VELLBORE APPARATUS AND METHODS FOR MULTI - ZONE WELL COVPLETI ON, PRODUCTI ON
AND | NJECTI ON CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s

appl i cat iwo 2012z18a®5t he benefit of U.S. Provisional Appl Pcattisen1Me1225

61/ 424,427, filed 17 Decenber 2010 and U.S. Provisional Application No.
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using o AT bi thersetet o pisodea St Vafh Meel St IR iy '8
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strengt hene i ot [naRIsERang AR i &M p e o6 P he f or mat f on
behi nd trﬁel%aoﬁ‘itﬁgl J&.?.Qﬁl It is common to place several strings of casing
havi ng progressi Vel y smal | er outer

[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 downhole
packer 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.



di anmeters into the well bore. The process of drilling and then cenenting
progressively smaller strings of casing is repeated several tinmes until the
wel | has weaeotras23ost al depth. The final string of casi ng@CTrisSt@nmner2so as a
production casing, is cenmented in place and perforated. In sone instances,
the final string of casing is a liner, that is, a string of casing that is
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scr een orwelbpee iogdbé surroundlng formation. If the formatlon is unconsolidated or heavily sandy,

the flow of production fluids into the wellbore may carry with it formation particles, e.g., sand
and fines. Such particles can be erosive to production equipment downhole and to pipes,

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 slotted openings. The base pipe is then typically wrapped with a filtration medium

such as a screen 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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[ 0012] To augnent sand control devices, particularly in open-hole
conpletions, it is common to install a gravel pack. G avel packing a well
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[0016] The efficacy of a gravel pack in controlling the influx of sand and fines into a
wellbore is well-known. However, it is also sometimes desirable with open-hole completions
to isolate selected intervals along the open-hole portion of a wellbore in order to control the
inflow of fluids. For example, in connection with the production of condensable
hydrocarbons, water may sometimes invade an interval. This may be due to the presence of

native water zones, coning (rise of near-well hydrocarbon-water contact), high permeability
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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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SUMMARY OF THE INVENTION

[0019] An 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 sand control
device. The sand control device includes a base pipe. The base pipe defines a tubular
member having a first end and a second end. Preferably, the zonal isolation apparatus
further comprises a filter medium surrounding the base pipe along a substantial portion of

the base pipe. Together, the base pipe and the filter medium form a sand screen.

[0021] The sand screen is arranged to have alternate flow path technology. In this
respect, the sand screen includes at least one alternate flow channel to bypass the base

pipe. The channels extend from the first end to the second end.
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[0026] In one embodiment, the elongated base pipe comprises multiple joints of pipe
connected end-to-end to form the first end of the sand control device and a second end of
the sand control device. The zonal isolation apparatus may then comprise an upper packer
assembly placed at the first end of the sand control device, and a lower packer assembly
placed at the second end of the sand control device. The upper packer assembly and the
lower packer assembly are spaced apart along the joints of pipe so as to straddle a selected

subsurface interval within a wellbore.

[0027] The first and second mechanically-set packers are uniquely designed to be set
within the open-hole portion of the wellbore before a gravel packing operation begins. To
this end, a specially-designed downhole packer is offered herein, which may be used with
the packer assembly and the methods herein. The downhole packer seals an annular region

between a tubular body and a surrounding wellbore. The wellbore may be a cased hole,
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housing is initially fixed around the inner mandrel. The piston housing has
a pressure-bearing surface at a first end, and is operatively connected to
t he seal iwQ 2ei248e395. The pi ston housi ng may be rel easedPamdsc@usert2s o nove
al ong the inner mandrel. Mvenent of the piston housing actuates the
sealing elenment into engagenent with the surroundi ng open-hol e well bore.
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r?' easabls[ﬁ%agfnne&i]e%rag é?e(Jthe ik rsijuﬁﬁé/r mélf?ﬁiqt haeplsFoln gr%rgleyrheﬁgsqgﬁn]a% relﬂsn or

pins is en-a i'ng I's pu e I Aher
slides t mbsproeé@mervﬁneibee'nnéfhuandrelaamd ﬁ@cktafroundmg mﬂondmusmgl yArsenanla&Ieer

[0034] | nzoer enas e%@aa{[}? er;' rﬂé’r\’éﬂ@l %rhd B%C g{on%gﬁ ?S Tﬁeqa%rﬁfj ug 5ezn%¥|(:|al

centrali |n ers. gers ex "&hd 'T'8 inres on e
t o novenesstvesfas théet lpastitona alﬁeumstmf@w dﬁwﬂnelent ralizer is di sposed around the
i nner mandrel between the piston housing and the sealing el enent. The

downhol & Héﬁﬁer Eﬁc@é?&@h Acyé 50T dl&‘ér&% 8Pm%Flf¥|oxL2>;c>?t§ha19%' flci%?RBMs bRSide

pi ston h&u5| g again I zer so act uat e sea I"ement
agai nst tfhéd @Qmmonuinailqng)amerbﬂaeealtel[remﬂﬁjmcmnbwd‘ e mem;preabqeawgasuvf@d:e blor e

