| DRY POLYMER HYDRATION APPARATUS AND METHODS OF USE
BACKGROUND OF THE INVENTION Field of the Invention (0001] The
present invention relates to the preparation of subterranean formation
treatment fluids, and more particularly, but not by way of limitation,
apparatus and methods for preparing viscous treatment gels with dry
polymer and water. Description of the Related Art [0002] In the olil drilling
and production industry, viscous aquedus fluids are commonly used in
treating subterranean wells, and as carrier fluids. Such fluids may be used
as fracturing fluids, acidizing fluids, and high-density completion fluids. In
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propagate underground fractures for increasing oilwell productivity. [0003]

Viscous fluids, such as gels, are typically an aqueous solution of a
polymer material. A common continuous method used to prepare viscous
flURISCEEGRBIMVR IPE EHEADONAE ¥ use of initial slurry of the polymer
material in a hydrocarbon carrier fluid (i.e. diesel fluid) which facilitates
the polymer dispersion and slurry mixing. Although this process achieves

th%1t3 guptgglg%rg%%hty the presence of hydrocarbon fluids is often

particular fields, even though the hydrocarbon represents a
relatlvely small t 2 amount of the total fracturing gel once mixed with
water. Also, there are environmental problems associated with the
clgampyipraa doelisposatvefiliothréydsocarbonsraseetion of subterranean formation

treatment fluids, and more particularly, but not by way of limitation, apparatus and

methods for preparing viscous treatment gels with dry polymer and water.

Description of the Related Art

[0002] In the oil drilling and production industry, viscous aqueous fluids are commonly
used in treating subterranean wells, and as carrier fluids. Such fluids may be used as
fracturing fluids, acidizing fluids, and high-density completion fluids. In an operation
known as well fracturing, such fluids are used to initiate and propagate underground
fractares for increasing oilwell productivity.

[0003] Viscous fluids, such as gels, are typically an aqueous solution of a polymer
material. A common continuous method used to prepare viscous fluids at an oilwell site,
involves the use of initial slury of the polymer material in a hydrocarbon carrier fluid
(i.e. diesel fluid) which facilitates the polymer dispersion and slurry mixing. Although
this process achieves the required gel quality, the presence of hydrocarbon fluids is often

objected to in particular fields, even though the hydrocarbon represents a relatively small



concentrates and well treatment gels containing hydrocarbons; as well as
with the clean- up of the tanks, piping, and other handling equipment
which have been contaminated by the hydrocarbon-based gel. 100041
Other applications used for the continuous mixing of viscous treatment
gels include gelling the polymer in a hydrocarbon carrier that is mixed
with water to produce the fracturing gel which is then flowed through
baffled tanks providing first-in / fast-out o(FIFO) flow pattern, and allowing
for the hydration time of the gel. Yet, another technique for mixing of dry
polymer directly to produce viscous treatment gels is described in Allen,

U.SnRatenk MO a4 28kt e Ondd i 86t NRter 382, Aikdre 3R BEMSental

et al., U.S. Patent No. 5,190,374. These techniques, while potentially
effgeiiMemd CsHdbEBaY SRhCaRPlinatacth SteRs Wspsenate theugehyddiaibon based
presents drawbacks in an oilwell setting. Further, U.S. Patent Application
20064/0286406uAl distioseseaealp pantting giifivuadnrerector] forwith the clean-
substantially hydrating a gel particulate using a mixer in conjunction with

an Winpether tokadipiRgArdpBerhredling raWg Tver s ish e AlRers FRRABIAS by
gel pballs. [00Q5] Therefore, there is a need for apparatus and methods
R A

use 8sa (fr?/’ polymer constituents directly for preparing
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hydrocarbon carrier fluid, and such need is met, at least in part, by the
follwing RYSHIeR. pdPme VMR AonT dd it N THRRU Q@86 ater to produce

According to a first aspect of the present invention, there is provided an

apply ftusring gel which is then flowed through baffled tanks providing first-in / first-out
(FIFO) flow pattern, and allowing for the hydration time of the gel. Yet, another
technique for mixing of dry polymer directly to produce viscous treatment gels is
described in Allen, U.S. Patent No. 5,426,137, Allen, U.S. Patent No. 5,382,411, and
Harms et al., U.S. Patent No. 5,190,374. These techniques, while potentially effective,
require several complicated steps to prepare the gel, which presents drawbacks in an
oilwell setting. Further, U.S. Patent Application 2004/0256106 A1l discloses an apparatus
without an eductor, for substantially hydrating a gel particulate using a mixer in
conjunction with an impeller located within the mixer housing, which prevents formation
of gel balis.
[0005] Therefore, there is a need for apparatus and methods useful for hydrating a dry
polymer constituents directly for preparing viscous treatment gels in a continuous mode

without the use of the hydrocarbon cartier fluid, and such need is met, at least in part, by

the following invention.



