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METHODS AND SYSTEMS FOR GEN ERATING REACTIVE FLUORIDE
SPECIES FROM A GASEOUS PRECURSOR I N A SUBTERRAN EAN

FORMATION FOR STIMULATION THEREOF

BACKGROUND

[000 1] The present d isclosu re general ly relates to methods for

stimu lating a subterranean formation, and, more specifical ly, to methods for

generating f luoride species that are reactive with a siliceous material .

[0002] Treatment f luids can be used in a variety of subterranean

treatment operations. Such treatment operations can include, without

limitation, drill ing operations, stimu lation operations, production operations,

sand control treatments, and the like. As used herein, the terms "treat,"

"treatment," "treating," and grammatical equ ivalents thereof refer to any

subterranean operation that uses a f luid in conjunction with achieving a desired

function and/or for a desired purpose. Use of these terms does not imply any

particular action by the treatment flu id or a component thereof, unless otherwise

specified herein . Ill ustrative treatment operations can include, for example,

dril ling operations, fracturing operations, gravel packing operations, acidizing

operations, scale dissol ution and removal operations, sand control operations,

consol idation operations, and the like.

[0003] Acid izing operations may be used to stimulate a

subterranean formation to increase production of a hydrocarbon resou rce

therefrom . During an acidizing operation, an acid-sensitive sol id in the

subterranean formation can be interacted with one or more acids to expand

existing flow pathways in the subterranean formation, to create new flow

pathways in the subterranean formation, and/or to remove precipitation damage

in the subterranean formation. The acid-sensitive sol id being interacted with the

acid(s) can be part of the native formation matrix or can have been del iberately

introduced into the subterranea n formation in conjunction with a stimulation or

like treatment operation (e.g. , proppant or gravel particulates) . I llustrative

substances within the native formation matrix that may interact with an acid

during an acidizing operation incl ude, but are not limited to, carbonates, sil icates

and aluminosil icates. Other substances can also interact with an acid during the

cou rse of performing an acidizing operation, and the foregoing substances



should not be considered to limit the scope of substances that may undergo

acidization.

[0004] Carbonate formations can contain minerals that comprise a

carbonate anion. Calcite (calcium carbonate) and dolomite (calcium magnesium

carbonate) are representative examples. When acidizing a carbonate formation,

the acidity of the treatment fluid alone can be sufficient to decompose the

carbonate anion to carbon dioxide and leech a metal ion into the treatment fluid.

Both mineral acids (e.g., hydrochloric acid) and organic acids (e.g., acetic and

formic acids) can be used to treat a carbonate formation, often with similar

degrees of success.

[0005] Siliceous formations can include minerals such as, for

example, zeolites, clays, and feldspars, although various quantities of non-

siliceous materials may also be present. As used herein, the term "siliceous"

refers to a substance having the characteristics of silica, including silicates

and/or aluminosilicates. Most sandstone formations, for example, contain about

40% to about 98% sand quartz particles i.e., silica), bonded together by

various amounts of cementing materials, which may be siliceous in nature (e.g.,

aluminosilicates or other silicates) or non-siliceous in nature (e.g., carbonates,

such as calcite). Acidizing a siliceous formation or a formation containing a

siliceous material is thought to be considerably different than acidizing a

carbonate formation. Specifically, the mineral and organic acids that can be

effective for acidizing a carbonate formation may have little effect on a siliceous

formation, since these acids do not effectively react with siliceous materials. In

contrast, hydrofluoric acid, another mineral acid, can react very readily with

siliceous materials to promote their dissolution through forming a fluorinated

silicon compound. Oftentimes, a mineral acid or an organic acid can be used in

conjunction with hydrofluoric acid to maintain a low pH state within the

treatment fluid as the hydrofluoric acid becomes spent during its reaction with

the siliceous material. The low pH state may readily promote ready solubility of

silicon or aluminum fluorides in the treatment fluid and aid in maintaining these

substances in a dissolved state. The additional acid(s) may also promote

dissolution of non-siliceous materials in the subterranean formation as well.

[0006] The introduction of hydraulic fracturing, horizontal drilling,

and incursion into low permeability formations (e.g., shale formations) has

greatly expanded the range of potential acidizing targets. Shale formations are



considerably different from conventional hydrocarbon reservoirs. I n this regard,

they present a range of mineralogical analyses ranging from relative clean

quartz (>90%) to mixtures with >20% clay. Carbonate minerals and sandstone

may also be present. The other distinguishing feature of shale formations is

their extremely low permeability, which may lie within the nanodarcy to

microdarcy range. Due to capillary forces induced by the low permeability, fluid

recovery from such formations can be a challenge, particularly aqueous fluid

recovery. Although surfactants can be used to decrease the capillary forces and

promote fluid recovery, their use can add to the cost and complexity of

conducting a subterranean treatment operation.

[0007] Although treatment fluids containing hydrofluoric acid and,

optionally, another acid can desirably affect dissolution of siliceous materials, the

use of such low pH fluids can have unwanted consequences in certain instances.

Specifically, at low pH values, particularly above about 2, dissolved fluoride ions

can sometimes precipitate with aluminum and damage the subterranean

formation, particularly in the presence of certain cations such as, for example,

Group 1 metal ions (e.g., Na+ and K+) and/or Group 2 metal ions (e.g., Ca + and

Ba +) . In some cases, precipitation of this type can damage a subterranean

formation and inhibit production more than if the original treatment operation

had not been performed at all. In certain cases, the problematic metal ions may

be introduced to the subterranean formation through an aqueous carrier fluid in

which the hydrofluoric acid and other acid(s) are present. Alkali metal acids

such as, for example, KHF2 may also be problematic. In addition, aqueous

carrier fluids containing one or more acids can present corrosion, safety, and

waste disposal issues. Moreover, sourcing of an appropriate aqueous carrier

fluid can also be an issue in certain instances, such as in remote or arid locations

where water infrastructure may be limited.

BRIEF DESCRIPTION OF THE DRAWING

[0008] The following figure is included to illustrate certain aspects of

the present disclosure, and should not be viewed as an exclusive embodiment.

The subject matter disclosed is capable of considerable modifications,

alterations, combinations, and equivalents in form and function, as will occur to

one having ordinary skill in the art and the benefit of this disclosure.



[0009] FIGURE 1 shows an ill ustrative schematic of a system that

can deliver treatment f luids of the present disclosure to a downhole location,

according to one or more embodiments.

DETAILED DESCRIPTION

[00 10] The present d isclosu re general ly relates to methods for

stimu lating a subterranean formation, and, more specifically, to methods for

generating f luoride species that are reactive with a siliceous material .

[00 11] One or more i l lustrative embodiments incorporating the

disclosu re herein are presented below. Not all featu res of an actual

implementation are described or shown in this appl ication for the sake of clarity.

I t is to be understood that in the development of an actual embod iment

incorporating the present disclosure, numerous implementation-specific

decisions must be made to achieve the developer's goals, such as compliance

with system-related, business-related, government-related and other

constra ints, which vary by implementation and from time to time. While a

developer's efforts mig ht be complex and time-consu ming, such efforts wou ld

be, nevertheless, a routine undertaking for one having ordinary skill in the art

and the benefit of this disclosu re.