. b t i i.N. b bl
et udes HE PRGE FRSFR: 10018 LSO LAIAE S IR SPESE LR, peflgt !
met hod i ncl udes rOV|ding a packer. The packer may be in accordance with

t he mechdf@32hl | yinsene pabkdimedk sech dewnkie veckara@lisodrelugdsea releasepsiedver e |
have an ippeLe @Feoé Asided! aemg*?mnﬁelrgwrfsx@gﬁmbﬁn@ér gﬁé}@hrﬁhem eam%ycﬁép

and a sea n enent external to the I nner e se elenent is
prefer ab|nyc|@g?gsea wleanectdyc Dheprelgpse kel dsnepmnected to the release sleeve he release

key is movable between a retaining position wherein the release key engages and retains
the moveable piston housing in place, to a releasing position wherein the release key
disengages the piston housing. When disengaged, hydrostatic pressure acts against the
pressure-bearing surface of the piston housing and moves the piston housing along the

inner mandrel to actuate the sealing element.

[0033] In one aspect, each packer also has at least one shear pin. The at least one
shear pin may be one or more set screws. The shear pin or pins releasably connects the
release sleeve to the release key. The shear pin or pins is sheared when a setting tool is
pulled up the inner mandrel and slides the release sleeve. Thus, each packer is a

mechanically-set packer.

[0034] In one embodiment, each downhole packer also has a centralizer. The

centralizer has extendable fingers. The fingers extend radially in response to movement of
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[ 0036] The nmet hod al so i ncludes connecting the packer to a sand screen, and
then running the packer and connected sand screen into the well bore. The
packer amsiocormseioéd sand screen are placed al ong the opemAIsedia/opres i on (or
ot her production interval) of the wellbore. [0037] The sand screen conpri ses
a base pipe and a surrounding filter nmedium The base pi pe may be nmade up

O}‘ a }ol ;thaé ;ptslan‘fq[ujsmbm'l'ﬁe cM&alﬁ@ncuK@ispaﬁeﬁ mUﬁ?n@aﬁﬁ@an&@@ENée\Mh@bigtdﬁe
ural i of join se pip: native acker

D) aced bataEh B Ea ceelib el et nt g iowrSlipresdr i hieialan dosiines o et

[ 0038] Theforetdpphbdbys el pistbi HESsifLddimng thdeerpanie aisoldutsatésthd aaalinyelement
actuating the ealln | ement of the packer into engagenent with the

sur r oundi9%§'"sh ﬁSHHPg‘ﬁ%?WP '9f the wel |l bore. Thereafter, the nethod
includes injecting a gravel slurry into an annul ar region formed between
the sand [ee3sgen Andethbe fsmcdmétdim@ wliBorehial £ sisyutta o farmatibve isnalkd pesvededand

th furth t th h th | t te fl

Chonnel s i) ThE elats paerbi Goivdrs dokeh BaBoR fahBB s T aperiauinong ne

opeE hol ﬁsp@dit% ihh@rmaﬁﬁd reluses bhm‘dbng ) pg@l@‘lﬁh’hé@lefﬂ?ﬂ naﬁmeug?gdorﬂe?%w\wnﬂﬂ?ﬁ "
acker a er e a er I N e we (0] . . e neg (0]

P e SIS et AenEPln hgve !, £ wlinpis ) parkee il Bevt el hag | &

parL of _ anm&?klealttasaterfbhw(;halnnertsMr@;ndnm‘eanm mérhjeelf arli(Sta sﬁamfga@kémahﬂ eyxt@ehl
acker 1 1 rs Z SOl a ool acker asse

P e e nathdiniStaaRRa, R YA lampotis prnsrabieR s She . aRgy s eBenh o

tool nmay be a second nechanically-set packer that is constructed in

accor dangeoasi t h The riéthsd amecihalnije:sabbryna:emg piaa:backerAbtaesmd isureky, atdéhen

second zanal. %Blatlgn togl ng% pg a gravel -ba Zona SOH@F'O” t ool

Al ter nat i V&9 daid' of""PRE s LGOSERANT 2 B o) 5RO se
a swell ahjoen@(aedkeand sdregmae paanmdtmgnhesipeamdleaocsﬂmom othec pautiuctor intesedt!)
packer . quabl e packer has alternate flow channels aligned with the
alternate Hfinel s of the first and second nmechani cal | y- set packers.
WO 2012/082305PCT/U82011/061225 [ 0040] The step of further injecting the
gravel sl[0037y t hiTbeighnd kereah tcompases & lbase pipenarel 8 satrbowvling filkergnenieh. sTher ry

