DRY POLYMER HYDRATI ON APPARATUS AND METHODS OF USE
BACKGROUND OF THE | NVENTION Field of the Invention

wQ 0@eN)ssThe present invention relates to the PCT/IB2005/053540
preparation of subterranean formation treatnment
fluids, and nore particularly, but not by way of
limtation, apparatus and nethods for preparing
viscous treatment gels with dry polyner and water.
Description of the Related Art [0002] In the oi
drilling and production industry, viscous agqueous
fluids are commonly used in treating subterranean
DRY BOLYMERH YPRAKON ARPARA TS AND MEHOBS QE Us¥Fed
as fracturing fluids, acidizing fluids, and
hi gh-density conpletion fluids. In an operation known
as well fracturing, such fluids are used to initiate
g%@@mg@: pgenermdn ractures for increasing
ol lwell productivity. [0003] Viscous fluids, such as
gels, are typically an agueous solution of a pol yner
material. A common continuous nethod used to prepare
i | Ui at an oilwell site, involves the use of
fﬁﬁf@iﬁel&ﬁvﬁtg% of the polyner material in a
hydrocarbon carrier fluid (i.e. diesel fluid) which
facilitates the pol yner dispersion and slurry m xing.
Al t hough this process achieves the required gel .
10901% T, preentplneBtRde et foir Be BRI ARy P SuPiErgepy pformation
objected to in particular fields, even though the
hyatmetafltidn ndpmere prrgcgartye bif inpb by WanPl Aiss@Hen, Gpppgas and
total fracturing gel once nmixed with water. Al so,
triethods for prepaning viseoup tradtmpntcasiserith &y polyimer end Witteh t he
cl ean-up and di sposal of both hydrocarbon-based
concentrates and well treatnent gels containing
hydrocarbons; as well as with the clean up of the
Dasteiptiorpofith@ BelassddArot her handl i ng equi pment whi ch have
been cont am nated by

[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
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 fluids at an oilwell site,
involves the 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 the required gel quality, the presence of hydrocarbon fluids is often

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



t he hydrocarbon-based gel. [0004] O her applications

used for the continuous m xi ng of viscous treatnent
w@edos/oussel ude gelling the pol ymer in a hydr ocar@DIB2005/053540

carrier that is mxed with water to produce the

fracturing gel which is then flowed through baffled

tanks providing first- in/ first-out (FIFO flow

pattern, and allow ng for th% hydration time of the

gel. Yet, another technique for mxing of dry polymer

directly to produce viscous treatnment gels is

described in Allen, U S. Patent No. 5,426,137, Allen,

bin&int BatieniotaNGractbrigBgsl 4hde maned sl wateetAlsd, therdJafs. environmental

Patent No. 5,190,374. These techniques, while

pRbRAI aldoYiarll QGthi MR, clefiMp I End elisHosd] 6O Gt Cifdestarbon-based
steps to prepare the gel, i ch presents drawbacks in
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I scl oses an apparatus W t hout

S}g gf {hg rtankfs 1Pi§1# ba?ntdao%elr %L\ dlin %%ﬁ?h‘leﬂtgwﬁclg ﬁ%lvepl?erefr cgﬁ{hﬁgﬁted by

h conjunctio an | l'er Tocate

%_ 1@0& g 1hou5|ng, whi ch prevents formation of

é% Y$§F? F%ﬁ Y Therefore, there is a need for
us a met hods useful for drating a dr

BB Gt shelcefimbes dFF & FonePpe PR (g s dgment el
treatnent gels in a continuous node mrthout the use
tdngelfipg TR P Sy AROPRTPRP catFer haich MRdaVite vk o Pproduce
at least in part, by the follow ng invention. SUWARY
@ freEringNgENFhidNi] Beo fpwet témugatb danks pyevadipg dirst-in / first-out
treatment gel fromdry polynmer is achieved by first
FEQE fhivn gati¢re, pud pHewing nfonethe rhydratibn Ainkgy of therssl aket, another
vol unme comrerci al eductor. A prem xing device may al so
eehrpdueec 6at  mixipg rodil drglpoWnudn direstly docproduce ovikesiup treatment gels is
di spersion and reduce air introduction into the
desstibbdein Allen, dd8cPatentAper 8425138t Adlea,0dSt atenvdbes,382H4 &1, 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 A1 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 balls.
[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 carrier fluid, and such need is met, at least in part, by

the following invention.



