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FIGURE 1

(57) Abstract: Disclosed herein are methods for extracting an organics component from subsurface shale formations comprising ker -
ogen and an extractible organics component in an inorganic matrix. Among other factors, these processes are based on the discovery
that to more easily access the kerogen in oil shale, it is helpful to first remove the extractible orgamcs component from the subsur -
face shale formation. The methods utilize a hydrocarbon solvent to at least partially solubilize the extractible organics component.
The extractible organics component can be isolated and upgraded to produce useful products. The presently disclosed processes are
more environmentally benign, more economical, and more efficient in producing commercial products and in providing access to
kerogen.
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PRECONDITIONING A SUBSURFACE SHALE FORMATION
BY REMOVING EXTRACTIBLE ORGANICS

BACKGROUND

[0001] If proponents of Hubbert peak theory are correct, world oil production will soon
peak, if it has not done so aready. Regardless, world energy consumption continues to rise
a arate that outpaces new oil discoveries. Asaresult, aternative sources of energy must be
developed, aswell as new technologies for maximizing the production and efficient
consumption of oil. SeeT.Mast, Over aBarrel: A Simple Guide to the Oil Shortage,
Greenleaf Book Group, Austin, Tex., 2005.

[0002] A particularly attractive aternative source of energy is oil shale, the attractiveness
stemming primarily from the fact that oil can be "extracted" from the shale and subsequently
refined in amanner much like that of crude oil. Technologies involving the extraction,
however, must be further developed before oil shale becomes a commercially-viable source
of energy. See J. T. Bartis et a, Oil Shale Development in the United States: Prospects and
Policy Issues, RAND Corporation, Arlington, Va., 2005.

[0003] The largest known deposits of oil shale are found in the Green River Formation,
which covers portions of Colorado, Utah, and Wyoming. Estimates on the amount of
recoverable oil from the Green River Formation deposits are as high as 1.1 trillion barrels of
oil—amost four times the proven oil reserves of Saudi Arabia. At current U.S. consumption
levels (~20 million barrels per day), these shale deposits could sustain the U.S. for another
140 years (Bartis et al.) At the very least, such shale resources could moderate the price of
oil and reduce U.S. dependence on foreign oil.

[0004] Qil shaetypicaly consists of an inorganic component (primarily carbonaceous
material, i.e., acarbonate), an organic component (kerogen) that can only be mobilized by
breaking the chemical bonds in the kerogen, and frequently a second organic component
(bitumen). Thermal treatment can be employed to break (i.e., "crack") the kerogen into
smaller hydrocarbon chains or fragments, which are gas or liquids under retort conditions,
and facilitate separation from the inorganic material. This thermal treatment of the kerogen
is also known as "thermal upgrading” or "retorting,” and can be done at either the surface or
in situ, where in the latter case, the fluids so formed are subsequently transported to the

surface.
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[0005] In some applications of surface retorting, the oil shale is first mined or excavated,
and once at the surface, the oil shale is crushed and then heated (retorted) to complete the
process of transforming the oil shaleto acrude oil—sometimes referred to as "shale oil."
See, eg., Shuman et a, U.S. Pat. No. 3,489,672. The crude ail isthen shipped off to a
refinery where it typically requires additional processing steps (beyond that of traditional
crude oil) prior to making finished products such as gasoline, lubricant, etc. Note that
various chemical upgrading treatments can aso be performed on the shale prior to the
retorting, See, e.g., So e a, U.S. Pat. No. 5,091,076.
[0006] A method for in situ retorting of carbonaceous deposits such as oil shale has been
described in Kvapil et al, U.S. Pat. No. 4,162,808. In this method, shaleisretorted in a
series of rubblized in situ retorts using combustion (in air) of carbonaceous material as a
source of hest.
[0007] The Shell Oil Company has been developing new methods that use electrical
heating for the in situ upgrading of subsurface hydrocarbons, primarily in subsurface
formations located approximately 200 miles (320 km) west of Denver, Colorado. See, eg.,
Vinegar et a, U.S. Pat. No. 7,121,342; and Berchenko et a, U.S. Pat. No. 6,991,032. In
such methods, aheating element is lowered into awell and allowed to heat the kerogen over
aperiod of approximately four years, slowly converting (upgrading) it into oils and gases,
which are then pumped to the surface. To obtain even heating, 15 to 25 heating holes could
bedrilled per acre. Additionally, a ground-freezing technology to establish an underground
barrier around the perimeter of the extraction zone is also envisioned to prevent groundwater
from entering and the retorting products from leaving. While the establishment of "freeze
walls" is an accepted practice in civil engineering, its application to oil shale recovery till
has unknown environmental impacts. Additionally, the Shell approach is recognized as an
energy intensive process and requires along timeframe to establish production from the ail
shale.
[0008] Inview of the aforementioned limitations of the above methods, simpler and more
cost-effective methods of extracting and upgrading kerogen from a subsurface shale
formation would be extremely useful.

SUMMARY OF THE INVENTION

[0009] The present invention is directed to processes for preconditioning a subsurface
shale formation comprising kerogen and an extractible organics component. 1n one

embodiment the process comprises (a) providing afirst hydrocarbon solvent to the
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subsurface shale formation comprising kerogen and an extractible organics component; (b)
at least partially solubilizing a least aportion of the extractible organics component in the
first hydrocarbon solvent; and (c) removing the first solvent containing the extractible
organics component from the subsurface shale formation.

[0010]  In another embodiment, the process for preconditioning a subsurface shale
formation comprising kerogen and an extractible organics component comprises (a)
providing afirst hydrocarbon solvent to the subsurface shale formation comprising kerogen
and an extractible organics component; (b) at least partially solubilizing a least aportion of
the extractible organics component in the first hydrocarbon solvent; (c) removing the first
solvent containing the extractible organics component from the subsurface shale formation;
(d) providing a second solvent to the subsurface shale formation comprising kerogen and an
extractible organics component; (e) at least partially solubilizing &t least aportion of the first
hydrocarbon solvent in the second solvent; and (f) removing the second solvent containing
the first hydrocarbon solvent from the subsurface shale formation.