Fo bypass, NG RaskoR-3RSRIL Y SO of DRLOPER: Bl REL O LobhB RLLbOT @

is gravel ove and CKer ass {Pter and
second I’T'HWbanl tbalplgyrabtgtofgamteeo‘étﬁeabﬁebeiea séllterna\tlvelye tlwelpbdcaremay[ 064dl4 cdue

e hod MG ek QGLUIR ARG 1geRaeLEdan gl I o, the [nner mandrel of

t he packers, and>7el TAgT i ston using in each packer from
its fixed position. The method then includes applying hydrostatic pressure
to the pil833h holiké method @isghinclidessettiog themackérowT pisris sdonapyl pitngting the

hydr ost at%e%h&?ér%%@of@é’ piic o fid &) Eﬁ%n%ﬁ fiie s'&%%@g%?ﬁ% ﬁ@&% thf)ﬁ otf

seallng agal nst esurro |ngvve ore erre
that the \mﬂboiengﬂnereafters theamethofl iacludeshipjegtingis eata¥ed rsiugryaintsl apaokilagregion

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.

[0039] In the method, it is preferred that the packer is a first mechanically-set packer that
is part of a packer assembly. In this instance, the first mechanically-set packer is a first
zonal isolation tool, and is part of a packer assembly that includes a second zonal isolation
tool. The second zonal isolation tool may be a second mechanically-set packer that is
constructed in accordance with the first mechanically-set packer. Alternatively, the second
zonal isolation tool may be a gravel-based zonal isolation tool. Alternatively or in addition,
the second zonal isolation tool may comprise a swellable packer intermediate the first and a
second mechanically-set packer. The swellable packer has alternate flow channels aligned

with the alternate flow channels of the first and second mechanically-set packers.
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In this instance, running the setting tool conprises running a washpi pe
into a bore within the inner mandrel of the packer, with the washpi pe

havi ng a wetzpizg2i06ol t hereon. The step of rel easi ng t heCEkwsabhi@6R2st on
housing fromits fixed position then conprises pulling the washpipe with
the setting tool along the inner mandrel of each packer. This serves to
shear thqoedo] | eashe @fés@ cﬁh@rﬂfermjébtmgdhébra‘vbl $iey trb@ASEe BRUMESTIdW chdﬂﬁmels

respective pa kers 043] The net hod als |nc pr od h ar bon
Vb {rURMALTS GRLe! S PR Inchesms! Fese RIS HG B GHEm A Bpribner 1

wel | bor e.wdlBOAAE Ajiadll-petkeat £Hole tahe thefdav th@O(Bﬁ@:k@rt ammlw@ﬂérhm firsi analséeond
provi ded herein. The wel |l bore again has a Iomer end defining an open-hole

portion. mWr@H@a%}é%@@quﬁ aYfRob &t Hehg 9edbonni ng a gravel pack zonal
i solation apparatus into the wellbore. The zonal isolation apparatus is
general | xo(m] accThée angifodvnial flidtresr 200nade liuﬁﬁingtai Setting Rl &inusnednaﬁ@rr ﬂnbﬁ@i’eﬁbﬂlve

t nmbodi t Th t. N |
| er o e BT PRT R rﬁ?vféﬁ%rﬁ'storgsﬁ%ﬁi@s&ad%ﬂﬂég 3o 19 wisoergan
appar at usThesmbiog thénh tridRideelabpli9ing. hylil‘t%taa:pnﬁé@bé‘ td Ehep@§tbh Ih@[]@dg sruohgrt bret

one of the at |eas oneﬁaékelr a sa L%' 05| tione (g i mat e
the top dPeLIBPENWGPATHSAPPYLOE NYATS amre/ivfeemé‘f% eaPﬁ Pl °”| A "Dne
packer asserdetyatéssthpssalingeiateriragsinsethe stfteuridvigwélbose. of two adj acent
subsurface intervals. Then, the mechanically set packers in each of the at
| east on ker [asse at sealing.elements j.n_the
roanant cdPPRT s et IR BT BREKBSoung R, SRRl Rt B RELa I S ikl
sur r oundilnghis petenibe] renpiag theosetirg tobeconedrisbe renning H @48jpipeeintes bock \aittsio the

bt veen (W SaTacf 488 Pairty RUF uT Vatiheniuibe SPRe 0 dFtefT on o T o
parti cul atleasihgrthy m@mcbtmpntdnyhmmd@ frpmoits &ixedposidon ftthen dorapnlsesamdhr(gmda/ or
ot her) partl cl es n 0{1 re.alternate annel f t he zon

i sol at i on'&pBRFAI R SFERA{ fopd @ SPttﬁ‘%LG‘PS'E@aQWSL ye%cg PPl Ph%e&?&toﬁear
around t hbe atlehstruneahkbyr [geting alik ¢ie @leaze stegvesit thdrecspattaemadkate swel | abl e
packer elenent. In this way, the open-hole portion of the wellbore is
gravel ab W t i I cker
o1 erent & ORF, pafe e REYaIR8 Mo pRBLARG R Alo0GaR SRR fidhnet 88t 8 of

