WO 2011/ 148282PCT/ 1B2011/ 051930 1 BLENDI NG SYSTEM AND METHOD FOR PREPARI NG
EMULSI ONS FI ELD OF THE APPLI CATI ON [0001] The current application is
gener al | ywoebat@s2seo a system and net hod for preparing ecwiB20ngs193m
particular, the current application i$ related to a bl ending system and

met hod for preparing aqueous-hydrocarbon enul sions on-site of a wellsite in
relation to a well service procedure, such as an acid stinulation and the

| i ke. BACKGROUND [ 0002] At the outset, it should be noted that statenents
made herein nerely provide information related to the present disclosure
and do not constitute any adm ssion of prior art. [0003]In the oil and gas
i ndustry, a subterranean formation (i.e. a "reservoir") often needs to be
treated (or "stimulated") to enhance or restore the productivity of a well.
General |y speaking, stinulation treatnents fall into two nmai n groups,
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treat nent’s_are performe ure pressure of the reservolr
formati on and create a highly conductive flow path between the reservoir
and the well bore. Matrix treatnents are perfornmed bel ow the reservoir
fracture pressure and generally are designed to restore the natural

pernmeability of the reservog E Eoi | 3@'1518 gﬂﬁgei_ Eo the near-wel | bore area.
[ 0004] A commonly used neth 1QN; s "matrix acidi zi ng",
which is generally understood in the industry to nean the treatnment of a
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sandstone formations, the acid reacts with the sol ubl'e substances in the
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in relation to a well service procedure, such as an acid stimulation and the like.

BACKGROUND

[0002] At the outset, it should be noted that statements made herein merely provide
information related to the present disclosure and do not constitute any admission of

prior art.

[0003] In the oil and gas industry, a subterranean formation (i.e. a “reservoir”) often
needs to be treated (or “stimulated”) to enhance or restore the productivity of a well.
Generally speaking, stimulation treatments fall into two main groups, hydraulic fracturing
treatments and matrix treatments. Fracturing treatments are performed above the
fracture pressure of the reservoir formation and create a highly conductive flow path
between the reservoir and the wellbore. Matrix treatments are performed below the
reservoir fracture pressure and generally are designed to restore the natural

permeability of the reservoir following damage to the near-wellbore area.

[0004] A commonly used method to treat the matrix is “matrix acidizing”, which is
generally understood in the industry to mean the treatment of a reservoir formation with
a stimulation fluid containing a reactive acid. In sandstone formations, the acid reacts
with the soluble substances in the formation matrix to enlarge the pore spaces. In

carbonate formations, the acid dissolves the entire formation matrix. In each case, the



WO 2011/ 148282PCT/ 1B2011/ 051930 2 matri x aci di zing treatnent inproves the
formation perneability to enabl e enhanced production of reservoir fluids.
Mat ri x acwoi2piwigszsper ati ons are ideally perforned at hi ghTaate1/041930 at
treatment pressures below the fractur2 pressure of the formation. This
enables the acid to penetrate the formati on and extend the depth of
treatnent while avoiding damage to the reservoir formation

[ 0005] Typically, the reactive acid conprises hydrochloric acid (HCl) and a
bl end of acid additives. It is also common for acid treatnments to include a
range of acid types or blends, such as acetic, formc, hydrochloric,
hydr of l uoric and fluroboric acids. A few exanples are set forth in commonly
assigned US |letters patents nos. US6350721, 6828280, 6938693, 7306041,
706626Matit8 1B4dtsng [ DeiGIeDe pendiveg the fdrmatiharparieaiodity ¢s arfabiechenhenced i on
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preparatlon of aC|d emulsion is traditionally performed off-3|te i.e. at a location that is
away from the wellsite, and is generally based on a batch mixing method. An example
of the prior art system 100 is shown in FIG. 1. There, a large tank (not shown) is
employed to re-circulate an acid mixture until a complete homogenous state is
achieved. The emulsifying agent is transferred into a batch tank 140 and then the
blended acid is added to the batch tank 140. A centrifugal pump 180 (i.e. c-pump) is
then used to re-circulate the tank 140 until the desired emulsion is created. Once the
emulsion is created, the contents of the batch tank 140 can be delivered to the wellsite

as a finished product.

[0007] Batch mixing is disadvantageous for several reasons. First, it is often
challenging to plan the logistics such as storage and transportation beforehand to
ensure sufficient acid is available at the wellsite when an acid treatment needs to be
performed on a wellbore. Second, batch-to-batch variations may occur, which could
result in inconsistencies in treatment result. Third, degradations may occur during the
process of storage and transportation. Fourth, while batch mixing a small volume of

acid emulsions is not a significant issue, it can become very difficult when the volumes



needed is very large. Accordingly, there is a need to inprove the current
batch m xi ng nethod for preparing acid enul sions. SUVMMARY [ 0008] Accordi ng
t o one aswecbiiofs8ishe current application, there is disclPeTaB2an0fIni site
emul sifying systemconprising a first3fluid tank, a second fluid tank, a
circulation | oop conprising a buffer tank and a punp, wherein the first
fluid tank and the second fluid tank are in fluid conmunication with the
circulation loop via a first fluid inlet pipe and a second fluid inlet

