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801} Thas mvention relates to gas well stimulation and compositions for the stimulation

of hydrocarbon reservoirs, including hiquid and gas wells.

Backsround of the Invention

[68B2]  The search for and recovery of o1l 1s becoming increasingly ditticult as world-wide
petroleum reserves decime. In many mstances, reserves trapped within certam low
permeability formations, such as cerfain sand, carbonate, and/or shale formations, cxhibit
tittle or no production, and are thus economically undesirable {0 develop at current o1l and
gas prices. In certam unconventional formations, such as low permeability formations, the
most important element that determines whether developing rescrvorr will be economacally
viabie 1s finding sweet spots n the reservoir. It 1s well established that tight gas wells can
become commercially viable when a sweet spot 1s encountered. A sweet spot 18 generally
defined herein as the arca withun a reservolr that represents the best production or potential
tor produchion. Unfortumately, current technologies are unable to locate or predict when and

where sweet spots exist within a given formation.

{8031 In tight reservorrs, due {o low permeability of the formation, well produciivity is
typically low, thus making the well non-economical from a standpomt of development.
Stumulation treatments are one known method that can be used to enhance well productivity
and improve the econonucs of developing the well, One commonly emploved technique for
stimulating low productivity wells 18 hydraulic fracturmg, which typically mvolves the
injection of fugh viscosity fluids mio the well at a sufficiently hugh rate so that cnough

pressure 18 buill up inside the wellbore to spiit the formation apart. The resulting
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hydraulically induced fracture that i1s produced extends from the wellbore deep mto the
formation. Those of skill m the art can design the stimulation job based upon the desired

height and length of the induced fracture.

{30041  Stumulation procedures can cmploy several technigues {0 msure that the mduced
fracture becomes conduciive when mjeciion 18 ceased. For example, during acid fracturing of
carbonate formations, acid based fluids are mecied o the formation to create an etched
fracture and conductive channels, which are et open upon closure of the fracture. In use
with sand or shalc formations, a proppant can be mcluded with the fracturing fluid such that
the mduced fracture remams propped open as it closes. These methods, however, have
hmuted uses. For example, because shale and sandstone tormations do not react with acids,
acid stimulation fthuds are typically not employed, and only hydraulic fracturmg with
proppants 1s employed. In carbonale formations, however, both acid fracturing fluids and
proppants can be employed. These techriques, however, typically use chemicals that reguire
cxicnsive procedures to ensure low environmental mmpact to the formation and surrounding

alcd.

[G088]  Thus, additional needs exist for the ability to enhance production within a tight gas
formation to enhance produchion thereol., Specifically, methods and compositions having low

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

SUIRMATY

j{3806]  Generally, methods and compositions for the creation of synthetic sweet spots are

provided.

{8871 In one aspect, a reaction muxture for the in-situ gencration of milrogen within tight
gas wells 1s provided. The reaction muxture can mchude an ammonium containing compound,
a nitrite confaming compound; and a hydrogen releasing activator. At least one of the
ammoniam contaiming compound and the mitrite contatning cormpound are encapsulated with

4 coating operable to delay the reaction of the ammonium and nitrife contatnung compounds.

{3808  In cortain embodiments, the ammonium confamping compound 1S ammonium
chloride. In certain embodiments, the nitrite contamnimg compound 1s sodiam nitrite,  In
certamn embodiments, the coating encapsulating at Jeast one of the anwnoniurn contaning
compound and the mitrite contaimmmg compound 18 a polymer selecied from guar, chifosan,
polyvinyl alcohol, and hike compounds. In certain other embodiments, the coating

cncapsulating at least one of the ammonium confaining compound and the nifriie contaming

bt
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compound is selected from 33-carboxymethyl celiulose, xanthan, and like compounds. In

certam embodiments, the activator 1s selected from acetic acid and hydrochloric acid.

G009 In another aspect, a method for shmudabing production of gas in a tight-gas
tormation, the method comprising the steps of mnjecting mic the formafion an agqueous
solution that mcludes an ammonium containing compound and a mirile contamning
compound, wherein at least one of the ammonium contamning compound and the mine
confaining compound comprise a coating which 1s operable to prevent reaction thercbetween;
and then ijecting an activator into the formation, the activator being capable of mitiating
reaction between the amnonium contaming compound and the ninile contaimung compound
such that the reaction gencrates heat and nifrogen gas. Upon the generafion of mutrogen gas
and heat within the formation, mucrofractures are produced within the formation and the
hydrostatic pressure within the reservoir 18 reduced to less than the reservoir tluid pressure,

such that the raie of production of hydrocarbons {rom the formation 18 increased.