and pressure thus producing a concentrated pol yner
slurry. The resulting concentrated polynmer slurry is
wale@elassged i nto a specifically designed di | ut PONIE20C5/053540
rem xi ng chanber, referred to herein as a "m xi ng
chimey." In the input section of the m xing chi mey,
a jet of netered dilution water is applied at high
pressure to the incom ng congentrated polymer slurry
stream to forma diluted polyner slurry. The dilution
stream accel erates the concentrated pol ymer slurry in
a circular, and preferably upward, notion where it is
S AR YAORTRE INVENTIOM drag wal | of the chi mey,
thus fully m xi ng both streans produci ng a honogenous
di luted gel The diluted polymer slurry is further
sheared as it exits the m xing chi mey through
OO WIS 6 b WideOGRkEAmBRY O Rkl @RS pBlynik Gb Schbied by first
are | ocated upon the output section of the m xing
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e € maintai ni 0 rotati
tion of the fluid, intg a or age, conpartnent of
Hgtecs Birofiition e Bideap b Eie” SPaaieh & MooRiigfmater rat
to operate and yobust field techni que for_continuousl
BRI i 2R G081 CBERR e ROBER SUATY. cRBe 5l Goncentrated

as required by any specific_oilwell application. .

POpo?] slurre 1sp<}1g§1§qud pﬁq,éﬁpqqﬁpaﬂﬁges&leg dilytienyand remixing chamber,
continuously m xing and di spersing quality gel from
pbimedde hpreindesra “mixmgehimneyd et it sprtionrod dhg migingheimney, a
pol ymer with or sprayingby chem cals that function

jeoof imetrech déytics watet susrfpbied ab highvpeessimgdp dhd mgoming concentrated
retarders. Hence, the invention enables effective use
pdlyniert sleay stteapg |ty fiemsa dibut@t piamer shurgi. Sthe uBlutioe sttaasniccelerates
gel at a wellsite. BRI EF DESCRI PTI ON OF THE DRAW NGS

{h9 QR0 enfratad pdlysleoWarrd ig & REEwHAr, andpréfeeablpfupard, motion where it is
enbodi ment of a m xi ng chi mey

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 apparatus provides a
simple to operate and robust field technique for continuously producing quality viscous
treatment gel at any rate, as required by any specific oilwell application.

[0007] 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



according to the invention. [0009] Fig. 2Ais a top
cross-sectional illustration representing an input

W@ ewbiogss1pf a m xi ng chi ey enbodi nent accor dPeIB2005/053540
the invention. [0010] Fig. 2B is a first side view of
an input section of a m xing chi mey enbodi nent
according to the invention. [0011] Fig. 2Cis a second
side view of an input sectiop of a m xing chi mey
enbodi nent according to the invention. [0012] Fig. 3
shows an isonetric illustration of a m xi ng chi mey
m ddl e section according to an enbodi nent of the
B eb@hitals kA Nuh@idn, f@OiLShndd, gs pH bhifustsratesn hydution estrders.
schene and apparatus that provides the neans for

B&k] HeOMGentiox ieRsbleNEEfdryide akd 0N uldfeatért|golythed€ € Brepare a viscous
treatnment gels fromdry polynmer. DETAILED DESCRI PTI ON

EMBCODI MENTS [ 0014] Illustrative
égﬁﬁgﬂ% aﬁggggﬁgﬁhe i nvention are described below In
the interest of clarity, not all features of an actua
i npl enentation are described in this specification. It
ﬁﬁﬁﬂ?BESGRHH}QNKH?IHEJN&QXHN@Sthat in the devel opment
of any such actual enbodi nent, nunerous i npl enentation-
speci fic decisions nust be nmade to achi eve the
devel oper's specific goals, such as conpliance with
[0968]eig. Metlmtvach @pnkerblusierers- pElant @obaiomeittr af At Wjxing chimney
which will vary fromone inplenentation to another.
MMos1aaiean thd hventibd. be appreciated that such a
devel opnent effort m ght be conplex and tine
[POOFUIMENAA 0L topQithsd-saeicmat NRbteAiSn Reprasehoini deinput section of a
undertaking for those of ordinary skill in the art
RENéhit DS heRRihdnt cotdihStothemb@itiene. Preferred
enbodi nent’s of the invention will now be descri bed
l‘gﬁi&] Il:igf 58 8 ?rst Gidt Qﬁ“ﬁéﬁ%ﬂr ﬁgﬁ'se%%rcﬁ" AmbdikEcHiRh& &RERliment

