VEELLBORE APPARATUS AND METHODS FOR ZONAL | SOLATI ON AND FLOW CONTROL CRCSS
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[0003] The present disclosure relates to the field of well completions. More specifically,
the present invention relates to the isolation of formations in connection with wellbores that
have been completed using gravel-packing. The application also relates to a zonal isolation
apparatus that may be set within either a cased hole or an open-hole wellbore and which

incorporates alternate flow channel technology.
Discussion of Technology

[0004] In the drilling of oil and gas wells, a wellbore is formed using a drill bit that is
urged downwardly at a lower end of a drill string. After drilling to a predetermined depth, the
drill string and bit are removed and the wellbore is lined with a string of casing. An annular
area is thus formed between the string of casing and the formation. A cementing operation
is typically conducted in order to fill or “squeeze” the annular area with cement. The
combination of cement and casing strengthens the wellbore and facilitates the isolation of

the formation behind the casing.

[0005] It is common to place several strings of casing having progressively smaller outer
diameters into the wellbore. The process of drilling and then cementing progressively
smaller strings of casing is repeated several times until the well has reached total depth.
The final string of casing, referred to as a production casing, is cemented in place and
perforated. In some instances, the final string of casing is a liner, that is, a string of casing

that is not tied back to the surface.
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valves and separation equipment at the surface.

[0011] To control the invasion of sand and other particles, sand control devices may be
employed. Sand control devices are usually installed downhole across formations to retain
solid materials larger than a certain diameter while allowing fluids to be produced. A sand
control device typically includes an elongated tubular body, known as a base pipe, having
numerous slots or openings. The base pipe is then typically wrapped with a filtration

medium such as a wire wrap or wire mesh.

[0012] To augment sand control devices, particularly in open-hole completions, it is
common to install a gravel pack. Gravel packing a well involves placing gravel or other
particulate matter around the sand control device after the sand control device is hung or
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[0017] I n these and other instances, it is desirable to isolate an interval
fromthe production of formation fluids into the wellbore. Annular zonal
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end. [0018] Therefore, a need exists for an improved sand control system that provides fluid
bypass technology for the placement of gravel that bypasses a packer. A need further exists
for a packer assembly that provides isolation of selected subsurface intervals along an open-
hole wellbore. Further, a need exists for a wellbore apparatus that enables zonal isolation

and flow control along a gravel pack within a wellbore.
SUMMARY OF THE INVENTION

[0019] A gravel pack zonal isolation apparatus for a wellbore is first provided herein.
The zonal isolation apparatus has particular utility in connection with the placement of a
gravel pack within an open-hole portion of the wellbore. The open-hole portion extends

through one, two, or more subsurface intervals.

[0020] In one embodiment, the zonal isolation apparatus first includes a string of tubing.
The string of tubing resides within a wellbore and is configured to receive fluids. The fluids
may be production fluids that have been produced from the one or more subsurface
intervals. Alternatively, the fluids may be water or other injection fluids being injected into

the one or more subsurface intervals.



[ 0023] The zonal isolation apparatus also includes at | east one and,
optionally, at |least two packer assenblies. Each packer assenbly includes a
mechani cavDypopais24gdacker t hat serves as a seal. More prefreraiskyri/oexmssh packer
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position i ween rder 1ve . a t he re .o ubul ar
body i n | A bR APEd: Peaagip Sk et el B al sty g rpbet

swells in the presence of hydrocarbon liquids or an actuating chemical. This may be in lieu

of or in addition to an elastomeric material that swells in the presence of an aqueous fluid.

[0026] As part of the alternate flow path technology, the zonal isolation apparatus also
includes one or more alternate flow channels extending through and along the various
packer elements within each packer assembly. The alternate flow channels serve to divert
gravel pack slurry from an upper interval to one or more lower intervals during a gravel

packing operation.



[ 0030] The zonal isolation apparatus further includes one or nore seals. A
seal could be a packer. The seals reside along the outer dianmeter of the

t ubul ar bwoyo12fisesd7sol ation string i s placed so that thecsaske1asassad) acent
to the packer assenbly. Wen activated, the seals serve to seal an annul ar
region formed between the outer dianmeter of the tubular body and the
surroundi ng mandrel of a set packer assenbly. [0031] Preferably, the zonal
isolation a Earatus al so includes a second valve. In this instance, either
the first \Vﬁ e orn toRE a5REEnds AIsy @nfl sseqprfl, éachaniqglly-get packrisr ar&s%’é‘ﬂﬁﬂ'yy and

the ot her a@bsighed fol e betvimithie trﬁmdendaee sereRNE grdleV padkingbeepatioh heginkr sthepacker
assenbl y. odi ne inthe first valve

0032] | t | t
Conpr 505 FRETEIS FRsFE SeRP A upe ReRn ce et Tiime REs ehp ol curo sty wethde: he
second val Ve alefilmore bap presarably weeroconmueted adaowgbn dplenwealigwet Hteungtivelyh éhe
tubul ar - bodyy -4 nﬁip'b% doﬁ?ﬁe@é&cﬁuth L REsdd fioid, r%(@a'ﬁ}ﬁﬁ tﬁ‘él% Lth 8@&8ﬂfétué!@ké/s“r‘ngnay

each be configure |'east one of openi ngs

may be sel 8as Peasl Rereratase dltetnrtelbineyeiibara may bﬁé@'ﬁ“P'ieE?ﬁl"\ﬁtQ avipiat o1 PISRK BPeS | ui ds

through t hend bliscRanidaMYet phtket Risst Mey thdjdint Uevlak digedw control device is
provi ded. [0033]In one enbodl ment, the zonal isolation appar at us corrprl se

an upper ?@E%{?nd T%? zona |so aﬁlon a]pg_%rgtus %Pso |nc§eo%s an tgongsaf aoﬁenon s‘?n g, ecq

spaced apa ong the jol pe’so”as fera's
subsur f ace isolatien stehg eanises atubelar bastye The kubutar Bodyrtise @i rnmet diambter défmimiga | on

string may pburhA8E ilCRIPEdRRuftcdibh Wilh YR é‘cﬁn% &frlulS h@ STh@%Tb@iBPﬁodyth% Rdsr &
val ve may be above the first packer assenb second val ve

i nt er nedi atetef giameter eanfigygd @é&ﬂﬁ@jwﬁa%r&@rbaa%g@%i%gcre%[h@dtth%nxaﬂqirebpfm ve is
bel ow t he gpeaengsseadkser assenbly. [0034] A nethod for conpleting a wellbore
in a subsurface for mati on is also provided herein. The wel | bore preferably

I ncl udes a4, o2)° R prOV| f?é] |§o%ml1ﬁa§8g'a'ﬁlj§ fﬂ%e‘?ﬁﬁ&d’%g'%rsﬂ TN e TRS RRE Lany dée o

met hod i ncl di ng a sand control sand control
i n accor damtgeedipbdyetdnidelonritie packer asseadlyi clhediss valvp ldfings @y deas] QBB THhat

met hod al S%éy%'dégﬁ‘e% a%%\ﬂs@d (Y9 aRy ;B&‘ﬁiéﬁ"n @eﬁxﬁ@éﬂ?ﬁrﬁ’ordé‘?h@s@@&u'&@& p@&&ﬁ@'@)bbé is
also in accordance Wi th acker assenbly described above In its various

enbodi ment §F U35 RGN 5‘:‘»‘%8 ynicaiien wgk e ba'fe qf@s?’rrBW@'”gaﬁﬁ‘ae BP&f erabl y two,

mechani cal | y-set packers. For exanple, each packer will have an inner
mandr el , all@o@®lnat &he lzowal cdodatior bspaaatos dthehiecludasememamirelsealand seaseald ng

el ement ethgranp%ckérp ﬁhgeseglgmgsﬁdenﬁ&@tﬂb ‘'outer diameter of the tubular body. The isolation
string is placed so that the seals are adjacent to the packer assembly. When activated, the
seals serve to seal an annular region formed between the outer diameter of the tubular body
and the surrounding mandrel of a set packer assembly.

[0031] Preferably, the zonal isolation apparatus also includes a second valve. In this
instance, either the first valve or the second valve is above the first packer assembly, and
the other of the first valve and the second valve is below the first packer assembly.

[0032] In one embodiment, the at least one port in the first valve comprises two or more
through-openings through the tubular body, and the second valve also comprises two or
more through-openings through the tubular body. In this instance, the first valve and the
second valve may each be configured so that at least one of the two or more through-
openings may be selectively closed, thereby partially restricting the flow of fluids through the
tubular body. In this way, a true in-flow control device is provided.

[0033] In one embodiment, the zonal isolation apparatus comprise an upper seal and a
lower seal. The upper seal and the lower seal are spaced apart along the joints of base pipe
so as to straddle a selected subsurface interval within a wellbore. In this embodiment, the
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[ 0036] The nmet hod al so i ncludes connecting the packer assenbly to the sand
screen internediate two joints of the base pipe. The nethod then includes
runni ng twe 2pexisess7assenbl y and connected sand screen i RCO/USh@ 1we33sbor e.
The packer and connected sand screen are placed al ong the open-hole portion
(or other production interval) of the wellbore. [0037] The net hod al so

i ncludes setting the at | east one nechanically-set packer. This is done by

actuating the sealing el enent of the packer into engagenent with the
sur roundi ng}‘O@ﬁ@hstﬁm a3y dythep ﬁ°’8|?”st3f?et% VElSr & th"PH@?‘@%Pt Be firgt yalvemay o
i ncl udes i apeet iheJirgt ;@rcaefeésssmlw el dHcOnANaldd iU InBrmed@gte athe frigst rapd deesneeen

t he sand screen and sSurrqu n rtion of he wel | bore, and
Lhen” fur t hePoehpSRmpleh pREhe A SR B s alR PooEr arbubia: o f | ow
channels to allow the gravel slurry to bypass the packer. In this way, the
open- hol e [{¥34li on Aomethhe faedoMplstieg psvelpere e apnbre@calimetiame asel rovidase
packer aft ‘héreﬁnhel'hﬁ%lﬂ@dre B@er?@ﬁﬂclﬁ@és 4 Bwe%r%ﬁﬂl doRlefed a{soan?tﬁ]etholteh% &t hod,

it is preferred t acker asse SO |nclude a nd

mechani cal P§RESELN ep%“r?@ﬁ’ '”CE‘H%S ¥R ar?@&%&?ﬂt@éﬁ?‘y’e heﬁé&%‘?”tméd%’&ﬁﬁ fuct ed
i n accor darc@radnicd with thefsan@ tonteldeaine dasdrivesadovpacker, or is a mrror inmage
thereof. A swell abl e packer may then optionally be provided int er nmedi at e

the first secaq wa‘?thIa we has
alternate ﬁbov!/ chan aa{yoqﬁg %S?ﬁ;\”dﬂg% tg?rna-agtggmL?Y olrll]@ﬁ%acﬁ% Iyrlgh
first and §l§@d’haCQﬁ>§@h%W&%mWﬂ®l§f{r 358% Ry gescrbechabpyeiiny i3 yarlovﬁemb%meﬁts
assenbly naye Ipameudese@nbg/ iAYBdestASeMt 80N and ipsiérably Ao, tr@ézihamaéuwsme icRér€. t he

first and second ackers 012/ 082447PCT/ US2011/ 0O 039 Th net hod
al so incl u§8%e’f ac'épé‘iknef W&%@f’eta{]ﬂ”’l% ”?%H‘E’E?P aﬁ@“ﬂ(@ F ‘FS*@ b\?q? A" d'the

el ongat ed iirsel abnde, sida sggliopelereeitedeatal ta theoivwesr neemdredf t he string of
tubing. The isolation string conprises: a tubul ar body having an

i nner di angjoge) defﬂhQ'n‘thﬁl Q% %CEBGJ EdHchtEIBWF@Bé&%F b%m\My @ tﬁe QQﬁoeséPéent he

trlng of tubln and an outer I anmet er conf gure to resid
base pi pe érerTRdiatesing iewist idhe dass eweanthennehps th%e‘”?'hﬁ?@rruﬁﬁ%ﬁ@ p%ﬁkert he
packer asseasitdmpbly and eonBbcty@ MR, sopdtih iRRhS® vellBdFe $ﬁaeab§cka.i @rﬂgcdnhectédu'é@rfd

Lot ¢ e babPiabaited RS Mopk RO he gn BE ol Afon BRb 2D T B lbge, "

assenbly. In this way, the first valve of the isolation string is above or
bel ow t he [8Ker dosarmiog alseraclydes sebing et laaicoriesechanionllysel pasherar idis

adj acent t @ §dag b5 BLuRBGKES sARRPABYnt of the packer into engagement with the surrounding
open-hole portion of the wellbore. Thereafter, the method includes injecting a gravel slurry
into an annular region formed between the sand screen and the surrounding open-hole
portion of the wellbore, and then further injecting the gravel slurry through the alternate flow
channels to allow the gravel slurry to bypass the packer. In this way, the open-hole portion
of the wellbore is gravel-packed above and below the packer after the packer has been set

in the wellbore.

[0038] In the method, it is preferred that the packer assembly also include a second
mechanically-set packer. The second mechanically-set packer is constructed in accordance
with the first mechanically-set packer, or is a mirror image thereof. A swellable packer may
then optionally be provided intermediate the first and second mechanically-set packers. The
swellable packer has alternate flow channels aligned with the alternate flow channels of the
first and second mechanically-set packers. Alternatively, the packer assembly may include a
gravel-based zonal isolation tool intermediate the first and second packers.



[ 0041] The met hod further includes activating the seals in order to seal an
annul ar region forned between the outer dianmeter of the tubular body and

t he surrowodoregsesndr el adj acent to the set packer asse®biryus20100648BFét i s
preferred that the first valve conprise two or nore through-openings

t hrough the tubular body. In this instance, the nethod further includes
closing at | east one of the two or nore through-openings, thereby partially
restricting the flow of fluids through the tubul ar bod is al so
preferred 19932 t hdNf JBitaRG BfC &cludpg 'YREBRIENRS SEEbHY 'Oél e Wei”PPr? Hyitg an

instance, eichf&ed iSoRtidN Eisihg Cahneetearat ahewsesmNst télsitiag ios taiy eThdRolRgsker
and t he ot h{% of the first valve and the second valve is bel ow the packer.
In this i nS'8RACRTPTHE nethod further includes closi ng the first valve, the

second val ve. or bt a8y NRhikelat. P fbN eV Bhey )

second val ve, or bot ereby’ crea conmuni catt’ on between the
sel ected val ve eqfemeni¢aypr wih ath@ée Qféb‘éStﬂP%éf tUP'OQ)@S‘P‘ﬁﬁ‘é)UF@tdI'ﬁHtPtQanéQU&Q

i nclude produci pGefl¥svRGRIRBMAsE bigh BFthE 84 @ntrbiRRSke BMEWIHIA BEViler AlaRdEl t he
open-hol e porti on of e wel| bore. Alternatively, the nmethod may al so

i ncl ude inj ecti fig" ?P%ﬁtkﬁnsasﬁ?ﬂ‘@yat | east one interval along the open-hole
portion of the well bofiretvaBe) d&ffd DESCRI PTI ON OF THE DRAW NGS [ 0044] So t hat

the manner in which dae, Hesentc JANVGRL LANSGANLAR WRSHARI, phder st ood,

certain illustrations, r s are appended hereto. It is
to be noted, however, that the drawngs illustrate only sel ected

embodi ment 400491 t hd he mediadi thers inglilesaplacinch e esienoated diolatig sking yraindae Gase
limting Ofplp‘é(éhﬁ%crcfsgfthé b&kéﬁé’é@@ﬁtbl?nf’m tms/waydrthé fitsOvANE6 thée GeRitiby s@ihg RCt i ve
enbodi nent s, and ?E@ |r(]:at gns. %5 082447 CT/ L|J§201 /06335 0045] Fi gure
1is a crofBRCREPPBNAN® RAKEH BNy 1 T8315 X UG 9H98 SEMI PIRPURPIMIBIE has
been dri || eet gabkevagdenitiy.ee di fferent subsurface intervals, each interval

bei ng under formation pressure and containing fluids. [0046] Figure 2 is an
enl arged cil®4Y- sedhp anpethod, fusthelonclafieso petivatingl We ceeatsl ietdrést tofseahan anllior e of

Figure 1. FforoB@isdinfedrai®biibi @Bmatkr bMRe BRNb&Ty dldend BirRRindihd Hahddt | ve

intervals is nore clearly seen.
adjacent to the set patker assembly.

[0042] It is preferred that the first valve comprise two or more through-openings through
the tubular body. In this instance, the method further includes closing at least one of the two
or more through-openings, thereby partially restricting the flow of fluids through the tubular
body. It is also preferred that the isolation string include a second valve. In this instance,
either the first valve or the second valve is above the packer, and the other of the first valve
and the second valve is below the packer. In this instance, the method further includes
closing the first valve, the second valve, or both, or alternatively, opening the first valve, the
second valve, or both, thereby creating fluid communication between the selected valve and
a bore of the base pipe.

[0043] The method may also include producing hydrocarbon fluids from at least one
interval along the open-hole portion of the wellbore. Alternatively, the method may also
include injecting fluids into at least one interval along the open-hole portion of the wellbore.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] So that the manner in which the present inventions can be better understood,
certain illustrations, charts and/or flow charts are appended hereto. It is to be noted,
however, that the drawings illustrate only selected embodiments of the inventions and are
therefore not to be considered limiting of scope, for the inventions may admit to other equally
effective embodiments and applications.



[0047]Figure 3A is a cross-sectional side view of a packer assenbly, in one
enbodi nent. Here, a base pipe is shown, wi th surroundi ng packer el enents.
Two nechawiDcaldog2ei@t packers are shown, along with an i rCEUsR@ilLA63356

swel | abl e packer element. [0048] Figure 3B is a cross-sectional view of the
packer assenbly of Figure 3A, taken across lines 3B-3B of Figure 3A. Shunt
tubes are seen within the swel |l abl e packer el enent. [0049] F| gure 3Cis a
cross-sectional view of the packer assenbly of Figure an alternate

enmbodi ment [00#%] | j &ipupt | %ﬁﬁfosﬁﬁB@@”a'tvﬂ%gfp@} ﬂ'“%t@B\é%Wé'}b@r%e-'é'ﬂP veiereohzfed

around the bb@@@nu@u ﬂﬁouthﬂ‘é@thb@ldfﬁjbé&rfdcé irerG419 SBics REdrvad Baihg Shdke formaterof t he
packer assenbl A Here, sand control devices, or sand screens,
have been 886?8%833? %ﬁ?%'g? %®nds of the packer assenbly. The sand control
devices utilize external shunt tubes. [0051] Figure 4B provides a

cross-sect WAl viFEnreo? is Ar eplagke crasssestiongl visw ¢ guerengrle eanketion®f dis

lines 4B- ARepor&bGti§ie 4AThSBMEHNJIIBSHI0R aBBEReRH P Indenret ilLiRisendrafy een
to provide an alternative flowath for a particulate slurry. [0052]Figure

5A i s anot FEPOECl58EY 8886t i onal si de view of the packer assenbly of Figure
3A. Here, sand control devices, or sand screens, have again been placed at
opposi ng emnwg7iof tFpere Ak éx aasmsdeeqtionabsiee/enew tdfiea szatkerc esdenly, devorees
utilize in u [[0053] r rRssssectignal
Vi ew of tnarbaapent’s Herd s BRsg It ) Sl Syl pCBIAE pafel (AR

Fi gure 5A ”@ﬁh@ﬂ'@'hﬁ@%% @reéhovw ?IQP@\Wt“hé” @éﬂﬁ@e@@tﬁéé’ﬁ”atb&? MRAckerietRaneah
alternative flowath for a particulate slurry. [0054] Fi gures 6A through 6N
present st ames of Fayugy 3B @ a PRCKsEGoNd aRadefrtRe PadkBgassambyfof Figure 3A, taken

across lines 3B-3B of Figure 3A. Shunt tubes are seen within the swellable packer element.

[0049] Figure 3C is a cross-sectional view of the packer assembly of Figure 3A, in an
alternate embodiment. In lieu of shunt tubes, transport tubes are seen manifolded around
the base pipe.

[0050] Figure 4A is a cross-sectional side view of the packer assembly of Figure 3A.
Here, sand control devices, or sand screens, have been placed at opposing ends of the
packer assembly. The sand control devices utilize external shunt tubes.

[0051] Figure 4B provides a cross-sectional view of the packer assembly of Figure 4A,
taken across lines 4B-4B of Figure 4A. Shunt tubes are seen outside of the sand screen to
provide an alternative flowpath for a particulate slurry.

[0052] Figure 5A is another cross-sectional side view of the packer assembly of Figure
3A. Here, sand control devices, or sand screens, have again been placed at opposing ends
of the packer assembly. However, the sand control devices utilize internal shunt tubes.

[0053] Figure 5B provides a cross-sectional view of the packer assembly of Figure 5A,
taken across lines 5B-5B of Figure 5A. Shunt tubes are seen within the sand screen to

provide an alternative flowpath for a particulate slurry.

[0054] Figures 6A through 6N present stages of a gravel packing procedure using one of
the packer assemblies of the present invention, in one embodiment. Alternate flowpath
channels are provided through the packer elements of the packer assembly and through
sand control devices.



t he packer assenblies of the present invention, in one enbodinent.
Alternate fl owpath channels are provided through the packer el enents of the
packer asworthizosanad t hr ough sand control devices. WD PCT/US2011/063356

2012/ 082447PCT/ US2011/ 063356 [ 0055] Fi gure 60 shows t he packer assenbly and
gravel pack having been set in an open-hole wellbore follow ng conpletion
of the gravel packing procedure from Figures 6A through 6N. [0056] Figure 7A
is a cross-sectional view of a mddle interval of the open-hole conpletion
of Figure 205%er e Fiarespp shave tpavacksr 3558MBl nd arauek packi 'ﬁ’ﬂ”ﬁ bges £RHNNt r ol

devi ce acr @pén- h&@ walitstdd llbwingrosmbletioh O Y &fdvel Pecking fdrevadok ffodd FRgliled A
fluids. [O 574 re 7B is a cross-sectional view of mddle and | ower
interval s grt?e pen-hol e conpletion of Figure 2. Here, a plug has been
pl aced within a packer assenbly between the mddle and | ower intervals to
prevent thdo0flow digufeor’Aaisi ancresscegionap viele ofval Misisliee intervah efhidie| epgarhole

interval . [0@58fidn &‘Uffl rg 2' SH@-reS la08rad8ie %H@r'tﬁs‘ﬁe@ﬁ"p@ce@ wish! o5y bBavbng an
i solation string of resent invention, in one enbodi ment, placed

therein. [ 6849 r‘@ﬁir“ée ’@ﬂd|e§”t§?{6'tt?|8'ie"%’?t6*§s'”fé°é‘t‘?f f?fﬁ‘épo’\/ff“é% of a nmiddle

interval of the open-hole conpletion of Figure 2. Here, a zonal isolation
string has [Oﬂé'an pIFigued? Bristahdrossesestamd! \Gen b roiddid evd oevea Intemepld dfehedmbathele

interval, F'Ieﬁcf?]%f\f by e§ I-cf%gS%;ﬁ Rasotge% &Eeé \W%ﬁgég&\é{r Qgse%glg%fs&e%ﬂ tfg Ui ds

fromthe mddlie Inte ure Cross-section

m ddl e and M¢leang I‘W’éf méﬁréa ol R B‘@rflOM’deé‘O%Ttﬁﬁ'ﬁ'l‘ dviflpHp dte weltharesiram trﬁer e, a
zonal i sol gwephtsttdli Ng has been placed within a sand control device al ong
the middle and | ower interval s vvi th the valves closed to prevent the flow
of formati ?(R)Sé]l ul qslgulrJéDS tlsh6?3| e ema |cfvr|eQNmo a welllb%\r,\éeﬁavlm%taenr|\s/alat|on string of the

present invention, in one embodiment, placed therein.

[0059] Figure 9A is another cross-sectional view of a middle interval of the open-hole
completion of Figure 2. Here, a zonal isolation string has been placed within a sand control
device along the middle interval, with the valves closed to prevent the inflow of formation

fluids from the middle interval.

[0060] Figure 9B is a cross-sectional view of middle and lower intervals of the open-hole
completion of Figure 2. Here, a zonal isolation string has been placed within a sand control
device along the middle and lower intervals, with the valves closed to prevent the flow of

formation fluids up the wellbore from the lower interval.

[0061] Figure 10 is a flowchart for a method of completing a wellbore, in one
embodiment. The method involves running a sand control device and packer assembly into
a wellbore, setting a packer, installing a gravel pack in the wellbore, and running a zonal
isolation string into the sand control device.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

Definitions

[0062] As used herein, the term “hydrocarbon” refers to an organic compound that
includes primarily, if not exclusively, the elements hydrogen and carbon. Hydrocarbons
generally fall into two classes: aliphatic, or straight chain hydrocarbons, and cyclic, or closed
ring hydrocarbons, including cyclic terpenes. Examples of hydrocarbon-containing materials
include any form of natural gas, oil, coal, and bitumen that can be used as a fuel or
upgraded into a fuel.

