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HEATING SYSTEMS AND METHODS USING HIGH STRENGTH ALLOYS

BACKGROUND
1. Field of the Invention

The present inventionrelates generally to metal compositions. In particular, the

invention relates to metal alloys having high strength at high temperatures and/or low
temperatures.

2. Description of Reiawd Art

Hydrocarbons obtained from subterranean formations are often used as energy
resources, as feedstocks, and as consumer products. Concerns over depletion of available
hydrocarbon resources and concerns over declining overall quality of produced
hydrocarbons have led to development of pmcésses for more efficient recovery, processing
and/or use of available hydrocarbon resources. In situ processes may be used to remove
hydrocarbon materials from subterranean formations. Chemical and/or physical properties
of hydrocarbon material in a subterranean formation may need to be changed to allow
hydrocarbon material to be more easily removed from the subterranean formation. The
chemical and physical changes may include in situ reactions that produce removable fluids,
composition changes, solubility changes, density changes, phaée changes, and/or viscosity
changes of the hydrocarbon material in the formation. A fluid may be, but is not limited to,

a pas, a liquid, an emulsion, a slurry, and/or a stream of solid particles that has flow

characteristics similar to liquid flow.

A wellbore may be' formed in a formation. In some embodiments, a casing or other

pipe system may be placed ot formed in a wellbore. In some embodiments, an expandable

tubular may be used in a wellbore. Heaters may be placed in wellbores to heat a formation

during an in situ process.
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Application of heat to o1l shale formations 1s described in U.S. Patent Nos.
2,923,535 to Ljungstrom and 4,886,118 to Van Meurs et al. Heat may be applied to the o1l
shale formation to pyrolyze kerogen in the o1l shale formation. The heat may also fracture
the formation to increase permeability of the formation. The increased permeability may
allow formation fluid to travel to a production well where the fluid 1s removed from the o1l
shale formation. In some processes disclosed by Ljungstrom, for example, an oxygen
containing gaseous medium 1s introduced to a permeable stratum, preferably while still hot
from a preheating step, to 1nitiate combustion.

A heat source may be used to heat a subterranean formation. Electric heaters may
be used to heat the subterranean formation by radiation and/or conduction. An electric
heater may resistively heat an element. U.S. Patent Nos. 2,548,360 to Germain; 4,716,960
to Eastlund et al.; 4,716,960 to Eastlund et al.; and 5,065,818 to Van Egmond describes an
electric heating element placed 1n a wellbore. U.S. Patent No. 6,023,554 to Vinegar et al.
describes an electric heating element that 1s positioned 1n a casing. The heating element
generates radiant energy that heats the casing.

U.S. Patent No. 4,570,715 to Van Meurs et al. describes an electric heating element.
The heating element has an electrically conductive core, a surrounding layer of insulating
material, and a surrounding metallic sheath. The conductive core may have a relatively
low resistance at high temperatures. 'The insulating material may have electrical resistance,
compressive strength, and heat conductivity properties that are relatively high at high
temperatures. The insulating layer may 1nhibit arcing from the core to the metallic sheath.
The metallic sheath may have tensile strength and creep resistance properties that are
relatively high at high temperatures. U.S. Patent No. 5,060,287 to Van Egmond describes
an electrical heating element having a copper-nickel alloy core.

Heaters may be manufactured from wrought stainless steels. U.S. Patent No.
7,153,373 to Maziasz et al. and U.S. Patent Application Publication No. US 2004/0191109
to Maziasz et al. described moditied 237 stainless steels as cast microstructures or fined
grained sheets and foils.

As outlined above, there has been a significant amount of effort to develop heaters,
methods and systems to economically produce hydrocarbons, hydrogen, and/or other
products from hydrocarbon containing formations. At present, however, there are still
many hydrocarbon containing formations from which hydrocarbons, hydrogen, and/or

other products cannot be economically produced. Thus, there 1s still a need for improved
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metals for heaters to be used in methods and systems for production of hydrocarbons,

hydrogen, and/or other products from various h)%drocarbon containing formations.

SUMMARY

Embodiments descﬂbed herein generally relate to one or more metal compositions.
In some embodiments, systems and methods using materials containing the metal
compositions are described. '

In some embodiments a metal alloy composition may include from 18 percent to 22
percent by weight chromium; from 5 percent to 13 percent by weight nickel; between 3
percent and 10 percent by weight copper; from 1 percent to 10 percent by weight
manganese; from 0.3 pércent tol perceht by weight silicon; from (.5 percent to 1.5 percent
by weight niobium; from 0.5 to 2 percent by weight tungsten; and from 38 percent to 63
percent by weight iron.

