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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

November 27, 2001

THIS IS TO CERTIFY THAT ANNEXED HERETOQ IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT

APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111.

APPLICATION NUMBER: 09/717,330
FILING DATE: November 20, 2000

By Authority of the
OMMISSIONER OF PATENTS AND TRADEMARKS

%ONTGOMER

Certifying Officer
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Case Docket No. 00-336

THE COMMTSSIONER OF PAYENTS AND TRADEMARKS
Washington, D.C. 20231

Sir:
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Transmitted herewith for filing is the patent application of:
INVENTOR: SARKIS KAKADJIAN ET AL.
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FOR: CROSSLINKED EMULSION FRACTURING FLUID
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Enclosed are:

{ IXX ) Two sheets of drawing(s).

{ ) An Assignment of the invention to
( ) A certified copy of __ Application
No. » Filed .
( ) This Patent Applicatlon is entitled to small entity status.

{ xx ) INFORMATION DISCLOSURE STATEMENT, LISTING OF PRIOR ART ON
FORM PTO 1449 AND COPIES.

The filing fee has been calculated as shown below:

OTHER THAN A
SMALL ENTITY SMALL ENTITY
~ Fo. Wo. - -
Foz Flled Extra Rate Fae Rate Fae
aale
Fee § 355 710
Total
Claims -] 20 = *x 95 B x18 3
Claims 3 = 3= x40 8 x 80 §
t M nt
[ ) Presanted +#135 ¢ +270 §
TOTAL 3 TOTAL $ 710

{ ) Please charge my Deposit Account No. 02-0184 in the amount of
. A duplicate copy of this sheet is enclosed.

(xx) A check in the amount of $710.00 to cover the filing
fee.

(xx) The Commissioner is hereby authorized to charge payment
of the following fees assoclated with this communication or
credit any overpayment to Deposit Account No. 02-0184. A
duplicate copy of this sheet is enclosed.

(x) Any additional filing fees raquired under 37 CFR 1.16.
() Any patent application processing fees under 37 CFR 1.17.

(xx} The Commisaioner of hereby authorized to charge payment of
the following fees during the pendency of this application
or credit any overpayment to Deposit Account No. 02-0184. A
duplicate copy of this sheet is enclosed.

(x) Any patent application processing fees under 37 CFR 1l.17.
(x} Any filing fees under 37 CFR 1.16 for presentation of
extra claima.

Date: November 20, 2000
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APPLICATION FOR LETTERS PATENT

TO WHOM IT MAY CONCERN:

BE IT KNOWN THAT SARKIS KAKADJIAN, OSCAR RAUSEO,
ROSALINDA MARQUEZ AND JOSE BLANCO, all citizens and
residents of VENEZUELA have invented certain new and useful
improvements in CROSSLINKED EMULSION FRACTURING FLUID of

which the following i8 a specification.

) by curtfly thet this sorvemendence b being
Gopouited with the Urbed Sistes Postet Sunvioe o8
Exprosa MR In en onvizpr oddormad L Comand 5 —ir
of Palunts zod Tradomarks, W.ib plon, 2 C Ddi:0
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BACKGROUND OF THE INVENTION /SCL

The invention relates to the field of fracturing
fluids and, more particularly, to a fracturing fluid useful
in fracturing a subterrsnean formation for enhancing
Production from same.

The use of fracturing fluids for enhancing production
from subterranean formations is well known. In such
endeavors, a fluld is pumped into a well with the intent of
fracturing a particular formation so as to increase
permeabllity of the formation so that fluids can flow more
rapidly from the formation into a production well.

Important concerns when evaluating and formulating a
fracturing fluid are pumpabllity, viscosity, cost and
recoverability, among others. MNumerous different types of
fluids have been used as fracturing fluids. Conventionally
used fluids include gasoline viscosified with napalm,
gelled olls, linear gelled water, cross-linked gelled water
and foamed gels.

In connection with pumpability and viscosity, it is
desirable that the fluid be easily pumpable at low pumping

pressures while sufficiently viscous that the fluid, when
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pumped into a well, will break-up a subterranean structure éggé
and increase the permeability of the structure as desired,

It is also desirable, once the subterranean formation
i1s fractured, that the fluid be easily recovered from the
well.

Conventional fluilds utilize expensive additives in
large amounts 8o as to meet these requirements, and the
need remains for an acceptable fracturing fluid which is
inexpensive in preparation and use, and which ylelds the
desired results.

It is therefore the primary object of the present
invention to provide a fracturing fluid which performs well
as a fracturing fluid and has reduced coat for preparation.

It is a further cbject of the present invention to
provide a method for preparing such a drilling fluid.

It is a still further object of the present invention
to provide a method for fracturing a formation utilizing
such a fracturing fluid.

Other objects and advantages of the present invention

will appear hereinbelow.
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In accordance with the present invention, the
foregoing objects and advantages have been readily
attained.

In accordance with the invention, an oll in water
fracturing fluid emulsion is provided, which emulsion
comprises a dispersed oll phase; and a continuous water
phase comprising a solution of cross-linkable polymer in
water.

In further accordance with the present invention, an
oll in water fracturing fluid emulsion is prepared
according to a method which comprises the steps of
providing a water phase comprising a solution of a cross-
linkable polymer in water; providing an oil phase; forming
an oil in water emulsion from said water phase and said oil
phase; adjusting pH of sald emulsion to a pH of between
about 9.0 and about 13.0) and cross-linking said polymar
solution so as to provide a cross-linked emulsion.

In accordance with another aspect of the present
invention, a method 1s provided for fracturing a
subterranean formation through a well, which method

comprises the steps ¢of providing an oil in water fracturing
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fluid emulsion comprising a dispersed oll phase; a
continuous water phase comprising a solution of cross-
linkable polymer in water; and a propping agent carried by
sald emulsion; pumping sald emulsion into a well
commmunicated with a subterranean formation so as to form
cracks in sald formation; and removing said emulsion

whereby saild propping agent is positioned in sald cracks.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailled description of preferred embodiments of the
invention follows, with raeference to the attached drawings,
wherein:

Figure 1 graphically illustrates viscosity over time
for emulsions in accordance with the present invention when
subjected to different amounts of breaker; and

Figure 2 graphically illustrates viscosity at
different temperatures for a cross-linked emulsion in

accordance with the present invention as compared to a

polymer free gel.
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DETAILED DESCRIPTION

The invention relates to an oil in water fracturing
fluid emulsion which 1is useful for fracturing subterranean
formations so as to improve permeabllity of same and,
thereby, to improve production of hydrocarbons. In
accordance with the present invention, the fracturing fluid
is prepared utilizing inexpensive and readily available
ingredients, and further utilizing reduced amounts of
ingredients which increase the cost of conventional
fracturing fluids.

In accordance with the present invention, the
fracturing fluid is provided as an emulsion of a dispersed
oll phase in a continuous water phase. As will be further
discussed below, the water phase 1s provided as a polymer
in water solution, and the emulsion is treated with a
cross-linking agent which serves to cross-link the polymer
and increase viscosity of the overall emulsion. This
advantageously allowa for using the emulsion as a
fracturing fluid as well as a carrier of propping agents or
propants which are left behind in the formation to keep

fractures or cracks formed in the formation open, thereby
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enhancing production of hydrocarbona and other desired f%;gt
fluids.

