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TITLE: METHOD OF FRACTURING USING ULTRA LIGHTWEIGHT
PROPPANT SUSPENSIONS AND GASEOUS STREAMS

SPECIFICATION

Field of the Invention

10001} The invention relates to a method of hydraulic fracturing a subterranean
formation by introducing into the formation a stablc foam as proppant stage containing a
gaseous fluid and an ultra lightweight (ULW) proppant suspended in a viscosified or

gelled aqueous fluid.

Background of the Invention

[0002] A common method of increasing productivity of a hydrocarbon-bearing
formation penetrated by a wellbore is to subject the formation to stimulation techniques,
such as hydraulic fracturing. In hydraulic fracturing, a liquid, gas or two-phase fluid,
generally referred to as a fracturing fluid, is introduced into the formation. The fracturing
fluid, typically water or oil-based, is introduced into the wellbore penetrating the
formation at a sufficient pressure and flow rate to create fractures in the subterranean
formation. A proppant is introduced into the fractures to keep the fractures open. The
propped fracture provides larger flow channels through which an increased quantity of a
hydrocarbon may flow, thereby increasing the productive capability of the well.

(0003] Recently, ultra lightweight (ULW) particulates have been reported for use as
proppants. The requisite fluid velocity to maintain proppant transport within the fracture
is reduced by the usc of ULW proppants. In light of reduced fluid velocity, a greater
amount of the created fracture area may be propped. Exemplary of such ULW proppants
are those set forth in U.S. Patent Publication No 2008/0087429 Al.
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[0004] Many times, fracturing proceeds by first introducing into the formation a
"pad" or "spearhead" fluid. Pad or spearhead fluids are fracturing fluids used to initiate
fractures and are typically free of proppant. They normally exhibit relatively low
viscosity. Following the initiation of the fracture, fracturing fluid containing proppant 1s
then introduced into the formation.

[0005] Fracturing fluids which are predominately liquid typically exhibit poor
transport properties. High pumping rates are normally required in order to impart a
sufficient velocity for placement of the proppant in the fracture. In such treatments, the
proppant tends to settle, forming a 'proppant bank’, as the linear slurry velocity falls as a
function of the distance from the wellbore. This effect 1s further believed to result in
reduced stimulation efficiency as the effective propped length 1s relatively short.

[0006] Further complications arise from the use of liquid fracturing fluids because of
the need to recover the fracturing fluid. Such fracturing fluids typically contain
components which are damaging to the environment and/or affect the production of oil
and/or gas from the reservoir. For instance, water soluble polymers, such as guar gum or
a derivative thereof, are often used 1n fracturing fluids to provide the requisite flow
characteristics to the fluid and to suspend proppant particulates. When pressure on the
fracturing fluid 1s released and the fracture closes around the proppant, water 1s forced
out and the water-soluble polymer forms a filter cake. This filter cake can prevent o1l or
gas flow 1f 1t 1s not removed. Further, emulsions may be generated from fracturing fluids
which impede flow of produced gas and/or oil.

[0007] The recovery of fracturing fluids and the removal of filter cakes 1S normally
accomplished by reducing the viscosity of the fluid with a breaker such that the fracturing
fluid flows naturally from the formation under the influence of hydrostatic pressure.
Historically, the application of breakers in fracturing fluids at elevated temperatures, 1.¢.,
above about 120-130° F., has been a compromise between maintaining proppant transport
and achieving the desired fracture conductivity, measured in terms of effective propped
fracture length. Conventional oxidative breakers react rapidly at elevated temperatures,
potentially leading to catastrophic loss of proppant transport. Encapsulated oxidative

breakers have experienced limited utility at elevated temperatures due to a tendency to
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rclease prematurely or to have been rendered ineffective through payload self-
degradation prior to release.