-10-



[0061] Figure 10 is a flowhart for a nethod of conpleting a wellbore, in
one enbodi nent. The nethod invol ves running a sand control device and
packer asworthizose4aro a wel | bore, setting a packer, inst&Criusgoia/ogszavel pack
in the wellbore, and running a zonal isolation string into the sand control
devi ce. DETAI LED DESCRIPTICN OF CERTAI N EMBODI MENTS Defi nitions [0062] As
used herein, the term "hydrocarbon" refers to an organi c conpound t hat

i ncl udes prlnarlly, if not exclusively, the el enents hydrogen and carbon.

Hydr ocar bo¥63ener’gIusgd PIEIN. thafesmt Mr%qaé{@@é@’ds aefephiatd *B’dr%‘?rbg’ﬂ Pamireschai n
hydr ocar bows hydadtrtops ket aredgases o Rflidsl Far bx@lﬁ@@,afybwasrbom AGiH$I a Ghofpeld €

t d b mat eri.al f f
nat ur al - gy oBrbonsg R B GrRTRRRT Al e BB TRUF SO BRERrEMnso g adec
i nto a f uelprocelADPZ@hAitid82drdat ROTiddS20dlliops 3BBE frD 6 JfAprasserd). hEly@derrbdarhe

term "hydr qeac ﬁ%? ifdbedRr eksthde, %nt ﬁ?tgrsahé'%r 98é?rb'88%e%ang‘ %Tfa'l'er &ﬁggﬁm vgis o,

hydrocar bons 't are gases or exa rocar ui ds may
include a Iﬁy@b’é@@%cﬁﬁpﬁ?'yﬁ R&O@Ivvéef eal. W&%W%ﬁ@a@mtt Hrage o 825€8YS P qui ds
at formati gaui¢e@i ti ons, at processing conditions or at anbient conditions
(15 Cand 1 atm pressure) Hydr ocarbon fluids may include, for exarrpl e,

oi |, natur as, coal e h » S hal r 9L S (o] SIS
gas, a pyri‘iof? is pro e('r)‘?'nntéha?erm ﬂs% r%ers tﬂﬂ?%%g'ﬁﬁonsa d C({mbo at'onsy ]J
gaseous or ghseguang! I*sluajtseas M@tb@&]tmomseatldmercelgases bl sediden arfd mr@binatlerﬁseofs to
gases, |iqyhds aRdidombi nations of gases and liquids, as well as to

conbi nati ons of gases and solids, and conbinations of |iquids and solids.
[0065] As used herein, the term! sub r ef o geol ogic strata
boourt | g TOFTw + RS e PRrele U oEE oo SprBeR ifes Kopsrlot iR PLrcEmB ey al
refers to &deaarthiatsudateor a portion of a formation

[0066] The term “subsurface interval” refers to a formation or a portion of a formation

wherein formation fluids may reside. The fluids may be, for example, hydrocarbon liquids,
hydrocarbon gases, aqueous fluids, or combinations thereof.

[0067] As used herein, the term “wellbore” refers to a hole in the subsurface made by
drilling or insertion of a conduit into the subsurface. A wellbore may have a substantially
circular cross section, or other cross-sectional shape. As used herein, the term “well,” when
referring to an opening in the formation, may be used interchangeably with the term

“wellbore.”

[0068] The terms “tubular member” or “tubular body” refer to any pipe or tubular device,

such as a joint of casing or base pipe, a portion of a liner, or a pup joint.

[0069] The term “sand control device” means any elongated tubular body that permits an
inflow of fluid into an inner bore or a base pipe while filtering out predetermined sizes of
sand, fines and granular debris from a surrounding formation. A wire wrap screen is an

example of a sand control device.

[0070] The term “alternate flow channels” means any collection of manifolds and/or
shunt tubes that provide fluid communication through or around a tubular wellbore tool to
allow a gravel slurry to by-pass the wellbore tool or any premature sand bridge in the annular
region and continue gravel packing further downstream. Examples of such wellbore tools
include (i) a packer having a sealing element, (ii) a sand screen or slotted pipe, and (iii) a
blank pipe, with or without an outer protective shroud.
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wherein formation fluids may reside. The fluids may be, for exanple,

hydr ocar bon | i qui ds, hydrocarbon gases, aqueous fluids, or conbinations

t her eof . WOQ62J08344ased herein, the term "wel |l bore” refePsTius2@1/0633861 n t he
subsurface made by drilling or insertion of a conduit into the subsurface.
A wel | bore may have a substantially circular cross section, or other
cross-sectional shape. As used herein, the term"well," when referring to

an opening in the formation, may be used mterchangeably with the term
"wel | bore. 'Defmm?fépﬁgf'ﬁ@mwm'ﬁf menber” or "tubul ar body" refer to any

t d h t of b t
oo 11 ner UG o gl [FerTeRe (S5601oFes SPA™ danteBHPRof Ul B any
el ongat ed tewbuodisentsodpwelrt toke aiters tem thenfollavingfietéiledidgséription mrspecifiveto dbor e
or a base @Emsulmrﬁb%d inlehnt &4 &Qtdg%? :F% ggt%tlgrnmnﬂ%ﬁitosdezﬂﬁﬁtr& ve%ﬁ!?%nd 4 e and

granul ar debris froma surroun rmation Wre wa een Is an
exanpl e of bacarfiyed anliritng tBé\??QPéO fhredmetme term "al ter nat e flow channel s"
means any col |l ection of nmanifolds and/or shunt tubes that provide fluid
comuni cat ijgm2]t hr @eghinafspédto ohitle an\Iebllhnmhafre Wb Idesdrided @ptorhectdh lvaw \arriguisav el
slurry to ass the. IIb re t remat ure . |de|nthe
annul ar re3¥“r§ aﬁ]dcertg'nm@rt]rhee & e e tB%c?I( gd UMY RET® o\ n({jeld %r?\eq aé?rpq es of
such wel | bevaceoaidshe hettantlef t(¢ Yragingapake tfowaed,iha gved bettah.i Wdpile vellrerommaniyi ) a

sand scr ee%ré)Eomc’dI&Eé ﬁﬂsmﬁﬂsfé‘ﬁhall?%rt(:él'erenl%tl(m ank uHHé’r@toothﬁah wells Wa%@%%tbean

outer protective shroud. Description of Specific Embodi ments
i nvent i ons NgRedcARs < ieMehgTzPaaly Fomniaterh eWPe Hiedepsiinte teams L@ﬁé‘él@i"’@ or

enbodi ment syppklo\way abwert 6r é.dﬁﬁareeﬂr@ratre ddeatin td?@efﬁdéltb @\Mrzﬂ/ﬂngj@ﬂlﬁtHeQﬂbndg&ﬁé’y ption
is specific to dinment or a

o enaon t edBend b AR Do oh £ B B Pl Rt BB B I P ng ¢ he
scope of t led hohenedsarig origr@didR jrGbe eiund,as rectresent invérgionsivaetutidty so aregeral so

descri bed ig, GN\RSHLIWoMdntdeg/ari ous figures. In certain of the figures,
the top of Bﬁ dravvlgr?g %raé]eah?s intended to be toward the surface, and the

bottom of the draw ng page toward the well bottom Wiile wells commonly are
conpl et ed 97ubsFigitre d1's ¢ Qessiseelionaloyievs At &t [ligsiratiyg wellborm i sThsowelbass:
wel |'s may abeoeflnes amole 108dhaBLtetds f&memsm@rcezontaahiryo e rpities eﬂ;suWUemt)he

descripti Vq'hé r]}l;or? L’IBOan%oaﬁlvﬂd t8rhavé”%ﬁ rp'ép '?iolnsport{olq {20 eﬂr ?ower e dé)tf?hr s are

used in reféren o'a d It a7 e Inten
i ndicate rwle&ltqr@/emoocaTheorwebbpre ht00d hasvi regn p‘@geecbrfowtheh pueopectf prodedirgi m

terms, and hg&Bcd?S‘&u%sr%%Hchsﬂ{g' ENERHhhORial QalbNea FRYNG pBSUBS i rg;s‘i?ﬁ is
inventions have utility no matter how the wel | boré |s ori ent at
provided in the bore 105 to transport production fluids from the open-hole portion 120 up to

the surface 101.

[0074] The wellbore 100 includes a well tree, shown schematically at 124. The well tree
124 includes a shut-in valve 126. The shut-in valve 126 controls the flow of production fluids
from the wellbore 100. In addition, a subsurface safety valve 132 is provided to block the
flow of fluids from the production tubing 130 in the event of a rupture or catastrophic event
above the subsurface safety valve 132. The wellbore 100 may optionally have a pump (not
shown) within or just above the open-hole portion 120 to artificially lift production fluids from
the open-hole portion 120 up to the well tree 124.

[0075] The wellbore 100 has been completed by setting a series of pipes into the
subsurface 110. These pipes include a first string of casing 102, sometimes known as
surface casing or a conductor. These pipes also include at least a second 104 and a third
106 string of casing. These casing strings 104, 106 are intermediate casing strings that
provide support for walls of the wellbore 100. Intermediate casing strings 104, 106 may be

hung from the surface, or they may be hung from a next higher casing string using an
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[0073]Figure 1 is a cross-sectional view of an illustrative well bore 100.
The wel | bore 100 defines a bore 105 that extends froma surface 101, and

i nto the wanpte/@2aabsurface 110. The wel | bore 100 i s comrprasSed1te33bsave an
open-hol e portion 120 at a | ower end of the wellbore 100. The well bore 100
has been fornmed for the purpose of produci ng hydrocarbons for processing or
comercial sale. A string of production tubing 130 is provided in the bore
105 to transport production fluids fromthe open-hole portion 120 up to the
surface 10fxPgndaiaingieorigen frsoer 166 P?P@Fﬁ%’é’sth&t BIPP sfringhatdoggymot extend

schemat i calbhyk tatthelstffacel@@ch@ dasing eind 2d6)iiedrmeBSrereitd ad dviiNél’ve 126. The
shut-in valve 126 controls the flow of production fluids fromthe well bore

100 L addiahhon, | BURRUELACEBBLeLYaahYS A Halis PTAYEARE . hlooslnd he

flow of fl vent of e or
cat ast r ophil@4 &eng frafbdmasﬂaée %le@lthﬂef wgﬁm@ﬂyﬁ Vﬁalf!ume f@@'@ |0V|7hreef\ﬂ@lf F@ﬁmge 100

may opti ongjrhy mveA@.t@Hap.n(enﬁéd.ai@Q;\é@hg WhrinGé ran&rshbmt maP B¥erhdieye@PETHENOI €
portion 120 to artificial C}/ﬂ production fluids fromthe open-hol e

portion 120"3p"tRyCPIRISRER 1Ot "F‘E"é’ tﬂ?éflﬁty‘f?)@fﬁﬁf'%@"@@?!“ﬁ%@e%o has been

conpleted by setting a series of pipes into the subsurface 110. These pi pes
include a fdorgt stEacmetriod ofcasingd02 024, Wénesdt iregadentbrnglas cemerdtaolemoddBng or

2, conduct ofy, FhRSF A)BP 184 SARAChHTSAls lofiRSin oF BROURSHARL A Aot g d 100

strlng of casin ese casling strings are |1 nternedi ate casl ng

strings t h&'te”*iﬂr%@?%@’%%?&b@merfﬂﬂe MI”P’BO“&P”‘LGH@%XFGB@? gomdte suraeelfel@icat e
casing stridpgs * Iloé’t a 1bWer éfmlofbﬁe Babiy dtirym den et BUndaeRod @at kbRAY iffEhebBRthUNY
froma next hl&ﬁg casi ng n ng an expandable liner or liner
hanger. |t °f¥" Eféqsé?%d’tﬂ’ %&b‘?“ﬁe@ string that does not extend back to
the surface (such as casi ng string 106) is normally referred to as a
“liner." [0®74] | nAnhannulal vedionad36/é fnghéd beteeanr thenpretheation ddbing 480 end the

i nt er medi atgg; h&puﬁst A §¥80n bok BB bRMd SHAuBIILRR A28 Ak HDIoWRr 6251 N

string 106 Is froma | ower end casing string 104. Additiona

i ntermedi atle %H@l%@”%??'i‘%&s (not shovvn) may be enpl oyed. The present
inventions are not limted to the type of casing arrangenent used.

[ 0077] Each [@9]i ng Immanyawblmgre'boaflnél@dslnglétﬁng Bnosvet asi pmoquictarecdsimy dsl cdmemtazie nent

col um 108| {gfs? ?etr? hc\% ul;sgﬁicl(?oﬁ ﬁgn |¥1{%?va¥sﬁrre§ géjfﬂév%\gFttﬁe |ﬂt§ |vet he

subsurface um o
108 ext endsweﬂb%%wwé Cgmplﬁt@d@S ap epephale welmore "Accorgingly, the welbogg #00does Iﬂ@t

casing str ild&ﬁjdégﬁlnallcrasm@stklﬁtf @edpdlIRdie p&HIEN 128t er medi ate casing strings
may not be fully cenented 0078] An annul ar region 136 is formed between

135 Seal s WHBanndt BF 1BEBR e e 40 WirheRh BBt 120w e R PRy
string 106 sulps06d@ intervaisnyTheet bisoindisatedia$ updr itersalrid 2sintermepidea ovwervalsi14,
production aﬁ@ﬁ)mginite?vaq;?{@%&%r interval 112 and lower interval 116 may, for example, contain
valuable oil deposits sought to be produced, while intermediate interval 114 may contain
primarily water or other aqueous fluid within its pore volume. This may be due to the
presence of native water zones, high permeability streaks or natural fractures in the aquifer,
or fingering from injection wells. In this instance, there is a probability that water will invade
the wellbore 100.

[0081] Alternatively, upper 112 and intermediate 114 intervals may contain hydrocarbon
fluids sought to be produced, processed and sold, while lower interval 116 may contain
some oil along with ever-increasing amounts of water. This may be due to coning, which is
a rise of near-well hydrocarbon-water contact. In this instance, there is again the possibility
that water will invade the wellbore 100.

[0082] Alternatively still, upper 112 and lower 116 intervals may be producing
hydrocarbon fluids from a sand or other permeable rock matrix, while intermediate interval
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into place at a depth where subsurface production intervals reside.

However, the illustrative wellbore 100 is conpl eted as an open-hol e
wel | bor e. wocormde4agl y, the wel | bore 100 does not i ncl udeca/useealo6isasi ng
string along the open-hole portion 120. [0080]In the illustrative wellbore

100, the open-hole portion 120 traverses three different subsurface
intervals. These are indicated as upper interval 112, internediate interval
114, and |l ower interval 116. Upper interval 112 and | ower interval 116 may,
for exanpl d14 E&tEPISSYAIBHT- Féer@P?b"déb@J%lof §”Be6’ﬂ§?nbetsdbﬁ@“ﬁp3bdnlﬂf’é’dea%fq e

i nt er nedi atigigé.nt erval 114 may contain prinmarily water or other aqueous
fluid within its pore volune. This nay be due to the presence of native

vat er Zon.eicg #}' gh | paryHaRsh eBé/qt??’is'tfiseﬁér%%?ﬁlé fd?"i’t‘ie”<§p%'rat$r té‘fshfé[ees%léc[%dt HSN%QU' fer,

or fingeri rominj’ection we _ _ ablllty
t hat wat er Inthelfirstinstanse.t the operplobwillevant & ispleteghg Altermedigtei igterval 1111pfp@ﬂ the12 and

i nternedi atpﬁ)dﬂ:étﬂ)n'éﬁﬁr%r Yﬁi §ndf%m0tﬂ8t@r)é‘r Mémmpmél.mwas Ssught pr'in@anli%ﬁ‘
produced processed ower interval contain sone oil

al ong wi th hé@f@?ar?%wé’éé“%d)eﬁ%‘ﬁ?%thWQWé’ve"bqfﬁ|1Q° Prﬁ?/t%@e °¢ 80t dAity,

whi ch i s asedone iatanceahe m@érbtohwmrevsraudmymamatoaéolmemrﬁeabwer |hter\tahi|'fﬁirmttmce,
there i s agai,n_.the.possj.bil that |nv eth wel

00557 A1 t oPDetb By REE Foard bk JoBE) AP ileneaib A8 Tk RGB! a0k

pr oduci ng hy@‘owmwmsmayl b@sDWdU@ﬁd &lrcslahdweomellb@rhéﬂo ped t@éamteﬂ‘ar:@cw naths x,
whi | e i nt exfRdhRdRel AE S é/rﬁﬂor Wﬂi??/vant blidoI B Yhd L%?)%%%Wal @12196111 H%HHE@QM@@M' €

or ot herw se be subst an % nperneable to ids. [0083]In any of these
events, it 1% %@P?%BP%‘S?@P b %@tgﬁ@p@E%Ptq@I "%I §PE’“%’§I @ctf‘%?f peaderivdles. 1n

the first Icﬂrﬁiéﬂm&n opéiﬁmcﬂmwrﬁmabnmd proviaét hdréin| &l ¢ erhbristrafet efoi@ dlillpine
interval 114 f omtmqgé)i) ductiopn string 130 and fromthe upper 112 and

| ower 116 PCRIEARNW rﬁg?edﬁpl VY?qsy hydr ocarbon fl uids may be produced

t hrough the wel |l bore 100 and to the surface 101. In the second instance,

t he oper at ¢084li | | Iecasmedtiah (vjithenprodustionsef hadrecarhen fludegfon awvelkosd havi® @y om
the pr OdUCTobé’rﬂh&é Eérﬁ;ﬂetib%olt %ﬁh@t 6rh>€déé99ﬁé toLé@at@@Qlest& mém@h Blaidbld limfey val s
so that primaril c}(;Erocar bon fluids ma pr oduced é?%qthe wel | bore

100 and t o MiHE °§ §rrd eatiges and ﬁ’”teﬁé'”?f’m r qu%tt%r%eé/e”bc Wé ’B'B 8F ffAfionant
t 0 i sol at e pafieles ppethe prodectioalstrihd 230 damgtoberationyeind d’ain&dil\dalllcés]ﬁl,o Haué beed not

isolate t h(?"un mtto%énv?%“b? e 1d0ntT'T3ﬁe?ea re %i%scrlbéscP%wecIﬁ)lchrh 09v |F1 r38r?nec§o §1 I! Eurter}e

context of an

denonst r at @dd wﬁh Elgllr.ﬂSI@MhrougbﬁNectl on with the proceedl ng dravvl ngs.

[0084] I n connection with the production of hydrocarbon fluids froma

el : b?r e hiqoohsyg ameﬁ@mm ® p.gmz! 21 theRand t:od'ttr@lt a&/tice@rﬂou c@ﬁtainrabglsnga&%d |

i solate selected in m e in sand particles
ind. ot her  AHHES PO I RALS 5 Sihiast &Re 20Re THE GPst DGR 287 URSPNE TR egRr 1 s

i nto the ppldiittdf ipegdinisnFhd B8sedpipe 2@ @p eadt pignjpins making omthediasel pipe 265) 200

have been ‘i@%aweﬁ sH%ﬁ olRdr éﬁb% r 40810 @ﬁﬁ%eﬁﬁ@ﬁ%?&du&ﬁ)ﬂéﬂﬁée full'y bel ow

i n connecti ure w th Figures rou [ 0085] Referring
now to Fi gure 2, the sand control devices 200 contain an el ongat ed
[0086] The sand control devices 200 also contain a filter medium 207 wound or

otherwise placed radially around the base pipes 205. The filter medium 207 may be a wire
mesh screen or wire wrap fitted around the base pipe 205. Alternatively, the filtering
medium of the sand screen may comprise a membrane screen, an expandable screen, a
sintered metal screen, a porous media made of shape-memory polymer (such as that
described in U.S. Pat. No. 7,926,565), a porous media packed with fibrous material, or a pre-
packed solid particle bed. The filter medium 207 prevents the inflow of sand or other
particles above a pre-determined size into the base pipe 205 and the production tubing 130.

[0087] In addition to the sand control devices 200, the wellbore 100 includes one or
more packer assemblies 210. In the illustrative arrangement of Figures 1 and 2, the

wellbore 100 has an upper packer assembly 210’ and a lower packer assembly 210”.
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tubul ar body referred to as a base pipe 205. The base pipe 205 typically is
made up of a plurality of pipe joints. The base pipe 205 (or each pipe

j oi nt makwogoigsedse base pi pe 205) typically has smal |l peTfuse@tlioedsss or
slots to permt the inflow of production fluids. [0086] The sand control
devices 200 also contain a filter nedium 207 wound or ot herw se pl aced

radi ally around the base pipes 205. The filter nmedium 207 may be a wire
mesh screen or wire wap fitted around the base pipe 205. AIternatlver,
the filterifQ¥evRsdrdsiton?! p@ﬁ@@éﬁﬁﬂ“%%ﬁ EHhoriesf OB%ﬁﬁQWGEQSS&mﬁBr?dPéWé’ becysedn,
expandabl eTﬁQFp@Gdér asseRibiéLZ®d 278t ale GiduURRonAgUPEY BUBaN®ECArmuR ey iddf (seen

shape- nenor C hat . described jn U S, Pat. No. 7, 926 5), a
o bus moarh2et i DiehrER she TarelE 3et Sl e 2ghakaa Sgng@?r@aﬁFu .
bed. The f 2Dt efrtherepermIeQ@)Ttmrm@thtmwelﬂleorenﬁm.ow of sand or other particles
above a pre-determ ned size into the base pipe 205 and the production

tubi ng 130 [005@087]F|ig'hr@§$r6\)|dé§ ah%nta?@%dm-sﬁ&f&hélqlllevﬂ@fvth&8|§enZIQ>Qe pdrfiéh Y&l | bore

100 i ncl udes one or I:pac er _assenbl i the illustrative

ar r angemen®’ §f wellkpig é%o qf Fi T{‘ﬁep%hQ'%‘?rBO”lb%? %Qéheaﬁﬁr%ﬁ’ﬁ%rﬁ’a'ﬁé&%é
assenbly 2106 asndhoee &:Imrsepacmé @ssrezrtnl yn&kﬁver 21010\0@&@1‘ assadliés awadlsogpacker
assenblies 210 ust, one. rTpa(ge(}:uer asg%

r
assenbl i es n?i%clear 1\6$'|b|%1 E}OX'U e>r, a?:on : écr)uep actleosééthq m%rmedlate llngerrgezﬂcliﬁ

(seen at 2®@spe¢tlvwgL@r@va)ha@ehaﬁemiaqedemmarihe@ng@n@Mnm?ol FuileHM ¢f¢&ssa®fo and

a_surroundicpghofadiced 980 bnd BEnPER-IMONEIs A9E L@ M 1528 Howhhe wel | bore 100.
[ 0088] Figure 2 provides an enl arged cross-sectional view of the open-hole

portion 120 of the wellbore 100 of Fi The open-hol e porti 0 and
Phe. thrco (B8, v lConGerBnG e Pagkee aperiies dUsmeEEsy BaBemsokeh BSeEl 2850 “and
| ower 210" zpﬂitkmy hsgetid | separatee patkess. NOThe paakars| wrev pedfdrhidy pneoxhrmagre aupper

and | over BOWBRALheR: Aophdifegl PAIIRALAGal LEINElodad, EGSRGGbILCLY 1ol ave

has been place annu region _ contr ol
devi ces 200isabgiig thadRcksts @rﬁéefﬁﬁ@@b\/@ﬂ keing mechanivallytsed pagkerss hbynillustrative

[ 0089] Conc%ééﬂeﬂgsééﬂrﬁ)llé’s?‘@f@rre;ﬁlés%ﬁﬂ’@h 'u@ﬁert 5&@6&1\2%(1 8a6WerPRek&a 2ASSERN ¥

210 ?% have two separate gacker ackers are preferably set
through a P8I Ak %0 et a%émﬁ?@ POTHAMPY %l?’&?”té"f‘PrQﬂt&d OB ALEPLOPHIXEL  For
pur poses otherhogadlic sehtesalr épablbeofppokiding aneasteé esm@dary Oflics sbali against a
mechani cal | illustrative packer assenblies 210 represent
an upper pg%:/rﬁ%uﬁh'ﬁ%%andgwal g@ver packer 214. Each packer 212, 214 has an

expandabl e portion or elenent fabricated froman el astoneric or
t her mopl ast9080Imat dhf flereeiairetherunppodidieng laven &k pagketsehpyidapy a1bleuliod seal
agai nst a suthsanngle 6&s§\ﬁéé MI@ad&@sboo?é@éd wit9§al i acia kS f)@'caﬂ)h@uéhoper

212 and | ower 214 ker to t hst an SS
oada s s obstEe aRfors o dvfborhst y AB0E ptio e TR o 1 BacheR B eally oo
are from albatd als@wwsnd pressuyd @ad plse to differeatiat metticse Bind/ort feserpaic pressiresl 2,

214 shoul d .3l 39 ﬁé?&rlaﬁ‘%ﬂésp o%?sr%Hchra iU Sr e bﬁfeﬂr&ﬂ}cl@rl @ﬁ%ﬂio‘?&ﬁaﬁ”d/ or

reservoir pressures cause ault's, "depleti uction
i nj ecti on. I"PPleLRElECkYS @m@'rl@ttoho@rs pT@dthiohv@IOO@OQeﬂOe@@Bt\/éegpia&m(Jd@WfﬁmeﬂtS

producti on |rﬁédtu@r¢%bb@ﬂoﬁsoma?%vorvggégle%h\%f ¥uid §Q)EdtbR TBNtatedidl r&EhoR préRgFeAL | ONS
may invol ve selectlve fl ui ection faor trate reservoir pressure

mai nt enanc &@N)2868 | B‘r‘?c%‘eﬁ’pﬂ?tb% ”Wﬁ)?'sﬁl'%"(? [‘J’rF@’@ tigulabion eAcis 3aHH985 on i n
aci d fract uratrixgacidivirigl bnfo@edtion darhaug, re@bvdl.or mat i on damage renoval . [ 0091] The
sealing surface or elenents for the nechanically-set packers 212, 214 need

[0091] The sealing surface or elements for the mechanically-set packers 212, 214 need
only be on the order of inches in order to affect a suitable hydraulic seal. In one aspect, the
elements are each about 6 inches (15.2 cm) to about 24 inches (61.0 cm) in length.