aractfers refer to

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 illustration 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] Illustrative 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,



correspondi ng parts throughout the draw ngs and
description. [0015] The present invention relates to

w0 b@ofousspar at i on of subterranean formati on treBCTEB05/053540
fluids, and nore particularly, but not by way of
[imtation, an apparatus and nethods for preparing a

vi scous treatnment gel fromdry pol ynmer constituents

and water in a continuous nogde. The apparatus and

met hods are particularly useful for preparing a

vi scous treatnent gel fromdry polyner at a well bore

site for fracturing a subterranean fornmation. As used
higfe@bus: inipidndneition' gpetificndzaisionamust bejuiade nabetidval thé developer's
vi scous state suitable for treating a well bore; "dry

$PetifieBbals, HRaNss ashipla@tena@h sp@dntTelatedhting bubifiess-related constraints,
connerC|aIIy avai |l abl e, transferred, or supplied, in a
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i n an aqueous or non- aqueous sol vated, slurried,
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car boxy
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hydroxypropyl guar, -carb

with sleymss HY | thy ditasipeshy er@laailfge é?fgfe)nce FBppctes ciefer to like or
aci d, polyglycolic acid, polyvinylalcoho
weymﬂyllgmm@m%hwérthes@rﬁmé% nd %é?%@ﬂs and the

| ike. Any dry polynmer may contain conmercially

O LHTheb prsendi wvention| wlaséss to [U50 pagpardionr of mgbterenEgry formation
1, in one enbodi nent of the invention, the apparatus
tyeatrecrd | flugdsi sndamoiepargcudimlynbet/néthisyu wiay g))” linG@tigu, tah gpparatus and
the need for an inpeller inside the chinmmey, that

methudssfot prepringtaevisuods treatment geintentdrapegmpodopstduents and water in
slurry. The m xing chimey 100 al so assists in

4 esminubEs Mbde. fTherppslens ehan@thods hee Parkiculidy usthel for yteparing a
chi nmmey 100 conprises a | ower input section 110
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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 nonraqueous solvated, slurried, or suspended
form, and may be any polymer type useful for well treatments, including, but not limited
to biopolymers such as xanthan and diutan, cellulose and its derivatives (i.e.
carboxymethylhydroxyethyl cellulose, hydroxypropyl cellulose, etc.), guar and its
derivatives (i.e. carboxymethylhydroxypropyl guar, hydroxypropyl guar, carboxymethyl

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



i ntroduced under pressure, a central section 120
t hrough which the slurry and water are m xed and

WG b@atness11 and a top section 130 wherein the nm RCTIB200%053540
further sheared as well as exits. To enabl e adequate
m xi ng and shear, along the inner wall of m xing
chi ey 100, nechani cal structures 140 may be di sposed
thereon in order to inpart mgxing friction and
i ncrease m xing surface area. Suitable exanples of the
mechani cal structures include, but are not necessarily
limted to, netallic protrusions, expanded netal nesh,
glochol i lylattyiamifld) Gtfdr sRehaicrpolgmerms, fdythe 1A AnP Gry palgmer may
and side representations of |ower input section 110 of

Sorlir batEm&Rialp aYcepBleassigndilngld. 0 an enmbodi nent of the
|nvent|on the |l ower input section 110 has a m xi ng

ﬂdRéfHIth b P2 Th8one dbod®Rehtl oF RO &flio tﬁé‘%ﬂgﬁtaﬁissgeh&ally is

way as to connect to input tubes 220, 2 | nput

H‘F He gl‘ﬁxgm%pﬁloas% ) 106 J&Llfh&?\tt e BQ:% hf ANFRRNL 19{]déj’ﬂhle WhinBRy, that

er-an ent ate ner sl urry Into the m xing
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rrec ance 0

n1X|n and.dil.u cha r to. ont the |Iut
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ge .of desired flow rates. The oncentrated ol yner
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y polymer in water in an eductor. The concentrate

pmogin@eﬂ wilermrgssws, & gl wation 429 thieuahdwkich ther sy e water are

i nput tube 220. [0018] In an enbodi ment of the present

imixedranil shearddn pud a terheecB@OL30swheseid thomixijreds fugthpigheensd as well
water for m xture with the concentrated pol yner