The oil phase of the emulsion of the present invention
may advantageously be any hydrocarbon which is preferably
inexpensive and readily available such as, for example,
gasoll, mineral oil and mixtures thereof. Of course, other
sulteble cil or hydrocarbon phases could be utilized so
long as they are compatible with the well and formation, as
well as the polymer solution and its cross—-linking agent.
Gasoil and mineral ¢oil are particularly desirable because
they are readily avallable at reasonable cost and are
compatible with the well.

The water phase is preferably formed by mixing a
solution of the desirable cross-linkable polymer in water.
The water can be obtained from any acceptable source, and
may include brine, fresh water, and the like.

The emulsion may advantageously be prepared having a
ratio by volume of oll to water of between about 80:20 and
about 20:80. The proper ratio should be sslected depending
upon the expected fracturing force required for fracturing
the well, as well as various pumping parameters particular

to a subject well. The emulsion is preferably prepared
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having an average droplet size of less than about 20
micrometers, more preferably between about 2 micrometers
and about 5 micrometers.

In accordance with the present invention, the emulsion
preferably includes a cross-linking agent which cross-links
the polymer so as to increase viscosity of the overall
emulsion, thereby rendering the emulsion ideal for use as a
fracturing fluid and as a carrier of a propping agent. 1In
this regard, various polymers are suitable. ?:efarrqd
polymers include polysaccharides, cellulose derlvatives,
xanthan qums, and the like, and hydroxy propyl guar is one
example of a suitable polymer. The polymars are preferably
present in the polymer solution in an amount between about
10 and about 70 lbs of polymer per 1000 gallons of water.

The cross-linking agent in accordance with the present
invention may suitably be any agent which will produce or
serve as a source of desired ions which act to cross-link
the various chains or branches of polymer present in the
water phase of the enulsion. Preferred cross-linking
agents include aluminum, titanium, z2irconium, antimony,

chromium, borate and mixtures thereof, all of which can

)
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serve as the source of free ions as desired. Borate and
any source of free borate ions in solution are preferred.

The water phase of the emulsion of the present
invention may also advantageously be mixed with a salt such
as potassium chloride and the like so as to avold excessive
clay swelling which would adversely impact upon the
attributes of the emulsion.

Emulsions according to the invention also preferably
include a suitable surfactant so as to facilitate forming
of the emulsion as well as to improve stabllity of same.
Suitable surfactants are discussed below.

The emulsion 1s preferably mixed with and serves as an
excellent carrier for a propping agent, as mentioned above.
The propping agent should be selected as any granular
substance having a desirable particle or grain size which
will serve to lodge in cracks and fractures induced into
the formation, and thereby hold such cracks or Iractures
cpen 80 as to enhance hydrocarbon production from same.
Such propants are well known to the person of ordinary
skill in the art.

Before cross—-linking, the emulsion may sultably have

a viscosity of between about 90 and about 150 cP at 511 s

")

»
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and 80°F. The cross-linking of the emulsion provides
an increase in emulsion viscosity, preferably to a ./’ﬂig
viscosity of between about 150 and about 750 cP at 170 s™

and 180°F. This allows the emulsion to be used as an

excellent carrier for the propping agent so as to

advantageously deliver the propping agent to the formation

as 1t is fractured. This advantageously allows Ior the
formation to be fractured and propping agent delivered all
utilizing a single amulsion fracturing fluid and process

step.

Through use of an oll in water emulsion and cross-
linking of polymer in the water phase of the emulsion, a
fluid is provided which has the desired viscosity and
pumpability, eand which also serves as an excellent propping
agent carrier, The combination of ¢oil in water emulsion
with cross-linked polymer advantageously providea for
reduced amounts of pclymer and cross-linking agent which
results in reduced coat.

In accordance with the present invention, an oil in
water fracturing fluid emulsion can be prepared as follows.

The water phase is prepared by mixing the selected

polymer in water until a solution is formed.

10
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The oil phase, such as gasoll, mineral oil and the "ﬁk*/
like, is obtained and an emulsion is formed of the oil
phase in the water phase, preferably utilizing a
surfactant. Suitable surfactants include a combination of
sulfates, alkaline metal sulfonates and non-ionic
surfactants selected from the group consisting of alkyl
phenols, aliphatic-ethoxylated alcohols, and mixtures
thereof. A surfactant package is preferably provided
having a ratio of anionic surfactant to non-ionic
surfactant, by volume, of between about 70:30 and about
80:20.

Once the emulsion is formed, it has bean found in
accordance with the invention that the pH may frequently
nead to be adjusted so as to allow for the desired cross-
linking. In order to obtain the desired cross-linking, a
pH of betwean about 9.0 and about 13.0, preferably between
about 9.5 and about 12,0, is critical. The pH can be
adjuasted by mixing with any suitable and well-known pH
controller such as monoethanolamine, sodium hydroxide,
potassium hydroxide and the like. Once the suitable pH is
cbhtained, the emulsion is then cross-linked by mixing with

a2 sultable cross—-linking agent such as an agent selected

3
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from the group consisting of aluminum, titanium, zirconlum,
antimony, chromium, borate and mixtures thereof. 1In
accordance with the present invention, borate compounds are‘/1S1:)
most preferred, as are compounds which generate borate ions
in solution in the water phase, as such borate ions appear
to enhance the crosa-linking process so as to obtain the
desired viscosity of the emulsion in accordance with the
prasent invention. If the emulsion is to be transported by
flowing through conduits befors use, it may be desirable to
add the cross-linking agent after such transport. Thus,
the cross-linking agent can be added at the time the
emulsion is formed, just before or simultanesously with
addition of the propping agent, or any point therebetwean.

once the emulsion 1as complete, any desired propping
agent or propant can be mixed into the emulsion as desired,
and the emulsion serves as an excellent carrier for
carrying the propping agent down through a well and to a
subterranean formation which is to be the subject of a
fracturing process. Typically, the propping agent is not
added to the emulsion until just before usa.

Once the formation is fractured, it is desirable to

remove the fracturing fluid, especlally any polymers and

12
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the like which remain after the proceas. In order to
facilitate removal of the fracturing fluid, it is desired
to break the cross-link of the polymer so as to reduce
viscosity and allow for pumping of the broken fracturing
fluld back to the surface. Breaking can be accomplished
utilizing breakers such as oxidizer breakers, enzymes and
combinations thereof. Such breaking agents or breakers are
well known to a person of ordinary skill in the art.

Once the cross-linking is broken, the reduced
viscosity emulsion advantageously encapsulates remaining or
residual polymer so as to faclilitate removal of the entire
fracturing fluid including polymers, while nevertheless
leaving propping agents behind, 1n cracks or fractures in
the formation, so as to enhance hydrocarbon production from
the formation as desired.

The fracturing fluid in accordance with the present
invention is advantageous in that viscosities up to 750 cP
are provided at temperatures between about 110°F and about
220°F, which provides for excellent propping agent
transport. Further, the system uses very low polymer
concentration, providing excellent results utilizing 14-18

lbs. of polymer per 1000 gallons of water and providing
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satisfactory results up to temperatures of about 180°F and
potentially up to about 220°F. This is a reduced
concentration and improvement in temperature tolerance as
compared to conventional fracturing fluids.

~ In addition, the oil phase is low cost, and all

additives are commercially available.

Example

This example demonstrates preparation of a fracturing
fluid in accordance with the present invention, as well as
analysis of same.

0.5 barrels of a gasoil-mineral oil mixture were
obtained for use as the oll phase.