[0092] It is preferred for the elements of the packers 212, 214 to be able to expand to at
least an 11-inch (about 28 cm) outer diameter surface, with no more than a 1.1 ovality ratio.
The elements of the packers 212, 214 should preferably be able to handle washouts in an 8-
1/2 inch (about 21.6 cm) or 9-7/8 inch (about 25.1 cm) open-hole section 120. The
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only be on the order of inches in order to affect a suitable hydraulic
seal. In one aspect, the elenents are each about 6 inches (15.2 cm to
about 24 wochexst41.0 cn) in length. [0092]1t is preferped/useriobessel enment s
of the packers 212, 214 to be able to expand to at | east an 11-inch (about
28 cm) outer dianeter surface, with no nore than a 1.1 ovality ratio. The
el enrents of the packers 212, 214 should preferably be able to handl e
washouts in an 8- 1/2 inch (about 21.6 cm or 9-7/8 inch (about 25.1 cm
open- hol e ssandahle potionseidhe RpkABARe2 Horitliagsist ipMmaini@nipa ekleps atemporalys j | |
assi st in ggalrdgainet ung vﬁaﬂl :toaaatth@utt@rm@eraaar yitep@aH 1808 Rdr ihteralals| préddlireof the
internediate interval %}ﬁ t her terval ) as pressure increases during
the gravel "Bée@ﬁ?%ﬁJr'SBg}eagcr? pac%@@@@? & upper 212 and | ower 214 packers are
set prior to a gravel pack installation process. The el enents of the upper
212 and | oV#¥P31214 ThaeResr213raad dovra?dé dackersoare oat piear tava tariaveheack installaviali ng
wal | 201 s@rq8sd orretdigicHiEof the u l2|1@"andi %WePQMZQa’ckér"s e éﬁJaﬁ@éoelﬁtodc%HiaBt al ong
t he open-hol e conpletion 120. g% in the
packers 21¥ithhesurpyading walt &)1 ?%’ss” d'ﬁ t%@@“ﬁrﬁ%g'qno?ozsﬁﬁp%ﬁ‘%cf%gdﬁp%
expandabl e aloay #wtopar-hble complesit £20. [ 0095] As a "back-up" to the expandabl e
packer elenents within the upper 212 and | ower 214 packers, the packer
assenbl i es 3l | 216.
The inter m@ggte pi&ﬂee? S@ gg%ng%ggwllﬁghsel %&E%mq?%geﬁg%?@#gﬁ géwrrée% eri al
f abri cat ed 2f ePAPSHIAS fﬁ’éﬁwﬂpoft'ﬂﬁjB@rexé@ﬁﬁ@éﬁn%lésm@ﬂct%ﬂ@t%xarrpI es of swellable
materials may be found in Easy Well Sol utions' ConstrictorTm or

Swel | r?cllgler[dﬁw] anaksa/vaidcﬁfsl &)bI:EedeBJMabftE%cﬁybeélér?@itﬁh wjithio ke uEﬂfﬁ ZHYarid”lﬁl ude
a swella r_Oor swe e ool ich is_known t hose
skilled i n?otwﬁé Zﬁtr tpagkeds \A}ﬁe ﬁ‘aaS% Ebd;a%@; %“fd @O'HQU?G hél er@relg?é fei ng
fluid, a cosgleeeicoent 216 dl heanl}grrmﬂm@ |pe¢kef Bleimgnt 246 defipesca myﬁlllrig elagtomeric

sti mul at i opofdb ‘Flabrl%te%‘rf%npg}r/mﬁé?@tdj%brt&)ﬁ{p%%ds AR REREL bRl EIBRCKET

el enent 216 1S Ere era he outer sur ace of mandr el
The swel | aB1rgEcR8y ks &v&ﬁt'n Ay Vel Jbiiens t crnekisiohd o swelRaskenihegnd

cgnt ac\tlﬁpl EWehHAﬂé gc@aP o IThelsWeltple ;ie@kéﬁms@rmywwe a SWellasly peirasi cﬁ&bvembfecr i bed
apove I C

b ti flu th Kk t
expands. | PopBErEaEa e 53Ry ford alesh B ehany PuRaraiche, = S RRepCar
114. In one esypiioned drilfenlfluidgasconfdetion dfuid he psosettioabflud, packreectlem dioeinta 216
is from abg%wgtofnq fa. &rjan§c%[)ﬁ%t§))n thQe0 feet (15.2 nmeters) in length; and

a

nore prefer 3'feet (0.9 nmeters) to 40 feet (12.2 neters) in

| ength. [ 0097 The svvel | abl e packer el enment 216 nust be able to expand to
t he wel | bof®@%al | The swellable packer element 216 is preferably bonded to the outer surface of

the mandrel 215. The swellable packer element 216 is allowed to expand over time when
contacted by hydrocarbon fluids, formation water, or any chemical described above which
may be used as an actuating fluid. As the packer element 216 expands, it forms a fluid seal
with the surrounding zone, e.g., interval 114. In one aspect, a sealing surface of the
swellable packet element 216 is from about 5 feet (1.5 meters) to 50 feet (15.2 meters) in
length; and more preferably, about 3 feet (0.9 meters) to 40 feet (12.2 meters) in length.

[0097] The swellable packer element 216 must be able to expand to the wellbore wall
201 and provide the required pressure integrity at that expansion ratio. Since swellable
packers are typically set in a shale section that may not produce hydrocarbon fluids, it is
preferable to have a swelling elastomer or other material that can swell in the presence of
formation water or an aqueous-based fluid. Examples of materials that will swell in the
presence of an aqueous-based fluid are bentonite clay and a nitrile-based polymer with

incorporated water absorbing particles.
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201 and provide the required pressure integrity at that expansion ratio.
Since swellable packers are typically set in a shale section that nay not
produce hyonorvasban fluids, it is preferable to have a a@iuszoig/oeld3ast omer
or other material that can swell in the presence of formation water or an
aqueous-based fluid. Exanples of materials that will swell in the presence
of an aqueous-based fluid are bentonite clay and a nitril e-based pol yner

wi th incorporated water absorbing particles

2012/ 08244 19988)/ UsPBerrpisy35ee [W@%%%@@ﬁa&'?%twﬁt R8Y shielfabsispted ewk &

el ement 21@ombifatn Jfaktérn @dt $Wdlnh aheﬁprfébérmatdf%t@fanMIeﬂ’ebﬁécﬁvémaBtaﬁEé@ﬂ | in

th f t d t St at , t

Swel | abt o paefe Wr chenfhalbble; et Bh Smeit e FopdEcR” B inetg e s s
-- one for elgaeerssndneofvewhier amd éne fomoit Hin thissituatani e watdnewamb@relwmt Mdlbl e

el ement wi g eIF\WﬁéA IS t@%@&@&gr-%éé P]g; \Qﬁﬁ RTIQQ%? &%Pa\é%ttfﬁﬁ#atfoh WatheOr 1N

contact w t ormat 1 on wat er ase enent w when

exposed t 02Ry dioOkbBY prBaticril orpanh Whga RxPesest toahydecads rﬁf@‘ﬁl@P%t e al

t h?t Wi | It h%se@hﬂm bhar Bi8stBhesensRriAftha mvménqraﬂiaq:medeh@@bmb hﬁjrdﬂaﬂjéﬁmmld &
pol ymer a

bsor s hydro into it l1in curs from
Phe” absor poleBRM Gt PRI M ABREPD BRECHREh ke B el i hAuE o b FEa S ¢ he
mechani cal absargtiogiofithethydrearpaisywhich atdodubnicates iabd eeqmsdsthelﬁndmydareq:wsmrgthyl ene
di ene nono r rial.
[0099] The. Srap Pabfier il dslPgBhnec eupIea prordien? Sche Hoho e b S B db e
mat eri al . Eﬁ%meéxﬁ@plaoémb@-mmy polymer. U.S. Pat. No. 7,243,732 and
US. Pat. No. 7,392,852 disclose the use of such a material for zonal
i sol ati on. [do@d;00] The swa@mrﬁa@edrlzys SRy b@d&ﬂf@éte@kr@ﬂﬁ&iﬂieﬁ eXdaddabld fhaltigl. An

B ound. ¢ OGNt R Badiene raed e Rl 48 OAPBLYS BRUNP T AR not

shown i n Fidgalpse B use 6f suph § matdnpdooaebsaateonel | i ng eI astoner is used,
expansion of the element may not occur until after the failure of either of

t he mechanigadl y- 38k nﬁ&ﬁgﬁéall s@tn@d&é"r @é@ent@k‘h i1qlé}é]pTé?§rab'I9%f in2d vaftind

| ower 214 packers nay gene ror |na%es of each of her, excegt for
the el oas@aeack@gEd PP H@éwov'ﬁéoer@%@éﬂrw dhe srelpblesraskerotienment 21
engagenent soechartirsugh. siunt haveer(adt showenerRigae 2. shiochlyi a¢ytrocdrbdrs bwsiting n and

gilzc,ltjzsgg :ipc\fsfg)%% autseg %xﬁ%&s@)n fgn%r eﬁgmgﬁa‘ n?ag%ozgc),cluy\‘urhtdrﬁ@ér tIQV\fa ILE}S opgfhlé?%fiélzﬁ‘g

activated therrsechaﬁmlly@wemacweﬂdnreentqo?iéﬂwacker 212 as the Shl ft| ng tool is
pul | ed upward through an inner mandrel (shown in and discussed in

connect i on [poih Fimumg&@%z%d I64r-214 p'aacerrst, mé @@henguw' 5o RIMRF @Radfek Yof @écﬂhVi ded
bet ween the cker asse

102] Th;
D30 10+ SHETRtogR: op) TG RAh S e ok oo He BaPe T e SHERT BPert ODfee. 1
t hi s res peehgagehmntpaexihemsrasskamtmtermsncﬁ’/aaﬁhent ozaa@huftab kamishbven Dz @isousskdins eal
of 1 an | nt &E ke ) PIGRE! 7RIAHUED R bl SR ARG RS A0 0Pl

function. I'nstallati ack r assenbll eilntial
conpl et i on sedyenoss oraFMulREEUshr TV@ lawertnagher 20 és ?ﬂt'wg@:f'rsbﬁp”PW@q’rbe‘G upPemor e

zones duri pgceho1val lind éﬁnﬁﬁg R tsopduecmh wérbehr@ng}dumdnenmgﬁdr\éaésﬁéwrorn, aldn sone
i nstances, an undesirabl e non-conden luid such as.h dro%fn sul fj de.

The packeP'Sﬁ‘és§8 fgedipy: W'thfiﬁi‘"eﬁ\ﬁ?ka”idrpmmfe? Oéto?ﬂaﬁ'ﬂ%fsl YPravided addl e
packer, a pbtwgen tle,uppsr 2i@%0d idded2bepaakersan i sol ation string to control flow
from subsurface intervals.

[0102] The packer assemblies 210°, 210” help control and manage fluids produced from
different zones. In this respect, the packer assemblies 210, 210” allow the operator to seal
off an interval from either production or injection, depending on well function. Installation of
the packer assemblies 210°, 210” in the initial completion allows an operator to shut-off the
production from one or more zones during the well lifetime to limit the production of water or,

in some instances, an undesirable non-condensable fluid such as hydrogen sulfide. The
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[ 0103] Packers historically have not been installed when an open-hol e gravel
pack is utilized because of the difficulty in formng a conplete gravel
pack abowsOantr/dsei4sow t he packer. Rel ated patent appl i caPCOMAS201W0&356

Publ i cati on Nos. 2009/0294128 and 2010/0032158 di scl ose apparatus' and

met hods for gravel -packi ng an open-hole wel |l bore after a packer has been
set at a conpletion interval. [0104] Certain technical chall enges have

remai ned with respect to the nethods disclosed in U S. Pub Nos.

2009/ 02941 28°k&hasseOPigs0t921298 WoHs ninous! £PNYNGiAN ¥Hh RetierdIn PAfieh & PRI Packer .

The appl i catidessibad Bidy, lah adoldtibe staag toeonii@ ol Gom suyslifate infaldlyy act uat ed
inflatable el ement. Such an inflatable el enent may be fabricated from an

el ast omer | ireﬂﬁt er i3l L H%t&'%be“'&%% A5t benRYS eﬁ%h "% St hold ﬁr%b%&'a@lg i

packer ele romsu 'S requires el ene
parti cul ar [uflizag @ﬁcq:\!éﬁfofbrthﬁaﬂ'ﬁléUHYe'VéDrmlmmat@ﬁ@'efeegr@é@tpach laeovsa@ridebelew é’lﬁent

needs to b aék*é|re t RelBRH NHaleht Zéb‘ibﬁ&atub@' @JtS OpubRktich PREY. 0906 /04RPS érﬂi the
presence o bq/&qﬁgﬁ)ressures and/ or hi %{1 nperatures and/ or acidic

As an alterfl 5§ H'éc'%sp?p?i?p@éf’c“ﬂsoﬁgd eéhoéstf‘PfaQra‘f%Ba%‘ kaé‘rOF??éM‘O!f’eW%”bQWel | i ng
rubber el earérta pdekér hax peerdset bina ¢dneplqioe sesrce. of hydr ocar bons, water, or
ot her stinulus. However, known swelling el astoners typically require about

30 days o di@ger deﬂa.wlecwn.&xﬁpam?dgeg NE2BbilbUlh SOYRIETEho Witlodde

surroundi n for mat | I’OVE ZOﬂ I'sol ation

appar at us' digelgsesfin &k durdvasi #09f 0@%??@58%0/@%26 & paricdaynin icpmestiqnarithy e
packer asseacketOGhe b@Micﬁ'tidﬁQ s@ﬂa AhitRE Padker hbp¥Pahiirb@ical fawelinftddle Y.

The packer sepbééc 300 ral Lé‘ fg | N Cross- sectl onal side view The
packer ass@%{ﬂ hi?ﬂ:'l” e\? eguga¢ Frg%%ﬂtﬁg PR RESOBE LTRSS & o
seal an anlthelrruSpla?dtuom@térlae iepesveh akesigiog tipacket 2@mephOfid6 fudhemptadie reqasssenbl y
300 first j i IS

pr ef er abl ytdéaf{)%gegrzetlee [rognm?egg eﬁ%ﬁlﬁhfﬂ%ﬁ?&{ %%glrr&ggsﬁ%ﬂ%reéﬁ% AH%%%?/%

secti on 302lementrgets ubeeble b Haintainggadliigalation &rgtrieriad of yegtsdh thespregsnes 040

feet (12.2ppmt &@&uresTaﬁd/Gfﬁh@hbt@ﬁﬂﬁer%ﬁﬁés' Qﬁb/§r03m@i@rmﬁdsse$\s'&d'aﬁérﬂb’tﬁ/b e
joints that wll have a i s between about 10 feet é%@o met er s)

and 50 feetapQ"th'oé‘S r?éact"et“?)‘ therﬂ%:kﬁr D&y P8ihswellyjoer “P%Féeé‘i“?’? thah ey i, the
connect ed ermdetd@- @&ngdiooarborsnwiatee, cn‘aitrnartsnmlyluseeibwevera@awammdg I@@stfomePsengt h

316. [0107&{)@%%@?6‘%%@ % érqg’ fuhy gﬁo%ﬂg?nt%ﬁéféd iee ”Feqﬁggé% ia Vf/. |y- set

packers 304. anica set and
are generaltheysurrnurm'utgorpdameatwnt ﬁhquetor@mnmavddypasbqrs p@stkcmal Ie¢letmm9ar2m2 and
214 of Fi gUuffoiredidfeiackers 304 preferably include cup-type el astomeric
el ements that are less than 1 foot (0.3 nmeters) in |ength. As descri bed

further below._ th s 304 have alternate ow channel 5. t hat uni quel y
ol ot ho® BBk o FRS S8 Seskalh SR lafute pher apoedtth vOP peving i wbBad nt o
t he wel | boflewpdti 10 &) grinesl plack e Tha psakabagsed0 3D SOgerraliprsati in drosstsedizhaln

vl | abl & BRENER" of irpshiet GNP 306 RESECUHES b Rpan RERIATLGS il

swel | abl e packer e _
pr ef er abl y sed@nendulfssaiongthe gperehials potiangl280 feet (12.2 neters) in |ength.
Toget her, the mechanically-set packers 304 and the internedi ate swellable

packer 308 [@ué]r ouMTHe pBekeNBdsBmBRBO0 FRE InclBesIAainNoti sebaibh 864. yTheam&iR 06 dy
spaci ng na ‘ge wde% tween, the nmechani.cal | y-set packers 304 in.lieu of
the swel | a%? |OB§§gésr pr§ éa%?y f\ggrlcatedt}rom ster\ or from stgel aﬁoys. af%e main HBody section

302 is configured to be a specific length 316, such as about 40 feet (12.2 meters). The main

body section 302 comprises individual pipe joints that will have a length that is between

about 10 feet (3.0 meters) and 50 feet (15.2 meters). The pipe joints are typically threadedly

connected end-to-end to form the main body section 302 according to length 316.

[0107] The packer assembly 300 also includes opposing mechanically-set packers 304.
The mechanically-set packers 304 are shown schematically, and are generally in
accordance with mechanically-set packer elements 212 and 214 of Figure 2. The packers
304 preferably include cup-type elastomeric elements that are less than 1 foot (0.3 meters)
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[ 0109] The packer assenbly 300 al so includes a plurality of shunt tubes. The
shunt tubes are seen in phantomat 318. The shunt tubes 318 may al so be
referred wo 2ae/08e4msport tubes or alternate fl ow channelPST/UBh@19b3sné t ubes
318 are bl ank sections of pipe having a Il ength that extends al ong the

| ength 316 of the nechanically-set packers 304 and the swell abl e packer
308. The shunt tubes 318 on the packer assenbly 300 are configured to
couple to and forma seal with shunt tubes on connected sand screens, as

di scussed fluleniar Asedesarivedaarfsr Prlows Higntackerp S84 Hawe ﬁkt%w@élmar?hamrte&ﬁha& e

f1 owpat h t hiniqughalchethepadraisinald he StbePALKk§hasel SRAy ’Mitciifed infs e Riboad.e
swel | abl e packer 308 (or spacing). This enables the shunt tubes 318 to

and 116 of (RS opane Ratie? sl M odFan ek Shalfpe PrgbaRE P or
assenbl y 36elablscpackrr|308ésin cepmearce aih meelRblespacitTeaiemanh 216 efpﬁngsrera The

traditi onalswreltyb%apeaﬂercmoisl ;i‘rgf%rabﬁ' éb%ht 3%&1@(@!9 r%@t%Fs?%M@Q@et' (%2. Errﬁ’é’:ér‘éﬁﬁh at a
first end of the packer a The neck section has ext er nal

t hreads fofe"8thn n@@?ihﬁfg the ’E‘ﬁChé’”'tCK'fye%HB%CkéﬁL&% g b ptesmediate sugllable easeror

ot her pi pe30dkemound th@h@hﬁlﬁbd@rseendneii’malAlgerﬁalﬂve?ﬁdﬁﬁoﬂesbbblﬁgl 3y el goypdeav i ded
at an_oppogl ngo2aeondy et Tns LAy eased ;e o0, 8L eg0@s @ coupling
box for recéiving an ext &r nar Rre d end o PEEPeen or ot her

tubul ar nmenber. [0112] The neck section 306 and the thr eaded section 310 may
be made of [®P¥el dhepeekear agsana)ys 300ralso Arctuees @crlvrglty DD ehunh dulieRe ther¥uwded

section 31Qukareeh |rp&ﬁf1!ogﬂz£t%d8t Phehudt tHRRCI1Birkay @é‘(‘)giel”ref%ﬂféd toS44Rangortt

i nches (10, her S i stance). The
ook seot s bibeSGbalatupte fI6Y Chithod e SEvR s 18 A B e et e VG and
outer di anmngrnsthaﬂ' betemisc&losge titel @NngtB 0B 6hafsthe xheahaaiballydsee pakke 30304 waind e t he

t hreaded s I # o1l
may be uti s%ﬂe Pe({:yr?]ga@ég r}ﬁetfbve\’ge?’ﬁg% tﬁeléac k%¢£§§§élggﬁeg§eo%q S%%Qsand
cont rol devpmtocﬁndd@rh@ sqsl yith sfughihesson WHQ@QCW@@’M@EF@WS dsgepsed 068856
[0113] A creggppsectional view of the packer assenbly 300 is shown in Figure
3B. Figure 3B is taken along the line 3B-3B of Figure 3A. In Fi gure 3B, the

swel | abl e 8 |s en rcum‘eretla roun

ipe 302 Waifous ToRahE HHER e P e ekl touiaplRG S Bt Eiuan y
around t he pheiees J4pad JE2intepneziaie s\aéllablerpecl®®308 ®r spawing). Wl tihémabtel ¢hebdwiet pi pe
302. The c f

oper at ons kg 318 RAEBeslps ERE YA Qﬂ*“ pRRo el PR RRAR 4a
presents aotiheopeske P‘éfﬁ%{ﬂ%ﬁ(déhe\/"f’ 6108 zonal |soI ation apparatus 400, in
one enbodi nent. The zonal isolation apparatus 400 includes the packer
assenbly 3@01f)r omthe gwclaer3d>ssednulyashmi hlis® Npcli28 Ocod AELtiow | melahars: e STh20€ rhay e

been connected a 03| o th eck ectlo 06 _an ot ched
tﬁr%a%h % %0% gSSgtea rls§/e'§€0 are

section 3105 Fes té% Rl Ve P B e S 18K SRR packer

seen conneof bd ptad<e$ hsgemblyuif8s The Bednsectinn wmsmhetnablhr@dvlfcwgn@@®g Withe
shunt tubeg t%ﬁe%déc?@&%ﬁﬁdqﬁopépg'sagd KLHRES of Binkr ﬁipla OW‘h%Hea nbf&\%c%r Qﬁtér\ﬁslhy

slurry between a wel I'bore annul us and the tubes . _The shunt tubes 218 on
the sand cdHegdsd %@Nﬂ”c@é’ is PP visISE a6 781 PPOsing: Pergad \?Q‘F vdse siyeades o6ty 10 t he

flow of graweks 84 drcoNpliBY GO &5 réd@iviraCatl EWderhal iB8adedcdndsdi@vdahd stl@dd bt thgur e 4B
provi des atlgjr[)ss ) ctl onal side view of the zonal isolation apparatus 400.
Figure 4B i 5W§W 1 ong the line 4B-4B of Figure 4A. This is cut through
one of the sand screens 200. In Figure 4B, the slotted or perforated base
pi pe 205 i $014den. TiRineck gedtipn 3086 ond direc treddeth shetive Y0 pea2bs mate pf gleeker 1 and
2. A centr glecbflibfs. Hhe rlesk SEa¥MN308 drldithe %Ft%d@@%tl&\ PR £BRaddonfi@F&d ¥iNRG:
production fluids during production operation

specific Iength 314,"such as 4 inches (10.2 cm) to 4 feet (1.2 meters) (or other suitable

distance). The neck section 306 and the threaded section 310 also have specific inner and

outer diameters. The neck section 306 has external threads 307, while the threaded section

