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SYNTHETIC SWEET SPOTS IN TIGHT FORMATIONS BY INJECTION OF NANO
ENCAPSULATED REACTANTS

Field of the Invention

0001] This invention relates to methods for preparing synthetic sweet spots in tight

hydrocarbon containing formations.

Background of the Invention

[0002]  The search for and recovery of oil 1s becoming increasingly difficult as world-wide
petroleum reserves decline. In many instances, reserves trapped within certain low
permeability formations, such as certain sand, carbonate, and/or shale formations, exhibit
little or no production, and are thus economically undesirable to develop at current oil and
gas prices. In certain unconventional formations, such as low permeability formations, the
most important element that determines whether developing reservoir will be economically
viable 1s finding sweet spots in the reservoir. It is well established that tight gas wells can
become commercially viable when a sweet spot is encountered. A sweet spot is generally
defined herein as the area within a reservoir that represents the best production or potential
for production. Unfortunately, current technologies are unable to locate or predict when and

where sweet spots exist within a given formation.

[0003]  Tight sands and shaie are gas bearing but very low permeability formations, and
thus present difficulties in recovering hydrocarbons therein. Due to the high demand on
clean fuels, however, they are becoming important development targets. To make these low
permeability formations suitable for producing commercial quantities of gas, stimulation
using massive hydraulic fracturing is typically required. Generally, hydraulic fracturing

stimulation treatments aim to maximize the sand face surface exposed to the producing well.

CA 2855741 2018-03-06
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The stimulation process also entails activating the near well bore {fractures to enhance the
conduchivity of the sand tace. The frachuring treatment 18 often logistically very challenging
and therefore can be commercially very cumbersome.  What makes production from tight
sands and shale more promismg, and therefore more commercial, 1s when the well 1s placed
in a prolific area of the reservorwr. This area is referred o by geologists and reservorr

cngineers as sweet spol. In some rare and lucky occasions, a sweet spot 1s encountered where

a well 1s drilied. The economics are therefore significantly umproved i g well encounters a

sweet spot of the reservoir. The chances of encountering the sweet spot, however, are low.

13004]  Exploration ctiorts and rescarch have focuscd on scarching for reservorr swoct
spots to wiprove project economics and maximize well success. Sweet spots, however, are
often merely very thin streaks in fight formations. The current exploration technologies are,

to a certain extent, helpless i detecting them.

JBO85] In tight reservorrs, due (o low permeability of the {formation, well productivity 1s
typically low, thus makme the well non-cconomical from a standpoint of development.
Stimulaiion freatments are one known method that can be used to enhance well productivity
and mmprove the economics of developing the well, One commonly employed technique for
stimulating low productivity wells 18 massive hydrauiic fracturing, which typically mvolves
the injection of high viscosity thuds mito the well at a sufficiently high rate so that enough
pressure 18 built up mmside the wellbore to sphit the formation apart. Ofien these hydraulic
fracturing treatiments must be done i several stages to maximize reservoir contact and
reservoir volume that 18 stimulated.  The resultmg hydraulically mduced frachure that s
produced extends from the wellbore deep into the formation.

[O8086] Stimulation procedures can employ several fechmques to msure that the mduced

fracture becomes conductive when mjection 1s ceased. For example, during acid fracturing of

carbonate formations, acid based thuds are myected mto the formation to creale an etched

oy

fracture and conductive channels, which are left open upon closure of the fracture. In usc

with sand or shale formations, a proppant can be mcluded with the fracturing tluid such that
the induced fracture remamns propped open as it closes. These methads, however, have
limied uses. For example, because shale and sandstone formations do not react with acids,
acid stimudation fhuds are typically not cmploved, and only hvdraulic fracturmng with
proppants 1s employed, and multiple stages of fracturing are frequently necessary., Multistage
fracturmg has raised many concerns due both to the bigh cost and because of the very large

araounts of water that are required.
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[3087]  Thus, additional needs exist {or the ability to enhance production within a tight gas
formation to enhance production thereof, Specitically, methods and compositions having low

covironmental unpact are needed for the creation of synthefic sweet spots.

SUIRINATY
[3088]  Generally, methods and compositions {or the creation of svnthetic sweet spots are

provided.