84 exitsy To Timblerategnate trixiagnand sheaf,edengdthe amgeweil gf myjxing chimney
under pressure along the inner wall of the |ower input
$60; t imevhardidd) saficttilee MOxinay tehdisprayd IPeonAlnomgert ke impare mixing
wal | of the | ower input section 110, the water sweeps
8iioR GAEInereaicaBixilesieRACA. ISaktale pRANYIIEY ofshdifeyhagichiedictures

into a circular notion as

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 lovs;er
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
transport of dilution water and concentrated polymer slurry 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



the slurry is injected through input tube 220. The
unrestricted flow path in the vertical upwards

wal2eoeotsson in the m xi ng chi Mmey 100 al | ows t hBCT/IB2005/053540

incomng slurry and dilution water to nove upwards
with the resultant flow of the diluted m xture being
spirally upwards along the inner wall of the chi mey
100. The rotating notion and,the upwards fl ow i nduced
by the notive force of the dilution water stream from
i nput tube 230, and not nerely the passive energy of
the slurry streamfrominput tube 220, aids in the
iitialty pa¢paced ©f faiding 4 dispedeipnnoxdry rpelynidd Gd Statdsi ig. anFdudter. The
an isonetric illustration of a m xing chimey centra
seéitard oG nae SR @ippltedafiort Mikodiublthrodbh it pbe 22mt
i nvention. The centraF section 120 of the m xing

OLSINGYan Embbdieat 6 tHeNprEicd idventibM, Glipit SuRO 2B 1i9NREH to inject
adj acent the i nput section 110. As described above, to

& ﬂﬁglllgva?&eﬁg%ﬁm% Wltﬂggé‘%gnéngﬂ % gm?ﬁ{éﬁe | | The wa‘teir strlgam is

structures I Spose ner wa

}n%%teﬁ%ﬁtgff% all?%%hér%esﬁ!rg afo?lgrt)tF % mﬁloﬁgﬁﬂﬁu’c section 110 of

iR ] gy JBpy il Xt i SO §?W?rﬁmt Setion g, the water

as well_ as the hjgh centrlfu rce fromthe

PRt ?r&qaCﬁFlsm%éh%cwaﬁfaf Qst?r wsfa§tfea'aalrlws% Cifar motion as
wal | of the central section_toeffectively honogenize

the slugiyxis dpiectech Breughtipayt tehes B} lheruneesiisted g™ Pafthl@ the vertical
effectively prevents the formation of undesirable gel
bpwdrds dicastiom i thermpangrabimney 480 pllews Bpdsgomipgeheyy and dilution
Referring again to Fig. 1, in this enbodi nent, the

whatew tee thope [upwerds swithy the residranp dowesf the shinteH emixéne rlging spirally
section 120 upwards into the top section 130. The top
spedrisoaiodg3the harger avaliaif e himheyntii CEie rotatieg nohiambed the5Pwards
whi ch surrounds upper chanber 160, at |least in part.

fibw intwp&l b rMetivefofde of tHehdilition veatatstrodin Iidth inpbietubé 030, and
the diluted polymer slurry transports to fromthe

gﬁgﬁg@iy t%@%'ss‘i’sfb dgy BBYhehAMBy RBEHRToaRInpht fibet PEE Sids in the
i Sposed

elimination of air from the mixture.

[0019] 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 slurry 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



about the inner wall. The diluted polynmer slurry then
passes from upper chanber 160 and into outer chanber
wads/04881t he dil uted pol ynmer slurry passes fr oPCT/RRE05/053540
chanber 160 and into the space within outer chanber

150, the slurry passes through a plurality holes or

slots 170 circunferentially | ocated upon the periphery

of the chanber 160 which may gfurther shear the dil uted
pol ymer slurry as it exits the chanber 160. As the
diluted polyner slurry exits the m xing chi mey 100,

it is considered fornmed into a gel which is

Eesively abiny géniitd the mixtac: amtfudthendisptredhe polynatr. |Thasdffectively
partially hydrated. [0021] Upon exiting the m xing
sbidainate iatiber aabsitaBl gRBbAlsi(Edriménly refertedcormp &Rk eyRe)

of the hydration tank. In one process, the treatnent

@920] erblehb \485i8 do Fig.21,f inf this-enhtbdimdnt, " the -dRlufed FoPyhd? a;Jdi‘ry then
of the hydfafion tank,” as the treatnment gel exits t
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escri stien et
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art, suchas, non I|n1t|ng exanpl e, wel di ng
ehonhibe ausr wall ﬁwg@gted PRI SRIrHIGR MR o m¥PPE, ghamber 160 and

present invention, the chanber Y al so be formed from
miveouser chambery 15 dsrtbe djlaed Pplymemslumyxiantgs diomaeRes chamber 160
according to the invention nmay have the input section
pidainte dhospaes withianutehehalndhge 115G dhet shury, passss thrpegham pluralityheoles or
i nput section may be at the top of the chinmey, while