[G810]  In certamn embodiments, the method further includes the step of first mjecting an
agqueous fracturing fthuid mio the tight zas formation, wherein said aqueous fracturing fluid
comprises water and a fracturing polymer gel, wheremn the step of mjection of the agqueous
fracturing fluid 18 achieved at a sufficient rate and pressure {o fracture the formation. In
certam embodiments, the ratio of the ammonmm confaimng compound o the nifrife
containing compound is between gbout 1.1:1 and 1:1.1. In cortam embodiments, the activator
1s a weak acid and weak acid salt, said weak acid and weak acid salt being present in a ratio
providing an acidic solufion pH at which said ammomum and wminde on-conlaming
compound react. In certamn embodiments, the mixture of weak acid and weak acid saltf are
present i a concentration providing an agueous sohution of weak acid which s capable of
cticcting a weak acid reservoir acidzation of materials contacted i or around the fracture
created within the well. In certamm cmbodiments, the muxture of weak acid and weak acid salt
are miccted mio the formation in a solution having a concentration between about 2 — 10% by
volume.,  In certamm cmbodiments, the ammonium contaiming compound IS ammonivm

chlonde and the nitrite contaiming compound 18 sodium nitrite.

Brietf Deseription of the Drawings

{3811}  Figure 1 15 a schematic of one embodiment.
[8612]  Figure 2 15 a schematic of one embodiment.

{88131  Figure 3 is a {op view schematic of the embodiment shown i Figure 2.

3.
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13814}  Figure 4 15 a schematic of one embodiment.
{68151 Figure 3 18 a schematic of one embodiment.

(6816]  Figure 6 18 a graph showmg the thermodynamic profile of a mifrogen generating

reaction according to one embodiment.

{38171 Fioure 7 1s a graph showing the pressure profile of a nifrogen generating reaciion

according to one embodiment.

[B818] Figure 8 15 a graph showing cumulative pore volume as a function of core pressure

of one embodiment.

Petatied Description of the Invention

{8819  Although the tollowing detailed description contains many specific details for
purposes of tlustration, it 1s understood that one of ordmary skill in the art will appreciate
that many examples, variations and alterations to the following details are withun the scope
and spirid of the mvention. Accordingly, the cxemplary embodimenis of the invention
described heremn and provided i the appended figures are set forth without any loss of

gencrality, and without tmposing fumitations, on the claimed mvention.

[3820]  The methods described herein are directed o the generation of sweet spots at or
near an fracture mduced during a hydraulic fractuning procedure. When the present technigue
is utilized durmg hydraulic fracturing treatments, a synthetic sweet spot can be created,
thereby stimulating production and enabling maximum enhancement of gas production. The
technology and the techmiques described hercin thus can greatly mcrease the chances of
recovering gascs from low permeabihity reservoirs and will mmprove the economics of the

development thereof.

[6021] Figure | 18 a schematic drawing of a wellbore used for hydraulic fracturing
operations, wheremn a viscous fhuid, preferably an agueous tluid, 15 mjected mito the wellbore
100 at a high fiow rate such that enough pressure s created mside the wellbore to cause
fractures n the formation. Generally, the fracture produced during hydraulic fracturing can
extend deep mio the formabion, as shown m the region of hydraudic fractmmg 101, For
example, as shown in Figure 1, the length of the fracture 102 is shown to exiend mto the
tormation. In some embodiments, the length of the fracture can exiend from 25 to 100 meters.
Additionally, the hydraulic fracturing process can be designed such that the fracture extends

outward from the wellbore m mulliple directions,
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[6622] Thus, provided heremm are methods and composttions for the stimulation of tight
gas wells o generate synthetic sweet spots {0 merease well productivity., The methods and
composifions can, in certam embodiments, be utilized 1 conjunction with standard hydraulic
fracturing techniques. For example, the well stimulation process can mvolve the step of first
injecting fhuid into the hole at a sufficiently high injection rate to build encugh pressure in the
wellbore, across freated formation, to mihate and propagate a hvdraulic fracture m the

reterenced formation.

{80231  In one embodiment, a method 1s provided for creafing a synthetic sweet spot within
a tight-gas formation. The method utilizes the step of mjection an mventive composition that
takes advantage of an oxidation-reduction reaction {also referred o herem as a RKelox
composifion} for the in-situ generation of nifrogen gas within the fight gas formation (o
thereby create an arca of localized pressure. By creating this area localized pressure within
the formation, mmero-fracturing of the nearby strata occurs; thereby mmproving the
pormeability of near fracture surface of the formation. The method can melude the step of
supplying a composition that mcludes compounds containing anmumonium ions and nitfriic 10ns
to the formation, which can then react exothermically and gencrate gascous nitrogen.  In
certamn embodiments, all or a portion of the oxydation-reduction composifion can be

incorporated with fracturing fluids and mjected during a hydraulic fracturing freatment.

{38241 Fipure 2 shows the propagation of microfractures 112 within and exiending from
the fractures 114 produced as a resull of the hydraulic fracturing procedure, thus creating
sweet spots 116, Generally, depending upon the reactants and the volume of nitrogen gas
produced therefrom, the microfractures 112 can extend throughout pseudo fracture width 118
from the mitial fracture created durtng hvdrauhic fracturing. Figure 3 sinndarly shows the top

view of the same.

