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A system for the low-temperature remediation of a target volume comprised of at least one material, the system comprising: one or
more heaters, wherein the one or more heaters are configured to connect to a power source and emit heat into their surrounding
area at substantially uniform rates and the one or more heaters are at least partially embedded into the target area: a power control
and monitoring system configured to deliver voltage and current to the one or more heaters at a substantially uniform rate; and a
power source configured to deliver voltage and current to the power control and monitoring system for distribution.
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Abstract:

A system for the low-temperature remediation of a target volume comprised of at least one material,
the system comprising: one or more heaters, wherein the one or more heaters are configured to
connect to a power source and emit heat into their surrounding area at substantially uniform rates
and the one or more heaters are at least partially embedded into the target area: a power control and
monitoring system configured to deliver voltage and current to the one or more heaters at a
substantially uniform rate; and a power source configured to deliver voltage and current to the power
control and monitoring system for distribution.
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PrIorITyY Craiv
{0001 This application claims priority to and/or the benefit of U.S. provisional patent
applicationn serial number 637262,167 filed October 6, 2021. The foregoing application is

incarporated by reference in #s entivety as if fully set forth herain.

FIELD OF THE INVENTION
[0602] This mvention relates generally to systems, devices, and methods for the
remediation of organic chemicals in media, including, but not linited to, soil and groundwater
through thermally enhanced abiotic and biologically mediated chemical reactions. As noted herein,
the vention may alse be apphed for destruction of iavasive species of plants, or insects, or
microbes from other media, inchudmg, but not imited to, soil, wood chips, or other solid media,

either in situ or 1 a specially constructed ex situ pile or contaier.

BACKGROUND OF THE INVENTION

[0603] As the marketplace shifts towards a greater emphasis on sustainability
response fo vanous issues, mcluding clirnate change, environmental remediation methods that are
able to treat harardous chemicals or other contaminants without further negatively impacting the
surrounding area are increasingly in-demand. There s inereasing demand for remediation methods
that are sustainable, renewable, and that do neot invelve further use of chemicals or invasive
treatment methods, Many of the chemicals and contaminants that pollute soil and groundwater
breal down as a result of abiotic and biologically mediated chemical reactions. For example,

carbon tetrachloride. a common chlorinated solvent organic chemical, will degrade in the
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subsurface in the presence of water due to abiotic bvdrolysis reaction mechanisms; whereas
benzene, toluene, ethylbenzene, and xylenes (BTEX), and petroleum hydrocarbons can be
degraded by bacteria in the presence of oxygen. Similarly, certain biological contaminanis such as
hacteria, plants, algae, insects, or other organisms can be prevented from reproducing or outright
destroyed by the alteration of media conditions. As such, the present invention discloses a method

that can be used for enhancing both the abiotic and biotic degradation mechanisims as a means for

environmental remediation, though the invention’s utility is not confined to such tasks.

BRICF SUMMARY

{8004] Specitic details of certain embodiments of the ivention are set forth in the
following description and in the fignres to provide a thorough understanding of such embodiments.
The present invention may have addifional embodiments, may be practiced without one or more
of the details described for any particular deseribed embaodiment, or wmay have any detai desenbed
for one particular embodiment praciiced with any other detail deseribed for another embodiment.

{0005] The nvention herein comprises the use of one or more low lemiperature heating
devices arranged in a suitable patiern determined by the needs of a target volume of media 1o use
low temperatures between approximately 30 to 100°C depending on the conditions of the target
volume {though not necessarily imited therete) to remediate contamination in the target volume
without causing additional damage to the target volume or causing vaporization or adverse effects
resulting from the release of gases or other harmful byproducts of the remediation. In some
embodiments, the invention is comprised of one or more electrically powered heaters wherein the
heaters are at least partially embedded inte the ground at the location of the target volume in,
depending on the embodiment, a pattern configured to optimize heat distnbution andior
uniformity, or to otherwise ensure adequate remediation of the contaminated arca. Where the
contaminant is not uniformily distributed in the contaminated arca, the heaters may be arranged to
address the non-uniformity or 1 some embodiments moved as part of treatment. The heaters of
the invention may be comprised of a variety of mechanisms; certain traditional methods use piping
where heated fluids are run through sach piping, while other mechanisms may rely on electrical
current to generate heat. In some embodiments of the invention, the heaters are comprised of rods
and/or wires with a heat transmissive outer shell wherein an electrical wire 13 run into the rod
and/or wires and then out again, with the wire made of a material coufigured to provide some

electrical resistance and generate an embodiment-appropriate amoeunt of heat. This heat then
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radiates into the target volunie at teraperatures based on the needs of the erabodiment, tvpically,
but not exclusively, between approximately 30-100°C. The invention may be powered in a variety
of ways, whether through a local power grid ot source, or through alternative sources such as. but
not himited to, one or more solar panels affixed to stroctures sach as, but not himited to, to homes
and/or businesses that may be near the remediation site.

[0006]) As described hercin, the approach to remediation that consists of low
temperature heating has benefits in both iological and abiotic degradation. For example, for
acrobic and anerobic biodogradation, increasing the temperature to approxumately 3070 to 40°C
{depending on conditions) can increase biological reaction rates three to four tumes, which can
reduce birologically mediated cleanup tunes and degradation times by similar factors. In other
situations, higher or lower temperatures may be used for various other biedegradation mechanisms
depending on the contaminants being treated. Similarly, for abiotic remediation, such as hydrolysis
(or using similar chermically reactive methods), increasing the reatment temperature o between
approximately 60°C o 90°C (depending on conditions) can substantially increase the abiotic
reaction rate. For example, in the case of carbon tetrachloride, its hydrolysis half-life at 20°C is
110,080 days, whereag at 90°C, the hyvdrolvsis half~hife is reduced to approximately 3 days. The
present disclosure is not Himited to hydrolvsis however, and can function with other abiotic
chomical reactions. Examples of other chemically reactive methods that can be thermally enhanced
using the invention include, but are not Hinited to: dehalogenation, zerovalent iron (Z V1, all forms
colloidal and otherwise), in situ chemical oxidation (e.g., heat activated persulfate), and in situ
chemical reduction (ISCR).

{0007 An additional advantage of the invention Low Temperature Thermal Treatment
(LTTT) disclosed herein, s that by limiting heating fo temperatures to less than approximately
HIOPC to destroy contammants, mcluding, but not linited to, organie chemicals in situ, water isa’t
removed fron: the soil by botling and steam generation, which eliminates concerns associated with
{1) vaporization or volatilization of contaminants resulfing m fugitive vapor emissions and (2)
potential subsidence and adverse tmpacts to buildings and structures due to decreases n pore
pressures and consclidation of soils, and can reduce the likehihood of incidences of surface collapse
or the creation of sinkboles., In addition, the reduced impact on the subsurfuace, including the
reduced subsidence, allows the invention 1o be practiced even iy populated areas, including wban

ones, as the method is unlikely to damage nearby structures and/or infrastructure. Furthenmore, the
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operational temperatures of the LTTT beaters are sulliciently low to prevent unwanted oxidation
{cowbustion) of high organic soils such as peats or meadow matt and the associated risk of
subsidence due to compaction. The low operating temperatures of the LTTT heaters and absence
of active vapor extraction and associated air movement in the subsorface, can also eliminate
concerns associated with the uncontrelled in situ combustion of non-agueous phase Hguids
{NAPL) such as petrelewn hydrocarbons, creosote, and coal tar. Such scenarios can also lead to
subsidence due to comipaction it farge volumes of NAPL exist and see removed as a result of i
situ combustion. The lower temperatures used in the disclosed invention also result m less wear
and damage to the equipment used, resuliing in lower maintenance and equipment costs.

{0608 Another conunon problem faced i the art 1s consistency of heating, which can
be a result of & power supply that s reliant on solar or other periodic energy sources, mconsistent
power supplies resulting from degraded infrasiructure, or other probleins with the power source;
or can result from the nature of the heating itself, with some heating mechanisms, such as fluidic,
losing substantial amounty of heat within the heating pipehne leading to incounsistently heated
areas, and substantial loss of heat at the furthest ends of any piping involved. Due to the nature of
the present tnvention, such issues are resolved. By utilizing electrical heating, and in some
embodiments conibining it with effective batteries or non-periodic power systenis, the heating can
remain substaotially wiiform across long periods of time, allowing for consistent heating. That
said, in some embodiments it can be desirable to modulate the heating over time, allowing some
or all of the heaters to deactivate during certain time periods to maintain the targeted temperature
without exceeding it to facilitate the remediation process. Some embodiments of the present
mvention may utilize a plurality of heating methods or sources to power heaters in order (o cosure
consistent power generation.

[0009] While described 10 the contest of soil and groundwater, the above method may
have apphcation in other media, including, but not hmited to, fluidic, porous, semi-solid, and solid
media as a means of remediation or modification thereof, and the present disclosure should not be
read as himted to soil and groundwater as the sole crrecumstance m which the present mvention
could be employved. The present invention may alse be employed in other circumstances outside
of those i which organic chemical remediation reactions are being enhanced, and should not be
read as limited to those specific circumstances, and could be used for other biological or chemical

remediation. For example, an alternative use of the invention is the eradication of invasive or
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undesirabie plant species such as Japanese Knotweed. 1t has been shown that heating the root zone
and soil (typically, but not exclusively, 1 to 2 m below ground surface (bgs)), of an area infested
with Japanese Knotweed to temperatures in the range of approximately 60°C 1o 8O°C for soveral
dave will kill the plant and prevent new growth. Abernatively, the invention could be used in an
exX siftu capacity t0 heat and sterilize soif andfor other materials placed in a specially constructed
above ground pile or container. An cxample of this type of application could be heating wood
chips and lumber to kill anwanted microbes, msects, or plants such that the wood chips can be
exported to other regions or countrigs without risk of wiroducing invasive flora or faona. Heating
wood chips and lumber to temperatures ranging from approximately 46 to 70 °C for a pertod of
approximately | to 4 hours has been shown 1o kill insect infestations. In some embodiments it may
also be deswrable or preferable to heat a material ex situ and then repeat the process once it is
instulled on site to prevent new contansination,

{00010}  Fuwthermore, the present invention is not exclusive of other treatiment options,
and  fact 1s capable of being configured to operate in tandem and/or as a supplement to or with
one or more additional treatment methods of various natures., For example, the preseat invention
can be employved with, but is not limited to, injection-based remediation technologies such as In
Site Chemiteal Oxidation, In Sitn Chemical Reduction, zerovalent fron (ZV1), and other enhanced
biological approaches such as Enhanced Reductive Dechlorination, but can alse work with other
approaches. In the foregoing examples of approaches that rely on abiotic and/or hiotic chemical
reactions, said reactions degrade and/or destroy the organic compounds. In many cases, though
not all, the increased temperature provided by the present inveniion can enhance the effectiveness,
efficiency, and speed of the methods and thercby reduce their cost and timeframe, ameong other
benefits. In some embodiments, the present invention can be combined with an existing
remediation technology where each 18 optimal for treating a different contamninant as a means of
treating multiple contaminants; due to the reduced temperature of the present method, the present
ventton is unitkely to mterfere with the other remediation mcthods.