§1bte 13@ clircamnferdmtialiy bocaded aipob hiee gériphterydofipthe yhambe| 160 rwhich may
exits is positioned at the bottom of the chi mey.

fiemhére shebh €heC BilTEE YolgMiet Glubs &0 XPeExits @bk ohamiser t1§0. iA3phid diluted

section conprising a mxing and dilution chanber and
HABESIERNE8GHE I mixthgl dihey 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 chimney 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 exits 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 Mclntire, U.S. Patent No. 5,046,365.

[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



tubes; a central section wherein polynmer slurry and
water are m xed and sheared; and, a bottom section

weevp/nissing a plurality hol es circunferential | pCT/R2005%6$3540

upon the periphery thereof through which gel exits the
chi mey. [0024] In another enbodi nent of the
invention, a nethod for hydrating a dry polyner to
prepare a viscous treatnment gel is provided. The
process generally includes the steps of dispersing dry
pol ymer in water in an eductor to forma concentrated
pol ymer slurry, and sinultaneously injecting the
a5 g atvhlatiadg prdnyigrwalbingror condeotablat femgenitio otlive embgditnents of
portion of the m xing chimey. The concentrat ed
e Ipyd¥Bit ikleutiony tiRNMambéithiPdlsoed Rfmal Roflioxedr iwisdyligddrde
m xing chimey to forma diluted polyner slurry. The
fiob 34t Shnd HiXiHE lehithdld Yc@¥dihS td MeOMObhtRhUhA) hive HOlfwt section
or slots positioned at the output sectionof the m Xxing
éﬁéé@&ﬂerttﬂarp{hg\févge% dﬂ%rtde‘?‘ FgH EIS ﬁ%‘:"{lﬁqﬂ}%ut _g;@!:ti nTIH% be at the top of
I'scous treatnent del nay then be contained an
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el.m S e c . held.and flowed,through vertically
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hydrati on tank whi ch ensures residence ti to .
WP BRHISEACE CPRIPTHES 2 TYFIng &P‘? dilRfon £0p18 erd‘F‘H?‘HStS gunecteg fo input
turbine agitators in each of the conpartnents nmay be
fubes Beentiad sectiop WisedR pelyerey EvEH B &% apeRARgl fpd pheared; and, a
process, and inproving the first- in / first-out flow
pettome sestio nemprisirigde pkirality belay ejeciniisrentiadlyi logated  wnen theeperiphery
| ast conpartnent of the hydration tank. Process
thereof tiroughtwhidhegeti bitskthe elomnervel sensors in each
conpartnent, or the |ast conpartnment, controls the
(024N anather bybalimenti afghd ineervipe v mgthofl forhneydditingtidgnpolymer to
val ve. [0026] Fig. 4 illustrates another enbodi nent of
pRPark PVE RO reatiBihtCdel iSprdvided. i@ paddss generally includes the steps of

dispersing dry polymer in water in an eductor to form a concentrated polymer slurry, and
simultaneously injecting the concentrated polymer slurry with water into the input
portion of the mixing chimney. The concentrated polymer slurry and dilution water are
mixed inside the mixing chimney to form a diluted polymer slurry. 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<f: 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



apparatus that provides the neans for continuous
m xi ng and hydration of well viscous treatnent gels

WO e@ioghsyl pol ynmer at a wel I bore site. This proRPEEEB2a0iH53540
apparatus may however be used for m xi ng ot her types
of powder material wth liquids as well. [0027] Fig. 4
shows the general process schene which includes a
centrifugal punp 416 that pregluces notive energy, a
m Xi ng educt or 406 that dlsperses the dry pol yner
formng a concentrated polynmer slurry, a feeder 404
for dispensing the dry polyner from storage/supply bin
é&dnding ehetHyerativix progessguad anprédfig the fikist-int 1 Bst-@ndlow pattegn. The
chanmber (chimey) 410 that receives the concentrated

PR EBfsclkget by, grividefo thd 128 dodtpaftimem¥adfathe hdigtion tank. Process
di scharges a dﬁ?uted pol ymer slurry with the required

