus of claim 1, wherein the thermal barrier includes one or more

vents.

28. The downhole heating apparatus of claim 1, further comprising a fluid lift device.

29. A downhole apparatus comprising:

a mandrel;

a thermal barrier, the thermal barrier positioned on an exterior surface of the
mandrel, the thermal barrier including one or more thermal barrier

subcomponents; and

a gas separator, the gas separator mechanically coupled to the mandrel.

30. The downhole apparatus of claim 29, wherein the thermal barrier includes one or more

thermal flow paths.
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. The downhole apparatus of claim 29, wherein the thermal barrier includes one or more vents.

The downhole apparatus of claim 29, further comprising a fluid lift device.

The downhole apparatus of claim 29, wherein the gas separator comprises a lower perforated
tubing joint, the lower perforated tubing joint including a lower vent, the lower vent
positioned below the thermal barrier and fluidly coupling the interior of the lower perforated

tubing joint to the exterior of the lower perforated tubing joint.

The downhole apparatus of claim 33, wherein the gas separator further comprises an upper
perforated tubing joint, the upper perforated tubing joint including an upper vent, the upper
vent positioned above the thermal barrier and fluidly coupling the interior of the upper

perforated tubing joint to the exterior of the upper perforated tubing joint.

. The downhole apparatus of claim 33, wherein the gas separator further comprises a dip tube,

the dip tube extending downward within the lower perforated tubing joint, the dip tube being
open at an upper end and a lower end of the dip tube, the dip tube mechanically coupled to

the mandrel and fluidly sealed to the mandrel.

The downhole apparatus of claim 35, wherein the dip tube is mechanically coupled to the

mandrel and fluidly sealed to the mandrel by a seating nipple.

The downhole apparatus of claim 35, wherein the dip tube further comprises a screen filter.

The downhole apparatus of claim 29, further comprising a downhole heater, the downhole
heater mechanically coupled to the mandrel, the downhole heater positioned below the gas

separator, the downhole heater including an electric heating element.
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The downhole apparatus of claim 38, wherein the electric heating element is a resistance or

inductive heating element.

The downhole apparatus of claim 38, further comprising a thermocouple cable.

The downhole apparatus of claim 38, further comprising a power cable, the power cable
including one or more electrical wires electrically coupled to one or more heater wires of the

electric heating element positioned within the pothead.

The downhole apparatus of claim 41, wherein the power cable passes through the thermal

barrier.

The downhole apparatus of claim 41, further comprising a pothead, the pothead being
generally tubular, the pothead mechanically coupled to the downhole heater, the power cable
sealingly coupled to the pothead by a cable coupler, the electrical wires of the power cable

electrically coupled to the heater wires.

The downhole apparatus of claim 43, wherein the cable coupler includes one or more of a

quick connect, slide on connection, or snap connections.

. The downhole apparatus of claim 43, wherein the pothead is mechanically coupled to the

mandrel.

The downhole apparatus of claim 43, wherein the downhole heater further comprises a
terminal block, and the pothead is mechanically connected to the heater block by a threaded

connection.

The downhole apparatus of claim 45, wherein the pothead further comprises an integral

union, the integral union threadedly coupled to the heater block.
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The downhole apparatus of claim 46, further comprising one or more seals positioned

between the pothead and the integral union.

The downhole apparatus of claim 43, wherein the electrical wires are electrically coupled to

the heater wires by a crimped connection.

The downhole apparatus of claim 38, wherein the downhole heater further comprises a heater

casing positioned about the electric heating element.

The downhole apparatus of claim 50, wherein the heater casing includes one or more holes,

slots, or perforations.

The downhole apparatus of claim 50, wherein the heater casing forms a fluid enclosure about

the electric heating element.

The downhole apparatus of claim 52, wherein the heater casing is at least partially filled with

a heat transfer fluid.

The downhole apparatus of claim 50, wherein the heater casing further comprises one or

more fins positioned on an exterior surface of the heater casing.

. The downhole apparatus of claim 43, wherein the pothead further comprises a blanking plate,

the blanking plate fluidly sealing an upper end of the pothead.

A system comprising:

a wellbore formed in a downhole formation, the wellbore including a casing, the

casing including one or more perforations;
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a downhole heating apparatus, the downhole heating apparatus positioned within
the wellbore, the downhole apparatus mechanically coupled to a tubing

string, the downhole heating apparatus including:

a mandrel;

a thermal barrier, the thermal barrier positioned on an exterior surface of
the mandrel, the thermal barrier including one or more thermal
barrier subcomponents, the thermal barrier extending from the
exterior surface of the mandrel, the thermal barrier positioned
above the perforations in the casing, the thermal barrier defining an
upper annulus and a lower annulus, the upper annulus defined as
the interior of the casing above the thermal barrier and the lower
annulus defined as the interior of the casing below the thermal

barrier; and

a gas separator, the gas separator mechanically coupled to the mandrel.