{00011} The use of, in some embodunents, electrically powered heaters and thermal
conduction heating to gently heat sites impacted with organic chemicals provides the following
advantages over traditional remediation methods, though the following is not a comprehensive hist
and there mayv be other benefits as well: 1) the hesters can be simaply, rapidly, and inexpensively

installed to desired depths using mobile and small track-mounted direct-push technology, 2) all
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components can be eastly instalied below grade, therchy allowing unencumbered access and nse
of the site during the remediation process, 3) gontly heating to tewperatures less than
approximately 100°C does not generate steam and therefore removes the need for expensive
extraction and treatment systems and operating and mamtenance labor associated with soch
systemis, 43 opce installed and operating, the system can be monttored remotely, so very minimal
operations and maintenance is required. 5) vatuaral biotic and abiotic process are utilized and
enhanced by the heating to degrade the chemicals and remediate the site In situ, so no excavation,
trucking, and disposal of contaminated material s required, 6) sites are frequently safely cleaned
with minimal sisk to workers and the public, and 7) the reliance on low impact and gentie heating
to enhance naturally occurring biotic and abiotic reactions significantly reduces the consumption
of natural resources (steel, copper, concrete, equipment, fuel, chemicals, energy, etc.} and the
associated COz footprint associated with remediating soil and groundwater contaminated by
organic chemicals.,

{006012] Oue embodiment of the present invention s constructed of small dianeter
heating elements installed in small diameter piping (l.e., the heater casing) which may be
constracted of carbon steel, stainless steel, fiberglass, or other suttable material(s), The clements
themselves mayv consist of commercrally available heating cables or tapes, or castom-designed and
fabricated msulated electrical heaters, as determined by project requirements, suspended directly
in a heater casing or spirally wound around a central support rod and lowered into the heater casing.
depending on the depth, power output capacity {e.g., watts per fi) of the heater element, and the
desired power output for a particular site. The heating element may also be directly buried or
grouted in a borchole (1.c., using no pipe or heater casing). In other configurations, the cables or
tapes could he atfixed to a central support rod, such as, but not limited to, aligned vertically along
the borehole, wrapped in a helical pattern, or affixed in a mesh or net pattern. Such elenenis could
be metathic in nature, comprised of campaosites or other media capable of producing and conducting
heat due to electrical current flow, or a combmation of several components depending on the needs
of the embodiment and implementation. The exact size of the heating elements can vary depending
on the nature of the project and area to be treated, with wider, thicker, or longer elements utilized
as necessary, The presently disclosed mechanism may also be employved in shallow horizontal slit
trenches or boreholes to address shallow soil contamination or invasive species infestation, or may

be applied at significant depths, depending on the depth of the contamination,
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{00013}  Notable is that some embodiments of the invention may be comprised of other
components m addition to the beaters, including, but not limited to, temperature probes inserted
into the ground and configured to track the temperature of various lecations in the remediation
area; fluid collectors configured to collect vapor or other flutds shonld the heaters cavse them; or

air intakes configured to bring atr into the target volume or allow i to leave.

BRIEF DESCRIPTION OF THE DRAWINGS

[00014]  Embodiments of the preosent invention are described i detail below with
reforence to the following drawings;

{0015] FIG. 1 depicts a side view of a bow temperature thermal freatment svstem in
accordance with an embodiment of the invention;

{00016} FIG. 2 depicts a side view of a low temperature thermal treatment system in
accordance with an embodiment of the invention;

{00017} FIG. 3 depicts a side view of a low temperature thermal treatment system in
accordance with an embediment of the invention;

[00018] FIG. 4 depicts a side view of the heater arrangement of a low temperatare
thermal treatment systemy in accordance with an embodiment of the invention;

{00019]  FIG. 5 depicts a side view of a heater arrangement of a low temperature thermal
treatment svstem in accordance with an embodiment of the invention;

{00020} FIG. 6 depicts a side view of a heater arrangement of a low temperature thermal
treatment system in accordance with an embodiment of the invention;

{00021}  FIG. 7 depicts a side view of an example of a heater comnponent of a low
temperature thermal treatment svstem in accordance with an embodiment of the invention:

{022 FlG. 8 depicts a side view of an example of a heater component of a low
temperature thermal treatment system in accordance with an embodument of the mvention;

{00023]  FIG. 9 depicts a side view of an example of a heater component of a low
temperature thermal treatment system m accordance with an embodiment of the mvention;

{00024} FIGo 10 depicts a side view of an example of a heater component of a low
temperature thermal treatment systeny in aceordance with an embodiment of the mvention;

{00025] FIG. 11 depicts a top view of a healer arrangement of a low temperature thermal

treatrnent system in accordance with an embodiment of the invention:
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[00026]  FIG. 12 depicts atop view of @ heater arrangement of a low temperature thermal
treatment system in accordance with an embodiment of the invention:

{00027]  FIG. 13 dopicts a top view of a heater arrangement of a low temperature thermal
treatment system in accordance with an embodiment of the invention;

[00028] FIG. 14 depicts a side view of a heater arrangement of a low teraperature
thermal treatment system in accordance with an embodiment of the invention;

{00029 FIG. 13 depicts a side view of a heater armangement of a low temperature
thermal treatment system in accordance with an embodiment of the invention;

[00030F  FIG. 16 depicts a side view of a low temperature thermal treatment system i
accordance with an embodiment of the invention;

{00031}  FIG. 17 depicts a graph demonstrating chemical decay of a target chemical
during low temperature thermal treatment in accordance with an embodsnent of the mvention;

{00032} FIG. 18 depicts a sysiem diagram showing the components and interactions of
a low temperature thermal treatment system in accordance with an embodiment of the invention;
and

{00033]  FIG. 19 shows a step-byv-step chart showing the steps of the method of low

temperatare thermal treatment in accordance with an embodiment of the invention.

DEFAILED DESCRIFTION

{00034}  The present mvention comprises a system and method for the remediation of
target volumes using low temperature thermal treatment (“"LTTT} which s achieved by, in some
ernbodiments, inserting one or nwore heaters mito a target volume and heating # {0 temperatures
below approximately 100°C., The heaters, when electric, may be powered by a variety of means
including, but not limisted to, solar, hvdroelectric, or by connecting the heaters to a local power
grid. Depending on the needs of the volume, site, and/or embodiument, the heaters way be armranged
in a varicty of configurations, where some may be partially or fully embedded into the target
volume, while others may be burited in the target volume, with the end result configured to meet
the needs of the volume, site, and/or embodiment. The system may also incorporate one or more
temperature probes configared to ensure that the heaters do not exceed a certain temperature in a
certain area, or fo otherwise track the heating in the target volume. Some embodiments of the
nvention may further tnvolve periods of heating and cooling, with the heaters deactivating

temporarily or being configured to be unable t©o exceed certain temperatures, such as
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approximately 100°C for some embodiments. The beaters used in the ivention may be comprised
of & number of different materials and take a variety of shapes, with some embodiments also
Featuring multiple types or configurations of heaters. According to some embodiments, the
invention may further feature a control system configured to be controlled by an input, which may
be a remote controlier, and a system for outputting information, which may then be reviewed by a
user.

{00035 The invention herein achieves significant enbancernents in the degradation rates
of the organic chemucals at temperatures below the boiling point of water, typically 100°C
depending on factors such as altitude and surface pressure. For example, abiotic degradation
mechanisms can be significantly enhanced by using temperatures in the range of approximately
70 to 90°C and biotic degradation mechanisms can be enhanced by increasing the {emperature to
approximately 3( to 40°C. Heating the contents of the mwedia, such as, but not limited to, soil and
water, to temperatures less thao 100°C can prevent the formation of steam and the rapid
volatifization of the organic chemicals in the subsurface, which then have fo be captared, extracted
and treated. Depending on the circumstances, the exact temperature ceiling may vary depending
on local atmospheric pressure, while genervally speaking 1007°C would apply to sea-level at
ordinary atimospheric conditions, while in some cases the heaters may go above or below 100°C
as necessary. As an alternative to removing the chemicals from the subsurface by volatilization,
the invention removes them through thermally enhancing in-situ biotic and abiotic degradation
and destruction mechanisms. Thas, the invention sabstantially reduoces or eliminates the need for
complex and expensive extraction and treatment systems typically nsed at thermal remediation
sttes or voluwmes where the target teraperature for heating the impacted soll and groundwater 1s
100°C or higher. The inveation, however, is not limited to organic chemical remediation and may
also be applied for destruction of invasive species of plants, msects, andéor microbes from soid,
wood chips or other fluid, solid, or semi-solid media, either iy situ or 1 a specally constructed ex
situ pile or container.

[006036] The reaction rates for beth the abiotic and biotic degradation mechanismy are
at least partially temperature dependent, meaning that generally as temperature increases so do the
reaction rates. This increase in reaction rates with temperature is described by the Arthenius model,
which states that for every 10°C incresse in temperature there is approximately a 2-fold increase

in the abiotic and biotic reaction rates. For example, increasing the temperature of soil and
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groandwater fmpacted with carbon tetrachlonide from a teruperature of 20°C 10 70°C resulis i
more than 3 orders of wagnitude increase in the hydrolysis reaction rate, reducing the halfrlife of
carbon tetrachioride from 110,000 days to 40 days. As a result, by expediting the reaction speed
and thus the removal of such organic compounds from the soil and groundwater, such heating
allows arcas that may have been rendered unsafe or uninhabitable, or that had suffered extreme
envirommental damage resulting from the presence of organic chemicals, to become safe for rease
and habitable again i relatively short tumeframes. Remediation efforts that may have previously
taken hundreds of years can be substantially reduced, and in some cases to loss than a year, or
potentially as short as days or hours.