E@*%Wth%ﬁﬂtﬁ(ﬁﬁ h&R1 héﬂs&s 11@%h4:%§rpa$ﬁ&lft &l 14t Bompartment,

conpartnent, 1, 5, first- in/first-ou

U S R 0ty g i B 9
te
S T - L SR pAT5  o

the dry r is stored in st orage bi

Sz RO S, MRt £ttt BT 4B ?%%am ofgall viscous
dlscharges the dry polyner i Fo a n1 educt or 406,
PR ey §opk drpgralizger A dayelpore iy b roresnis! aoppys may
of water, to forma slurry. The supply of water may be
howevstibe B fortaixingeothsy dynsirof oy dstppteral Wish Hetds %ﬁ%ﬂ L
attached to any suitabl e avail abl e water source.

HI0A7UPBI2. dnlbwstbe germiadrpraceds sshemerpipinhaiticlodes| Wﬂl’f@gql pump 416
that continuously records the weight of the bin 402.
RMpratucesgmofivet heergy| § meixingoedictont4d6nthgt Bispeasshi the aldy pplymer
an initial approxinmate volunetric rate given by the

fein@ig Hepricdrdratedipolyieristurfyee heder4i04 focdigpensipg é@.dry polymer from
"Accurate gravinetric proportioning is achi eved by

gt?i;htrgg/&g@%s bt 42Nidt®rthd\Gniking ddassr 406,V idibtionoind Mexing chamber
(chimne%l) 410 that receives the concentrated polymer slurry, 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 slurry 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.

10



bin 402. Either of these two netering nethods may be

used individually or in conbination. A radial prem xer
wde@es/0iss11 prem xi ng dry polymer in an agueous PETIB295/053540

may optionally be placed between the feeder 404 and

m xi ng eductor 406. [0029] Referring again the Fig. 4,

and the enbodi nent represented thereby, the mxer is a

fixed nozzle size eductor 406 which flows a fixed

vol une of fluid when operated at a constant pressure.

The eductor 406 di sperses the dry polyner in water and

produces a concentrated polyner slurry at a constant

Metning af the pbhener dsadl miengayClomahivvedibe dn ictial mpprogimate yolumetric

is directed to m xing chimey 410 where the dilution

W Eiver B ths WatRhgtthe velomeso feedte s ici@ampead Accurate gravimetric

accelerates it into a circular upwards-spiraling

BB brBBning ReachRIE bl REntEubliie %oﬁiﬁbﬂﬁ%fheslbédrﬁﬁ/wéiéht of the storage
sheared against the inner wall of the central sSection
@%pﬁ%' %@1}:(:? nhdgfrrgﬁge 8 ‘3%%%1 m&ﬁ%% Eﬂéy' be %éétlﬁdltllﬁgmy or in

I Mme roug

FHESHILR A0 WPl B B0 ety U
Di I [ | ed b f
L o

sets the valve posjition to achjeve the required._m xing. .
28] Reffring g f ey &) e ThSempeeimen; TaRFERES JIeEoY, fig miver is
entry of the chimmey and is oriented_ in a way to

@Jfﬁes@% aezzlg sizst edpFion 446 which dletvs 1 foradoyplumg of ﬁhﬁé veien pRetpted at
A flow neter 414 upstream of both eductor and dilution
¢dngtanthprassurce She hductast 406 dispesseanies derpidymaersin gyeier and praduces a
controller for setting the position of the contro
saicomrateiimlspaedirgf attheonsteniotow 404 The rsaltingyconpentrated polymer
controller to maintain the required rati o between the
slotryine didected eo ninkdingg chiatney 410 whas uhe dlilotort water jet sweeps the
fl ometer 414 and the amount of dry pol ynmer dispensed
Ohctittcllgtcamagrl bedalefdded. it Astoh Xdineglanaib@ardsrepieding rmotion. The
flowreter 414 to eductor 406, the water
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 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 414 and the amount of dry polymer dispensed by the