t he wel | boteevabélbeg trterr&)enﬁrtdtmmrttm bhthgetellipaeker s have been set. [0047]1n one
enbodi nent, the nethod includes running a setting tool into the inner

randl ol Ghode,  AheAe SEARA PEATLGR) LYoal P TE KRk SRl TRHRY,
housi ng omell@atehageﬁn hhe aflpwert erthdefgwupan opechalei nmﬂldry betnepagriest, $he Method

nmet hod t cl y. on I
g G B T e e

pi st on ho&@atmsamadatusnlsa@enmlle in lagcordamescvitly theuzgrel isalation epparatisaddsarped

ol 50 1 noltes 7 aR0THRS BRLARIerlc!y, THE HRD AR BBl Ehys W RTIOE TR Mo
i nterval snfarmtyatewebm@pmeeebmanton of the wel | bore. Pr oductl on takes
place for a period of time. Over the period of tirre t he upper packer, the
 nt or modir ) por e ey “Piel iatonPAiErabs Ronbitfir o PhicRle, e ghpbRics &7

Al t er nat ippsltipned Isgch ribair aralichttee @A/eleasimree pa@lf@éraammbb/ompmwcmedomcy@t Ofinj t h
formatio r C n Al n LAR
fluids w {) @g%:tggttﬁﬁe‘%;%eﬁt@ﬁd@uﬁsﬂﬁg%&et%r\%htﬁ%%ﬁbg\fl\\/g#yl ﬁ,teagﬂgrg% t;%%r OVI n
a | ong t easaeblylis l@@ytmﬁdtmemmafaatf@fInheﬁécer@izw@rﬁqunysgb;qurfsa@mrgals Then,

the mechanically set packers in each of the at least one packer assembly are set. This
means that sealing elements in the mechanically-set packer elements are actuated into

engagement with the surrounding open-hole portion of the wellbore .

[0046] The method also includes injecting a particulate slurry into an annular region
formed between the sand screen and the surrounding subsurface formation. The particulate

slurry is commonly made up of a carrier fluid and sand (and/or other) particles. The one or
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[ 0049] Addi tional steps may be taken to isol ate subsurface intervals al ong
t he open-hole portion of the well bore. For exanple, a straddle packer may
be pl acedwaiznivias2iohe base pi pe of the sand screen joi nt #Calusag1mm225
intermedi ate interval. The straddl e packer straddl es packer assenblies

pl aced near upper and |lower formation interfaces for the internediate

i nterval .méra difatratevayw chanmeld bbthefdonbdisolatiort BSpdraus answlitied Qaﬂtlﬁtﬁlgtfevsﬂurryafcﬁ

o1 aced wilEPh R AL ABIBE 107 TDFSBEAIY Sel cBRvyoP Frehisn a0l ) Blamediat

i nterval swﬂn@blelmkérselah@ﬁed |ﬁttth“sh/ea;satﬁe deptHdlapoRiop askipe \a@mfé)isygravel
prOX|nate t

eto terv In this . formati oan S|n
the | ovverIOG‘ICE‘Ne?l ebei%?% P} g‘?ﬁ”@ﬁ%eth? ﬁ@ecﬁ“ﬁ@ca‘gﬁ%@?@@r
DESCRI PTltkdNgkvellr hﬁ%@@@%b@ldn@@@b& -hdi@pottide oraRNesIibore é{ﬁvr(ﬂﬁb mb@hd?f@ﬁ?-nt

I nventions. ca etter understood, certain illustrations, charts and/or
f1 ow char¥sPag r%'bad&ﬁ?@a SRereto. It is to be noted, however, that the
drawings illustrate only sel ected enbodi nents of the inventions and are

tger ef or e[ocmgu tOIrbenelé;@ﬁﬁd'ofdﬁ?ﬂiehﬂ, {henintihag |ﬂélu@esoﬂ§m|nboaf s'ehlﬁgitBMaﬁtoi giezmﬁay
admt to ot r al. ecti ve nts an a | cat] ons F re
PR g e A I et U S e R et R e
Ee_en dri ghedr]lrtdnrmatgint el hr'Et&s délbhsyseiht oy bRt hamfg/ahSeacBaﬁhhe rf“rrgramll
el n under I na on sure a con n re |

ol o0 o 0 ot M ERh Tt P the BB R Bincles Bop kRO VM ERELE Srfistife of
Fi gure I1.toTthe spen- HtQJlsmgcmmugat th@ggg& drhﬁo@emvg mirtst h@hishsereed ld Uﬁcbvlreath_e\d/e
Interva S IS see u |S a Crgss-sect.l on S e
e of Jetedles Pisodtetol % snaclniu i Tetreotie. it R 18R Sealing Bl