The water phase was provided as 0.5 barrels of fresh
water mixed with polymer hydroxy propyl guar (HPG) polymer
at a rate of 50 lbs. polymer per 1000 gallons of water,
and 6 lbs. of potassium chloride per barrel were added to
the water. During emulsion formation, a commercilal
surfactant was used at a rate of 20 lbs. of surfactant per
barrel of total emulsion. This surfactant is an
anionic:nonionic surfactant having a ratio of 75:25, and is

selected 80 as to be compatible with drilling fluid and

14
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Tabla 1
. 170°F
Breaker (lbs./1000 gul)
riﬂ o o-s 0.15 1-0
{min) n K n’ K n®° KX n’ K
5 0.4140 0.2700 |0.3992 0.2170 | 0.5848 0.15%7 | 0.339€ 0.i1686
20 0.7198 0.0346 | 0.8590 0.0497 |0.4924 0.0%00 | 0.B129 D.0149
74 0.7112 0.0349 | 0.4597 0.0€13 | 0.4 0.0525 | 0.4873 0.0157
110 |9-9895 ©0.0608 |0.4502 0.0514 |0.5018 0.0310 [0.4300 0017¢
146 |0-4171 0.1160 |0.3863 ©0.0562 |0.4431 0.0348 |0.4320 0.0185
186 |9-2723 0.1611 |0.3482 0.0600 |0.3680 0.0451 |0.4063 ©0.0226

The emulsion prevdared

in this example was also tested

utilizing different amounts of breaker so as to illustrate

viscosity change over time.

Figure 1 shows the emulsion of

the present invention when treated with different amounts

of breaker, and the resulting viscosaity at 170°F. As
shown, 0.5 1lbs/1000 gallons of breaker and greater provided
for excellent reduction in wviscosity after amn initial high-
viscosity period which is ideal for utilizing the emulsion
of the present invention as a fracturing fluid. The high
viscosity in the inltial period allows the fluid to be
utilized for forming fractures, while the break in cross-
linking and reduction in viscosity allows for the emulsion,
with encapsulated polymer, to be readily removed from the

well, leaving propping agent behind.
16
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Figure 2 further shows the emnlsion as prepared in
this example as compared to a conventional polymer-free gel
in viscosity at different temperatures, which further
demonstrates the benefit of the cross-linking of the
present invention in providing for use as a fracturing
fluid, as well as a propping agent transport. As shown, at
temperatures between 110°‘F and 170°F, the cross-linked
enulsion has a greater viscosity in all cases, with the
degree of magnitude of improvement in viscosity of the
cross—-linked emulsion being greater as temperature
increases.

It should readily be appreciated that in accordance
with the present invention, an emulsion and method for
forming same have been provided which allow for an
effective and inexpensively prepared fracturing fluid.
Further, methods are provided for use of this fracturing
fluid in fracturing formations so as to enhance hydrocarbon
and other desired fluid production.

This invention may be embodied in other forms or
carried out in other ways without departing from the spirit
or essential characteristics thereof. The present

embodiment is therefore to be consldered as in all respects

17
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illustrative and not restrictive, the scope of the
invention being indicated by the appended claims, and all
changes which come within the meaning and range of

equivalency are intended to be embraced therein.
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WHAT 1S CLATMED 5&
l. An o0ll in water fracturing fluid emulsion,

comprising:
a disparsed oll phase; and
a continuous water phase comprising a solution of

cross-linkable polymer in water.

2. The emulsion of claim 1, wherein sald emulsion has
a viscosity of between about 90 and about 150 cP at 511 s

and BO°F.

3. The emulsion of claim 1, wherein said polymer is
cross—-linked and said emulsion has viacosity of between

about 150 cP and about 750 cP at 170 s™! and 180°F.

4. The emunlsion of claim 1, wherein said oil phase is
selected from the group consisting of gasoil, mineral oil

and mixturea thereof.

5. The emulaion of claim 1, wherein sald water phase
contains said polymer in an amount between about 10 and

about 70 lba. of said polymer per 1000 gallons of water.
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6. The emulsion of claim 5, wherein said polymer 1is
salected from the group consisting of polysaccharide,
cellulose derivatives, xanthan gum and caoambinations

thereof.

7. The emulsion of claim 6, wherein said polymer is

hydroxy propyl gquar.

8. The emulsion of claim 1, further comprising a

propping agent carried by said emulsion.

9. A method for making a fracturing fluld emulsion,
comprising the steps of:

providing a water phase camprising a solution of a
cross—-linkable polymer in water;

providing an oil phase;

forming an oil in water emulsion from said water phase
and sald oll phase;

adjusting pH of said emulsion to a pH of between about
-9.0 and about 13.0; and

cross-linking said polymer solution so as to provide a

cross-linked emulsion.

a5
<3
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10. The method of claim 9, wherein said cross-linked
emulsion has a viscosity of between about 150 and about 750 S '1

cP at 170 s and 160 °F.

11. The method of claim 9, wherein sald oil phase i=s
selected from the group consisting of gasoll, mineral oll

and mixtures thereof.

12. The method of claim 9, wherein sald water phase
contains said polymer in an amount between about 10 and

about 70 lbs. of sald polymer per 1000 gallons of water.

13. The method of claim 12, wherein said polymer is
selected from the group consisting of polysaccharide,
cellulose derivatives, xanthan gum and combinations

thereof.

14. The method of claim 13, wherein said polymer is

hydroxy propyl guar.

21
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15. The method of claim 9, wherein said cross-linking
step comprises mixing said emulsion with a cross-linking

agent.

16. The method of claim 15, wherein saild cross-
linking agent is selacted from the group consisting of
aluminum, titanium, zirconium, antimony, chromium, borate

and mixtures thereof. .

17. A method for fracturing a subterranean formation,
camprising the steps of providing an oll in water
fracturing fluid emulsaion comprising a dispersed oll phase;
a continuous water phase comprising a solution of cross-
linkable polymer in water; and a propping agent carried by
said emulsion;

pumping said emulsion into a well communicated with a
subterranean formation soc as to form cracks in said
formation; and

removing sald emulsion whereby sald propping agent is

positioned in sald cracks.

4
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18. The method of claim 17, wherein said emulsion is
cross—-linked and wherein said removing step comprises
breaking cross-linking of said polymer so as to provide a
reduced viscosity emulsion, and removing said reduced

viscosity emulsion from sald well.

19. The method of claim 18, wherein said reduced
viscosity emulsion encapsulates sald polymer whereby said

removing step removes said polymer.

7
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An o0il in water fracturing fluid emulsion includes a
dispersed oil phasae; and a continuous water phase in the
form of a solution of cross—-linkable polymer in water. A
method for forming the emulsion, as well as a fracturing

method using the emulsion, are alsc disclosed.
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WARNING: ¥ the imeniors sre sach not the inarniors of &l the cisine, an explasgion of the facls, inciuging
nu-dbddumuaq-ummnm was mach, shoult be submitied.

My residence, post office address and citiranship are as stated balow, next to my name.
believe that | am the original, first and sole nventor (¥ only one name Is Ssied below) or
an original, first and joint inventor §f phual names are Rsiod below) of the subject matter
that Is claimed, and for which a patent Is sought on the Invention entitiec:

|
|

TITLE OF INVENTION
CROSSLINXED EMULSION FRACTURING FLUID

mmmuml‘lﬂ-ﬂnd;j
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SPECIFICATION IDENTIFICATION

the apecification of which: .
fcomplets @) @j, or &)

@ I3 s sitached henslo.