[00 12] Unless otherwise indicated, al l numbers expressing quantities

of ingredients, properties such as molecular weight, reaction conditions, and so

forth used in the present specification and associated claims are to be

understood as being modified in al l instances by the term "about. " Accordingly,

unless indicated to the contrary, the numerical parameters set forth in the

fol lowing specification and attached claims are approximations that may vary

depending upon the desired properties sought to be obtained by the present

disclosu re. At the very least, and not as an attempt to limit the application of

the doctrine of equivalents to the scope of the claim, each numerical parameter

shou ld at least be construed in light of the number of reported significant digits

and by applying ordinary rou nding techniques.

[00 13] As d iscussed above, current approaches for acidizing a

sil iceous material in a subterranean formation typical ly use hydrofluoric acid in

an aqueous carrier flu id . Although such acidizing techniques can often be used

successful ly to stimu late a subterranean formation, they can present severa l

chal lenges, some of which are d iscussed in more detail above. Hydrofluoric acid



comprises hydrogen fluoride gas dissolved in water, an aqueous carrier fluid.

The present inventors recognized that if hydrogen fluoride gas or another

reactive fluoride species could readily be used in place of aqueous hydrogen

fluoride {i.e., hydrofluoric acid), certain advantages could be realized while

acidizing a siliceous material in a subterranean formation. Some of these

advantages and the inventors' solution to avoid the direct use of hydrogen

fluoride gas are discussed hereinafter.

[0014] The use of neat hydrogen fluoride in an acidizing operation

can be extremely problematic due to the highly corrosive and toxic nature of this

gas. As used herein the term "neat hydrogen fluoride" refers to gaseous HF, or

its liquefied form, as opposed to aqueous hydrofluoric acid: HF + H20 H30 + +

F . As a result, the benefits potentially attainable through direct introduction of

neat hydrogen fluoride to a subterranean formation may often be outweighed by

the difficulties associated with working with this gas. As a solution to these

issues, the present inventors recognized that certain compounds could be used

to readily generate hydrogen fluoride or other reactive fluoride species within a

subterranean formation. Such compounds are referred to herein as "non-HF

fluoride compounds," referring to their capacity for being precursors to hydrogen

fluoride or other reactive substances that may react with siliceous materials.

[0015] Non-HF fluoride compounds suitable for use in the

embodiments described herein generally contain at least one fluorine atom and

one or more other types of atoms. I n some embodiments, the non-HF fluoride

compound may decompose in the subterranean formation to form a reactive

fluoride species comprising hydrogen fluoride and, optionally, a gaseous co-

product. In some embodiments, particularly suitable non-HF fluoride compounds

may include, for example, a fluorocarbon, a fluoride hydrocarbon, xenon

difluoride (XeF2), nitrogen trifluoride (NF3), or any combination thereof. The

foregoing compounds are gases at standard temperature and pressure.

[0016] Suitable fluorocarbons and fluoride hydrocarbons (also

commonly referred to as hydrofluorocarbons) include, but are not limited to,

tetrafluoromethane (CF4, sold under the tradename HALOCARBON 14 by

Advanced Specialty Gases of Reno, NV), trifluoromethane (CHF3, sold under the

tradename HALOCARBON 23 by Advanced Specialty Gases of Reno, NV),

difluoromethane (CH2F2, sold under the tradename HALOCARBON 32 by

Advanced Specialty Gases of Reno, NV), hexafluoroethane (C2F , sold under the



tradename HALOCARBON 116 by Advanced Specialty Gases of Reno, NV),

pentafluoroethane (C2HF5, sold under the tradename HALOCARBON 125 by

Advanced Specialty Gases of Reno, NV), octafluoropropane (C3F8, sold under the

tradename HALOCARBON 218 by Advanced Specialty Gases of Reno, NV), and

octafluorocyclobutane (C4F8, sold under the tradename HALOCARBON C318 by

Advanced Specialty Gases of Reno, NV).

[0017] Although the inventors recognized that solid, liquid and

gaseous compounds each may be used to generate hydrogen fluoride or other

reactive fluoride species within a subterranean formation and thereby etch a

surface comprising a siliceous material therein, it is believed that non-HF fluoride

compounds that are gases at standard temperature and pressure may present

particular advantages. Specifically, it is believed that gaseous non-HF fluoride

compounds may be particularly advantageous in the embodiments described

herein, since they may be readily compressed into a liquefied state for

introduction into a subterranean formation. Once in the subterranean formation,

the liquefied non-HF fluoride compounds may expand to a gaseous state, which

may desirably increase the pressure within the subterranean formation, possibly

leading to improved production of siliceous material dissolution products and/or

fracturing of the subterranean formation. Other advantages may also be

realized through use of a gaseous non-HF fluoride compound, as discussed

further hereinbelow. Although liquid non-HF fluoride compounds may be used in

a somewhat similar manner to gaseous non-HF fluoride compounds, they may

not usually lead to the same degree of pressure increase within a subterranean

formation unless they are low boiling and easily volatilized. Solid non-HF

fluoride compounds may need to be introduced to a subterranean formation in a

carrier fluid, the use of which may result in some of the above advantages not

being realized.

[0018] By using hydrogen fluoride gas or another reactive fluoride

species instead of hydrofluoric acid in an acidizing operation, a number of

benefits may be realized, particularly when making use of a non-HF fluoride

compound that is itself a gas at standard temperature and pressure. Reacting a

siliceous material with hydrogen fluoride may produce a fluorinated silicon

compound, which can be a gaseous substance in some embodiments. For

example, in some embodiments, silicon tetrafluoride, a gaseous compound, may

be formed from the siliceous material upon its reaction with hydrogen fluoride.



Silicon tetrafluoride, in turn, may further react with excess hydrogen fluoride to

form fluorinated silicon anions (e.g., SiF5 or SiF 2 ) . Silicon tetrafluoride and

anions formed therefrom may not be formed to a significant degree when

reacting a siliceous material with hydrofluoric acid, since silicon tetrafluoride

readily reacts with water to produce silicic acid (SiH40 4) . Silicic acid can present

significant precipitation issues in a subterranean formation due to its low

solubility and gelatinous consistency in aqueous fluids. In addition, alkali metal

fluorosilicate precipitation may be problematic when aqueous fluids are present.

The use of hydrogen fluoride or another reactive fluoride species in the absence

of an aqueous carrier fluid can help avoid these difficulties, thereby lessening the

likelihood of formation damage taking place.

[0019] Since a gaseous reaction product i.e., silicon tetrafluoride)

may be formed in a subterranean formation in some embodiments described

herein, the additional gas pressure supplied by the reaction product may provide

further stimulation effects. Moreover, in some instances, a gaseous co-product

may form from the non-HF fluoride compound in addition to hydrogen fluoride,

where the gaseous co-product may serve as an energizing gas that may further

stimulate the subterranean formation. The formation of a gaseous co-product

may allow cleanup operations, for example, to be conducted without introducing

another gas or additional treatment fluid to the subterranean formation.