310 has internal threads 311. These threads 307 and 311 may be utilized to form a seal

between the packer assembly 300 and sand control devices or other pipe segments.
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[0116] An outer mesh 220 is disposed i medi ately around the base pi pe 205.
The outer mesh 220 preferably conprises a wire nesh or wwres helically

wr apped awountr/ash7base pi pe 205, and serves as a ScreemCTIUsS2@d@63356N,
shunt tubes 218 are placed radially and equidistantly around the outer nesh
205. This neans that the sand control devices 200 provi de an external

enbodi ment for the shunt tubes 218 (or alternate flow channels). [0117] The
configuration of the shunt tubes 218 is preferably concentric. This is seen

in the crof¥i¥ect PoRRFS-HENE! ofewrPhiiiceRaclE asgmely. 39 ifetovn NhEIgureuAB: t ubes
%126?5%7? FRfuee BBIié @abdpwod@ngmeds -6t regaﬁmf InfRiglie 8B2 thei svelihbte padRér  No.
, , sents a [i rt" arra ment for cont ro
whocel ! oalhE Reet sRandbrsilauhiispo RHaRbrt T tnse Basmetarabroad Wi (o
t he base piapepl@@2 radialyswd equididiantty drodrdene basei pipe 3024 A cfeotrahbm@ %O*S igelmevmt ri c
arrangenen ar E - 1 tubes
g RNIthILQHE]‘l?JSlErE)H}E%Z h@@grﬂ? B&re%i)s réélh’/regﬁroé%igggalég%@@?é@ﬂ%e

218 are external Ium or outer

conf i gur at ioBeratNstaRe cAHRYS '@éfﬁt“P e paeslyptios tuiop13Pay be nodified. In this
respect, the shunt tubes 218 nay be noved internal to the filter nmedium
220. [0119]dingure Fmr@rmmts@taaafm&eabami sdaliewicia xinawsolbtich appasdius

| sol ation %P@aﬁ %F]éj%mg % en re]zz%!]élelsrola‘?‘%r?a aré)td Hﬁ&lncludes ttne kaeenbodl rg?y
sand contro evi ces % IB are agal n connecP posI ng %eh eck
secti on 3080&rignt Fgunet3dhedn saédltlmrorsasqozonhrcésq;awm \Zéowavmbeenewpmﬂke@lr at

assenbly 3@Qnostry éHég't& tHfeMecR QH&fontﬂébea?ld?tﬂ@n&@hédh&cwgﬁf r@s%%@cﬂ@lgy SHoR: are

seen connec?ed to shunt tubes 218 t he sand control assenbl
However, i H’bﬁﬁ(j’ﬂ?érOS‘AthetH@ékeéa?}ﬁﬂe’E@hf”PQ)Iareag%e@rﬁS’PSPe%btolﬁﬁuﬂ'i %‘E%S £ @’F e

shunt tubeSar&ﬂ&ntra&wmcegzamarthetsh@ntStbbu,rst2113ub@rsséhl§acadr@ tdhessppsetiob &evwan t he
base pi pe 295 and th Surroun

di 2
rovi deo.a cbyraCd Sk BoGial S WIS ptdsrang TRV BRLE® e 3 hiEed 248 of e 500
Fi gure 5B isand edaéml ddvineg 200 @ptianady BcIBde)i/alFesngetoSo@ntrdTHhs flow of gtavelhslough one

of the sand,sci8605aAMAubdsndilsfiig. 5B, the slotted or perforated base pipe
205 is agallrjl sesenrB C‘ﬁ%su? s?qpnsacc@r dance with base pipe 205 of Figures 1

and 2. The central bore 105 is shown within the base pipe 205 for receiving
product i on [¥1¥i ds FigWe AG Bredsc Fers-stona ?'S?Ié"ew[ﬁi%f%}%ﬁf"a?%@aﬂ@ are
pl aced radi4ab.| yugamlmwalehrsm(a@tthy ligy 4BHAB df Fyub@8A. Thiges 20 Throddreoretuditie t ubes

218 reside r d. surroundi n
filter Imedl %Jm%%}%g?h g |p ns H}ﬁ} S?.rit%d %I ﬁ%fog%%% P%ﬁ% 5 \tlagv“l;ﬁl i8S %OLWS 'I%Pb:]rgs
5A and 5B prevdatee ath |bmmlm20%wﬂbmrneﬂtanﬂdr A brantrghoane 10 isesb0@n ithih GE22] An
annul ar r egLQig25o5 Br ESALEFHRELVR filad NRinG BRBuURIRSp&dRordNd the surrounding

[0116] An outer mesh 220 is disposed immediately around the base pipe 205. The outer
mesh 220 preferably comprises a wire mesh or wires helically wrapped around the base pipe
205, and serves as a screen. In addition, shunt tubes 218 are placed radially and
equidistantly around the outer mesh 205. This means that the sand control devices 200
provide an external embodiment for the shunt tubes 218 (or alternate flow channels).

[0117] The configuration of the shunt tubes 218 is preferably concentric. This is seen in
the cross-sectional views of Figures 3B and 4B. However, the shunt tubes 218 may be
eccentrically designed. For example, Figure 2B in U.S. Pat. No. 7,661,476 presents a “Prior
Art” arrangement for a sand control device wherein packing tubes 208a and transport tubes
208b are placed external to the base pipe 202 and surrounding filter medium 204, forming

an eccentric arrangement.

[0118] In the arrangement of Figures 4A and 4B, the shunt tubes 218 are external to

the filter medium, or outer mesh 220. However, the configuration of the sand control device
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outer nmesh or filter medium 220. The annul ar regi on 225 acconmodates the

i nfl ow of production fluids in a wellbore. The outer wire wap 220 is
support edwbyor/qsbural ity of radially extendi ng support PCHAIS2D12/063B8€ ri bs
222 extend through the annul ar region 225. [0123] Figures 4A and 5A present
arrangenments for connecting sand screens 200 to a packer assenbly. Shunt
tubes 318 (or alternate flow channels) within the packer assenbly 300
fluidly connect to shunt tubes 218 along the sand screens 200. However, the
zonal i sol 209 BYaY Ap prerded;sIndhis EisgRatehe %ﬂ%b@be%%ﬁ@ B9y g geieddntarnaliptheriies A 5B
are nerel ynddlugszaoati ve. In an alternative arrangenent, a manifol di ng
systen1nay be used for providing fluid comuni cation between the shunt

t u bes 218 &C Egrﬁ%}s‘lg tg%*‘%?%&%%%;oskgegt%kg ) G e\;é %f o%aFirsgl?%nS%%)ta %Lal

wewofth ure3 I'n an te rna
In this ar ﬁﬁ%ger&emteméﬂﬁmboﬂmﬁeb tBltB'S&rT@Oﬁiﬁwa @ﬁfde@{)nérpb@ﬂ‘f@% Reo B@s@am pe

302. A SUpBQrEr‘?ectreUn& §§p%sih§ &HaQ Vibdd ﬁécﬂué&tl&hgoémiﬂt th'(euﬁ)&&we%l@ecu&ﬁ 3’16 again
under stood that th afpresent appar at us and hods are not_confi ned

t he
parti cul ar "CHeLVgH AhieRACKHGEIERRPY 01005 hitn ?dq'tlﬁ’ﬁeéhl@ié“b:?é 18 He B"‘I‘qﬁ Ty
bypass is pssanbilesod ae debe cpramlseﬁ tassm‘mhuesme .onHbsvexey conitrbl aSSel}an@fZBDr ed

that a Con%nt\';ercm i GeISAER san oPg embL{OZ’IU%SL]hJ Eesslm%rnagagun?%{ tzﬁgt ed

that the coupF| hg meehant sm e san t'rol devices
packer assereshing 30& tm\ayshunfctubde 238 sasel| dispgsare bblarbs (g hase oipowrdp. arkhéne

seal i ng meghainaimy Rt s 2RAKi ng of the slurry that is in the alternate
fl owpath forned by the shunt tubes. Exanples of such sealing nechanisns are

described in U S. 6, 464, 261:. Int]l. Pat ation No.
50041 00462 i Figbie BB iined.a' Cs sestionapeish semes 4D Bonal ettt hasey . o,
2004/ 01400800. EBigbre BRtis tdRetblondthe e B0 Feguie ;5AU. This Badut thirallgh.onblmf the

2005/ 00615Q Pat 0 Sy eils! nd
cont rol dev%%degg% 2%Ot hﬂe{zl%lggtkggf tﬁe\léggo{ﬁe%l ‘3/‘%8’%%?62’8%?3%3’% %I glrgl A ?ﬁl
shunt t ubedhBisiniagcardrncp Atk opseapire?fsl of Fimesi erd 2 heheseantial llOt:ﬁb&‘i ip $iEovel ong

the sand cqihih®e %E'ptb@%gﬂﬂrecleNmb";b'ro"duEt%%ﬁ@%l%duﬁﬁ@%r&d&%r@@ée%ti@ﬁs the shunt
tubes 218 in the sand control devices should be un- |nterrupted when

engagi ng a ker desc d abo h san nt r ol i ces
500 donme 8RN s " shonitied A48 4 EBGkL REP SRR RGP ot Sharthl: bes
218, 318 i ﬁhalshtgmtmas 21&eede enmediztkly agund e tesenipe 20§ rant withinal dugrovreling res a
speci al suluQr df;{m? WT‘nE Aedtit @Ithé/ggnocf’dmg%év% 280 b FRAr&OBRGRE Isgn Lo

align the nu £ or ac ndri ca ver prate ovel the connecting
t ubes. The@@v@ér@ﬁé&@m@rﬁéﬂb&ﬂ@e@wﬁeﬁh@|Sblé“t tLitbiefin'éﬁi':onsum ng, and/or difficult to
handl e on the ri g floor. [0127]U.S. Patent No. 7,661,476, entitled "G avel
Packi ng Mefdess, ' Adiamﬁuhlersegioazm @@t@tdmtmernitmbz(see)f@rm@na meaéijrraurjcﬁrig‘lt
assenbl y) that egP Q¥%5.0ne .o re.neand creen jz%nts Cea[tessa{%g Seree

OU er me mediuy e_annular _reqgi CCO W
joints are aCEd" et Ween“ad"™ ¥ad sIe&Vt ass%%bl and &> S)'e8ve

assenbl y. pfﬁdectlooéldlds ineewellbatss ditp ontede/frqe wesp 22A I%ﬂstmngréﬁow ebwi@rylltm ohpdialyi ng an

outer vall o(@RkiNG Ap8e r|§§2&UtT‘ﬁE nQé 23L&k t%g%t@tﬂe LR 8l 24s0r Ovi di ng an
inner dianmeter).” The |nner wal | fornms a bore through the | oad sl eeve

assenbly. Sinilar r e sl eeve assenbly defines an el on ed body
compr 15 ng T8I0t E19uER A C8 iRErRES OB TR B (o aTRCkD S do AN ZUP anel |
(provi di ng patker asgembiyi a31mhembes 8ot alteerateréidw clangels) withirstha phckee asdenlygh t he

torque sl €846 fI@iﬁl?/ec%P*é'ct to shunt tubes 218 along the sand screens 200. However, the zonal
isolation apparatus arrangements 400, 500 of Figures 4A-4B and 5A-5B are merely
illustrative. In an alternative arrangement, a manifolding system may be used for providing

fluid communication between the shunt tubes 218 and the shunt tubes 318.

[0124] Figure 3C is a cross-sectional view of the packer assembly 300 of Figure 3A, in
an alternate embodiment. In this arrangement, shunt tubes 318 are manifolded around the
base pipe 302. A support ring 315 is provided around the shunt tubes 318. It is again
understood that the present apparatus and methods are not confined by the particular
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[0128] The | oad sl eeve assenbly includes at |east one transport conduit and
at | east one packing conduit. The at |east one transport conduit and the at
| east onewpaoiiosgiaconduit are di sposed exterior to the ipomas2diiassser and
interior to the outer dianeter. Simlarly, the torque sleeve assenbly

i ncludes at | east one conduit. The at |east one conduit is also disposed
exterior to the inner dianeter and interior to the outer dianeter.

[ 0129] The production string includes a "main body portion," This is

essenti al | ye#9ba”E aﬁ?’ig@”‘teﬁg?f RS tUPRY 1Ry RO 1908 asatiimsrdehis movdashior iy
assenbl y hadtkagasemdRiZA 0l Howe@ir ais PRYerred tis® aRendenvie iaftethemEREha@hpIdyRld
region is configured to be in fluid flow communication with the at | east

one trans piJn%?]C 0 nqbg;hhtélaggoltbg%ofetd tlLaq?ﬁet co%ﬁﬁg%&éﬂaﬁ'igm%)rqgiﬁgéndocfon{r& Selifdd

sl eeve ass vel operations. The
coupl i ng a@@@emﬁhyh@‘ Qaekeeraeﬁﬂﬂxblya&ioa@ﬁedwh@eét S¢aé'aetme§hwm i rmh Sb@wm)heT@t

| east one jsghipg nee%ﬁm }Sre@ént@feaﬁlﬁélbf Eh@%lulr@@lﬁjat%'|ﬁQNeealmv%athT1ﬁﬁnecﬂ§ﬂ .
Wi

sl eeve assenblhy t or ue sl eeve asse up or_couple
the base pitlfseSUAt %“B%Eh EX of uRy Eeqling ﬂt%frf%%mreﬁacrﬁaw Ho- E8KALNGs are
in fluid cemsyprscatntiorat. tAxmjnednyn MNMeavivdl rgosbdsesnatne. Paovapphcmioe! o. f WO

gravel sl ubhotsod s HERCELE enly KCodARs sUREYS, AR OTH o, UHBOGOLE Fb oV

assenbly, coupr’i asse ena Ie a serres sand screen
joints to lﬁ’et-thln@@tQ@GS/QWSOMrandMS) Ftdh(,f’twerbZﬁOé/ODW%Of aster and |ess
expensi ve manner. [0130] As noted, the packer assenbly 300 includes a pair

of nmechani ¢abé)y- S@ouﬂﬁh@k%rﬁi 3&rol \eiae.aemnogw.tme BQ@JéE"as@éiﬁlﬁmob %Qarest he

G avel pack SEE SR i e e it e P hen e
shunt t ubemeasmdpjootvoldietzlcésoZOOanlnahuts eespattethfelfmw et ok .shif 13dEs 418 ipdeker s
304 of Fi guLg, %@htg%ofdeg @&W@h udted %VSH%ag%gt é"daékeffonﬁg déescr bed

sui t abl e packers rave pac{](A zona I sol at aratus ar
in prior pédeéﬁmbedoai%m@rﬁhs)ws Pend eseirpbidevicas, 200 manecteghto 8n HBgMegiateepadken ed

"Tool for BL%|moAnlt@!he%hewmb@s@i@\s%mPaa@Krﬁ@htV%tvemrmém this $6§feciidies a

wel |l screen havin alrs of gac er elenents. The well screen includes shunt
t ubes whi chYPERNRAY eé@a?)@"'aé ‘{E’rqry“’{‘%erwthr?a‘é’%‘”} ee pYInpetiogs a ek SPMeCiifent s
during a gtadempac kiutpleptubes ddraecylimirisal, colkrSplatPravwr thBPatonnedpid tubBle. These

011 424, 427 oIStk oBRRIRY ol 0L ALBRIDAREC R PRl FARK Y foorand, et hod

for C0an et ng nmech er that may be
run into a vvel I bore with a sand screen. The packer |ncI udes alternate fl ow

channel s t f4@7lal | M@anﬁeatvélp §I,fi§ﬂi4?6t9”tl§'9?)a§§avﬁb§’éé‘i'w Settidek stiscigsesrent s.

The packer pro'iiuaroﬁfs@ﬁr@lxlréferﬁéi‘jt tolh%f@[oﬁmt%sﬂén@drﬁlthdléé‘n{ﬁldw JPE QF @fbiE SadcSsad | ed
out. The pac § g/ i.onally inclu lﬁ; eIe nt as
descr i bod Ind BN irendoTE e plpeleitedd £ VG SovE el B A T
gravel sl ursteyvqoass:enﬁalye s"\helldmbklee\@aaﬁsembumm@ g aledatpdhbbdyngomrBbd2dnl t i s

preferred togr%FS é@mg%eg@ggtg Eg Dpfdr B Béﬁ]'g%r Cé"r]%s ! Se%( r & Q@de?d.rﬁg?naﬁmére&}éﬁhet%e

mechani cal |y-s er 1 udes a seal
el ement, arfhe fimer walkieemed borgritiroggh the dead &ﬁ%e @FQ@FW\\M%‘WH’%’V\”@H@ﬁH@F'Ge%e

al ternate QMBI RARS ar éorﬂg%té‘d' Béb?c&ﬁﬁﬂ%@'a%%te@%am’[sbh/ R ds@ate? dfahRWr)
channel s in sand sc‘nr een rl{1packer aé %4 nnected to the sand
screen bef GPeabingiwali (RRevignd A inehdiamefen ) P‘ﬁ'” ﬁré"’ap‘;'rag%’é?rr“bf‘c? oo WrRyBRER  of
U. S. Prov. tdraiie sléypplassdiinly. 61/ 424, 427, t he packers each have a piston
housi ng. The piston housing is held in place along a piston
[0128] The load sleeve assembly includes at least one transport conduit and at least one
packing conduit. The at least one transport conduit and the at least one packing conduit are
disposed exterior to the inner diameter and interior to the outer diameter. Similarly, the
torque sleeve assembly includes at least one conduit. The at least one conduit is also

disposed exterior to the inner diameter and interior to the outer diameter.

[0129] The production string includes a “main body portion.” This is essentially a base

pipe that runs through the sand screen. A coupling assembly having a manifold region may

22-



mandrel during run-in. The piston housing is secured using a rel ease sl eeve
and a rel ease key. The rel ease sl eeve and rel ease key prevent rel ative
transl at iwoabizvmsanent bet ween the piston housing and t IreTfiS2t10/0633861dr €l .
[0134] After run-in, the packers are set by nechanically shearing the shear
pin and sliding the release sleeve. This, in turn, releases the rel ease
key, which then allows hydrostatic pressure to act downwardly agai nst the

pi st on hou5|n% The piston housing travels relative to the piston mandrel.
In one aspélsP, ea{WVéqedt Hée JpRIPId SR i§LpBligyershio dgda flud ﬂOY"W@mHIU@tCétFP”h"HU‘Sl ng

slides al Olﬂ@ @tneayubﬁé trakdpbAcen@fit dldethiableast dmr&fcrahg ca'rhﬁlth $He0|6adﬂ§|§§\leng
zer. The entrallzer

th t t
oscr bed PRATIYHE8 6% Easa parfih o1 ais PraFg e ke i ©ubird ToTf R « ne
pi ston houspﬂgmymammbskaﬁdﬁ@tameﬂnnnémenmndmekwJmnta*smMappbnm3erﬂ@mbe

a0al NSt UnGeBaclisitng! SHE W sHiSe GEUNA) irklho i dsoaniaPle BARKTY

el enments o pac rs expan agal nst re wa

may be set CUSPURIpIaVIdRe PaRg RiRFOIN stieth@ Magnerihatitht Banspert ard Passing canquis are _

\Qlaz hp:c pe. _rl;mﬂw@%hrﬂuﬁlcém| tHERby ShroTRdiNg léﬁerﬁatﬁrf@fé\ﬁ LRANSO K @r@veﬂﬂ;]slutrrbe vmshpl pe
ody for the gravel -pac t|o Prefera t he

P00l 1o o Saplh B G Iter GO DhAE isup RPBYRIRRTPO R o Bl BE Y '

washpi pe. Bwtlhepesatld a sgleﬁs@oband$cmleowmts to b decsazy arfdlerdn info the melipie inra Wi t h

Figure 7C | . No. 61/424,427. [0137] Concerning the
sand contr%&uﬁéﬁ?ggég%EBga%g?ﬁgﬁs enbodi nents of sand control devices 200

may be used with the apparatuses and net hods herein. For exanple, the sand
control ded8¥s mAy NotRSH fhecPaskasmesamiinals Krlvgessa PeASS Mepfanicalycset gadkereens,

or nmenbr aI’IGO&CV\R@ﬁ%st e pa@ké’ita%séi‘ﬁ}{y beo, afeypamérbmuabremren@fcuaﬁlq lseEbford ik

pi pe, or zq sol a appa e .the packer 304 |is set

O bvel pacabiy 48D PR REG bR s oot R e teh S REA Sherik st Rebr

st ages of amgﬁﬂvﬁmnwamkﬁm@pmmdaﬁ@ua@ammmﬁQﬁBvdnbodlnent The gravel packing
procedure uses a packer assenbly having alternate fl ow channels. The packer

assenbly mgysfe | ThaChekAa e WFlEU@QKGJreas'ﬁ§ﬁm§cNer§Q@al f Ho@ble®, déwilsThe
packer assenbly 300 wi || have nmechanical|y-set packers 304. These

mechani cal |C9”C§€’c'”9p%tEB'Ps°aﬁ%F‘;Fs é&ieﬁ Arayel Ragk é&%r‘%ﬂ’éﬁﬁ'@% ARPFTRMUE 7EE 65%‘12'8‘?" in
descri bed iprorlpafent Iabaunerféat ForﬁepqafaneNOJ S. 67t A%, 54588 487 | edtitieli 7 TR demblecking0 10,

for exarrpl %\ma[ |9|25\P3/9r1 trave :lé ﬁnnuluygges%h{bessaawgll gc?g'etnr I%vmggo\éldg &F &rk%

utilized in an foce
drilling megmemise Clmdelt $cm¢@dn¢lmdels|8hwg tmhe@ V\rhtp}n ewewai Qﬁ@ﬁﬂ slgue touy- ﬁasantmla ( NAF)

such as a $qkd Ssabiad @RnRhls RASEE gdvBipdekifdirbiate! Yaisd USPIFEE Paadghl. No.
61/424,427, entitled “Packer for Alternate Path Gravel Packing, and Method for Completing
a Wellbore,” describes a mechanically-set packer that may be run into a wellbore with a
sand screen. The packer includes alternate flow channels that allow a gravel slurry to by-
pass associated packer elements. The packer is preferably set before a gravel-packing
procedure is carried out. The packers may additionally include a swellable packer element
as described above, so long as it incorporates a shunt tube for carrying gravel slurry past the

swellable packer during gravel packing.

[0132] It is preferred that the packer is a packer assembly comprising at least one
mechanically-set packer. Each mechanically-set packer includes a sealing element, an
inner mandrel, and at least one alternate flow channel. The alternate flow channel is in fluid
communication with alternate flow channels in a sand screen. The packer assembly is

connected to the sand screen before or at time of run-in.

[0133] In the preferred arrangement of U.S. Prov. Pat. Appl. No. 61/424,427, the

packers each have a piston housing. The piston housing is held in place along a piston
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wat er - based fluid is also used. This process, which is a two-fluid process,
may i nclude techniques simlar to the process discussed in International
Pat . ApplwON012/08&¥42004/ 079145 and related U. S. Pat. No. PCTABR319/M835€ach of
which is hereby incorporated by reference. However, it should be noted that
this exanple is sinply for illustrative purposes, as other suitable
processes and fluids may be utilized. [0140]In Figure 6A, a wellbore 600 is
shown. The illustrative wellbore 600 is a horizontal, open-hole wellbore.
The wel | bom@ngEbdiringIeriids The Risiqn ysing ﬁ/ﬁ?cﬂref’ﬂ’é'f‘%ﬁtre'ﬁ?mvpé‘ﬁd rieleastal s
are indi cakegd M@%a&@@lebﬁbr@@b@kek‘@pbrb@’nereﬁéme trhha@@pnareoehennbaledl0 and
620. Two sg}r}?d %c%ontrol % t650 d?ve been run into the well bore 600.
Separate salfP'TEhPISINI G0 ELSEEFUTE provi ded i n each production interval
610, 620. [0141] Each of the sand control devices 650 is conprised of a base
pi pe 654 afi¥34 suAfteunringths negkess eeepetoBomedhpaichlys gheslipg $heggrahaipean ot s
or perforaifns tHeOre?éaEQ"gléebé" OrHi< if i kdidRed i P@@a%eﬂte?em/ﬁ@f’r thé'm%llé?/@se

pi pes 654 are provided in a series of se arate!omts hat are%rpre erably
about 30 f &¥froytatio] Iresue i et SoWnwREh agafiid the AR JIPUFIBY- Jdi R 68¢FINI so
each i ncl udaveld r@atvatte thé mtcpahhadreThasenmpm after ane ghetlanges Wadehb&dnunt

t ubes 218 f it her ur e 4 5B.. Pref.era t he unt . tubes
are inter naFear oe e let% h &J S(I)'seesc? %ngta% u(ta’er rfa e o? thepmQOrymggQ{elaﬁ@letpﬁéonsand

screens 65@0@ﬁlrm1f@em heis amnua aentrraé@rofﬁh@ h@mhm N@szbe {00 exeP)0Tth @s slasatibed it r ol
devi ces 65Q@boPEMNBRE RthM R pRtlel RfRirdBgl-at e packer assenbly 300. In the
arrangenent of Figure 6A, the packer assenbly 300 is installed at the
interface betmeen pr duc ion intervals 610 and 620. re than one packer
nssenbl y 300 8an 18 T EGIS0MBH ToYHs AGHHLE (TSR THEEHLdnaph dPRERG o r ol
devi ces 65@gainsd tie pauklog relensse nibhey cSB@lizen ynd éhel expaciabledsackieg vietients).dbthePat ent
No. 7,661, ]In addition to the sand control

devi ces 65@29@ ?ﬁ’l‘@%‘%ﬂ‘éﬁgg\é@b‘%ﬁ%ﬁ owered into the well bore 600. The
washpi pe 640 is run into the well bore 600 bel ow a crossover tool or a
gravel pac RO138r vi dEePaeitery maY beelwSinanh Seting wobihatie e infoothe reellegia vwith 2y

dri Ib I : pi pe vﬁgﬁnw m&edttmggb&l gy §|tnblyrt@ a Em)ﬁleu\@shlbh ébﬁtﬁk@‘lgaslhﬁlpéfbo@\} Agat ed

t ubul ar ext ends cre ns

bids i tnerpiRaae PTG Bl B EIRG, BS SHERY SR %retoedt Bl e
operation, tene thrgamdb&@qumd tp theewashepe. Auﬂaala@:dng ooltimehamarshpngpdessdiged s a
shifting t f bel ow t he packer
assenbl y Sggéonﬁﬁélogﬁ?ﬂi@g}e ido%*%}égﬂh\ézgﬁp\gaa@tgl%\}g%q? e packers 304.