{06037]  As described hercin, the approach o remediation that consists of low
temperature heating has benefits in both biological and abiotic degradation. For example, for
aerobic and anerobic biodegradation, increasing the temperature to 30°C to 40°C can increase
biological reaction rates three to four times, which can reduce biologically mediated cleanup times
and degradation times by similar factors. In other sttnations, higher or lower femperatures may be
used for various other biodegradation mechanisms. Similarly, for abiotic remediation, such as
hydrolysis (or using stntlar chemically reactive methods), increasing the treatment temperature to
between 60°C to 90°C can substantially increase the abiotic reaction rate. For example, in the case
of carbon tetrachloride, its hydrolysis halt-life at 2000 is 110,000 days, wherecas at 90°C, the
hydrolysis haif-life is reduced to approximately 3 days. The present disclosure is not himited to
hvdrolysis however, and can fanction with other abiotic chemical reactions. Examples of other
chemically reactive methaods that can he thermally enhanced using the mvention inchade, but are
not Lmited to: debalogenation, zero valent iron (ZVE, all forms colloidal and otherwise), in situ
chemical oxidation {e.g.. heat activated persulfate), and m situ chemical reduction (ISCR).

[00038] However, a common problem faced i the art s that for hiclogically mediated
degradation reactions, there is an upper beneficial temperatore linit. While some thermophilic
bacteria can tolerate relatively high teraperatures (e.z., as high as 122°C), the bacteria responsible
for the aerobic and anerobic degradation of organic chemicals can only typically tolerate
teniperatures in the range of 30 to 407C. Increasing temperatures higher than this can result in the
denaturing of the bacterial enzymes which can result i an overall slowing of their metabolic
processes and reduce their effectiveness at degrading the targeted organie chemicals, and

eventually result i the death of the bacteria. Similarly, some organic chemicals will only be

10
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partiatly degraded at these temperatures, resulting in the formatton of interimediary chenzicals that
have as high or even higher toxicity. The present invention can resolve some of these issues by
providing a highly conrollable method for approaching the higher temperature tolerances of the
hacterial enzymes without exceeding them, thus optimizing the ability of the bacteria to degrade
the organic chemicals uniformly throughout the targeted treatment aren.  Incomplete or partial
degradation and formation of other toxic organic chemicals can be prevented through the
combination of the mvention with other existing technologies targeting the complete breakdown
or degradation of the chemicals (e.g.. thermally enhanced chemical reactions}, The use of the
nvention i combination with these other technologies has the advantage of mcreasing the rate
and efficacy of the technologies resulting in a more uniform, rapid, sustainable, and less costly
treatrnent,

{90039 An additional advantage of the mvention, is that by, according to some
examples of the invention, limiting heating to temperatures to less than 100°C © destroy organic
chemicaly in sity, water isn’t remnoved from the soil by boiling and steam generation, which
eliminates concerns associated with potential subsidence and adverse imipacts to baildings and
structures due o decreases in pore pressures and consohdation of soils,  Furthermore, the
operational teraperatures of the LTTT heaters are sufficiently low to prevent unwanted oxidation
{(combustion) of high organic soils such as peats or meadow matt and the associated risk of
subsidence due to compaction. The low aperating temperatures of the LTTT heaters and absence
of active vapor extraction and associated air movement in the subsurface, can also eliminate
concarns associated with the uncontrolled in situ combustion of NAPL such as petroleum
hydrocarbous, creosote, and coal tar. Such scenarios can also lead to subsidence due to compaction
if large volumes of NAPL exist and are removed as a result of 10 situ combustion.

[00040]  While described in the context of soil and groundwater, the above method may
have appheation in other porous, fluidie, semi-solid, and solid media as a means of remediation or
modification thereof, and the present disclosure should not be read as limited to soil and
growxdwater as the sole circurnstance in which the present invention could be employed., The
present invention may alsoe be employed in other circumstances outside of those in which organic
chemical remediation reactions are being enhanced, and should not be read as limited to those
specific circumstances. For example, an alternative embodiment of the inveniion can be used in

the eradication of invasive or undesirable plant species such as Japanese Knotweed. It has been
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shown that heating the root zone and soil {typically 1 t0 2 m below ground surface (hgsi), of an
area infested with Japanese Knotweed to temperatures in the vange of 60°C to 80°C for several
days will kill the plant and prevent new growth. Alternatively, the mvention could be used in an
ex situ capacity to heat and sterilize soif andfor other materials placed in a specially constructed
above ground pile or container. An example of this type of application eoculd be heating wood
chips and lumber to kill unwanted microbes, insects, or plants such that the wood chips can be
exported o other regions or countries without risk of introducing invasive flora or fauna. Heating
weood chips and lamber to temperatures ranging from 46 to 70 *C for a period of 1 to 4 hours has
been shown to kil insect infestations.

{06041] Furthermore, the present invention is not exclusive of other treatment options,
and in fact is capable of being configared to operate m tandem and/or as a supplement to or with
one or more additional treatment methods of vanous natures. For example, the present invention
can be emploved with, but is not imited to, injection-based remediation technologies such as In
St Chenueal Oxidation, In Situ Chenical Reduction, zevovalent iron {2V, and other enhanced
biological approaches such as Enhanced Reductive Dechlorination, bat can also work with other
approaches. In the foregoing examples of approaches that rely on abiotic and/or biotic chemical
reactions, said reactions degrade and/or destroy the organic compoands. In many cases, though
not all, the increased temperature provided by the present invention can enhance the effectiveness,
efficiency, and speed of the methads and thereby reduce their cost and timeframe, among other
benefits, while in other situations an embodiment of the present invention can remediate some of
the contaminants while another method can remediate others.

{00042]  Although there exist other approaches utilizing geothermal methods to heat soil
and groundwater, as well as other media, to the desired temperature range to stimulate biotic and/or
ablotic degradation rates {1.e., solar collectors and circulating heat transfer fluids in borchole heater
exchangers {BHEs], and conventional electrical resistant heating [ERH] and Thermal Conduction
Heating [ TCH] operated at a fower power iput), these methods bave Hmitations such as, but not
limited to: non~uniform heating where some portions of the target treatment zone may be too cold
while others may be too hot; and such portions may vary based on fuctors such as media density,
composition, thermal conductivity, and permeability {(solar collectors and BHEs), slower than
desired timelTame for heating; large footprint required for energy source {e.g., solar collectors);

diumal cycles of heating and cooling wherein the heating has to be slowed during some portion of
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the day due to lack of available energy {e.g., selar collectors); pumping: routing, and exchange of
heat transfer fluids (solar collectors and BHEs) which can increase costs and risk associated with
accidental environmental contamination; and the cost of drilling and installing the BHEs.
Although, conventional ERH and TCH can be used for LTTT, these methods are tailored to much
greater power input rates than required for some embodiments of LTTT and entail substantial
efforts and costs associated with drilling, waterials, and equipment. Some embodiments of the
present mvention described herein proposes systems and methods i which thermal conduction
heating technology utilizing low-cost, small diameter, easy to mstall electric powered heaters are
applied to thermally enhance the abiotic and biotic degradation and remediation of organic
chemicals present in so and groundwater; thereby addressing the limitations of existing low
temperature heating methods. Some embodiments of this invention describe the use of electrically
powered heaters; however, use of other heating sources, including steamn heat, hydromc hot water,
or other fired heat sources may be conternplated, if such sources are readily available or more
economical than the electrical heaters described below, and use of sach alternate heating sources
woudd be obvious to those skilled in the art. Furthermore, nothing contained heremn should be read
to confine the heating to the prosently disclosed methods, as esoteric and future doveloped methods
of heating could be configured 1o be implemented in the presently disclosed svsten. Additionally,
some embodiments of the disclosed invention may allow for control of individual heaters, allowing
a system to make specific adjustments oa a per-heater basis to reach a desired heating result,
{00043}  The release of organic chemicals to soil and groundwater has resulted in the
polhution of natural resources and severe threats and impacts to public health and the environment
n industrial, residential, and rural arcas arcund the world, Existing wmethods for the remedration
of organic chemicals present in soif and groundwater are often mnfrusive, costly, dangerous fo
workers, sometimes metfective, and can resalt in sigmificant consumiption of materials and energy.
The technology proposed herein, the use of, in sorme embodiments, electrically powered heaters to
gently heat soil and groundwater to temperatires between, in some embodiments, approximaicly
30 and 906°C to enhance mucrobial activily and abiotic reactions, will reduce the time required tor
degradation of organic chemicals and remediation of impacted sites while minimizing the effort
and cost to do so. In other embodunents, different temperatures may be emipioyed depending on

the needs of the site, including heating over 100°C in some instances andfor conditions,

13

CA 03233128 2024- 3-26



WO 2023/060204 PCT/US2022/077709

{00044}  The use of, in some embodiments, electrically powered heaters and thermal
conduction heating to gently heat sites impacted with organic chemiteals provides the following
advantages over traditional remediation methods: 1) the heaters can be simply, rapidly, and
inexpensively installed to desired depths using methods including, bot not limited to, mobile and
small track-mounted direct-push technology, 2) in some embodiments, all components can be
easily 1ustalled below grade, thereby allowing unencumbered access and vse of the stte daring the
remediation process, 3) gently heating to temperatures less than approximately but not necessarily
H0°C does not generate steam and therefore removes the need for expensive extraction and
lreattnent sysiems and operating and mamtenance labor associated with such systems, 4} once
installed and operating. the system can be monitored remeotely, so very mimimal operations and
maintenance is required, 5) natural biotic and abiotic process are utilized and enhanced by the
heating to degrade the chemicals amd remediate the site i sity, 50 no exeavation, trucking, and
disposal of contamyinated material is reguired, 6) sites are safely cleaned with minimal risk to
workers and the public, 7) the rehiance on low imapact and gentle heating to enhance naturally
cccurring biotic and ablotic reactions significantly reduces the consumption of natural resources
{steel, copper, concrete, equipment, fuel, chemicals, energy, ete.) and the associated CO» footprint
associated with remediating soil and groendwater contaminated by organic chemicals.