NOTE "The following somblations o inormation aupyled in an oait or declwration Bed on She spplication
iy with & speciiication are scoapiuble s minivxsrs or ideniliying & speciiication srd complience
.ﬂn?\:!‘ym.é;umu'ﬂuw-mﬂhMMd

]

of imvensori), snc! refererce o &t acisched speciiostion whisht I both attached @
u&?man&dmn“ﬂhﬂtﬁﬁlnl‘

“(2) neme of iaventorf, and atsomey docket rambar which wew on e eolication a Bed:
or .-

& nama of imventorfsl, and e which was on the spaciiostion a9 Sed.”

Notics of July 13, 1608 (1177 0.0 &3

o O Vlllulﬂldm os [ Goclal No. 0/
or
and was amended on ! sppiicabia).

NOTE: Amsndments ed sher the criginal papers e capoalied with ihe PTO that contaln Dew matier o
not aceorded @ Sing date by being refeved ty in the deciastion. Accarcingly, the seancimanis lvehed
ane thoae fiad with the applioution papers o, In the case of 8 mppiemenial decieadon, are tose
amendments clsiming metier not encompassst! in the cripingl stalament of Ivantion or chaims, Sae

FFCFR § 1.0,

NOTE:  "The klfowing cambingtiony of inlonystion appiied In an cuih er declamiion fied sfer the Eing deie
& accaptibiy 88 sinkrany for kiantifying a speciitation and compilianos with sty ome of the M
beiow wil be accupied 33 cospling wisy ¥ ientiBontion sequivrment of 37 G 1.8
“W appiication munber porgisiing of the seriss coc and the serll number, a.g, DN IZ3 400
) amvisl mumbar anct fling chas; .
" anamay dochet mamber which was on the speoiiioation a8 Sect
") thiy mhicl? was on the speciication sy flad and relrance 10 e stisched speciiication whish

in both sttaghed o the oath or declantie? of #w line of eseniln sng submiieg with thy oatl
or daslvstor; or

") s which was o e spaciication as Bed any socempanisd by & aever ietter scoumiely
ideriing the appaication for wéich i wee Inenced &y Sler fe aplimton mmber fonsbiy
du.ﬁumn“ﬁa..ﬂ“rﬂmm.'ﬁ“
any stulemenifs) oorrary, be premmed that the Kpdf ih the PTO s 0w
S L e o o T

MPEP. § $01.010) 7% Bl
© 00 was described and claimed In PCT Intemational Application No.

— fllod on and as
amenced under PCT Article 18 on & ary).

{Declaration and Power of Attomey [1-1}—page 2 of )

(T T X TORM -1 35

59



.Uﬂﬂ:’f "DEELTLGO

SUPPLEMENTAL DECLARATION (37 C.F.R § 1487(b}}
mhmmlWHMhmm
D 1 hereby declare that the subject matter of the .

O aitached amendmaent

0 amendment fled on

mmdmwwmmuummummmmmduuw
applloation, above-identified, for such invention.

ACKNOWLEDGEMENY OF REVIEW OF PAPINS AND DUTY OF CANDOR

| hareby stats that | have reviewsd and underetand the contents of the above-identified
specification, Including the claims, ss wmended by ary amendmaent refwved to sbove.

| acknowledge the duty 1o discioss information, which Is material to patentabifity as
defined In 37, Code of Federal Reguintions, § 1.58,

faiso check the following iems, if desired)

MY and which ls materig! to the examination of this applcation, namaly, information
whare there Is a substantisi Kicelihood that a ressonabie Examiner would corsider
it importart In deaiding whether to sliow the spplication to leus &8 & patent,
and

¥ in compilance with this duty, there is attnched an Information disciosure
statement, In acoordance with 37 CF.R § 1.88.

PRIORITY CLAIM (35 U.S.C. §§ 118(as)~{dp

NOTE: "The clisim o priariy newd be in no special form and may be muxie by ifw stiomay or sgent ¥ the weign
application & mfured 1 i e oath e decletion &9 nequired by § 1.83. The slskn for peiorlly and
the ceriified copy of the foreign eppiicetion apecifad in 38 ULE.C. 11502} sxat be Sied In the cawe of
an interfargnce § 1.630). whan necemary fo overcems the dete of 8 ndarence relled Lpon by e
ammbw, whan speciicelly required by the examinr, and in off other situstions, bafore the patant b

axpuingr; or whan apeciically recadred by the sxamine., in which svent an English lengumge iremiaticon
w;umm-munmaunﬂmh—m'wun
I hareby claim forsign priority bensfits under Titie 35, United States Code, §§ 118(a)~{d)
of any forsin spplcation(e) for patent or nventor's sastificats or of any PCT intemationsd
appications) designating at legat one country other than the United Giates of Amaerion lixted
baiow and have aleo idemifled below sny foreign applicationis) for patent or inverttor's
ourtificate or any PCT intamational appication(s) designating at lesst one gountry other than
the United States of Amerioz flisd by me on the same subject matter hgving a fling date
before that of the appliicationis) of which prdority is clalmed.

(complets () or (b}

) KX no such applications have been fiiad.

{9 O wuch appications have bean fled as follows,

NOTE: Wiwe e f} s sswwad sbeve and the intemastional Appiicasion wiich deslgrated the U5 iwaif claimed
priarky chack Nem 8l ervier the deislly below arx] maie the priaity clsin,

{Osclaration and Power of Attomey [1-1]—pige 3 of 7)
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R FOREIGN/PCT APPLICATION(S) FILED WITHIN 12 MONTHS
Pmoll MONTHS FOR DESION) PRIOR TO THIS APPLICATION
AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. § 119{a)-{d}

COUNTRY (OR | APPLIGATION NUMBER DATE OF FILING | PRICRITY CLAIMED
INDICATE IF (day, momth, year) [UNDER 37 USO 110
PcN
1ioyes wNOO
Ooyes NoD
Oves w00
oves - NODO
Ooves wNoQ

CLAIM FOR BENEFIT OF PRIOR U.5. FROVISIONAL APPLICATION(S)
(34 US.C. § 110(a})

| hereby claim the benefit under Title 35, United States Code, § 118(e} of any United
Statss provisional application(s} Feted below:

PROVISIONAL APPLICATION NUMBER FALING DATE
Z.

/

CLAIM FOR BENEFIT OF EARLIER US/PCT APPLICATION(S)
UNDER 35 U.S.C. § 10

O The claim for the benefit of any such applostions are set forth In the
attached ADDED PAGES TO COMBINED DECLARATION AND POWER OF
ATTORNEY FOR DMVIBIONAL, CONTINUATION OR CONTINUATION-IN
PART (C--F} APPLICATION.

Deciaration and Fower of Atomey [1-1)—page 4 of 7)
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e e KB =

ALL FOREIGN APPLICATION(S), IF ANY, FILED MORE THAN 132 MONTHS
(8 MONTHS FOR DESIQN) PRIOR TO THIS U.S. APPLICATION

NOTE rumummummmnﬁduwﬁhnmum
"mu h“w m':umm:g:mmcuu'g'
mm;n?uﬂmmum cnvmmvanmmmuw
of the pror US, o FCT applendionfy undar 35 URC. § TIL

POWER OF ATTORNEY

| hereby appeint the following practitioners) to prosecuts this applicstion and transact
all business In the Patent and Trademark Offios connected therewith.