11



may optionally pass through a filter 422 to trap any

undesirable particles. [0030] The anount of dry
w@odogiessiti spensed from bin 402 may be det er m PETIHERP05/053540

any suitable nmeans, including gravinmetrically by

measuring the loss in mass of the bin 402, or

volunetrically by controlling the speed of the

metering screw 404. To furthgy formation of the

vi scous treatnent gel, diluted polyner slurry exits

the m xing chimey 410 into the first conpartnent of

the hydration tank 418. Then it nmay be directed from

QAoRgCHAPIRT K. mhixing wdke mexs fivhoflowmedodimar elicfor @6t the water

first conpartnment 1 to the second 2, upwards fromthe

S8F Optibnallt Pask BRolidh o filted 42T RnHpamI Smileiblb partibles.d 3 to

the fourth 4, and upwards fromthe fourth 4 to the

;()'Oﬁls]hl“h% anTcmn? offﬁhn%(ﬁi/rﬁecr BspRhRATBN BN Uiz fay Pe-detemined by any

first-out flow pattern and ensuring the gel spends at

%_}%t%%l% Iel‘{egl%l, E@ﬂwygﬁ?%ta%ﬁl%{rg% Chy ﬁl’e:«fgﬁnﬁé 8‘@?&(?5 Y Ral2bEnd Bin 402, or

1 oNn. | ttfators nIy one
s e A T

A KR et P bRk oy o~ B yfEhh ShndY 410 nto e
treatment gel js supply to | hbore.fromthe,

At eampaHmesn Rl \ﬂi“‘a%éﬁq@%‘?i‘artﬁg %@%ngg‘m dnay [ bfp slirpeteq, Jrom one
followi ng exanple illustrates the operation of an
eqrsEmARte the nexdlowingdrnaverdsTiram the Get compagment L thgsecond
a wel I bore viscous treatnent gel for at a wellbore
2. wpwaids frgbo the seConslad toethe thirdr3, dowaverdsdom hathipked taihg fourth 4,
3180 liters per mnute), and the desired concentration
aid dpwargo fipnethe | foutthd t rtheatiftbri. Tas niaintaits h (pradygonantly first-in
gallons (4.8 kg/ 1000 liters). Referring again to Fig.
Airstiont ficwipatternt dnidenswaing thecgrl spangs 41 Gaswohd cquliedd resider®@ time at
barrels/mn (840 gal/mn, 3180 liters/mn) of diluted
RakiyiRY rafd tdlcomplete Hyididatibem diatdts 43B(onlyfone duditansd) 406ach of the

has a fixed output of 160 gal/mn (606 liters/mn) to
er&hents 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 1b/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 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 dilution stream water

12



concentrated polynmer slurry streamto chi mey 410,
then the dilution streamwater 12supply rate to

wa@ booaoess1110 will be 680 gal/mn (2574 |iters/PETB2003053540
order to provide the dry polyner concentration (40
| b/ 1000 gal l ons) at a viscous treatnent gel output
rate (20 barrels per mnute), 33.6 Ib/mn (15.3
kg/ m n) of dry polymer shoul ¢ be supplied frombin 402
to eductor 406, and m xed with water supplied thereto
to forma concentrated slurry with dry pol yner
concentration of about 210 | b/ 1000 gallons (25.2
K@pI/GAO tb Chirmsy 410 GABBE 620 ga/minr2FMHaers/enbodn melet ® mbvide the
the invention, a nethod and apparatus that provides
B oVRRA Sohd@htrSMAL (O UPLIDONEaHbIRY abdd distiyd tiebtntent g6l oveplut rate (20
viscous treatnent gels fromdry pol yner may
bﬁﬁ%r&?_rrﬁhﬁe%%.@ﬁ)%ﬁf(l9.3 Rlguh@) ot olythd NMBuRINbRPYISed from
The m xi ng chi meys may be conhectéd in series,

lel ' [ I |
Bﬁrﬁb t legl/ucg(gre afi@ %%itﬂ %a‘ié}%?ﬁ{eﬁ tLQ'Qt%gao Mhh aﬁconcentrated

presen efred e Iments o e I nvention have

%ﬁlﬁgwﬂﬁ%ﬁf %ﬁﬁ%@@&%ﬁé@ﬁ{i% of J%%u&iroﬁﬁ’/woo%aug'}rlsf géggzz:l%f?@too liters).