[0144] In Ffﬁure 6A crossover tool 645 is placed at the end of the dr| |
pi pe 635. &lcr o§3§’899é?'”$ &1 sapd soptol G%\é&est%)odi"?ré’e? redimets of s eregro!

ci rcul at i odeatestd00 ngyaealsed idh thg, apﬁSratﬂjsss:alﬁiSrﬁdhd)dt Hewgit. NEdr edlarhple] th@edraw. WO
2012/ 082447P(§;I(’)I SZIC(%lll 06|3 5e4t014 A sepa ?é paCkerke%lsSCrée%sCo(?%‘e% trgd to
the crossove of “6 4% '1’?1“ B15 @ RETFEG Criossover 00?645 are
tenporaril ycrpersa t iTbegelntaj man he @nstqomb@atyfn pfr @fdaert i dankcrise. ey BB6I. isTletimt her ,
t he packer jgdRat,i’he crossover tool 645, the el ongated washpi pe 640, the
shifting tool 655, and the gravel pack screens 656 are run into the | ower
end of the well bore 6%10 Ee 352 cker 615 is set in_.the production caS| ng
630. The clBs8oveCnLEpdI® REFE 304 L3 A7 PLPIF e CRBr B UVIRRCOMYRSRST o F IaHEeS
reverse ci sauhaugioBNpassdnt atages i 4694 Vee pankingngodealufe, Gubee 6AbodimeatndThe oned

NAF (or ot B?Jveldﬁé.cunb Q)godgng)e Lg%é ai Eac%rags%gm‘o@ having alternate flow channels. The
packer assembly may be in accordance with packer assembly 300 of Figure 3A. The
packer assembly 300 will have mechanically-set packers 304. These mechanically-set
packers may again be in accordance with the packer described in U.S. Prov. Pat. Appl. No.
61/424,427 filed 17 December 2010, for example.

[0139] In Figures 6A through 6N, sand control devices are utilized in an illustrative
gravel packing procedure in a conditioned drilling mud. The conditioned drilling mud may be
a non-aqueous fluid (NAF) such as a solids-laden oil-based fluid. Optionally, a solids-laden
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the wel | bore 600. The term "conditioned" neans that the drilling nud has
been filtered or otherw se cleaned. The drilling nud 614 may be conditi oned
over neshwehaleass44fnot shown) before the sand control de¢iras3016/H63386 e run
into the wellbore 600 to reduce any potential plugging of the sand control
devices 650. Preferably, the conditioned drilling nud 614 is deposited into
the well bore 600 and delivered to the open-hole portion before the drill
string 635 and attached sand screens 656 and washpi pe 640 are run into the
wel | bore 6@@Er{PaEs7iyid isFalgr veeds BThip ECGs e KETHChe B 5 "!9 @é‘i PiOSetSh &3y r iBEYRet i on
casi ng str itdt@niGddd sinhiftir So M PResN@cubSHR i atkRELBATP L SAPRE Neathver200a/078145nd

slips and an ri eal | n the surro casi ng
str i ng- 630 4 FaSEa AT 4 88780 BEE0N RES X her b oShtR Predshin on
are to be gloweedr, pabdued be Thied plaas Kieis e@drbpls éabisptytier illvdttiveapep@kd, anadthé&20
fromthe p%ﬁuﬁdb%’}ﬁoé%@sés%d%héﬁ% Be BiRcgbove the packer 615. [0148] After the

packer 615 1's set own In Figure 6C, the crossover tooI 645 is shifted
up into a reverse position. Crculation pressures can be in this

posi tion. AWYrri & Feuse P> wellbgse, BIR IS FHAMN-t hEedilpgtiatiys M’«S”%’é‘s 698 ds & aced
into an anmnulizeatahedpsaenlet wellbdrd. | IThpl\mlbﬁr356(mnd10IUb& sunamoamﬁil nrgvopmﬁdneﬁttl on
ﬁaa: gg \?ﬁo 8%)%8&%{1%& rvgla ar%lnggaped a-lz)ntg t? I’h{w'rl]z%'ﬁtaf wel'l ore g% i ﬁﬁéis\éeare S orvgr{r%tr
carrier fl @ﬂ@iamm%@m mésomtroédwdﬁﬁﬂ ban\@obe@n |rlur1 Imoghé vvaliboreeﬂw Mer@tet he

packer 615 gs,MhidnhoR@aitss @yar@sro@ee@fn eaaasr%eluét.bmn@larw@% ¥t he conditioned
NAF. The carrier fluid 612 displaces the d ling fl d614|nthe

direction indicated 0149 ssover
Coor “oan IR EqoR e e .%@?@ o AP e %\‘f &ﬁoéﬁpi”ﬁedJ ﬁfo%i PSEOHPE R e L e
posi ti on usedbunding camdacreEni 656. Jhabade piesle54 have glots ot merbfwormieraudwoﬂmd fortion

f th I ti : ; I t
The ear || eroniie ufHise BB RSE) 1EBabSlits'ql L0pBRALdR SLAUE br PRSEBRIS O e
drill pipe tesreameferchly pedadestsd ¢ msteny irs@ogthme ok qogtrolfdeuibes €50za1%0s

further pU@B&ﬂméﬂQMalﬁe‘ﬂ&été’WE&tﬁ@ Qe nTJV@e|ﬁ%&ﬁ§ar{c9%tﬁ%ﬂ%ttwt§é@%8drbh1| l'ing
mud 614 down the was &é}ée 64 ut _the s scre epi n

open- hol e &hHI Figuset Figwe §Eétnd°r§@F@é'n§h%§ﬁur}5rfﬂbetsh%res'l’]?ef’&|ﬁHP’ﬁg‘“@\%ﬁ | 605

of the opeuisheded Haordenahe biset figesveD4l dndrtte 681, sdrdune BgB along tity aEsizY @sgidnool
645, and Q k Ehe drill pipe 635. Theflowpath of the carrier fluid
612 is agaln W |cated by the arrows "C." [0150]In Figures 6E through 6G

t he production intervals 610, 620 are prepared for gravel packing. [0151]In
Fi gure 6E, [¥Ade t HE€ofRER- Pt &ﬁwm%§58ér%@ﬂ”@%@ Y @Ns PIEBRYate SBACKRd t he

sur rou Zgl ngsywdly 5005 |rlnﬂh§ ARBRIENTNE D Fildire BAC Bleiaber bbdeintby6d0d.is BRIy RFFOVEr
00 1S, S

to. th | at t d
11 ing § MEHoB PReE alarseiondaia ok im0 anl 0efis MBis Taine neo apreriipadieas
and t he pr ecdubt ireorpoesadn grHeE3@nhectibo beteveti ¢hecsandicentrd] Idavices6asd andta pdckehe
drill AR d
fromt E;pﬁﬁ?%ﬁﬂbﬁﬁﬂ%é& PHEBFEE PR 5, PaieahE o7 Mol dBol SO0,
Figure 6F. This is done by pulling the Shl fting tool 655 |ocated bel ow the
packer assé&Hffly 3('.103%“0(”% @ sH ?9@”6'41?%&% 65% ﬂo‘é(%%hptpﬁeﬁ“ﬂd@ﬁé’ree’é%fﬂﬂ y

300. More spetefwepdrt ysoo t e wabbipBieaals! ryn &ﬁi thp aers 660Kel®f alchesiaciser
assenbly 300_ar

oscri bad Pha grel ok so g oo (i fnovgd Wi i Spchh o a BRo B s bOEPBERSEhr, seq
t o i sol at e othee warkingl sbringf dheerchsbeibeveed ist dveelsryatedstobdameer6s tizat extehds into
sur roundi ngne"@alnh s@rgénsOéSGt. hf‘f'le\()@%[%g @4069& in the circulation of the gravel slurry during a

gravel packing operation, and is subsequently removed. Attached to the washpipe 640 is a

shifting tool 655. The shifting tool 655 is positioned below the packer assembly 300. The

shifting tool is used to activate the packers 304.

[0144] In Figure 6A, a crossover tool 645 is placed at the end of the drill pipe 635. The
crossover tool 645 is used to direct the injection and circulation of the gravel slurry, as

discussed in further detail below.
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[ 0153] The washpipe 640 is lowered to a reverse position. Wile in the
reverse position, as shown in Figure 6G the carrier fluid wwth gravel 616
may be plwioedi2usedrn the drill pipe 635 and utilized toPCoruseottioes3sarri er
fluid 612 up the annulus forned between the drill pipe 635 and production
casi ng 630 above the packer 615. Reverse circulation of the carrier fluid
I's shown by the arrows "C." [0154]1In Figures 6H through 6J, the crossover
tool 645 may be shifted into the forward circul ating position (or gravel
packi ng po&dt?lon) A $PERRRACKYRIR it ARNNEFIES {0 %‘Blﬁéﬂﬁ?qvﬁb@q $t%r Vhg p@fér 615
[0155]In Flagwrcenr@btedtdn%sa\a:rr koo 1645 latd notdfilygsRitiehedOlkhib @ity dfpréduemdne a

I K wit h duct | ' 6 k I
300 i n { he CEMPLINEE T5arRBL R ok an hEpESiovaaEoHHR Frel e R Kaurlr Wle ¥
open- hol e wWel $t‘m‘omgato©()655,'lé_me the gratelf pasiscrens b6 atcheinsandhs dvee @né 56 thend
returns thmg@glg ?&Bke‘?%%&e?ﬁ tﬁé‘ﬂb&&i&%é%gt B8, 3hé %sdb&t&ol%ﬂ&.s

carrier flui ore annulus 1Is into screen, through

t he washpi §eleguely ”&Wﬂd bprweerefopyaid PRsrer I peraitPu e RS iOPhe dril | pi pe 635 and
production casing 630 above the packer 615. [0156]1In Figure 61, a first
gravel packo166§0 begtunsing © Higurg6aha venditihaepRAR @ir o8RO drillliyeam@r) 8v£ls qnﬂ;ékirﬁGO is

form ng arqun reen 6 d towards the .pac 6 er -27-
Frurd 1o bt aRLrEabas boRdboRl mb BUEhE b HPuBB RS o bRen IR §lm o
t he wel | boothedgse clEhredcalhé eilrllllﬁsb mriwi 61142nwvtb$omndglpmpbbvefrlmm wker}se(not

washpi pe 640635 HeRf %@eﬁhd%n%lro%%e 650 leor%ﬁﬁhb r!hé: iNQI‘PHo?e ﬁ@o td RRu& a¥e!

packi ng process continues to formthe gravel toward t he pacKer
615. The s&AQN4E PligsingSBthe Sanbepnyel ﬁ’f@{'oﬁﬁuﬁﬁ"}/ B%?@d ”Eﬁ;/cqnl‘?é"’@ﬁ‘daWéH”grS% 660
above the paskealepasise i }he3ﬁﬂ]bor@600 laﬁdf délwbdtcﬁﬂna o@@mhd)lapemoﬂi pefo thé a@ul at ed

carrier 11 OG0 BT REAECA PR oFPeussas E ma et et R MG SPa e oM cat ea

by arrows "C." [0158] Once the gravel pack 660 is forned in t_he first
i nterval 6104dAnd timEigyss §Bstheamgkerti§ve sethie thaprodpctios sa@aing pireo®38r elhisover ed

Wi th gravelmeah§ithat Blel da@kerfé18iiglaidily & &¥&lg s@é@ah&arﬁ Qa6 rhelid 5B elchRns hunt
tubes (such as shunt tubes 318 in Fa:g)lrjre 3R£°E‘ﬁT%e carrier fluid with gravel

616 forns OARNYMER BYTHALRI 68 $iMRY elhss 1Py sehabove the ntervals 610
and 620, which are to be gravel packed. The packer 615 seals the intervals 610 and 620

from the portions of the wellbore 600 above the packer 615.

[0148] After the packer 615 is set, as shown in Figure 6C, the crossover tool 645 is
shifted up into a reverse position. Circulation pressures can be taken in this position. A
carrier fluid 612 is pumped down the drill pipe 635 and placed into an annulus between the
drill pipe 635 and the surrounding production casing 630 above the packer 615. The carrier
fluid is a gravel carrier fluid, which is the liquid component of the gravel packing slurry. The
carrier fluid 612 displaces the conditioned drilling fluid 614 above the packer 615, which
again may be an oil-based fluid such as the conditioned NAF. The carrier fluid 612
displaces the drilling fluid 614 in the direction indicated by arrows “C.”

[0149] Next, in Figure 6D, the crossover tool 645 is shifted back into a forward
circulating position. This is the position used for circulating gravel pack slurry into the open-
hole portion of the wellbore, and is sometimes referred to as the gravel pack position. The
earlier-placed carrier fluid 612 is pumped down the annulus between the drill pipe 635 and
the production casing 630. The carrier fluid 612 is further pumped down the washpipe 640.
This pushes the conditioned drilling mud 614 down the washpipe 640, out the sand screens
656, sweeping the open-hole annulus between the sand screens 656 and the surrounding
wall 605 of the open-hole portion of the wellbore 600, through the crossover tool 645, and
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[0159] In Figure 6K, the carrier fluid with gravel 616 now flows within the
production interval 620 bel ow the packer assenbly 300. The carrier fluid
616 fl owswOhlugkhtarhe shunt tubes and packer assenbly 3@OT/tsad1tbisse out si de
t he sand screen 656. The carrier fluid 616 then flows in the annul us

bet ween the sand screen 656 and the wall 605 of the well bore 600, and
returns through the washpi pe 640. The flow of carrier fluid with gravel 616
is indicated by arrows "D," while the flow of carrier fluid in the washpipe
640 wi t houPashie> Brecfl Pineb3sn diedlowcpati o6 caskbiid §Y2 i sasinsindieated Py fso] | t

is noted herewstmt slurry only flows through the bypass channels al ong the
packer sections. After that, slurry wll go into the alternate fl ow

I Y R R L e

screen j Oi mavelmlrdncng tubes are provided al ong the sand scr een joints. The
packi ng tubes represent side nozzles that allow slurry to fill any voids in

t he annul U$o1si|' I ansppiglrd 68D @Fcathb bpérak®e birRilus|bdtwesn iy dahe kcrd v ederama e

[0161] I n F| ravel pack 660 is _beqgipning to formbelow.the
backer asserprpedsyalfs Botire FREultiierid B ¥ ke YonhrCPloyr St
gravel pachkag60 toordversaegcdlaing rpositiér. oGondi@nkd ttiling hid 6teisvweivpbd dewd @@ up
toward t he e el [ I been
f ormed fror%nﬁlﬁi% et‘%%mmgfdy'” ﬁ@@ 63#%5”%%@89 B Eg@nﬁéﬁvﬁ fﬁ@rgqﬁesgag%h%%

The sand s&f2evi ob8s djkPipRSBH@ssheKehy tﬁ@@@%ﬁP 3@50‘3%&%‘@5@@5{ be senae\ed f’l@?‘
gravel paclhe&fflpipEledssurface treating pressure increases to indicate that
t he annul ar space between the sand screens 656 and the wal | 605 of the

wel | bore 6 s f ravel ked., WO 2012/ 08244, US 011/ 06335

r62) Fguidodo shisuk BieRiGs PRELE Pot & HERh L BRA, i PR g e

Fi gur es 6Ashtifing teph 68Nlohated hglowekmpa@ﬁm@dmblwcﬁeﬂphehwa$mmee64e@®d uphp@stcasi ng
630, the basedRkdessdnfly s ddrbSosdilitS HoGfthafiohy LETRLRL Bod Btnaplddior e

600 al ong the upper and | ower production in Packer assenbly
300 and t hé‘siﬁ'We?roopad% R’%t 666 PaetpEs i’ﬂo%’@?y Py f@waeal@nthﬁ@p@%%%%mébé

fﬁl I ovmhngN@@dTVﬁbet IA|©BI Nb. 61)&2494’2&V31heﬁﬁﬁll©(;§1@?4351@(1%§@Itcﬁlsﬁléter’thglagrhlﬂl%sfoﬁﬁbd

t hr oug e S _npw rea or tio ations

[ 01631 As nERVEGRLE sambvaeers ot 2af (i B A BB e 6 heMePRBIT Lacki ng, the
operator may choose to isolate a selected interval in the wellbore, and

di scont i nuéd1ptlodudi smastininen§4Ohisitowersdde @ a¢verstaodition Ndhitean éheleverse Rasitichor e
interval ngy sl?&/vri PO éﬂir‘éch 'ﬁhe%brrﬁe? fIZrG vamdng@ 6’(@m9{/ @E(S)%%Qd w[tﬂﬂr% <!1:r|||rp$;§e

Figure 7A i s cross-sectional vie wel | bor e bore 700
i s general 63 é’Bﬁ’\§P'Fﬁ‘éf°e@rqeﬁh%\€%r£i%f&¥ft@1%MJR H‘e\ﬁé‘I”P'H%F%m%GGWPe’ItFWr@ pzoe I n
Fi gure 7A, eshandebdlntior cadiiyAe30abs\eans padkee6tse Rdvage tindcutatigh ofths ulrsier fluic e
i nterval 1]sshowmbe'ihe%rrow%4 Lepresents an internediate interval. This neans
that there'is a sd an upper  interval 112 and a lower interval 116 (seen in
Figure 2, but not shown in Figure 7A). [0165] The subsurface interval 114
may be a pdftlon & Figueasfitl ihfoagla 69 gheraiopenyet alt648 ey hershiitge o thgderweet bons

i n commer cicaddiating ipd8lich ﬁu@mvbltﬂ)eeﬁ.netpbs.r@ﬁ tOQrivBIupdcR R TSt Qibshittsdnhtemat er or
hydr ocar bogF as encroachnent. Alternatively, the subsurface interval 114

may be a f tion that was originally a water zone or aquitard or is
ot herwi se substantially saturated with aqueous fluid. In either instance,
t he oper at @M5%las deFigleel 6Ho theecdrriapfifuict Wigh grafvélued 6afegfnsripecrdaten afdranet padkr om

interval 11Anhnhe ploBEctivrlidtD951%516 UBbve the packer assembly 300 in the annulus between
the sand screen 656 and the wall 605 of the open-hole wellbore 600. The fluid flows outside
the sand screen 656 and returns through the washpipe 640 as indicated by the arrows “D.”
The carrier fluid 612 in the wellbore annulus is forced into screen, through the washpipe 640,
and up the annulus formed between the drill pipe 635 and production casing 630 above the
packer 615.

[0156] In Figure 61, a first gravel pack 660 begins to form above the packer 300. The
gravel pack 660 is forming around the sand screen 656 and towards the packer 615. Carrier
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[0166] A sand screen 200 has been placed in the well bore 700A. Sand screen
200 is in accordance with the sand control device 200 of Figure 2. In

addi ti on,wea 2oess2437pe 205 i s seen extendi ng through thePCHtusSeomas3I5€
interval 114. The base pipe 205 is part of the sand screen 200. The sand
screen 200 al so includes a nesh screen, a wre-w apped screen, or other
circunferential filter nediun1207 The base pipe 205 and surrounding filter
medi um 207 preferably nprise a series of joints connected end-to-end. The
joints areflbig&ap I%P'réwataf’ bS'OWcSh%BaOk%rétSS?fﬂb'Y é&’fb@fﬁi to they RPTIHRE theere!iBere $0¢.00A
has an uppeahe patikeiuicEeantbyt g2ve| floaddipahd W¥Rpipp 88k 8¢ inaissedrby ¥rrddd’c.” The
upper packer assenbly 210" is disposed near the interface of the upper

i nterval nd \e

assenbl y Zﬁﬁﬂl S tclfpgﬁlgsﬁgegj neab'%ﬁé)al nt%gr?gecsé]cg)%ﬂ"ﬁyﬁée |fr(1)b£?hr§e gBI n{"&{ val
114 and t héowaswhe nagkes6dal Thel eandEgeeien §8€ kerovalpinanfy|lycoyerd, by:_ﬂleograv@ pack
preferably ggh a@&léQﬁe,daéE‘kSr é{!séﬂﬂgg%ﬁbebaﬁ%ﬁﬁﬂ@bi’z &Qﬂn&hfs tE'bg%frﬁﬁat%bé&ﬁ' theB. In

this respect, the packer assenblies have opposi ng
rechan cal PIbassIRResto 3550 TROOHRE A e APIRgI 890, Shkaront el Bhos n

Fi gure 7A atav2lli®wangd tidlWashfmae B4®as ddun ingichiebcatdwseet packers 212, 214 may
be in accordance with the packers described in of U S. Prov. Pat. Appl No.
61/ 424, 427, ep F oA I 216.
[0168] The &eg@borgﬁgggﬁEﬁé%%%;%ﬁgﬁéﬁbas aﬁﬂg%@%_&e@@(@?%b gﬂ%%ﬁ8ééﬁggavel
pack has bé&bkeveghaeacker ﬁssteﬁ‘@'yvﬁpl%ﬁ@’emﬂtrt%a%ﬂbe garderdflugyaitheravel §d6 isnf | ow

of granul akorgaf thiduhRshe SHuAYBbed Bk BY shent |tJB§bQ&BQdF§)ﬁr§ RBS kh%(c)arﬂergm?h
creen an e

annul us 202 petween.the filter . of e sa

sur r oundi né"'ta@fq"e'?gf g eI e P"[’fg 6%0 m%ﬂ”refél%é@ﬁof‘ e arrangement of
Figure 7A, the operator desires to continue produ0|ng formation fluids from
upper 112 #1891 owenr Filguée 6Kt theveairmer vilhid| withsgravel 6d6 aotv flomts ewitiindihatpsoduaticer val
114. The Umﬂé‘r(/aljég befod th&\ﬁﬁke#é&ehﬂ 3ﬁa'ﬁe %Fﬁe? @Jn%% flév@%&ﬁﬁﬁ] R sHaher

rock matri x hat I s per nea ternati ve eoerator
desires t o“&ﬁ%@ﬁﬂtp??h?é apsTebt 340y apd LheﬂsOUF%‘ﬁeoth? 1$8nq ﬁ?r%?'hﬁ‘éﬁ afke Ffﬁf'%frf\#’éﬂ 114.
To acconpl igsétHehiflsws i thé aafldls® ek @ie sHAG sbr@én bsaeéhdqh@wemew sthhéweiberesand

screen 200. he st add) e ker 705 i I stantja acro he

ot er medi AP0 bR b yBR insadtne B4 AT fof 2o Res bl i R BLE 1Y om
(or the |njlr@lmatedrby@frofvbUDdwhienme)‘lowhecarmrélnnlerdtratvmshmpeﬁw‘&wtmmhe[ngWO] The
straddle p t NPl rel 710. The mandrel 710 is an

el ongat ed ?sﬁ'ﬁ& ag@%fﬂ r%gvﬁﬁgag%mjgger end adj acent the upper packer
assenbly 210', and a Iovver end adj acent the | ower gacker asserrblp/ 210". The
straddl e pé‘Eﬁ@r 700'S 1ok Re3pnihat SEETY LB flowssihrangh Uha PYRAsE KdRRNelsTRiBag the
represent aackeppestiopackfter T2, sidinaedngo time thmpmnaacﬂoe/rcmseﬂbrh yheZEh&(t and
a | ower pac 14 adj.acent, .t he, | r 2 noy

conbi nat.oﬁ‘g%?e’} R&eGpPeRt pat wape I ¢ ””eéq& %hn?rtaﬁs Ot]}panedr pgﬁ‘ﬁe#’g‘ﬂz
and the | ommf@megetaersetrﬁﬂcly epd f avwcrehantjhlet IP@mlemg pirek @re Frovided blong thehe

Operat or t QaQUEGESShittd YTlHeSBéc'RFnE t@be%%ér‘ééérf’t‘%%e' AALAEY Hat SRSy tEIEEREdI at e

interval 114 in an open-hol e conpletion. [0171] Another technique for
i sol ating AA9P e Faulual drrgseatt Wprsvilh ke eiuiyBieT AQVSHBYA i n Figure 7B.