with surnﬁ)turmhgagerﬁ@(ﬁlegémeﬂtaaeuﬁrsundl'r\mmmhﬁm cally set packers are shown,
along with an internedi ate swell abl e packer el ement. [0055]Figure 3B is a

cross- se%d'&?al eeWm((gfchot helsgalncﬁdegspsrgm)cll proé:uc 85 eﬂw s f;[o?nkeor}]e or more
production intervals along the open-hole portion of the wellbore. Production takes place for
a period of time. Over the period of time, the upper packer, the lower packer, or both, may
fail, permitting the inflow of fluids into an intermediate portion of the packer along the
swellable packer element. Alternatively, the intermediate swellable packer may come into
contact with formation fluids or an actuating chemical. In either instance, contact with fluids
will cause the swellable packer element to swell, thereby providing a long term seal beyond

the life of the mechanically set packers.

[0049] Additional steps may be taken to isolate subsurface intervals along the open-hole
portion of the wellbore. For example, a straddle packer may be placed within the base pipe
of the sand screen joints along an intermediate interval. The straddle packer straddles
packer assemblies placed near upper and lower formation interfaces for the intermediate
interval. In this way, formation fluids in the intermediate interval are sealed from entering the

wellbore.

[0050] Alternatively, a plug may be placed within the base pipe of the sand screen joints
above a lower interval. The plug is placed at the same depth as a packer assembly
proximate the top of the lower interval. In this way, formation fluids in the lower interval are

sealed from entering the wellbore.



across lines 3B-3B of Figure 3A. Shunt tubes are seen within the swell able
packer elenent. [0056] Figure 3C is a cross-sectional view of the packer
assenbl y wo 2piz8e®s3A, in an alternate enbodi nent. |n |iPew/uskogiosnrzes t ubes,
transport tubes are seen manifol ded around the base pipe. [0057] Figure 4A
Is a cross-sectional side view of the packer assenbly of Figure 3A. Here,

sand control devices, or BRIEF BESERIFTIONOE THEADRAMNGES at opposi ng ends of
t he packer assenbly. The sand control devices utilize external shunt tubes.

[ 0058] Fi quosa] 4B poawatdes raamfe@srsvﬁmiih@n@bseﬁtewehiuortdﬂearp@eKﬁtteaas@érbﬂomd of
I 0SS I hes

Figure 4A, taken a gure 4A nt . tubes seen

outel Ge derbReTsiRo8S: Sy andlon IPuchas e e sSih MEekhpal e Abrbeg o
par ti cul afovesbitiat.thg amﬂ@ HUstEat® BniySseidrtddembedie®atsSEcthe d@htisisdend/aew of
t he packe control devices,, or, sand

senb]
creons. TherOlTa g8t HBsshS AP Redne Bpus Y i RucHons N FAERL ey
However , dffaetiwagrabsdnnéntelandappic@sons.i |ize internal shunt tubes.
2012/ 082305PCT/ US2011/ 061225 [ 0060] Fi gure 5B provi des a cross-secti onal

vi ew of t acker as of Fi.qure.5A, Cross SB- of

i our e 5ANShan FlayREd %8 AccrafsealPidi et nt b8 AR aBieCRRIets b8 vied gy has
al t er nat Ibeenfdrlﬂw)ﬂnﬁ'dmdh(lhre@ dftagrémtcubadréacelinterwals, b@&ﬁlﬂ:]df'w@lbbmg%dbsfo&natlon
cross-sectional 4 of one of the mechanically-set packer of Figure

ew
3A. The rBEHAAT &Y ??Pt@@flgﬂﬁ Rer is inits run-in posi tion.
[0053] Figure 2 is an enlarged cross-sectional view of an open-hole completion of the
wellbore of Figure 1. The open-hole completion at the depth of the three illustrative intervals

is more clearly seen.

[0054] Figure 3A is a cross-sectional side view of a packer assembly, in one
embodiment. Here, a base pipe is shown, with surrounding packer elements. Two

mechanically set packers are shown, along with an intermediate swellable packer element.

[0055] Figure 3B is a cross-sectional view of the packer assembly of Figure 3A, taken

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

[0056] 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.

[0057] 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.

[0058] 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.

[0059] 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.
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[ 0062] Figure 6B is a cross-sectional side view of the nmechanically-set
packer of Figure 3A. Here, the nechanically-set packer elenent is inits
set posi tworeo12fa3@®3] Fi gure 6C i s a cross-sectional vi ewpofi/ush@1/061225
mechani cal | y-set packer of Figure 6A. The view is taken across |line 6C 6C
of Figure 6A. [0064] Figure 6D is a cross-sectional view of the

nmechani cgbdepi set FRRRKSB pbviddsdaltRsEBectibhal VieRWsfitife padken adsdniisip of FigRreéSER 6D

of Figure 6B. [0065] Figure 6E isS a CraQss- tional view of the
Techan caPiG AP EE S ae Bh BT JiteR 4TS SeaR T ELSnT e s
of Fi gur eréAde bR AB&htIv@UTowpath fofa paticaate-S@efi onal view of the
nmechani cal | y-set packer of Figure 6A. The view is taken across |ine 6F-6F

of Figure_ 6 [0Q67] Fi.gure 7A is an enlarged view of the rel ease key of
i gur o 6A00%he. ¢ ERUEBAILS ssisrofiPe PuB v ordRardhe SRGT Al S hiker o
mandr el . Fifi@e SAedhephéchaizaneéet yatkdreein itsheairgsbsitiod068] Fi gure 7B is an
enl arged view of the rel ease key of Figure 6B. The shear pin has been