[0020] As alluded to above, a non-HF fluoride compound, either in a

gaseous or liquefied state, may be introduced to a subterranean formation

without using a carrier fluid, particularly an aqueous carrier fluid. That is, in

some embodiments, a non-HF fluoride compound or the combination of a non-HF

fluoride compound and a diluent gas may be directly introduced i.e., neat) to a

subterranean formation in order to practice certain embodiments of the present

disclosure, after pressurizing the non-HF fluoride compound to a suitable

introduction pressure. Directly introducing a non-HF fluoride compound to a

subterranean formation in the absence of an aqueous carrier fluid may allow at

least some of the advantages noted above to be realized, including providing the

non-HF fluoride compound in a low-viscosity form for ready penetration into a

low permeability subterranean formation, such as in a shale formation.

However, if fractures are present or if the permeability is higher, a higher

viscosity fluid may be more desirable. By compressing a gaseous non-HF

fluoride compound into a liquefied state and introducing the liquefied non-HF



fluoride compound into a subterranean formation, the gas state may reform

therein and thereby provide further stimulation effects. Further, by introducing

a non-HF fluoride compound to a subterranean formation in the absence of a

carrier fluid, the costs associated with sourcing a carrier fluid and then disposing

of a spent treatment fluid may be lessened. I n addition, by introducing a non-

HF fluoride compound to a subterranean formation in the absence of a carrier

fluid, the number of treatment stages or pre-treatment stages may be lessened

in some cases.

[0021] As additional advantages and in contrast to typical acidizing

techniques, the methods described herein may take place in the absence of a

mineral acid or a conventional organic acid. This feature can beneficially allow

stimulation of a subterranean formation to take place in the presence of siliceous

materials that are sensitive to these types of acids. For example, by employing

the methods described herein, subterranean formations containing clays that are

sensitive to hydrochloric acid, particularly at temperatures greater than about

200°F, may undergo stimulation. Further, transformation of the non-HF fluoride

compound into a reactive fluoride species may allow a desirably decreased rate

of acidizing to be realized relative to neat hydrogen fluoride gas, thereby

promoting deeper penetration into the subterranean formation.

[0022] As used herein, the term "standard temperature and

pressure" refers to a temperature of 273.15 K and a pressure of 1 bar.

[0023] As used herein, the term "carbonate material" refers to any

substance that comprises a carbonate anion (C0 3
2 ) . The carbonate material

may comprise a carbonate mineral such as calcite, dolomite, or any combination

thereof. In some instances, a carbonate material may be co-present with a

siliceous material.

[0024] As used herein, the term "siliceous material" refers to a

substance having the characteristics of silica, including silicates and/or

aluminosilicates. The term "aluminosilicates" refers to compounds contaiing

aluminum, silicon, and oxygen with appropriate counterions.

[0025] As used herein, the term "etching" refers to a reduction in

volume of a surface as a result of conducting a chemical reaction thereon.

[0026] In some embodiments, methods described herein may

comprise: providing a treatment fluid comprising a non-HF fluoride compound,

the non-HF fluoride compound being a gas at standard temperature and



pressure and that is free of boron; introducing the treatment fluid into a

subterranean formation; transforming the non-HF fluoride compound into a

reactive fluoride species; and etching a surface in the subterranean formation

with the reactive fluoride species, the surface comprising a siliceous material.

[0027] Suitable non-HF fluoride compounds that are gases at

standard temperature and pressure can include those set forth above. Although

boron trifluoride (BF3) is a gas at standard temperature and pressure and can be

transformed into a reactive fluoride species, its use in a subterranean formation

is believed to be undesirable due to the highly corrosive and toxic nature of this

gas. Hence, it presents many of the same problems as does neat hydrogen

fluoride.

[0028] In some embodiments, the reactive fluoride species can

further comprise hydrogen fluoride. Other reactive fluoride species are possible,

including those formed during etching reactions conducted in the semiconductor

industry. I n various embodiments, etching a surface in the subterranean

formation with the reactive fluoride species can comprise reacting the hydrogen

fluoride with the siliceous material to form a fluorinated silicon compound or a

reaction product thereof. When aluminosilicates are present, a fluorinated

aluminum compound may also be formed. I n some embodiments, the

fluorinated silicon compound may comprise silicon tetrafluoride or a reaction

product thereof. Reaction products of silicon tetrafluoride that may form

include, for example, silicic acid and anions such as SiF5 and SiF 2 . I n some

embodiments, the fluorinated silicon compound or its reaction product may lead

to the formation of a silica scale in the subterranean formation. Suppression of

the formation of a silica scale in the subterranean formation may be addressed

through use of a silica scale control additive, a chelating agent, or any

combination thereof, as discussed further hereinbelow.

[0029] Other non-HF fluoride compounds in addition to those

described above may also be used in a like manner in alternative embodiments

of the present disclosure, but they may be less desirable for one or more

reasons. Chlorofluorocarbons may be used to generate hydrogen fluoride in a

like manner to fluorocarbons and hydrofluorocarbons, but these compounds may

be undesirable due to environmental regulations. Sulfur hexafluoride is also a

gas at standard temperature and pressure and may be decomposed to produce

hydrogen fluoride, but it may be less desirable as a hydrogen fluoride source due



to its propensity to form hydrogen sulfide, which can lead to corrosion and other

safety issues. I n addition, it can lead to formation of sulfate and bisulfate ions,

which may precipitate in the presence of certain metal ions such as aluminum,

calcium, and iron. Likewise, phosphorus trifluoride, phosphorus pentafluoride,

and phosphorus oxyfluoride are all gases at standard temperature and pressure

and can be decomposed to produce hydrogen fluoride, but they may be

problematic as a hydrogen fluoride source, since they may lead to the

generation of highly insoluble metal phosphates in a subterranean formation.

Xenon tetrafluoride and xenon hexafluoride are highly volatile solids that may be

used in related embodiments, but they can be explosive, which can limit their

utility.

[0030] As discussed above, one of the many advantages of the

methods described herein is that decomposing the non-HF fluoride compound to

form a reactive fluoride species also may form an energizing gas co-product in

the subterranean formation in addition to hydrogen fluoride. For example,

carbon dioxide or another carbon-containing gas may be formed from a

halocarbon, nitrogen gas may be formed from nitrogen trifluoride, and xenon

gas may be formed from xenon difluoride. Regardless of its identity, the

energizing gas may pressurize the subterranean formation in an in situ manner,

rather than conducting a separate gas pressurization operation as in other

stimulation processes. The in situ gas pressurization may promote initial

production of a hydrocarbon resource from the subterranean formation. I n

addition, the in situ gas pressurization may also promote production of the

treatment fluid and dissolution products formed therefrom.

[0031] In some embodiments, the treatment fluids may further

comprise a diluent gas. Suitable diluent gases may include, for example,

nitrogen, carbon dioxide, an inert gas (e.g., helium, argon, neon or xenon),

natural gas, methane, ethane, propane, butane, isobutane, and any combination

thereof. The diluent gas, when used, may be present in the treatment fluid in

either a liquefied state or in a gaseous state, as discussed in more detail

hereinbelow. When utilizing a diluent gas, the non-HF fluoride compound may

be in a gaseous state or in a liquefied state.