pi pe, respectively, and an outlet pipe that is in fluid conmunication with
the circulation |oop. In sone enbodi nents, the on-site enulsifying system
further conprises a feeding pipe to a well bore, where the feeding pipe is
in fluid communication with the outlet pipe. In sonme enbodi nents, the first
fluid aeddethés seydacet Adcdrdingly nibarerissz ineed.to IDPGBIETe duirrest batah mhixizm be

an aqueo ui d nd fluid can be an organic fluid selected from
t he gr?u%ﬁg%hosrlpsr?‘??{aqgo C'ﬁgm%%%’? di esel oil, kerosene, paraffinic oil,
crude oil, LPG toluene, xylene, et her, ester, m neral oil , bi odi esel,

vegetable oil, animal oil, and m xtures thereof. In sone enbodi nents, the

aqueous fluid tank contains an acid or a blended acid and the organic fluid

tank contains an organic fluid mrygﬂMan appropriate anmount of an
enul sifying agent. In some enbodi . | east one of the first fluid

inlet pipe and the second fluid inlet pipe contains a netering val ve.

[ 0010] To®0gIUNTAGTBrdiRg te NS éSbeeme tHef dlirfentapplietionathdre i8 dispigeid§ argah- punp.
In sone _cases, at |east one of the first fluid inl e%!Btpl pe and the second
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pre-di spersing device. In a speci nmbodi ment, the outl et pipe contains
an el editid tan&s(mauatfiwd pgmnmrmatrbarwmmet @Ir¢Lﬂ@thHh|0@le@|af fiishuist iatelipipg an
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circulatlon 00p conpr.ising a,venturi and a punp, er ei thef|rst fluid
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circul %bhf?ﬁhﬂl@é}lbnabvltﬁ tfhéegutﬁg ﬁBQ ofn %Bﬁ]eoémo\dlrﬁerﬁsf 'tHétﬂrsIHﬂUlG' arld e pi pe
and a second fluid inle respectively; and an out et pi pe connect ed

to a dlsgémfbléd@ﬁ@ngﬂ nt"ﬁ@lgtﬁmp for wthdrawi ng finished enul sions fromthe
circulation | oop.

[0009] The first fluid can be an aqueous fluid. The second fluid can be an organic
fluid selected from the group consisting of hydrocarbon, diesel oil, kerosene, paraffinic
oil, crude oil, LPG, toluene, xylene, ether, ester, mineral oil, biodiesel, vegetable olil,
animal oil, and mixtures thereof. In some embodiments, the aqueous fluid tank contains
an acid or a blended acid and the organic fluid tank contains an organic fluid mixed with
an appropriate amount of an emulsifying agent. In some embodiments, at least one of

the first fluid inlet pipe and the second fluid inlet pipe contains a metering valve.

[0010] The pump in the on-site emulsifying system can be a centrifugal pump. In
some cases, at least one of the first fluid inlet pipe and the second fluid inlet pipe
contains a centrifugal pump. In some cases, at least one of the first fluid inlet pipe and
the second fluid inlet pipe contains a pre-dispersing device. In a specific embodiment,
the outlet pipe contains an electric conductivity meter for monitoring an emulsifying

status of an emulsion.



[0012] I n sone enbodi nents, the systemmay further conprise a feeding pipe
to a well bore, wherein the feeding pipe is in fluid communication with the
outl et piwe.20im4812e enbodi nents, the first fluid and seconB20ii/os1d30ar e
non-m sci ble. In some enbodi nents, theé first fluid can be an aqueous fl uid.
In sonme enbodi nents, the second fluid can be a hydrocarbon fluid. In sone
enbodi nents, the circulation |oop can be forned by pipes. [0013] Accordi ng
to a further aspect of the current application, there is disclosed a nmethod
for on-site mxing an aqueous fluid and an hydrocarbon fluid. The nethod
conprises feeding the aqueous fluid to a circulation |oop, feeding the

hydr ocarbon fluid to the circulation loop, circulating the m xture of
aqueous fluid and hydrocarbon fluids in the circulation |oop, withdrawi ng a
m xed f0Qd1] f rAcoordieg ¢o raootheriaspetiboptheandrant eghpheptione there ésl didclosgdtan a

wel | bore. .[0014]l.n saone _enbodi nents,. at. |l.east ane of the steps of
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by a netering device. In sone enbodi nents, the circul ation | ogp conprises a
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schena%hgm5h$ﬁﬁkkation of a batch m xing system according to a prior

[0012] In some embodiments, the system may further comprise a feeding pipe to a
wellbore, wherein the feeding pipe is in fluid communication with the outlet pipe. In
some embodiments, the first fluid and second fluid are non-miscible. In some
embodiments, the first fluid can be an aqueous fluid. In some embodiments, the second
fluid can be a hydrocarbon fluid. In some embodiments, the circulation loop can be

formed by pipes.

[0013] According to a further aspect of the current application, there is disclosed a
method for on-site mixing an aqueous fluid and an hydrocarbon fluid. The method
comprises feeding the aqueous fluid to a circulation loop, feeding the hydrocarbon fluid
to the circulation loop, circulating the mixture of aqueous fluid and hydrocarbon fluids in
the circulation loop, withdrawing a mixed fluid from the circulation loop; and feeding the

mixed fluid to a wellbore.