[0011] Among other factors, these processes are based on the discovery that to more
easily access the kerogen in oil shale, it is helpful to first remove the extractible organics
component from the subsurface shale formation. The extractible organics component can be
isolated and upgraded to produce useful products. The presently disclosed processes are
more environmentally benign, more economical, and more efficient in producing

commercial products and in providing access to kerogen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figure lisablock diagram illustrating an exemplary process for preconditioning a
subsurface shale formation using a first hydrocarbon solvent as disclosed herein.

[0013] Figure2isablock diagram illustrating an exemplary process for preconditioning a
subsurface shale formation using a first hydrocarbon solvent and a second solvent as

disclosed herein.
DETAILED DESCRIPTION OF THE INVENTION
Introduction

[0014]  Subsurface shale formations contain kerogen and an extractible organics

component in an inorganic matrix.
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[0015] This extractible organics component is at least partially soluble in an organic
solvent. In contrast, the kerogen is not soluble in organic solvent. The extractible organics
can exist as an oily layer on the kerogen and removing the extractible organics increases the
accessible surface area of the kerogen and makes the kerogen more accessible to fluids and
catalysts.

[0016] Kerogen is aparticularly attractive aternative source of hydrocarbons for energy.
By making the kerogen more accessible to fluids and catalysts, kerogen derived
hydrocarbonaceous products can be more readily removed from the subsurface shale
formation. After removal of extractible organics, the kerogen can be more readily accessed
for removal using methods including thermal treatments or heating. After removal of
extractible organics, the kerogen can also be upgraded in-situ creating mobile kerogen based
products as described in U.S. Application Serial Number 13/335,409, entitled "In-Situ
Kerogen Conversion and Recovery” filed December 22, 201 1; U.S. Application Seria No.
13/335,525, entitled "In-Situ Kerogen Conversion and Product Isolation” filed December 22,
2011; U.S. Application Serial No. 13/335,607, entitled "In-Situ Kerogen Conversion and
Upgrading” filed December 22, 201 1; U.S. Application Serial No. 13/335,673, entitled "In-
Situ Kerogen Conversion and Recycling” filed December 22, 201 1, and U.S. Application
Serial Number 13/335, 290, entitled "Preparation and Use of Nano-Catalysts for In-Situ
Reaction with Kerogen" filed December 22, 201 1. The contents of all of these applications
are incorporated herein by reference in their entirety.

[0017] Preconditioning the subsurface shale formation by removing at least aportion of
the extractible organics component makes these processes for obtaining hydrocarbons from
kerogen more efficient and higher yielding.

[0018] The present invention is directed to methods of preconditioning the subsurface
shale formation by removing a least aportion of the extractible organics component.
Preconditioning a subsurface shale formation by removing at least aportion of the
extractible organics assists in making the kerogen more accessible. The kerogen is more
accessible for contacting with reactive fluids, catalysts, and heat treatments. In addition, the
extractible organics component can beisolated as ahydrocarbon product.

[0019] The present methods utilize in-situ extraction of the extractible organics
component using liquid phase chemistry a ambient temperatures and pressures for the
subsurface shale formation. Therefore, the processes are more environmentally benign,

more economical, and more efficient in producing commercial products.
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Definitions

[0020] In accordance with this detailed description, the following abbreviations and

definitions apply. It must be noted that as used herein, the singular forms "a", "an", and
"the" include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to "ahydrocarbon solvent” includes aplurality of such.

[0021] Asused herein, the terms "hydrocarbon” or "hydrocarbonaceous’ or "petroleum”
are used interchangeably to refer to material originating from oil shale, coal, tar sands, crude
oil, natural gas or biological processes. Carbon and hydrogen are major components of
hydrocarbons; minor components, such as oxygen, sulfur and nitrogen may also occur in
some hydrocarbons. The hydrocarbon fraction includes both aliphatic and aromatic
components. The aliphatic component can further be divided into acyclic alkanes, referred to
as paraffins, and cycloalkanes, referred to as naphthenes. A paraffin refers to anon-cyclic,
linear (normal paraffin) or branched (iso-paraffin) saturated hydrocarbon. For example, aCs
paraffin is anon-cyclic, linear or branched hydrocarbon having 8 carbon atoms per
molecule. Normal octane, methylheptane, dimethylhexane, and trimethylpentane are
examples of Cs paraffins. A paraffin-rich feed comprises at least 10 wt%, at least 20 wt% or
even a least 30 wt% paraffins. For example, aCs rich paraffinic feedstock contains at least
10 wt % Cs hydrocarbons.

[0022] Asdisclosed herein, boiling point temperatures are based onthe ASTM D-2887
standard test method for boiling range distribution of petroleum fractions by gas
chromatography, unless otherwise indicated. The mid-boiling point is defined as the 50% by
volume boiling temperature, based on an ASTM D-2887 simulated distillation.

[0023] Asdisclosed herein, carbon number values (i.e., Cs, Cg, Cs, Cgand the like)
generally refers to anumber of carbon atoms within a molecule. Carbon number ranges as
disclosed herein (e.g., Csto C ) refer to molecules having acarbon number within the
indicated range (e.g., between 8 carbon and 12 carbon atoms), including the end members of
the range. Likewise, an open ended carbon number range (e.g., Css+) refers to molecules
having acarbon number within the indicated range (e.g., 35 or more carbon atoms),
including the end member of the range. A s described herein, carbon number distributions
are determined by true boiling point distribution and gas liquid chromatography.

[0024] Theterm "surface facility” asused herein is any structure, device, means, service,

resource or feature that occurs, exists, takes place or is supported on the surface of the earth.
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The kerogen products that are generated in the process disclosed herein are recovered in
surface facilities and upgraded or transported for upgrading.

[0025] "Shale" asdefined herein, generaly refersto "oil shale" and is agenera term
applied to a group of rocks rich enough in organic material (called kerogen) toyield
petroleum upon pyrolysis and distillation. Such shale is generally subsurface and comprises
an inorganic (usually carbonate) component or matrix in addition to the kerogen component.
[0026] A "subsurface shale formation," as defined herein, is an underground geological
formation comprising (oil) shale. The subsurface shale formation comprises kerogen and an
extractible organics component in an inorganic matrix.