[0060) Fi JAke1 7 Fetis TR Beersac el B Elebt RPhafr HEhage lemu o

| at ch ont3A.aHere, the mechanically-set packer element is in its set position.

[0063] Figure 6C is a cross-sectional view of the mechanically-set packer of Figure 6A.

The view is taken across line 6C-6C of Figure 6A.

[0064] Figure 6D is a cross-sectional view of the mechanically-set packer of Figure 6A.

The view is taken across line 6D-6D of Figure 6B.

[0065] Figure 6E is a cross-sectional view of the mechanically-set packer of Figure 6A.

The view is taken across line 6E-6E of Figure 6A.

[0066] Figure 6F is a cross-sectional view of the mechanically-set packer of Figure 6A.

The view is taken across line 6F-6F of Figure 6B.

[0067] Figure 7A is an enlarged view of the release key of Figure 6A. The release key is

in its run-in position along the inner mandrel. The shear pin has not yet been sheared.

[0068] Figure 7B is an enlarged view of the release key of Figure 6B. The shear pin has

been sheared, and the release key has dropped away from the inner mandrel.

[0069] Figure 7C is a perspective view of a setting tool as may be used to latch onto a

release sleeve, and thereby shear a shear pin within the release key.

[0070] Figures 8A through 8N 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 the

sand control devices.

[0071] Figure 80 shows the packer assembly and gravel pack having been set in an
open-hole wellbore following completion of the gravel packing procedure from Figures 8A
through 8N.
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rel ease sl eeve, and thereby shear a shear pin within the rel ease key.

[ 0070] Fi gures 8A through 8N present stages of a gravel packing procedure
usi ng onewof2otms2acker assenblies of the present i nvenPCBIS201N/061225
enbodi nent. Alternate flowpath channels are provided through the packer
el ements of the packer assenbly and through the sand control devices.

[0071] Fi qoe72] 80 shyaws dahes packse-sastablvievarsd gravele mkalhawitrm dpesmoret

or ocodur GOTHAIER] GuUTBEeeA GBI IaREIS FEKT01% BESORes IS Sepd o2kl

[ 0072] Fi giéfvReSArdsS tife MIMARSIn®ee tconsr@l/enutmNnﬂa‘)w@fmraéﬂ.cm ﬂLruservaI of the
open-hol e conpletion of Figure 2. Here, a straddle packer has been placed

i t hi I | t he | t t
o oS0 et Pk o8iaR Sos8 ShabRe bisw St 47 Biétheta? RE Speaiot:
n} ddl ﬁ arug)nimmelh of Hto?ere/?LHem‘ atphey Im@;etfeehqilai:ed(?gnh{rﬂé p@ctktegésslangwlr Betdeeltiee, a
u as n ce w N a ac e en m e ower
Pt or var anage AadBer Ml o8 oBRerE e e inrtie s He e brtere T A e

| ower i ntiewardhtenfaQ074] Fi gures 10A through 10D present a sand screen that
may be used as part of a well bore conpletion systen1having alternate fl ow

channel s. IS sgcreen ilize eFlo TM tech .. [007 re 10A
ot des 19973 5 BloB R HA iR 17 ol Ca Rartd shEN Mot e nt O3 hs miH B s
hol e por twalbo@f camplelibdaryetem having alternate flow channels. This screen utlllzes the

MazeFlo™ technology.

[0075] Figure 10A provides a side view of a portion of a sand screen disposed along an

open hole portion of a wellbore.

[0076] Figure 10B is a cross-sectional view of the sand screen of Figure 10A, taken

across line 10B-10B of Figure 10A. Alternate flow channels are seen internal to the screen.

[0077] Figure 10C is another cross-sectional view of the sand screen of Figure 10A.

This view is taken across line 10C-10C of Figure 10A.

[0078] Figure 10D is a third cross-sectional view of the sand screen of Figure 10A. This

view is taken across line 10D-10D of Figure 10A.

[0079] Figures 11A through 11G present a sand control device that may be used as part
of a wellbore completion system having alternate flow channels. This device utilizes a

screen with an inflow control device.

[0080] Figure 11A provides a side view of a portion of the sand control device as may be
placed along an open hole portion of a wellbore. The illustrative inflow control device is a
choke at one end of the screen. A swellable packer is provided at the other end of the

screen for fluid control.