G083 In onc aspect, a reaction muxture for the m-situ generation of gas within tight gas
wells for the formation of synthetic sweet spots 18 provided. In general, the reaction muxture
can mchude an encapsulated reactant, which 18 capable of reacting exothermically to produce
cas and heat. The reactant can be encapsulated with a material that has a defined ¢rosion rate

under formation conditioms. The reachion mixture can mclude a hydrauhe fracturning fhad.

601681 In certamn croboduments, a meothod for stimulating production of gas m a tight-gas
tormation is provided. The method comprising the sieps of: mjecting info the formation an
aqueous solulion that mclhudes at least one encapsulated reactant, the reactant being capable
of reacting exothernucally o produce a volume of gas. The encapsulated reactant mcludes a
coating allowing for g delayed crosion thercof, wherein upon erosion of the encapsulating
coating the reactant exothermically reacts to produce a volume of gas. Upon producing the
volume of gas, the brachwres and nucrofractures are created within the formalion, therchy

improving production thereirom,

Briel Desceription of the Drawines

38131 Figure 118 a schematic of one embodiment.
{36121 Fioure 2 15 a schematic of one embodiment.
3813 Figure 3 18 a top view schematic of the embodiment shown i Figure 2.
G814}  Figure 4 15 a schematic of one embodiment,
30181 Figure 5 18 a schematic of one ermmbodiment,

Detatled Desceription of the invention

6816]  Although the tollowing detailed description contains many specific details for
purposes of Hlustration, it 18 understood that one of ordinary skall m the art will appreciate
that many examples, vanations and alterations o the following details are within the scope

and spirit of the mvenfion.  Accordmgly, the exemplary embodiments of the mvention

E o
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described heremn and provided n the appended figures are set forth without any loss of

cenerality, and without imposimg hmistations, on the claimed mvention.

38171 In cortain embodiments, the compositions provided berein provide a means of
mfroducing a stimulated digenesis process that will synthetically create sweet spots m the
reservolr where the sweet spots did not previously exist. The nano particies are encapsulated
and relcased only upon a spectlic ngeering mechanmsm, such as temperature or coming mio
contact with water or some other tnggermyg solvend, o ensure deep penctration bevond the
wellbore or fracture plane. Upon release, the encapsulated nano particle pavicad (ic., the
material within the encapsulation layer) wixes with formation waler causing a reaction that
genorates hot and pressured gas and effectively ¢reates new micro fractures within the
invaded matrix. The m-siftu gencrafion of gas m night formation resulis in an creased
localized pressure due to the extremely low permeability, resulting m micro-fracturing. The
microfracturing of the tormation, thus ymproves the reservoir near wellbore or near-fracture

pormeability.

G018 As used hercin, “sweet spot” refers an arca of a reservoir where the petrophysical
properiies such as permeability and porosity are distinctly smproved as compared with the

rest of the reservorr.

13019 As noted previously, drnilling mto those sweet spots can be the difference between a
productive well and an unproductive well, The methods described herein provide for the
injection of nano-encapsulated chemicals that react vigorously with formation water or other
reactants, thus causing miucropores and muacro fissures i the tight formation to bhister as a
result of the hot gases and theretore high pressures resulting from exothermic reaction that

creates and localized stresses mside the tight formation pores. This stress effect will cause

be more permeable to fhads; thus a sweet spot 18 artificially ¢reated around the drilied well,
or near the fracture surtace i the process is meorporated with the conventional hydraulic

fracturing treatment.

08287 The methods described herein are directed 1o the gencration of sweet spots at or
near an fracture mduced during a hydraulic fracturing procedure. When the present techuique
s ufilized durmg hvdraulic fracturing treatmients, a synthetic sweet spot can be created,
thereby stimulating production and ¢enabling maximum enhancement of gas production. The

technology and the techmiques described herein thus can greatly imcrcase the chances of
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recovering gases from low permeabiiity reservoirs and will ymprove the economics of the

development thercoft,

160211 Hydrauhe fracturing operations mnclude the steps of mjecting a viscous fluid,
preferably an aqueous fiuid, mto the wellbore at a high flow rate such that encugh pressure is
created mside the wellbore to cause fractures in the formation., Generally, the fracture
produced during hydraulic fracturing can extend decp mto the formation. For example,
depending upon the formation propertics and the volume of fluds used to stimulate the
formation, the resulting fracture can extend up to about 530 meters into the formation,
aticrnatively at Jeast about 100 mcters into the formation.  Addibonally, the hydraulic
fracturing process can be designed such that the fracture exionds outward from the wellbore

in multiple directions.