57. The system of claim 56, wherein the thermal barrier includes one or more thermal flow paths.

58. The system of claim 56, wherein the thermal barrier includes one or more vents.

59. The system of claim 56, further comprising a fluid lift device positioned at least partially in

the tubing string.

60. The system of claim 56, wherein the gas separator comprises a lower perforated tubing joint,

the lower perforated tubing joint including a lower vent, the lower vent positioned below the
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thermal barrier and fluidly coupling the interior of the lower perforated tubing joint to the

lower annulus.

The system of claim 60, wherein the gas separator further comprises an upper perforated
tubing joint, the upper perforated tubing joint including an upper vent, the upper vent
positioned above the thermal barrier and fluidly coupling the interior of the upper perforated

tubing joint to the upper annulus.

The system of claim 60, wherein the gas separator further comprises a dip tube, the dip tube
extending downward within the lower perforated tubing joint, the dip tube being open at an
upper end and a lower end of the dip tube, the dip tube mechanically coupled to the mandrel
and fluidly sealed to the mandrel, the dip tube fluidly coupled to an interior of the tubing

string.

The system of claim 62, wherein the dip tube is mechanically coupled to the mandrel and

fluidly sealed to the mandrel by a seating nipple.

The system of claim 62, wherein the dip tube further comprises a screen filter.

. The system of claim 56, further comprising a downhole heater, the downhole heater

mechanically coupled to the mandrel, the downhole heater positioned below the gas

separator, the downhole heater including an electric heating element.

The system of claim 65, wherein the electric heating element is a resistance or inductive

heating element.

The system of claim 65, further comprising a thermocouple cable.
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The system of claim 65, further comprising a power cable, the power cable including one or
more electrical wires electrically coupled to one or more heater wires of the electric heating

element positioned within the pothead.

The system of claim 68, wherein the power cable passes through the thermal barrier.

The system of claim 68, further comprising a pothead, the pothead being generally tubular,
the pothead mechanically coupled to the downhole heater, the power cable sealingly coupled
to the pothead by a cable coupler, the electrical wires of the power cable electrically coupled

to the heater wires.

The system of claim 70, wherein the cable coupler includes one or more of a quick connect,

slide on connection, or snap connections.

The system of claim 70, wherein the pothead is mechanically coupled to the mandrel.

. The system of claim 70, wherein the downhole heater further comprises a terminal block, and

the pothead is mechanically connected to the heater block by a threaded connection.

The system of claim 73, wherein the pothead further comprises an integral union, the integral

union threadedly coupled to the heater block.

The system of claim 74, further comprising one or more seals positioned between the

pothead and the integral union.

The system of claim 70, wherein the electrical wires are electrically coupled to the heater

wires by a crimped connection.
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The system of claim 65, wherein the downhole heater further comprises a heater casing

positioned about the electric heating element.

The system of claim 77, wherein the heater casing includes one or more holes, slots, or

perforations.

The system of claim 77, wherein the heater casing forms a fluid enclosure about the electric

heating element.

The system of claim 79, wherein the heater casing is at least partially filled with a heat

transfer fluid.

The system of claim 77, wherein the heater casing further comprises one or more fins

positioned on an exterior surface of the heater casing.

The system of claim 70, wherein the pothead further comprises a blanking plate, the blanking

plate fluidly sealing an upper end of the pothead.

30



PCT/US2017/036401

WO 2017/214303

1/9

50

a0’

80

PGS \\\fv&\\V\x %

fonecn

N

S
:\;\iﬁ

o

e

INVRYRIRIN RV CNTITK

20

\

>

»\,/A/v%w\%ﬁmm_mz:::

@
0

RGEEALAELAN

~

FiG.1



WO 2017/214303 PCT/US2017/036401

2/9

N oo ._,___,,.»-“\
T T
R
88
50—
52¢ \
14 RN
\,______< .:.
gﬂ_—_.w-.“:
-
.
30
\\___-<
40
™~
40a
42
. 72
2 A

FiG.2



PCT/US2017/036401

WO 2017/214303

18

FiG.3



WO 2017/214303 PCT/US2017/036401

4/9

fa—

)

[—-——

T
X \7?1
=

oo u—

Mnses 720

74

i\\ AN

]
L.