{ist name and registmtion number)
Rebert H. Bachman, (19,374); Gregory P. LaPointe, (28,395);
Barry L. Keimachter (29,999); and George A. Coury, (34,309)

(check the following tem, If appiicable)

a lwwuwmmmwmw
vided below to prosscuts this application and to ransact sl businses In the
Putent and Trademark Office connedted therowith.

1 Attached, as part of this daclarstion snd power of attomay, is the suthorization
of the above-namad practitioner(s) to accept and follow instructions from my
reprosentative(s).

NOTE: “Specis/ can should be i in contination or didsionsl appliostions 1o snue that any change of
somespondance adkiess in 8 prior application Iy rellected In Sw continmiion er divisional appiication.
For mampls, whare & copy of tw cath or daclstion from the priar sppiication Is submitted dor 8
cantixation or diusional appliestion lied unchr 37 CRR 1.550) and the copy of the oxth or declarstion
fom the prier sppiicaiion: desinaies sn oid coresponcence addees, The Olice gy not resoonim,
in the cominustion or divisional sppliaation, the change of seresponciee adivess mdy diving e
prosecution of the prior applicetion. Applicam iy required 1o idenilly $he change of comespandance
addrexy bt the coniinisdion e dvisiors! spplicaiion o envure ihat commenbations oy the Olios are
malpd o the cvent sorespenciance sdieea. 37 CFR 1.060(0." § 801,03, MPEP, T Eiin,

SEND CORRESPONDENCE TO DIREGT TELEPHONE GALLS TOu
Name and telephons number)

0 Address
BACHMAN & LAPOINTE, P.C. Gregor,\f P. LaPoiote
900 Chapel Street, Sufte 1201 {20 )777-6523 Ext. 111
New Haven, CT 06510-2802

0 Customer Number

{complele the following if appiicable)

Since this fliing Is a O cdntinuation O] divisional there Iy attached hersto a Change of
mmomnMMWhmquuﬂmuuwhmhde
direct all comespondence.

Mnui“dmhd]-moldn
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DECLARATION

I herely daclare that all staterants made hereln of rmy own knowladge are trus and thet
all statements mada on information and bellef are belleved to be trus; and further that thess
statements were made with the knowiadge that williui false statements and tha i 30 made
are punighabile by fine or imprisonment, or both, under Seotion 1001 of Title 18 of tha Unlbed
States Code, and that such wikiul falss staiements may jecpandize the valkiity of the

appfication or any patant lssuad thereon,
SIGNATURE(S)

NOTE:  Carettdly inclicele the jarndly (or inet) namm, ax I! should appaar on the lling recelpt anct all ather

NOTE:  Each inventor must be rwntided by Al nevm, Inciasing e famity name, and ot lasst ane given mime
WIHoU? abbryviaZion KOQEEier with ny other Given neme of INtal, an by hiaher resicence, post afics

address st eountry of cliimnship. 37 CFR § 1.6306%.

NOTE: inventors mey sxscute separsty deciastions/onths prowded sach decisration/onsh sty forth alf the
iveriors. Section 1.63(Y) requine thet a dechration/oath, inter alis, centlly each imwntor and
prohibils thy sxecution of separste deciarationsiosths which esch ssts jorth only the name of ine
eupculing inventer. 83 Fed. Rag. 53,131, 54742, Ootober 10, 1997,

Full name of scle or first kventor

Sarkis
=T ACDOLE BATIAL, OR NAMT)

FAMLY JOR LAST NAMN

Inventor's signature
Date Country of Clitzenship
Residence

Post Office Address

Full nrame of seoond joint iwentor, If any

Qscar
VN Hakie) ALDOLE INTIAL OF KAME)

Inventor's signature

FAMLY [OR LAST NALNY

Dste Country of Citizenship
Residence

Post Office Address

Full name of third joint Inventor, i any

—Rasalinda
VN Nasog EOOLE NTIAL ON RAME)

inventor's signature

T

Date Country of Citizsnship

Resldence

Post Otffice Address

Peciwation snd Power of Atiomay [1-1)—page 8 of 7)
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(check proper boxfes) for any of the foliowing added pagofs)
that form a part of this declaation)

%A Signature for fourth and subsequent joint inventors. Number of peges added

-ane .

0O Signsture by administatorid), exacutorirbd or legal representative for de-

cepsad or incapaciiuisd rwentor. Number of pages acided

O Signature for lnventor who refuses w0 sign or cannct be reached by parsan

authorized under 37 CFR 1.47, Number of peges axided

L0 Added page for signature by one joint Inventor on behalf of decessed

where lsgal repressntetive cannot be appointed In time. (37 CFR 1.47)

D Added pages to combined deciaration and power of attorney for divisional,

continuation, or continuation-n-part (C-+F) applcation.
O Number of pages addad

Mmrm.umdpmmwmwmwmmm

{/ no further pages form a part of this Declaration,
then end this Deciaralion with this page and check the foliowing item)

0O This declaration ends with this page.

mﬁ-ﬂm‘mu-ﬂ—nfd'ﬂ
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S| L PubATR) FORM 1-2 1-19

ADDED PAGE TO COMBINED DECLARATION AND POWER OF
ATTORNEY FOR SIGNATURE BY FOURTH AND SUBSEQUENT INVENTORS

Full name of fourth Joint inyentor, if sny
_Jose =00 Blanco

] AEDOLE FUTIAL QN MAME] FAMLY [OR LAST NALE)
inverttor's signshure
Date Country of Ciizenship
Residence
Post Oifios Addresa

Pull name of fifth jobnt invantor, i any

TV e ASODLE BOTIAL OF RARD PURY O IAST NG
kwenior's sipneture
Date Country of Cittzenship
Residence
Post Offios Address

I
Full nsma of sbxth joint inventor, i any

N e ASDOLE BETOAL OF NAME] PAMLY (OR TART NAME
inventor's signature
Outs Country of Citizenship
Resldenos
Post Offios Address

Added Page to Combined Declaration and Power of A i =
Sl Inventors [1-2]) ttormney for Signature by Fourth and

WY
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TRADUCCION DEL INGLES AL CASTELLANO de la Solicitud de
Patente de los Estados Unidos No.09/717,330 relacionada con:

EMULSION DE ACEITE EN AGUA COMO FLUIDO DE
FRACCIONAMIENTO Y METODO DE PREPARACION Y
APLICACION

ANEXOS. La Solicitud de Patente de los Estados Unidos Serie No.09/
717,330 arriba mencionada, Declaracién y Poder, Solicitud de Patente,
Certificacion del Comisionado de Patentes y Marcas de los Estados
Unidos de América.

LOS ESTADOS UNIDOS DE AMERICA

DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS DE
AMERICA

Oficina de Patentes y Marcas de los Estados Unidos
Noviembre 27, 2001

ESTE PARA CERTIFICAR QUE ANEXO AL PRESENTE SE
ENCUENTRA UNA FIEL COPIA TOMADA DE LOS REGISTROS
DE LA OFICINA DE PATENTES Y MARCAS DE LOS ESTADOS
UNIDOS DE AQUELLOS DOCUMENTOS DE LA SOLICITUD DE
PATENTE IDENTIFICADA ABAJO LA CUAL CUMPLE LOS
REQUISITOS PARA CONCEDERLE UNA FECHA DE
PRESENTACION BAJO LA NORMA 35USC 111.