{36221 Figure 1 1s a schematic drawing of a wellbore used for hydraulic fracturing
sperations, wheremn a viscous Huid, preferably an aqueous fhud, 18 mjected mto the wellbore
{00 at a high tlow rate such that enough pressure 18 created mnside the wellbore to causc
fracturcs n the formation. Generally, the fracture producced during hvdraulic fracturing can
extend deep infe the formation, as shown i the region of hydraulic fracturing 1. For
exampie, as shown m Figure 1, the length of the fracture 102 15 shown (o exiend wmio the
tormation. In some embodiments, the length of the fracture can extend from 25 to 100 meters.
Additionally, the hvdraulic fracturing process can be designed such that the fracture exicnds

sutward from the wellbore in multiple directions,

(30231 Figure 2 shows the propagation of mcrofractures 112 withun and extendmng {from
the fractures 114 produced as a result of the hvdraulic fracturing procedure, thus creating
sweet spots 116, Generally, depending upon the reactants and the volume of nifrogen gas
produced therefrom, the microfractures 112 can extend throughout pseudo fracture width 11
from the mmbial fracture created durimg hydranhe fracturmg. Figure 3 simiarly shows the top
view of the same.

380241 Figure 4 is another scheomatic demonsirating the goneration of sweet spots 116
within the formation. The figure shows the length of fracture 132 that can extend through the
formation. . In some embodiments, this length of fracture 102 can exicnd up to 100 meters.

In some embodiments, this length of fracture 102 can extend up to 50 meters. In some

the fracture width 120 that results utibzing kvown fracturing technigues.  In some
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embodiments, this fracture width 18 about 0.5 cenfimeters. In other embodiments, this
frachure width 13 less than 0.5 centimeters. Utihizing the compositions and methods described
herein, however, provide the surpnising result of a pseudo fracture width 118, such that a
sweet spot s created at and around the fracture site. In some embodiments, this pscudo

fracture width 1s 1-3 meters in width,

36251 Thus, provided heremn are methods and compositions for the stimulation of fight
gas wells to generate synthetic sweet spofs to merease well productivity, The methods and
compositions can, i certain embodiments, be ufilized in conjunciion with standard bydraulic
fracturmg techmques, For example, m certam embodiments, the well stimulation process can
include the imgection of certain composttion during the hvdraulic fracturing process.  In
alternative embodiments, the well stimuiation process can mvolve the steps of first mjecting
fluid nto the hole at a sufficiently high mygection rate to build enough pressure m the
wellbore, across freated tormalion, to mitte and propagale a hvdrauhic fracture 1w the
referenced formation, followed by the imection of the gas gencerating composition. In certain
cribodinients, a portion of the reactants are supplied with the hydraulic fracturing fluid, and
the remainder of the reactants are supplied separately, after the initial hydraulic fracturing has
occurred. In certam other embodumieonts, m a multi-stage fracturing procedure, encapsudated
reactants are meluded n the hydraulic fracturing fluids during each stage of the fracturing

PrOCEsS.

3826]  In one aspect, a composition is provided for creating synthetic sweet spots. The
composition can mchude one or more reaciants, which can be encapsulated with a material
that protects the reactant. In most embodiments, it is desired that the reactants be allowed o
migrate decp nto the formation before reacting and generating the svathelic swect spot.
Thus, 1 certam embodiments, the reactants are coated with a material that releases over time
mpon SxXposure o one or more condifion selected from mercased temperature, or contact with
waler, actd, or a hydrocarbon. In cerfam emboduments, a single reactant is encapsulated and
can be mjected into a formation, wherem upon the dissolution or erosion of the encapsulating
material, the smgle reaciant can exothermically react with waler or other reactants m the
formation to form the synthetic sweet spot. In alternate embodiments, fwo Or more reactants
can be encapsulated and myected mto a formation, wherein upon dissoiution or erosion of the
cnicapsulating waterials, the reactanis can react exothermically with each other or water to

torm the synthetic swedt spot.