In some embodiments, a metal alloy composition may include from 18 percent to
22 percent by weight chromium; from 5 percent to 9 percent by weight nickel; from 1
pefcent to 6 pei'cent by weight copper; from 0.5 percent to 1.5 percent by weight niobium;
from 1 to 10 percent by weight manganese; fmm (.5 to 1.5 percent by weight of tungsten;
from 36 percent to 74 percent by weight iron; and precipitates of nanonitrides, wherein the
ratio of tungsten to copper is between about 1/10 and 10/1.

In -some embodiments, the invention describes a heater system may include a heat
generating element and a canister surrounding the heat generating element least partially
made from material containing: from 18 percent to 22 percent by weight chromium; from 5
.pe'rcent to 14 percent' by weight nickel; from 1 percent to 10 percent by weight copper:;
from (.5 percent to 1.5 percent by weight niobium; from 36 percent to 70.5 percent by

weight iron; and precipitates of nanonitrides.

In some embodiments, the invention describes a system for heating a subterranean
formation comprising a tubular, the tubular at least partially made from a material
containing: from 18 percent to 22 percent by weight chromium; from 10 percent to 14

- f)ement by weight nickel; from 1 percent to 10 percent by weight copper; from 0.5 percent
“to 1.5 percent by weight niobium; from 36'percen‘t to 70.5 percent by weight iron; and

precipitates of nanonitrides.
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According to another aspect of the present invention, there 1s provided a heater
system comprising: a heat generating element; and a canister surrounding the heat generating
element, wherein the canister is at least partially made of a material comprising:
trom 18 percent to 22 percent by weight chromium; from 5 percent to 14 percent by weight
nickel; from 1 percent to 10 percent by weight copper; from 0.5 percent to 1.5 percent by
welght niobium; from 36 percent to 70.5 percent by weight iron; from 1 percent to 10 percent
by weight manganese; from 0.12 percent to about 0.5 percent by weight nitrogen; and from

about 0.08 percent to about 0.2 percent by weight carbon; wherein the composition, when

at 800 °C, has at least two percent by weight of precipitates comprising phases selected from

the group consisting of Cu, M(C,N), My(C,N) or M»3Cs phases, where M is nickel, copper,
niobium, iron or manganese, wherein the precipitates comprise nanonttrides, the nanonitrides

comprising particles having dimensions in the range of five to one hundred nanometers.

According to still another aspect of the present invention, there is provided a
system for heating a subterranean formation comprising a tubular, the tubular at least partially
made from a material comprising: from 18 percent to 22 percent by weight chromium;
from 10 percent to 14 percent by weight nickel; from 1 percent to 10 percent by weight
copper; from 0.5 percent to 1.5 percent by weight niobium; from 36 percent to 70.5 percent by
weight iron; from 1 percent to 10 percent by weight manganese; from 0.12 percent to
about 0.5 percent by weight nitrogen; and from about 0.08 percent to about 0.2 percent by
welght carbon; wherein the cofnposition, when at 800 °C, has at least two percent by weight
of precipitates comprising phases selected from the group consisting of Cu, M(C,N), M»(C,N)
or M,3Cg phases, where M is nickel, copper, niobium, iron or manganese, wherein the
precipitates comprise nanonitrides, the nanonitrides comprising particles having dimensions in

the range of five to one hundred nanometers.

According to yet another aspect of the present invention, there 1s provided a
method of heating a subterranean formation comprising: positioning one or more heater
systems in a subterranean formation, wherein at least one of the heater systems comprises: a
heat generating element; and a canister surrounding the heat generating element, wherein the
canister is at least partially made of a material comprising: from about 18 percent to

about 22 percent by weight chromium; from about 5 percent to about 14 percent by weight
3a
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nickel; from about 1 percent to about 10 percent by weight copper; from above 0.5 percent to
about 1.5 percent by weight niobium; from about 36 percent to about 70.5 percent by Weight
iron; from 1 percent to 10 percent by weight manganese; from 0.12 percent to

about 0.5 percent by weight nitrogen; from about 0.08 percent to about 0.2 percent by weight
carbon; wherein the composition, when at 800 °C, has at least two percent by weight of
precipitates comprising phases selected from the group consisting of Cu, M(C,N), MZ(C,N) or
M13Cs phases, where M i1s nickel, copper, niobium, iron or manganese, wherein the
precipitates comprise nanonitrides, the nanonitrides comprising particles having dimensions in
the range of five to one hundred nanometers; and allowing heat from the heater system to heat

at least a portion of the subterranean formation.