for preparing a viscous treatment gel comprising an eductor connected to
a water supply; a plurality of input tubes, wherein at least one input tube

is connected with the eductor; and a mixing chimney connected to the
input tubes, wherein the mixing chimney comprises: a lower input section
comprising a mixing and dilution chamber and inlets connected to the
input tubes; a central section wherein polymer slurry and water are mixed
and sheared; and, a top section comprising an upper chamber and
plurality holes circumferentially located periphery of the upper chamber.
[0006a] According to a second aspect of the present invention, there is
provided an apparatus for preparing a viscous treatment gel comprising
an Qeueies seNeaiad ierapnvatesnsupply; a plurality of input tubes, wherein
at least one input tube is connected with the eductor; and a mixing
chimney connected to the input tubes, wherein the mixing chimney.
co rﬁiﬂ’i’g s:AﬁﬁOfﬁﬁ’ﬁ’t Qe it %ﬁ’r?ﬁt‘i r‘%?ﬂﬁ grﬁ%%tnﬁvgﬁ%oailﬁere ke mx”lge? an apparatus
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anGinieis CONeCieRblQ dUS IRyt BESH A ALBEEIABNIRPR o water supply: a
polymer ﬁurry% and water are mixed and she red; and an output section a
botigrn, SECHPM GRMES NG Ul e spiieupdasantialiteosatod LRRBLor; and a
the periphery thereof through which gel exits the chimney. 3 3a [0006b] In

the examaplaembosiment prepanationietavivisdats: tresirp ehingel fomptsys:
polymer is achieved by first dispersing the polymer in water utilizing a

constamt volome tpuinrgialcedipetongA mixing and dilution chamber and inlets connected

to the input tubes;
¢ acentral section wherein polymer slurry and water are mixed and sheared; and,
e a2 top section comprising an upper chamber and plurality holes circumferentially
located periphery of the upper chamber.
[0006a] According to a second aspect of the present invention, there is provided an
apparatus for preparing a viscous treatment gel comprising an eductor connected to a water
supply; a plurality of input tubes, wherein at least one input tube is connected with the
eductor; and a mixing chimney connected to the input tubes, wherein the mixing chimney
comprises:
e an input section comprising a mixing and dilution chamber and inlets connected to
the input tubes;
e 2 central section wherein polymer shurry and water are mixed and sheared; and
e an oufput section a bottom section comprising a plurality holes circumferentially

located upon the periphery thereof through which gel exits the chimney.



premixing device may also be placed in parallel with the eductor to help
dispersion and reduce air introduction into the mixture. The eductor
operates at a constant water rate and pressure thus producing a
concentrated polymer slurry. The resulting concentrated polymer slurry is
discharged into a specifically designed dilution and remixing chamber,
referred to herein as a "mixing chimney." In the input section of the mixing
chimney, a jet of metered dilution water Is applied at high pressure b the
incoming concentrated polymer s?urry stream, to form a diluted polymer
slurry. The dilution stream accelerates the concentrated polymer slurry in
a circular, and preferably upward, motion where it is sheared against the
high drag wall of the chimney, thus fully mixing both streams, producing a

enous diluted gel The diluted QIé/I{ngfr lurry is further sheared as it
mﬂ@%ﬂ%ﬂethr%i%(ﬁal %%ir%[gg@d%ﬁ%ggﬂr%?%%feren%alIy located perforations or

visc_l_fstsh*\é/m&taégl lpcated\uRoR e QUiRHLSestigN afdhe mixing chimney.

e exiting viscous treatment gel may then be contained by an external
disgiashauaphigrUierehamberithat atesisitiveluadisbwelovin) eiugier. A
exiting gel while maintaining some of the rotational motion of -the fluid

preinicing, skoiageap ripebtrprcdiaryeiatisitabk cquronisoYdRedimrsign and
embodiment provides a simple to operate and ro?us%field t%%ru%%? ;%re
reduemain ERApqSIRSRIA RIS vidES RIS Gt S Fate) B8
required by any specific oilwell application. [§007] Embodii of thecq
and PSSR ARSI IHLS) %8%%%’5?(?@0 %ﬁf)&%%@ﬁg an(gH] ispersing
pol Uaély‘&%vfr%ggcg&l oA fed Q‘Q{Sje%{ﬁ%%&gh%&‘ G&%Hﬂrﬂ%ﬁﬁiﬂg dh@nber,
olymer A OF S aying 3a'4 by chemicals that function, for instance, as
refRH PRAGES e e Byl tigmEgtardetse HParesdiien of the mixing chimncey, 2
jet of metered ditution water is applied at high pressure b the incoming concentrated
polymer slurry stream, to form a diluted polymer slurry. The dilution stream accelerates
the concentrated polymer shury in a circular, and preferably upward, motion where it is
sheared against the high drag wall of the chimney, thus fully mixing both streams,
producing a homogenous diluted gel The diluted polymer slurry is further sheared as it
exits the mixing chimney through circumferentially located perforations or slots which .
are located upon the output section of the mixing chimney. The exiting viscous treatment

gel may then be contained by an external splashguard, or outer chamber, that arrests the
radial velocity of the exiting gel while maintaining some of the rotational motion of the
fluid into a storage compartment of a hydration tank. The above example embodiment
provides a simple to operate and robust field technique for continuously producing quality

viscous treatment gel at any rate, as required by any specific oitwell application.

[0007] Embodiments of the present invention may be used for continuously mixing and
dispersing quality gel from polymer powder, without the need for pretreating the polymer

with or spraying

3a



embodiments of the present invention may provide effective use of

untreated polymers to prepare a viscous treatment gel at a wellsite.