68251  Figure 4 18 another schemabic demonstrating the generation of sweet spots 116
within the formation. The figure shows the fength of fracture 102 that can extend through the
formation. . In some embodiments, this length of fracture 102 can exiend up to 180 meters.
In some cmbodiments, this length of fracture 102 can exiend up to 30 meters. In some
cmbodiments, this length of fracture 102 can exiend up to 25 meters. The figure shows that
the fracture width 120 that resulis utilizing known fracturmg techmuques. In some
embodiments, this fracture width is about (.5 centimeters. In other embodiments, this
fracture width 1s less than 0.5 centimeters. Utihizing the compositions and methods described

herein, however, provide the surprising result of a pscudo fracture width 118, such that a

i
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sweet spot 18 crealed at and around the fracture site. In some embodiments, this pseudo

fracture width 1s 1-3 meters m width

16026]  The mesitu gencration of nitrogen and heat {and resuliing mcrease in prossure
within the formation atf the reaction siie}, mereascs the permeablity of fight gas formations.
The heat and gas that are generated by the reaction can cause tenstle and thermal fractures
within the hydraulically mduced and the existing fractures i the tormation. I 1s undersiood
that the gencration of the nucrofractures withmm the formation may depond on the type of

formation being treated.

{6627}  In certam embodiments, the method includes the steps of mjecting a reducing agent
{or reducer) and an oxidizing agent {or oxadizer) o a formaiion, followed by the miection
of an activator., In certain cmbodiments, the activator can be an acid.  In certan
embodiments, heat can be separately or additionally supplied from the formation or by
separate means as an activator, The base fhads (1e., the oxidizing and reducing agents) and
activator ¢an be mijecicd mio the formation during hydraulic fracturing, and enter mito the
newly created hvdraulic fracture. As soon as the activator has been mjected info the
formation and comes mto contact with the oxidizing agent and the reducing agent, the
oxidation/reduction reaction proceeds and large amounts of gas and heat are generated. The
zas that 1s generated and the low local permeability favor an increase m pore pressure, thus
causing the imtiation of nucrotractures at or near the mduced fracture. The result 1s the
stinmuiation of the fracture surface, rather than damage (o the formation, which is frequently
the case during hydraulic fracturmg. In may ways, the siimulation process provided heremn 1s
less harsh and severe than the prior art stimulation technigues, and reduces or climinates the
damage o the formation that is frequently encountered with the prior art techmigues. This
results 1 additional conductivity within the formation near the frachure. This 1s an addifional

advantage of the methods disclosed herein over the prior art stimulation methods.

{30281 Figure 5 shows the predicied release of nitrogen gas within the formatfion, wherem
the nitrogen gas is predicied {o migrale mto the fractures created within the formation during
the hydraulic fracturing to formn additional microfractures withm the formation. Retferring
now to Figure 3, wellbore 104 15 withim formation 102, Drnill pipe 106 15 posthioned within
wellbore 104, Following a hydraulic fracturing process, large fractures 110 exist within
formation 102, extendimg cutward from welibore 104, Nitrogen gas generating tluids, such
4s a composition that meiudes an ammonium compound, a nitrite compound and an activator,

are mjected to the formation where 1t migrates within large fractures 110, Upon reaction, the

6-
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imjected fluids produce nitrogen gas and heat, thereby causmg miucrofractures 112 to be
created within the formation, thereby providing pathways tor the hydrocarbon molecules

trapped within the formation to migrate and be recovered.

{3029 In vot another embodiment, a composifion that includes ammonium 1ons, nifriie
ions, and acetic acid can be imected mto a formation, wherein at least one of the ammonium
wons and/or ninite ions 18 encapsulated. It 18 understood that that the terms “ammoniam ions”
and “nifriie wons” as used herein refers o oan wnic compound wherein a counter 1on s
mcluded, for example, ammonium ons may be supplied as ammonium chioride. Suitable
cncapsulation matenals can mclude hydrated polymers, such as guar, chitosan, and polyvinyl
alcohol.  In ceortain embodiments, the previousiy noted hydrated polymer encapsulation
materials are preferably used as the encapsulant for the nifrite ton containmg compound, such
as sodmm mifrite.  In alternate embodiments, binders, such as carboxymethyl cellulose or
xanthan can be used as an encapsulant, In certain embodiments, the carboxymethyl celiulose
or xanthan may be preferred encapsulants for the ammonium ion confaimung compound, such
as ammonium chioride. The heat of the formation, the acid, or the agueous water for the
formation can all play a role in the crosion or removal of the encapsulating material, thereby

releasimg the reactants.

160307  The methods and composition described hercin are responsible for the release of
kinetic energy and thermal cmergy, which is a result of the exothermic nature of the
oxidation-reduction reaction.  In one cmbodiment, for e¢xample, agueous solutions of
anmonium chloride and sodium nitrite are mixed in the presence of an acid (H) to generate
nitrogen gas, sodmm chioride, water, and heat. The gencration of nifrogen gas, along with
the increased temperature, results mm an increase in the local pore pressure and the
development of mucrofractures m the tight formation. The balanced reaction 1s provided

below, (The reaction requires the addition of acid or heat, not shown),
NH;CL+ NaNQy — Ny{g) + NaCl + 2H,0 + Heat {75 Kcal/mol)

{38311 In typical usage, the above noted reaction results m local generation of about 60 L
of natrogen per one L of reactants and about 225 Kceal of heat per one L of reactants. Without
wishing to be bound by theory, it 1s belicved that the mcreased pressure and temaperature
overcome the tensile strength of the formafion, thereby leading o creation of tensile

miicrofractures in the formation.