NUMERO DE SOLICITUD: 09/717,330
FECHA DE PRESENTACION: Noviembre 30, 2000

Por autorizacion del

COMISIONADO DE PATENTES Y MARCAS
W. Montgomery (Firmado)

W. MONTGOMERY

Funcionario de Certificaciones

SELLO ADHERIDO

ANTECEDENTES DE LA INVENCION

La invencién se relaciona con el campo de los fluidos de
fraccionamiento y, més particularmente, con ur fluido de



fraccionamiento 1til para fracturar una formacién subterrénea con el fin
de mejorar su produccién.

El uso de los fluidos de fraccionamiento para mejorar la
produccion de las formaciones subterrdneas es bien conocido. En estos
esfoerzos se bombea im fluido dentro de un pozo con el propésito de
fracturar una formacién especifica, con el fin de asumentar la
permeabilidad de 1a formacién para que los fluidos puedan fluir mis
ripidamente desde el yacimiento hasta un pozo de produccién.

Cuando se evalta y se formula un fluido de fraccionamiento, las
consideraciones més importantes son, entre otras, la capacidad de
bombeo, 1a viscosidad, el costo y la capacidad de recuperacién. Muchos
tipos diferentes de fluidos han sido utilizados como fluidos de
fraccionamiento. Utilizados en forma convencional, los fluidos incluyen
gasolina con viscosidad incrementada con napalm, gasolina reticulada,
gel lineal base agua, gel base agua reticulada y geles espumados.

Con respecto a la capacidad de bombeo y la viscosidad, es
deseable que el fluido pueda ser ficilmente bombeado a bajas presiones
de bombeo y suficientemente viscoso para que ¢l fluido, cuando es
bombeado en un pozo, rompa una estructura subterrdnea y asi poder
llegar a aumentar la permeabilidad de la estructura, como se desea.

Es también deseable una vez que la formacién subterrinea se
fractura, que el fluido pueda ser fiicilmente recuperado del pozo.

Los fluidos convencionales utilizan aditivos costosos en grandes
cantidades con el fin de llenar los requisitos, y por lo tanto queda la
necesidad de encontrar un fluido de fraccionamiento aceptable el cual sea
barato en su preparacion y uso, y el cual también produzca los resuitados
deseados.

Consecuentemente, el principal objetivo de 1a presente invencion
es proveer un fluido de fraccionamiento el cual realiza un buen trabajo
como fluido de fraccionamiento, y un costo reducido de preparacién.

Otro objetivo de la presente invencidn es proveer un método para
1a preparacion de este fluido de fraccionamiento.



Otro objetivo més de la presente invenciéon es proporcionar un
método para fracturar una formacién utilizando este fluido de
fraccionamiento.

Otros objetivos y ventajas de la presente invencién se describirin
m4s adelante.

RESUMEN DE LA INVENCION

De acuerdo con la presente invencién, los objetivos y ventajas
anteriores son ficilmente obtenidos.

De acuerdo con la presente invencion, se proporciona una
emulsion de aceite en agua como fluido de fraccionamiento. Esta
emulsién comprende una fase dispersa de aceite; y una fase continua de
agua que comprende una solucién de polimero reticulable en agua.

Adicionalmente, de acuerdo con la presente invencién, se prepara
una emulsion de aceite en agua como fluido de fraccionamiento, de
acuerdo con un método que comprende los pasos siguientes:
proporcionar una fase de agua que comprende una solucién de un
polimero reticulable en agua; proporcionar una fase de aceite; formar una
emulsion de aceite en agua de dicha fase de agna y dicha fase de aceite;
ajustar el pH de dicha emulsién a un pH de enfre 9,0 y 13,0; y reticular
dicha solucién de polimero con el fin de obtener una emulsién reticulada.

De acuerdo con otro aspecto de la presente invencién, se
proporciona un método para fracturar una formacién subterrinea a través
de un pozo. Este método comprende los pasos de proveer una emulsién
de aceite en agua como fluido de fraccionamiento que comprende una
fase dispersa de aceite; una fase continua de agua que comprende una
solucion de polimero reticulable en agus; y un material de soporte
llevado por dicha emulsién; bombear dicha emulsion dentro de un pozo
comunicado con una formacién subterrdnea con el fin de formar grietas
en dicha formacién, y remover dicha emulsién por donde dicho material
de soporte esta ubicado dentro de dichas fisuras.

BREVE DESCRIPCION DE LOS DIBUJOS
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deseables porque son fiicilmente disponibles, a un costo razonable y son
compatibles con el pozo.

La fase de agua se forma preferiblemente mezclando una solucién
deseable del polimero reticulable en agua. El agua puede obtenerse de
cualquier fuente aceptable, y puede incluir agua de mar, agua dulce y

La emulsién puede prepararse de manera conveniente con una
relacion en volumen de aceite en agua de entre 80:20 y 20:80. La relacion
adecuada deberia ser seleccionada dependiendo de la consistencia de
fraccionamiento esperada que se requiere para fracturar el pozo, asi com
también de varios parimetros de bombeo particulares de un pozo dado.
La emulsién es preferiblemente preparada con didmetro promedio de
gotas menor de 20 micrdmetros, mas preferiblemente entre 2
micrémetros y 5 micrometros.

De acuerdo con la presente invencién, la emulsion preferiblemente
incluye un agente de reticulacién el cual entrecruza el polimero con el fin
de aumentar la viscosidad de toda Ia emulsién, obteniendo asf la
emulsién ideal para ser usada como un fluido de fraccionamiento y com
un transportador de un agente de soporte. En este aspecto, varios
polimeros son adecuados. Los polimeros preferidos incluyen
polisacéridos, derivados de celulosa, gomas de xantan, y similares, y el
hidroxi-propil guar es un ejemplo de un polimero adecuado. Los
polimeros preferiblemente estén presentes en la solucién polimérica en
una cantidad entre 10 y 70 libras de polimero por 1 000 galones de agua.

De acuerdo con la presente invencién, el agente de reticulacién
puede ser de manera conveniente cualquier material que produce o sirve
como una fuente de iones deseados los cuales actian para reticular las
varias cadenas de polimeros presentes en 1a fase de agua de la emulsi6n.
Los agentes de reticulacién preferidos incluyen compuestos de aluminio,
titanio, zirconio, antimonio, cromo, borato, y sus mezclas; todos ellos
pueden servir como fuente de iones libres, como se desea. Sin embargo,
se prefiere usar el borato y cualquier fuente de iones libres de borato en
solucion.

La fase de agua de la emulsién de la presente invencién puede
también mezclarse de manera conveniente con una sal, por ejemplo el
cloruro de potasio y similares con el fin de evitar el aumento excesivo del
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volumen de las arcillas de la formacién que podria impactar
adversamente sobre las caracteristicas de 1a emulsién.

De acuerdo con la presente invencion, las emulsiones también
preferiblemente incluyen un tensioactivo adecuado con el fin de facilitar
la formacién de la emulsion y mejorar la estabilidad de la misma. Los
tensioactivos adecuados se describen mis adelante,

La emulsién se mezcla preferiblemente con el material de apoyo y
sirve como un excelente portador del mismo, como se¢ mencioné
anteriormente. El agente de soporte puede ser seleccionado de cualquier
sustancia granular que tenga una particula deseable o tamafio de grano, el
cual servird para alojarse en las prietas y fracturas inducidas en la
formacién y por consiguiente pueden mantener abiertas estas grietas o
fracturas con el fin de mejorar la produccién de hidrocarburo de esta
manera. Estos agentes son bien conocidos para la persona experta en el
arte.