BRIEF DESCRIPTION OF THE DRAWINGS [00081 Fig. 1 shows a

general overview of an embodiment of a mixing chimney according to the
invention. [0009] Fig. 2A is a top cross-sectional illustration representing

an input section of a mixing chimney embodiment according to the

invention. [0010] Fig. 2B is a first side view of an input section of a mixing
chimney embodiment according to the invention. [0011] Fig. 2C is a

second side view of an input section of a mixing chimney embodiment
actgrclingitalthbdnfention f§0 0t@hfdgeEhovisantsvendtricatiiorstetaidersotience, the
a mixing chimney middle section according to an embodiment of the
pressebrdimeition O OIS vaHiDR e 878 Y6 cedectixnanserbpfreated polymers to
apparatus that provides the means for continuous mixing and hydration of
welGRED A8 FesfeHrGRigH8M ARV $6ymer. DETAILED DESCRIPTION

OF THE PREFERRED EMBODIMENTS [00141 lllustrative embodiments

of the invention are described below. In the interest of clarity, not all
featgiegzefsrkagirgiaRpemMeN aRARIEGescribed in this specification. It

will of course be appreciated that in the development of any such actual
embodiment, 4 5 numerous implementation- specific decisions must be

made to achieve the developer's specific goals, such as compliance with
systi@efsdiBiRd lasbrhE sinseiad| e aevstlaftsembodiment of a mixing chimney

according to the invention.

[0009] Fig. 2A is a top cross-sectional illustration representing an input section of a
mixing chimney embodiment according to the invention.

[0010] Fig. 2B is a first side view of an input section of a mixing chimney embodiment
according to the invention.
-[0011] Fig. 2C is a second side view of an input section of a mixing chimney
embodiment according to the invention.

[0012] Fig. 3 shows an isometric ilfustration of a mixing chimney middle section
according to an embodiment of the present invention.

[0013] Fig. 4 illustrates a process scheme and apparatus that provides the means for

continuous mixing and hydration of well viscous treatment gels from dry polymer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] Tustrative embodiments of the invention are described below. In the interest of
clarity, not all features of an actual implementation are described in this specification. It

will of course be appreciated that in the development of any such actual embodiment,



which will vary from one implementation to another. Moreover, it will be
appreciated that such a development effort might be complex and time
consuming, but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure. Preferred
embodiments of the invention will now be described with reference to the
drawings, wherein like reference characters refer to like or corresponding
parts throughout the drawings and desgription. [00151 The present
invention relates to the preparation of subterranean formation treatment
fluids, and more particularly, but not by way of limitation, an apparatus and

MELERASLonReRBRnG.R \URCIHS JEeRIME M Ee IR HNYO RIS ihe developer's

constituents and water in a continuous mode. The apparatus and

mgikads gigspatticdiachmpEeitt eitipsenatinglacliscd basineat raknidgeiniionints,
dry polymer at a wellbore site for fracturing a subterranean formation. As
useddheralhyitieftemnoig aitipreamnt émy thcrriotrathhagdren isdB e seneeciated
suitable for treating a wellbore; "dry Solymer" means any form of polymer

whigh s¥clednfleteramni raivabraisth her&rRRI S bk CHEEGRd Rifntould

(Cr%%a Ieees’sabryorpoh%g ’ OJc%g_lel]rWBre lﬁoasgdo 5*"({}11%%%% RURO e having the
non-agueous séalvaltle , slurrieaq, suspended orm, and may pe any
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p
biopolymers such as xanthan and diutan cellulose and its derivatives (i.e.

caghaxsRethyd hd mxyatiheelwnseinhydeoxyframy chitalnse refer) rgue or
and its derivatives (i.e. carboxymethylhydroxypropyl guar, hydroxypropyl

guarrespebdixg pethifiraggbmchebiayimst iydrdaeogyiethyl guar, etc.),
polylactic acid, polyglycolic acid, polyvinyl 56 alcohol, polyacrylamide,

otH8AS), Fhee nectsaly insratiohdiiistie. Iy RIPP U SF migierranean formation

treatment fluids, and more particularly, but not by way of limitation, an apparatus and
methods for preparing a viscous treatment gel from dry polymer constituents and water in
a continuous mode. The apparatus and methods are particularly useful for preparing a
viscous treatment gel from dry polymer at a wellbore site for fracturing a subterrancan
formation. As used herein: the term “gel” means any liquid material in a viscous state
suitable for treating a wellbore; “dry polymer” means any form of polymer which is
commercially available, transferred, or supplied, in a solid form (crystalline, amorphous,
or otherwise), and not in an aqueous or non-aqueous solvated, sturried, or suspended
form, and may be any polymer type usefil for well treatments, including, but not limited
to biopolymers such as xanthan and diutan, cellulose and its derivatives (i.e.
carboxymethylhydroxyethyl cellulose, hydroxypropy! cellulose, efc.), guar and its
derivatives (i.e. carboxymethylhydroxypropyl guar, hydroxypropyl guar, carboxymethyl

guar, carboxymethylhydroxyethyl guar, etc.), polylactic acid, polyglycolic acid, polyvinyl



contain commercially acceptable moisture levels. [0016] Referring to Fig.
1, in one embodiment of the invention, the apparatus generally is a
mixing chimney (housing) 100 without the need for an impeller inside the
chimney, that serves to dilute and mix a concentrated polymer slurry. The
mixing chimney 100 also assists in removing air from (de-aerates) the
mixture. The mixing chimney 100 comprises a lower input section 110
wherein concentrated polymer slurry afd water are separately introduced
under pressure, a central section 120 through which the slurry and water
are mixed and sheared, and a top section 130 wherein the mixture is
furthesheh pakedrianiall aieexithdi poakiedesaie likxingyadg shigarcr may
along the inner wall of mixing chimney 100, mechanical structures 140
maypiteiriisposaddiercomtablomeistocimpest mixing friction and increase