[0014] In some embodiments, at least one of the steps of (a) feeding the aqueous
fluid to a circulation loop and (b) feeding the hydrocarbon fluid to the circulation loop
comprises measuring a flow rate by a metering device. In some embodiments, the

circulation loop comprises a buffering tank.



art enbodinent. [0017]FIG 2A is a schematic illustration of an on-site

m Xi ng system according to an enbodi nent of the current application, where
hydr ocar bwo 2011i48282s bei ng transferred into the m x tankCans2oiesi930
circulation is started. [0018]FIG 2BSis a schematic illustration of an
on-site m xing system according to an enbodi mrent of the current
application, where acid is added in during circulation and enmulsified acid
i s obtained and then punped downhole while the systemcontinues to mx the
acid and hydrocarbon. [0019]FIG 3Ais a schematic illustration of an
on-site m xing systemaccording to an enbodi mrent of the current
application, where no buffer tank is provided for the m xing, but instead,
m xing is achieved within the pipes and c-punp, etc. of the circulation

| oop. [0020] FI G 3B i sBRIEK DESGRIPTIONGE TdE BRAWINGSoNn-site m xi ng system
according to an enbodi nent of the current application, which is an
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used in connection therewith. The nunbers nmay vary by up to 1% 2% 5% or
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art embodiment.

[0017] FIG. 2A is a schematic illustration of an on-site mixing system according to an
embodiment of the current application, where hydrocarbon fluid is being transferred into

the mix tank and the circulation is started.

[0018] FIG. 2B is a schematic illustration of an on-site mixing system according to an
embodiment of the current application, where acid is added in during circulation and
emulsified acid is obtained and then pumped downhole while the system continues to

mix the acid and hydrocarbon.

[0019] FIG. 3A is a schematic illustration of an on-site mixing system according to an
embodiment of the current application, where no buffer tank is provided for the mixing,

but instead, mixing is achieved within the pipes and c-pump, etc. of the circulation loop.

[0020] FIG. 3B is a schematic illustration of an on-site mixing system according to an

embodiment of the current application, which is an alternative embodiment to FIG. 3A.

DETAILED DESCRIPTION OF SOME ILLUSTRATIVE EMBODIMENTS

[0021] The following description illustrates embodiments of the current application by
way of example and not by way of limitation. All numbers disclosed herein are
approximate values unless stated otherwise, regardless whether the word "about" or
"approximately" is used in connection therewith. The numbers may vary by up to 1%,

2%, 5%, or sometimes 10 to 20%. Whenever a numerical range with a lower limit and



WO 2011/ 148282PCT/ 1B2011/ 051930 6 an upper limt is disclosed, any nunber
falling within the range is specifically and expressly discl osed.

[ 0022] Enbwoi2nearit48280f t he current application are ill ustparasbebsnsi n t he
context of an oilfield operation commenly known as matrix acidi zi ng.
However, it should be noted that the principles of the current application
may be readily applicable to other operations in the oil and gas industry
as well. Simlarly, although enbodi nents of the current application are
illustrated below in the context of oil and gas exploration and production,
the principles of the current application can also be used in the field
other than the oil and gas industry, such as construction, autonobile,
mning, just to nane a few Wth the benefit of the information disclosed
her ei nanpeppdrelinki il didclpsed, hanamuntzen fabiadi Withiapiheetargeeisv apéaiically eandir es
and advant a . t current application and nmake changes and
nndifi@gp%ggg(ﬂ%%%ee'ngly. Al'l such changes and nodifications shoul d be
considered within the spirit of the current application. [0023]In sone
enbodi je022], tHrabodinents ofiel ¢ureetrit@lppnlctamhcweslll&tnawmeelowfmstyetcemsaxaoﬂ

net hods that all ow an erruIS|o es Iy a i fied acid,
Ir ens oan Rl SRTalel P hoRA PechalEi aoRisiEd HoweStiiCdhous be sold As

used heigi the tdﬂﬁa\ch%smof Oﬂhesbhﬁenﬁ%@Pﬁcétﬂaﬂt rrﬁalyb%baPéddH}/' Mpé\lc'ab%qlﬂd) pomeEs are
| ocated at a si n?h geo ra | ocati on, such as a wellsite, or
&P
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appl|ca|on eerru stem r'nse an aque

fluid tpwﬂucﬂdzﬂ,, tanrih)aiblesa)f lb‘mwcﬂﬂremtdammlnktlcﬁﬂeanamrmb be cised uh dhe cflaldl cntbpr
corrpri bu fer tank a centr fug %2%?30 wher ebp t he aqueous
f1uid %i aid 9PRdn Woé%{? 8n N rHCttO nRY Ee MIRiNG) JySfto name a

commmféwt I\Qith \Whé Behbf & the UhRtrmafion arRRlIoska rfeindpesple ddikeddnithé &t garpe 215
and an hydrocarbon fluid inlet pipe 225, respectlvely. The aqueous fluid

and t héeq*qi'araﬂpé?%@tﬁ varigig feateren aniagyantpaescpl hel ariesh aPRisatiop andi eakear | y
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wi t hdr awn |n|s pr odu a c- 0 an out t plpe
is conneoslddretdommlsltmes;mﬂt otibe curreat applicatiooop. The si de-
2011/ 148282PCT/ 1B2011/ 051930 7 wi t hdrawn enul si on can then be fed into a
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and methods that allow an emulsion, especially an emulsified acid, to be created “on-
site” while being continuously mixed for a given purpose. As used herein, the term “on-
site” means that substantially all equipments are located at a single geographic location,
such as a wellsite, or substantially all steps are performed at a single geographic

location, such as a wellsite.