According to a further aspect of the present invention, there is provided a
method of heating a subterranean formation, comprising: positioning one or more heater
systems in a subterranean formation, wherein at least one of the heater systems comprises a
tubular and at least a portion of the tubular is made from a material comprising: from
about 18 percent to about 22 percent by weight chromium; from about 5 percent to
about 14 percent by weight nickel; from about 1 percent to about 10 percent by weight
copper; from above 0.5 percent to about 1.5 percent by weight niobium; from about 36
percent to about 70.5 percent by weight iron; from 1 percent to 10 percent by weight
manganese; from 0.12 percent to about 0.5 percent by weight nitrogen; from
about 0.08 percent to about 0.2 percent by weight carbon; wherein the composition, when
at 800 °C, has at least two percent by weight of precipitates comprising phases selected from
the group consisting of Cu, M(C,N), M»(C,N) or M,3Cs phases, where M is nickel, copper,
niobium, iron or manganese, wherein the precipitates comprise nanonitrides, the nanonitrides
comprising particles having dimensions in the range of five to one hundred nanometers; and

allowing heat from the heater system to heat at least a portion of the subterranean formation.
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In further embodiments, features from specitic embodiments may be combined
with features from other embodiments. For example, features from one embodiment may
be combined with features from any of the other embodiments.

In further embodiments, treating a subsurface formation i1s pertormed using any of
the methods, systems, or heaters described herein.

In further embodiments, additional features may be added to the specific

embodiments described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Advantages of the present invention may become apparent to those skilled in the art
with the benefit of the following detailed description and upon reference to the
accompanying drawings in which:

FIG. 1 shows a schematic view of an embodiment of a portion of an 1n situ heat treatment
system for treating a hydrocarbon containing formation.

FIG. 2 depicts experimental calculation of weight percentages of phases versus weight
percentages of chromium in an alloy.

FIG. 3 depicts experimental calculation of weight percentages of phases versus weight
percentages of silicon in an alloy.

FIG. 4 depicts experimental calculation of weight percentages of phases versus weight
percentages of tungsten 1in an alloy.

FIG. 5 depicts experimental calculation of weight percentages of phases versus weight
percentages of niobium 1n an alloy.

FIG. 6 depicts experimental calculation of weight percentages of phases versus weight
percentages of carbon 1n an alloy.

FIG. 7 depicts experimental calculation of weight percentages of phases versus weight
percentages of nitrogen 1n an alloy.

FIG. 8 depicts experimental calculation of weight percentages of phases versus weight
percentages of titanium 1n an alloy.

FIG. 9 depicts experimental calculation of weight percentages of phases versus weight
percentages of copper in an alloy.

FIG. 10 depicts experimental calculation of weight percentages of phases versus weight

percentages of manganese in an alloy.
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FIG. 11 depicts experimental calculation of weight percentages of phases versus weight
percentages of nickel in an alloy.

FIG. 12 depicts experimental calculation of weight percentages of phases versus weight
percentages of molybdenum in an alloy. |

FIG. 13 depicts yield strengths and ultimate tensile strengths for different metals.

FIG. 14 depicts yield strengths for different metals.

FIG. 15 depicts ultimate tensile strengths for different metals.

FIG. 16 dépicts yield strengths for different metals.

FIG. 17 depicts ultimate tensile strengths for different metals.

While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof are shown by way of example in the drawings and may
herein be described in detail. The drawings may not be to scale. It should be understood,
however, that the drawings and detailed description thereto are not intended to limit the
invention to the particular form disclosed, but on the contrary, the intention is to cover all

modifications, equivalents and alternatives falling within the scope of thé present invention as
defined by the appended claims.

DETAILED DESCRIPTION
The following description generally relates to systems and methods for treating

hydrocarbons in the formations. Such formations may be treated to yield hydrocarbon

products, hydrogen, and other products.