~u
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[6632] In onc embodiment, a multi-component composition that includes at least one
ammoriom conlammg compound and at least one nirite contammmg corppound can be
injected mmto a formation, wheremn af least one component includes a polymer coating. In
certain embodiments, the polymer coating can be hydrated to form a solid matrix with the
component. Exemplary polymer coatings mmclude guar, chitosan, polyvinyl aicohol, and like
compounds. The polvmer coating is operabie to provide a delay m the reaction of the
ammonium confamning compound and the nurie confammg compound. In  cerfamn
cmbodiments, the composition can be mchuided 1 an agqueous sohution that 1s mjected into the
formation. In an alicrnate embodiment, the composition can be mcluded mn a hydraulic

fracturimg fluid.

{38331 Fipure 6 shows the gencration of heat as a function of fime for the reaction of
equimolar amounts of ammonium chloride and sodium mitnite. As shown, the temperature
rises rapidly to a peak atfler about 10 mmutes of reaction, mamtamnmg an clevated
temaperature for approximately 20 ounutes, and slowly cooling over the next 30 minutes.
This graph demonstrates that the temperature increasc as a resull of the exothermic reaction
can be designed to ensure that certain required temperatures are achieved such that thermal

fracturcs are created in the formation.

16034] Fgure 7 provides a graph showing the amount of pressure gencrated by the
reaction of ammonium chionde and sodium nifrite. The test was run in a high femporature,
high pressure press. Prior to intiating the reaction, the press was set at 200 psi. The reaction
showed that the pressure gradually mereased by about 200 psit during the reaction. The graph
demonsiraics the ncrease m pressure due to the generation of nifrogen gas as a resuilt of the
chemical reaction. The amount of pressure that 1s generated 18 a function of the concentration
of the reactants, allowing the reaction to be tmlored to achieve certam pressures sutficient to

croate tensile fractures withun the formation.

{3635 In an alicrnate embodiment, a multi-component composition that mcludes at least
one ammonium containing compound and at least one nifrite contaming compound can be
mjected mte a formation, wherein at feast one component can be encapsulated with a binder
to form g solid matnx with the component. Exemplary encapsulating binders include 535-
carboxymethyl cellulose, xanthan, and like compounds. Exemplary binders are preferably
reactive with acid, water and/or heat such that upon contact with acid or water or upon

heating, the binder erodes or dissolves, thereby allowing the reactands (o react.
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[8636] In another embodiment, a fracturing {hud, optionally including a proppant
suspended theremn, can be myected mio a formation. Followmg myechion of the fractuning
tluid, a composition that includes at least one ammonium condaimng compound, at least one
nitrife contaming compound and an acid, for example acefic acid, can be mjected mto the
formation. At lcast one of the ammonium ions and mitrife 1ons 1s encapsulated. In certain
cmbodiments, a solution that includes the ammonium and nitrite 1on confaming composition
can be njected directly mnto the formation after the tracturing fiuids have been miected. In
altcrnate embodiments, the ammonium and nitrite 1on contaming solution can be injecied mto
the formation approximately 15 munuldes after the compietion of the micction of the fractunng
Huid myection, alternatively approximately 30 nunuies atter the completion of the myection,
alternatively approximately 1 hour after the completion of the injoction. The acid and/or the
heat of the formation can erode the encapsulating material such that the reaction between the
amrnoniurm and nitnie contaming compounds 18 delayed, thereby allowmg the reactants (o

migrate and seep mio the fractures within the formation.

{88371  In another embodiment, an aqueous composifion that imcludes ammonium ions,
nitrite 1008, and a buffer are njected mto a formation m a hydraulic fracturing procedure,
The butfer preterably is soluble and compatible with the ammonium and nitrife contaming
compounds, and the resulting reaction products. Additionally, the butier preferably releascs
acidic hydrogen ions at a rate that 1s sutticiently slow such that the injected fhnds have time
to enter mto the formation, and nugrate 1nlo the fractures created by the hydrauhic fracturing
process before the pH s reduced to a value of less than about 7 and the reaction proceeds.
Exemplary buffers can include acctates, mcluding methyl acetates and ethyi acetates. The
mitial pH of the agueous solution 1s around 7. At typical formalion temperatures, methyl
acetate degrades and releases acetic acid. This takes place deep mside the formation, after
imjection of the fluids. In certam embodiments, approximately 3% by volume of the butier
(0.1 molar solution) can be included with the reactants. The butter acts as the activator, when
it degrades and releases acetic acid within the formation. At lower temperatures, tor example
between about 60-70°C, acidic hydrogen atoms at a pH of between about 3 and 5 can activate
the reaction. In some embodunents, the agqueous composttion that mcludes ammonium 10ns,
nitrite 1ons, and a butier 1s mcluded with a fracturing tiuid and injected mto a formation i a

hydraulic fracturing procedure.