[0027] A "low-permeability hydrocarbon-bearing formation," as defined herein, refers to
formations having apermeability of lessthan about 10 millidarcies, wherein the formations
comprise hydrocarbonaceous material. Examples of such formations include, but are not
limited to, diatomite, coal, tight shales, tight sandstones, tight carbonates, and the like.
[0028] "Kerogen," asdefined herein and as mentioned above, is an organic component of
shale. On amolecular level, kerogen comprises very high molecular weight molecules that
are generaly insoluble by virtue of their high molecular weight and likely bonding to the
inorganic component or matrix of the shale. In ageologic sense, kerogen is aprecursor to
crude oil. Kerogen istypically identified asbeing one of five types: Type I, Type I, Type II-
sulfur, Type Ill, or Type 1V, based on its C:H:0 ratio and sulfur content, the various types
generally being derived from different sources of ancient biological matter.

[0029] "Kerogen-based" and "kerogen-derived' areterms used herein to denote a
molecular product or intermediate derived from kerogen, such derivation requiring a
chemical modification of the kerogen, and the term being exclusive of derivations carried
out over geologic timescales.

[0030] "Extractible organics' are organic components of the subsurface shale formation
that are at least partially soluble in an organic solvent. In contrast, the kerogen is not soluble
in organic solvent. This organic component that is at least partially soluble is referred to
herein as "extractible organics'. This extractible organic component includes what is
commonly referred to as "bitumen”. The extractable organic component is asolid or semi-
solid material that is soluble or at least partially soluble in an organic solvent. Assuch, the
extractable organic component can beremoved by extraction using an organic solvent.

Extraction of the extractable organic component makes the kerogen more accessible. In the



WO 2013/096491 PCT/US2012/070690

present methods, extraction of the extractable organic component makes the kerogen more
accessible to the metal for reaction to create mobile kerogen-based product.

[0031]] Theterm "aqueous fluid" asused herein refers to any water containing fluid, such
as, municipal water; surface water, including from alake, sea, ocean, river, and/or stream;
formation water; water associated with industrial activity; or mixtures thereof.

[0032] Theterm "formation fluid" or "formation water" asused herein refers to the fluid,
typically, water or agueous fluid that is naturally occurring in ageological formation, such
as the subsurface shale formation, or in a subsurface aquifer. The amount (or presence) of
formation water in the formation, and the amount (or presence) of formation water in contact
with the kerogen in the formation, depends on anumber of factors, including the depth of
the subsurface shale formation or the kerogen deposit that is within at least aportion of the
subsurface shale formation. The naturally occurring formation water may contain dissolved
alkali materials from naturally occurring deposits in the environment of the subsurface shale.
In some cases, formation water is present in the formation prior to the start of the process for
extracting akerogen-based product from a subsurface shale formation.

[0033] A "surfactant" asused herein refersto any substance that reduces surface tension
of aliquid, or reduces interfacial tension between two liquids, or between aliquid and a
solid, or facilitates the dispersion of an organic material into an aqueous solution.

[0034] A "dense phase fluid," as defined herein, is a non-gaseous fluid. Such dense phase
fluids include liquids and supercritical fluids (SCFs). The dense phase fluid can be any such
fluid that suitably provides for increased accessibility of the kerogen to afluid—typically
due to fracturing and/or rubblizing of the shale in which the kerogen resides.

[0035] A "supercritical fluid" or a"fluid a supercritical conditions' as used herein, is any
substance a atemperature and pressure above its thermodynamic critical point. Supercritical
fluids can be regarded as "hybrid solvents' with properties between those of gases and
liquids, i.e., asolvent with alow viscosity, high diffusion rates and no surfacetension. The
most common are carbon dioxide (CO,) at supercritical conditions and water a supercritical
conditions. For example, the critical temperature of CO, is 31.1°C, and the critical pressure
of CO,is72.9 atm (7.39 MPa).

[0036] Theterm "mechanical stress,” asused herein, refersto structural stresses within
the shale formation that result from pressure variations within the formation. Such stress can

lead to fracturing and/or rubblization of the shale formation.
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[0037] Theterm "thermal stress," asused herein, refers to structural stresses within the
shale formation that result from thermal variations. Such thermal stresses can induce
internal mechanical stresses as aresult of differences in thermal coefficients of expansion
among the various components of the shale formation. Like mechanical stress mentioned
above, thermal stress can also lead to fracturing and/or rubblization of the shale formation.
[0038] Theterm "fracturing,” asused herein, refersto the structural degradation of a
subsurface shale formation as aresult of applied thermal and/or mechanical stress. Such
structural degradation generally enhances the permeability of the shale to fluids and
increases the accessibility of the kerogen component to such fluids. The term
"rubblization,” asused herein, is amore extensive fracturing process yielding fracture planes
in multiple directions that generate shale derived "rubble.”

[0039] Theterm "cracking," as mentioned in the background section and as used herein,
refers to the breaking of carbon-carbon bonds in the kerogen so as toyield species of lower
molecular weight. "Retorting,” provides thermal cracking of the kerogen. "Upgrading,”
provides cracking of the kerogen, but can involve athermal or chemical upgrading agent.
Accordingly, the term "thermal upgrading” is synonymous with the term "retorting.”

[0040] Theterm "in situ,” asused herein refers to the environment of the subsurface shale
formation. The processes as disclosed herein involve in situ liquid phase extractions.

[0041] Theterm "commercial petroleum-based products,” asused herein, refersto
commercial products that include, but are not limited to, gasoline, aviation fuel, diesel,
lubricants, petrochemicals, and the like. Such products can also include common chemical
intermediates and/or blending feedstocks.

[0042] "Optional" or "optionaly" means that the subsequently described event or
circumstance may, but need not, occur, and that the description includes instances where the
event or circumstance occurs and instances in which it does not.