-



CA 028b5741 2014-05-12

WO 2013/078369 PCT/US2012/066337

1606271 A number of reactanis which react exothermically with waler are known 1n the art.
In some embodiments, the reactant mncludes sodium dithionite.  In other embodiments, the

reactant mchides hithium aluminum hydride.

{30281 In certain embodiments, the reactants can be components ot a redox reaction such
that one component 1S a oxidizing agent and the other component 1s a reducing agent, and
wherein upon contact, the oxidizing agent and the reducing agent exothermucally react,
generating gas and heat, In certain embodimenis, the reactants can react to generate nitrogen
oas. As noted previcusly, the generation of the gas, i addition 1o causmg stress to the
surroundimg formahon, creates an arca of locahzed pressure. By ¢rcating an arca of locahzed
pressure  within the formation, micro-fracturing of the ncarby sirata occurs; therchy
improving the permeabiiity of near fracture surtace of the formation. The method can
inciude the step of supplving a compuosition that mcludes compounds contaiming exothermic
reaciants to the formation, which can then react (o gencrate heat and gas, such as mirogen. In
certain ernbodimentds, all or a portion of the oxidation-reduction composition can be

mcorporated with fracturing tluids and myected during a hydraulic fracturing treatment.

(662891 Ficure 5 shows an embodiment of the mvention, wherein the gas produced by the
reaction s predicted (o mugrate mio the fractures created within the tormation during the
hydraulic fracturing to form additional nucrofractures within the tormation. Retforring now to

Figurc 5, wellbore 104 1s within formation 102, Drill pipe 106 is positionced within wellbore
104, Followmg a hydraulic fracturing process, large fractures 110 exust within formation
102, extending outward from wellbore 104, Upon reactnion, the mjected tlaids produce gas
and heat, thereby causing microfractures 112 to be created within the formation, thereby
providing pathways for the hydrocarbon molecules trapped within the formation to migrate

and be recoverad.

160301 Swtable cncapsulation materals can include certam polymers, which dissolve or
crode at a delaved rate upon exposure to water, heat, and/or pressure, as will be experienced
within the formation. In certain embodiments, the encapsulating material can be hydrated to

torm a solid matrix with the component.

[B631]  In one embodiment, a method 1s provided for creafing a synthefic sweet spot within

a taghtgax formatfion.  In certain embodiments, the hydrauiu. fracturing process{cs} are

reactants are effective, through the exothermic reaction and resulting production of gas, m
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creating miucrofraciures within the formation.  Subsequent hydraulic fracturing procedures
can result m the propagation of the mucrofractures within and extending from the major
fracturcs produced as a result of the hydrauhic fracturing procedure. Gencrally, dopendmng
upon the reactants and the volume of nitrogen gas produced therctrom, the mucrofractures can
extend up to about half a meter, alternatively up to about meter, from the mitial fracture

created duning hyvdrauhic fracturing,

(30321  The m-stfu generanon of mitrogen snd beat (and resulting mercase m pressure
within the formation at the reaction sife), increases the permeabilify of tight gas formations.
The heat and gas that arce generated by the reachion can cause tonsiie and thermal fractures
within the hvdraulically mduced and within the existing fractures m the formation, It is
understood that the generation of the mucrofractures within the formation may depend on the

type of formation being treated.

130331 As noted previcusly, the encapsulating malerial dissolves or erodes from the
reactant at a desired rate such that the reactant does not react immediately upon contact with
the water. In certam cmbodiments, it 1s advantageous for the hydrauic fracturing to cause
fractures and microfractures within the formation belfore the reactant reacts exothermically.
It 15 believed that the presence of fractures and mucrofractures within the formaton will be
cnhanced upon the generation of heat and a volume of gas. Additionally, 1t 18 believed that
the use of the methods and compositions described herem will allow for fewer stages to be
cmploved m g multistage hydraulic fracturing process, as compared with hvdraulic fracturing

processes that do not eraploy the compositions described hereing.