rous e construction a

arts and_.t he perfornan of. steps will,s st
RpafiolsGe B Pt s a6 T, a4 g R G Pprus tha
di scl osure cont ai ned herein, m@ic changes. are
BRI R SRR F RS SHRPE NG HYERAQY PhyEH (EAus teptment gels
defined by the followng clainms. 13CLAIMS W Claim_1.
Ramaiappelunasmay mepiperter the gsepla pbwalify of pusipgehimngyy. The mixing
conprising an eductor connected to a water supp%y; a
phimnepisineay kef conngsted ingeréss, pantlel, eir gnyagoninaondhacqfnput
tube is connected with the eductor; and a m xing
§01983in®hile gmesenthe grefaredhembatiiments @hdks inveetian havehbeen described
m Xi ng chi mey conpri ses:
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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a lower input section conprising a mxing and dilution
chanber and inlets connected to the input tubes; a
W@ embnasisect i on wherein polyner slurry and waPET/IB2065/053540
m xed and sheared; and, a top section conprising an
upper chanber and plurality holes circunferentially
| ocat ed periphery of the upper chanber. 2. The
apparatus of claim1 wherein,the central section
further conprises mechanical structures adjacent the
inner wall of the central section. 3. The apparatus
according to any of the preceding clains wherein the
CopiMgct i on further conprises a cylindrical outer
chanber at |east partially disposed about the upper
chanber. 4. The apparatus according to any of the
preceding claims further conprising a tank for
Wwerighi ng and delivering a viscous treatnment gel.
145. The apparatus according to any of the preceding
clainms wherein a first input tubes provides a water
dilution streamto the | ower section, wherein a second

DBl E AN ,!gé FH09%4 CSQS &é’atuhélﬁ ﬁs%%ﬁgfsmg% R aoﬁgected to

COﬂC urry ect1 on,

a\é\g’ﬁ{?g :ﬁ{‘ll? ¥ e%%@@?’g}'n%é {nsﬁtu Srgglpr? lg?s %lgee gl?p}i Elfbe 1S connected
motion wWithin the dilution cha %ﬁua as the slurr

itk fscrdueiar iapd & MBS CRRREEY SBRICFIEH ©© S IopiE ke, St the mixing

according to any of the preceding clains further
QRPeY &IYIses:bi n connected to the eductor, for storing
and supplying dry polymer to the eductor, and further
comprd dowry igpuatvseaten icompusitg cehlixng pod dibitioh eliambeyi and inlets
I's mounted, a volunetric

connected to the input tubes;

e a central section wherein polymer slurry and water are mixed and sheared; and,
e 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.
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feeder connect to the bin, or conbination of both. 7.

The apparatus according to any of the preceding claims
WO awoblogssiconpri Si ng prem xer positioned betweePCT/IB2048/053540

and the eductor. 8. The apparatus according to any of

the preceding clains further conprising a filter

posi ti oned between the eductor and the water supply.

9. The apparatus according tggany of the preceding

cl ai ms wherein viscous treatnment gel is fornmed from

dry pol ymer and water, and wherein the apparatus

operates in a continuous node. 1510. The apparat us

according to any of the preceding clains wherein the

eductor has a fixed nozzle size. 11. The use of

3PPRE AppafandCAREMinpItol £hyadTIthe® prdcBéing rcbii@s whgredl aifli® ihput tubes

prepare a viscous treatnment gel for fracturing a

gfb%% b aRea i A6 B0 to the 10v} RERA il £ 5eddh@Riput Bieam is
viscous treatment gel conprising an eductor

?‘8’%2‘83 V\(ﬂthte Lafcthfh eg%?ﬂe@'c%nc@ltrmeﬁ tp%k’éﬁe?f szﬁtgg 10 R lower section,

erein at one I nput nnect ed

phd Bkl {%g U surBfofbetl Kl SecERIMN, CORDRELES P&gmer shurry

ere nthe nmxing chimey conpri

n ection conp n nd, di .
e B o 0 TR 08Pt e SR e
central section mhereln pol ymer slurry and water are
Hedewersfdio8hear ed: and an output section a bottom
section conprising a plurality holes circunferentially
| ocat ed upon the periphery thereof through which ge

exits the chi mey.
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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13. An apparatus according to claim12 wherein a first
i nput tubes provides a water dilution streamto the

WO pan4gsect i on, wherein a second input stream PGI/IB2005/053540
connected to the eductor and supplies concentrated
polymer slurry to the input section, and wherein the
wat er stream sweeps and accel erates the concentrated
polymer slurry streaminto a4gircular notion within
the dilution chanber, as the slurry is introduced into
the hput section. 16

10. The apparatus according to any of the preceding claims wherein the eductor has a

fixed nozzle size.

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
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 a central section wherein polymer slurry and water are mixed and sheared; and.
e 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 to claim 12 wherein a first input tubes 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 slurry is introduced into the nput

section.
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