mi mi surface area. Suitable examples of the mechanical structures
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represengaﬁlons OWGIanpUt secton 111 mixing cnimney
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has a mixing and dilution chamber 210, and is ported with inlets in such
Waysagsto cannent ter iRy i(BdbemRA0he 3tix e T hdsiz Mhiandy?80 comprises
facilitate the transport of dilution water and concentrated polymer slurry

inte threeninpmigpasiion gy 10@reimpuictnbet&Bodhohariglurey lsndtadisr yngeseparately
valve 240 placed directly at the entrance of the mixing and dilution

chiftBdiced seih Srergilptenrhisctnn HRBdahnich o Swmaater psr are
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g Fuxe a top section erein the mixture is er sheared’as well
as exits. To enable adequate mixing and shear, along the inner wall of mixing chimney
100, mechanical structures 140 may be disposed thereon in order fo impart mixing
friction and increase mixing surface area. Suitable examples of the mechanical structures
include, but are not necessarily limited to, metallic protrusions, expanded metal mesh,
and the like.

[0017] Referring to Figs. 2A — 2C, top and side representations of lower input section
110 of a mixing chimney 100 according to an embodiment of the invention, the iov;rer
input section 110 has a mixing and dilution chamber 210, and is ported with inlets in such
way as to connect to input tubes 220, 230. Input tubes 220 and 230 facilitate the
transpott of dilution water and concentrated polymer sturry into the mixing chimney 100.
Input tube 230 includes a butterfly type valve 240 placed directly at the entrance of the
mixing and dilution chamber to control the dilution rate and produce a high velocity

water jet across the range of desired flow rates. The concentrated polymer shury is



initially prepared by forming a dispersion of dry polymer in water in an
eductor. The concentrated polymer slurry is supplied from the eductor
through input tube 220. [0018] In an embodiment of the present invention,
input tube 230 is used to inject dilution water for mixture with the
concentrated polymer slurry. The water stream is injected tangentially
under pressure along the inner wall of the lower input section 110 of the
mixing chimney 100. Along the inner wall of the lower input section 110,

the water sweeps and accelerates the concentrated polymer slurry

stream into a circular motion as the slurry is injected through input tube
220. The unrestricted flow path in the veptical upwards direction j

B A0t ST S FEsiangl < DABEIT SAEE IRty 1he
Up&’&ﬁ‘é%%%ﬁi%ﬁ&%ﬂﬁ@psm pldne Hiltedmeisturrbeingsisdy20.
upwards along the inner'wall of the chimney 100. The rotating motion and
theoupsyasds: fewdadisaedbmihsrenaliviavargenpiiipe dibiiaatwatensstreamject
from input tube 230, and not merely the passive energy of the slurry ]
strtiamiofrovatdn et iibeu22@itaitks ivotiventoliedimatioreosluinfrorhetatetistigpa 15
[0019) Fig. 3, is an isometric illustration of a mixing chimney central
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about the inner wall of the central section 110 to provide higher shear
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mixture induced by the concentrated polymer slurry and water input
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high level of shear against the wall of the central section to 7 ) X
water to move upwards with the resuitant flow of the diluted mixture being spirally
upwards along the inner wall of the chimney 100. The rotating motion and the upwards
flow induced by the motive force of the dilution water stream from input tube 230, and
not merely the passive energy of the slurry stream from input tube 220, aids in the
elimination of air from the mixture.
(6019] Fig. 3, is an isometric illustration of a mixing chimney central section 120
according to an embodiment of the present invention. The central section 120 of the
mixing chimney, illustrated in Fig. 1, which is positioned adjacent the input section 110.
As described above, to enable adequate mixing and shear, mechanical structures 140 may
be disposed about the inner wall of the central section 110 to provide higher shear energy.
The inner wall may also be smooth. The velocity of the fluid mixture induced by the

concentrated polymer shurry and water input streams, as well as the high centrifugal force

from the rotation produce a high level of shear against the wall of the central section to



8 effectively homogenize the mixture and further disperse the polymer.
This effectively prevents the formation of undesirable gel balls (commonly
referred to as fish-eyes). 100201 Referring again to Fig. 1, in this
embodiment, the diluted polymer slurry then passes from the central
section 120 upwards into the top section 130. The top section 130 has a
hollow cylindrical outer chamber 150 which surrounds upper chamber
160, at least in part. The upper chamber 160 of the top section 130,
wherein the diluted polymer slurry transports to from the central section
120, may have mechanical structures 140 disposed about the inner wall.
Thedlihied BS’%@?&EM{%’JE%G:Q: 35ReRMRMSNRLL GRARREIL 6RO R ly
outer charmber 150. As the diluted polymer slurry passes from upper

chaphatkh0ranadisl o thrisnatt Wihiar Weneham batdbDothelgys).

passes through a plurality holes or slots 170 circumferentially located
up@Io2bE Rdtiphe nedh toeRipal e dié @mboiiimentythéudinesdshelamthelurry then
diluted polymer slurry as it exits the chamber 160. As the diluted polymer

slupaysesdfraratheraeninng sPiAMERD DT aisEe Hagdent septioratt ifhs kppytaction 130
which is essentially. fully mixed and de-aerated, and at lea tial
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treatment ge elivered on a fast-in / first-out "flow path of the hydration
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in the art and or generally described in Constien et al., U.S. Patent No.
4,808 Bk, iaumal WitlrThedilis] feiendrNors 046 1866s fOR 2drer oimeber 160 and
embodiment the mixing chimney 100 comprises a lower input section 110

a ceteralteseddober 250and hachlsEetinyrBo WieTerssendBastrsh daamber 160
connected to form a_chamber for mixing, The sections maeé be Iﬁgrqp