[0032] Treatment fluids comprising a non-HF fluoride compound

may be introduced to a subterranean formation with the non-HF fluoride

compound in a liquefied state or in a gaseous state. Particularly when



introduced in a liquefied state, the non-HF f luoride compound may expand

downhole and further increase the pressure within the subterranean formation.

I n some embodiments, the treatment flu ids may be substantially non-aqueous.

I n some or other embodiments, the non-H F f luoride compou nd may be

introduced to the subterranean formation without a ca rrier flu id for the non-H F

fluoride compou nd being present. That is, in some embodiments, the treatment

flu id can lack a carrier flu id for the non-HF fluoride compou nd, particu larly an

aqueous carrier f luid . A carrier f luid, if present, is considered to be a substance

that is a liq uid at standard temperature and pressu re. Accordingly, a diluent

gas, if present, is not considered to comprise a carrier f luid .

[0033] In some embodiments, the treatment flu id may consist

essential ly of the non-H F f luoride compou nd . In other embod iments, the

treatment f luid may consist essential ly of the non-HF f luoride compou nd and a

dil uent gas.

[0034] In some embodiments, the treatment flu ids used in the

methods described herein may be introduced into the subterranean formation

with the non-H F f luoride compound in a liquefied state. In some embodiments,

the methods described herein may further comprise compressing the treatment

f luid prior to its introduction to the subterranean formation in order to convert

the non-HF fluoride compou nd into a liquefied state. Su itable pressu res for

liquefying the non-HF f luoride compound wil l depend on the physical properties

of the non-H F fluoride compou nd and will be understood by one having ordinary

skil l in the art. Suitable pressures may also be determined to some deg ree by

the properties of the subterranean formation and whether fractu ring is desired,

for example.

[0035] In some embodiments, the treatment flu ids may further

comprise a diluent gas in a liquefied state that is admixed with the non-HF

f luoride compou nd . I n various embodiments, the d i luent gas may be selected

from those described above. I n various embod iments, a ratio of the non-H F

fluoride compound to the diluent gas may range between about 1:99 to about

99 :1, or 1:75 to about 75 : 1, or 1:50 to about 50 : 1, or 1:25 to about 25 :1.

[0036] In some embodiments, the methods may further comprise

converting the non-HF fluoride compou nd into a gaseous state in the

subterranean formation, such that the non-HF fluoride compound undergoes a

volume expansion or the subterranean formation is pressu rized . In various



embodiments, converting the non-HF f luoride compound into a gaseous state

may comprise depressurizing the treatment f luid in the subterra nean formation,

heating the treatment f luid, or any combination thereof. The conditions that

resu lt in the conversion of the non-HF fluoride compound into a gaseous state

may be conditions that are natively present in the subterranea n formation . For

example, in some embodiments, the temperature of the subterranea n formation

may be sufficient to gasify the non-HF fluoride compound in the subterranean

formation . A diluent gas, if present, may also undergo gasification in concert

with the non-HF f luoride compound . Conditions in the subterranean formation

may also resu lt in decomposition of the non-HF f luoride compou nd to prod uce

hydrogen f luoride or another reactive fluoride species, in some embodiments.

[0037] In other embodiments of the methods described herein, the

treatment flu id may be introduced into the subterranean formation with the non-

HF f luoride compound in a gaseous state. Gaseous state introduction may be

desirable, for example, if there are concerns that excessive introduction

pressures or downhole gasification might unwantedly fractu re or otherwise

damage the subterra nean formation . I n some embodiments, the treatment

flu ids may further comprise a diluent gas in a gaseous state that is admixed with

the non-HF fluoride compound . Su ita ble diluent gases in this regard may include

any of those listed above.

[0038] In some embodiments, methods described herein may

comprise : providing a substantially non-aqueous treatment f luid comprising a

non-H F fluoride compou nd, the non-HF fluoride compound being a gas at

standard temperature and pressure and that is free of boron; introducing the

treatment flu id into a subterranean formation containing a sil iceous materia l, the

treatment flu id being introduced into the subterranean formation with the non-

HF fluoride compou nd in a liquefied state; decomposing the non-HF fluoride

compou nd in the subterranea n formation to form a reactive f luoride species

comprising hydrogen fluoride; and reacting the hydrogen f luoride with the

siliceous materia l to form a f luorinated silicon compou nd or a reaction product

thereof.

[0039] In some embodiments, the reaction products formed by

reacting the hydrogen f luoride with the siliceous material may be produced from

the subterranean formation in order to increase the formation's permeabil ity. In

some embodiments, production of the reaction products may take place by



introducing various post-flush fluids, such as brine fluids, to the subterranean

formation after the treatment fluid containing the non-HF fluoride compound.

[0040] Any suitable technique may be used to transform the non-HF

fluoride compound into a reactive fluoride species, which may comprise

decomposing the non-HF fluoride compound to form hydrogen fluoride

therefrom. Transforming or decomposing the non-HF fluoride compound may

involve breaking a covalent bond to a fluorine atom in the non-HF fluoride

compound and forming hydrogen fluoride thereafter. I n various embodiments,

suitable decomposition techniques that may be used to decompose the non-HF

fluoride compounds described herein include, for example, hydrolysis,

thermolysis, photolysis, radiolysis, acoustic degradation, exposure to a radical

source, or any combination thereof. In some embodiments, the temperature

within the subterranean formation may promote decomposition of the non-HF

fluoride compound. I n other embodiments, thermolysis may be conducted by

supplying an external heat source in order to further control the decomposition

rate. Without being bound by any theory or mechanism, it is believed that the

hydrogen source for forming hydrogen fluoride from a non-HF fluoride compound

is residual water that may be natively present in the subterranean formation.

Alternatively, to promote hydrogen fluoride formation, a small amount of water

may be introduced to the formation in the treatment fluid with the non-HF

fluoride compound or separately from the non-HF fluoride compound. Other

fluoride species that may be reactive with siliceous materials may also be formed

from the non-HF fluoride compounds described herein, particularly in the

substantial absence of water. Such etching operations can be similar to those

conducted in the semiconductor industry in which no water is present.

[0041] Suitable photolysis techniques may include, for example,

flash photolysis, pulsed irradiation techniques, continuous irradiation techniques,

and any combination thereof. I n some embodiments, ultraviolet light may be

used to accomplish photolytic decomposition of the non-HF fluoride compound.

[0042] Acoustic degradation techniques may include, for example,

ultrasound and like methodology.

[0043] Suitable radical sources may include, for example, peroxides

and azo compounds. Both organic and inorganic peroxides may be used for this

purpose.