[0024] According to FIGs. 2A and 2B of the current application, the on-site
emulsifying system 200 may comprise an aqueous fluid tank 210, an hydrocarbon fluid
tank 220, and a circulation loop comprises a buffer tank 240 and a centrifugal pump
230, wherein the aqueous fluid tank 210 and the hydrocarbon fluid tank 220 are in fluid
communication with the circulation loop via an aqueous fluid inlet pipe 215 and an
hydrocarbon fluid inlet pipe 225, respectively. The aqueous fluid and the hydrocarbon
fluid are mixed in the circulation loop (particularly in the buffer tank) to achieve an
emulsion. The emulsion can then be withdrawn as a finished product by a c-pump 280

to an outlet pipe 285 that is connected to a side of the circulation loop. The side-



[ 0025] I n one enbodi ment, the aqueous fluid is an acid, such as hydrochloric
acid (HCl), or a blended acid, and the hydrocarbon fluid is an organic
fluid e. gvolyar@smebon (such as diesel) mxed with an appraproiiad@snount of
an enul sifying agent. [0026] Optionall§, netering valves 212, 222 can be
provi ded on one or both of the aqueous fluid inlet pipe 215 and the

hydr ocarbon fluid inlet pipe 225 to control the flow rates of the fluids
into the circulation |loop. Also optionally, c-punps 221, 221 can be

provi ded on one or both of the aqueous fluid inlet pipe 215 and the

hydr ocarbon fluid inlet pipe 225 to provide nore m xing energy to the
fluids before they are introduced into the circulation | oop. In sone

enbodi ments, pre-dispersion devices (not shown) or configurations can be
provi dedthdravomenusisibotdanothenhke dqdgotes af triplex purnpt (npt seo@nb feminmpediate
hydrocarbhepn. flujd inlet pipe 225 to pre-di sperse the agueous and/ or
hydrocéPgﬁﬁ?t‘PP&loav ,thFe %§8Fq'vel y, before they enter into the circul ation

| oop. [0027]1n some enbodi nents, an electric conductivity nmeter (not shown)
is Ior 0\[00122?1 orintdre gmbbeitrﬁlqéit,pméfﬁ@éwshnfumd ﬁ@mn}dtﬁd,auﬁhsé&hydﬁo&hm?icm‘cid he
enmul si at 1s sjide-wt wn omthe circulation |oop. The electric
conducHE: 9t elerdeckar Bt e Wdsesiropy Sul & OWRBIS Tfb eniSIsa #9n | he
out | et (Q!dheasz;&ésélarﬂiibd Weh %ﬁrarp@%zpr%@élbhwh%fQﬂem@&q#yﬁqgr&&%&.l ve signal when
the emulsion in the outlet pipe 285 is "inverted" or otherwi se in an
incorrect configuration. The negative syfnal can trigger an aut o- shut down

procedi9@Elor Qi Bafarinat (YRH§18f 222 Fan bet Previdsin oBe o5 boify of de
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[ 0028] I'n "oper at1 on, e can be el re-bl ended or "blended
cont i nuateslof therfluideintw the secabtion éadp. Adsd loptiemallys icqpumph@2acl2 arthe e can
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hat allows a portion of the pre-m xe sion to be bl ended w a new
emul si ¢re IsirenldtiomHoep.mi Ixt seve o¢mbpdimeants, nee-diseerdionr devieere (gl shevn)\WOr

2011/ 1482]82P /18201#/ 0519 0d8 m Xi N9, BLOSEsS to creaf}e a hew blend o({/
emul si FPOSURTYS 17 PRETPHIES Srovds 87 KBLRT B e Bhebid i g ¥iRg 45 ol une
is pul litesl holifochAiont MEidURRE dFpen 2256 b redishepshitie afl@oligtbh@/cpfhydRcarbon
emul sified acid recirculation to the finished product delivery rate should

be sucHuidsatespegivaly.topfarminay sntes Hio e FEsURtBNIeaP-duri ng t he product
delivery process. Because a portion of the blend is continually

re-cirgodated |hiopaBmbbeintants Ngh BleRGRSSoriduRiiviBnEte? MG siidih)bb erslided
enul si on bécones nore stable. [0029] 1 n one specific enbodi nent, the HCl was
fed i noo teeoudlietcpipat28ntd oumiter the rexngsion status of the emulsion that is side-
withdrawn from the circulation loop. The electric conductivity meter can produce a
positive signal when the emulsion in the outlet pipe 285 is in the correct configuration,
and a negative signal when the emulsion in the outlet pipe 285 is “inverted” or otherwise
in an incorrect configuration. The negative signal can trigger an auto-shutdown
procedure for automatically turning off the outlet pipe 285 so as to prevent the

incorrectly formed emulsion from entering into the wellbore.

[0028] In operation, the acid mixture can be either pre-blended or blended
continuously for the purpose of creating the emulsion. The acid mixture can be metered
into a blend of the emulsifying agent, which can then be imparted with mixing energy by
a devise designed to increase the shear energy of the blend. This mixture is then
pumped into a buffering tank 240 that allows a portion of the pre-mixed emulsion to be

blended with a new emulsion blend. This mixture of old and new blends re-undergo the



of about 14 barrel-per-mnute (bpm, the hydrocarbon fluid containing

emul sifying agent was fed into the circulation loop at a rate of about 6
bpm the wDxbnigi4828punp 230 circul ated the aci d/ hydr ocar pom/IB2041/051€30 n t he
circulation loop at a rate of about 68 bpm and the finished enul sion was
wi thdrawn fromthe outlet pipe 285 at a rate of about 20 bpm [0030]In sone
enbodi nents, the initial batch of enulsion is m xed before being delivered
downhol e. Wil e being delivered downhol e, additional enulsifying agent and
acid can be mxed into the existing enul sion. The conbi nation point is
around the inlets and the circulating c-punp 230 so that incom ng

hydr ocarbon and acid di sperse into the previously-created emul sion.