3 e e .
by mé%@%o%%eéppagﬁ% 150, the slurry passes through a 1tyclt10ftias or
slots 170 circumferentially located upon the periphery of the chamber 160 which may

further shear the diluted polymer slury as it exits the chamber 160. As the diluted
- polymer slurry exits the mixing chimney 100, it is considered formed into a gel which is
essentially fully mixed and de-aerated, and at least partially hydrated.
[0021} Upon exiting the mixing chimpey 100, the gel may pass into a first compartment
of the hydration tank. In one process, the treatment gel is delivered on a first-in / first-out
flow path of the hydration tank, as the treatment gel oxits the chimney. Such processes
are known in the art and or generally described in Constien et al., U.S. Patent No.
4,828,034, and MclIntire, U.S. Patent No. 5,046,865.
[0022] In one embodiment the mixing chimney 100 comprises a lower input section 110
“a central section 120, and a top section 130 wherein each section is connected to form a

-chamber for mixing. The sections may be connected by any means know in the art, such



8 9 as, by non-limiting example, welding or connectable flanges. In other
embodiments of the present invention, the chamber may also be formed
from one or two cylinders. [0023] Some mixing chimneys according to the
invention may have the input section placed other than the lower portion.
For instance, the input section may be at the top of the chimney, while the
section through which the diluted polymer slurry exits is positioned at the
bottom of the chimney. Hence, the chimney could be comprised of. a top
input section comprising a mixing and dilution chamber and inlets
connected to input tubes; a central section wherein polymer slurry and
W%ts?rb?rﬁo iﬁﬂ@&ﬁgﬁl@f %pe'lé‘iﬂg ot &%@%ﬁeﬁgﬁ’@é?qm@ﬂﬁ%ﬁodimmts of
plurality holes circumferentially located upon the periphery thereof

thrge ghswhigh gebeXie dhabinane)a {0 82 drincameihene sthedicpknteef the
invention, a method for hydrating a dry polymer to prepare a viscous

trefatzdiriael inipieyidédechhepodesstgaheiatsabiniudes haee shepsnyt section
dispersing dry polymer in water in an eductor to form a concentrated .
pobjarrst ehrrihanrthe Ly ponédigninaanthy BolEdh certiPhEdhihte top o
slurry with water, into the input portion of. th IXi imney. Th o
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rry exits through plurality holes or slots positioned at the output
seghionplthedpixioapsaipaayi knpradadiviseRUbreAMEBts getnddial to input
viscous treatment gel may then be contained and delivered from a
hysitetipndaink] [BORE] Whdieithpelpmdyotlimentd vhtteinventdandisbegisdotrsl, 2
treatment gel may also be held and flowed through vertically baffled
cobapamrersHen GPEPMLES A lekﬁﬁdﬂ}mﬁmﬁeremmﬂy located upon the periphery

thereof through which gel exits the chimmney.

[0024] In another embodiment of the invention, a method for hydrating a dry polymer to
prepare a viscous treatment gel is provided. The process generally includes the steps of
dispersing dry polymer in water in an eductor to form a concentrated polymer shurry, and
simultaneously injecting the concentrated polymer slurry with water into the input
portion of the mixing chimney. The concentrated polymer shurry and dilution water are
mixed inside the mixing chimney to form a diluted polymer shurry. The diluted polymer
slurry exits through plurality holes or slots positioned at the output sectionof the mixing
chimney to provide a viscous treatment gel. The viscous treatment gel may then be
contained and delivered from a hydration tank.

[0025] In further embodiments of the invention, the viscous treatment gel may also be
held and flowed through vertically baffled compartments o(t: a first-in / first-out hydration
tank which ensures residence time to accommodate further, or full hydration of the gel.

Bar turbine agitators in each of the compartments may be further used to shear the gel



tank which ensures residence time to accommodate further, or full
hydration of the gel. Bar turbine agitators in each of the compartments
may be further used to shear the gel 9 10 enhancing the hydration
process, and improving the first-in / first-out flow pattern. The fluid is
discharged by gravity from the last compartment of the hydration tank.
Process control with feedback from level sensors in each compartment,
or the last compartment, controls the mixing rate by altering the opening
of the dilution valve. [0026] Fig. 4 illustrates another embodiment of the
invention, which is a method and apparatus that provides the means for

coginyon: m@%?m'aﬂ bydation insiviscausideatmealae SRopatk. The

polymer at a wellbore site. This process and apparatus may however be
usgeidas misingatherdpre BbpONvE REaaigRwithogbt dy dstiae la RO P7dcess
Fig. 4 shows the general process scheme which includes a centrifugal
puenpt=b] &itin &edredivoes ot \eersnergycasnuivimgrotittor fodagigompartment,
disperses the dry polymer forming a cancentrated polymer slurry, a
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. W
V&S the concentrated polymer slurry, mixes with dilution water,

a”ﬁ’p{?&?ﬁﬁ?%ﬂﬁ%ﬁxﬁ&%&t% ROIVRREES WA thsireaHied KM well viscous

concentration into tank 418. Tank 418 is a multi compartment, 1, 2, 3, 4,

5, fiestniRfir ko Woholtingotntehytratientian kg uipeskovids sheafipgratus may
agitators 420. Tank 418 stores and further hydrates the diluted polymer
slureyteetdremstd fecoistzesbmamag off j0088] hateniel evithdaudeag well.
represented by Fig. 4, the dry polymer is stored in a storage bin 402

attiiOREL Kig oI thrisTesseiorraesas sHheme arirnpalieR ASFGRY AR BIgPP 416

pO&Q&I epfro'ciuc:fe:s ‘motive energy, a mixing eductor 406 that disperses the dry polymer