13038  For cach of the embodiments described horem, exemplary ammoniunt 1ons include

ammoniin  hyvdroxide, ammontum chioride, ammonmum bromide, ammonium nifrate,
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ammonium nifrite, ammonmum sulfate, ammonium carbonale, ammonium hydroxide, urea,

and the like.

1603% Exemplary nifrife ions mclude sodium  mitrite, potassium  nifnde, sodium

hypochlonte, and the like.

{3840  Exemplary ammonium-nitrite combinations for use herein can mclude, urea-
sodium  hypochlorite; urca-sodiumn  wine; ammonium  hydroxide-sodium  hypochiorite;
amimonium chiornde-sodium nurite, and the hike. In certamn erpbodunents, amomomium mitrite
can be used as the reactant, wherein encapsulated ammonium nitrife 1s injected mio the
formation, whercin it contacts an acid, thereby leading to the reaction of the components and

the generation of the desired nitrogen gas.

1686411 In certain cmbodiments, equal molar amounis of the ammonium confammg
compound and the mifrife confaming compound are supplied to the formation o ensure
complete reaction of both components. In alternate embodiments, up to about a 5% ¢excess of
cither component can be emploved, however it 1s generally preferred that equuumolar amounts
are employed.  Thus, m cerfam embodiments, the ratio of ammonium to nitrite i the
compositions disclosed herein can range from between about 1.1:1 to 1:1.1; alternatively

between about 1.05:1 and 1:1.05, alternatively about 1:1,

108421 Exemplary acids that can be used as the activator tor the reaction mclude weak
acids, such as acetic acid, cifric acid and the like, strong acids, such as hydrochioric acid and
the like, and diluted strong acids. In general, any compound that 18 capable of releasing an
acidic hydrogen can be used as the activator. In certain preterred embodiments, acetic acid 18
uscd as the activator. In certain embodiments, a 8.1 molar solution of acetic acid having a
concentration of about .5% by volume (ot the total volume)} can be utilized. In certain
cmbodiments, dilute weak acids, such as dilute hydrochloric acid, can be used to activate the
reaction, with or without the addition of a buffer. One main advaniage (o the use of dilute

strong acids 1§ mmcreased control over the reaction.

{33431  In certain embodiments, the procedures described heremn can utilize the clevated
temperatures within the formation as the activalor or co-activator {along with the acid or
other hydrogen releasimg compound) for the reaction. For example, in certain embodiments,
the temperature within the formation may be abouf 200°C. In certam embodiments, a
temperature of at least about 60°C, alicrnatively at g temperature of at least about 70°C. In

certain embodiments, the temperabture 18 between about 60°C and 70°C, alterpatively the

10-
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temperature 18 between about 65°C and 30°C 15 desired.  As noted above, i cerfamn
cbodiments wherein the temperature of the formation 18 used {0 activate or imitiate the

reaction, a buffer can be emploved such that acidic hvdrogen 10ons are released slowly.

1383441 In cortain cmbodiments, the fhuds used m this application can include certamn
chemical additives that can help to form a viscous fracturing tluid., The chemical additives
cant mclude al least one solvent and at least one polymer that 18 soluble m the solvent. The
total composition of the fracturing fluad can also mchide a reducing agent, an oxadizing agent,
and an activator. 'The solvent can also mmclude water and/or a surfactani, depending on the
type of formation being treated. The oxudizing agent can be an amrponiurn contanung
compound, such as ammonium chloride, and the reducing agent ¢an be a nifrife confaimng
compounds, such as sodium nifrife. The activator can be an acid, such as hydrochioric acid
or acetic acid. The polymer can be mixed with the solvent or water to form a viscous thud.
Exemplary polymers that can be used mclude guar and carboxymethyl cellulose.  The
polymer can be used to coat at least one of the reactants, for example ammonium chlonde, to
prevent premature reaction and (o also provide addition viscosily to the thud., The oxidizing
agent and the reducing agent, however, can still be myected mio the formation separately at a
later stage atter the viscous polymer confaming solufion 1s mgected for purposes of fracturing.
Following mjection of the oxidizing and reducing agents, the imitiator can be injecied to
trigger the reaction and thereby create a synthetic sweet spot. The created synthetic sweet
spot will have higher pressure than surrounding formation rock, but the pressure that s
cgenerated will be at least partially consumed to gencrate fractures in the formation. I the
pressure was not hugh enough to break the formation, however, then the iocal increase in
pressure 15 analogous 10 a sweet spot iselt, because the increase in pressure will assist
producing the reservow hydrocarbon., The main mtention of the methods and compositions
described heremn, however, 1s to generate sufficient pressure {0 cause mucrofractures, thercby

increasing the porosity and permeability of formation.