Figure 7B is a side view of a wellbore 700B. Wl | bore 700B nay again be in
accor dance[ostln wed [Aigure 6L0CGhefgrévied paek B60 Hiebeginhihg tbo‘werr belvivetheapackdt of

the open-h S r n
casenti ai 15 Rs 0P pE GrbdachE ipy Sk W8T BRI oo SEREN G o0,
zone of i ntcertiages tojguaw fipmiihe hottoni ¢f§hewe®0rq6@ Wibwaidithe eackat asseably B8 nay

be a porti e0Figlire2eN URS Yol pack Sdomisi Hé@n fMRkd RBRenPhAHESANWEIBRAEIAS | N
comer ci al Ig/ vi abl e quantities _but now
the packer assembly 300. The sand screen 656 below the packer assembly 300 has
been covered by gravel pack 660. The surface treating pressure increases to indicate that
the annular space between the sand screens 656 and the wall 605 of the wellbore 600 is

fully gravel packed.
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suffered significant water or hydrocarbon gas encroachnent. Alternatively,
the subsurface interval 116 may be a formation that was originally a water
zone or aWoOi2bevmd24 i s ot herw se substantially sat urat e@CRUSR01AH6E3661S
fluid. In either instance, the operator has decided to seal off the influx
of formation fluids fromthe Iower interval 116 into the well bore 700B.
[0173]Alternatively, the operator may wi sh to no longer inject fluids into
the lower interval 116. In this instance, the operator agai n seal off
the | over iHE&r valFidure 60 sawsHae well sligg 83508, the @’f?flﬂ'pfoﬁ‘ggff@ﬁﬁ'g%st a

glz(u)ghnobha&o&gaew pé\aﬂr‘]ge@bem rghbvadtzfgtgn Wl \hémabr@ @@Oﬁhel':“e@emg 686 ahé Yasd ﬂﬂ@esp: ug
as e set n the nmandr su 1 N e 0] r

P10 L BBl s solBRE b i, TRE Siskedtd shBong HE yBREH L aRRERe” Y
asserrbl y 25@0 progugtioe teriyls.p Backer asae_rlglytm god dige gradel pdjkad@Atrerhdie skigatre
packer asst%E@A Mol%%\}%nborég llI(%W %]E(Qrﬂﬂ)létloﬂmf%et al¥] sxgm? 6r8'<?edL Y&n‘PF LPJs”Ht' on

fluids up | bor e ower terv romthe
wel | bore 7668 PHILEN-hENE ‘%QA!é?relﬁﬁi’@rW regdygfor produeten @Peir%t'oﬁ%t ed that in
connection with the arrangenent of Figure 7B, the internediate interval 114
may conpri $e@ed shalsementuotntedneabov@c&wcﬁaa r\heﬂbbd@ahaé anw@@fefagntaival backingpﬂfel’feabl e

to fluid fl ow nth| situati e acent
the | ower SaeRer TabCelorRy YTbhBR A PEadpd it 0P8 B0l lnigiea

anywher e abmdectphe‘rdno\mt Intm@r vEd d&men%mtﬁ mvmagvallberel Inteyfatm@vd:teelsolﬁtteér val

114. Furt hefgqurédi7A Bh$78 BRI RO he upper packer assembly 210° need not be
posi tioned % the top of the internediate interval 114; instead, the upper

acker assenbl so be pl aced anywhere h i nt j gt e
P vl simen  “Hie. PRl R R el Brbroniom aa vaBaBDpho ot wﬁ'?h&ﬁﬁpfd&&cn ve
shal e, t he isogereedipconsyctet doaecotdanpd adtie welllané 100 pé Faypre2s b tigure d@i, de, Wit h

alternate 1%%&%*@2{% Ssholwn mtere@t DtAL ugh“?%ﬁbsuﬁ%%ﬁg# 11’1ter|rH§ 4120 £

i nterval e arrangenen ures fovi de one neans
f or isol at ireRjesealsaptiptdmiegiatiinienss . Tmﬁ)mmthatéhﬁ]e HRORISf artwnebﬁte@fal fH&andnf | ow

control ar anEsIRELS 196 ( éébﬂhhrlﬂﬁuryé aun%mowrlngﬁmwe a renoval of
downhol e equi prrent that is e straddl e packer 705 ‘or the pl ug 720 Thi s

be t |t
"ol ate o AHEan TbesuGrasedeREEOaY in oagia Qamiontnbd srasd ML Sueng
tradi ti onalpradnéddohydeamathoos irdevmroerciaby vialge doamtities butviadsvresy smrednagmﬁment
control | ed vx)ca[e? T FI}I/}?? gfg%%g enérgaéhmeﬁt Vﬁ%ﬂé{tjpﬁy QIpéagtﬂatSQﬁaCWer%gll ’ﬁﬁthéé/edey

produce fornation romor 1nject into a selected subsurface
interval vér S?"ﬁ%lloﬁk‘ﬁ?t WeR él”@'ﬂa'élnét%?r wRNE, ocbAewtagl welis @3\%"“%@%@@?@’0%

?LaVe| I logc htdBstet Wigh Q@%@é ﬂwd Weﬁlﬁé’r’@r&%rﬂ:@ ths @paita®r daS @bOGILH ddat el 1N
e we or

d di sc interval. To denonstrate
how a wel | 'P’éo ﬂrt”@t@é @qu‘éag*ﬁ‘{ Eiﬂh% I[Fpgehﬁof«s provi ded. [0177] Figure
8 is a side, schematic vi ew of a well bore 800 The wel | bore 800 is
general | y fU66ied iAsaadsoreadhas tekn wekédbiortke weborwf700Ag Paad Screém2q0hs o

respect, t%@co‘?@dn'c@Wtﬁ t@%nﬁ%n@ol%bk@@ﬁ@o%bhr@@lIrT cmgq ég?%@?r%é RuUgh an

open- hol e port|0n e open-h t1on I NC es | ative
subsur f ace SP¢it @?Wl’@ ﬂlrﬂZQgh tﬁ]iﬂ‘te”ffé'ate[ @Q‘?Bl] W4ndhe bager Ripe ER/5 ears oo sE) e
been pl acedcrab®pgn.t i PpeRcleeh 20Pakd iR nekh screen, a wire-wrapped screen, or

other circumferential filter medium 207. The base pipe 205 and surrounding filter medium
207 preferably comprise a series of joints connected end-to-end. The joints are ideally about
5 to 45 feet in length.

[0167] The wellbore 700A has an upper packer assembly 210’ and a lower packer
assembly 210”°. The upper packer assembly 210’ is disposed near the interface of the
upper interval 112 and the intermediate interval 114, while the lower packer assembly 210”
is disposed near the interface of the intermediate interval 114 and the lower interval 116.
Each packer assembly 210°, 210” is preferably in accordance with packer assembly 300 of
Figures 3A and 3B. In this respect, the packer assemblies 210°, 210” will each have
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t he wel | bore 800. The sand control devices 200 include base pipes 205 and
filter media 207. In addition, an upper packer assenbly 210" and a | ower
packer asworhiyos240" have been pl aced between joi nts of PChash@smeispes 205.
As described above, the packer assenblies 210', 210" are uniquely
configured to seal the annular region 202 between the various sand control
devi ces 200 and the surrounding wall 201 of the well bore 800. [0179]In
order to control the flow of fluids between the well bore 800 and the

vari ous sulBRASIACReGhAtieqly-spisPaghers 384 4Themechanigallysst Rackeyh ag $owyg inshigures
provi ded. Thexti23®had o Bidh dTghe?ﬂn@cHalﬁE:laW;@S p@ck@%r212520f mbaybé aceomt R

val ves 802 ng its | Porti o i r sa ee

207 ar e cut Al e OGS L SL Ui B gt Ml Noal4BRETS  Mle 8208 2”502
is placed 2ibbue spheedappdias paokery pesiagrdl6y 210 at | east one of the val ves
802 is placed below the | ower packer assenbly 210 and at | east one of the

val ves 802 d1§8 pl aefﬁg welMd?é FEgA %tc%mbié?ed%%ropgﬂﬂole%Bﬂpieﬁ’cy}@rA gl pBéi@K’fé’
assenbl i es. %U180 he isol ation str

re era rrse
cories of PEHLPEFE] B ‘i'??é”ecﬂé@eﬂﬁ%aﬁaéﬁ?wg%ﬁ’mﬁ@%‘t‘%dh%HH'OWOO“&H%'#W@”{CL‘?BU| ar

j 0i nt s 805 dravenmpackingbisiingicateody spaokicBgn & dnnaias 202 bemter thadiltemmeda aobor e i n
fluid co ni cation ore of a st i 0. The tubul ar
joints 805 éalsand g\e}eér%énoh%ﬁtt@ersuémundm s IL%dri‘%f&?rwee:qQ? gpé& de within the base
pi pe 205 of the sand control devices 200 and within the mandrel 215 of
packer ass&iBfli es IRi®. aTangeTpYorferigeret Hy eioRetBOEsRS o HRTUS Prodycw

fﬁntrOL Vah%&%mﬁﬁﬂdehgw%b§%#qqnhm?waaﬂVﬁ?|ﬁQ2m§Q?ﬂ6§%gm@$ﬂfuﬂéwﬁ@%@%02
rough- openi i de e tubular joints e val ves

e cant ¢ otetit B Weaee TZoaroghPrate Dl g ad g ok sath Wty oyl
opened andnﬁﬂmsﬁdtsﬂhgmuaﬂwasﬂ&OwaayAhgnmpameﬂeameamﬂsﬂﬂwmnkrasmmnmm to a
mechani cal ;f.of ﬁgeﬂu.&é‘.n(o%ﬁé’%'ﬂe%% &Qtte%rﬂer%ﬁ%r&% c&h;ﬂ.@ﬁlkms %tr%&d?@@é‘&%r fgs an
acoustic S|é onse to I'ng o radio’'fre

identifi caﬁﬁ%rbeéRFp@)edt H@h'n dhe jsand e@fﬁ?ﬁséoq (o] Tﬂeuﬁtﬂa(bﬂeespgﬁheé 7[9|50\$i pleeed

through hydpgyddigi éd?&% thé %&%Hﬂt@ﬂ%n@ﬂb@ﬂtﬁ@bent&ﬁ@|nffIbWQ)tf kmatidrt yuigf the
isolation strin be faci |tate%®/|ncor oratlng certain a

conmer ci al Ifr§?me{9%f“f’ QECBO%Q‘C(S'HHE{”?) theBleENGHAle INFEYAdE Hal | i burton' s

Dur aSl eeve(r) or Halliburton's Slimine Sliding Side-Door(r) (SSD). These
may al t er nga17§lel y Thacitradde Pecide K85 scoRpfises TMnmemdiel GRD.g HthEMnandrelofk® is an
enbodi nent i L f may
be pl aced SRacEReRHENRy iy GHifpdh e gl op bt fgRbr RportB) 988, S

portion of @ *PW@f enoAdigentt it lowgr \Pé@kGB@?SQiTI‘QB\hQ"?;{’ sdhestragdle W@@?evdloorﬁé%f) be

gggseg in @brﬁﬁr:'slek% ﬁéi’rr@fréhhulbh adkBifs| OIVMtegé rdpPEgeBt &P Opder Yaél&r ![7'112 @dfbb?t\ﬂ@l |888r e
. Reciproca a portion o w contr val v

Sl ong o sorty eatiasty 7l B BeRLaR bHdecen BE Kb PatE ST | on

of fluids 2m0’d Ere riontleomainatidnCt 82 dppgupaekerBbsamidy 28’ déththestppeart pmckd,rrmz

i sol ation n j ti

Fi gures 9A%fé(rj13@9§%E%S%Fi%géé;@y!2i§t gﬁﬂll—'lﬂﬁug)g/seP !;%c.llgﬁgll%éf’llms {)&gﬁgﬂgan

i sol ati on Stecepsiulg igplate agubsusipesiintarval h@Chv@I intgepesiate mtaneal 1ﬂﬁa1nafa0®tnrr@@dl e

packer or @ohpiige plug. The isolation string 810 is hung froma |atching

seal device 142 and a polished bore receptacle (PBR) pinned by the

producti on i ng e the no ase pipe

Pontrol  aell'2ls" 665 mer Bt salE e Rimed Jera i Boarbile Srrolinga SR 129
seal i ng then Eauguwllﬁ Figgrieot it @ sideevievadiangellborei70gB .1 D&l Ibora @0QRBImal agaip be imt 805
of the isol d t near
145) bef or 3@%%%&5%?@5%"5@9 S Pl e AR Tor e 8 o o o diogs,

(not shownforalAtion is shewn-pirak: keeiniaiva 1f‘ﬁ@”§é@>‘{ pSANtSlY rcathgéaott@méﬁétoéﬁhet ubi ng

(shown in thaocé pe0BIERSis kMwdrRosReheasmelcse f1ow capacity fromthe upper
isolated interval 112. [0184]First, Figure 9A is a cross- sectl onal view of

a wel | bore A. wel | bor A gener constr ccar dance
mi th e | g0 it PR Sheilulisee SRBRER 1ol B0 BB LG o 4 sREREHGE
const r uct ederinaticacidetr @m:amazodmcedw hmmaldvme IrVO@rmn@lfc'aFFy glable quAntitigh butelfasrow

details ab@b‘ﬁeré&@g%ahb@ét@r gp%rd@a Hon 3t eRGosSRRAL eﬁ!lterﬁéﬁ@gtthé QuiRised hat

an isolation string 810 been run i'nto the base pi t he sand
control de\@¥%d 1266“%%%“”%':0{‘ it &vag Priginglly g wat@rrzcw-é@r aqlﬁﬁards%{d%io%‘éff"% 207
are again cut away to expose the val ves3(§302



[0185] I n Figure 9A, the well bore 900A is shown intersecting through a
subsurface interval 114. Interval 114 represents an internediate interval.
Thi s mearsothetosedsgre i s al so an upper interval 112 andPaTiusaen/ 06335€r val
116 (seen in Figure 2, but not shown in Figure 9A). [0186]As with well bore
700A, wel |l bore 900A is constructed to isolate the internediate interval 114
fromthe base pipes 205. To acconplish this, the flow control valves 802
along the internmediate interval 114 have been closed. In addition, seals

804 have baebstanbillyzgagngies nith @opeaus fhitdkdp eilarangipirepthe opgraipTtag desiiRd topacker

assenbly 2364l off e ibf& o BationBids fro@whe o iblervarbd 16880 &&2vdliBsm@IT00BPEN al ong
t he upper interval 112 (partially shown) and the lower interval 116 (not

shown) . 1094 Wtk 181, ORET B8LCMMA QBB OUG bR AR RIORIRLBb Ul 0o

from(or i 6 1Nt erva

seal i ng of ﬂnt@‘rmléﬂﬁelﬂntbuﬁwstaﬁtigrth@opeﬂqr mME0ARTN Betghitie laweg intesvay B16 fgorathe
Cross-sect iy,Rsdre Yogv of a wel | bore 900B. The wel | bore 900B is al so
generally constructed in accordance with well bore 100 of Figure 2. Further,

the wel | bore OOB eneral |y constructed in accordance vvlth wel | e7OOB
e e e M eTa s Eo i e SORRO TR0 RS bebr g BUEE i Mot TGS
repeat ed, &reaiutlly, dherptug 120atasareensset &t thenmandrel kI 58LPpdréy eelnweupadket 0 t he

base pi pes Sg%%b%fzfohe S %E&é?'asg&r‘(dn@?%ﬁoﬂm[W%'l&m r'p%li\%?]@?%mbﬁwhg

wel | bore 9 constructe to 1Sso e lower Interva

base pi pes 22¢5is spre [By\vpositipnieeigallug 129 asjacentite dawas mapkar jagsangdly A’ hdtet om
136 of t he pigl72004 £018 BRe @ theSioWhs? fdrRvBsMEds RS weflibdrd 7 GUBSFdm thlower

acconplish_ thi he flo ntr 2 al on ower interval 116
have been é’]?%%d“t’ %d%'a}'v?mﬁwW@'@%@?ﬁ@ﬂ‘t%g\% gﬁe%{ﬁ él ong the | ower
packer assenbly 210". At the sanme tine, flow control valves 802 remai n open
al ong the WPpdr i ritienetad thatln cpmmcti@h\@itzmt)ﬁeartdnqeh@ni ofthégure dBathe interrediatdl 114
(partially .rﬁ&@é{m)m mdy Fh'pﬁsé/@léhalé Fotﬂ&%éﬁ %that %OélfbkﬂaHﬁ‘ang‘i?n;EHrﬁQélﬁ@to

formation fluids from (or 1nject ds 1 nto)
i nt er medi afledfipy. | th@&s\/s&pgt'%meep'%a?? REEG NP I?Ehé'aF%ﬁé diagent deyigrer ageker

[0189] It | sissedibBd21oor ingwedd, ey Bsg mﬁmp@waanp\mére abdveltheldweif ineapi e el y
shutting off a e 114 or, in the | ower

P16 Subgur phe Bopg, Pl haeiBle BRaalRa tuhig, nIiE RS b8 pos eabes Bt o
cl ose part 200’ eed nobbe pesitssd et thedob vi thh idereediateeiniealal 174, tirgsteadt thealpper t he

oper at or maé{ck%ﬂg&%%b}y%@%}éY BR 8535}:%6 8+¢S€}ﬁ1g ek tﬂé' rlne&‘Bte |F‘(Erv¥|ai1‘4€§f

associ ated wth one I'nterva ores 900A and
900B t hat rtﬁﬂ'ﬂﬁemeéi'thtﬁmmb@ﬁprﬁ@@seépfm%wuswets@a'artée Qéﬁfﬁ@f Bay £fnose foe

val ves 802 pjakowWRMR bipe laB@sé tridegBAL Wit aldtbts fovrsisednbiatied triihdpbrt @R ighgand
cl osi ng of vaI vesdﬂ?g?z gl on QB{J)ne zone may be only one device, such that all

t hr ough- op ref erence nunber 802 are technically one
val ve, or pOSSIb|y only two valves. [0191] Based on t he above descripti ons,
a nmet hod f dM7&lonplTeeiargnaemenie ! FagweselA laod 7B provide one means for isolating

selected formations. However, any modification of the inflow control arrangements of
Figures 7A and 7B will require a removal of downhole equipment, that is, the straddle
packer 705 or the plug 720. This may be technical difficult or expensive. Therefore, it is
desirable to isolate different subsurface intervals along a sand control device using a
traditional inflow control device having downhole valves that may be controlled from the
surface. In this way, the operator may selectively produce formation fluids from or inject
fluids into a selected subsurface interval very quickly. Stated another way, once a wellbore
has undergone gravel packing, the operator may choose to isolate a selected interval in the
wellbore, and discontinue production from that interval. To demonstrate how a wellbore

interval may be isolated, Figure 8 is provided.

[0177] Figure 8 is a side, schematic view of a wellbore 800. The wellbore 800 is

generally formed in accordance with wellbore 100 of Figure 2. In this respect, the wellbore
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is provided herein. The method is presented in Figure 10. Figure 10
provides a flow chart presenting steps for a nmethod 1000 of conpleting a
wel | bor e,woronzznseas enbodi ments. [0192] The nmet hod 1000 PCirruseotitf6i3neles

provi ding a sand control device. This is shown at Box 1010. The sand

control device may be in accordance with the sand control devices 200 of
Figure 2. In this respect, the sand control device generally includes an

el ongat ed base pipe having at least two joints, at |east one alternate flow
channel ex®88h8rhg ellpse &’ﬁﬁ] 241 faymad! Enease i opg{an PREpoleaprition ¥20t +Tde apeRi um

radi al 'y suble@gnidh Ao nbaddxamatrptiveeubdupface Atepialstian14ah1gortion of the base
pipe. In this way a sand screen is formed. [0193] The nethod 1000 al so

| ncl udes prg {sd' natld B@rﬁ.‘%‘?& ﬁée%%’ﬁ'h% g BMrdpl %éedpeﬁ(%\é' € Aodhnd® e D %Q@Qg%&he
packer asse l'cast’ one mec ani ca KBT %_as e
packer desds YseltﬂwienSQQ SThepsang. copiie!. depiges 20N@C'U6§baﬂpln®720%an@fllwqd@b| e

packer. Thyg7 Irhé‘ddlﬂ@ﬁkeﬁ{ urﬁb%F'Féc'klall é(ss@ﬁa%lyazﬁ’eé’rld é‘%w%} Sé"HRBrtass@mbIVQﬁG"’ hgrndr el ,
and at |east one alternate . hannel communi cation with the at

| east one &PEFEPIRSEE PPMGRN dARTENYl the rPﬁsﬁeO'%eénEP%orﬁsr GrsceRar govey HPopcihie

met hod 100@sdanittibe210’ NZllot des uqum,ecziriﬂgnged Resqadtheennaissegioh 202 Getwzen sand
screen i nt (\a/rr%%glsgrgoe onpol oaewces f(ﬁ)ta u?r'onndsn waml| 1o§tI nd'lll%slt %610 at Box 1030.
The met hod 'tHen o ncrudes o Gnni ng acker Hese nad connect ed sand
screen into the wellbore. This is prow ded at Box 1040 The packer and

connected $MAY scrreereatecotracin favsiduidndetysen tirowelbesr B9GanY e \sriows
product i on giiuBhMEAhenafs 1t1he1vxehh@ognasmét%%‘t}]nymw& ﬂao.@ledloﬁﬁb Bbiaton diedgudes

setting th east one ani c y-set een ' X 1050.
The serti ng18iaes aasen LG oo VByenabAaEH g ety o Brte ol Brdile of
t he packer nientaa)reargagmrﬁw\mt tut alvey ®LEXpGaEtte ngves[892- Aokestpoe bf tha valfed he
wel | bore. ting rry
"to an_ aniaf & Pres g inTBhAR it pob by 278 uLl3E ot VBS: o8 W
open- hol e pt@ﬁ@d brlow thet Ipwenpaickas @ssembin 2 0’ hand atueashene piriheralvasBoRiepligeaty el

sl urry thr gligtheliBR thé LisgeP2i® ahd Q)Wepf‘ﬁﬁ%l:l?er adddinibliéss shown at Box 1060.
[ 0196] The fl ow channels all ow the gravel sI urry to bypass t he packer.

t hi : hol t f th | b ked. ab, d
bel ow e SHERer - A1F dPARG e ALY e B rogBrSod O P tarT BBie" oIy %%ey?“
the fl ow cliaeaedy @hsestal blotend. giteviebulal jointsy8aSofoby mawibulaniodyr Eaveiguame sand
brid . 01!

o 1 Car O BRRgel OREeh PR CARTLIS ko ShaMTE Rl

channel s mdye Bulaeindn R 50 Ravamp ouighdiametes epfiopedlte SPS@?tV‘éFBﬁéEP Fpetine

out si de of 285 saAEl &N BRIfol dNICERORNE wWhin HéCharRird! RYRbT JadkRe adsendNeesANt 1S
found in Schl unberger s Optl PacTM sand screen. V\here an external eccentric

arrangeneni e t& GLessSraver %n s L mould be
required f 01'B)Elonnec the rﬁg%@gﬁ'vé"e rai"?: ﬂf)vr‘{tcé)P{rﬁ(gl valy u(r%tbzo en- Mol %Ontrgc ker .
valves 802 represent one or more through-openings provided through the tubularJomts 805

fl ow

The valves 802 are controlled from the surface so that valves 802 may be selectively opened
and closed. The valves 802 may be opened or closed in response to a mechanical force, in
response to an electrical signal, in response to an acoustic signal, in response to the passing
of a radio frequency identification (RFID) tag, or in response to fluid pressure provided
through hydraulic lines.

[0182] In one embodiment, the functionality of the isolation string 810 may be facilitated
by incorporating certain a commercially available products. These may include Halliburton’s
DuraSleeve® or Halliburton’s Slimline Sliding Side-Door® (SSD). These may alternatively
include Tendeka’s Reflo™ or FloRight™. In one embodiment, and as shown in Figure 8,
multiple flow control valves 802 may be placed along each subsurface interval 112, 114,
116. All, or only a portion of, the flow control valves 802 along a selected interval may be
closed in order to control the inflow of formation fluids into the wellbore 800. Reciprocally,
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[0198] In the nethod 1000, it is preferred that the packer assenbly al so

i ncl udes a second nechani cal | y-set packer. The second nechani cal |l y-set
packer iswoanstesasted i n accordance with the first nechaoiraskéossse packer,
or may be substantially a mrror inage thereof. A swellable packer may then
optionally be provided internediate the first and second nechani cal | y-set
packers. The swel | abl e packer has alternate flow channels aligned wth the
alternate fl ow channels of the first and second nechani cal | y-set packers.

An exanpl e abfor Nk Renortion|ob theteroripl vahge $8# along a §plsetrd S¥1val MaWPePOPRIASt . No.