- forming a concentrated polymer slurry, a feeder 404 for dispensing the dry polymer from
storage/supply bin 402 into the mixing eductor 406, a dilution and mixing chamber
(chimney) 410 that receives the concentrated polymer shurry, mixes with dilution water,
and discharges a diluted polymer slurry with the required polymer concentration into tank
418. Tank 418 is a multi compartment, 1, 2, 3, 4, 5, first-in/first-out holding and
hydration tank equipped with shearing agitators 420. Tank 418 stores and further
hydrates the diluted polymer siurry to form a viscous treatment gel.
{0028] In the embodiment represented by Fig. 4, the dry polymer is stored in a storage
bin 402 attached to a volumetric feeder 404. The feeder 404 discharges the dry polymer
into a mixing eductor 406, where it is dispersed in water, provided from a supply of
water, to form a slurry. The supply of water may be introduced into the system via
suction connections attached to any suitable available water source. The bin 402 and the

feeder 404 are mounted on load cell that continuously records the weight of the bin 402.



into a mixing eductor 406, where it is dispersed in water, provided from a
supply of water, to form a slurry. The supply of water may be introduced

into the system via suction connections attached to any suitable available
water source. The bin 402 and the feeder 404 are mounted on load cell

that continuously records the weight of the bin 402. 10 11 Metering of the
polymer load rate may be achieved by an initial approximate volumetric

rate given by the metering the volumetyic feeder 404 screw speed.

Accurate gravimetric proportioning is achieved by continuously monitoring
the loss in weight of the storage bin 402. Either of these two metering
R SR A K RN B A AR B

emixi polymer in an aqueous lum, may optionally be

plaged:-Retvugen: theassel-ARh AR Mbdng agiisiesdQRed 0ACRelertintric

again the Fig. 4, and the embodiment represented thereby, the mixer is a
fixpebpazstngi zeachiteto b4 Qonnhichsomsntdbingl the llesaarotvBight whemr storage
operated at a constant pressure. The eductor 406 disperses the dry
poymépn Ritter afidissodivsesngtascerdindy polyersidripdivigually or in
constant flow rate. The resulting concentrated polymer slurry is directed

to FARIHERLAinth A BreitiKTe AP EHTLATGR SRR R PRVBEE fif2queous medium,
‘ﬁ&gﬁ&ﬁﬁ%ﬁgﬁﬁg acgd]l?et?vgeé::%&lréa%&%é}: %@a%&'r(iﬁ% %&M&fﬁé&ép'fa“ng

e resutting dilu olymer slurry Is sheared against the inner

W ol RARAIA SECHRNERS, IRARGHENIMNRNALY REWEHASHRED, heXiaier is

from top of mixing chimney 410 through the circumferentially located
holessxed sistgd e eompleiesiewnidinghand pravevilintendtinn ofgeldpaiised at a
Dilution stream is controlled by a butterfly type valve equipped with an
autonstitit wesstie || dhel tduepbri cH 6 stispirecy dhgednp srigmaoin ctAey @ groduces a
required mixing . '
concentrated polymer slurry at a constant flow rate. The resulting concentrated polymer
slurry is directed to mixing chimney 416 where the dilution water jet sweeps the
concentrated stream and accelerates it into a circular upwards-spiraling motion. The
resulting diluted polymer slurry is sheared against the inner wall of the central section of
mixing chimney 410 as well as when it exists from top of mixing chimney 410 through
the circumferentially located holes or slots to complete the mixing and prevent formation
of gel balls. Dilution stream is controlled by a butterfly type valve equipped with an
automatic controller 412 which sets the valve position to achieve the required mixing
rate. The butterfly valve is located directly at the entry of the chimney and is oriented in 2
way to produce a jet with a tangential flow into the chimmney. A flow meter 414 upstream
of both eductor and dilution flow measures the total rate and sends a signal to the
controller for setting the position of the control valve. The speed of the feeder 404 is set

by the controller to maintain the required ratio between the volume of the mixing water

as measured by the flowmeter 414 and the amount of dry polymer dispensed by the

11



rate. The butterfly valve is located directly at the entry of the chimney and
is oriented in a way to produce a jet with a tangential flow into the
chimney. A flow meter 414 upstream of both eductor and dilution flow
measures the total rate and sends a signal to the controller for setting the
position of the control valve. The speed of the feeder 404 is set by the
controller to maintain the required ratio between the volume of the mixing
water as measured by the flowmeter 424 and the amount of dry polymer
dispensed by the 11 12 storage bin 402. As mixing water moves from
flowmeter 414 to eductor 406, the water may optionally pass through a