{3845]  Generally, during successtul hydraulic fracturing procedures, the fracturing hquid
must be removed from the well upon completion of the stimulation treatment, The process
can be both costly and tume consuming. Advantageously, the composifions and methods
described heremn are designed to cause no damage to the formation, which is a challenge
considerimg the current {racturing techmologics. To overcome this problem, the compositions
and methods described heremn advantageously utilize novel combinations of nifroger

generating chemicals as the hydraulic fracturing hiquid-base. Thus, m certamn embodiments,

1.



CA 02855730 2014-05-12

WO 2013/078306 PCT/US2012/066249

the liguids used for fracturing of the tormation, which can include the nitrogen generating
chemicals previously described, can be miccted nto the formation though the wellbore or

ofher mmjection means at a sufficiently high mijection rate so as to create prossures within fhe

L

tormation that can cffectively fracture the rock or open previously existing fractures. As the
fracturing hiquid seeps mto the formation, these mifrogen genecrating chenucals can be
friggered to react, thercby generating large amounts of nifrogen gas and heat within the
formation and necar the newly created fracture surfaces. In certain embodiments, the
trigeering mechamism can be the heat of the formation temperature. In aliernate
crnbodiments, the triggering mechanism can be an myected fluid, such as an acid, that can be
imjected at the end of the fracturing process. The generated nitrogen gas and heat can create
additional microfractures and thermal fractures at or near the fracture formied as a result of
the hydraulic fracturing. The reaction gencrates at lcast about 200 Kceal and 50 L of nitrogen
gas per hicr of the nitrogen gencrating chemmcals that 185 supphed (o the reaction, alternatively
about 225 Kcal and 60 L of nitrogen per hiter of the nifrogen generating chemicals supplied (o

the reaciion.

[8846]  In certain embodiments, a polymer can be mixed with ammonium solution, nitrite
solution, or a combination thereof, and can serve as the base thid bemg mijected m the
tormation. Generally, the mjection of the base ihuid i1s foliowed by the injection of an acid,
such as hydrochioric or acetic acid. Thus, 1n certain embodiments, the hydraulic fracturing
fluid can mchide a solvent base, such as water, a polymer viscosifving agent, and an
ammonium contamung compound.  In such an embodiment, followmg the myection of the
fracturing fhid, a ninte contaming compound and activator would be injected mio the
formation, cither i a single injection, or 1 series (1.e., the nitrite contamimg compound would

be myected, followed by the mjection of the mtiator).

{33471  In an alternate embodiment, a hydraulic fracturing fhuid can melude a solvent base,
uch as water, a polymer viscositying agent, and a niirife containing compound. In such an
embodiment, following the injection of the fracturing fluid, an ammonum containing
compound and activator would then be mnijected mito the formation, either m a smgle miection,
Of it serics {1.¢., the ammonium confaming compound would be mijected nto the formation
first, followed by the injection of the initiator).

160481  In cortam cmbodiments, the acetic acid concentration can be between about 0.5 and

5 vol.% of the total volume of fluids being myected into the formation. The acehic acid

concentration can range from about (.5 to 1 molar, such that the solution pH 1s between about

17.
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3 and 5. The ratio of ammonium chloride to sodium nitrite can be between about 1:2 and 2:1,
alternatively between about 1:1.5 and 1.5:1, alternatively between about 1:1.25 and 1.25:1,
alternatively about 111, In certain emibodiments the rafio of ammoryum chloride to sodium
nitrite can be between about 1:1 and 2:1, alternatively between about 1:1 and 1.5:1,
alternatively between about 1.23:1. The nmuxture of nitrogen generating compounds can make
up o about 50% by volume of the total thud volume, altermatively up o about 40%,
altcrnatively up to about 30%, aliernatively up to about 20%. The reaction can occur at any
concentration of reactants, however i certain embodiments, the molarity of the ammonium
chloride and sodiumn nitrife can range between about 2 and 10 molar, alicrnatively between
about 2 and 5 molar, or alternatively between about 5 and 10 molar. The nuxture of nitrogen
gencrating compounds can be up to about 40% by volume of the tofal volume of thuids bemg
injected, aliernatively up to about 30% of the total volume, alternatively up to about 60%. In
certain embodiments, the remainder of the volume can be water. In certam embodiments, the
composifion mciudes at feast about 40% by volume water, alternatively at least about 50% by
volume water, alternatively at least about 60% by volume, alternatively at least about 73% by
volume water. In certamn embodiments, additional additives can be added to the composition,
for example, surfactants, wron conirol (Citric acid), fnction reducers, and the hike. The
fracturmyg fiuids can be waicr-based, otl-basced, or foam bascd (1.c., hquid and gas} fracturing

fluids. The encapsulated reactants can be added (o any of the above fracturing fluids.