[0044] Transformation or decomposition of the non-HF f luoride

compound to form hyd rogen fluoride or another reactive fluoride species may

occur before the treatment flu id is introduced into the subterranean formation,

while the treatment flu id is being introduced into the subterranea n formation,

after the treatment flu id is introduced into the subterra nean formation, or any

combination thereof. Transformation or decomposition may take place by

instigating a su itable transformation or decomposition condition in the

subterranean formation, or the transformation or decomposition cond ition may

be natively present in the subterranean formation . Transformation or

decomposition conditions that may be natively present in the subterranean

formation incl ude, for example, temperatu res that promote or accelerate the

tra nsformation or decomposition of the non-HF f luoride compound . I n some

embodiments, instigating a decomposition condition in the subterranean

formation may comprise introd ucing a degradant, such as a radical sou rce, to

the subterranean formation. I n some or other embodiments, instigating a

decomposition condition in the subterranean formation may comprise

introducing a tool or other device to the subterranean formation that provides

the decomposition condition . For example, a tool that provides ultraviolet

radiation exposu re or ultrasou nd waves may be introduced into a subterranean

formation and promote transformation or decomposition of a non-HF fluoride

compou nd therein.

[0045] The sil iceous material being reacted with the hydrogen

f luoride in the subterranea n formation is not bel ieved to be particu larly limited in

location or form . I n some embodiments, the sil iceous material may comprise

the formation matrix. Specifically, in some embodiments, the siliceous material

may comprise a sil icate or an aluminosil icate such as, for example, sil ica, quartz,

sandstone, shale, clays, feldspars, and the like. In more specific embodiments,

the subterranea n formation may comprise a sandstone formation and/or a shale

formation in which the formation matrix is being etched by the hydrogen

fluoride. In some or other embodiments, the siliceous material may comprise a

sil ica scale that is present as precipitation or accu mulation damage within a

subterranean formation. I n some or other embodiments, the siliceous materia l

may be present within a proppant pack in the subterranean formation .

[0046] In some embodiments, the treatment flu ids described herein

may be used to treat a proppant pack or a gravel pack in a subterranean



formation in order to increase its permeability. In some embodiments, the

treatment f luids may be used to treat a fractu re in a subterranean formation in

order to increase its permeabil ity. I n some embodiments, the treatment flu ids

described herein may be used in the cou rse of creating or extending a fracture in

a subterranean formation by introducing the treatment flu id at or above the

fractu re gradient of the subterranean formation . That is, in some embodiments,

the treatment flu id may be introduced into the subterranea n formation such that

a fractu re gradient pressu re of the subterranean formation is exceeded .

[0047] In some embodiments, the treatment flu ids may be used to

remediate a subterranean formation that has precipitation or accu mulation

damage therein . As used herein, the term "precipitation or accu mulation

damage" refers to a material that has been dissolved in a subterranea n

formation and deposited elsewhere within the subterranean formation, optional ly

after undergoing a further reaction. That is, hydrogen f luoride or another

reactive fluoride species produced from the treatment f luids described herein

may react with the various components of such damage in order to increase the

permeability of the subterranean formation, thereby providing the potential for

increased production of a hydrocarbon resou rce. The precipitation or

accumu lation damage in the subterranean formation may result from any

sou rce, which may incl ude another stimu lation operation .

[0048] In stil l other embodiments, the treatment f luids described

herein may be used in conjunction with performing a cleanu p operation.

[0049] In some embodiments, a sil ica scale control additive may be

used in conju nction with the methods described herein . As used herein, the

term "silica scale control add itive" wil l refer to any substance capable of

suppressing silica scale bu ild-up by increasing the solu bil ity of d issolved sil icon,

inhibiting polymer chain propagation of dissolved sil icon to produce precipitates,

and/or decreasing the size and/or quantity of precipitates formed from dissolved

sil icon. Use of a sil ica scale control additive may lessen the likel ihood of

reprecipitation of damaging silicon species that have been generated from

etching of the siliceous material . The silica scale control additive may be

introduced to the subterranean formation before the non-H F fluoride compou nd,

after the non-H F f luoride compou nd, or with the non-HF f luoride compound . I n

some embodiments, the silica scale control additive may be incl uded in the

treatment f luid in which the non-H F fluoride compou nd is present, particu larly



when the non-HF fluoride compound is in a liquefied state, and in other

embodiments, the silica scale control additive may be present in a different

treatment fluid. Suitable silica scale control additives may include, for example,

phosphonates, aminocarboxylic acids, polyaminocarboxylic acids,

polyalkyleneimines (e.g., polyethyleneimine), polyvinylamines, polyallylamines,

polyallyldimethylammonium chloride, polyaminoamide dendrimers, any

derivative thereof, and any combination thereof. Illustrative commercially

available silica scale control additives include, for example, ACUMER 5000 (Rohm

and Hass), and CLA-STA® XP and CLA-STA® FS (Halliburton Energy Services,

Inc.). Other suitable silica scale control additives may include ortho-

dihydroxybenzene compounds, such as tannic acid, for example, as described in

commonly owned United States Patent Application Publication 2012/0145401,

which is incorporated herein by reference in its entirety.

[0050] I n some embodiments, a chelating agent may be used in

conjunction with the methods described herein. A chelating agent may be used

to sequester aluminum ions that are leached from an aluminosilicate before the

aluminum ions react with excessive quantities of fluoride, thereby lessening the

quantity of fluoride that is available for promoting silicon dissolution. The

chelating agent may be introduced to the subterranean formation before the

non-HF fluoride compound, after the non-HF fluoride compound, or with the non-

HF fluoride compound. In some embodiments, the chelating agent may be

included in the treatment fluid in which the non-HF fluoride compound is

present, particularly when the non-HF fluoride compound is in a liquefied state,

and in other embodiments, the chelating agent may be present in a different

treatment fluid. Suitable chelating agents are not believed to be particularly

limited.

[0051] A number of aminopolycarboxylic acids may be suitable for use

as the chelating agent in the treatment fluids and methods described herein. A

number of these aminopolycarboxylic acid chelating agents may be

biodegradable. As used herein, the term "biodegradable" refers to a substance

that can be broken down by exposure to environmental conditions including

native or non-native microbes, sunlight, air, heat, and the like. Use of the term