[ 0031] Sonme of the emulsion is delivered downhol e after only one pass

t hr ougimiking prosessgotaeate doewndend of ertusifidcliacidmdkeionthist procespaseeton
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di schatigeemu@iviedBycié eedirocaldtiondo thefinishéd® pedducedslivieey Faté stloglaLdess wh that
single pass emulsion the quality of the emulsjon can be controlled. In sone
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the emul sion qualit [0032 | Shearing energy I's put 1nto the fluid at the

ci rcul @fthﬁgblcnpbammmson@ﬁdomeson@m staldej et s which nmixes the tank. In sone
cases, there is a provision for a m xer 250 as shown in FIG 2, but in sone

ot her ng an o%%g%é)tegmgaém@dfﬂn@ﬂt Gy Fﬁ%l\jdﬁa% fgggthEE@%cP@&é‘ﬁ’&?lo%p'a‘?ta Ale

m Xxi ng y Is a m XI'ng
2011/ 1@828@&01’4 bﬁ?éllﬂdr@ﬁm&o kﬁJnﬁ)Oﬂ%mFersarbBA farddc@Baininguemulstfeing rageher
aspect of

_on-site bl endi t hod t rding to th
i o1 od{Feledh e eHRTOR4RPP GLid drte Thapuit rRHTon el (X e f-ByTg: 3P
syst emcBQlate?d0fe JERYhERERALER nAktupE] wﬁmea:n%ma'nan Q@H(at:ﬂ%te 3R abyGt aTeBEoN
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hydroc @ n fluid tank 320 are in fluid comrunication with the circul ation
| oop (sonetinmes at the feeding end of the centrifugal punp 330) via an
aqueous fluid inlet pipe 315 and an hydrocarbon fluid inlet pipe 325,
respecti003d]y, lansbraa emmh)dcérlnepispehe&ﬁtialoha\tebtaa‘demulstdmeisdhﬂmmbgmremtimg‘ t he
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[0031] Some of the emulsion is delivered downhole after only one pass through the
mixing tank, but most of the fluid makes multiple passes through the circulating c-pump
before going downhole. One parameter that can be adjusted during operation is the
ratio of re-circulating flow to discharge flow. By controlling the ratio of re-circulated
emulsion to single pass emulsion the quality of the emulsion can be controlled. In some
instances the re-circulated emulsified fluid may make multiple passes through the

buffering tank 240 before being discharged which can improve the emulsion quality.

[0032] Shearing energy is put into the fluid at the circulating c-pump 230 and also at
the jets which mixes the tank. In some cases, there is a provision for a mixer 250 as
shown in FIG. 2, but in some other cases, an additional mixing device is not used

because a lot of mixing energy is added by the mixing c-Pump 230.



(HCl'), or a blended acid, and the hydrocarbon fluid is a hydrocarbon (such
as diesel) mxed with an appropri ate anount of an enul sifying agent.

[ 0035] Optworralg28aet eri ng val ves 312, 322 are provi dedpPom/iBral/e¥19%0t h of

t he aqueous fluid inlet pipe 315 and ?he hydrocarbon fluid inlet pipe 325
to control the flowrates of the fluids into the circulation |oop. Al so
optionally, c-punps 311, 321 are provided on one or both of the aqueous
fluid inlet pipe 315 and the hydrocarbon fluid inlet pipe 325 to increase
the pressure the fluids before they pass the netering valves 312, 322, if
any, and are introduced into the circulation |oop. In one enbodinent, a
c-punp 311 and a neting val ve 312 are provided on the hydrocarbon fluid
inlet pipe. [0036]1n sonme enbodi ments, pre-dispersion devices (not shown)
or confl0@3d]at iFdGs. 3Acanm 3Biiltlestrateranotbenashext lof tfe omsitadleroing miethad amd et
pi pe 315 and the hydrocarbqn fluid [nlet pi 325 to pre-disperse th
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circulation |oop. The electric conductivity neter can provide a positive
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t he c- pump 330 forswildriagiregl fisiabéd tehatisions &voedus cirtidatitel loopr yThetaguedusend
product, by a. predeterm ned ampunt. The excess.blended fluid is then fed
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the acid blend. The flow rate feedback signal is shown in FIG 3 by dotted
| i ne 38bowpbipsdpmeditie application dowihgivaliRere-t he HCl is fed into the
circulation loop at a rate of about 14 barrel-per-mnute (bpm, the _
hydrocaoisd) 1iH! shecombabimid, MaUAGidolisMLiI@geah dckd fadh 2 AydfeneHEGdat i on
| oop at a rate of about 6 bpm the mxing c-punp circulate’the .

aci d/ hyldbc ar ladplentled acid, iandtthe hyidraaarken Huidl isap hudrogarene(sueh asodieseld bpm

and ngutLaL ARG SIHbHAL oo it PR BMULHATG ddieout | et pipe at a rate of

about

[0035] Optionally, metering valves 312, 322 are provided on one or both of the
aqueous fluid inlet pipe 315 and the hydrocarbon fluid inlet pipe 325 to control the flow
rates of the fluids into the circulation loop. Also optionally, c-pumps 311, 321 are
provided on one or both of the aqueous fluid inlet pipe 315 and the hydrocarbon fluid
inlet pipe 325 to increase the pressure the fluids before they pass the metering valves
312, 322, if any, and are introduced into the circulation loop. In one embodiment, a ¢-

pump 311 and a meting valve 312 are provided on the hydrocarbon fluid inlet pipe.