[0008] Alternative fracturing treatments have been explored by incorporating gaseous
materials 1nto fracturing fluids in order to form a gas phase at the wellhead or at the
formation being fractured or both. In "foam fracturing”, a foam 1s generated of a desired
Mitchell quality which 1s then introduced through the wellbore into the formation. For
instance, U.S. Pat. No. 3,937,283 discloses a hydraulic fracturing process employing a
foam formed of a gas (such as nitrogen, carbon dioxide, air or a hydrocarbon gas) and a
liquid (such as water or an o1l base liquid). The foam 1s characterized as having a foam,
or Mitchell, quality within the range of 52.4% to 99.99% and preferably between the
ranges of 60% to 85%. The pressure at which the foam 1s pumped into the well 1s such
that a fracture of the hydrocarbon-bearing formation i1s created. The foam easily exits the
well when pressure 1s released from the wellhead. The reduction 1n pressure causes the
foam to expand.

[0009] It 1s known that 1n order to successfully carry proppant particulates into a
formation, the foamed fluid must exhibit a fine, uniform texture rather than a coarse
texture. Over a foam quality of 85%, foamed fluids have been known to exhibit a coarse
structure. Coarse textures destabilize the foam, causing the foam to disintegrate and
break apart. In addition to increasing stability of the foam, a fine texture 1s also known to
affect viscosity of the foam. With fine textured foams defined by bubbles of small
diameter, interaction amongst the bubbles increases which, 1n turn, increases the viscosity
of the flud.

[00010]  Further, conventional fracturing operations, including those wherein a gaseous
material 1S incorporated into the fracturing fluid, have been found to be inappropriate for
the creation of partial monolayer fractures. Partial monolayer fractures are created by a
proppant pack having proppant particulates widely spaced from each other, the proppant
pack exhibiting the requisite strength to hold fractures open and thus allow the production
of hydrocarbons from the formation.

[00011] The efficiency of a partial monolayer fracture 1s dependent on fracture
porosity and conductivity once the fracturing operation 1s stopped and production

commences. Fracture porosity 1s dependent upon the area concentration of the proppant
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placed, the proppant size, and mechanical properties, ¢.g., modulus, of the proppant. It 1s
important that proppant packs forming partial monolayer fractures exhibit high porosity.
The high conductivity of the created fractures 1s attributable to the ability of produced
fluids to flow around the widely spaced proppant particulates instead of being confined to
the relatively small interstitial spaces evidenced 1n the packed proppant bed.

[00012] Alternative hydraulic fracturing methodologies have been sought which
provide increased conductive fracture arcas and increased effective propped fracture
lengths. Such alternative methodologies need to render improved stimulation efficiency
and well productivity and provide a means to create partial monolayer fractures. In
addition, such methodologies need to minimize or climinate the reservoir damage

evidenced from the use of liquid fracturing fluids.

Summary of the Invention
[00013] The invention relates to a method of hydraulically fracturing a hydrocarbon-

bearing subterrancan formation by introducing into the fracture at least one proppant
stage which contains a gaseous fluid and an ultra lightweight (ULW) proppant suspended
in a viscosified or surfactant gelled aqueous fluid. The gaseous fluid of the proppant
stage contains at least about 85 volume percent of the combination of gaseous fluid and
aqueous fluid. The ULW proppant has an apparent specific gravity less than or equal to
2.45.

[00014] In an embodiment, the proppant stage i1s a fine textured foam wherein the
diameter of at least 70% gas volume of the bubbles constituting the fine textured foam 1s
less than or equal to 0.18 mm. Such foams are highly stable even when the gaseous fluid
of the proppant stage 1s well over 85 volume percent.

[00015] The ULW proppant 1s suspended in the wviscosified or surfactant gelled
aqueous fluid prior to being admixed with the gasecous fluid. The amount of proppant
suspended 1n the surfactant gelled aqueous system or viscosified aqueous fluid 1s that
amount sufficient to create a partial monolayer 1n the fracture.

[00016] The pumping of the proppant stage may be preceded by introduction of a pad
fluid. The pad fluid contains a gaseous fluid and 1s introduced into the formation at a

pressure sufficient to initiate a fracture. The pad fluid may further contain an aqueous
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fluid. Typically, the gaseous fluid of the pad fluid mixture comprises at least 70 volume
percent of the pad fluid mixture. The pad fluild may further contain a proppant,
preferably an ULW proppant having an apparent specific gravity less than or equal to
2.25.