[0081] Figure 11B is a cross-sectional view of the sand control device of Figure 11A,

taken across line B-B of Figure 11A. Alternate flow channels are seen internal to the screen.

[0082] Figure 11C is another cross-sectional view of the sand control device of Figure

11A, taken across line C-C.
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[0076] Figure 10B is a cross-sectional view of the sand screen of Figure
10A, taken across |ine 10B-10B of Figure 10A. Alternate flow channels are
seen i nt ewpab12s230he screen. [0077] Figure 10C i s anot hePCtrsssHders onal
view of the sand screen of Figure 10A. This view is taken across |ine
10C- 10C of Figure 10A. [0078]Figure 10D is a third cross-sectional view of

the sand [geg3gen Bigufd oLD B LB clddbSsettichial Visw loRtersada iconisol ldetiee, 1Qkenlidb &f

Fi gure 1(?A. [{]807 Lgl;i i{ es 11A through 11G present a sand control device
that may '8 Q& r% R of a wel | bore conpletion system having alternate
flow channels. This device utilizes a screen with an inflow control device.
[ 0080] Fi gqoosa] 11AFpuey i dESis astif} | aih@ther exogstseatiga tvigan odfthd Rend andireloddvica! of

device as_.ma aced al ong en e portion of a wellbore. The
iIIustratsFi'%Xiﬁ?‘I é\‘ﬂ?r&@?fp?%ﬁ”ed%%n@ﬁ%%eg%hoke at one end of the screen. A
swel | abl e packer is provided at the other end of the screen for fluid
control . [pe¥381] FFiguree11AB ardtteer Gideswes @f tHeostmld congwl ddvidehef Rigunel 1d¢AntHeok,

devi ce of,, Fi gu 11A, taken across .line B-B of Figure 11A Alterpate flow
channel s a7 SHELEHE PRV HER WG ASaey 8B DirBesreih Py Aiee WERE Hecsand
cross-secicremmal view of the sand control device of Figure 11A, taken across
line CGC
[0086] Figure 11G is a cross-sectional view of the sand control device of Figure 11F,
taken across line G-G of Figure 11F. The swellable packer is seen filling an annular region

between the base pipe and the surrounding screen.

[0087] Figure 12 is a flowchart for a method of completing a wellbore, in one
embodiment. The method involves setting a packer and installing a gravel pack in the

wellbore.

[0088] Figure 13 is a flowchart showing steps that may be performed in connection with
a method for completing an open-hole wellbore, in an alternate embodiment. The method

involves the installation of a zonal isolation apparatus.

[0089] Figure 14A is a side view of a gravel-packing assembly for providing back-up

zonal isolation. The assembly defines a base pipe having shunt tubes there around.

[0090] Figure 14B is a cross-sectional view of the gravel-packing assembly of Figure

14A, taken across line B-B of Figure 14A.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
Definitions

[0091] 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.

[0092] As used herein, the term “hydrocarbon fluids” refers to a hydrocarbon or mixtures

of hydrocarbons that are gases or liquids. For example, hydrocarbon fluids may include a
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WO 2012/ 082305PCT/ US2011/ 061225 [0083] Figure 11D is a third cross-secti onal
view of the sand control device, taken across line D-D of Figure 11A

[ 0084] Fi gmioeo1082308 still another cross-sectional view eCTiuseoizan2gont r ol
device of Figure 11A taken across line E-E of Figure 11A. [0085] Figure 11F
I s another side view of the sand control device of Figure 11A. Here, the

tS\r/]vel I ablj&]yﬂ&%&ﬂfonh%%iigﬁ?% cﬂﬁymigdp@mabb@cgg%ega?wwdsl eftH@‘Maaib? @Glﬁdiﬁﬂ@, gﬁf

e san SCreen. o I gure 'S .Cro -[€ectl on VI ew e san
ot ol dERe Mg CopAGh L On Sampih RoiATe T Gt LoBF PErHieS. 1 Rrocrran
swel | abl eluprckey inctudsen dxkbmbieN il amat@angaarcob B d mebieinaestinié b, Hasigsipione
and the surroundi ng screen. &POS?{)Fi ure 1%}{] S a flowchgrt for a nethod of
conpl et i MY AYSIRPPH ST BYrOWHS PrAUShBLER ORGP )R Are dn 8aSPRI A

packer angduidngital | ing a gravel pack in the wellbore. [0088]Figure 13 is a
fl omchart showi ng steps that nmay be perfornmed in connection with a nmethod

for conpleting an open-hol.e || bore . i,n an alternate enbodinent. The
ot hod | 0 a5 ARRE P af ole dr Thids defafs R bRed JupparnRgbinalons of
[ 0089] Fi gyases LA liggide, as eellvaes admbinglicheedt- ki dig asisebhy combinptions 6i ng
back-up .on%l iaol Ia(}ion. The assenbly defines a base pipe having shunt
t ubes t held'“aPBaRE!"s:
[0094] As used herein, the term “subsurface” refers to geologic strata occurring below

the earth's surface.