30347 In certarmm ombodiments, the method can include the steps of miectimg an
cricapsulated reducing agent {or reducery and an encapsulaied oxidizing agent {or oxidizer)
imte a formation, optionally tollowed by the imjection of an activator. In certamn
crabodiraents, the optional achivator can be an acid. v cortam embodiments, heat from the

formation can act as an activator to the reactants.

{3035] The amount of encapsulated reducing agent {or reducer) and concapsulated
oxidizing agent {or oxidizer} mjecied info a formation will depend on a number of faciors,
mciuding the zone to be stimulated, the porosity of the given formation, and the presence of a4
difuting agent such as a liguid or 3 gas. In some embodiments, the difuting agent 1S an nert

gas. In some embodiments, the mert gas 1s mifrogen.
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3836} The gas that 18 generated from the excthernuc reaction and the low local
permeability favor an mcrease m pore pressure, thus cauvsmng the mtiabion of nucrofractures
gt or near the mduced fracture. The result 15 the stimulation of the fracture surtace, rather
than damage to the formation, which is frequently the case during hvdraulic fracturing. In
many ways, the stimulation process provided herein 1s less harsh or severe than the prior art
stunuiabion techniques, and helps to climinate damage to the formation that is frequently
cncountered with the prior art techniques, This results in additional conductivity within the
formation near the fracture. Additionally, the inclusion of the reactants with the hydraulic
fracturing thads, and the subsequent production of synthetic sweet spots, can help (o reduce
the overall number of stages necessary during the hydraulic fracturing procedures. This 18 an

additional advantage of the methods disciosed herein over the prior art stunulation methods.

{36371 In certain embodiments, an agueous compostiion that inchides encapsulated
asmrnoniim ons and mirite wons can be myected mio a formation, wheremn the water and heat
of the formation are sutficient to erode the encapsulating material such that the reactants arg
then aliowed to react, thereby producing heat and a volume of gas. As noted previously,
upon generation of the volume of gas, a synthetic sweet spot is created, which leads to
imcreased production of hydrocarbons, such as natural gas, thereirom. The heat of the
formation, the acid, or the agueous waicr of the formation can all play a role i the ¢rosion or

removal of the encapsulating material, which then results m the release of the reactants.,

38381 In another embodiment, a fracturmg fluid, that optionally include a proppant
suspended therein, can be ufilized. In one embodirpent, the proppant confainyng fracturing
thiid can be wyected mto the tormation prior to the injection of the composition that inchides
the encapsulated reactants, thereby producing fractures info which the encapsulated materials
can smigrate. In alternaic embodiments, the composition that mchides the encapsulated
reactants can be wgected mio the formation approximaiely 15 minufes after the completion of
the mjection of the fracturing fluid mijection, alternatively approximately 30 nunutes atier the
completion of the injection, aliernatively approximately 1 hour atter the compietion of the
mjechion. The water and/or the heat of the formation can erode the ¢ncapsulating material
such that the reaction 1s delaved, thereby aliowmg the reactants 0 migrate and seep o the

fractures within the formanion.

0839  In certain embodiments, the fluids used i this application can mclude certain
chenmucal additives that can help to form a viscous fracturing fluid. The chemical additives

can mciude at least one solvent and at least one polymer that 15 soluble in the solvent. The

9.
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solvent can alse mehude water and/or a surfactant, depending on the type of formation being
treated. The polymer can be mixed with the solvent or water fo form a viscous tluid.
Followmg myection of the reactants, the reaction can occur and thereby create a svnthetic
sweet spot, The created synthetic sweet spot will have higher pressure than surrounding
formation rock, but the pressure that i1s generated will be at least partially consumed (o
oenerate fractures m the formation. It the pressure was not high enough fo break the
tormation, however, then the local increase in pressure is analogous to a sweet spot tiseld,
because the mcrease m pressure will assist in producing hydrocarbons from the reservolr.
The main mtention of certam methods and compositions descenbed herem, however, 18 1O

generate sufficient pressure to cause mucrofractures, thereby increasing the porosity and

permeability of formation,

{84081 In some embodiments, the encapsulated reactants described herem include an
cncapsutating shelll The encapsulating shell can be of varving thickness. The thickness of
the encapsulating sheil can be selected based on the duration needed between encapsulation
and the time at which the reaction is 10 be triggered. Among the factors to consider
selecting the thickness of the encapsulating shell include the time taken by the reactants to
reach the desired location and the conditions (such as tomperature and pressure) at which the
encapsulating shell will start to deteriorate. Additionally, the amount of waler in g given
formation may be a relevant factor, particularly for reactions involving reactants which react

cxothermcally with water.