"biodegradable" does not imply a particular degree of biodegradability,

mechanism of biodegradability, or a specified biodegradation half-life. I n this

regard, suitable aminopolycarboxylic acid chelating agents may include, for



example, glutamic acid diacetic acid (GLDA), methylglycine diacetic acid

(MGDA), β-alanine diacetic acid (β-ADA), ethylenediaminedisuccinic acid, S,S-

ethylenediaminedisuccinic acid (EDDS), iminodisuccinic acid (IDS),

hydroxyiminodisuccinic acid (HIDS), polyamino disuccinic acids, N-bis[2-( l,2-

dicarboxyethoxy)ethyl ]glycine (BCA6), N-bis[2-( l ,2-

dicarboxyethoxy)ethyl ]aspartic acid (BCA5), N-bis[2-( l ,2-

dicarboxyethoxy)ethyl ] methylglycine (MCBA5), N-tris[ ( l,2-

dicarboxyethoxy)ethyl ]amine (TCA6), N-bis[2-(carboxymethoxy)ethyl]glycine

(BCA3), N-bis[2-(methylcarboxymethoxy)ethyl]glycine (MCBA3), N-

methyl iminodiacetic acid (MIDA), iminodiacetic acid (IDA), N-(2-

acetamido)iminodiacetic acid (ADA), hydroxymethyl-iminodiacetic acid, 2-(2-

carboxyethyla mino) succinic acid (CEAA), 2-(2-carboxymethylamino) succinic

acid (CMAA), diethylenetriamine-N,N"-disuccinic acid, triethylenetetramine-

N,N"'-disuccinic acid, l,6-hexamethylenediamine-N,N'-disuccinic acid,

tetraethylenepentamine-N,N""-d isuccinic acid, 2-hyd roxypropylene-l,3-diamine-

Ν,Ν '-disuccinic acid, l ,2-propylenediamine-N, N'-disuccinic acid, 1,3-

propylenediamine-N,N '-disuccinic acid, cis-cyclohexanediamine-N,N '-disuccinic

acid, trans-cyclohexanediamine-N,N '-disuccinic acid,

ethylenebis(oxyethylenenitrilo)-N, N'-disuccinic acid, glucoheptanoic acid, cysteic

acid-N,N-d iacetic acid, cysteic acid-N-monoacetic acid, alanine-N-monoacetic

acid, N-(3-hydroxysuccinyl) aspartic acid, N-[2-(3-hydroxysuccinyl)]-L-serine,

aspartic acid-N,N-diacetic acid, aspartic acid-N-monoacetic acid, any salt

thereof, any derivative thereof, or any combination thereof. Particu larly su itable

biodegradable chelating agents that may be used in conjunction with the

methods described herein include, for example, MGDA, GLDA, EDDS, β-ADA,

IDS, TCA6, BCA3, BCA5, BCA6, MCBA3, and MCBA5 .

[0052] I n some embodiments, as an alternative to aminopolycarboxyl ic

acid chelating agents, trad itional chelating agents such as, for example,

ethylenediaminetetraacetic acid (EDTA), propylenediaminetetraacetic acid

(PDTA), nitrilotriacetic acid (NTA), N-(2-hydroxyethyl)ethylenediaminetriacetic

acid (HEDTA), diethylenetriaminepentaacetic acid (DTPA),

hydroxyethyl iminodiacetic acid (HEIDA), cyclohexylenediaminetetraacetic acid

(CDTA), diphenylaminesu lfonic acid (DPAS), ethylenediaminedi(o-

hydroxyphenylacetic) acid (EDDHA), glucoheptonic acid, gluconic acid, citric



acid, any salt thereof, any derivative thereof, or the like may be used in

conjunction with the methods described herein.

[0053] I n some or other alternative embodiments, suitable chelating

agents can include hydroxamates, as described in commonly owned U.S. Patent

Application 13/663,825, filed on October 30, 2012 and incorporated herein by

reference in its entirety. I n some or other alternative embodiments, suitable

chelating agents can include pyridinecarboxylic acids, as described in commonly

owned U.S. Patent Application 13/837,090, filed on April 3, 2013 and

incorporated herein by reference in its entirety.

[0054] I n further embodiments, various other constituents may also

be present in the treatment fluids described herein or be used in conjunction

with the present methods. Such additional constituents may include, for

example, surfactants, gel stabilizers, anti-oxidants, polymer degradation

prevention additives, relative permeability modifiers, scale inhibitors, corrosion

inhibitors, defoaming agents, antifoaming agents, chelating agents, emulsifying

agents, de-emulsifying agents, iron control agents, proppants or other

particulates, particulate diverters, salts, acids, fluid loss control additives, gas,

catalysts, clay control agents, dispersants, flocculants, scavengers (e.g., H2S

scavengers, C0 2 scavengers or 0 2 scavengers), gelling agents, lubricants,

breakers, friction reducers, bridging agents, viscosifiers, weighting agents,

solubilizers, pH control agents (e.g., buffers), hydrate inhibitors, consolidating

agents, bactericides, catalysts, clay stabilizers, breakers, delayed release

breakers, and the like. Combinations of these additives can be used as well.

Given the benefit of the present disclosure, one having ordinary skill in the art

will be able to determine when to use these additional constituents in a given

application.

[0055] In various embodiments, systems configured for delivering

the treatment fluids of the present disclosure to a downhole location are

described herein. In various embodiments, the systems can comprise a pump

fluidly coupled to a tubular, the tubular containing a non-aqueous treatment fluid

comprising a non-HF fluoride compound, the non-HF fluoride compound being a

gas at standard temperature and pressure and that is free of boron, the non-HF

fluoride compound being present in the tubular in a liquefied state. Generally,

the pump is suitable for pressurizing the non-HF fluoride compound into a

liquefied state.



[0056] The pump may be a high pressure pump in some

embodiments. As used herein, the term "high pressure pump" will refer to a

pump that is capable of delivering a treatment fluid downhole at a pressure of

about 1000 psi or greater. A high pressure pump may be used when it is

desired to introduce the treatment fluid to a subterranean formation at or above

a fracture gradient of the subterranean formation, but it may also be used in

cases where fracturing is not desired. In some embodiments, the high pressure

pump may be capable of fluidly conveying particulate matter, such as proppant

particulates, into the subterranean formation. Suitable high pressure pumps will

be known to one having ordinary skill in the art and may include, but are not

limited to, floating piston pumps and positive displacement pumps.

[0057] I n other embodiments, the pump may be a low pressure

pump. As used herein, the term "low pressure pump" will refer to a pump that

operates at a pressure of about 1000 psi or less. I n some embodiments, a low

pressure pump may be fluidly coupled to a high pressure pump that is fluidly

coupled to the tubular. That is, in such embodiments, the low pressure pump

may be configured to convey the treatment fluid to the high pressure pump. I n

such embodiments, the low pressure pump may "step up" the pressure of the

treatment before it reaches the high pressure pump.

[0058] FIGURE 1 shows an illustrative schematic of a system that

can deliver treatment fluids of the present disclosure to a downhole location,

according to one or more embodiments. It should be noted that while FIGURE 1

generally depicts a land-based system, it is to be recognized that like systems

may be operated in subsea locations as well. As depicted in FIGURE 1, system 1

may include tank 10, which contains the non-HF fluoride compound in either a

gaseous form or a liquefied form. The treatment fluid may be conveyed via line

12 to wellhead 14, where the treatment fluid enters tubular 16, tubular 16

extending from wellhead 14 into subterranean formation 18. Upon being

ejected from tubular 16, the treatment fluid may subsequently penetrate into

subterranean formation 18, before or after reverting to a gaseous state. Pump

20 may be configured to raise the pressure of the treatment fluid to a desired

degree before its introduction into tubular 16. In some embodiments, pump 20

may result in liquefication of the non-HF fluoride compound. It is to be

recognized that system 1 is merely exemplary in nature and various additional

components may be present that have not necessarily been depicted in FIGURE



1 in the interest of clarity. Non-limiting additional components that may be

present incl ude, but are not limited to, supply hoppers, valves, condensors,

adapters, joints, gauges, sensors, compressors, pressu re controllers, pressu re

sensors, flow rate controllers, flow rate sensors, temperature sensors, and the

like.