[0036] In some embodiments, pre-dispersion devices (not shown) or configurations
are provided on one or both of the aqueous fluid inlet pipe 315 and the hydrocarbon
fluid inlet pipe 325 to pre-disperse the aqueous fluid and/or hydrocarbon fluid,

respectively, before they enter into the circulation loop.

[0037] In some embodiments, an electric conductivity meter (not shown) is provided

on the outlet pipe 385 to monitor the status of the emulsion that is side-withdrawn from



[0040] I n sone cases, the hydrocarbon fluid is started at the begi nning of
the process with the acid netering valve closed. Hydrocarbon containing an
appropri awve 2amudsa820f an enul si fyi ng agent is circul at e@CRIBILI03103)
circulation | oop, and flows towards tWe di scharge point of the m xing
c-punp 330 and purges water or other residual fluid out of the m xing
c-punp 330 and the circulation pipes. Next, the acid netering valve 312
opens to achieve the correct concentration. WO

2011/ 148282PCT/ 1B2011/ 051930 11 [0042] Both processes, i.e. first starting
wi th the hydrocarbon fluid or first starting wth the aqueous fluid, may
optionally include a pre-wash step wherein 100% water is used to flush and
prime up the circulation | oop before the hydrocarbon fluid or aqueous fl uid
i s i nt theloicedation wophel s elealriatdomdutivaty. mMe@0 43 THievide xai pegitivepsigpal3gen

i ngests_hydrocarbon fl ui W enul.sifying agent i.n so case agueous
Frora T P hedtlel piod 8% T e, PR ARl By ik 8% or m
and di sghar g BeISonlisithd . odtiet 388siesinvetdeidrcathaiisd in adre inddrieever al
times (such as, in one aspect, 2x - 4x) the maxi nrum downhol e rate so that

t he fl ¢rafigiratieyed hge\@oalivei signRlatGapndrigegrord faUsQSREdowNt HREOE@AUSE O punp.
0044 i L0 f P C :
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devi ceentarnly int® theatallbord. xers (not shown) to create back pressure in the

circulation line. In a specific enbodi nent, the m xing c-punp 330 produces

about i for charaging th riple u while circul ating several tines
Fho” doltdi, 8iorerdtich, auadfuidn iRt PRl EBhue, Mifobtpd (I BEFURNor ng- ac
| ow pr Qﬁigﬂfu@t pRer @nthteh@ﬁu PIBW desighed h@Wdarit She! ebedsarg hﬂj’(igg drigegy.r irpl ex
punp. [0045]1In all of the forgoing enbodi nent acid can be blended in a

S

tank oBOR\E &Rba@Ments. dheiarix (Rie 9 theperoumpr 3Qig desianediswich featibexcesds g , t he
raw aci@i S« typi i t %4.36% HGl can
o bty TR GPLN pRid R B9 BRI PbrRAL' THE exiBHt blfuel i, So0y
concentheat ifedh,dingletly baick toyfhiec alpluy eagoot tHe-mikBep istice Af Tleis continogys trae

vol unme typically, doubles thus increasing the nt of.acid that eds to
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of themérfroﬂﬂﬁat@médb@@kis@ﬂatig she®nan Fmrsibﬁ/%lofﬁt@HQinéi%bﬂg syst_emthat can

bl end 32-36% acid and the appropriate emul Sifier on the |ocation of

application so that the stor aoge and transportation requirenents can be
gr eat | Y0903 ucdp.one specific embodiment, the HCl is fed into the circulation loop at a rate of

about 14 barrel-per-minute (bpm), the hydrocarbon fluid containing emulsifying agent is
fed into the circulation loop at a rate of about 6 bpm, the mixing c-pump circulate the
acid/hydrocarbon mixture in the circulation loop at a rate of about 40 bpm, and the

finished emulsion is withdrawn from the outlet pipe at a rate of about 20 bpm.

[0040] In some cases, the hydrocarbon fluid is started at the beginning of the
process with the acid metering valve closed. Hydrocarbon containing an appropriate
amount of an emulsifying agent is circulated within the circulation loop, and flows
towards the discharge point of the mixing c-pump 330 and purges water or other
residual fluid out of the mixing c-pump 330 and the circulation pipes. Next, the acid

metering valve 312 opens to achieve the correct concentration.

[0041] In some other cases, the aqueous fluid is started first and the hydrocarbon
fluid is then started to achieve emulsions.