Antes de la reticulacién, la emulsién puede tener de manera
adecuada una viscosidad de entre 90 y 150 cP a 511 s y 80 °F. La
reticulacién de la emulsién aumenta su viscosidad, preferiblemente a una
viscosidad de entre 150 y 750 cP a 170 s™ y 180 °F. Esto permite que la
emulsién pueda usarse como un excelente transportador para el material
de soporte con el fin de suministrar el agente de soporte a 1a formacion,
de manera conveniente, cuando se fracture. Esto permite ventajosamente
que la formacién sea fracturada y todo el material de soporte sea
suministrado, utilizando un solo paso en el proceso de fraccionamiento
de la emulsién.

A través del uso de una emulsién de aceite en agua y la
reticulaciém del polimerc en la fase de agua de la emulsién, se
proporciona un fluido el cual tiene la viscosidad y la capacidad de
bombeo descadas, y el cual también sirve como un excelente portador del
agente de soporte. La combinacién de Ia emulsion de aceite en agua con
¢l polimero reticulado, proporciona ventajosamente cantidades reducidas
de polimeros y agentes de reticulacién, lo que resulta en la reduccién de
los costos.

De acuerdo con la presente invencién, una emulsién de fluido de
fraccionamiento de aceite en agua puede prepararse como sigue.



La fase de agua se prepara mezclando el polimero seleccionado en
agua hasta que se forme una solucion.

La fase de aceite, tal como el gasoil, el aceite mineral y otros, se
obtiene y se forma una emulsion a partir de 1a fase de aceite en la fase de
agua, preferiblemente utilizando un tensioactivo. Los tensioactivos
adecuados incluyen una combinacién de sulfatos, sulfonatos de metal
alcalino y tensioactivos no i6nicos seleccionados del grupo constituido
por fenoles alquilicos, alcoholes alifiticos etoxilados, y sus mezclas. Se
proporciona preferiblemente un paquete de tensioactivos con una relacion
de tensioactivo anidnico a temsioactivo no ibnico, en volumen, entre
70:30 y 80:20.

Una vez formada la emulsién, se encontrd, de acuerdo con la
presente invencién, que frecuentemente el pH puede requerir ser ajustado
con el fin de permitir la reticulacién deseado. Para obtener la reticulacién
deseado, un pH de entre 9,0 y 13,0, preferiblemente entre 9,5 y 12,0, es
critico. El pH puede ser ajustado mezclindolo con cualquier controlador
de pH adecuado y conocido, tales como la monoetanolamina, el
hidréxido de sodio, el hidréxido de potasio y similares. Cuando se
obtiene el pH adecuado, la emulsién es reticulada después al mezclarla
con un material adecuado de reticulacidn, tales como un material
seleccionado del grupo constituido por compuestos de aluminio, titanio,
zirconio, antimonio, cromo, borato y sus mezclas. De acuerdo con la
presente invencién, los compuestos de borsto son mucho mis preferidos,
por ser compuestos que generan iones de borato en solucion en 1a fase de
agua, y estos iomes de borato aparecen para mejorar el proceso de
reticulacién con el fin de obtener la viscosidad deseada de acuerdo con la
presente invencién. Si la emulsién debe transportarse fluyendo a través
de las tuberias antes del uso, puede ser deseable agregar el agente de
soporte después de este transporte. Por lo tanto, ¢l agente de reticulacién
puede ser afiadido al tiempo que se forma la emulsién, justo antes o
simultineamente con la adicién del agente de soporte, 0 en cualquier
punto intermedio.

Una vez se finaliza Ia emulsién, cualquier material de apoyo
soparte puede ser mezclado en la emulsién, como se desea, y la emulsién
sirve como un excelente medio de transporte pars Ilevar el agente de
soporte hacia abajo a través dej pozo y a una formacién subterrénea la
cual seri sometida a un proceso de fraccionamiento. Tipicamente, el
material de soporte no se agrega a la emulsién sino hasta justo antes de
S11 USo.
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Después que la formaciéon se fraccione, es deseable remover el
fluido de fraccionamiento, especialmente cualesquier polimeros y
similares que se quedan después del proceso. Con el fin de facilitar la
remocion del fluido de fraccionamiento, se desea romper la reticulacion
del polimero con el fin de reducir la viscosidad y permitir el bombeo del
fluido de fraccionamiento de regreso a la superficie. El rompimiento
puede lograrse utilizando rompedores tales como rompedores oxidantes,
enzimas y combinaciones de ellos. Estos agentes de rompimiento
rompedores son bien conocidos para una persona experta en el arte.

Una vez que se rompe la reticulacion, la emulsién con viscosidad
reducida encapsula el polimero restante o residual con el fin de facilitar Ia
remocion de todo el fluido de fraccionamiento incluyendo los polimeros,
mientras los mateniales de soporte permanecen en las grietas y fracturas
de la formacién, para poder mejorar la produccién del hidrocarburo
proveniente de la formacién, como se desea.

De acuerdo con la presente invencién, el fluido de fraccionamiento
es ventajoso ya que permite que las viscosidades hasta 750 cP a 170 s’
pueden obtenerse a temperaturas entre 110 °F y 220 °F, lo que
proporciona un transporte excelente de material de soporte. Ademass, el
gistema utiliza una concentracién muy baja de polimero, y da excelentes
resultados utilizando 14 a 18 libras de polimero por 1 000 galones de
emulsion y también permite obtener resultados satisfactorios hasta
temperaturas de entre 180 °F y potencialmente hasta 220 °F. Esta es una
concentraciéon reducida de polimeros y representa una mejora en la
tolerancia de temperatura comparado con los fluidos de fraccionamiento
convencionales.

Adicionalmente, la fase de aceite es de bajo costo, y todos los
aditivos estin disponibles comercialmente.

Ejemplo

Este ejemplo demuestra la preparacion de un fluido de
fraccionamiento de acuerdo con la presente invencién, como también un
andlisis de ella.

0,5 barriles de una mezcla de gasoil-aceite mineral se obtuvieron
para ser usados como fase de aceite.
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La fase de agua se obtuvo con 0,5 barriles de agua dulce mezclada
con ¢l polimero hidroxi propil guar (HPG) en una relacién de 50 libras de
polimero por 1 000 galones de agua, y 6 libras de cloruro de potasio por
barril se afiadieron al agua. Durante la formacién de la emulsién, un
tensioactivo comercial fue utilizado en un porcentaje de 20 libras de
tensioactivo por barrit de emulsion total. Este tenmsioactivo es un
tensioactivo amiénico: no iénico con una relacibn de 75:25, y se
selecciona en forma tal de poder ser compatible con el fluido de
perforacion y (la hoja 15 del documento fue reemplazada
inadvertidamente por otra que no concuerda con e} original traducido)

TABLA 1
170 °F
Rompedor (libras./1000 galones)
Tiempo 0 0,5 0,75 1,0

(minutos)| n’ K’ n’ K’ n’ K’ n’ K’