[0043] Thepresent invention is generally directed to methods for extracting an extractible
organics component from a subsurface shale formation comprising kerogen and an
extractible organics component in an inorganic matrix. The methods include the steps of
providing afirst hydrocarbon solvent to the subsurface shale formation comprising kerogen
and an extractible organics component; at least partially solubilizing at least aportion of the
extractible organics component in the first hydrocarbon solvent; and removing the first

solvent containing the extractible organics component from the subsurface shale formation.
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[0044]  In certain embodiments, the methods comprise using one solvent, and in other
embodiments two solvents are used. In embodiments in which two solvents are used, one
solvent can beused primarily for solubilizing the extractible organics component and the
second solvent can beused primarily for at least partially solubilizing and removing the first
hydrocarbon solvent containing the extractible organics. As such, the second solvent can be
used to assist in flushing the first solvent from the subsurface shale formation.

[0045] When two solvents are used, the solvents can bethe same or different. In certain
embodiments, the two solvents are different. In embodiments using two solvents, the
methods comprise providing afirst hydrocarbon solvent to the subsurface shale formation
comprising kerogen and an extractible organics component; at least partially solubilizing at
least aportion of the extractible organics component in the first hydrocarbon solvent;
removing the first solvent containing the extractible organics component from the subsurface
shale formation; providing a second solvent to the subsurface shale formation comprising
kerogen and an extractible organics component; at least partialy solubilizing at least a
portion of the first hydrocarbon solvent in the second solvent; and removing the second
solvent containing the first hydrocarbon solvent from the subsurface shale formation.
[0046] The methods rely on the extractible organics component being a least partialy
soluble in the hydrocarbon solvent. Among other factors, these processes are based on the
discovery that the shale formation comprises both kerogen component and an extractible
organics component. These processes are a so based on the discovery that to more easily
access the kerogen in oil shale, it is helpful to first remove the extractible organics
component from the subsurface shale formation. Preconditioning a subsurface shale
formation by removing at least aportion of the extractible organics assists in making the
kerogen more accessible for contacting with reactive fluids, catalysts, and heat treatments.
In addition, the extractible organics component can beisolated as a hydrocarbon product.
[0047]  After extraction, the extractible organics component can be isolated and upgraded
to produce useful products. The presently disclosed processes are more environmentally
benign, more economical, and more efficient in producing commercial products and in
providing access to kerogen.

[0048] The subsurface shale formation is accessed from the surface through at least one
well. In general, the well will be cased, a least for aportion of its distance. Specifications
for drilling access wells into asubsurface shale formation are known. 1n most applications

of the invention, multiple wells will be provided into the subsurface shale formation, the
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well pattern based on recognized principles for this application. In some embodiments, a
portion of the wells are employed as injection wells for passing solvents or fluids from the
surface to the formation, and aportion of the wells are employed as production wells for
withdrawing solvents or fluids from the formation to the surface. Each of the multiple wells
may be used successively as an injection well and aproduction well, depending on the needs
of the process. In an alternative, each well may be prepared and managed optimally as either
an injection well or aproduction well. Specifications of each well for preparing and using
the well as an injection well and/or aproduction well can readily be developed by one of
skill in the art.

[0049] Inthe present methods, the hydrocarbon solvent may be provided and withdrawn
using these wells. The hydrocarbon solvent can be any solvent in which the organics
component is at least partially soluble. Suitable or exemplary solvents for extracting the
extractible organics include 2-methyltetrahydrofuran, tetrahydrofuran, dichloromethane,
chloroform, methanol, ethanol, acetone, carbon disulfide, benzene, toluene, xylene, pyridine,
n-methyl-2-pyrrolidone (NMP), cyclopentyl methyl ether (CPME), ethyl lactate, dibasic
esters (DBE), propylene carbonate, dimethyl carbonate, C(%, CO2 a supercritical
conditions, and mixtures thereof. In certain embodiments, environmentally benign or green
solvents are utilized.

[0050] Certain embodiments of the present methods involve using one hydrocarbon
solvent, afirst solvent, and certain embodiments involve using two hydrocarbon solvents, a
first solvent and a second solvent. These solvents can be the same or different. In certain
embodiments, the first solvent can be selected from the group consisting of 2-
methyltetrahydrofuran, tetrahydrofuran, dichloromethane, chloroform, acetone, carbon
disulfide, benzene, toluene, xylene, pyridine, n-methyl-2-pyrrolidone (NMP), cyclopentyl
methyl ether (CPME), ethyl lactate, dibasic esters (DBE), propylene carbonate, dimethyl
carbonate, COZ, CO,a supercritical conditions, and mixtures thereof. In certain
embodiments, the second solvent can be selected from the group consisting of methanol,
ethanol, acetone, CO,, CO, a supercritical conditions, and mixtures thereof. In some
embodiments the second solvent is afluid a supercritical conditions.

[0051] In one embodiment of the methods disclosed herein, the first solvent is 2-
methyltetrahydrofuran and the second solvent is ethanol or CO, at supercritical conditions.
[0052] Inthe present methods, the solvent is provided to the formation and the extractible

organics are absorbed into the solvent. The hydrocarbon solvent can be contacted with the

- 10 -
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extractible organics on the surface of the kerogen by circulating the solvent through the
formation. Providing the solvent can generally be described as flowing the solvent through
the formation, where it can be active (e.g., pumping) and/or passive. The solvent contacts
the extractible organics component and at least aportion of the extractible organics
component is dissolved or partially solubilized therein.

[0053] The step of extracting the organics component involves contacting the organics
component with ahydrocarbon solvent and then removing the solvent containing the
organics component from the subsurface shale formation. The step of extracting the
organics component generally does not involve achemical modification of the extractible
organics component or the kerogen.

[0054] Inthe present methods, a least aportion of the extractible organics component is
removed using the hydrocarbon solvent. After a least aportion of the extractible organics
component is solubilized into the solvent, the solvent is removed from the formation. The
step of removing the solvent containing the extractible organics component can generally be
described as flowing the solvent containing the extractible organics component out of the
subsurface formation, where it can be active (e.g., pumping) and/or passive.