WO 2011/ 148282PCT/ 1B2011/ 051930 12 production; however, the disclosure of
the current application can be inplenented in many ot her areas and

i ndustri esoas1veBi82 [ 0047] The precedi ng descri ption hasPboedarpt/esest ed with
reference to sonme enbodi nents. Persond skilled in the art and technol ogy to
which this disclosure pertains will appreciate that alterations and changes
I n the described structures and net hods of operation can be practiced

wi t hout meani ngfully departing fromthe principle, and scope of this
application. Accordingly, the foregoing description should not be read as
pertaining only to the precise structures described and shown in the
acconpanyi ng drawi ngs, but rather should be read as consistent wth and as
support for the followi ng clains, which are to have their fullest and

f ai r es{0842]pe.B¢tbQer8tEasesheentrse, starting wifh thee hgldocarboni tuidior firke sfargsent

appl i catjion shoul d .read as..iml yi t hat an articul ar nt, step,
or °t unditrofer Siitets JBid, ihdy B3ialinholiet A irs PSR SihoftiBl Tty i
scope: u$tl tSAENFakl prifne=D e SHEIEOh VB Befbre $h&hly e SIS Yr Bgkedld ONED
CLAI M5. Moreover, none of these clains are intended to invoke paragraph six
of 35 (g igintraguced intpiiee ekeidatioble@B: " means for" are fol l owed by a
participle. The clains as filed are intended to be as conprehensive as

possi bliggaznd ¥ mmhg%tpdmﬁtsgb i'hgeétgt FARPSA MuiewithOth8RAGng GRfdine & ed.,

or abandonéd. WD 2011/ 148282PCT/1B2011/051930 13 Al M5 What i's ¢l ai ned

i s some cases), aqueous fluid (acid in some cases) and circulated emulsion and mixes
them to form and discharge new emulsion. In some cases, the circulating rate is
several times (such as, in one aspect, 2x — 4x) the maximum downhole rate so that the

fluid averages several circulations before flowing to the triplex pump.

[0044] The system shown in Fig. 3 may further contain in the circulation loop a
venturi e.g. a choke 350, a metering device (not shown), or other devices such as static
mixers (not shown) to create back pressure in the circulation line. In a specific
embodiment, the mixing c-pump 330 produces about 50 psi for charging the triplex
pump while circulating several times the downhole rate. In some embodiment, one c-
pump 330 is used for mixing at low pressure and another c-pump (now shown) is used

to charge the triplex pump.

[0045] In all of the forgoing embodiments, acid can be blended in a tank or by an
acid blender using concentrated acid. In the case of HCI, the raw acid is typically at a
concentration of about 32%-36%. The raw HCI can be mixed off-site with water and
other chemicals to create the desired acid concentration, which is typically about 12-
15% HCI. After mixing, the volume typically doubles thus increasing the amount of acid
that needs to be stored or transported to the location. Therefore, it is another aspect of
the current application to use an on-site acid mixing system that can blend 32-36% acid
and the appropriate emulsifier on the location of application so that the storage and
transportation requirements can be greatly reduced.

[0046] One intended use of the current systems and methods is the continuous

matrix acidizing of a wellbore for the purpose of stimulating that wellbore for increased



1. An on-site emulsifying systemconprising, a. a first fluid tank; b. a
second fluid tank; c. a circulation |loop conprising a buffer tank and a
punp, wheweiznitiageski rst fluid tank and the second fl ui dPCcank2at/esvsy fl uid
conmmuni cation with the circulation lo@p via a first fluid inlet pipe and a
second fluid inlet pipe, respectively; and d. an outlet pipe that is in
fluid conmunication with the circulation |oop. 2. The systemof claiml1,
further conprising a feeding pipe to a well bore, wherein the feeding pipe
is in fluid communication with the outlet pipe. 3. The systemof claiml,
wherein the first fluid and the second fluid are non-m scible. 4. The
systemof claiml1l, wherein the first fluid is an aqueous fluid. 5. The
system of claim4, wherein the second fluid is an organic fluid sel ected
from t ipeodyration; bowevent ity disicldsyice of drdonrredi agelicabon ,cakebe seplemenéedrirt i ni c
oil, crude qil,_ LPG_toluene xylepe, ether, ester, mneral oil, biodiesel,
veget a I%jyoﬁg{h,er%rr??%lnddﬁ] LfStré%Sda%ngures thereof. 6. The system of claimb5b,
wherein the aqueous fluid tank contains an acid or a blended acid and the
or gani §0047i d Trenkrecadirg desariptiorgdrasc bekni presexted withh referemepr aprdoatee
f | sifyi . 2011/ 14 2P B2011 4
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pertains will appreciate that alterations and changes in the described structures and

methods of operation can be practiced without meaningfully departing from the

principle, and scope of this application. Accordingly, the foregoing description should

not be read as pertaining only to the precise structures described and shown in the

accompanying drawings, but rather should be read as consistent with and as support for

the following claims, which are to have their fullest and fairest scope.

[0048] Furthermore, none of the description in the present application should be read
as implying that any particular element, step, or function is an essential element which
must be included in the claim scope: THE SCOPE OF PATENTED SUBJECT MATTER
IS DEFINED ONLY BY THE ALLOWED CLAIMS. Moreover, none of these claims are
intended to invoke paragraph six of 35 USC §112 unless the exact words “means for”
are followed by a participle. The claims as filed are intended to be as comprehensive as

possible, and NO subject matter is intentionally relinquished, dedicated, or abandoned.