{00045] In wany cases, traditional heating wethods can be inefficient, overly expensive,
or damaging to the surrounding area. For example, some heating methads implement electrically
powerad heaters that operate at 400 to 6007°C heat contaminated sites to 100°C or higher, which
results in rapid and effective romediation, however, can also result in the boiling of soil moisture
or groundwater in the area, creating steam and vapeorizing other contanuinanis, which thus need to
be controllad, extracted, and treated. In some cases, exceeding a boiling temperature of water could
resuh in the release of additional toxins., I there is a break 1n the containment or other control,
these vaporized contaminants can pose an environmental or health risk o the surrounding area and
hinder the remediation effects. By wilizing a lower heating tomperature, a5 the present myention
does, these risks can be mitigated and/or ountright avoided. The present invention could also be
employed in media located underwater, or in other liquid or semi-solid media. Furthermore, thanks
to tts ability to scale to meet the needs of its site, the invention could be used in small sites requiring
a small number of heaters, such ay residential neighborhoods. In addition, due to its relatively low

heat, the present invention is less likely to bhave an adverse impact on the local environment
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overlving the targeted treatinent zone, potentially allowing for continued honian habitation in the
surrowrding area during decontamination.

{00046}  The prosent invention, in sone embodiments, presenis a cost-effective, easy to
install and operate, sustainable remediation option where others may be less desirable due to
nefficiencies or other issues. The present invention therefore solves an existing problany in the art,
wherein the existing solutions may be too potent lor the tasks reguired, thus exceeding the need
and potentially resulting w unwanded damage 1o an area or exposure and contatiunent risks. The
present invention’s system allows for narrow profile heaters, meaning they can be installed in
small diameter pipe and’or boreholes (or other installation metheds) using, among other potential
methods, fast direct-push drilling technologies, or simple horizontal slit trenches for shallow
applications. This approach also allows for greater customuzation due to the reduced need for
supply and return piping.

{00047  In the existing art, low temperature heating frequently relies upon the
circulation of heated fluids through BHEs to deliver the energy and heat to the media being heated,
which can require infrusive and expensive drilling and installation, along with an extensive and
expensive network of supply and return piping, along with the tanks, pumps, valves, controls, and
other mechanisms needed o operate sach systenis, Such systems also come with the inherent risk
of leakage or other externalities that can hinder the remediation offorts or exacerbate the
environmental damage being remediated.

{00048}  Inthe present system, in some embodiments, the low voltage, low power heaters
can be casily customized in the field to the required heating lengths, eliminating costly fabrication
and shipping charges. The heaters may also be constructed of simple, commercially avadable, and
relatively inexpensive materials that can be re-used on future projects.  All of the heater
components: casing, heating element, electrical connections, and cabling, can be casily nstalled
below grade, therehy allowing full access and nse of the targeted treatment area duoring
remcdiation. The ability to accurately monitor and contrel the power output and temperature of
each heater along its entire length provides a distinet advantage over other low {emperature
technelogies that rely on heating fluids using solar, hot water heaters, and/or waste heating
methods, and circulating them through BHESs located throughout the well field. The circulation of
hested fluids through a network of BHESs can result in uneven heating due to the variability of the

temperature of the circulating fluid at different points in the well ficld and along the length of the
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BHE. Of course, according to other embodiments, more advanced and‘or expensive heaters or
even BHEs may also be used if appropriate for the specific embodiment.

{00049 Onc embodiment of the present invention is constructed of small diameter
heating elements installed v small dismeter piping (e the heater casing) which may be
constructed of carbon steel, stainless steel, fiberglass or other suitable material(s). The slements
themselves may consist of comnercially available heating cables or tapes, and/or custom-designed
and fabricated insulated electrical heaters, as determined by project requirements, suspended
directly in the heater casing or spirally wound around a central support rod and lowered into the
heater casing, depending on the depth, power output capacity (e.g., watls per [t} of the heater
clement, and the desired power cutput for a particudar site. The heating clement may also be
directly buried andior grouted in a borehole (i.e., using no pipe or heater casing). In other
configurations, the cables andfor tapes could be affixed to a ceniral support rod, such as, but not
funited to, aligned vertically along the borehole, wrapped i 8 helical pattern, or affixed in a mesh
or net pattern. Such elements could be metalhic in nature, comprised of composties or other media
apable of producing and conducting heat due to electrical current flow, or a combination of
several components depending on the needs of the embodiment and implementation. The exact
size of the heating elements can vary depending on the nature of the project and area to be treated,
with wider, thicker, or longer elements utilized as necessary. The presently disclosed mechanism
may also be employed in shallow horizontal slit trenches to address shallow soil contamination or
invasive species infestation, or may be applied at significant depths, depending on the depth of the
contamination.

{00050]  Altcrnatively, the heater may consist of a heating cloment constructed of a
length of stainiess steel or nichrome wire (or other similar substance with desirable properties
which may include, but is not hmited to, other metals or composite materials) running down the
center of the entire length or a targeted portion of a carbon steel pipe, or directly baried i a
borchole, corresponding to the desired heating mterval in the subsurface. In the lafter case, the
heating element could consist of two clements, side-by-side, in the borehiole and electrically
connected at the bottom with a “U™ shaped bend or electrical junction, The two clements can, if
needed for the embodiment, be electrically isolated using non-conductive material or spacers along
the entive Jength of the elements. Power would be apphied 1o one leg of the element and returned

by the other, gensrating a current. In the pipe configuration, the top of the wire heating element

o o pa
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could be connected to a power supply cable that then exits the top of the heater through a cap, or
attaches to another portion of the heater cable. The bottom end of the heating element would then
be directly and electrically connected to the bottom end cap of the heater casing or returned to the
top cap by an electrically isolated, temperature rated power return cable. Power would be applied
to the heater clement through the top power supply cable, with the heater casing or the electrically
isolated, temperatare vated power return cable serving as the power return. A dual-elenient heater
configuration as described above for the directly buried borehole erabodimaent, could also be used
in the pipe configuration. A series of such heaters could be connected 1 series with the power lead
for the next heater connected to the casing (power return) of the previous heater. Healers may also
be connected in paraklel or in series‘paraliel combinations, depending on desived circuit electrical
characteristics and available power supply capacity. In other embodiments similar to the foregomg,
the heating element may be comprised of a different metallic alloy, or of a combination of several
allovs. The system could also have the power run up and down the system to heat an outer casing
shell, or use an aliernative configuration of the power source such that the heater cable is utilized
to heat the surrounding ares either divectly or indirectly. In other embodiments, a single heater unit
may have multiple power inputs or ostpats, or have a single Tor cach that then splits power among
a number of cables andior legs to distribute heat throughout the heater. While some embodiments
use a rod shape, other heaters may use different configurations or shapes such that they are still
configured to provide the heating necessary for the invention.

{00051}  In some embodiments, the heater may consist of a heating element constructed
of a length of stainless steel or nichrome wire {or other similar material with desirahle properties)
runming along the center of the entire fength or a targeted portion of a carbon steel pipe, though
the compaosition of the pipe may vary depending on the embodiment. The top of the wire heating
element could be connected to a power supply cable that then exits the top of the heater through a
cap, or aitaches to another portion of the heater cable, The bottom end of the beating clement
would then be divectly and electrically connected to the bottom end cap of the heater casing. One
leg of a three-phase power supply (A, B, or C) would be apphed to the heater element through the
top power supply cable, with the heater casing serving as an electrode in a three-phase Electrical
Resistance Heating (ERH) system. The heatersselectrodes would be arranged in triangular patterns
with esch triangle of heaters/electrodes consisting of A, B, and C phases.  As the voltage sine

waves from the three-phase power supply are sequentially applied to the A-, B-, and C-phase
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heaters/electrodes {each phase off-set from the next by 120}, current will How through the heating
glement (A, B, or C} and then through the soil to the surrounding heoater/electrodes,  This
embodiment of the 1nvention then utilizes a combination of TCH and ERH to efficiently and cost-
effectively heat the targeted treatment zone. A network of such heaters/electrodes could be laid
cut and connected in a three-phase power configuration, such that each heater/electrode has
neighboring heatersselectrodes of different phases (e.g., an A-phase heaterselectrode is bordered
by B- and C- phase heaters/electrodes}.

{00052]  In some embodiments, a multiphicily of heaters could be installed 1o typical
arrangemenis for efficient thermal conduction heating (e.g., triangular or reclangular pattemss,
throughout and surrounding the targeted treatment zone. The heaters may be powered and
controlled individually or m groups, depending on how they are connected. Temperature
monitoring points could be installed immediately adjacent to and in between the heaters 1o moniior
the rate of heat-up amd temperature of both the heater itself and the surrounding soil and
groundwater. Power outpul to specific heaters or groups of heaters would be adjusted to result in
the unitorm heat-up and achicvement of the desired target temperature. [n some embodiments,
sarious patterms may be cmploved by the heaters based on the media to be treated to ensure
preferred effectiveness based on the needs of the site andfor volume and embodiment. Some
embodiments may alse employ heaters positioned at different depths if appropriate for treatment
based on the composition of the subsarface, volume, and/or site.

{00537 The power supply for such an invention could come from a muliitude of
sources, chuding, but not lunited to, solar, tidal, wind, or other renewable sources whether they
are {ocated on-site or come from an external provider. For some remediation efforts, connections
could be made to a municipal power grid, with appropriate power modulation and regulation
components, to allow the remediation to be powered by said municipal power grid. The svstem
could also be powered by other methods yet to be developed, and is not specific to a single method
of powering. In addition, some embodiments of the invention may be powered by a three-phase
power system and/or a single phase power system, depending on the embodiment. Depending on
the needs of the site, mulliple powering wethods could be used in tandem, or to supplement during
downtime. For example, the svstem could be powered by solar power during the day, and by
alternative means during the night. Furthermore, the system i some configurations could be

powered entirely by solar, relving on charging batteries using excess charge accumulated during
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the day and discharging that overnight. Where available and economical, the electrically powered
heating slements could be replaced by pipes or coils containing low-pressure steam, hydronic hot
water or other heat wansfer fluid.