[0059] I t is also to be recog nized that the disclosed treatment flu ids

may also directly or indirectly affect the various downhole equ ipment and tools

that may come into contact with the treatment f luids during operation. Such

equipment and tools may include, but are not limited to, wel lbore casing,

wel lbore liner, completion string, insert strings, dril l string, coiled t ubing,

slickl ine, wirel ine, drill pipe, drill col lars, mud motors, downhole motors and/or

pumps, surface-mounted motors and/or pumps, centralizers, turbol izers,

scratchers, floats (e.g. , shoes, collars, valves, etc.), logging tools and related

telemetry equipment, actuators (e.g. , electromechanical devices,

hydromechanical devices, etc.), sliding sleeves, production sleeves, plugs,

screens, filters, flow control devices (e.g. , inflow control devices, autonomous

inflow control devices, outflow control devices, etc.), cou plings (e.g. , electro-

hydrau lic wet connect, dry connect, inductive coupler, etc.), control lines (e.g. ,

electrical, fiber optic, hydraul ic, etc.), surveil lance lines, dril l bits and reamers,

sensors or distributed sensors, downhole heat exchangers, valves and

corresponding actuation devices, tool seals, packers, cement plugs, bridge plugs,

and other wel lbore isolation devices, or components, and the like. Any of these

components may be included in the systems general ly described above and

depicted in FIGURE 1.

[0060] In some embodiments, methods described herein may

comprise : providing a treatment f luid comprising a non-HF fluoride compou nd,

the non-HF f luoride compou nd being a gas at standard temperatu re and

pressu re and that is free of boron ; introducing the treatment f luid into a

subterranean formation; transforming the non-HF fluoride compou nd into a

reactive f luoride species; and etching a surface in the subterranean formation

with the reactive f luoride species, the surface comprising a siliceous material .

[0061] In some embodiments, methods described herein may

comprise : providing a substantially non-aqueous treatment f luid comprising a

non-H F fluoride compou nd, the non-HF fluoride compound being a gas at

standard temperature and pressure and that is free of boron; introducing the



treatment f luid into a subterranea n formation containing a siliceous material, the

treatment f luid being introduced into the subterranean formation with the non-

HF f luoride compou nd in a liquefied state; decomposing the non-H F f luoride

compou nd in the subterranean formation to form a reactive f luoride species

comprising hydrogen f luoride; and reacting the hydrogen f luoride with the

siliceous material to form a fluorinated silicon compound or a reaction product

thereof.

[0062] I n some embodiments, systems described herein may

comprise : a pump f luidly cou pled to a tubular, the tubula r containing a non-

aqueous treatment flu id comprising a non-H F f luoride compound, the non-HF

f luoride compou nd being a gas at standard temperature and pressu re and that is

free of boron, the non-H F f luoride compou nd being present in the tubu lar in a

liquefied state.

[0063] Embodiments disclosed herein incl ude:

[0064] A. Methods for treating a subterranean formation. The

methods comprise : providing a treatment f luid comprising a non-HF fluoride

compou nd, the non-H F fluoride compound being a gas at standard temperatu re

and pressure and that is free of boron ; introducing the treatment f luid into a

subterranean formation; transforming the non-HF fluoride compou nd into a

reactive f luoride species; and etching a surface in the subterranean formation

with the reactive f luoride species, the surface com prising a siliceous material .

[0065] B. Methods for treating a subterranean formation. The

methods comprise : provid ing a substantial ly non-aqueous treatment flu id

comprising a non-H F fluoride compou nd, the non-HF f luoride compound being a

gas at standard temperatu re and pressure and that is free of boron ; introducing

the treatment f luid into a subterranean formation containing a sil iceous material,

the treatment flu id being introduced into the subterranean formation with the

non-H F f luoride compou nd in a liquefied state; decomposing the non-HF fluoride

compou nd in the subterranea n formation to form a reactive f luoride species

comprising hydrogen fluoride; and reacting the hydrogen f luoride with the

siliceous materia l to form a f luorinated silicon compou nd or a reaction product

thereof.

[0066] C. Systems for del ivering a non-HF fluoride compou nd to a

subterranean formation. The systems comprise : a pump f luidly cou pled to a

tubular, the tubular containing a non-aq ueous treatment f luid comprising a non-



HF fluoride compou nd, the non-HF f luoride compound being a gas at standard

temperatu re and pressu re and that is free of boron, the non-HF fluoride

compou nd being present in the t ubular in a liq uefied state.

[0067] Each of embodiments A, B, and C may have one or more of

the fol lowing additional elements in any combination :

[0068] Element 1: wherein the reactive fluoride species comprises

hydrogen f luoride.

[0069] Element 2: wherein etching a surface in the subterranean

formation comprises reacting hydrogen f luoride with the siliceous material to

form a fluorinated silicon compound or a reaction product thereof.

[0070] Element 3: wherein the non-H F f luoride compou nd

comprises a gas selected from the group consisting of a halocarbon, xenon

difluoride, nitrogen trifluoride, and any combination thereof.

[0071] Element 4 : wherein the treatment f luid is introd uced into the

subterranean formation with the non-HF f luoride compound in a liquefied state.

[0072] Element 5: wherein the method further comprises

converting the non-HF f luoride compound into a gaseous state in the

subterranean formation.

[0073] Element 6 : wherein the treatment flu id further comprises a

dil uent gas in a liquefied state that is admixed with the non-HF fluoride

compou nd, and the dil uent gas comprises a liquefied gas selected from the

group consisting of nitrogen, carbon dioxide, an inert gas, natural gas, propane,

butane, and any combination thereof.

[0074] Element 7: wherein the treatment f luid is introd uced into the

subterranean formation with the non-HF f luoride compou nd in a gaseous state.

[0075] Element 8: wherein the treatment f luid is substantial ly non

aqueous.

[0076] Element 9 : wherein the treatment flu id lacks a carrier f luid

for the non-HF f luoride compou nd .

[0077] Element 10 : wherein the treatment f luid consists essentially

of the non-H F f luoride compound .

[0078] Element 11: wherein the treatment f luid consists essentially

of the non-H F f luoride compou nd and a d i luent gas.



[0079] Element 12: wherein the method further comprises

introducing a chelating agent in an aqueous carrier fluid to the subterranean

formation.

[0080] Element 13: wherein the subterranean formation comprises

a formation type selected from the group consisting of a sandstone formation, a

shale formation, and any combination thereof.

[0081] Element 14: wherein transforming the non-HF fluoride

compound into a reactive state comprises a technique selected from the group

consisting of hydrolysis, thermolysis, photolysis, radiolysis, acoustic degradation,

exposure to a radical source, and any combination thereof.

[0082] Element 15: wherein decomposing the non-HF fluoride

compound takes place by a technique selected from the group consisting of

hydrolysis, thermolysis, photolysis, radiolysis, acoustic degradation, exposure to

a radical source, and any combination thereof.