[3849]  Advantageously, m contrast to some currently employed stinnilabion methods, the
methods and compositions described herein do not produce any damagmg by-products as a
rosult of the m-sifu reaction. For cxample, the acids utihized as activators are typieally
consumed by the reaction and are only present in relatively small quantities such that there is
hittle or no residual acid romatning that may cause environmental concerns.  As a result,
tollowing the stimulation procedure, no clean-up procedure 1s required.  Thus, through the
creation of the synthetic sweet spois, maximum enhancement of gas production with a

mimmal erealion of damaging waste products 1s provided.

G050 In cortamm cmboduments, the methods and compositions  described  herein
advantageously and uncxpectedly reduce or climinate formation damage that can be caused
by a fracturing gel, water blockage, and/or condensate banking., These condifions resuilt in

-’

reduced permeabihity of fiuids withim the formation, and subsequently lead {0 poor production

of a well, The generation of the synthetic sweet spot according to the methods described

herein avoids these problems.
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{6651} In certain embodiments, the methods and composifions described herein
advantageously and unexpectedly create synthetic sweet spots in tight-gas reservows that lack
the presence of such important How-supporfing stratas. As noted previously, a sweet spot 18
an arca of maximum production within a formation. These formations lack the pathways that

aliow for the flow of hydrocarbon tluids and gases to a point of production.

{30521  The methods and composifions provided herem solve several problems that are

frequently encountered during the construction of conmunercial wells m fight-gas reservoirs.

({38531  Fust, problems associated with damage fo the formation caused by current
hydraulic fracturing methods can be reduced or elimnated. For example, the methods and
compositions described herein, advantageously help to reduce or elimmale frachurmg-Hund
filtrate that can be locked near a recently created fracture surface by c¢reating many tensile
fractures near the fracture surface such that any filtrate readily flows through these fractures

toward the well.

[3854]  Second, the methods and compositions provided herein, advantageously enhance
production  over iraditional hydraulic fracturing methods through the creation of
microtractures, which provide additional conductivity to the near fracture surtace such that i
provides new channels for gas to How toward the created fracture. The additional reservor
volume contacting the well contributes sigmiticantly to the overall flow efficiency of the

dramage arca bemng atiected by the mduced fracture.

{B055]  Fimally, current hydraulic fracturing techniques that require many fracturing stages
to create sutficient reservoir volume contact within the well to be commercial are chiminated
as a resulf of the production of microtractures due o the gas and heat that are produced. By
reducing the number of required fracturing stages for same production, the present
stimulation treatment described herein 1s both more cost effective and accomplished more
quickly, thereby providing viable cconomucal options for the shimulation of low producing

welils,

16056]  Figure § provides a graph showing the increase in cumulative pore volume of the
tormation {cm} as a function of pressure. A core flood iest of the nifrogen generating
compounds m a carbonate core was performed.  Pressure across the core prior to the
ocneration of the synthetic sweet spol was approximately 15 pst and the permeability (Kppine)
was about 3.7 md. After nitrogen generation {1.¢., the synthetic generation of a sweet spol in

the core sample) pressure across the core was approximately O psi, and permeability (Kivine

-14.
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mcreased to about 982.2 md. As brine permeability mcreased, the pressure drop across the
tested core sample was reduced fromn about 15 pst to § psy, indicating an 1mcrease 1 the core

permeability and porosity, thus signaling the ¢reation of a sweef spot.

{30571 The testing procedure for deternuning the creation of a sweet spot proceeds as
tollows, The Coreflood testing device was designed such that the tested core sample has two
mlet hnes and one outlet hines. Each inlet hne has its own pump and feed contamer. The
core was evacuated of air by admunistering a saturated brine solution (7 wit¥e NaCl), The
core was then loaded mio the core holder. Approximately 3000 psi confining stress pressure
was applied and 300 psi backpressure was mamiamed. The temperature was raised to about
200°F, A 7 wi% sodwum chioride brine solution was mjected m the pre-designated
production direction unill a stable ditfercntial pressure was obtained. The absohife
permeability (o brine was then calculated. A mixture of ammonium chlonde (2 molar) and
acelic acid (1 molar) was mjected mnto the core sample trom one mnlet, and at the same time
sodium nifrate (2 molar) was mjecied from the other mlet, such that both solufions mect at the
mict of the core sampie. A 7 wt% sodmim chioride brine solution was then mjected at a

constant rate and measure absohute permeability to brne.

{3058  Although the present mvention has been described 1o detast, 1t should be
understood that various changes, substifutions, and alterations can be made hereupon without
departing from the principle and scope of the mvention. Accordingly, the scope of the
present mvention should be determined by the following claims and theiwr appropriate legal

cquivalenis.

{3859} The smgular forms "a", "an" and "the” mclude plural reterents, unless the context

cicarly dictates otherwise,

[86608] Optional or optionally means that the subsequently described event or
crrcumstances may or may not occur. The description includes mstances where the event or

cireumstance occurs and instances whore it does not occur.

{36611 Kanges may be expressed hercin as from about one particular value, and/or o
about another particular value. When such a range is expressed, it is to be understood that
another embodiment 1s from the one particular value and/or (o the other particular value,

along with all combmnations within said range.