[3041]  Additionally, the size of the encapsulating shell will be miluenced base on the pore
size of the formation. Appropriate encapsulating shell sizes, and size distributions should be
selected based on the pore size of the formation and the pore size distribution of the

formation.

168042]  The cncapsulating materals deseribed herein are well known in the arl.  Any

known encapsulating agents may be sclected for use m this mvention,

136431 Generally, during successiul hydraulic fractunng procedures, the fracturmg biguid
must be removed from the well upon compietion of the stimulation freatment. The removal
process can be both costly and fime consuming.  Advantageously, the composttions and

methods described hercin are designed to cause no damage to the formation, which is a

compositions and methods described herem advantageously unthize novel combinations of gas

10-



CA 028b5741 2014-05-12

WO 2013/078369 PCT/US2012/066337

generating chenmcals as the hydraulic fracturing higuid-base. Thus, m cerlain embodiments,
the bigquids used tor fracturmg of the formation, which can mclude the gas generating
chonucals previously described, can be miccied mio the formation though the wellbore or
ofher mjection means at a sutficicntly high mijcction rate so as to ¢reate pressures within the
tormation that can ctiectively fracture the rock or open previously existing fractures. As the
fracturing hguid sceps mio the formation, these gas generating chemicals can then be
friggered o react, as previously discussed, thereby generafing large amounts of gas and heat
within the formation and near the newly created fracture surfaces. In certain cmboediments,
the triggering mechanism can be the heat of the formation temperature.  In aliernate

crabodiments, the tniggering mechanisro can be an myected fiuid, such as an acid, that can be

imjected at the end of the fracturing process. Alternatively, the friggerimg mechanism ¢an be
water present i the formation. The gas and heat that are generated can creaie addifional
microfractures and/or thermal fractures at or near the fracture that is formed as a result of the

hydraulic fracturing.

{0844}  Advantageously, i contrast to some currently employed stimulation methods, the
methods and compositions described herein do not produce any damaging by-products as a
result of the m-situ reaction. For example, the heat of the formation can be used as the
activator, such that there are no chenucals remaming m the formation that may Cause
cnvironmental concerns.  As a result, tollowing the stimulation procedure, no clean-up
procedure 18 required, thereby chiminating additional costs and tume.  Thus, through the
creation of the synthetic sweet spots, maximum cnhancement of gas production with a

minimal creation of damaging waste products is provided.

[8045] In certatn embodiments, the methods and compositions described  hercin

advantageously and unexpeciedly clirmninate formation damage that can be caused by the use

of a fracturing gel, water blockage, and/or condensate banking., These conditions have been
known to result i reduced permeabiiity of higuid and gascous tluids within the formation,
and subsequently lead to poor production from the well. The generation of the synthetic

sweet spot according to the methods deseribed hercin advantageously and unexpectedly

avoids these probiems.

30461 In ceortain embodiments, the methods and compositions described  hercin
advantageously and unexpectedly create synthetic sweet spots in tight-gas reservoirs that lack

the presence of such mmportant How-supporiing stratas. As noted previously, a sweet spot 15
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an area of maximum production within a formation. These tormation frequently lack the

pathways that allow tor the flow of hyvdrocarbon thuids and gases to a pomt of production.

138471 The methods and compositions provided herein solve several problems that are

trequently encountered during the construction of commercial wells i tight-gas reservorrs,

[3348]  Fust, problems associated with damage to the formation caused by current
bydraulic fracturing methods are chmunated. For example, the methods and compositions
described hercin, advantageousiy climinate fracturing-thuid fultrafe that can be locked near g
recently created fracture surface by creating many tensile fractures near the fracture surface

such that any filtrate readily tlows through these fractures toward the well.