“Alternating current (AC)” refers to a time-varying current that reverses direction

substantially sinusoidally. AC produces skin effect electricity flow in a ferromagnetic

conductor. | | ,

“API gravity” refers to API gravity at 15.5 °C (60 °F). API gravity 1s as
determined by ASTM Method D6822.
| “Bare metal” and “exposed metal” refer to metals of clongated members that do
not include a layer of electrical insulation, such as mineral insulation, that is designed to
provide electrical insulation for the metal throu gﬁout an Opemﬁng temperature range of the
elongatéd member. Bare metal and exposed metal may encompass a metal that includes a
corrosion inhibiter such as a naturally occurring oxidation layer, an applied oxidation layer,

and/or a film. Bare metal and exposed metal include metals with polymeric or other types
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of electrical insulation that cannot retain electrical insulating properties at typical operating
temperature of the elongated member. Such material may be placed on the metal and may
be thermally degraded during use of the heater.

“Carbon number” refers to the number of carbon atoms 1n a molecule. A
hydrocarbon fluid may include various hydrocarbons with ditferent carbon numbers. The
hydrocarbon fluid may be described by a carbon number distribution. Carbon numbers
and/or carbon number distributions may be determined by true boiling point distribution
and/or gas-liquid chromatography.

“Column X element” or “Column X elements™ refer to one or more elements of
Column X of the Periodic Table, and/or one or more compounds of one or more elements
of Column X of the Periodic Table, in which X corresponds to a column number (for
example, 13-18) of the Periodic Table. For example, “Column 15 elements™ refer to
elements from Column 15 of the Periodic Table and/or compounds of one or more
clements from Column 15 of the Periodic Table.

“Curie temperature” 1s the temperature above which a ferromagnetic material loses
all of 1ts ferromagnetic properties. In addition to losing all of its ferromagnetic properties
above the Curie temperature, the ferromagnetic material begins to lose its ferromagnetic
properties when an increasing electrical current 1s passed through the ferromagnetic
material.

“Fluid pressure” 1s a pressure generated by a fluid 1in a formation. “Lithostatic
pressure” (sometimes referred to as “lithostatic stress™) 1s a pressure in a formation equal to
a weight per unit area of an overlying rock mass. “Hydrostatic pressure” 1s a pressure 1n a
formation exerted by a column of water.

A ““formation” includes one or more hydrocarbon containing layers, one or more
non-hydrocarbon layers, an overburden, and/or an underburden. “Hydrocarbon layers™
refer to layers 1n the formation that contain hydrocarbons. The hydrocarbon layers may
contain non-hydrocarbon material and hydrocarbon material. The *“overburden™ and/or the
“underburden” include one or more different types of impermeable materials. For
example, the overburden and/or underburden may include rock, shale, mudstone, or
wet/tight carbonate. In some embodiments of 1n situ heat treatment processes, the
overburden and/or the underburden may include a hydrocarbon containing layer or
hydrocarbon containing layers that are relatively impermeable and are not subjected to

temperatures during 1n situ heat treatment processing that result 1in significant characteristic
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changes of the hydrocarbon containing layers ot the overburden and/or the underburden.
For example, the underburden may contain shale or mudstone, but the underburden 1s not
allowed to heat to pyrolysis temperatures during the in situ heat treatment process. In some
cases, the overburden and/or the underburden may be somewhat permeable.

“Formation fluids™ refer to fluids present in a formation and may include
pyrolyzation fluid, synthesis gas, mobilized hydrocarbon, and water (steam). Formation
fluids may include hydrocarbon fluids as well as non-hydrocarbon fluids. The term
“mobilized tluid” refers to tluids 1n a hydrocarbon containing formation that are able to
flow as a result of thermal treatment of the formation. *““Produced fluids™ refer to fluids
removed tfrom the formation.

A “heat source” 1s any system for providing heat to at least a portion of a formation
substantially by conductive and/or radiative heat transfer. For example, a heat source may
include electric heaters such as an insulated conductor, an elongated member, and/or a
conductor disposed 1n a conduit. A heat source may also include systems that generate
heat by burning a fuel external to or in a formation. The systems may be surface burners,
downhole gas burners, flameless distributed combustors, and natural distributed
combustors. In some embodiments, heat provided to or generated in one or more heat
sources may be supplied by other sources of energy. The other sources of energy may
directly heat a formation, or the energy may be applied to a transfer medium that directly
or indirectly heats the formation. It 1s to be understood that one or more heat sources that
are applying heat to a formation may use different sources ot energy. Thus, for example,
for a given formation some heat sources may supply heat from electric resistance heaters,
some heat sources may provide heat from combustion, and some heat sources may provide
heat from one or more other energy sources (for example, chemical reactions, solar energy,
wind energy, biomass, or other sources of renewable energy). A chemical reaction may
include an exothermic reaction (for example, an oxidation reaction). A heat source may
also include a heater that provides heat to a zone proximate and/or surrounding a heating
location such as a heater well.