ﬁlt%f(ﬁl%g 16 Uep, Ay Rdesiablepaliees: A3kl Eﬁ&%@@ﬁ@{&f@ﬁy the water

polymer dispensed from bin 402 may be determined by any suitable
meafnseackiing: ¢ avbnet s cady 422 meapunpgideiese fmdss of the bin
402, or volumetrically by controlling the speed of the metering screw 404.
TolfedsicTHo amativnofodishpobizeo dispeasainiemgen diiaydutyistemtngdpy any
exits the mixing chimney 410 into the first compartment of the hydration

tariisebls maqeh inprgsaretEerioRY SHeswHR el i thel fisgin 402, or

flowing dawnwards frorﬂith first compartment 1 to the §@£0f1d 2 .
t A er formation
Upsencally By Contrlting e speed bl Wetbing sctdv 30 IS atrmor fo

the, fomthsdrueRehHWALEs diatyhigfaur i le fihRink s MRNIANRA the

predominantly first-in /first-out flow pattern and ensuring the gel spends at
leaskth@npauiredt residencgdisienatahaiiBuMhalditanepnbpleliesiisd from one
hydration. Agitators 420 (only one indicated) in each of the compartments
mapibpatwent to dechextdigyiamndoenivardsdthyu theibrst sompertinagsitd tadhstaeeond
the first-in /first-out flow pattern by minimizing channeling. Ultimate

ly, th
VishORIFE AR PR A P b RAOTE WS 7 A e Rt 4

disChArge CONeCtiaNS  wurth 4 to the fifth 5. This maintains a predominantly first-in

/first-out flow pattern and ensuring the gel spends at least the required residence time at
maximum rate to complete its hydration. Agitators 420 (only one indicated) in each of the
compartments may be used to add energy and enhance hydration, as well as to maintain
the first-in /first-out flow pattern by minimizing channeling. Ultimately, the viscous
treatment gel is supply to a wellbore from the hydration tank via discharge connections.

[0031] The following example illustrates the operation of an embodiment of the
invention. The target output rate of a wellbore viscous treatment gel for at a wellbore site
is about 20 bérréls per minute (840 gal per min., 3180 liters per minute), and the desired
concentration of dry polymer in the treatment gel is 4 Ib/1000 gallons (4.8 kg/1000
liters). Referring again to Fig. 4 to achieve this rate, chimney 410 would deliver 20
barrels/min (840 gal/min, 3180 liters/min) of diluted polymer shury to hydration tank
418. If eductor 406 has a fixed output of 160 gal/min (606 liters/min} to supply -

concentrated polymer slurry stream to chimney 410, then the dilution stream water

12



[0031] The following example illustrates the operation of an embodiment
of the invention. The target output rate of a wellbore viscous treatment gel
for at a wellbore site is about 20 barrels per minute (840 gal per min.,
3180 liters per minute), and the desired concentration of dry polymer in
the treatment gel is 4) Ib/I000 gallons (4.8 kg/1000 liters). Referring again
to Fig. 4, to achieve this rate, chimney 410 would deliver 20 barrels/min
(840 gal/min, 3180 liters/min) of diluted polymer slurry to hydration tank
418. If eductor 406 has a fixed output of 160 gal/min (606 liters/min) to
supply concentrated polymer slurry stream to chimney 410, then the

diluti t t 13 i Il b
g;f’l}lrlﬁ%ﬁ ?ﬁ%egﬂq%ﬁn?r i fﬁl‘ﬁﬂ(l)?)u r%}:wg(éﬁjp Pfr ¥ p )V\fn Ot er§0 provide the

éﬂ&%ﬁ%ﬁ%ﬂ%b hAMTCP %%H&%H‘&%%%’t QHitRHR Gt (20
(20 arrels per minute), 33.6 Ib/min (15.3 kg/min) of dry polymer should

betaxppliRd HRmeiss40BA01e LTIk ARG, aTdimipatnwithhyate bs waplied from
thereto to form a concentrated slurry with dry polymer concentration of

abbiut4920dleoG0 dadlons (@& Icgﬂ()@ﬁditeu@)ﬂie[d)Mmlgofdnm@hmncentrated
embodlments of the invention, a method and a Q{/&aratus that é:)rowdes the

mwtéwtma§ﬁﬂ&?ﬁ%Wr?§abaﬁbw8ﬂ PO alions FaiimeliCg e
f f a plurali
m@;o JB} mer Y qorporate U cﬂsem%eaﬂ%,ggg ity Qf mixing sppaptus tha

S
mlxm |mne S may be connec In series, par

an r&&ﬁgp@ﬂé‘t}ﬁ&ﬁb%‘?%&%&%}ﬁﬁm@e AresshlkRAreferad eRUMENS gl

of the invention have been described herein for the purpose of dlsclosure

NUME AHSHNARGesHeFaRstIMCERDL AN ElAsRaNgBRM ek Chaityathdhexing
performance of steps will suggest themselves to those skilled in the art in
vieskiahdrentlig o somacce taineitd) orailiclydrichyclarhgesiar chereof.
[0933] While presently preferred embodiments of the invention have been described
herein for the purpose of disclosure, numerous changes in the construction and
arrangement of parts and the performance of steps will suggest themselves to those

skilled in the art in view of the disclosure contained herein, which changes are

encompassed within the spirit of this invention, as defined by the following claims.
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encompassed within the spirit of this invention, as defined by the following
claims. 13 14 CLAIMS We Claim: 1. An apparatus for preparing a viscous
treatmentgel comprising an eductor connected to a water supply; a
plurality of input tubes, wherein at least one input tube is connected with
the eductor; and a mixing chimney connected to the input tubes, wherein
the mixing chimney comprises: a lower input section comprising a mixing
and dilution chamber and inlets connegted to the input tubes; a central
section wherein polymer slurry and water are mixed and sheared; and, a
top section comprising an upper chamber and plurality holes
cirgyinigrentially located periphery of the upper chamber. 2. The
apparatus of claim | wherein the central section further comprises
mechanical structures adjacent the inner wall of the central section. 3.
The apparatus according to any of the preceding claims wherein the top
sedfio@lfinrther comprises a cylindrical outer chamber at least partially
disposed about the upper chamber. 4. The apparatus according to any of
the preceding claims further comprising a tank for containing and