2011/ 06266% &@béritd tedrol P afedion &f fldris ks ad mterit ernate Path Gravel Packing,
and Met hod for Conpleting an Open-Hole Wellbore."” Alternatively, the packer

sSSer Y, | Vi A DUE YR A S, pbSPLAH S0l DL S
gr avel - bas ¢t iselation string|840i Figureso?A ierd BB gendrplydeplicatpdigryes 7RnH 7BNexcept

2010/ 1204 1$h Bk lidolRibn 'siHl 8¢0% @éb%ya/&ﬁmmes,veﬁ|9c;re£%%r%e{hga &%@b Aa%ﬁéraérlaon in
Vells." [0199 In one aspect, each nechani cal éﬂ'ﬁas?ﬁac er

hay
i nner mandPEf9e Ryl H&! lation sinnp SINP isHumAdPY 3R é’eY'FF‘né‘PZ ?Fﬁ’rﬂjP%'PhedThe
packers rrayoorfeuetdp@rcleh(mez) amﬁwmbihe pROCRICEIM tbmn@nmg waiilgl tr@mp@bmfsommﬁpe

seal ing el % i Se?rosnelgl(iﬁe Hﬂ_? hu'né i %rwaetlll)o Yrocon;g]rgguc?orf Backeh'ﬁ’; I ston

housi ng. ThAI'S fr%‘%r?%”‘%ﬁ RSUETH edc

packer (relsealingéhe anrulee regierefo hham:dqsm }trlmg I106 ad’haawtmlatr hﬁentr%puéélne taselawal i ng
el enents | ehﬂ%%gaﬁeam%ew.ﬁ i cnfaer S(EHJvﬁﬂmdihlagar\é@HeQPﬁ@s) b9 Wohhiseteidhod

1000 may further includé running a setting tool into the i nner nmandrel of
t he packer §r°dé{ﬁt9”r@?"é%@ﬁ%g':'f"ﬁé’oh‘fpx}dﬁ'b’%s %Q%C,@‘Shsﬁﬁ’&’ﬂé F'ﬁba'ﬁ% be aERepYENR ther r om
its fixed pegioh loomrgePaaﬁ@fealanm bivrsietitd fga he!1455topadréaseftheédfiov Sapabify i n
with a waszrgi e useg (o] gl ravell1 gacki ng. The step of rel easing the novable
pi st on housi Wg PR |Sf)§’efj Yy (1) ition then conprises pulling the washpipe
with the setting tool along the i nner mandrel of each packer. This serves
to shear tH84t | &4sk FigHee Yhisarcrssreeptiptalotigyf of a wellbpre| 9984 e The welbese 9094 he

respective |90§9é‘nl§%'il§ conat6@Ed fr‘ngach&@arﬁ:@@/ﬁﬂh vFHIIBor@Hb@‘AﬁFn bR 21 Bl hﬁ’é@bll@:@ret 0
slide al onggt he |ston mandrel and exert a force that sets the el astoneric

packer ele EFON P UrRY HoFcedatrearituvelihere fod QflﬁﬁﬂrﬁjAa ersiorg of
tubing int ﬂeﬁah&?amml tri@@mbwbtglooamvnehmmgab@itedsekc&bl oMmotd thangh isolamecdted) at a

| ower end %flo hgs[ beetnrr'urp%to tfhe to??e rp gés i'(l@o? tHe saﬁgggﬁi'roﬁéeﬁ/%g)s( 2%;6) 7R|S<9 prﬁfogé(I P 10.

The isol ation I'ses a an-inn
di anet er déifafﬂternrge@la bma@msweem a@7dare@mnut@a\tavmwexmsmthavalm%SQ?f t he strl ng
of tubing, and an outer dianeter configured to reside within the base pipe

of the sangoiegnt r o4 Fdﬁn‘c‘é% amwbimrermmkﬁﬁ siwrl MErRRAGHE thre s erBlnsurtddee

i sol ation strl s a first va ,.and o or nore al s. al ong the
outer di anbteraldnts leNaai etesst 5 RSB rieaner AL o B i Ahg) e
t hr ough- openiupper iMbrvel pl2edrelralblvgr intenal 116 Geewv &l Riguedbut se@shew:s ét Fighire

t hr ough-op%r_](zngs or flow ports provided along a sel ected subsurface

i nterval > val ve may operate to conpletely open or only partially open

t he through o§en|n gs. Alternatively, the valve nmay operate to open sonme but

not all thIiY8¢h oﬁér\'i“hg%e”avrér?é’oé vg@llbefﬁ%lﬁ 'ﬁtC@'F%ﬂPtGd[t@Ee@]eTh% '%ﬂﬁ@@telooo
then i ncl udﬁ@rvzﬂhaﬂ?lfrﬁ@ théBagel pmgaztosd Tb S0t ontiplieithest rHerf@wvuohMWamélesctzaa@gm pe

of the sang contro ross the p ker S seen in
Box. 1080 of eGP LIad PHarfA 11 BoveliPes Bhasd PBROGSH 585 BOF e g 3ot SRSt 1 ng
i s above othebaipennadiker pekbly ZaQSambﬂhy loveam gpathee aseaibdy 20t he the edrag timm,
string areg Mal 58 b YoterVdP11 lly sh th
2012/ 082447%90f%§2011%056d?§r§6 %}8 S0 tl}ﬁoennyipt 1% fpartedy shond 28 e ¢ un
with the pronéterst 148 BIohghosty.i I,@dhlg_]wtaérthg Aeerator may continue to produce formation
fluids from (or inject fluids into) the upper 112 and lower 116 intervals while sealing off
intermediate interval 114.

[0187] Second, Figure 9B is a cross-sectional view of a wellbore 900B. The wellbore
900B is also generally constructed in accordance with wellbore 100 of Figure 2. Further,

the wellbore 900B is generally constructed in accordance with wellbore 700B of Figure 7B.
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mechani cal | y-set packers have been set, after the well has been

gravel - packed, and after the washpi pe and attached setting tool have been
pul | ed t ovolre12¢n8e44ace. Preferably, an open-hol e porti onPofi/ush@1medssbore is
swept with a gravel pack gel or the drilling nud is conditioned before the
mechani cal | y-set packers are set. [0205] The isolation string is run into
the wel |l bore bel ow a polished bore receptacle and a | atching device. The
pol i shed bore receptacle is pinned to the tubing string while running into
t he wel | bor'@erefpra Jekaile [RPAY tﬂ%\)’Y%‘J%”P@‘)BQe‘M” et R Ireraatss ﬁt‘ﬂeip%F%GOth'P% an

recept acl e idoratipostitd $10 rRIBOEEn AINGHta R bapépilkePBOB theaddld abntid| vl 200.0N
packer, but V\,i |1 have a shear-out feature. In addition, a packer nmay be set

above (he SAa SCFRNS B! B0\ Rfhd BBoB ln%'t?uc?gdotgg%létg&eﬁé&%ﬁﬁtﬁehvgph fgibi ng

fromthe | r wel ratc oe m ottom
of the i solframitegbagernineg 205 Aksslpwer Intﬁrvehﬂ@relxt@gd% eﬁé?etﬂtﬂtiy tofthe hettosnhib of diet r ol
device. [ OmﬁﬂoT@gO(‘j@Tah@ii tﬂaQQQveeréét%ﬁe bialekedes Té%t:édﬁﬁ)thbmgné e tﬁﬁ\ﬂ&&wtrbﬂ

order to seal an _annul ar alon ormed between the outer dianeter of the
tubul ar bod§VemtP2 It o Bieng! WthvePegplagedntn B tqﬁeseé‘&ts%at@K%Pee”
assenbl y. $hti donigsh@oawi ;thederlasseﬁmty 21090 At metslaméttlhfegfldma)nﬂﬁla)aﬁleaBd)mneaﬁta&ﬂ
operator tg hydr aul.i cal | C L e zanes .or ons of
zones from Ba%ﬁlogq Lhe b h@'teéyeal ﬁtgr(nao(ﬁEl Eoer arrH ttt]e E‘éeét“s gt 'nterva @%

Al t er nat i vehgwn)t e thiserbys tlnmypdmetoemay n@ﬂteuem eropwkfeirmatlan ﬁwps fryrpdorpa@kter a
mechani cal nBagkey). thé)ﬂptfér %wbt@ht&mmgqm it A8 ShRITRQHAgTBRthe Iédvé‘r interval

Vi ton/ Tef | on/ Ryton ("VTR') seal stacks are wapped around an 18" mandrel
for a total ?ength of 9 feet. [0207]It is preferred that the flrst val ve
conprise two or nore through-openings through the tubular body. In this

i nstance, td1e9net Mmdslndtad fdievellbared dbAsarel 3OBrthatain liee attongaelpkhdttivey dffvll or
nore throu p LWet 0 S. u t he
Fubul ar body T s B2 b Rl i ol biCepe M S bR 3
second vaI \@@eraloh mMayi @item@gveimbooseitp ety clpge part of thﬂava)ée%assoﬁeteéefuﬂsn@eval ve
i's above thfepacC K@trernam e o drieF ma§ chb&eftblobly peliang cRBE sbhig PR dneheval ve

is bel ow the acker. this | nstance, the nethod further includes closing
the first V&V SS?‘H%IG%L@%WEP Y&NGe, or both, or alternatively, opening the
first val ve, the second val ve, or both, thereby creating fluid

conmruni cat i[@Aolbet Weiemisb hetesicoewtibdress1004 andd®0@Bhibatemafiplé reolghspepingseor

[ 0208] A CO‘ﬁUP@oF‘t& ?r\é’d%g@tteﬁ %y tllrles\?eﬁ\/e§|8'0§“ ngé\le‘?a)éﬁovPBﬁr%F cﬁ’e@.c@%séqc%%df\kthng
tool, electri I ne hydraulic |

arr angerrentOP%@g prd @ﬁ%’l‘%?fe‘tﬁ'v%tﬁ% 3PNt ANE F9HR ”b?ddt?s‘t’l%o@ﬁ geidges segh thalolo
frequency |ttﬁ@ur§hl-cfp\eﬁ|ﬁ§é PBicAtBEr blPleit@8 niAtdr 802 kleyteshridally ofe PAIRS SHpSssibly

t hreshol d s&lg agaey be provided for the valves. For purposes of the
present di SBYY Sthe term "val ve" includes through-openings or sliding
sl eeves operated by any of these neans. [0209]Benefits of the above nethod
in its variWyald entPadéchenmths abensl dederipportsdacstiod forr compjediog aopper-hadewellbore anong
zones, vat Q1 4Gasedtilin Ofhe meBbE & dréGorfll ¥ gthd 961 FRIBHAHFHHoREANN R Dl T OM

sel ective zones, ayed ecfion into selective zZones, or preventing or
mtigating ptqsgrgtgtgfste@w B eRteas 1000 of sampletinn @svellpgierin ¥ioNP RBROUMEMS downhol e

mul ti - phase flow rate neasurenent or other downhol e pressure, tenperature,
densi ty, tieesr, Ghe stetiadri 00@ fisbinsluddsipeoiditisal sdraiceentanievicd. Tres srshswmdtr e

quantitati ye, 381 O(ﬁ“ﬁw'eys%hé‘gorl?rfof)é’e‘dfég'n?d‘y 548 Becobddnd O inb SaftPisrtlotdddited Soo?NY
zone is inten non- ucrng zone or a non-
of Figure 2. In this respect, the sand control device generally includes an elongated base
pipe having at least two joints, at least one alternate flow channel extending substantially
along the base pipe, and a filter medium radially surrounding the base pipe along a

substantial portion of the base pipe. In this way a sand screen is formed.

[0193] The method 1000 also includes providing a packer assembly. This is provided at
Box 1020. The packer assembly has at least one mechanically-set packer, such as the
packer described in U.S. Prov. Pat. Appl. No. 61/424,427, or a swellable packer. Thus, the
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I njecting zone, no valve or no through-openi ngs need be placed al ong such a
zone. Instead, a blank section of pipe may be provided. The bl ank pipe wll
be equi pp®0 20ids2447ansport tubes as flow channel s, but meswSa@il/obzise

packi ng tubes. In this instance, the well bore annulus need not be gravel
packed over the isolated interval. [0211] The above net hod 1000 rmay be used
to selectively produce fromor inject into nultiple zones Thi S provi des
enhanced subsurface Productlon or injection control in

conpl et i on Pagker genesally[hes eogepng %'emf’”tv\ﬁ'l‘ inngeMapRgyak 8R¢ at ﬁa%t (’c”ﬁé"tPrr’\‘@@rﬂOlWons
her ei n deseharimedinafidd vehhusigdtiob lvathede td I@shbey altérhgte RAEEHah el am dhagarant ages
set forth abqv g it will be appreciated that the inventions are susceptible
to nmodifi c&PT O (rﬁ ®WEri ation and change wi thout departing fromthe spirit

t hereof. I nproved nmethods for conpleting an open-hole well bore are provided
so as to sé&HP4lof f Thaanarodnt08 fuidhies inckides awaetingdbe ipatker asteablyAn therpansly ed

zonal isol %Er‘e@r’i‘m?e%é&ﬁt%lﬂ% étslea%k 1519 JQih@V'T‘ﬂ%ds indidSted BVESM 1030S Tﬂéw&ﬁodaclﬁbn
operator to ﬁjpo uce, uids fromor to inject fluids into a sel ect

subsur f ace Ncides (}’&P'”g ”@L%ICK% AFPRLELYY %”dcffoéf‘?ﬁé%f’ and sgregn g g yveflegre. c5'i‘r‘6l'set i ng
a wel | bore prd‘\lrldad $tIBeU1(48C eTheqrabiedr ia0d portrieetetr&bdimebr@@nm ipBiceg alopg thei apeng a

sand contr e I N a base pi pe having at |east two
joints, %OIG po}{' ?qrearsrf)p%)ﬁléc“g ngerr\na;toqq%l oe\’(/?lvg%ﬁannel extendi ng substantially

al ong the base pi pe a filter mediumradial Ig surroundi ng the
base pi pe #18%g a@ﬁlﬁ?ﬁ%ﬁ’ﬂloﬁp ajsertdugns settincniee ghigastsinp enesoari@lly-setfngeira sand
screen;  This s BEAVIBIXT1 080 PATK &kttiAS %@mfxsoszqm isSddha @taclt@aﬁg tHe®aling
mechani cal I}/ et P?hcker each nmechani cal |!1 -set packer [ S1ng:
eement ot the packer into engagement wit the surr unding open ole portion of the
wellbore. Thereafter, the method 1000 includes injecting a gravel slurry into an annular
region formed between the sand screen and the surrounding open-hole portion of the
wellbore, and then further injecting the gravel slurry through the alternate flow channels.

This is shown at Box 1060.

[0196] The flow channels allow the gravel slurry to bypass the packer. In this way, the
open-hole portion of the wellbore is gravel-packed above and below the packer after the
packer has been set in the wellbore. Notably, the flow channels also allow the gravel slurry

to bypass any premature sand bridges and areas of borehole collapse.

[0197] The flow channels may be circular shunt tubes located inside of a sand screen.
Optionally, the flow channels may be rectangular shunt tubes eccentrically attached to the
outside of a sand screen. An example of such a shunt tube arrangement is found in
Schlumberger's OptiPac™ sand screen. Where an external eccentric arrangement is
employed, a separate cross-over tool (not shown) would be required for connection with a
concentric internal shunt open-hole packer.

[0198] In the method 1000, it is preferred that the packer assembly also includes a
second mechanically-set packer. The second mechanically-set packer is constructed in
accordance with the first mechanically-set packer, or may be substantially a mirror image
thereof. A swellable packer may then optionally be provided intermediate the first and
second mechanically-set packers. The swellable packer has alternate flow channels aligned
with the alternate flow channels of the first and second mechanically-set packers. An
example of a swellable packer arrangement is disclosed in WIPO Publ. No. 2011/062669
entitled “Open-Hole Packer for Alternate Path Gravel Packing, and Method for Completing
an Open-Hole Wellbore.” Alternatively, the packer assembly may include a gravel-based
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a sealing elenent, an inner mandrel, and at | east one alternate flow
channel ; connecting the packer assenbly to the sand screen

i nt er redivwibeotdms24r | east two joints so that the at | ea®CTaseodlosassmnat e
fl ow channel in the packer assenbly is in fluid conmunication with the at
| east one alternate flow channel in the sand control device; running the
sand control device and connected packer assenbly into the well bore;

setting the at |east one nechanically-set packer by actuating the sealing
el ement i nZONaiRpHYemEN. MBI Hhat %@Y?'dﬁﬁﬁ‘?kﬁ@ Uy @longadeblgningire: ditavel
slurry i nt exdmige W&l & bgral-basedr detal tisoldtion Moal @& Avdrib@RGkK \&bowet. amgbl.brbow t he

Cat T unm ATt} et SRl el B e ol Bt e

i solation string connected at a |ower end of the string of tubing, the
i sol ati on $¥P9Ing dbEPE iagpasy: each mechanigally-gefupaskerbwtlyhakenanngnesrmangrrbr and

di amet er dgfiéRAtBYo@ cR&HNBIs! dfount Whelin &AM a’m@ﬁhc%r& e} HeBh&e 4 M6vabld | NG
of tubing, and an outer dianeter configured to_be recelved thin the base

pi pe and t H?@ qnn*ﬂfé‘ﬁ'”ﬂé}ﬁ‘ﬂraé] elastomeric Seaé”@ |el9§te”§/alTO% 36?6\% %i‘?’ﬂ%{“ '? GP%rat'Ve'y
comuni cat |corﬁnebetj\meei@ plidiceh rlmsmg ofrh*swlmaharhabadimgamnﬂmmp\ubahom@m anasngf or med

bet ween t he_qut of. the t nd. the surroundi L Do
pi pe, and oﬁ(cé}‘ %ac %rregqu/eg tshe |nner ma reH wal acl?u gé/the r?Sé)rectlvTe steﬁllngtellJ n& gody
pl aci ng th@n@Kmﬁgabwwﬂh@@Hawn@mgwﬂﬁpﬁg mnthln t he base pi pe and across t he

packer assenbly such that: the first valve is above or bel ow the packer
assenbly, ggfo The method 1000 may further include running a setting tool into the inner

mandrel of the packers, and releasing the movable piston housing in each packer from its
fixed position. Preferably, the setting tool is part of or is run in with a washpipe used for
gravel packing. The step of releasing the movable piston housing from its fixed position then
comprises pulling the washpipe with the setting tool along the inner mandrel of each packer.
This serves to shear the at least one shear pin and shift the release sleeves in the respective
packers. Shearing the shear pin allows the piston housing to slide along the piston mandrel

and exert a force that sets the elastomeric packer elements.

[0201] The method 1000 also includes running a string of tubing into the wellbore with
an elongated isolation string connected at a lower end of the string of tubing. This is shown
at Box 1070 of Figure 10. The isolation string generally comprises a tubular body having an
inner diameter defining a bore in fluid communication with a bore of the string of tubing, and
an outer diameter configured to reside within the base pipe of the sand control device and
the mandrel of the packer assembly. The isolation string further has a first valve, and one or

more seals along the outer diameter of the tubular body.

[0202] The first valve may be a single through-opening. More preferably, the first valve
comprises a set of through-openings or flow ports provided along a selected subsurface
interval. The valve may operate to completely open or only partially open the through-
openings. Alternatively, the valve may operate to open some but not all through-openings

along a selected interval.

[0203] The method 1000 then includes placing the elongated isolation string within the
base pipe of the sand control device, and across the packer assembly. This is seen in Box
1080 of Figure 10. In this way, the first valve of the isolation string is above or below the
packer assembly, and the seals of the isolation string are adjacent to the set packer
assembly.
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the one or nore seals is adjacent to the set packer assenbly; and
activating the one or nore seals in order to seal an annular region forned
bet ween twWeo 201t8e44di anmet er of the tubul ar body and t he ®arrusandioniysé nner
mandrel adjacent to a set packer. 2. The nethod of claim1l1, wherein the
first valve conprises at |east one through-opening through the tubul ar
body, and the nethod further conprises: closing at | east one of the

at | east one throg%h openlng thereby partially restricting the flow of
fluids thr &84 t hdNedilatiar sBigays QT%@'W%W@I:E“@OP@%&W t“@'”g'ﬁﬁré‘gnﬁeh&f of
claim1l, wWhAecRidcaly-6&ipagkerd hhRasdenCdRe ier thBGNéllthdsGﬁ%h geavel- ;sei&kéwgahd @peni ng

t |, f | the fi alve, (i
an el cotr) O &l Bies ecHPRS T PPERoaas, P 19 ki esteb e
del i ver ed topert-hae fportist of aheveellbore)s $wept paibsa gavelf paa:krwdootffer@qmenoyd is
|dent|f|catcb |o(1§§b(§?)>rett m@%aﬂ%ﬁlly%%?pédkéé%ré’é’étVe or (v) hydraulic pressure
e

provi ded to rst va hod of cIa|n11 mhereln t he
i sol ation strlng further co | ses_a second val ve wherein: either the

first val vd®89] t hdne&obfen 34 % i inihthG &vetlppse B‘alewerm“%ma borrestAe 31 t he
first val ve latthibdeevsec omd poaéh\ge bb& rbeépﬁxauletub@mpa@beme tubingTdiéngnetilBechnafg cl ai m

g’ frﬁ;t Prg'[ hgd or {N% boge jjhgfﬁ%t?@ e\él%e L|’ssase\c/1at r%ld tthe pcﬁlsﬁé)dqgor\éare\ﬁ/egﬂ?c?e mbot

val ve, the pg%tmn@bovaIa\mavebpadtmaqkertamééoebyorQﬁuemnl pegkén lqmtdfvlttbawman skmtﬂoutn
bet ween t hgs¢k eG4 diuf{cﬁ%' Y& arkd rﬁ‘a)bl% @et%o&é‘ﬁmeb@a%@ sRieBBs to iolatENRe %ﬁr’iJR‘i&d of

claim1l, wherein the terln% medi um of the sand screen conprises
W re-w appé‘ﬂ’“ﬁ% F*@eﬁf"dl’z&t'?f’e%'f‘% emdpe lowRr W%'PPO&( p%mﬂmgé“@%?'@éﬂ‘ayéeé?“rﬂeé’r ed

met al  Scr een thesbottbief e SddlIatieh efifg toasSiBEiN entdBMIIhY tdpQdf \HEand ednt@d| @vieepacked
solid particle bed. 8. The nethod of claim1, wherein: the wellbore is

conpl et ed iﬂﬁ%ﬂtg i%éit o‘ameS’FJ %ﬂh&ﬁ’de‘%% hvaine @g%ﬁs in orderat8ts8§} n%ﬂn{]l?re

seal ing el _ e at eas one I Nt o engagenen
t he sur r ourefiangforesad Qﬂb«@nrfb%mstee@amatﬂ pighe h@u@ébw}’rﬂj‘déh%ﬁtﬁmugd'ﬂmﬂ‘@ndre'

engagenment gWhkdht td1theSdét HhaskaA LG BRY f PHigtsestofidsd NBox 1090. Activating the seals
allows an operator to hydraulically isolate each of multiple zones or combinations of zones
from each other. The seals may be o-ring seals fabricated from. Alternatively, the seals
may be an inflatable packer, a cup-type packer, a mechanical packer, or a swellable packer.
In one embodiment, six Viton/Teflon/Ryton (‘VTR”) seal stacks are wrapped around an 18"

mandrel for a total length of 9 feet.

[0207] It is preferred that the first valve comprise two or more through-openings through
the tubular body. In this instance, the method further includes closing at least one of the two
or more through-openings, thereby restricting the flow of fluids through the tubular body. Itis
also preferred that the isolation string include a second valve. In this instance, either the first
valve or the second valve is above the packer, and the other of the first valve and the
second valve is below the packer. In this instance, the method further includes closing the
first valve, the second valve, or both, or alternatively, opening the first valve, the second
valve, or both, thereby creating fluid communication between the selected valve and a bore
of the base pipe.

[0208] A common flow control uses sliding sleeves operated by a shifting tool, electrical
lines, or hydraulic lines. Optionally, a wireless arrangement may be employed, such as
through acoustic signals or radio frequency identification (RFID) tags. Optionally still, a
pressure threshold system may be provided for the valves. For purposes of the present
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WO 2012/ 082447PCT/ US2011/ 063356 9. The nmethod of claim 1, wherein: the
wel | bore is conpleted with a section of non-perforated casing; and

act uat i ngwohe12ssai4rng el enents of the at | east one packecTass@miob3ssé nt o
engagenent with the surroundi ng wel | bore neans actuating the sealing

el ements into engagenent with the surroundi ng non-perforated casing. 10.
The met hod of cI aiml, wherein: the wellbore is conpleted as an open-hol e
conpl eti on; actuating the sealing elenents of the at |east one
packer assé’l?B'P?"P b (SR g EnEISIUdGE TrPughePeindsl SEHIRGSIGRVES BeRTater 4 8y of
actuating tHweesrahés.ng el enents into engagenent with a surroundi ng
subsurface formation. 11. The method of claim1l, wherein each of the at

et [[](Tzlﬁlﬂa“' Eahiifs 8?{@%%8 ‘%%efh%’é{hg{ y&%ﬂgre'm%‘éc?umeﬁtsm‘?c‘(&}%' &ocﬂlcﬁérﬁ?‘r

housi ng retalned around nor e
ports provingdign faligtationoamonrd ZenesnwWaer/9rse rshutasf, asaledtiveat infulagon.c Helayrsl s and

a pressur e‘phﬁjﬁéﬂoﬂg‘ro?ﬁl"sfal@élﬁe%néé"%e%'y@(ﬁ HiedON Hid Qelecte - zo-rll-Qéa dm)tréliéqtlr%f ol aim
11 further CON&;CFP%S& W runni ng?a settl E t ool he i nner

mandr el of M8 PriwesfRalRaRdZaNFS - Yéen 5aeRBsd it 8?‘%”*}0%'HF'H@“?%
el ongat ed iflewlrattinsaseiemiengor ol dolvehsiamebssast tfeipedens, Oc%nsny, tracer, or strain

mani pul ati "9 toPethSeestuE)s!:urrlI% tgo%troFb%cgr%gshggrecq%ant}{atlve in ana‘la Zing g{oduc\;/t%ﬁlde pi ston
housi ng frdmi retained posrtion y Fostati c

pressure to the piston housing through the one or nore flow ports, thereby
movi ng t he [$2&0leas dds goeddhathibary Agnealdntardadalei ifya RR-PEEHFINh GORE @ men-

agai nst t hénjsdhg 28Hadhd ehEdr InB @rBugh-openings need be placed along such a zone. Instead,
a blank section of pipe may be provided. The blank pipe will be equipped with transport
tubes as flow channels, but need not have packing tubes. In this instance, the wellbore

annulus need not be gravel packed over the isolated interval.