{00034}  In another embodiment, electrically powered heating elements may be instalied
in vertical borings or wells or in shaliow horizontal slit trenches in the manner deseribed previously
to treat for invasive plant species. For example, studies have found that Japanese Knotweed may
be kilted by heating sotls in the root zone at temperatures of 60 to ROPC and holding at temperatuge
for several davs., Heaters, such as those described previously, can be installed across a planting
field or other infested portion of a property at a spacing of 15 to 20 feet (4.5 lo 6 meters), or at
wider spacing if longer heating time is acceptable, or more narrowly if a shorter heating time 18
preferred. Heaters can be operated to maintain the desived farget temperature tor a period of
several days to kill the plant and reot structure of mnvasive species.

{00055]  In a further embodiment, soils, wood chips or other media impacted {or
potentially impacted) with invasive plant or insect species may be loaded into containers or bins
for ow temperatare thermal treatment, at a femperature and duration sufficient to kill the invasive
species. Fleating clements, as desceribed previcusly, may be placed i the bing to heat the impacted
media directly, and/or placed in the walls and floors 1o heat the impacted media indirectly.
Containers or bins may be commercially available bins with 1 o § cubic yard capacity, or “roll-
off” box containers with capacity ranging from 10 to 40 cubic vards, or even greater amounts, or
custom-built containers with capacity from 10 to 100 or more cubic yards or as appropriate for the
project. Such containers may have removable or hinged covers, and may have hinged doors on
gither or both eand walls or may have a hinged botiom to facilitate casy cmptying of materials,
Containers may have mounting brackets and ports installed to allow heating elements or power
cables (0 pass through the walls, floor or roof, depending upon the desired configuration. Once
the impacted media and heating elements are installed the thermal treatment may proceed 10 a
batch process, to heat the impacted media to tarpet tomperature and held for the specified duration.
The mpacted media may be allowed to cool prior to removal from the container, then additional
batches of mnpacted media mayv be treated in the same comtainer. Several containers mway be
grouped together to facilitate rotating filling, heating, cooling and emiptying batches.

{00036 FIG. 1 depicts a side view of a fow temperature thermal treatment system in

accordance with an embodiment of the invention. In some example embodiments, the system 100
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for low temperatare thermal treatment may be comprised of one or more heaters 102 embedded
into a target volume 104 located in a target site 106 wherein the one or more heaters 102 may be
conngcted to a power source 108 through a power monitoring and control system 110, The system
may be further comprised of one or more temperatare sensors 112 which may alse be embedded
nto the target volume 104 at one or more locations 114 in order to gauge the temperature of the
target volume 104 based on the heating from the heaters 102 and would be connected to a
temperature montoring and controf system 118, In sonie embodiments, the power source 108 may
be a municipal power system or it may be throngh another form such as one or more solar panels
which may or may not be affixed to homes and/or businesses near the target site 106, The target
voiume 104 may be contaminated with a contamyinant 116 that may be located in a single portion
of the target volume or scattered throughout.

{00057}  The power monitoring and control system 110, depending on the embodiment,
may provide for automatic or manual control of power 1nput to the one or more heaters 102, and
n the case of aulomatic, power input could be modulated based on data received from the one or
more temperature sensors 112 regarding heat near one or more of the one or more heaters 102,
Some embodiments of the invention may allow for independent adjustment 1o the power delivered
to the one or more heaters 102 on an individualized basis. The power monitoring and conirol
svstem 110 may also be configured to provide power to the one or more heaters 102 such that the
heaters 102 gentdy and uniforinly heat the target volume 104 surrounding it. This heating caa help
promote increased rates of biotic and abiotic reactions. The heaters 102 can then be modulated and
regulated to maintain a desired temperature range, and in some cases temperature probes 112
and/or sensors may be incorporated to provide data regarding target volume 104 temperature.

{00058  Embodiments of this invention may be powered through a varigty of power
sources HIB (or combination hereof) immchuding, but not limsted to a local power grid, on-site power
generation using a fossil fuel-fired clectric power generator, at least one solar panel, or at least one
wind turbine. Some embodiments may use other power sources or those yet to be developed,
provided they can be transformed into suitable working voltages, such as, but not himited to, 480V,
27TV, 240V, or 120V,

{00059}  Depending on the specific embodiment, the heating of the target volume 104
may be continued for a pertod of time sufficient to achieve the goals of the specific embodiment,

which In some cases may be verified by reviewing data regarding the operating power andfor
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temperature of the target volume 104 over time. In other situations, it may be desirable to take
samples of the target volume 104 for laboratory analvsis. According to some embodiments, the
heaters 102 may be configured 1o heat the target volume 1(+ to approximately 1007C based on the
composition of the target site 106; this may be due to coordination between the power monitoring
and control system 110 and the temperature monitoring and coatrol system 118 which modulate
the power to the ong or miore heaters 102, the heaters 102 may be configured such that they can
only reach approxmmately 100°C, or there may be a combination thereot or other means of luniting
the heating of the target volume 104,

[00060} FIG. 2 depicts a side view of a low temperature thermal treatment system in
accordance with an embodiment of the invention. In some example embodiments, the system 100
for low temperature thermal freatment may be comprised of one or more heaters 102 embedded
into a target volume 104 located in a target site 1(36 wherein the one or more heaters 102 may be
connected to g power source 108 throagh a power monitoring and contro] system 110, The system
may be further comprised of one or more temperature sensors 112 which may alse be embedded
nto the target volume 104 at one or more locations 114 m order to gauge the temperature of the
target volume 104 based on the heating from. the heaters 102, with said tewperature sensors 112
being connected to a temperature monitoring and conwrol svstem 118, In some embodiments, the
power source 108 may be a municipal power system or it may be through apother form such as
one or more solar panels which may or may not be affixed to homes and/or businesses near the
target site 106, The target volume 104 may be contaminated with a contaminant 116 that may be
located in a single portion of the target volume 104 or seattered throughout. In some embodiments,
the system may be practiced with the target volume 104 stored in a container 200; such container
200 may be a specially constructed containment device located above ground, or may be an in-
ground basin or pool separated from the swrrounding avea. In some embodiments, the container
200 may be a number of smaller containers wherein the target volume 104 i3 sphit into sub-volumes
and treated independently.

{00061} Depending on the needs of the target volume 104, the system 100 may be Turther
comprised of placing the contaminated media, the target volume 104, in a container 200, Such
container 200 could be anyvthing from, but is not limited to, a specially created or generic above-
ground contaimment device or a basin. In the case of the former the container 200 may have one

or more removably or openable doors or roof fo facilitate loading the target volume 104 into the
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container 200 prior to and possibly following treatment. In such an embodument, the heaters 162
may be placed inside the container 200 to directly heat the contaminated target volume 104 or may
be placed outside or inside the container 200 on walls, its floor, and/or a roof to directly or
mndirectly heat the contaminated tarpet volume 104 inside the container 200 depending on the exact
arrangement thereof. Such embodiments may also incorporate the same temperature monitoring
apparatuses as described herein, inchuding, but not Hmited to, temperature probes and/or sensors
112 that may be connected to a temperature mongoring and controel system |18, Such probes andior
sensors 112 may be placed at random and/or at specific intervals in the contamer 200 o monitor
the temperature therein or al one or move locations 114,

{06062] According to some embodiments, the container 200 may be configured in a
variety of ways, such as having thermal insulation placed on some or all of the surfaces of the
intertor and/or exterior thereof to retain heat delivered by the heaters 102 and work 10 concert with
them to provide proper heating as detenmined by the needs of the embodiment. Alternatively, some
embodiments may utilive a contamer 200 in the formm of a constructed pile wherein the
contaminated target volume 104 is placed in such constructed pile for treatment. The pile,
depending on the embodiment, may be insulated or otherwise constructed in such a way to avoid
heat loss or impact to the surrounding environment. The pile may be constructed such that it does
not reguire walls or a specific voof, but may be covered with a cover which may be insulated or
waterproof to minimize heat loss and prevent infiltration into the pile. If there is a large target
volume 104, multiple piles or containers 200 may be utilized in tandem, all connected to the same
power and‘or temperature moniforing systems 110, or may each have thetr own. Otherwise, the
pile may be treated as if the target volume 104 was iz a container 200 or at a target site 106,

{00063} FIG. 3 depicts a side view of a low temperature thormal treatment system in
accordance with an entbodiment of the invention. In some example embaodiments, the system 100
for low temperature thermal freatment may be comprised of one or more heaters 102 embedded
o a target volume 104 located 1n a target site 186 wherein the one or more heaters 102 may be
connected to a power source 108 through a power monttoring and comirol system. The system may
be further comprised of one or more temperature sensors which may also be embedded into the
target volume 104 at one or more locations 114 in order to gauge the temperature of the farget
volume 104 based on the heating from the heaters 102, In some embodiments, the power source

108 may be a municipal power system or it may be through another form such as one or more solar

22

CA 03233128 2024- 3-26



WO 2023/060204 PCT/US2022/077709

panels which mav or may not be affixed to homes and/or basinesses near the target site 106, The
target volume 104 mway be contaminated with a contaminant 116 that may be located in a single
portion of the target volume or scattered throughout. According to some embodiments, some or
all of the one or more heaters 102 may be fully embedded into the target site 106 or into a trench
ot hole 300 in the ground. This hole 380 or trench may be fully or partially covered depending on
the needs of the embodiment, and may allow for casier access to the one or more heaters 102 while
potentially protecting them from the eavironment around the target ste 1906,