[00017] The disclosed methodology improves proppant placement and conductive

fracture area, while minimizing fracture conductivity damage.

Brief Description of the Drawings

[00018] FIG. 1 1s a foam flow loop used 1in the measurement of the diameter of the
bubbles of the fine textured foam described herein.
[00019] FIG. 2 1s a photomicrograph at 5x magnification of the fine textured foam

described herein.

Detailed Description of the Preferred Embodiments
[00020] The fracturing method described herein consists of introducing into the

fracture within a formation a proppant stage containing a gasecous fluid and a viscosified
aquecous fluid in which the proppant 1s suspended. The proppant stage 1s created by the
mixing of the gaseous fluid and the viscosified aqueous fluid containing suspended
proppant at the wellhead.

[00021] The proppant stage may be characterized as a fine textured foam wherein the
diameter of at least 70% gas volume of the bubbles constituting the fine textured foam 1s
less than or equal to 0.18 mm. Typically, the diameter of at least 70% gas volume of the
bubbles 1s between from about 0.01 mm to about 0.10 mm. In a preferred embodiment,
at least about 80% gas volume of the bubbles constituting the fine textured foam have a
diameter which 1s less than or equal to 0.18 mm, typically between from about 0.01 mm
to about 0.10 mm. In a still preferred embodiment, at least about 90% gas volume of the
bubbles constituting the fine textured foam have a diameter which 1s less than or equal to
0.18 mm, typically between from about 0.01 mm to about 0.10 mm.

[00022] The amount of gaseous fluid contained in the proppant stage 1s at least about
85 volume percent, 1.¢., at least about 85 volume percent of the combination of gaseous

fluid and aqueous fluid in the proppant stage is the gaseous fluid. Typically, the amount
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of gascous fluid 1n the proppant stage 1s greater than or equal to 90 volume percent,
preferably up to 95% foam quality. Usually, at least about 95 percent of the proppant
particulates 1n the proppant stage are not in contact with other proppant particulates in the
created fracture.

[00023] The described method of fracturing creates a large conductive fracture area in
the formation with a minimal amount of liquid fluid. The propped fracture arca exhibits
high conductivity using a minimal volume of liqud fluid 1n the proppant stage. As a
result, there 1s minimal, 1if any, damage to conductivity. Since the proppant stage 1s
composed predominately of gas, the amount of fracturing fluid that must be recovered 1s
minimal. Further, damage to the reservoir, often affiliated with the use of liquid
fracturing fluids, 1s minimized or eliminated. For instance, since the amount of liquid 1n
the proppant stage fluid 1s minimized, damage caused by polymers, emulsions and water
blocks which routinely results with liquid fracturing fluids 1s dramatically reduced, 1f not
climinated. Environmental impact from the fracturing method disclosed herein 1s thereby
reduced.

[00024] The disclosed methodology further provides easier movement of reservoir
fluids (gas and/or o1l), especially in low pressure or under-pressured reservoirs. When
liqud fracturing fluids are employed, the liquid column in the casing and wellbore
imparts a hydrostatic pressure on the reservoir, necessitating that the reservoir has
sufficient greater pressure than the applied hydrostatic pressure to push the fracturing
fluid out of the wellbore. In light of the low amount of liquid used in the inventive
fracturing fluid, the amount of hydrostatic pressure to be overcome, if any, to allow flow
of oil or gas out of the reservoir 1s minimized or eliminated. In addition, since the
disclosed methodology uses less liquid and proppant in the fracturing fluid than
conventional fracturing processes, equipment demands are decreased and operational
costs are reduced.

[00025] Further, the method of fracturing a hydrocarbon-bearing subterrancan
formation, as defined by the invention, 1s capable of creating a partial monolayer of
proppant 1n the fracture upon closure of the fracture. Properly placed, the partial
monolayer provides the most efficient conductivity for the amount of proppant employed.

The partial monolayer 1s created by the use of a small amount of aqueous fluid 1n the
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proppant stage; the fluid 1n the proppant stage being mostly an 1nert gas, such as nitrogen.
Proppants 1n partial monolayers further are generally less susceptible to flowback 1n light
of their improved confinement. Further, produced fluids flowing through a partial
monolayer have a reduced tendency of proppant flowback during production of o1l and/or
gas from the well. Fluid recovery after treatment 1s thereby greatly enhanced for high
well productivity.