[0055]  The extractible organics can be isolated from the solvent at a surface facility.
Product can be separated from the solvent flowing or pumped out of the formation using
solvent extractions or by physical means, such as, for example, liquid-liquid separation,
distillation, membrane separation, thermal separation processes, chromatography and the
like. In one embodiment, the extractible organics component has ahigher boiling point than
the hydrocarbon solvent so the hydrocarbon solvent and extractible organics component can
be separated based on these differing boiling points by distillation techniques and the like.
The solvents can be recycled to the formation and re-circulated through the formation.
[0056] In some embodiments, hydrocarbon products are isolated and then upgraded
(thermally and/or chemically) in a surface facility to provide commercial products. Such
surface upgrading can be intermediate to subsequent refining.

[0057]  In some embodiments, the above-described method may involve one or more
additional steps which serve to sample and subsequently analyze the hydrocarbon solvent
during the extraction process. Such sampling and analysis can have a direct bearing on the
techniques employed in the subsequent steps. In certain embodiments, the first solvent can
be analyzed for the extractible organics component. A predetermined content of extractible

organics component can be set by one of ordinary skill in the art. Aslong asthe first solvent
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contains the predetermined amount of extractible organics component or more, additional
first solvent can beutilized to continue to remove extractible organics. When the amount of
extractible organics component falls below the predetermined amount, extraction with the
first solvent can be ceased.

[0058] Asdescribed, in certain embodiments two hydrocarbon solvents are utilized.
When two solvents are used in the methods, the second solvent can be provided to the
subsurface shale formation to remove a least aportion of the first hydrocarbon solvent from
the subsurface shale formation and then the second solvent can be removed from the
subsurface shale formation. When a second solvent is used, the first solvent should be
miscible with the second solvent and the second solvent should be more miscible with the
solvents to be used in the processes for mobilizing products from the kerogen. For example,
typically the solvents used for mobilizing products from the kerogen are agqueous based or
aqueous compatible. Inthese methods, the first solvent can be selected to best solubilize at
least aportion of the extractible organics component and the second solvent can be chosen
so that it is more compatible with the solvents for mobilizing akerogen-based product. The
extractible organics component may also be at least partially soluble in the second solvent.
However, in certain embodiments, the second solvent is used primarily to solubilize and
remove the first solvent containing extractible organics component, not to directly remove
extractible organics component. Sampling and analysis of the first solvent can assist in
determining when to switch from using the first solvent to the second solvent. In certain
embodiments, when the amount of extractible organics component falls below the
predetermined amount, extraction with the first solvent can be ceased and second solvent
can be provided to the subsurface shale formation.

[0059] Embodiments using two solvents may be particularly useful in methods for
creating a mobile kerogen-based product as described in U.S. Application Serial Number
13/335,409, entitled "In-Situ Kerogen Conversion and Recovery” filed December 22, 201 1;
U.S. Application Serial No. 13/335,525, entitled "In-Situ Kerogen Conversion and Product
Isolation” filed December 22, 201 1; U.S. Application Serial No. 13/335,607, entitled "In-
Situ Kerogen Conversion and Upgrading” filed December 22, 201 1; U.S. Application Serial
No. 13/335,673, entitled "In-Situ Kerogen Conversion and Recycling" filed December 22,
2011, and U.S. Application Serial Number 13/335,290, entitled "Preparation and Use of
Nano-Catalysts for In-Situ Reaction with Kerogen" filed December 22, 201 1. The contents

of al of these applications are incorporated herein by reference in their entirety.
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[0060] In embodiments using two solvents, the process comprises providing afirst
hydrocarbon solvent to the subsurface shale formation comprising kerogen and an
extractible organics component; at least partially solubilizing & least aportion of the
extractible organics component in the first hydrocarbon solvent; removing the first solvent
containing the extractible organics component from the subsurface shale formation;
providing a second solvent to the subsurface shale formation comprising kerogen and an
extractible organics component; at least partially solubilizing at least aportion of the first
hydrocarbon solvent in the second solvent; and removing the second solvent containing the
first hydrocarbon solvent from the subsurface shale formation. As described, the first
solvent is chosen by one of ordinary skill in the art for solubilizing the extractible organics
component and the second solvent is selected such that it is miscible with the first solvent
and more compatible with the solvents for mobilizing akerogen-based product. As such, the
second solvent can be used to flush the first solvent from the formation.

[0061] Thefirst solvent can be sampled and analyzed for the extractible organics
component. Techniques for sampling and analysis are well known to one of ordinary skill in
the art and can readily be selected. Analysis techniques include gas chromatography, mass
spectrometry, and the like. Sampling and analysis can be used to assist in determining when
to switch from using the first solvent to the second solvent. A predetermined content of
extractible organics component can be set by one of ordinary skill in the art. Aslong asthe
first solvent contains the predetermined amount of extractible organics component or more,
additional first solvent can be utilized to continue to remove the extractible organics
component. When the amount of extractible organics component falls below the
predetermined amount, extraction with the first solvent can be ceased and the second solvent
can be provided to the formation. The second solvent can be used to solubilize and remove
the first solvent from the formation.

[0062] After being withdrawn from the formation, the first and second solvents can be
recycled to and recirculated through the subsurface formation so that less total volume of
solvent is needed for the present methods.

[0063] The present methods utilize in-situ extraction of the extractible organics
component using liquid phase chemistry a ambient temperatures and pressures for the
subsurface shale formation. Providing the solvent and contacting it with the extractible
organics component are generally conducted at or near natural formation temperature. In

embodiments, providing the solvent and solubilizing the extractible organics component
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occurs a atemperature below pyrolysis temperature of the kerogen. In embodiments, this
occurs a atemperature in the range of between 0°C and 200°C. In one embodiment, this
occurs a temperatures of 20°C to 150°C. In some such embodiments, this occurs a a
temperature in one of the following ranges: between 20°C and 150°C; between 20°C and
100°C; or between 25°C and 75°C.

[0064] Inanon-limiting specific example, providing the solvent and contacting it with the
extractible organics component is conducted at atemperature of less than 50°C above the
natural formation temperature. The natural formation temperature, asused herein, isthe
temperature of the subsurface shale formation, in the region of the kerogen, prior to human
intervention with or in the formation. Methods for determining anatural formation
temperature are well known to those of skill inthe art. Pyrolysis temperature, as used
herein, isthe temperature a which the kerogen thermally decomposes without the
intervention of acatalytic or chemical agent. Inthe methods herein, the contacting occurs a
atemperature below apyrolysis temperature of the kerogen.