7. The systemof claim1l, wherein at |east one of the first fluid inlet
pi pe and the second fluid inlet pipe contains a netering valve. 8. The

syst em ofwol2ai m48282wherein the punp is a centrifugal pumrpT/IB201Th&E9I3YSt em of
claiml1, wherein at |east one of the Birst fluid inlet pipe and the second
fluid inlet pipe contains a centrifugal punp. 10. The system of claim 1,
wherein at | east one of the first fluid inlet pipe and the second fluid
inl et pipe contains a pre-dispersing device. 11. The systemof claim1,
wherein the outlet pipe contains an electric conductivity neter for
nonitoring an enul sifying status of an enulsion. 12. An on-site emul sifying
systemconprising, a. a first fluid tank; b. a second fluid tank; c. a
circulation | oop conprising a venturi and a punp, wherein the first fluid

t ank afiLAIMS second fluid tank are in fluid communication with the
circulation |oop at a feeding end of the punp via a first fluid inlet pipe
and a second fluid inlet pipe, respectively; and d. an outlet pipe
connectygiehttio crirdégarge end of the punp for withdrawi ng finished enul sions
fromthe circulation | oop. 13. The systemof claim 12, further conprising a
feeding pipe to a well bore, wherein the feeding pipe is in fluid

First £l d o e ey o g ) & 16, The system of ol ai m 12,
wher ei n the fia.sa fifstdiug faskan aqueous f1 ui d.
b. a second fluid tank;
c. a circulation loop comprising a buffer tank and a pump, wherein the first
fluid tank and the second fluid tank are in fluid communication with the
circulation loop via a first fluid inlet pipe and a second fluid inlet pipe,
respectively; and

d. an outlet pipe that is in fluid communication with the circulation loop.

2. The system of claim 1, further comprising a feeding pipe to a wellbore, wherein

the feeding pipe is in fluid communication with the outlet pipe.

3. The system of claim 1, wherein the first fluid and the second fluid are non-

miscible.

4. The system of claim 1, wherein the first fluid is an aqueous fluid.

5. The system of claim 4, wherein the second fluid is an organic fluid selected from
the group consisting of hydrocarbon, diesel oil, kerosene, paraffinic oil, crude olil,
LPG, toluene, xylene, ether, ester, mineral oil, biodiesel, vegetable oil, animal oil,

and mixtures thereof.

6. The system of claim 5, wherein the aqueous fluid tank contains an acid or a
blended acid and the organic fluid tank contains an organic fluid mixed with an

appropriate amount of an emulsifying agent.



WO 2011/ 148282PCT/ 1B2011/ 051930 15 16. The system of claim 12, wherein the
second fluid is a hydrocarbon fluid. 17. The system of claim 12, wherein
t he punp we 2a1icesasei f ugal punp. 18. The system of cl ai mPC2/IBwhenaI t he
circulation loop is forned by pipes. 9. A method for on-site mxing an
aqueous fluid and an hydrocarbon fluid, the method conprising, a. feeding
the aqueous fluid to a circulation |oop; b. feeding the hydrocarbon fluid
to the circulation loop; c. circulating the m xture of aqueous fluid and
hydrocarbon fluids in the circulation loop; d. withdrawing a m xed fluid
fromthe circulation |loop; and e. feeding the mxed fluid to a well bore.
20. The nethod of claim 19, wherein at |east one of steps (a) and (b)
conprises neasuring a flowrate by a netering device.

7. The system of claim 1, wherein at least one of the first fluid inlet pipe and the

second fluid inlet pipe contains a metering valve.

8. The system of claim 1, wherein the pump is a centrifugal pump.

9. The system of claim 1, wherein at least one of the first fluid inlet pipe and the

second fluid inlet pipe contains a centrifugal pump.

10.The system of claim 1, wherein at least one of the first fluid inlet pipe and the

second fluid inlet pipe contains a pre-dispersing device.

11.The system of claim 1, wherein the outlet pipe contains an electric conductivity

meter for monitoring an emulsifying status of an emulsion.

12.An on-site emulsifying system comprising,

a. a first fluid tank;

b. a second fluid tank;

c. a circulation loop comprising a venturi and a pump, wherein the first fluid
tank and the second fluid tank are in fluid communication with the
circulation loop at a feeding end of the pump via a first fluid inlet pipe and
a second fluid inlet pipe, respectively; and

d. an outlet pipe connected to a discharge end of the pump for withdrawing

finished emulsions from the circulation loop.

13.The system of claim 12, further comprising a feeding pipe to a wellbore, wherein

the feeding pipe is in fluid communication with the outlet pipe.

14.The system of claim 12, wherein the first fluid and second fluid are non-miscible.

15.The system of claim 12, wherein the first fluid is an aqueous fluid.



21. The nethod of claim 19, wherein the circulation | oop conprises a
buf fering tank.
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16. The system of claim 12, wherein the second fluid is a hydrocarbon fluid.

17.The system of claim 12, wherein the pump is a centrifugal pump.

18.The system of claim 12, wherein the circulation loop is formed by pipes.

19.A method for on-site mixing an aqueous fluid and an hydrocarbon fluid, the
method comprising,
a. feeding the aqueous fluid to a circulation loop;
b. feeding the hydrocarbon fluid to the circulation loop;
c. circulating the mixture of aqueous fluid and hydrocarbon fluids in the
circulation loop;
d. withdrawing a mixed fluid from the circulation loop; and

e. feeding the mixed fluid to a wellbore.

20.The method of claim 19, wherein at least one of steps (a) and (b) comprises

measuring a flow rate by a metering device.

21.The method of claim 19, wherein the circulation loop comprises a buffering tank.