[00026] In the method defined herein, a ULW proppant 1s first slurried in an aqueous
fluid. A slurry concentrate 1s preferred since 1t makes the operational procedure more
logistically acceptable as a greater amount of proppant per given volume 1s made
available on-site and 1n the vicinity of the blender/mixer. The ULW proppant 1s then
suspended in a viscosified aqueous fluid prior to being admixed with the gaseous fluid.
To do so, the ULW proppant slurry was introduced to the viscosified fluid at a
temperature of less than 100°F and agitated for about 30 minutes.

[00027] The amount of proppant suspended in the viscosified aqueous fluid 1s that
amount sufficient to create a partial monolayer in the fracture. Prior to being suspended
in the viscosified aqueous fluid, the concentration of ULW proppant in the aqueous fluid
1s normally between from about 2 to about 8 pounds per gallon of liquid (ppa).

[00028] The slurry, containing the ULW proppant, 1s introduced into a blender or
mixer and a viscosifying agent 1s then added. The admixture 1s stirred until the proppant
becomes suspended 1n the aqueous fluid. Vigorous agitation may be required to prevent
gravity segregation of the proppant while the viscosifying agent 1s being introduced. The
suspension may be batch-mixed or made on-the-fly. At least one high pressure pump 1s
used to inject the proppant slurry into the wellhead.

[00029] The viscosifying agent may be a synthetic or natural polymer.

[00030] In a preferred embodiment, the viscosifying agent 1s a viscoelastic surfactant.
Upon agitation, the ULW proppant becomes suspended 1n the viscoelastic surfactant as
the viscoelastic surfactant commences gelation.

[00031] The amount of viscosifying agent added to the aqueous fluid containing the
proppant 1s that amount sufficient to suspend the proppant in the resulting medium.
Typically, the amount of viscosifying agent added to the aqueous fluid 1s from about 1 to

about 15 gallons per thousand (gpt) of aqueous fluid.
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[00032] Typically, the weight percent of proppant in the suspension 1s between from
about 6 to about 55 weight percent, preferably between from about 19 to about 49 weight
percent. Further, the requisite amount of proppant may be adjusted by varying the rate of
gas 1ntroduced 1nto the operation mixer/blender with the aqueous fluid or by varying the
rate of proppant slurry into the mixer/blender. Typical downhole proppant concentrations
are approximately 0.05 per gallon (ppg) of fluid in the proppant stage (including the
gaseous phase) at downhole conditions of pressure and temperature and may increase to
0.5 ppg. The low concentration of proppant facilitates the ability to attain a very
dispersed proppant distribution upon fracture closure and thus to obtain the desired partial
monolayer. The 1njection rate of proppant slurry into the wellhead may be adjusted to
obtain the desire downhole proppant concentration.

[00033] The fluid containing the suspended proppant 1s added to the gaseous stream.
Typically, the gaseous stream 1s introduced directly at the wellhead and 1s concurrently
admixed with the aqueous proppant suspension at the wellhead.

[00034] Suitable synthetic or natural polymers are those hydratable polymers which
contain one or more functional groups, such as a hydroxyl, carboxyl, sulfate, sulfonate,
amino or amido group. Preferred synthetic and natural polymers include
polysaccharides, polyvinyl alcohols, polyacrylates (including the (meth)acrylates),
polypyrrolidones, polyacrylamides (including (meth)acrylamides) as well as 2-
acrylamido-2-methylpropane sulfonate and mixtures thereof.

[00035]  Other suitable polysaccharides and derivatives are those which contain one or
more monosaccharide units of galactose, fructose, mannose, glucoside, glucose, xylose,
arabinose, glucuronic acid and pyranosyl sulfate. These include guar gums and
derivatives thercof, locust bean gum, tara, xanthan, succinoglycan, scleroglucan and
carrageenan.