[0065] In some embodiments, the present methods are conducted under conditions in
which no added heat is supplied to the formation fluid and/or to the subsurface shale in
contact with the formation fluid. 1n some embodiments, if heat is supplied, it can be
supplied by recirculating heating fluids. Assuch, no oxidative heating isused. The method
as disclosed herein occurs at temperature below pyrolysis temperature of the kerogen.

[0066] Generdly, the method is aso conducted at or above natural formation pressure
(i.e., the pressure of the subsurface shale formation in the region that includes the kerogen
and extractible organics component). Methods for determining the formation pressure and
the formation fracture pressure are known. In some such embodiments, the pressure can be
up to 1000 psig; or up to 750 psig; or up to 500 psig; or even up to 250 psig above the initial
formation pressure. The natural formation pressure, as used herein, isthe pressure of the
subsurface shale formation, in the region of the kerogen, prior to human intervention with or
in the formation. Methods for determining a natural formation pressure are known.
Increasing accessibility

[0067] The above-mentioned method may further comprise steps of increasing
accessibility of the kerogen and extractible organic component to the hydrocarbon solvent
prior to providing the solvent to the subsurface shale. The step of increasing the

accessibility of the subsurface shale may include avariety of techniques and/or technologies

such as, but not limited to, explosive fracturing, hydraulic fracturing, thermal fracturing,
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propellants, and the like. Generally, any method of fracturing and/or rubblizing regions of
the shale formation, so asto render the shale more permeable to fluids, is suitable. Such
fracturing and/or rubblizing can also involve chemicals reactive to, e.g., a least part of the
inorganic shale component.

[0068] In some embodiments, the step of increasing accessibility includes the sub-steps
of: drilling acased injection well into the subsurface shale formation comprising the
subsurface shale; pressurizing the injection well with an agueous fluid or water at pressures
greater than the formation pressure, so asto create fractures and other voids in the formation.
[0069] In some embodiments, the step of increasing accessibility includes the sub-steps
of: drilling acased injection well into the subsurface shale formation comprising the
subsurface shale; pressurizing and subsequently sealing the injection well with a dense phase
fluid to provide apressurized well; and rapidly de-pressurizing the pressurized well to reach
a steady state reduced pressure. In some such embodiments, the sub-steps of pressurizing
and de-pressurizing are repeated until an equilibrium pressure is reached.

[0070]  The dense phase fluid can be any such fluid that suitably provides for increased
accessibility of the kerogen and extractible organics component to afluid or solvent —
typically dueto fracturing and/or rubblizing of the shale in which the kerogen and organic
component resides. In some embodiments, the dense phase fluid comprises a component
selected from the group consisting of carbon dioxide (CO,), nitrogen (N,), liquid natural gas
(LNG), ammonia (NHj3), carbon monoxide (CO), argon (Ar), liquefied petroleum gas (LPG),
hydrogen (H,), hydrogen sulfide (H,9), air, Ci to C,, hydrocarbons (including, but not
limited to, ethane, propane, butane, and combinations thereof), and the like.

[0071] In some embodiments, the pressure in the pressurized well exceeds the fracture
pressure of the subsurface shale formation. Such formation fracture pressure could be
ascertained beforehand, for example—thereby helping to direct the choice of variable
parameters used in this step.

[0072]  In some embodiments, the dense phase fluid is absorbed by the kerogen and the
kerogen subsequently swells, and wherein the swollen kerogen expands the subsurface shale
formation and creates mechanical stresses leading to subsequent fracturing and/or
rubblization of the formation. In some such embodiments, the mechanical stresses created
during the pressurizing and depressurizing sub-steps enhance fracturing and/or rubblization

of the subsurface shale formation.
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[0073] In some embodiments, the pressurizing and depressurizing sub-steps create
thermal and/or mechanical stresses in the subsurface shale formation. In some such
embodiments, the kerogen at least partially delaminates from the inorganic component of the
shale as aresult of the thermal stresses.

[0074] In some embodiments, explosives are added to the dense phase fluid to enhance
rubblization and fracturing of the formation. Examples of such explosives include, but are
not limited to, strongly oxidizing species, nitro-containing species (e.g., trinitrotoluene,
nitroglycerine), thermite mixtures, and the like. The dense phase fluids to which such
explosives can be added include, but are not limited to, carbon dioxide (COZ), nitrogen (N N
liquid natural gas (LNG), ammonia (NH;), carbon monoxide (CO), argon (Ar), liquefied
petroleum gas (LPG), hydrogen (H,), hydrogen sulfide (H,S), air, Ci to C,, hydrocarbons
(including, but not limited to, ethane, propane, butane, and combinations thereof), and the
like.

Other Preconditioning Treatments

[0075]  The above-mentioned method also may also comprise other preconditioning
treatments. These treatments may include techniques such as, but not limited to, acidifying
the inorganic matrix, oxidizing the kerogen, removing water from the formation, circulating
a solvent to swell the kerogen, and combinations thereof. Generally, any method that makes
the kerogen and/or extractible organic component more accessible is suitable.

[0076]  According to the present methods, the kerogen in the subsurface shale formation
can be preconditioned by any one, or acombination or al of the above described
preconditioning processes. If acombination or al of the above described preconditioning
processes are utilized, the preconditioning processes can be performed in any order desired.
If acombination of preconditioning processes are utilized which involve the use of a solvent
or fluid, the same solvent or fluid can advantageously be utilized for the various
preconditioning treatments. For example, if acombination of acidifying the inorganic
matrix and contacting the kerogen with aswelling agent are utilized, then ethanol, CO,, CO,,
at supercritical conditions, or combinations thereof can advantageously be utilized for both

preconditioning processes.