[0211] The above method 1000 may be used to selectively produce from or inject into
multiple zones. This provides enhanced subsurface production or injection control in a multi-

zone completion wellbore.

[0212] While it will be apparent that the inventions herein described are well calculated
to achieve the benefits and advantages set forth above, it will be appreciated that the
inventions are susceptible to modification, variation and change without departing from the
spirit thereof. Improved methods for completing an open-hole wellbore are provided so as to
seal off one or more selected subsurface intervals. An improved zonal isolation apparatus is
also provided. The inventions permit an operator to produce fluids from or to inject fluids into
a selected subsurface interval.
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13. The method of claim1l1l, wherein: each of the at |east one
mechani cal | y-set packer conprises a first nechanically-set packer and a
second newbani2omb44y- set packer spaced apart fromthe fiPst/usechanissal | y- set
packer, the second nechanical | y-set packer being substantially a mrror

i mge of or substantially identical to the first nechanically-set packer.
14. The nmethod of claim 13, further conprising: running a setting
tool into the inner mandrel of each of the first and second packers before
running the elongated isolation strin§LAMS the sand control device;
nanipulatlgﬂ%ﬁhe sehglng tool to nechanically release the novabl e piston
housing fr & LTS P ned position along each of the respective first and

second packers; ﬁ thod  for comg%gﬁ%rﬁ %‘ilb&? RY 4" QRkatds BH? )E;H”Ehé ‘?nétﬁlﬁi

pi ston housi ngs through the nore flow ports, there hovi ng t
rel eased pic8Mdifingousi ngs and actuating the seal ing el enent of each of the

first and secongropia@ggrsgn@gﬁﬂrap(;e\,k@@o,ﬁwsr,?und| ng wel | bore. 15. The met hod
of claim 13, wherein the packer assenb her co r| ses a swellable

packer el ement intermedi &'@PRRCE PrEP! waEtePsve RNt acker and t he
second nechani cal | y-set patet onelfternbieefiove thatielodxteridaigraubstatttaty aiong tiee
packer assenbly furt &L .f §8qﬂ{|ses a section of blank pipe internediate the
first nechanically-se cker and the second nechani cal | y-set packer; and a
gravel pack placed aroun@fmhemséumwaﬁmUﬁUUbwwkwﬁh@éaﬁeaﬁeaWMEaﬁE@ﬁ@ﬂwa

claim16, wherein tReHhaY e Haé&ﬁlpé% Q@fo“l@‘ﬁﬂa m%reﬁﬁ feet (12.19 neters)
and 100 feet (30.48 neters) in |length. he nmethod of claim1, further

conpri si ng: prOV'd'”%@rRi’iC'f‘?r@ﬁ?EH@b'éCQ%‘Prl?Wﬁ %feaawrm ey anGR| Y sesPafkely epGh ¢ he
wel | bore ba&@hau&Mﬁaamgd@h&xmammgcontroI devi ce and connected packer
assenbly into the mellbor% i ?rnm“e met hod of claim11, further

conpri si ng: produélﬁarwﬁﬂ?ocarbon fluids fromthe subsurface
formati on and t hrough t hentrasempigrel, @fd t he sand control device. 20. The

method of claim1, furt hed'f leS8HRE iaﬁérﬂél'e flow channel;

connecting the packer assembly to the sand screen intermediate the at least two
joints so that the at least one alternate flow channel in the packer assembly is in fluid
communication with the at least one alternate flow channel in the sand control device;

running the sand control device and connected packer assembly into the wellbore;

setting the at least one mechanically-set packer by actuating the sealing element into
engagement with the surrounding wellbore;

injecting a gravel slurry into the wellbore in order to form a gravel pack above and
below the packer assembly after the at least one mechanically-set packer has been set;

running a string of tubing into the wellbore with an elongated isolation string
connected at a lower end of the string of tubing, the isolation string comprising:

a tubular body having an inner diameter defining a bore in fluid
communication with a bore of the string of tubing, and an outer diameter
configured to be received within the base pipe and the inner mandrel,

a first valve providing fluid communication between the bore of tubular
body and an annular region formed between the outer diameter of the tubular
body and the surrounding base pipe, and

one or more seals along the outer diameter of the tubular body;

placing the elongated isolation string within the base pipe and across the packer
assembly such that:

the first valve is above or below the packer assembly, and

the one or more seals is adjacent to the set packer assembly; and
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injecting fluids into the base pipe of the sand control device and into the
subsurface formation. 21. The nethod of claim 13, wherein the isolation
string fuwOher2zmseapri ses a second val ve, and wherein: tReTfUSe&t/0vB5ve i s
above the first packer assenbly; the second valve is internediate the first
and second packer assenblies; and the third valve is bel ow the second
packer assenbly. WD 2012/082447PCT/U82011/063356 22. A gravel pack zona

I sol ation apparatus, conprising: a string of tubing conprising an inner
bore for recei v?‘ﬁ'@iatf“lgdh‘?j@”e e arﬁoPeé‘Bh’ﬂ PES’IE’Ir BespaL@ eWM irediffyiormagy atueRat ed

base pi pe &g quih digndtéradntise fubdilst boeR Gintl thesBRaRNIGY RAGH mandrel adjadént keaskt one
alternate fl gw channel al ong the base pipe extending fromthe first to the
second endP24fh a filter mediumradially surroundi ng the base pipe
al ong a substantial portion of the base pipe so as to forma sand screen;

a first pagker agsemhloy g é&?ﬁs?dﬁﬁér&ﬂgﬁ % ﬁ?st%ﬂg c%ﬁ@?éc%;atd@c{étccﬁve thhfagpacker

assenbly conprising an upper anlca -set ving: a sealing
el enent, aRP¢HMERrOyghHedybulaghedy, and the method further comprises:

closing at least one of the at least one through-opening, thereby partially restricting

the flow of fluids through the tubular body along a selected zone.

3. The method of claim 1, wherein closing at least one of the at least one through-
opening is in response to (i) a mechanical force applied to the first valve, (ii) an electrical
signal sent to the first valve, (iii) an acoustic signal delivered to the first valve, (iv) the
passing of a radio frequency identification (RFID) tag across the first valve, or (v) hydraulic

pressure provided to the first valve.

4, The method of claim 1, wherein the isolation string further comprises a second valve,
and wherein:
either the first valve or the second valve is above the packer; and

the other of the first valve or the second valve is below the packer.

5. The method of claim 4, further comprising:

closing the first valve, the second valve, or both.

6. The method of claim 4, further comprising:
opening the first valve, the second valve, or both, thereby creating fluid
communication between the selected valve and a bore of the base pipe.

7. The method of claim 1, wherein the filtering medium of the sand screen comprises a
wire-wrapped screen, a membrane screen, an expandable screen, a sintered metal screen,

a wire-mesh screen, a shape memory polymer, or a pre-packed solid particle bed.

8. The method of claim 1, wherein:

the wellbore is completed with a string of perforated casing; and

actuating the sealing elements of the at least one packer assembly into engagement
with the surrounding wellbore means actuating the sealing elements into engagement with

the surrounding perforated casing.
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at least one alternate flow channel in fluid communi cation with the at
| east one alternate flow channel in the sand control device to divert
gravel pawi2012n8e447past t he upper nechani cal | y-set pack@cCTaiseéngeisse

gravel - packi ng operation; and an elongated isolation string
traversing across the packer assenbly and at |east a portion of the sand
control device, the isolation string conprising: a tubul ar body

havi ng an i nner_di anmeter defining a bore in fluid communication with the
string of tubi n§le BAGORA GRiNdr WBESIRet er configured to be received within

t he base pipe amd wesore %%Mpm(jﬁlﬂh|asectlon of nompénfdrétbdwémgea@d)ove or bel ow
t he packer asse rst val e fl ow port that
my e opened: afdidis el § GEpLRe Juf persaiePRE o BORERERL

t ubul ar bod&th itme $Urwuddlmg)waﬂh®re:mearm1acmatlhg Ehebsmatingoélemnbrgs lds engrigpmentawith

one or nor (ﬁ{ r{)gpgra%tcggméil anmeter of the tubular body, the one or
nore seals being adjacent to the packer assenbly and sealing an annul ar

region formed between the outer dianeter of the tubular body and the
surroundi ngoi NNeke mgﬂngd@ﬂdai,aa Wﬂ'é}g.nzonal i sol ati on apparatus of claim22,
wherein the first valve.is C%ﬂfl ure cl ose the at |east one flow port

in response to ('F)VeRPHREFLAPER ﬂ‘@@%ﬁﬁ'?&%’iﬂplﬁmﬁ first valve, (ii) an
el ectrical si gnadtugiegthet seatidyeelémerss oftad aelpadtione packer assemblyiitto shw}nent

del i vered e. fi V,
identifi caWotrtl% %Eogr?&ngaﬁélégﬁeongésa\ﬁ% am?urf'ﬁﬁéLé%qvgggle%eﬁt?%&ﬁrygg i c pr essure
provi ded t@unrw@dmﬁsttsuﬁacrevfermamn The zonal isolation apparatus of claim 22,

wherein the isolation string further conprises a second val ve, and vvherei n:
either the first val ve or }he se ond val\;g i s above the first packe

assenbly; dhd t h® BIEHER %becaMd. Fr§t” eV s at rast e JRGPreAFRIN SPEP%P ow t he
first packemthasseibbkys: 25. The zonal i sol ati on apparatus of claim 24,

wher ei n: o580 Bloh B84 Bl kB NER L A pRGaNdpy oL ve s, conf T gur ed

so that at |easf one o sel ectively
cl osed, therebyopsapt mard ffow @ots iptaviding ﬂwﬁb0¢mmuﬂl@ﬁtl0ﬁlh@mﬁ§ntth¢ aligateHow

tubul ar bo‘éb{anne%@ndyb‘?es%@r@@eahrﬁ;%ﬁ%&é)& tPRabRhoziGf claim 22, wherein the
filter mediumfor the sand screen conprises a wre-wapped screen, a

menbrane screen, an expandabl e screen, a sintered nmetal screen, a wre-nesh

screen, a sbapeTmnﬂieuhyd pradiaiier , funmer@omp@s.r@acked solid particle bed. 27.
The zonal isolation apg ar at us o nt, he packer asse

biofihg PR 581 Rl e TS *unp 0 3E Firot P e sy RETT8aY | ng

further conprises.
el enent , packer before running the elongated |solat|on string |nto the sand control device;

manipulating the setting tool to mechanically release the movable piston housing
from its retained position; and

communicating hydrostatic pressure to the piston housing through the one or more
flow ports, thereby moving the released piston housing and actuating the sealing element
against the surrounding wellbore.

13. The method of claim 11, wherein:

each of the at least one mechanically-set packer comprises a first mechanically-set
packer and a second mechanically-set packer spaced apart from the first mechanically-set
packer, the second mechanically-set packer being substantially a mirror image of or

substantially identical to the first mechanically-set packer.
14. The method of claim 13, further comprising:

running a setting tool into the inner mandrel of each of the first and second packers
before running the elongated isolation string into the sand control device;
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an inner mandrel, and at | east one alternate flow channel in fluid
communi cation with the at | east one alternate flow channel in the sand
control d&0i20e/a8244di vert gravel pack slurry past the | ower/usechanissal | y- set
packer during a gravel - packi ng operation; and 28. The zonal isolation
apparatus of claim 27, further conprising: a swel | abl e packer
i nternedi ate the upper nechanically-set packer and the | ower
mechani cal | y-set packer, the swell abl e packer having an el enment that swells
over time in th&appgaigciae settigg ft?%it‘éi;me&ﬁ’t‘f“ca”y re'ease\Aﬂgér’%‘?Vﬁb'P%St%@Pll‘%ﬂﬂ e
paCEer hCOmeinSl%ﬁfetalhedj s@slﬁtontalwg @b(}‘rﬁcﬁffﬂﬁd r@s;fdcml@ fﬁﬁ%ﬂﬁeécdnﬂ pé&l«é'rsdﬂm)mruln: cation
with the at | east one terpate fl ow channel. in the upper chani cal | y- set
backer and t ho- FOVERTsALE B ase, e dRchsb] norkiias Rghail BF SPRek eIty ry
past the ufipeponse diesebyoedving-tisetelgasak@ston hdusingsvand addlading deksenlingsatedanhef | ower
mechani cal lysS&tn PR HstnH%g%@rﬁ]g%\ﬁgi th8d uﬂginﬁmgtfbtré.on' 29. The zonal

ai m 28, | abl e

i sol ati on apparatus of c erein the swe packer elenent is at
| east partially fabricated froman elastonmeric material. 30. The zonal

i sol ation appar ahdimedbd 6f @4 RBwh¥aRrthé PadkBeassuRbly altrRr BbrasisesBIsiveldpRCKer
el enent conprises a rT‘Btt e t swe esence of an qlgueous
7 " aghapigal

rial th |1s (i) .in the
U, (1 PRoeRSBREn e Ese MR Mo AR RaPHEG GO R aRne
presence ofetgrackest uating chemcal, or (iv) conbinations thereof. 31. The
zonal isolation apparatus of claim 27, wherein each of the upper and | ower
packers further conprises: a novable piston housing retained around the
i nner mandrl@f , The methogpiclain 1nwherein|thppaskertasserplly futhergpomprises: conmuni cat i on

bet ween the al t g58@bR of bIOWK HHARREHSIAB theHirftRIH LK QNINGAH Jaoker SHE RCRcd t he
pi ston housin rel ease sl eeve along an inner surface of the

, .and a
i nner nandf*@cga’l'??ﬂy'?ﬁlp@‘é@é feeve being configured to nove in response to
nmovenent of a septavelgatioplhces drdning tidsectiomemlamapipeel and t her eby expose the
one or nore flow ports to hydrostatic pressure during the gravel - packing
operation. 32. The zonal isolation apparatus of claim27, wherein the
el ongat ed Base phgpmethotef ckivs 16uvhargh dhq giamel Pack isphabeeanorhost @ teetfid-t%- end.

33. The zongherksbiabh Rt BORBMAS) iRfengihdl M 32, wherein the | ower
mechani cal | y-set packer Is arranged within the packer assenbly as

substantially a mrror inmge of the upper mechanically-set packer.
18. The method of claim 1, further comprising:

conditioning a column of drilling mud residing in the wellbore before running the sand
control device and connected packer assembly into the wellbore.

19. The method of claim 1, further comprising:
producing hydrocarbon fluids from the subsurface formation and through the base

pipe of the sand control device.

20. The method of claim 1, further comprising:
injecting fluids into the base pipe of the sand control device and into the subsurface

formation.

21. The method of claim 13, wherein the isolation string further comprises a second
valve, and wherein:

the first valve is above the first packer assembly;

the second valve is intermediate the first and second packer assemblies; and

the third valve is below the second packer assembly.
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34. The zonal isolation apparatus of claim 22, further conprising:

a second packer assenbly di sposed al ong the sand control device, wherein

t he firstwpaocieas2agsenbly and t he second packer assenbl pCTaisgtianscisas | y
straddl e a sel ected subsurface interval along a wellbore. 35. The zonal

I sol ati on apparatus of claim 34, wherein the isolation string further
conprises a second valve, and wherein: either the first valve or the second
val ve is above the first packer assenbly; and the other of the first valve
and the se&énd 6§FV§'E§kB%F%§P@W@EWPW@WSdﬁw%@F”%ssenbly 36. The zona

i sol ati on appar atsmag Oiftulﬁih@lbdﬁuﬂﬁmg\éfﬁ@ﬁn@r Bort e réce0ingtfiui@s; string further
conprises a third erein: the first valve is above the first

| v
packer assenbl y? S?%ﬂxﬁgggﬁﬂc%%rwg$wg internmedi ate the first and second
packer assenblies; and t lae etdnpated badevpepe extdneingotmheefirsteemd tala pmohelentasserrbl y.

VO 2012/ 082447PCT/ US2011/0 @§§%§e% ernéﬁQ‘ﬂo%%HéHnel‘ SAths BELARRAL n% Gl M 22,

wherein: the wellbore is co é a string of perforat%? |ng and
the first packer as§€ﬁﬁ$9mﬁ@3%§9m%WW%ﬁﬁjthe surroundi ng perforated casing.

38. The zonal isolation %ﬁm@fmb&ﬁmoémﬂb%mﬁb@%ngwh@b@&ﬁmpéBﬁnyﬁkhﬁﬂﬁﬁmlS
conmpleted wth a sectlon d casin and the first packer

0 or at
assenbly is set wi t F9 H%rng EH%F%@SWﬁw“b%?WHqﬁFEB casing. 39. The zona
i sol ati on appar afitsspakercdsaembl Bispaded raiing the sand control device, the packer assembly

comprising an upper mechanically-set packer having:
a sealing element,
an inner mandrel, and
at least one alternate flow channel in fluid communication with the at
least one alternate flow channel in the sand control device to divert gravel
pack slurry past the upper mechanically-set packer during a gravel-packing
operation; and
an elongated isolation string traversing across the packer assembly and at least a
portion of the sand control device, the isolation string comprising:

a ftubular body having an inner diameter defining a bore in fluid
communication with the string of tubing, and an outer diameter configured to be
received within the base pipe and the inner mandrel,

a first valve above or below the packer assembly, the first valve defining at
least one flow port that may be opened and closed in order to selectively place the
bore of the tubular body in fluid communication with a bore of the base pipe, and

one or more seals along the outer diameter of the tubular body, the one or
more seals being adjacent to the packer assembly and sealing an annular region
formed between the outer diameter of the tubular body and the surrounding inner

mandrel.

23. The zonal isolation apparatus of claim 22, wherein the first valve is configured to
close the at least one flow port in response to (i) a mechanical force applied to the first valve,
(i) an electrical signal sent to the first valve, (iii) an acoustic signal delivered to the first
valve, (iv) the passing of a radio frequency identification (RFID) tag across the first valve, or
(v) hydraulic pressure provided to the first valve.

24, The zonal isolation apparatus of claim 22, wherein the isolation string further

comprises a second valve, and wherein:
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the wel |l bore has a | ower end defining an open-hole portion; and the first
packer assenbly is set within the open-hole portion. 40. The zonal

i sol ati orwapperme4ss of claim 22, wherein the sand contr @CTAS21a063386 t her
conprises: a |load sleeve assenbly having an el ongated body conprising: an
outer tubul ar body, an inner tubular body within the outer tubul ar body, a
bore within the inner tubular body, and at | east one transport

conduit and at | east Qne packi ng conduit disposed in an annul ar region
provi ded bet weefitheneifif é"f"vet UBbg %qco%&ﬁ}vedﬁab‘%%éh%iﬁtrﬂ?ﬁ'ﬁﬁﬂlaﬁﬁw &rd t ubul ar

body; a torque fketéeottss adblavedr §R dRayidGIvans iedlengatigt paskdyassempiyi Si ng:  an
outer tubular body, an inner tubular body within the outer tubular body, a
bore within the inner tubular body, and at | east one transport
condui t di 2posethe pnahsaationlagparategpbeliprdywikeeinbet ween t he i nner tubul ar

body and the Su%éc‘ﬂ‘b@merﬁgilgﬂbgénc}mp%ﬁhd19?9%5 confi ured soW%FIbé‘st%H@oJﬂ@?t

sl eeve i s opera { atta oint o ase I rst
j oi nt, and 'a@Rkoneofyueors Mag e S&%‘é’ﬁﬁl gosed, tagr@%earyalmr@aeﬁ@a thepfly pollyids of
base pipe @fro@yhyrsRBAaORRQSi te end of the joint.

26. The zonal isolation apparatus of claim 22, wherein the filter medium for the sand
screen comprises a wire-wrapped screen, a membrane screen, an expandable screen, a
sintered metal screen, a wire-mesh screen, a shape memory polymer, or a pre-packed solid
particle bed.

27. The zonal isolation apparatus of claim 22, wherein the packer assembly further
comprises:
a lower mechanically-set packer also having:
a sealing element,
an inner mandrel, and
at least one alternate flow channel in fluid communication with the at least
one alternate flow channel in the sand control device to divert gravel pack slurry past
the lower mechanically-set packer during a gravel-packing operation; and

28. The zonal isolation apparatus of claim 27, further comprising:

a swellable packer intermediate the upper mechanically-set packer and the lower
mechanically-set packer, the swellable packer having an element that swells over time in the
presence of a fluid; and

wherein the swellable packer comprises at least one alternate flow channel in fluid
communication with the at least one alternate flow channel in the upper mechanically-set
packer and the lower mechanically-set packer to divert gravel pack slurry past the upper
mechanically-set packer, the swellable packer, and the lower mechanically-set packer during
a gravel-packing operation.

29. The zonal isolation apparatus of claim 28, wherein the swellable packer element is at
least partially fabricated from an elastomeric material.

30. The zonal isolation apparatus of claim 28, wherein the swellable elastomeric packer
element comprises a material that swells (i) in the presence of an aqueous liquid, (ii) in the
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presence of a hydrocarbon liquid, (iii) in the presence of an actuating chemical, or (iv)
combinations thereof.

31. The zonal isolation apparatus of claim 27, wherein each of the upper and lower
packers further comprises:
a movable piston housing retained around the inner mandrel,
one or more flow ports providing fluid communication between the alternate
flow channels and a pressure-bearing surface of the piston housing, and
a release sleeve along an inner surface of the inner mandrel, the release
sleeve being configured to move in response to movement of a setting tool within the
inner mandrel and thereby expose the one or more flow ports to hydrostatic pressure
during the gravel-packing operation.

32. The zonal isolation apparatus of claim 27, wherein the elongated base pipe
comprises multiple joints of pipe connected end-to-end.

33. The zonal isolation apparatus of claim 32, wherein the lower mechanically-set packer
is arranged within the packer assembly as substantially a mirror image of the upper
mechanically-set packer.

34. The zonal isolation apparatus of claim 22, further comprising:

a second packer assembly disposed along the sand control device, wherein the first
packer assembly and the second packer assembly substantially straddle a selected
subsurface interval along a wellbore.

35. The zonal isolation apparatus of claim 34, wherein the isolation string further
comprises a second valve, and wherein:

either the first valve or the second valve is above the first packer assembly; and

the other of the first valve and the second valve is below the first packer assembly.

36. The zonal isolation apparatus of claim 35, wherein the isolation string further
comprises a third valve, and wherein:

the first valve is above the first packer assembly;

the second valve is intermediate the first and second packer assemblies; and

the third valve is below the second packer assembly.
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37. The zonal isolation apparatus claim 22, wherein:
the wellbore is completed with a string of perforated casing; and

the first packer assembly is set within the surrounding perforated casing.

38. The zonal isolation apparatus of claim 22, wherein:
the wellbore is completed with a section of non-perforated casing; and
the first packer assembly is set within the surrounding non-perforated casing.

39. The zonal isolation apparatus of claim 22, wherein:
the wellbore has a lower end defining an open-hole portion; and

the first packer assembly is set within the open-hole portion.

40. The zonal isolation apparatus of claim 22, wherein the sand control device further
comprises:
a load sleeve assembly having an elongated body comprising:
an outer tubular body,
an inner tubular body within the outer tubular body,
a bore within the inner tubular body, and
at least one transport conduit and at least one packing conduit disposed in an
annular region provided between the inner tubular body and the surrounding outer
tubular body;
a torque sleeve assembly also having an elongated body comprising:
an outer tubular body,
an inner tubular body within the outer tubular body,
a bore within the inner tubular body, and
at least one transport conduit disposed in an annular region provided between
the inner tubular body and the surrounding outer tubular body;
wherein the load sleeve is operably attached to a joint of base pipe at a first end of
the joint, and the torque sleeve assembly is operably attached to a joint of base pipe at a

second opposite end of the joint.
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