5 0,416010,2700|0,39920,21700,58460,15270,3396 | 0,1656
38 |0,7198]0,03460,5590|0,0497 | 0,4924)0,050010,5129|0,0149
74  10,711210,0349)0,4597|0,0613 | 0,439 |0,0525|0,4875|0,0157
110 }0,58950,060510,4502|0,05140,5018|0,0310|0,4300{0,0178
146 |0,417110,11600,3863|0,0562{0,443110,0348|0,43280,0185
186 10,2723]0,161110,3482|0,060010,3680]0,0451 |0,4063 [0,0226

La emulsién preparada en este cjemplo fue también probada
utilizando diferentes cantidades del rompedor con el fin de ilustrar el
cambio en Ia viscosidad con el tiempo. La Figura 1 muestra la emulsién
de 1a presente invencién cuando es tratada con diferentes cantidades del
rompedor, y la viscosidad resultante a 170°F. Como se puede observar,
0,5 libras/1 000 galones del rompedor y mayores, proporcionaron una
reduccién excelente de viscosidad después de un periodo inicial de alta
viscosidad, lo cual es ideal para la utilizacion de la emulsién de la
presente invencién como un fluido de fraccionamiento. La alta viscosidad
en el perfodo inicial permite utilizar el fluido para formar las fracturas,
mientras que el rompimiento de la reticulacién y la reducciéon en la
viscosidad permiten que 1a emulsién, con el polimero encapsulado, pueda
ser ficilmente removida del pozo, dejando atrds el agente de soporte.

La Figura 2 muestra ademis la emulsién como es preparada en este
ejemplo comparada a un gel convencional libre de polimero con respecto



10

a la viscosidad a diferentes temperaturas, lo que demuestra el benefici
de la reticulacién de la presente invencién para obtemer un fluido
utilizable para el fraccionamiento y también para ¢l transporte del
material de soporte. Como se puede observar, 1a emulsién reticulada
tiene una mayor viscosidad en todos los casos a temperaturas entre 110
°F y 170 °F, con un grado de mejoramiento muy elevado de la viscosidad
de la emulsién reticulada y el cual es mayor a medida que aumenta la
temperatura.

Se puede apreciar ficilmente que de acuerdo con la presente
invencién, se proporciona una emulsién y un método para formarla, los
cuales permiten tener un fluido de fraccionamiento preparado de manera
efectiva y asequible. Adicionalmente, gracias a estos métodos, se puede
usar este fluido de fraccionamiento para fracturar las formaciones con el
fin de mejorar la produccién de hidrocarburo y otros fluidos deseados.

Esta invencién puede ser realizada de otras maneras y llevada a
cabo de otras formas sin alejarse de su espiritu y sus caracteristicas
esenciales. Consecuentemente, la presente modalidad debe considerarse
en todos sus aspectos como de cardcter ilustrativo y no restrictivo. Las
reivindicaciones anexas indican el alcance de la invencién y pretenden
abarcar todos los cambios que encuentren cabida en el significado y
mgodeequivﬂenciadewmvencién.

REIVINDICACIONES

LO QUE SE REIVINDICA ES:

1. Una emulsion de aceite en agua como fluido de
fraccionamiento que comprende:
una fase dispersa de aceite; y
una fase continua de agua que comprende una soluciéon de
polimero reticulable en agua.

2. La emulsién de la reivindicacién 1, donde dicha emulsién
tiene una viscosidad de entre 90 y 150 cP a 511 s y 80 °F.

3.  La emulsién de la reivindicacién 1, donde dicho polimero es
reﬁculado?rdichaemtﬂsiénﬁenemvisoosidaddeentre 150 cP y 750
cPal170s™ y 180 °F.
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4. La emulsién de la reivindicacién 1, donde dicha fase de
aceite se selecciona a partir del grupo que consiste de gasoil, aceite
mineral y sus mezclas.

5. Laemulsién de la reivindicacién 1, donde dicha fase de agua
contiene dicho polimero en una cantidad entre 10 y 70 libras de dicho
polimero por 1 000 galones de agua.

6. Laemulsién de Ia reivindicacién 5, donde dicho polimero se
selecciona a parfir del grupo que consiste de polisacéridos, derivados
celuldsicos, goma xantan y sus combinaciones.

7. Laemulsién de 1a reivindicacién 6, donde dicho polimero es
hidroxi propil guar.

8. La emulsiéon de la reivindicacién 1, que comprende ademss
un material de soporte llevado por dicha emulsién.

9. Un método para preparar una emulsién como fluido de

fraccionamiento, el cual comprende los pasos de:

proporcionar una fase de agua que comprende una solucién
de un polimero reticulable en agua,

proporcionar una fase de aceite;

formar una emulsién de aceite en agua a partir de dicha fase
de agua y dicha fase de aceite;

ajustar el pH de dicha emulsién a un pH de entre 9,0 y 13,0,
y

reticular dicha solucién polimérica con el fin de obtener una
emulsion reticulada.

10. El método de la reivindicacién 9, donde dicha emulsién
reticulada tiene una viscosidad de entre 150 y 750 cP a 170 s™ y 180 °F.

11. El método de la reivindicaciéon 9, donde dicha fase de aceite
se selecciona a partir del grupo que consiste de gasoil, aceite mineral y
sus mezclas.

12. El método de la reivindicacién 9, donde dicha fase de agua
contiene dicho polimero en una cantidad de entre 10 y 70 libras de dicho
polimero por 1 000 galones de agua.
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13. El método de la reivindicacién 12, donde dicho polimero se
selecciona a partir del grupo que consiste de polisacéridos, derivados
celulGsicos, goma xantan y sus combinaciones.

14. El método de 1a reivindicaciéon 13, donde dicho polimero es
hidroxi propil guar

15. El método de la reivindicacién 9, donde dicho paso de
reticulacién comprende mezclar dicha emulsién con el agente de
reticulacién.

16. El método de la reivindicacién 15, donde dicho agente de
reticulacién se selecciona a partir del grupo que consiste de compuestos
de aluminio, titanio, zirconio, antimonio, cromo, borato y sus mezclas.

17. Un método para fracturar una formacién subterrinea

comprende los pasos de:

obtener una emulsidn aceite en agua como fluido de
fraccionamiento que comprende una fase dispersa de aceite y una fase
continua de agua que comprende una solucién de polimero reticulable
agua; y un agente de soporte transportado por dicha emulsién;

bombear dicha emulsién en un pozo que se comunica con
una formacién subterrinea con el fin de formar las grietas en dicha
formacién; y

remover dicha emulsién luego que dicho agente de soporte
este posicionado en dichas grietss.

18. El método de la reivindicacién 17, donde dicha emulsién es
reticulada y donde dicho paso de remocién comprende romper y degradar
dicho polimero con el fin de obtener una emmlsién con una viscosidad
reducida, y remover dicha emulsién con la viscosidad reducida de dicho
pozo.

19. El método de la reivindicacién 18, donde dicha emulsion
con la viscosidad reducida encapsula dicho polimero, por lo cual dicho
Jpaso de remocién remueve dicho polimero.

EXTRACTO

¥
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Una emulsién de aceite en agua como fluido de fraccionamiento
incluye una fase dispersa de aceite; y una fase continua de agua en forma
de una solucién de polimero reticulable en agua. Se divulga también un
método para preparar la emulsion asi como un método de
fraccionamiento usando la emulsién.

ES TRADUCCION FIEL Y COMPLETA DEL DOCUMENTO ANEXO
TERMINADA ESTE 18 DE ENERO, 2002.