Products
[0077]  The extractible organics can be isolated as hydrocarbon products from the solvents
removed from the formation (e.g., by flowing or pumping) and can be recovered as a

syncrude or a syncrude product. The products can be separated from the solvent by
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distillation, extraction and/or other separation techniques at a surface facility. In one
embodiment, the extractible organics component has ahigher boiling point than the
hydrocarbon solvent so the hydrocarbon solvent and extractible organics component can be
separated based on these differing boiling points by distillation techniques and the like. The
products comprise primarily paraffins, including n-paraffins and isoparaffins. The syncrude
is asuitable feedstock for refining, petrochemical and power generating facilities. The
products can betransported by pipeline or shipped in tankers, either by tanker or ship.
[0078] In further embodiments, the products are upgraded to yield one or more
commercial petroleum-based products. Various techniques common in the industry (e.g.,
hydroprocessing, hydrogenation, saturation, hydrotreating, hydrocracking, isomerization,
fluid catalytic cracking, thermal cracking, esterification, oligomerization, reforming,
alkylation, denitrification and desulfurization) may be employed to obtain a desired
commercial product. Such upgrading is largely dependent on the nature of the product
derived from the extractible organics component and the commercial product desired.
[0079] The products can beused, for example, in the production of fuels, lubricant and
lubricant base oils, polymers, pharmaceuticals, solvents, petrochemicals and food additives.
The products can be upgraded and optionally used with additives, and/or other base oils, to
make afinished lubricant. The finished lubricants can beused in passenger car motor oils,
industrial oils, and other applications. When used for passenger car motor oils, base oils
meet the definitions of the current version of APl Base Oil Interchange Guidelines 1509.
[0080] Inembodiments, a least some of the products are used as feedstocks to make
lubricants and didtillate fuels. These distillate fuels generally boil in the range of about ¢ s -
700°F (121°-371°C) as determined by the appropriate ASTM test procedure. The term
"distillate fuel" isintended to include gasoline, diesel, jet fuel and kerosene boiling range
fractions. The kerosene or jet fuel boiling point range is intended to refer to atemperature
range of about 280°-525°F (138°-274°C) and the term "diesel boiling range" is intended to
refer to hydrocarbon boiling points of about 250°-700°F (121°-371°C). Gasoline or naphtha
isnormally the ¢ s to 400°F (204°C) endpoint fraction of available hydrocarbons. The
boiling point ranges of the various product fractions recovered in any particular refinery or
synthesis process will vary with such factors as the characteristics of the source, local
markets, product prices, etc. Reference is made to ASTM standards D-975, D-3699-83 and
D-3735 for further details on kerosene, diesel and naphtha fuel properties.
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Exemplary Processes

[0081] Inan exemplary process illustrated in Figure 1, afirst hydrocarbon solvent 5 is
passed to the subsurface shale formation comprising kerogen and an extractible organics
component in step 10 via afirst (e.g., injection) well that has been drilled to penetrate the
subsurface formation to provide access to the kerogen within the formation. In one
embodiment, the subsurface shale formation has been fractured to enhance the permeability
of the shale to the oxidant and to increase the accessibility of the kerogen component to this
fluid.

[0082] The hydrocarbon solvent enters the subsurface shale formation as solvent 15 and
contacts the kerogen and extractible organics present in the subsurface shale formation in
step 20. In step 20 at least aportion of the extractible organics component is at least
partialy solubilized in the hydrocarbon solvent 25. The solvent containing the extractible
organics component 25 is produced to the surface in step 30. In one embodiment, multiple
fluid batches of hydrocarbon solvent are provided to the subsurface shale formation. The
timing of each solvent addition depends, at least in part, on the progress of the solubilizing
the extractible organics component and the content of extractible organics solubilized in the
hydrocarbon solvent produced to the surface.

[0083] The solvent containing the extractible organics component produced &t the surface
istreated in step 40 for isolation and recovery of hydrocarbons 45. Optionally, when the
solvent containing extractible organics istreated and a hydrocarbon product is isolated,
solvent also can beisolated and then the solvent can berecycled to the process. Inthe
illustrative process shown in Fig. 1, the hydrocarbons 45 isolated in step 40 are subjected to
further processing or upgrading in step 50. A commercial product 65 is produced from the
further processing or upgrading.

[0084] An dternative exemplary process isillustrated in Figure 2. Inthe exemplary
process of Figure 2, afirst hydrocarbon solvent 5 is passed to the subsurface shale formation
comprising kerogen and an extractible organics component in step 10 via afirst (e.g.,
injection) well that has been drilled to penetrate the subsurface formation to provide access
to the kerogen within the formation. 1n one embodiment, the subsurface shale formation has
been fractured to enhance the permeability of the shale to the oxidant and to increase the
accessibility of the kerogen component to this fluid.

[0085] Thefirst hydrocarbon solvent enters the subsurface shale formation as solvent 15

and contacts the kerogen and extractible organics present in the subsurface shale formation
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in step 20. In step 20 at least aportion of the extractible organics component is at least
partially solubilized in the first hydrocarbon solvent 25. The first hydrocarbon solvent
containing the extractible organics component 25 is produced to the surface in step 30. In
one embodiment, multiple fluid batches of first hydrocarbon solvent are provided to the
subsurface shale formation. The timing of each solvent addition depends, at least in part, on
the progress of the solubilizing the extractible organics component and the content of
extractible organics solubilized in the hydrocarbon solvent produced to the surface.

[0086]  The first hydrocarbon solvent containing the extractible organics component
produced at the surface istreated in step 40 for isolation and recovery of hydrocarbons 45.
Optionally, when the first hydrocarbon solvent containing extractible organics is treated and
ahydrocarbon product is isolated, solvent aso can beisolated and then the solvent can be
recycled to the process. Inthe illustrative process shown in Fig. 2, the hydrocarbons 45
isolated in step 40 are subjected to further processing or upgrading in step 50. A commercial
product 65 is produced from the further processing or upgrading.

[0087] When the amount of extractible organics component solubilized in the first solvent
produced & the surface falls below apredetermined amount, addition of first hydrocarbon
solvent 5 can be ceased. Sampling and analysis of the first solvent containing extractible
organics component produced at the surface can be performed by techniques well known to
those of skill in the art.