de{iv ring a viscous treatment.gel. 14 15 .
. apparatus for preparing a viscous treatment gel comprising an eductor connected to

a water supply; a plurality of input tubes, wherein at least one input tube is connected
with the eductor; and a mixing chimney connected to the input tubes, wherein the mixing
chimney comprises:
e a lower input section comprising a mixing and dilution chamber and inlets
connected to the input tubes;
* . a central section wherein polymer shurry and water are mixed and sheared; and,
* a top section comprising an upper chamber and plurality holes circumferentially

located periphery of the upper chamber.

2. The apparatus of claim 1 wherein the central section further comprises mechanical

structures adjacent the inner wall of the central section.

3. The apparatus according to any of the preceding claims wherein the top section further
comprises a cylindrical outer chamber at least partially disposed about the upper

chamber.

4, The apparatus according to any of the preceding claims further comprising a tank for

containing and delivering a viscous treatment gel.

14



5. The apparatus according to any of the preceding claims wherein a first
input tubes provides a water dilution stream to the lower section, wherein

a second input stream is connected to the eductor and supplies
concentrated polymer slurry to the lower section, and wherein the water
stream sweeps and accelerates the concentrated polymer slurry stream

into a circular motion within the dilution chamber, as the slurry is

introduced into the lower section. 6. Thg apparatus according to any of

the preceding claims further comprising a bin connected to the eductor,

for storing and supplying dry polymer to the eductor, and further

comprising gravimetric load cells upon which the bin is mounted, a
volumetric feeder connect to the bin, or combination of both. 7. The
appafiagilspeaeaid H&Go&@iﬁé‘)éd)ﬁﬁg%ﬂoﬂ%cﬁfwlﬂiﬁ@my KiREYcBOMBFSIRgut tubes
premixer positioned between the bin and the eductor. 8. The apparatus
aceasdiftg fowatty ofittienprecedinghel diwer furttien, compiising @dilténput stream is
positioned between the eductor and the water supply. 9. The apparatus
aceondintsddoathy efutier pratairlipcraneenitiedap e shst éathecavge serion

formed from dry polymer and water, and wherein the apparatus opgrates
in 82 PR U WBHE STRRTE S 5P AR ASSEIARIrS & SRR S

PreRRA Sh& 2 IR SIS VR GO AS LR Q2P FIES s Iniddiced ino
use o?lgpparatus according to any of the preceding claims toprepare a
visgaysyireatpgnt gel for fracturing a subterranean formation.

6. The apparatus according to any of the preceding claims further comprising a bin
connected to the eductor, for storing and supplying dry polymer to the eductor, and
further comprising gravimetric load cells upon which the bin is mounted, a volumetric

feeder connect to the bin, or combination of both.

7. The apparatus according to any of the preceding claims further comprising premixer

positioned between the bin and the eductor.

8. The apparatus according to any of the preceding claims further comprising a filter

positioned between the eductor and the water supply.
9. The apparatus according to any of the preceding claims wherein viscous treatment gel

is formed from dry polymer and water, and wherein the apparatus operates in a

continuous mode.
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12., An apparatus fir preparing a viscous treatment gel comprising an
eductor connected to a water supply; a plurality of input tubes, wherein at
least one input tube is connected with the eductor; and a mixing chimney
connected to the input tubes, wherein the mixing chimney comprises: an
input section comprising a mixing and dilution chamber and inlets
connected to the input tubes; a central section wherein polymer slurry
and water are mixed and sheared; and.s@n output section a bottom
section comprising a plurality holes circumferentially located upon the
periphery thereof through which gel exits the chimney. 13. An apparatus
accpyding 1o claim 12 RSl &St Re e RIVIRSHRWARE Hilig ks o
stream to the input section, wherein a second input stream is connected to
the reeaatpriadesupplies concentrated polymer slurry to the input section,
and wherein the water stream sweeps and accelerates the concentrated
polymer slurry stream into a circular motion within the dilution chamber,
as the slurry is introduced into the input section. 16

11. The use of apparatus according to any of the preceding claims to prepare a viscous

treatment gel for fracturing a subterranean formation.

12. An apparatus Hr preparing a viscous treatment gel comprising an eductor connected
10 a water supply; a plurality of input tubes, wherein at Jeast one input tube is connected
with the eductor; and a mixing chimney connected to the input tubes, wherein the mixing
chimney comprises:

* an input section comprising a mixing and dilution chamber and inlets connected

to the input tubes;
* 3 central section wherein polymer slury and water are mixed and sheared; and.
s an output section a bottom section comprising a plurality holes circumferentially

located upon the periphery thereof through which gel exits the chimney.

13. An apparatus according o claim 12 wherein a first input fubes provides a water
dilution stream to the input section, wherein a second input stream is connected to the
eductor and supplies concentrated polymer slurry to the input section, and wherein the
water- stream sweeps and accelerates the concentrated polymer slurry stream into a

circular motion within the dilution chamber, as the shury is introduced into the nput

section.
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