{00064 FIG. 4 depicts a side view of the heater 102 arrangement of a low temperature
thermal ireatment system 100 in accordance with an embodiment of the invention. In some
example embodiments, the system 100 for low temperature thermal treatment may be comprised
of one or more heaters 102 at least partially embedded into a target volume 104 wherein the one
or more heaters 102 may be connected to a power source 108 through a power monitoring and
control system 1190, The system may be further comprised of one or more temperature sensors 112

which may also be ernbedded into the target volume 104 at one or more locations 114 in order to

s

sauge the temperature of the target volume 104 based on the heating from the heater units 102,
The heater 102 components may be instalied in a casing 400, where sawd heater and casing 400 is
then pushed into the weatment area of the target volume 104 using a variety of means incloding,
but not fimited to, a drill rig, pile driver, pneumatic or hydraulic hammer, or similar device. In
sttuations where the conditions at the target site 106 the heater 102 is being inserted into are not
suited for installation through a divect push or a direct push is otherwise not preferred by the
embodiment, holes or trenches may be bored into the media and the heaters 102 may be instalied
therein, In sorme embodiments an outer casing 4060 of the heater 102 might be mstalied first and
then the heating components 402 of the heater may be installed separately depending on the needs
of the embodiment, while i other embodiments they may be installed together or only the heating
components 402 are mstalied. Some embodiments of the system 100 may be comprised of heaters
102 comprised of an outer casing 400 wherein the heating components 402 are comprised of a
weave of conductive wire 404 that enters the heater 102 at a power input point 406 and leaves at a
power quiput point 408,

[00065]  Depending on the embodiment, the one or more of the heaters 102 may be
equipped with one or more temperature monioring devices, such as, but not limited o, temperature

probes or temperature sensors |12, either affixed directly to the heater 102, to the outer casing 400,
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or placed in proxinuty to the one or more heaters 102 to monitor operating temperature of the one
or more heaters 102 for system 100 momtoring, control, and/or safety purposes. In addition, some
embodiments may be comprised of, or additionally comprised of, one or more temperature
monitoring devices such as temperature sensors 112, wherein the temperature sensors 112 are at
least partinlly embedded into the target volume 104, and which are connected to a temperature
mondforing and control system 118 including sensors, cables, data acquisiton equipment and
monitoring sottware.

{0066] FIG. 5 depicts a side view of the heater 102 arrangement of a low temperature
thermal ireatment system 100 in accordance with an embodiment of the invention. In some
example embodiments, the system 100 for low temperature thermal treatment may be comprised
of one or more heaters 102 embedded nto a target volume 104 wherein the one or more heaters
102 may be connected to a power source 108 through a power monitoring and control system 110,
The system may be further comprised of one or more temperature sensors which may also be
embedded into the target volume 104 at one or more locations in order to gauge the temperature
of the target volume 104 based on the heating from the heater units 102, The heater 102 may be
comprised of hosting components 402 which may be instalied in a casing 400, where said heater
102 is then pushed into the weatment area of the target volume 104 using a variety of means
inclhuding, but not united to, a drill ng, pile deyver, pneumatic or hydraulic hanmumer, or similar
device. In situations where the conditions at the target site 106 where the heater 102 is being
inserted into are not suited for installation through a direct push, or if otherwise desired for the
embodiment, holes or trenches may be bored into the media and the heaters 102 may be instalied
therein, In sorme embodiments an outer casing 4060 of the heater 102 might be mstalied first and
then the heating components 442 of the heater 102 may be mstalled separately, while in other
embodiments they may be installed together or only the heating componenis 402 are mstalled.
Some embodiments of the system 100 may be comprised of heaters 102 comprised of an outer
casing 400 wherein the heating components 402 are comprised of a weave of conductive wire 404
that enters the heater 102 at a power inpul point 406 and leaves at a power output point 408.

j00067] FIG. 6 depicts a side view of the heater 102 wrrangement of a low femperature
thermal treatment system 100 in accordance with an embodiment of the invention. In some
example embodiments, the system 100 for low temperature thermal treatment may be comprised

of one or more heaters 102 embedded into a target volume 104 wherein the one or more heaters
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102 may be connected to a power source 108 through a power monitoring and control system 110,
The system may be further comprised of one or wove temperature sensors which muay also be
embedded into the target volume 104 at one or more locations in order to gauge the temporature
of the target volume 104 based on the heating from the heater aniis 102, The one or more heater’s
102 heater components 402 may be installed in a casing 400, where said heater 102 is then pushed
into the treatiment area of the target volume 104 using a variety of means including, buot not linited
to, & drill nig, pile dover, pneumatic or hydraulic hanuner, or simtar device. in situations where
the conditions at the target site 106 where the heater 102 s bemg inserted into are not suited for
istallation through a direct push, or it is otherwise preferred by the embodiment, holes or trenches
may be bored into the media and the heaters 102 may be instalied therein. In some embodiments
an outer casing 400 of the heater 102 might be installed first and then the heating components 462
of the heater 102 may be installed separately, while in other embodiments they may be installed
together or only the heating components 402 are mmstalled. Some embodiments of the system 160
may be comprised of heaters 182 comprised of an outer casing 400 wheremn the heating
components 402 are comprised of & weave of conductive wire 404 that enters the heater 102 at a
power input point 406 and leaves at a power output point 408, In some embodiments, the heater
components 402 of the heater 102 may only extend part of the way down or for porttons of the
heater 102, leaving an ompty arca 600 which may not emanate heat. In addition, some
embodiments may combine vartous types of heaters 102, some which may be capable of heating
the entire length, while others may have an empty area 600 or multiple empty areas 600. Some
embodiments may have empty areas 600 separated by arcas of heater components 402,

{00068]  FIG. 7 depicts a side view of an cxampie of & heater 102 of a low temperature
thermial treatment system in accordance with an embodiment of the invention. Ia some example
embodiments, the systern for low temperature thermal treatment may be comprised of one or more
heaters 102 embedded into a target volume wherein the one or more heaters 102 may be connected
1o a power source through a power monitoring and control svstemy that inputs power through a
power mput point 406 and the current leaves the heater 102 through a power ouiput point 408,

{00069} In some embodiments of the invention, one or more heaters may be placed
directly in contact with the targeted volume or may be placed inside an outer casing 400 or tubing
to protect the heater 102 from exposure to the media comprising the targeted volume and to provide

for casy access to the beater components 402 for repair and maintenance purposes. According to
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some embodiments, some of the oneg or more heaters 102 may be placed in divect contact with the
targeted volume, while some of the one or more heaters may be placed ingide an outer caging 404
or tubing, while some may be partially encased and partdally in direct contact with the targeted
volume, depending on the needs of the site.

{00070}  Depending on the needs of the embodiment, the heaters 102 may be constructed
of one or more heating wires 700 {with alloy composition suited to the application, such as, but
not himited to Nichrome altoys [e.g., Nichrome 60, Nichrome 80, etc.]) or other allovs such as an
iron-chromium-alumimum alloy, sometimes referred o as “FeCrAl™ alloys. Such heating wires
700 may be installed i a temperature-~raied, electrically non-conductive sleeve or may be equipped
with continuous or non-continuous insulation comprised of ceramic tubular forms, ceramic beads,
or other suitably temperature rated, clectrically non-conductive insulating materials 702, Such
heating wires may be instailed inside an outer casing 400 that may be made of a metal (2.g., carbon
steel) and electrically insulated from the walls of the pipe using a non-conductive thenmally stable
ponvder or filling such as magnesium oxide as an insulating matertal 702 that has suitable thermal
conduction properties, and which is placed in the casing 400 from the top. Other embodiments
may feature no nsulating waterial 702, Other suitable nsnlating materials 702 and configurations
for electrically insulating the heating element from the sidewalls of the pipe may also be used {e.g.,
ceramic sleeves or beads, electrically insulating cloth sleeves, fiberglass sleeves, cte. that have
suitable thermal properties). The top of the wire heating element would be connected to a saitably
rated electrical supply cable 704 to power the heating element, where such cable would have a
power input point 406 and power output point 408, Electrical current and power would be debivered
to the heater 102 and cither allowed to directly discharge to the carth ground 1o countact with the
pipe, or a return grounding wire would be attached to the top of the pipe as it exits the ground
surface and tied back o the power supply to complete the electrical cirenit of the heater throngh
the power output point 408,

{071} In some cembodiments, the heating components 402 of the heaters 102 may be
comprised of mineral msulated cable heating elements, in which one or more resistance heating
wires 1s placed in a tubular metal sheath that is filled with magnesium oxide and compressed
through an extrusion jig to form a semi-rigid heating cable of the desired length. Terminal ends of

such mineral insulated hezting cables may be sealed by soldering, welding or use of an epoxy
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potting compound to prevent water infiftration to the heating eclement, and provided with
temperature-rated, electrically insulated power leads.

{00072}  The heating components 402 of the one or more heaters 102 can be comprised
of a variety of configurations, including one or more high-output heat tracing cables capable of
delivering an aggregate power output of 150 to 200 watts per foot. Such heat tracing cables may
be ntegrally self-regulated with regard to power delivery and temperature or may be regulated
with an external power controller. The heat fracing may be wrapped in a spiral manner around a
central carvier rod, tube or pipe. The spacmg between adjacent spiral wraps (i.c.. the pitch) may
be varied to modify the power delivery per unit length of the carrier rod {waits per foot). Some
embodiments of the heating components 402 of the one or more heaters 102 may be comprised of
an clectrically conductive heating wire 700 that s wrapped around an inner casing 706 and then
leaves the heater 102 by gomg up through the inner casing 706 and out, creating a spring-like
shape 708 that generates heat.

{00073F  FIG. 8 depicts a side view of an example of a heater 102 of a low temperalore
thermal treatment system in accordance with an embodiment of the invention. In some example
embodiments, the system for low temperature thermal trestment may be comprised of one or wore
heaters 102 embedded into a target volume wherein the one or more heaters 102 may be connected
te a power source through a power monitoring and control system that inputs power through a
power input point 436 and the current leaves the heater 102 through a power qutput point 408, The
one or more heaters 102 might be comprised of a heating element inserted into a pipe-shaped outer
casing 400. Depending on the embodiment, other suitable insulating materials 702 and
configurations for elecirically insulating the heating element from the sidewalls of the outer casing
400 may also be used {e.g.. ceramic slegves or beads, electrically insulating cloth sleeves,
fiberglass sleeves, ete. that bave suiiable thermal properties). The top of the wire heating clement
would be conmnected to a suitably rated electrical supply cable 704 to power the heater 102, The
bottom of the clement may be directly electrically connected to the electnically conductive metal
pipe. Electrical current and power would be delivered to the heater 102 and etther allowed to
directly discharge to the earth ground in contact with the outer casing 4}, or a return grounding
wire would be attached to the top of the outer casing 400 as it exits the ground surface and tied
back to the power supply to complete the electrical cirenit of the heater 102, Alternatively, in some

embodiments the wire heaters 102 are comprised of electrically conductive rods (e.g.. inchuding,
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but not Hnited to, stamnless steel of vanous grades). The rod heaters 102 would be insulated and
clectrically connected in similar fashion ag described in the preceding paragraphs.