[00036] Preferred viscosifying polymers may include crosslinkable polysaccharides,
such as guar gums and derivatives, cellulose, starch, and galactomannan gums. Cellulose
and cellulose derivatives include alkylcellulose, hydroxyalkyl cellulose or
alkylhydroxyalkyl cellulose, carboxyalkyl cellulose derivatives such as methyl cellulose,
hydroxyethyl  cellulose, hydroxypropyl cellulose, hydroxybutyl cellulose,
hydroxyethylmethyl cellulose, hydroxypropylmethyl cellulose, hydroxybutylmethyl
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cellulose, methylhydroxyethyl cellulose, methylhydroxypropyl cellulose,
ethylhydroxyethyl cellulose, carboxyethylcellulose, carboxymethylcellulose and
carboxymethylhydroxycthyl ccllulose.

[00037] Specific examples of polysaccharides useful with the present invention
include, but are not limited to, guar gum, hydroxypropyl guar,
carboxymethyihydroxypropyl guar and known derivatives of these gums.

[00038] Suitable surfactant based gels for use in practicing the invention may be
prepared from viscoelastic surfactants containing an anionic surfactant and a cationic
surfactant, A preferred viscoelastic surfactant 1s the combination of sodium xylene
sulfonate, as anionic surfactant, and N,N,N-trimethyl-1-octadecammonium chloride, as
cationic surfactant. Such viscoelastic surfactants are set forth in U.S. Patent No.
6,468,945, The volume ratio of anionic
surfactant:cationic surfactant is from about 1:4 to about 4:1.

[00039]  Other suitable surfactant based gelled systems are those fluids which contain a
Cio to Cyy alkyl trialkyl quaternary ammonium aromatic salt admixed with an anionic
surfactant, such as sodium xylene sulfonate. Such systems include those set forth in U.S.
Patent Publication No. 20040138071. Typically, the
volume ratio of cationic surfactant:anionic surfactant of such viscoelastic surfactants is
between from about 1:1 to about 3:1. The alkyl group forming the alkylated moiety can
be a Cyp to Cy alkyl group, preferably a Cy; to a Cy alkyl. In a most preferred
cmbodiment, the alkyl group forming the alkylated moiety 1s a Cyg alkyl. The aromatic
salt 1s preferably an aromatic salicylate or phthalate. The trialkyl moiety contains
preferably from C; to C4 alkyl groups, most preferably methyl. In a preferred mode, the
surfactant is a gelled Cg trimethyl quaternary ammonium phthalate or a gelled Cyg
trimethyl quaternary ammonium salicylatc.

100040] Such Cjp to Cys alkyl trialkyl quaternary ammonium aromatic salts may be
formed by mixing a Cyg to Cy4, preferably a Cig, alkyl trialkyl quaternary ammonium
chloride with an alkali aromatic salt, such as a sodium salt of either salicylic acid or
phthalic acid.

[00041] Thec ULW proppant has an apparcnt specific gravity (ASG) less than or equal

to 2.45, generally is less than or equal to 2.25, typically less than or equal to 2.0,
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preferably less than or equal to 1.75, more preferably less than or equal to 1.25, most
preferably less than or equal to 1.06. Such ULW proppants more casily facilitate the
placement of partial monolaycrs within the formation.

[00042] Exemplary ULW proppants for use in the invention include naturally
occurring material resistant to deformation, a synthetic polymeric particulate, a porous
particulate treated with a non-porous penetrating coating and/or glazing material or a well
treating aggregate of an organic lightweight material and a weight modifying agent. Such

ULW proppants are disclosed in U.S. Patent Publication No 2008/0087429 Al.

[00043]  Further, the ULW proppant may be a polyamide, such as those disclosed in
US-2007-0209795 Al.

[00044]  Further, the ULW proppant may be metallic spheres, such as those disclosed
in U.S. Patent Publication No. 2008/0179057.

[00045] The ULW proppant may be any of those deformable particulates set forth in
U.S. Patent Publication No, 2008/0182761 and U.S. Patent No. 7.322.411.

[00046]  Still preferred are synthetic polymers, such as polystyrene beads crossiinked
with divinylbenzene. Such beads include those described in U.S. Patent No. 7,494,711.