[0088] At adetermined time, a second hydrocarbon solvent 4 is passed to the subsurface
shale formation comprising kerogen and an extractible organics component in step 12 viaa
(e.g., injection) well that has been drilled to penetrate the subsurface formation to provide
access to the kerogen within the formation. Two different injection wells (as illustrated)
may be used or the same injection well may be used.

[0089] The second hydrocarbon solvent enters the subsurface shale formation as solvent
14 and contacts the kerogen, extractible organics present in the subsurface shale formation,
and first hydrocarbon solvent present in the formation in step 21. In step 21 & least a
portion of the first hydrocarbon solvent present in the formation is a least partially
solubilized in the second hydrocarbon solvent 26. The second hydrocarbon solvent
containing the first hydrocarbon solvent 26 is produced to the surface in step 31. In one
embodiment, multiple fluid batches of second hydrocarbon solvent are provided to the
subsurface shale formation. The timing of each solvent addition depends, at least in part, on

the progress of the solubilizing the first solvent, the progress of solubilizing the extractible
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organics component, the content of first hydrocarbon solvent in the formation, and the
content of extractible organics solubilized in the hydrocarbon solvent produced to the
surface.

[0090] The second hydrocarbon solvent containing the first hydrocarbon solvent produced
at the surface is treated in step 41 for recovery of the two hydrocarbon solvents 4 and 5 and
any hydrocarbon product from the extractible organics component 45. The hydrocarbon
solvents 4 and 5 can be recycled to the formation.

Variations

[0091] A variation (i.e., aternate embodiment) on the above-described process isthe
application of some or part of such above-described methods to alternative sources, i.e., low-
permeability hydrocarbon-bearing (e.g., oil and gas) formations, in situ coa, in situ heavy
ail, in situ oil sands, and the like. General applicability of at least some of the above-
described invention embodiments to any hydrocarbon-bearing formation exists. Surface
processing applications may include upgrading of oil shale, coal, heavy ail, oil sands, and
other conventional oils with asphaltenes, sulfur, nitrogen, etc.

[0092] Various modifications and alterations of this invention will become apparent to
those skilled in the art without departing from the scope and spirit of the invention. Other
objects and advantages will become apparent to those skilled in the art from areview of the

preceding description.
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What isclaimed is:
1 A process for preconditioning a subsurface shale formation comprising kerogen and
an extractible organics component, the process comprising:
a) providing afirst hydrocarbon solvent to the subsurface shale formation
comprising kerogen and an extractible organics component;
b) at least partially solubilizing a least a portion of the extractible organics
component in the first hydrocarbon solvent; and
c) removing the first solvent containing the extractible organics component from the
subsurface shale formation.
2. The process of claim 1, further comprising providing a second solvent to the
subsurface shale formation to remove at least aportion of the first hydrocarbon solvent from
the subsurface shale formation; and removing the second solvent from the subsurface shale
formation.
3. The process of claim 1, further comprising recovering at least aportion of the
extractible organics component from the first solvent as hydrocarbon products.
4. The process of claim 2, wherein the first solvent is selected from the group consisting
of 2-methyltetrahydrofuran, tetrahydrofuran, dichloromethane, chloroform, acetone, carbon
disulfide, benzene, toluene, xylene, pyridine, n-methyl-2-pyrrolidone (NMP), cyclopentyl
methyl ether (CPME), ethyl lactate, dibasic esters (DBE), propylene carbonate, dimethyl
carbonate, CO,, CO, a supercritical conditions, and mixtures thereof and the second solvent
is selected from the group consisting of methanol, ethanol, acetone, CO,, CO, a
supercritical conditions, and mixtures thereof.
5. The process of claim 4, further comprising removing the first and second solvents
from the subsurface shale formation by pumping.
6. The process of claim 3, further comprising isolating the extractible organics
component at asurface facility.
7. The process of claim 4, further comprising analyzing the first solvent for the
extractible organics component.
8. A process for preconditioning a subsurface shale formation comprising kerogen and
an extractible organics component, the process comprising:
a) providing afirst hydrocarbon solvent to the subsurface shale formation

comprising kerogen and an extractible organics component;
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b) at least partially solubilizing a least a portion of the extractible organics
component in the first hydrocarbon solvent;
c) removing the first solvent containing the extractible organics component from the
subsurface shale formation;
d) providing a second solvent to the subsurface shale formation comprising kerogen
and an extractible organics component;
e) a least partially solubilizing a least aportion of the first hydrocarbon solvent in
the second solvent; and
f) removing the second solvent containing the first hydrocarbon solvent from the
subsurface shale formation.
9. The process of claim 8, further comprising recovering at least aportion of the
extractible organics component from the first solvent as hydrocarbon products.
10. The process of claim 8, wherein the first solvent is selected from the group consisting
of 2-methyltetrahydrofuran, tetrahydrofuran, dichloromethane, chloroform, acetone, carbon
disulfide, benzene, toluene, xylene, pyridine, n-methyl-2-pyrrolidone (NMP), cyclopentyl
methyl ether (CPME), ethyl lactate, dibasic esters (DBE), propylene carbonate, dimethyl
carbonate, CO,, CO, supercritical conditions, and mixtures thereof.
11.  Theprocess of claim 8, wherein the second solvent is selected from the group
consisting of methanol, ethanol, acetone, CO,, CO, a supercritical conditions, and mixtures
thereof.
12, The process of claim 8, wherein the second solvent is afluid a supercritical
conditions.
13. The process of claim 8, wherein the first solvent is 2-methyltetrahydrofuran and the
second solvent is ethanol or CO ,, a supercritical conditions.
14. The process of claim 8, further comprising removing the first and second solvents
from the subsurface shale formation by pumping.
15. The process of claim 8, further comprising isolating the extractible organics
component at asurface facility.
16. The process of claim 8, further comprising analyzing the first solvent for the
extractible organics component.
17. The process of claim 16, further comprising deciding whether to provide additional
first solvent or provide second solvent based upon the analysis for the extractible organics

component.
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18. The process of claim 9, further comprising a step of upgrading the more or

hydrocarbon products.
19. The process of claim 8, further comprising recycling the first and/or second solvent

to the subsurface shale formation.
20. The process of claim 8, wherein the first solvent is removed by providing the second

solvent.
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