[0083] Element 16: wherein the siliceous material is present in a

proppant pack in the subterranean formation.

[0084] Element 17: wherein the treatment fluid is introduced into

the subterranean formation such that a fracture gradient pressure of the

subterranean formation is exceeded.

[0085] Element 18: wherein decomposing the non-HF fluoride

compound also forms an energizing gas in the subterranean formation.

[0086] By way of non-limiting example, exemplary combinations

applicable to A, B, C include:

[0087] The method of A in combination with elements 2 and 3.

[0088] The method of A in combination with elements 2, 3, and 4.

[0089] The method of A in combination with elements 3 and 14.

[0090] The method of B in combination with elements 3 and 15.

[0091] The method of B in combination with elements 3 and 6.

[0092] The method of A or B in combination with elements 3 and 10.

[0093] The method of A or B in combination with elements 3 and 11.

[0094] The method of A or B in combination with elements 3, 4 and

5.

[0095] The method of A or B in combination with elements 3 and 13.

[0096] The method of A or B in combination with elements 3 and 17.



[0097] Therefore, the present disclosure is wel l adapted to attain the

ends and advantages mentioned as well as those that are inherent therein . The

pa rticu lar embodiments disclosed above are i l lustrative only, as the present

disclosure may be modified and practiced in different but equivalent manners

apparent to those skilled in the art having the benefit of the teachings herein.

Furthermore, no limitations are intended to the details of construction or design

herein shown, other than as described in the claims below. It is therefore

evident that the particu lar i l lustrative embodiments disclosed above may be

altered, combined, or modified and all such variations are considered within the

scope and spirit of the present disclosure. The embodiments ill ustratively

disclosed herein su itably may be practiced in the absence of any element that is

not specifical ly disclosed herein and/or any optional element disclosed herein .

While compositions and methods are described in terms of "comprising,"

"containing," or "including" various components or steps, the compositions and

methods can also "consist essentially of" or "consist of" the various components

and steps. When "comprising" is used in a claim, it is open-ended . All numbers

and ranges disclosed above may vary by some amou nt. Whenever a numerical

range with a lower limit and an upper limit is disclosed, any number and any

incl uded range fal ling within the range is specifical ly disclosed . I n particu lar,

every range of values (of the form, "from about a to about b," or, equivalently,

"from approximately a to b," or, equ ivalently, "from approximately a-b")

disclosed herein is to be understood to set forth every number and range

encompassed within the broader range of values. Also, the terms in the claims

have their plain, ordinary meaning unless otherwise explicitly and clearly defined

by the patentee. Moreover, the indefinite articles "a" or "an," as used in the

claims, are defined herein to mean one or more than one of the element that it

introduces. If there is any conflict in the usages of a word or term in this

specification and one or more patent or other documents that may be

incorporated herein by reference, the definitions that are consistent with this

specification should be adopted .



CLAIMS

The invention claimed is :

1. A method comprising :

providing a treatment f luid comprising a non-HF f luoride compou nd, the

non-HF fluoride compound being a gas at standard temperature and pressu re

and that is free of boron;

introducing the treatment f luid into a subterranean formation;

transforming the non-HF fluoride compound into a reactive fluoride

species; and

etching a surface in the subterranea n formation with the reactive f luoride

species, the surface comprising a siliceous material .

2. The method of claim 1, wherein the reactive fluoride species comprises

hydrogen f luoride, and etching a surface in the subterranean formation with the

reactive f luoride species comprises reacting the hyd rogen fluoride with the

siliceous material to form a f luorinated sil icon compound or a reaction product

thereof.

3. The method of claim 1, wherein the non-H F fluoride compound comprises

a gas selected from the grou p consisting of a f luorocarbon, a fluoride

hydrocarbon, xenon difluoride, nitrogen trifluoride, and any combination thereof.

4. The method of claim 1, wherein the treatment flu id is introduced into the

subterranean formation with the non-H F f luoride compound in a liquefied state.

5. The method of claim 4, further comprising :

converting the non-H F f luoride compou nd into a gaseous state in the

subterranean formation .

6. The method of claim 4, wherein the treatment f luid further comprises a

dil uent gas in a liquefied state that is admixed with the non-HF f luoride

compou nd, the diluent gas comprising a liquefied gas selected from the group

consisting of nitrogen, carbon dioxide, an inert gas, natura l gas, methane,

etha ne, propane, butane, isobutane, and any combination thereof.



7. The method of claim 1, wherein the treatment flu id is introduced into the

subterranean formation with the non-H F f luoride compound in a gaseous state.

8. The method of claim 1, wherein the treatment flu id is substantial ly non

aqueous.

9. The method of claim 1, further comprising :

introducing a chelating agent in an aqueous carrier flu id to the

subterranean formation.

10. The method of claim 1, wherein the subterranean formation comprises a

formation type selected from the grou p consisting of a sandstone formation, a

shale formation, and any combination thereof.

11. The method of claim 1, wherein the sil iceous material is present in a

proppant pack in the subterranean formation .

12. The method of claim 1, wherein the treatment f luid is introduced into the

subterranean formation such that a fractu re gradient pressu re of the

subterranean formation is exceeded .

13. A method comprising :

providing a substantial ly non-aqueous treatment f luid comprising a non-

HF fluoride compound, the non-HF fluoride compou nd being a gas at standard

temperatu re and pressu re and that is free of boron ;

introducing the treatment f luid into a subterranean formation containing a

sil iceous materia l, the treatment f luid being introduced into the subterranean

formation with the non-HF fluoride compound in a liquefied state;

decomposing the non-HF fluoride compound in the subterranean

formation to form a reactive fluoride species comprising hydrogen f luoride; and

reacting the hyd rogen f luoride with the sil iceous material to form a

fluorinated silicon compound or a reaction product thereof.

14. The method of claim 13, wherein the non-HF fluoride compou nd comprises



a gas selected from the group consisting of a fluorocarbon, a fluoride

hydrocarbon, xenon difluoride, nitrogen trifluoride, and any combination thereof.

15. The method of claim 13, wherein the treatment fluid further comprises a

diluent gas in a liquefied state that is admixed with the non-HF fluoride

compound, the diluent gas comprising a liquefied gas selected from the group

consisting of nitrogen, carbon dioxide, an inert gas, natural gas, methane,

ethane, propane, butane, isobutane, and any combination thereof.

16. The method of claim 13, wherein the treatment fluid lacks a carrier fluid

for the non-HF fluoride compound.

17. The method of claim 16, wherein the treatment fluid consists essentially

of the non-HF fluoride compound.

18. The method of claim 16, wherein the treatment fluid consists essentially

of the non-HF fluoride compound and a diluent gas.

19. The method of claim 13, wherein decomposing the non-HF fluoride

compound also forms an energizing gas in the subterranean formation.

20. A system comprising:

a pump fluidly coupled to a tubular, the tubular containing a non-aqueous

treatment fluid comprising a non-HF fluoride compound, the non-HF fluoride

compound being a gas at standard temperature and pressure and that is free of

boron, the non-HF fluoride compound being present in the tubular in a liquefied

state.
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