[00047] Mixtures of proppants may further be used.

[00048] The gaseous fluid to which the viscosified aqueous fluid containing the
suspended proppant is added is preferably either an inert gas, such as nitrogen, carbon
dioxide, air, natural gas or a combination thereof. Nitrogen is most preferred. The
cascous fluid comprises at least about 90 volume percent of the fluid in the proppant
stage.

[00049] A pad fluid may precede the introduction of the proppant stage into the
formation. The pad fluid is a gaseous fluid and is introduced into the formation at a
pressure sufficient to initiate a fracture. The pad fluid is preferably composed entirely of

nitrogen or a mixture of nitrogen. The pad fluid may further contain an aqueous fluid,

including the viscosificd fluid (with or without proppant) sct forth above. Where the pad

fluid contains a mixture of gaseous fluid and aqueous fluid, the amount of gaseous fluid

10
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In the pad fluid mixture is at least 70, preferably at least 90, more preferably at least 95,
volume percent. The pad flumid may further contain one or more proppants. Typically,
when present, the ASG of the proppant in the pad fluid 1s less than the ASG of the
proppant present in the proppant stage. In a preferred embodiment, the ASG of the
proppant in the pad fluid 1s less than or equal to 2.25.

[00050] The following examples are illustrative of some of the embodiments of the
present invention. Other embodiments within the scope of the claims herein will be

apparent to one skilled 1n the art from consideration of the description set forth herein.

100051] EXAMPLE

[00052] Example 1. A 95 quality stable foam was prepared by adding a viscosifier to
nmixing unit 10 of foam flow loop 1 which further contained an aqueous carrier unit. The
viscositier was added to the mixing unit during agitation. The viscosifier and amount
added to mixing unit 10 was Cig trimethyl quatcrnary ammonium chloride [3.5 gallons
per thousand (gpt)] and 50/50 blend of C;y trimethyl quaternary ammonium chloride and
sodium xylene sulfonate (10.0 gpt). The fluid was then introduced into triplex Cat pump
20 and pumped through mass flow meter 30, Nitrogen 40 was pressured through mass
flow meters and into foam generator 60. The amount of nitrogen in the foam introduced
into the foam flow loop was about 95 volume percent.

[00053] Upon exiting the foam generator, the foam entered a 1000 ft. coil of 316 SS
tubing submerged 1n o1l bath 70 for about 25-30 minutes. The o1l bath temperature was
approximately 100°F. The foam then entered capillary tube viscometer 80 after traveling
through 1000 fect of coiled tubing. The viscometer consisted of five different tube runs
(different ID and tube length) with delta pressure transducers 90a, 90b, 90c, 90d and 90e
and one mass flow meter/densimeter 100. With the viscometer filled with foam, 5 delta
pressures were measured along with the mass flow rate and density of the foam. After
the foam exited the viscometer, it passed through viewing cell 110. The foam then exited

waste tank 120 through back pressure regulator 130. The back pressure regulator was

used to maintain a constant pressure on the viscometer. The diameter of the bubbles of at

11
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least 90% gas volume of the bubbles, as seen through viewing cell 110, was determined
to be approximately 0.02 mm by use of bubble analysis software, commercially available
as Image Pro Plus from Media Cybernetics, Inc. A photomicrograph, at 4x
magnification, of the foam 1s set forth in FIG. 2.

[00054] Example 2. A fracturing treatment was proposed for a Niobrara Chalk
formation having a depth to middle perforation of 1,034 ft; a bottom hole static
temperature of approximately 73° F, a bottom hole fracture pressure of approximately
724 ps1; a surface treating pressure (max) of approximately 751 psi; and a fracture
gradient of about 0.70 psi/ft. The desired result was a partial monolayer distribution of
proppant upon fracture closure. It was determined that the fracturing treatment would
require approximately 10,000 pounds of ultra lightweight proppant. The ULW proppant
selected was LiteProp™ 108, thermoplastic ultra lightweight proppant of 14/40 mesh,
having an apparent specific gravity of about 1.05, a product of BJ Services Company.
The estimated liquid proppant concentration was estimated to be approximately 4 pounds
of proppant added per gallon of liquid (ppa). This represents the estimated concentration
of proppant needed to accommodate the flow rates of the pumps. Further, the mass of
proppant per volume of viscosified hiquid fluid was estimated to be 2.77 ppg, the total
amount of fluid required for treatment was estimated to be 2500 gallons and the density
of viscosified aqueous fluid containing proppant was estimated to be 8.55 lbs/gal.