({38627  Throughout this gpplication, where patenis or publications are referenced, the

disclosures of these reterences in their enlireties are ntended to be mceorporated by reference
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mto this application, i order to more fully describe the state of the art to which the mvention

pertains, except when these references contradict the statements made herem.

10063] As used herein and 1 the appended claums, the words "comprise,” "has,” and
"inchude” and all grammatical variations thereot are ecach mtended to have an open, non-

Limiting meaning that does not exclude additional elements or steps.

[3864]  As used herem, torms such as "hrst” and "second” are arbifrarily assigned and are
merely miended to ditfcrentiate between two or more components of an apparatus, 1t 1s 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 detine a relative location or
posifion of the component. Furthermore, 118 to be understood that that the mere use of the
termt "first” and "second” does not require that there be any "third” component, although that

possibility 1s contemplated under the scope of the present mvention.

16-
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CELAIMS
That which is claumed s

1. A reaction muxture for the m-situ gencration of mitrogen within tight gas wells, the

reachion nuxiure comprising:
an anunoniym contaming compound;
a nitrite containing compound; and
a hydrogen releasing activator;
wheremn at least one of the amnonium containing compound and the nitnite contaming

compound arc encapsulated with a coating designed to delay the reaction of the ammonium

and niirite contaming compounds.

2. The reaction nuxture of etther claim 1 or 2 wheretn the ammonium contaming
compound 1s selected trom ammoniumn chloride, ammonium bromide, ammonium mitrate,

ammonium sulfate, anymonium carbonate, ammonium nitrite, and ammonium hvdroxide.

3. The reaction mixture of claim 1 wherein the nitrite contaming compound is selected

from sodium nitrite, potassium nitrite, and sodium hypochlorite.

2 The reaction mixture of any of claims 1-3, wherein the coating encapsulating at least
one of the anwmonwm confatung compound and the minte contaming compound 18 a

polymer selected from guar, chitosan, polyvinyi alcohol, and like compounds.

3. The reaction mixture of any of claims 1-3, wherein the coating encapsulating at least
one of the ammonium contamning compound and the nitrite containing compound 1s selected
from SS-carboxymethyl celhulose, xanthan, and ike compounds.

&, The reaction muxiure of any of claims 1-3, wherem the hyvdrogen releasing activator is

selected from acetic acid and hydrochloric acid.

7. The reaction mixture of any of clatms 1-6, further comprising a butfer.
3. A method for stimulating production of gas i a tight-gas formation, the method

comprising the steps of

injecting nto the formation an aquecus sclution CoMPrising an ammonium contaming

compound and a nifriiec containmg compound, wherein al least one of the ammonnim

17
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containing compound and the nifrite contaming compound are encapsulated with a coating

operable to prevent reaction therebetween; and

mijcchimg an activator mito the formation an activator, the activator being capable of
initiating reaction between the ammomium contaming compound and the nitrife confaining

compound such that the reaction generates heat and nitrogen gas;

wherem apon the generation of pitrogen gas and heal within the {ormation,
microtractures are produced within the tormation and the hydrostatic pressure within the
reservolr 18 reduced to fess than the reservoir fluid pressure, such that the rate of production

of hydrocarbons from the formation is mcreased.

9. The method of claim &, turther comprising the step of first ingecting an aqueous
fracturmg Hhud mto the fight gas formation, wherem said aqueous fracturing fhuid comprises
water and a fracturing polymer gel, wherem the step of mjection ot the aguecous fracturing

fluid 15 achieved at a suthicient rate and pressure to fracture the formation.

{0 The method of esther claim 8 or clamm 9, wheremn the ratio of the amunoniom

confairung compound o the mitrite contaming compound 1s between about 1.1:1 and 1:1.1.

il. The method of any of claims 8-10, wherem the activator 1s a weak acid and weak acid
salt, said weak acid and weak acid sall bemng present in a ratio providing an acidic solution

pH at which said aromonium and nifnite son-contaming compound react.

12, The method of claym 11, wherem said muxture of weak acid and weak acid salt are
present in a concentration providing an aqueous solufion of weak acid which s capable of
effecting a weak acid reservorr acidization of malerials contacted 1 or around the fracture

created within the well.

{3, The method of erther claim 11 or claim 12, wherem said nuxture of weak acid and
weak acid salt are mjecied mito the formation in a solution having a concentration between

about 2 - 10% by volume.

4, The method of any of claims 8-13, wherem the coating encapsulating at least one of
the ammonium confaimmg compound and the nitnie contatung compound 1s sclected from

guar, chitosan, polyvinyi alcohol, and like compounds.

i3. The method of any of claims 8-13, wherem the coaling encapsulating at icast one of
the ammomum conlaming compound and the nitrite contaming compound 18 selected from

Sa-carboxymethyl cellulose, xanthan, and like compounds

18-
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16,  The method of any of claims &-15, wherein the ammonium contaming compound 1S

armomnium chioride.

17.  The method of any of ¢claims 8-16, whercin the nitrife contaming compound 15 sodium

nitrite.

-19..
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