08491  Second, the methods and compositions provided heremn, advantageously and
unexpectedly enhance production over tradibional hydrauhe fracturing methods through the
creafion of mucrofractures, which provide additional conduciivity to the near fracture surface
such that it provides new channels {or gas to {low toward the created tracture. The additional
reservolr volume contacting the well significantly contnibutes to the overall tlow etficiency of

the dramage area being attected by the mduced {racture.

|

[B838]  Finally, current hvdraulic fracturing techniques that require many fracturing stages

r

to create sufticient reservotr volume contact within the well to be commercial are ehiminated

a8 a resuil of the production of mucrofractures duce o the gas and heat that are produced. By

\

reducing the number of required fracturing stages for same progduction, the present
stimulation treatment described hercin i1s both more cost cttective and accomplished more
cquickly; thereby providing viable economical options tor the stimulation of low producing

walls.

(651} Although the present mvenhion has been described in detail, 1t should be
understood that various changes, substitutions, and alicrations can be made hercupon without
departing from the principle and scope of the mvention.  Accordmgly, the scope of the
present mvention should be determined by the following claims and their appropriate legal

equivalents.

38521 The simgular forms "a”, "an” and "the" mnclude plural referents, unless the context
clearly dictates otherwise.

38331 Optional or opbiopally means that the subsequently described event or
circumstances may or may not occur. The deseription meludes mstances where the event or

circumstance cocurs and mstances where it does not occut.

-u i 4
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[0054] Ranges may be expressed herein as from about one particular value, and/or to
about another particular value. When such a range is expressed, it is to be understood that
another embodiment is from the one particular value and/or to the other particular value,

along with all combinations within said range.

[0055] As used herein and in the appended claims, the words "comprise," "has," and
"Include" and all grammatical variations thereof are each intended to have an open, non-

limiting meaning that does not exclude additional elements or steps.

[0056] As used herein, terms such as "first” and "second" are arbitrarily assigned and are
merely intended to differentiate between to or more components of an apparatus. It is to be
understood that the words "first" and "second" serve no other purpose and are not part of the
name or description of the component, nor do they necessarily define a relative location or
position of the component. Furthermore, it is to be understood that that the mere use of the
term "first" and "second" does not require that there be any "third" component, although that

possibility is contemplated under the scope of the present invention.

-13-
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What is claimed is:

1. A reaction mixture for the in-situ generation of sweet spots within tight gas
formations of a reservoir, the reaction mixture comprising:

encapsulated reactant nanoparticles, said encapsulated reactant nanoparticles being
encapsulated with a material that provides a specific delayed erosion rate, said reactant
nanoparticles being capable of reacting exothermically to produce a volume of gas upon
crosion of the encapsulating material; and

a fracturing fluid.

2. The reaction mixture of claim 1, wherein the reactant nanoparticles react

exothermically with water.

3. The reaction mixture of either of claim 1 or 2, wherein the encapsulating

material erodes at a predefined rate upon exposure to heat and water.

4. The reaction mixture of claim 1, wherein the encapsulating material erodes

at a predefined rate upon exposure to an acid.

5. The reaction mixture of claim 1, wherein at least two reactant nanoparticles
are supplied in the reaction mixture, wherein the at least two reactant nanoparticles are

capable of exothermically reacting in the presence of the other to generate a gas.

6. A method for stimulating production of gas in a tight-gas formation, the
method comprising the steps of:

injecting 1nto the formation an aqueous solution comprising at least one
encapsulated reactant nanoparticle, said reactant nanoparticle being capable of reacting
exothermically to produce a volume of gas, said encapsulated reactant nanoparticle having
an encapsulating coating allowing for a delayed erosion thereof, wherein upon erosion of

the encapsulating coating the reactant exothermically reacts to produce a volume of gas;

- 14 -
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wherein upon producing the volume of gas, the fractures and microfractures are

created within the formation, thereby improving production therefrom.

7. The method of claim 6, wherein the step of 1njecting the aqueous solution

comprising at least one encapsulated reactant nanoparticle is repeated multiple times.

8. The method of either claim 6 or 7, wherein the aqueous solution includes at

least two reactants.

9. The method according to any one of claims 6-8, wherein the at least one

reactant nanoparticle reacts exothermically with water.

- 15 -
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