[00055] A 95 quality stable foam was prepared by first suspending LiteProp™ 108 on-
site 1n an aqueous carrier In a mixing unit, the apparent specific gravity ratio of
proppant:carrier being about 1.08:1.00, to render a liquid concentration of 4 ppa. A
viscosifier was then added to the mixing unit while agitating the slurry. The viscosifier
and amount added to the slurry was C;g trimethyl quaternary ammonium chloride [3.5
gallons per thousand (gpt) and 50/50 blend of C;g trimethyl quaternary ammonium
chloride and sodium xylene sulfonate (10.0 gpt). The resultant was proppant suspended
in the viscosified aqueous fluid. The proppant suspension was then pumped into the
formation while nitrogen was pumped into the wellhead.

[00056] Six treatment stages were undertaken at a rate of 25 barrels per minute (bpm).
In the first treatment stage, a pad fluid of nitrogen gas and between from about 3 to about

5 gpt of the 50/50 blend of Cig trimethyl quaternary ammonium chloride and sodium

12
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xylene sulfonate was introduced into the formation. In the stages 2-5, the viscosified
proppant suspension was admixed with nitrogen gas at the wellhead, as set forth above.
The last treatment stage was a nitrogen flush which did not contain any proppant or

surfactant. The parameters of the stages, based on downhole temperatures and pressures,

are set forth below 1n Table I:

Table I
Proppant Rate | Prop. Vol. Cum.
Stage | Volume | Downhole | Proppant | Dry | Liquid | Dry | Liquid | Mitchell
(gal) Proppant Flmid | (ppm) | (gpm) | (lbs) (gal) Quality*,
Conc. Rate calc.,
(ppa) (bpm) downbhole,
%
] 13,500 0 1.3 0.0 0.0 0 0 95.00
2 6,000 0.1 0.89 103.8 | 37.5 600 217 98.00
3 10,000 0.2 1.77 2054 | 742 | 2,600 939 97.00
4 10,000 0.3 2.62 3049 | 110.1 | 5,600 | 2022 95.00
S 11,000 0.4 3.45 402.2 | 145.2 | 10,000 | 3610 93.00
6 672 0 0 0.0 0.0 10,000 | 2,777 100.00
*Volume of gas/(volume gas + gel); does not include proppant concentration.

[00057] The proppant fluid approximates the number of pounds of proppant required

to effectuate the desired downhole concentration of proppant. From the dry rate, the
effective liquid rate 1s determined based on the amount of fluid added.

[00058] The treatment set forth rendered a partial monolayer distribution of proppant
in the fractures upon closure.

[00059] From the foregoing, 1t will be observed that numerous variations and
modifications may be effected without departing from the true spirit and scope of the

novel concepts of the invention.

13
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CLAIMS

What 1s claimed 1s:
1. A method ot fracturing a subterranean formation comprising introducing a
proppant stage into the subterranean formation, wherein the proppant stage comprises
a fine uniform textured foam containing:
(1) a viscosified aqueous fluid having ultra lightweight (ULW) proppant
suspended 1n the viscosified aqueous fluid; and

(1)  a gaseous fluid, wherein the amount of gaseous fluid in the fine

uniform textured foam is at least about 85 volume percent;
wherein at least 70% gas volume of bubbles of the fine uniform textured foam have a
diameter less than or equal to 0.18 mm and further wherein the proppant stage is
introduced into the subterranean formation at a pressure sufficient to create or enlarge

a fracture.

2. The method of claim 1, wherein the diameter of the bubbles of the fine

uniform textured foam is between from about 0.01 to about 0.10 mm.

3. The method of claim 1, wherein the diameter of at least 80% gas volume of

the bubbles of the fine uniform textured foam is less than or equal to 0.18 mm.