{00074} According to some examples of the invention, the system may utihize heaters
102 comprised of electrically conductive rods 800 {(e.g., stainless steel of various grades). Therod
heaters 102 would be insulated with insulating matertals 702 and electrically connected in simiiar
fashion as described in the preceding paragraphs, with a power input 406 and power output 408,
Some embodiments of the rod R00 embodimnent heater 102 may possess an outer casing 400 while
others may mvolve the rod 800 alone. Depending on the embodiment, the red 800 itself may be
the electrified element or it may be in electrical contact with the outer casing 400. In embodiments
with e outer casing 400 but a rod 800, the rod 800 may discharge the electricity into the ground.
In these embodiments, the rod 800 can Tunction as the heating component 402,

{00731 FIGr O depicts a side view of an exampie of 3 heater 102 of a low temperature
thermal treatment system in accordance with an embodiment of the invention. In some example
embodiments, the system for low temperature thermal treatzent may be comprised of one or more
heaters 102 embedded into a target volume wherein the one or more heaters 102 may be connected
to a power source through a power monitoring and control system that inputs power throagh a
power inpat pomt 406 and the current leaves the heater 102 through a power output point 408, The
one or more heaters 102 might be comprised of a heating clement inserted into a pipe-shaped outer
casing 400. Depending on the embodiment, other suitable insulating materials 702 and
configurations for electrically insalating the heating element from the sidewalls of the outer casing
400 may also be used {e.g., ceramic sleeves or beads, electrically insulating cloth sleeves,
fiberglass sleeves, ete. that have suitable thermal properties). The top of the wire heating element
wotlld be connected to a suitably rated electrical supply cable 704 to power the heater 102,

[00976]  In some embodiments, the heater may consist of a heater 102 constructed of a
length of material 901 which may be comprised of stainless steel or nichrome wire (or other simidar
substance with desivable properties which may inchude, but is not limited to, other metals or
composite materials) running down the center of the entire length or a targeted portion of an outer
casing 400, which may be comprised of a material such as, but not limited to, carbon stecl pipe, or
directly buried in a borehole, corresponding to the desired heating mterval in the subsurface. In
the latier case, the heater 102 could consist of two elements, side-byy-side, in the borehole or outer

casing 400 and electrically connected at the bottom with a “LUI” shaped bend 900 or electrical

28

CA 03233128 2024- 3-26



WO 2023/060204 PCT/US2022/077709

Junction. In other embodiments, the length of material 901 functioning as the heating component
may be bent at one end in a “U” shape bend 900 such that it enters at the top of the outer casing
400 from a power Input point 406, proceeding downwards, bends in a “U” shape bend 900 at some
point along the length of the outer casing 900, then proceeds upward again and feaves at the power
output point 408, Some embodiments may feature an alternative to the “U™ shape bend 900, such
as right-angled shapes, triangular ones, or other vartants depending on the entbodiment. Some
vartants of the mvention may omit the outer casing 400 alfogether, using just the heating
components, The two elements andfor length of matenal 01 can, if needed for the embodiment,
be electrically isolated using non-conduciive msulating material 702 or spacers 902 along the
entire length of the elements. Power would be applied to one leg of the clement through a power
input point 406 and retured by the other by the power output pomt 408, generating a current.
Alternatively, in the pipe configurstion, the top of the wire heating element could be connected to
a power supply cable that then exits the top of the heater through a cap 904, or attaches to another
portion of the heater through a conductive rod that 13 commected to the bottom of the casing. The
bottom end of the beating element could then be directly and clectrically connected to the bottom
erd cap of the heater casing or returned to the top cap by an electrically tsolated, temperature rated
power return cable. Power would be applied to the heater 102 through the top power supply cable,
with the heater casing or the electrically isolated, fomperature rated power return cable serving as
the power return. In such embodiments, the two elements and/or the length of material 901 would
function as the heating components 402, In some embodiments, the two elements and/or length of
material may be comprised of multiple materials so the heat emanated by them along their length
varies, Of some portions may emanate no heat at all despite running current.

000771 FIG. 180 depicts a side view of an example of a heater 102 of a low temperature
thermal treatiment system 100 in accordance with an embodiment of the mwvention. In some
example embodiments, the system 100 for low temperature thermal treatment may be comprised
of one or more heaters 102 embedded into a target volume 104 wherem the one or more heaters
102 may be connected to a power source through a power monitoring and control system thal
mputs power through a power input point 400 and the current leaves the heater 102 through a
power output point 408, The one or more heaters 102 miught be coniprised of a heating clement
inserted into a pipe-shaped oster casing 406, Depending on the embodiment, other suitable

insulating materials 702 and configurations for clectrically insulating the heating element from the
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stdewalls of the outer casing 400 may also be used {e.g., ceramic sleeves or beads, electrically
insulating cloth sleeves, fiberglass sleeves, ete. that have suitable thermal properties). The top of
the wire heating element would be connected to a suitably rated electrical supply cable 704 o
power the heater 102,

[00078]  The two clements can, if needed for the embodiment, be electrically isolated
using non-conductive insulating material 702 or spacers along the entirve length of the elements.
Power would be applied to one leg of the element through a power mput point 406 and returned
by the other by the power cutput point 408, generating a current through an inner casing 1400,
Alternatively, 1n the pipe configuration, the top of the wire heating element could be connected to
a power suapply cable that then exits the top of the heater through a cap 904, or attaches to another
portion of the heater through a conductive rod 800 that 1s connected to the bottom of the casing
906. The bottom of the casing 906 of the heating efement could then be directly and electrically
connected to the bottom end cap of the hester casing or returned to the top cap by an electrically
isolated, temperature rated power return cable. Power would be applied to the heater 102 through
the top power supply cable power input point 406, with the heater casing or the electrically isolated,
temperanae rated power return cable or conductive rod 800 serving as the power osipat point 408,

{00079] FIG. 11 depicts a top view of a heater 102 arrangement of a low temperature
thermal reatment systemin accordance with an embodiment of the invention. In some example
embodiments, the system for low temperature thermal treatment may be comprised of one or more
heaters 102 embedded into a target volume wherein the one or more heaters 102 may be connected
to a power source 108 through a power monitoring and control system. The systers may be further
comprised of one or more temperature sensors 112 which may also be embedded into the target
volume 104 of the target sife 106 at one or more focations in order to gange the temperature of the
target volume 104 based on the heating from the heater unsts. In some embodiments, the heaters
102 may be arranged in a hexagonal patfern. The heaters 102 may be connected at their power
mput point 400 and power output point 408, and may be connected in series or in paratlel
depending on the needs of the embodiment. The exact shape of the arrangement can vary
depending on the needs of the target site 106 or target volume 104, wherein the depicted figure
uses a hexagonal arrangement, it might instead be square, friangular, or other shape. In some
embodiments, a specific shape may be inappropriate and the heaters 102 may be positioned at

targeted portions of the target site 106 or target volume 104
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{00080} FIG. 12 depicts a top view of a heater 102 arrangement of a low temperature
thermal treatment system in accordance with an embodiment of the invention. In some example
embodiments, the system for low temperature thermal treatment may be comprised of one or more
heaters 102 embedded into a target volume wherein the one or more heaters 102 may be connected
to & power source through a power monitoring and control system. The system may be further
comnprised of one or more termperatare sensors which may alse be embedded into the target volume
104 of the target site 106 at one or more locations i order to gauge the teraperature of the target
volume 104 hased on the heating from the heater units. 1 some emboduments, the heaters 102 may
be arranged in a square pattern, butl in other embodiments the pattern may be varied, including, bl
not limsted to, triangular, circular, or irreguiar patierns depending on the needs of the embodiment.

{00081] FIG. 13 depicts a top view of a heater 102 arrangement of a low temperature
thermal treatment system in accordance with an embodiment of the invention. In some example
embodiments, the system for low temperature thermal treafment may be comprised of one or more
heaters 102 embedded into a target volume wherein the one or more heaters 102 may be commected
to a power source through a power monitoring and control system. The system may be further
comprised of one or more temperature sensors which may also be embedded into the target vohune
104 of the target site 106 at one or more locations in order 1o gauge the temperature of the target
volume 104 based on the heating from the heater units. In some cinbodiments, the heaters 102 may
be arranged in a friangular pattern, but in other embodiments the pattern may be varied, including,
but not limited to, triangular, circular, or irregular patterns depending on the needs of the
embodiment..

{00082] FIG. 14 depicts a side view of a low femperature thermal treatmsent systenmy 140
m accordance with an embodiment of the invention. In some example embodimaents, the system
HIO Tor low temperature thermal treatment may be comprised of one or more heaters 142
embedded into a target volume 104 located in a target site 106 wherein the one or more heaters
102 may be connected to a power source 108 through a power monitoring and control system. In
somne embodiments of the mvention, the one or more heaters 102 may be installed at an angle
depending on the best approach to remediating the target site 106 or target volume 104,

{00083] FIG. 15 depicts a side view of a low temperature thermal treatment system 1060
in accordance with an embodimemt of the invention. In some example embodiments, the system

100 for low temperature thermal treatment may be comprised of one or more heaters 102
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embedded into a target volume 104 located m a target siie 106 wherein the one or more heaters
102 may be comnected to a power source 108 through a power monitoring and control system. In
somne embodiments of the invention, the one or more heaters 142 may be installed at an angle or
horizontally depending on the needs of the target site 106 or target volume 104,

[00084] FIG. 1o depicts a side view of a low temperature thermal treatment svstem in
accordance with an entbodiment of the invention. As depicted in previous figures, the invention
may be comprised of one or maore heaters 102 connected to a power source 108 through power
monttoring and control systeme 110, In some embodiments, one leg 1608 of a three-phase power
supply (A, B, or C) would be applied to one each of three sefs of heater elements through the top
power supply cable 1602, with the heater casing serving as an electrode in a three-phase Electrical
Resistance Heating (ERH) system. The heaters/electrodes wonld be arranged m triangular patterns
with euch triangle of heaters/electrodes consisting of A, B, and C phases. As the voltage sine
waves from the three-phase power supply are sequentially applied to the A-, B-, and C-phase
heaters/electrodes (each phase off-set from the next by 1207}, current will flow through the heating
clement (A, B, or C) and then through the soil to the surrounding heaterfclectrodes.  This
emibodiment of the vention then utilizes a combination of TCH and ERH to efficiently and cost-
cffectively heat the targeted volume 104 of the target site 106, This embodiment also decreases
the cost and mproves the sustainability of the mvention by climinating the need for power return
cables. A network of such heaters/electrodes could be laid ont and connected 1 a three-phase
power configuration, such that cach heater/electrode has necighboring heaters/electrodes of
different phases {eg., an A-phase heater/electrode is bordered by B- and - phase
heaters/electrades).