A “heater” 1s any system or heat source for generating heat in a well or a near
wellbore region. Heaters may be, but are not limited to, electric heaters, burners,
combustors that react with material in or produced from a formation, and/or combinations

thereof.
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“Heavy hydrocarbons™ are viscous hydrocarbon fluids. Heavy hydrocarbons may
include highly viscous hydrocarbon fluids such as heavy oil, tar, and/or asphalt. Heavy
hydrocarbons may include carbon and hydrogen, as well as smaller concentrations of
sulfur, oxygen, and nitrogen. Additional elements may also be present in heavy
hydrocarbons 1n trace amounts. Heavy hydrocarbons may be classified by API gravity.
Heavy hydrocarbons generally have an API gravity below 20°. Heavy oil, for example,
generally has an API gravity of 10-20°, whereas tar generally has an API gravity below
10°. The viscosity of heavy hydrocarbons 1s generally greater than 100 centipoise at 15 °C.
Heavy hydrocarbons may include aromatics or other complex ring hydrocarbons.

Heavy hydrocarbons may be found in a relatively permeable formation. The
relatively permeable formation may include heavy hydrocarbons entrained in, for example,
sand or carbonate. “Relatively permeable™ is defined, with respect to formations or
portions thereof, as an average permeability of 10 millidarcy or more (for example, 10 or
100 millidarcy). “Relatively low permeability” 1s defined, with respect to formations or
portions thereof, as an average permeability of less than 10 millidarcy. One darcy 1s equal
to 0.99 square micrometers. An impermeable layer generally has a permeability of less
than 0.1 millidarcy.

Certain types of formations that include heavy hydrocarbons may also be, but are
not limited to, natural mineral waxes, or natural asphaltites. “Natural mineral waxes”
typically occur in substantially tubular veins that may be several meters wide, several
kilometers long, and hundreds of meters deep. ““Natural asphaltites™ include solid
hydrocarbons of an aromatic composition and typically occur in large veins. In situ
recovery of hydrocarbons from formations such as natural mineral waxes and natural
asphaltites may include melting to form liquid hydrocarbons and/or solution mining of
hydrocarbons from the formations.

“Hydrocarbons™ are generally defined as molecules formed primarily by carbon and
hydrogen atoms. Hydrocarbons may also include other elements such as, but not limited
to, halogens, metallic elements, nitrogen, oxygen, and/or sulfur. Hydrocarbons may be, but
are not limited to, kerogen, bitumen, pyrobitumen, oils, natural mineral waxes, and
asphaltites. Hydrocarbons may be located 1n or adjacent to mineral matrices 1n the earth.
Matrices may include, but are not limited to, sedimentary rock, sands, silicilytes,
carbonates, diatomites, and other porous media. “Hydrocarbon fluids™ are fluids that

include hydrocarbons. Hydrocarbon fluids may include, entrain, or be entrained 1n non-
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hydrocarbon fluids such as hydrogen, nitrogen, carbon monoxide, carbon dioxide,
hydrogen sulfide, water, and ammonia.

An “1n situ conversion process’” refers to a process of heating a hydrocarbon
containing formation from heat sources to raise the temperature of at least a portion of the
formation above a pyrolysis temperature so that pyrolyzation fluid is produced 1n the
formation.

An “1n situ heat treatment process’ refers to a process of heating a hydrocarbon
containing formation with heat sources to raise the temperature of at least a portion of the
formation above a temperature that results 1n mobilized fluid, visbreaking, and/or pyrolysis
of hydrocarbon containing material so that mobilized fluids, visbroken fluids, and/or
pyrolyzation fluids are produced 1n the formation.

“Insulated conductor” refers to any elongated material that 1s able to conduct
electricity and that 1s covered, 1in whole or 1n part, by an electrically insulating material.

“Kerogen” 1s a solid, insoluble hydrocarbon that has been converted by natural
degradation and that principally contains carbon, hydrogen, nitrogen, oxygen, and sulfur.
Coal and o1l shale are typical examples of materials that contain kerogen. “Bitumen” 1s a
non-crystalline solid or viscous hydrocarbon material that 1s substantially soluble in carbon
disulfide. “O1l” 1s a fluid containing a mixture of condensable hydrocarbons.

“Modulated direct current (DC)” refers to any substantially non-sinusoidal time-
varying current that produces skin effect electricity flow in a ferromagnetic conductor.