4, The method of claim 3, wherein the diameter of the bubbles of the fine

uniform textured foam is between from about 0.01 to about 0.10 mm.

5. The method of claim 3, wherein the diameter of at least 90% gas volume of

the bubbles of the fine uniform textured foam is less than or equal to 0.18 mm.

6. The method of claim 5, wherein the diameter of the bubbles of the fine

uniform textured foam is between from about 0.01 to about 0.10 mm.

7. The method of claim 1, wherein the amount of proppant suspended in the
viscosified aqueous fluid is that sufficient to create a partial monolayer of proppant in

the fracture.

8. The method of claim 1, wherein the ULW proppant has an apparent specific
gravity less than or equal to 2.25.

14
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9. The method of claim 8, wherein the apparent specific gravity of the ULW

proppant 1s less than or equal to 1.75.

10. The method of claim 9, wherein the apparent specific gravity of the ULW

proppant 1s less than or equal to 1.25.

11.  The method of claim 1, wherein the viscosified aqueous fluid contains a

viscoelastic surfactant.

12. The method of claim 1, wherein the gaseous fluid is nitrogen, carbon dioxide

or a combination thereof.

13. A method of fracturing a subterranean formation comprising:
(a) pumping into the formation a proppant stage comprising a fine uniform
textured toam wherein at least 70% gas volume of bubbles of the fine
uniform textured foam have a diameter less than or equal to 0.18 mm,
the fine uniform textured foam prepared by:
(1) suspending an ultra lightweight (ULW) proppant in a

viscosified aqueous fluid; and then

(1)  combining the viscosified aqueous fluid with a gaseous fluid
wherein the amount of gaseous fluid in the fine uniform

textured foam 1s at least about 85 volume percent; and

(b) creating or enlarging a fracture in the subterranean formation.

14, The method of claim 13, wherein the viscosified aqueous fluid comprises

between from about 6 to about 55 weight percent of ultra lightweight (ULW)

proppant having an apparent specific gravity less than or equal to 2.25.

15.  The method of claim 13, further comprising, prior to pumping the proppant
stage into the subterranean formation, pumping a pad fluid comprising a gaseous fluid

into the formation at a pressure sufficient to initiate a fracture.

16.  The method of claim 15, wherein the pad fluid further contains a proppant.

17. The method of claim 16, wherein the pad fluid comprises a gaseous fluid and

an aqueous fluid.

15
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18.  The method of claim 13, wherein the amount of proppant suspended in the
viscosified aqueous fluid 1s that sufficient to create a partial monolayer of proppant in

the fracture.

19.  The method of claim 13, wherein the viscosified aqueous fluid contains a

viscoelastic surfactant.

20. The method of claim 13, wherein the diameter of at least 90% gas volume of

the bubbles of the fine uniform textured foam is less than or equal to 0.18 mm.

21. The method of claim 13, wherein the diameter of between about 70 to about

90% gas volume of the bubbles is from about 0.01 to about 0.10 mm.

22.  The method of claim 13, wherein the viscosified aqueous fluid is added to the

gaseous fluid in step (a) (11).

23. The method of claim 13, wherein the gaseous fluid is added to the viscosified

aqueous fluid 1n step (a) (i1).

24. A method of fracturing a subterranean formation comprising introducing a
proppant stage into a fracture, wherein the proppant stage consists of a fine uniform
textured foam comprising a gaseous fluid and an ultra lightweight (ULW) proppant
having an apparent specific gravity (ASG) less than or equal to 2.25 suspended in an
aqueous system viscosified with a viscoelastic surfactant and wherein the amount of
gaseous fluid in the fine uniform textured foam is greater than 90 volume percent and

further wherein at least 70% gas volume of bubbles comprising the foam have a

diameter that is less than or equal to 0.18 mm.

25. The method of claim 24, wherein between about 50 to about 90% gas volume

of the bubbles have a diameter from about 0.01 to about 0.10 mm.

26.  The method of claim 24, wherein the gaseous fluid comprises at least 95

volume percent of the fluid in the proppant stage.

16
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