WO 2017/214303 PCT/US2017/036401

5/9

71b

30

1 mm§

120

64
64—

28

i

68—

60—
70—

32

]
%% /la

FIG.5 % o 7>




WO 2017/214303 PCT/US2017/036401

6/9
N 7B
M___,_.—x“”
/
54—
110 ——d
120
30"
28 "“"’””’/% M%N 25
284
R
;@»W,/é? 99
32 32
o
36
N "& W 40q
40a—" W_,/-—msa

FIG.5A



WO 2017/214303 PCT/US2017/036401

7/9




WO 2017/214303

8/9

"’”\m
T Ny Nyt
1g -t
4
50 " &
AN d
\%2
L/ ™
80’ =
18—t 52
C B 2
— 24
54 —tl
30°
16
88
110 — 26
74
20 120
12— —
824 2 gﬁ
Y/ S
3 64
284 28
32 34
- 98
§;§ .36
4
40
48
48—t o T 1b

PCT/US2017/036401



WO 2017/214303 PCT/US2017/036401

9/9

FiG.8

FiG.9



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2017/036401

A. CLASSIFICATION OF SUBJECT MATTER

CPC -
(2017.08)

IPC(8) - E21B 36/04; E21B 36/00; E21B 43/24 (2017.01)
E21B 36/04; E21B 36/00; E21B 36/003; E21B 36/005; E21B 36/006; E21B 43/24; E21B 43/2401

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

USPC - 166/57; 166/60; 166/272.1; 166/302; 166/303 (keyword delimited)

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2014/0076545 A1 (SUTTON et al) 20 March 2014 (20.03.2014) entire document 1-8, 12-18, 26-28
Y US 3,485,300 A (ENGLE) 23 December 1969 (23.12.1969) entire document 1-8, 12-18, 26-28
Y US 2013/0118746 A1 (DELP) 16 May 2013 (16.05.2013) entire document 7,12,13
Y US 2011/0308814 A1 (MENOTTI) 22 December 2011 (22.12.2011) entire document 15, 28
A US 2014/0219825 A1 (OILFIELD EQUIPMENT DEVELOPMENT CENTER LIMITED) 07 August [ 1-28
2014 (07.08.2014) entire document

A PODGE et al. High Performance Component Heating Solutions for Large, High Temperature 1-28
Industrial Applications. Whitesheet [online]. Chromalox. March 5, 2015 [retrieved September 27,
2017). Retrieved from the internet:
<https://www.chromalox.com/-/media/files/whitepapers/en-us/wp-mzt.pdf>

A US 2009/0151957 A1 (SICKLE et al) 18 June 2009 (18.06.2009) entire document 1-28

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A™ document defining the general statc of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P"  document published prior to the international filing date but later than

the priority date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y™ document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

28 September 2017

Date of mailing of the international search report

200CT 2017

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/036401

Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This intemational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet(s).

1. l:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-28

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

,:] No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2017/036401

Continued from Box No. 1ll Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group |, claims 1-28 are drawn to a downhole heater.
Group Il, claims 29-82 are drawn to a gas separator.

The inventions listed in Groups !-Il do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group |, a downhole heating apparatus comprising a downhole heater, the downhole heater
mechanically coupled to a mandrel, the downhole heater positioned below a thermal barrier, the downhole heater including an electric
heating element, are not present in Group II; and, the special technical features of Group I, a gas separator, the gas separator
mechanically coupled to a mandrel, are not present in Group |.

Groups | and Il share the technical features of a downhole heating apparatus comprising a mandrel, a thermal barrier, the thermal barrier
positioned on an exterior surface of the mandrel, the thermal barrier including one or more thermal barrier subcomponents.

However, these shared technical features do not represent a contribution over the prior art.

Specifically, US 2009/0151957 A1 to Sickle et al. teaches of a downhole heating apparatus (Para. [0019], a heat source could be
mounted to the mandrel) comprising a mandrel (20, Fig. 1), a thermal barrier (30, Fig. 1; Para. {0016, 0017 and 0018]), the thermal
barrier positioned on an exterior surface of the mandrel (Para. [0016], element 30 can be originally formed onto the mandrel 20), the
thermal barrier including one or more thermal barrier subcomponents (Para. {0016), the cylindrical memory based expansion element 30
can be originally formed onto the mandrel 20 by wrapping a blanket of the memory based material onto the mandrel 20).

Since none of the special technical features of the Groups I-I! inventions are found in more than one of the inventions, unity is lacking.

Form PCT/ISA/210 (extra sheet) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - wo-search-report
	Page 42 - wo-search-report
	Page 43 - wo-search-report