{60085} FIG. 17 depicts a graph demonstrating chemical decay of a target chemuical
during low temperature thermal treatment in accordance with an embodiment of the invention, The
present invention utilizes low temperature heating to accelerate the degradation of contaminants
in a target area, and the graph 1700 demonstrated in FEG. 17 shows an example of how that may
ocour with carbon tetrachloride with the mass of carbon tetrachloride 1702 and the heat of the
heaters 1704 depicted showing that afler 80 days the mass has been reduced from approximately
4000 Tbs to zero.

{00086] FIG. 18 depicts a system diagrams showing the components and interactions of

a low temperature thermal treatment system in accordance with an embodiment of the mvention.

32

CA 03233128 2024- 3-26



WO 2023/060204 PCT/US2022/077709

The system would be comprised of a power source 108 which delivers power to the power
monitoring and control system 110 which can then deliver power to the one or more heaters 102
when the system is located at or near the target site 106, The system 100 can then be controlled
through a computer processor 1800 that is communicably linked to the power monitoring and
control system 110 and a temperature monitoring and reporting svstem |18 which is comnected to
one or more teniperature sensors 112 which can report the temperature at their location in the target
site 106, n some embodiments, the computer processor 1800 is then conupected to an exteral
network 1802, which is further connected to one or more storage media 1804 where data collected
by the power monitoring and control systern 110 and a temperature monitoring and reporting
systenm: 1§8. The external network 1802 may then be connected to an ntertace 1806 which can
allow for output devices 1808 and input devices 1810, The output devices 1808 counld be comprised
of devices such as, but not limited to, visual screens or data links aliowing an operator to review
data collected by the system 100, Similarly, the input device 1810 could be comprised of devices
such as, but not lnuted to, kevboards and/or a mouse device, or data inputs otherwise allowing an
operator to send instructions to the computer processor 1800 through the external network 1802,
{00087F FIG. 19 shows a step-byv-step chart showing the steps of the method of low
temperatare thermal treatment in accordance with an embodiment of the invention. In some
embodiments, the low-temperature remediation of contaminants in a target volume comprised of
at least one material, the method comprising: determining a volatile temperature of at least one of
the materials in the target volume {step 1900): determining an optimum temperature at which a

gradation will he accelerated

=

contaminant in the at least one material in the target volume's de
where such optimum temperature 1s below the boiling point of water where the target volume is
being remediated (step 1902): inserting one or more heaters info a target volume {step 1904);
inserting one or more femperature sensors into one or more points in target volume wherein the
one or more temperature sensors are configured to send termperature data to a central control unit
{step 1906); connecting the one or more heaters to a power supply capable of debivening sufficient
current and voltage to the heater and configured to be monitored from a power montioring system
(step 1908 activating the heater such that 1t emits heat inte the target volume {step 1910);
montforing the temperature of the one or more points of the target volume {step 1912); reducing
the heat emitted by the heater if the temperature of one or more points of the target volume exceeds

a volatile temperature of at least one of the at least one materials n the target volume or the
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optimtm temperature (step 1914); repeating the cycle of heating and cooling until the desired
result is achieved (step 1916). The exact steps of this method may be modified depending on the
exact noeds of the embodiment or decontamination process, and some steps may be performed
earlier or fater than Hsted.

[00088]  As used herein and unless otherwise indicated, the terms “a™ and “an™ are taken
to mean “one”, “at least one™ or “one or more”. Unless otherwise required by context, singular
terms used herein shall include pharalities and plural ferms shall welude the singular.

{00089 Unless the context clearly roquires otherwise, threughout the description and
the claims, the words “comprise”, “comprising”, and the fike are {o be construed m an nclusive
sense as opposed to an exclusive or exhaustive sense: that is to say, in the sense of Mincluding. but
not himited to”. Words using the singular or plural number also include the plural and singular
number, respectively. Additiopally, the words “herem,” “above,” and “below™ and words of
similar import, when used in this application, shall refer to this application as & whoele and not 1o

any particular portions of the application.
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What 1s claimed &s:

1. A systemt for the low-temperature remediation of a target vohwne comprised of at least one
material, the svstem comprising:
one or more heaters, wherein the one or more heaters are configured to connect to a power
source and emit heat into their surrounding area at substantially uniform rates and
the one or more heaters are at least partially embedded into the target ares;
a power control and monitoring system configured to deliver voltage and current to the one
or more heaters at a substantially uniform rate; and
a power source configured to deliver veoltage and current to the power conirol and

monttoring system for distribution.

2, The system of claim 1, the sysiemn further comprising a temperature monitoring system
comprised of one or more sensors and a processing system comprised of at least one computer
processor contfigured to receive data from the one or more sensors.

3. The svstem of claim 2, wheremn the computer processor of the processing system is
communicably linked to a data input source and is further configured to receive data from the mput

SCALICC,

4, The system of claim 3, the system further comprised of a computer memory comumunicably
coupled to the computer processor and configured to store information including at lsast:
data reccived by the one or more seasors of the tomperature monitoring system; and

data regarding heating scheduling.
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5. The system of claim 4, wherein the compuater processor ol the processing system 1

i

commumecabiy linked to at least one data output configured to ostpsat data seot by the computer

ProcessoT.,

6. The system of claim 5, wherein the at least one data output is one or more display screens

configured to display the data sent by the computer processor.

7. The system of claim 1, wherein the one or more heaters are comprised of a power input, power

output, and heating components.

8. The system of claim 6, wherem the maximum heating temperature of the one or mors heaters 15

configured to be below a volatility threshold of the at least one materiad of the target area.

9. The system of claim 2, wherein the power control and monitoring station is configured to modify
the current and/or voltage sent to at least one of the one or more heaters based on data received

from the one or More sensors.

10. The system of claim 9, wherein there are a plurality of heaters and they are 1nserted o the

target interval in a pattern configured to substantially maximize uniformity of heat distribution.
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11. The system of claim 10, wherein the heaters are comprised of an electric input and electric
output and are configured to generate heat through the electric current running through the heater

from the power sotirce.

12. The system of claim 1, wherein the target volume is located in a container,

13. A method for the low-temperature remediation of contaminants in a target volume comprised
of at least one material, the method comprising:
determining a volatile temperature of at least one of the at least one materials in the target
volume;
determining an optimum temperature at which a contaminant in the at least one material in
the target volume’s degradation will be accelersted where such optimum
temperature 18 below the botling point of water where the target volume is being
remediated;
mgerting oue or more heaters mto a target volume;
inserting one oOr more femperature Sensors into one of Mmore points in target volume wherein
the one or more temperature sensors are configured to send temperature data to a
central control unit;
connecting the one or more heaters to a power supply capable of dehvering sufticient
current and voltage to the heater and configored to be monitored from a power
IMONHOTING System;
activating the heater such that it emits heat into the target volume;

monitoring the temperature of the one or more poiats of the target volume;
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reducing the heat emitted by the heater if the temnperature of one or maore points of the target
volume exceeds a volatile temperature of at least one of the at least one materials
i the target vohime or the optivmam temperature;

deactivating the heater after a specified interval;

repeating the steps of activating the heater through reducing the heat enitted by the heater

untii the contamnant in a target volume have been remediated.

14, The methed of claim 13, wherein a plurality of heaters are used during the inserting step and

the heaters are arranged in a pattern configured to maximize uniform heat distribution of the

15, The method of claim 14, wheremn the connecting step is accomplished by using at {east one

solar panel.

16. The method of claim 13, wherein the method comprises the additional step of determining a

heating duration based on a degradation property of @ contaminant of the targel volwme.

17, The method of claim 13, the target volume is divided into one or more sub-volumes and the
steps of inserting the one or more heaters and one or more temperature sensors are repeated in each
sub-volume.

18 The system of claim 2, wherein the target volume 1s located in a constructed pile.

19, The svstam of claim 18, wherein the container or pile 15 configured to be sealed from the

surronmnding area.
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20. A system for the low-temperature remediation of 4 target volume comprised of at least one
matenal, located at a location, and contaminated by at least one substance, the system comprising:
a plurality of heaters, wherein the heaters are configured to conuect fo a power sonrce and
emit heat into their surrounding area at substantially uniform rates below the boiling
point of water at the location of the target volume and the plurality of heaters are
substantially embedded nto the target volume and arranged to provide substantial
uniformity of heating throughout the target volume at an amount that will increase
the degradation of the at least one substance contaminating the target volume;
a power control and monitoring system configured to deliver voltage and current to the
plurality of heaters at a substantially uniform rate;
a power source configured to deliver voltage and current to the power control and
monHoring system for distribution:
a temperature monttoring syvstem comprised of a plorality of temperature sensors and at
least one temperature monitoring device wherein the plurality of temperature
sensors are substantially embedded i the target volume at positions to ascertain a
plurality of temperatures in the target volume: and
a control systern that is communicably coupled to the temperature monitoring system and
the power control and monitoring svsicm, wheorcin the control system is farrher
configured to control the flow of power to the plumlity of heaters and output data

from the temperature monioring system.
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