“Nitride” refers to a compound of nitrogen and one or more other elements of the
Periodic Table. Nitrides include, but are not limited to, silicon nitride, boron nitride, or
alumina nitride.

“Periodic Table” refers to the Periodic Table as specified by the International
Union of Pure and Applied Chemistry (IUPAC), November 2003. In the scope of this
application, weight of a metal from the Periodic Table, weight of a compound of a metal
from the Periodic Table, weight of an element from the Periodic Table, or weight of a
compound of an element from the Periodic Table is calculated as the weight of metal or the
welght of element. For example, it 0.1 grams of MoQ); 1s used per gram of catalyst, the
calculated weight of the molybdenum metal in the catalyst 1s 0.067 grams per gram of
catalyst.

“Pyrolysis™ 1s the breaking of chemical bonds due to the application of heat. For

example, pyrolysis may include transforming a compound 1nto one or more other
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substances by heat alone. Heat may be transferred to a section of the formation to cause
pyrolysis.

“Pyrolyzation fluids™ or “pyrolysis products™ refers to tluid produced substantially
during pyrolysis of hydrocarbons. Fluid produced by pyrolysis reactions may mix with
other fluids 1n a formation. The mixture would be considered pyrolyzation fluid or
pyrolyzation product. As used herein, “pyrolysis zone™ refers to a volume of a formation
(for example, a relatively permeable formation such as a tar sands formation) that 1s
reacted or reacting to form a pyrolyzation fluid.

“Subsidence” is a downward movement of a portion of a formation relative to an
initial elevation of the surface.

“Tar” 1s a viscous hydrocarbon that generally has a viscosity greater than 10,000
centipoise at 15 °C. The specific gravity of tar generally 1s greater than 1.000. Tar may
have an API gravity less than 10°.

A “tar sands formation” is a formation in which hydrocarbons are predominantly
present in the form of heavy hydrocarbons and/or tar entrained in a mineral grain
framework or other host lithology (for example, sand or carbonate). Examples of tar sands
formations include formations such as the Athabasca formation, the Grosmont formation,
and the Peace River formation, all three 1in Alberta, Canada; and the Faja formation in the
Orinoco belt in Venezuela.

“Temperature limited heater” generally refers to a heater that regulates heat output
(for example, reduces heat output) above a specitied temperature without the use of
external controls such as temperature controllers, power regulators, rectifiers, or other
devices. Temperature limited heaters may be AC (alternating current) or modulated (for
example, “‘chopped™) DC (direct current) powered electrical resistance heaters.

“T'hermal conductivity” 1s a property of a material that describes the rate at which
heat flows, 1n steady state, between two surfaces of the material for a given temperature
ditference between the two surfaces.

“Thermal fracture” refers to fractures created 1n a formation caused by expansion or
contraction of a formation and/or tluids in the formation, which 1s 1n turn caused by
increasing/decreasing the temperature of the formation and/or fluids 1n the formation,
and/or by increasing/decreasing a pressure of fluids in the formation due to heating.

“Time-varying current” refers to electrical current that produces skin effect

electricity flow 1n a ferromagnetic conductor and has a magnitude that varies with time.
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Time-varying current includes both alternating current (AC) and modulated direct current
(DC).

“Turndown ratio” for the temperature limited heater 1s the ratio ot the highest AC
or modulated DC resistance below the Curie temperature to the lowest resistance above the
Curie temperature for a given current.

The term “wellbore™ refers to a hole 1n a formation made by drilling or insertion of
a conduit into the formation. A wellbore may have a substantially circular cross section, or
another cross-sectional shape. As used herein, the terms “well” and *opening,” when
referring to an opening in the formation may be used interchangeably with the term
“wellbore.”

FIG. 1 depicts a schematic view of an embodiment of a portion of the in situ heat
treatment system for treating the hydrocarbon containing formation. The 1n situ heat
treatment system may include barrier wells 200. Barrier wells are used to form a barrier
around a treatment area. The barrier inhibits fluid flow 1into and/or out of the treatment
area. Barrier wells include, but are not limited to, dewatering wells, vacuum wells, capture
wells, 1njection wells, grout wells, freeze wells, or combinations thereotf. In some
embodiments, barrier wells 200 are dewatering wells. Dewatering wells may remove
liquid water and/or 1nhibit liquid water from entering a portion of the formation to be
heated, or to the formation being heated. In the embodiment depi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>