[0095] 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.

[0096] 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.”

[0097] The term “tubular member” refers to any pipe, such as a joint of casing, a portion

of a liner, or a pup joint.

[0098] 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 sand screen is an example

of a sand control device.

[0099] 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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[0090] Figure 14B is a cross-sectional view of the gravel - packi ng assenbly
of Figure 14A taken across |line B-B of Figure 14A. DETAI LED DESCRI PTI ON OF
CERTAI N BNBCDI2MBMDS Definiti ons [0091] As used herein, tIRETIUS2OMNI/061225
"hydrocarbon” refers to an organi c conpound that includes primrily, if not
exclusively, the elenents hydrogen and carbon. Hydrocarbons generally fall

i nto two Ddsesiptidn ollSpebifici Emb&dintdnt&i ght chai n hydrocar bons, and cyclic, or
cl osed ring hydrocarbons, including cyclic terpenes. Exanpl es of

hydr ocar lfotoogont Ihéeri mgemtiviner afd sddsbtbaddenensiyy frordvnaéctioat wittl cgasin epécific
©53b) e ol e PS80 5e 3 o P RSB ZP T S0 Bdea von
ﬁr dm‘ xt ur;%fﬂ*ti%ﬂfar!@gdbdﬁ&fnb@ﬂis pghiamlaamszeagaaﬁs li)lﬁéndddquibét&"ollusl?eiﬂve&xﬂhﬁ@rhf e ®is nolt3 to

ydr ocar hon | may..i ncl ude a rocarbon or m xtures of hydrocarbons
t hat areqlfacsoé@#%‘?ds?ﬁ 'Hﬁ'f'@&ﬁ‘gtsc%‘? %&%Hﬁ’%@ ftions, at processing conditions
or at anbient conditions (15 C and 1 atm pressure). Hydrocarbon fl uids may
i ncl ude, [b1r] exagGpHein asipbcts rditther alvegtichs are alsdbesebcnibéd anegnnebitdrewih lvarious

pyrolysis. oil, pyralysi S, a r.ol ysi,s product of. cqal nd_ ot her

i ovar BEs: el g g Ml B G0 7 G PaRlbac? s G08etihelle VRl then,

t he t er msutthce, dihdriied bottorh of thesswinlipgye dsyard itk welirbotican.i Bridle afellgasmsnoatyd

liquids, as well as.to c ipations of ses. and sol.i d nd..conbi nat i ons

of 1 qui 28 SAEPLFY s LREEBaPAL AR e PR T BN RERhET i i 20 SR

t o geol ogndinsd mati ar eeen hoiizvgtdie|compteted. edhich'tse susdripties ten69bg dhe dbenhor

subsurfags | nLes ¥aher HELIRISH & afPldBRlih 2o Rhcé P94y 8 indnd YaMTRY, oy

are intended to indicate relative location on the drawing page or with respect to claim terms,
and not necessarily orientation in the ground, as the present inventions have utility no matter

how the wellbore is orientated.

[0102] Figure 1 is a cross-sectional view of an illustrative wellbore 100. The wellbore
100 defines a bore 105 that extends from a surface 101, and into the earth’s subsurface 110.
The wellbore 100 is completed to have an open-hole portion 120 at a lower end of the
wellbore 100. The wellbore 100 has been formed for the purpose of producing
hydrocarbons for commercial sale. A string of production tubing 130 is provided in the bore

105 to transport production fluids from the open-hole portion 120 up to the surface 101.

[0103] 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.

[0104] 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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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 . WOQ9B)082308sed herein, the term "well bore"” refePsTius2@1h612251 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
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det ai | ed cgdesmtadot i on is specific to a particular enbodi nent or a particul ar
use, such is intended to be illustrative only and is not to be construed as
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toward the, bottom of the draw ng page toward the well
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hor i zont dp108] confil maey wellfmes, tehiinall egsing piring &known @s preguctiondcakivanis Qemehtqdper "
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[0109] In the illustrative wellbore 100, the open-hole portion 120 traverses three different
subsurface intervals. These are indicated as upper interval 112, intermediate interval 114,
and lower interval 116. Upper 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.

[0110] 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.

[0111] 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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[0102]Figure 1 is a cross-sectional view of an illustrative wellbore 100.
The wel | bore 100 defines a bore 105 that extends froma surface 101, and
i nt o t he wanoty/s2®absurface 110. The wel |l bore 100 i s comrprasSed1oe2kave 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 conmerci al

sal e. A st14i gy Qépries&rd Ut hbMPeirniddibig sAa8 drSotheraisedies substamtill ahperkidableOto
transport %oducti on fluids fromthe open-hole portion 120 up to the
surface 14 S-10103] The wel | bore 100 includes a well tree, shown
schematically at 124. The well tree 124 includes a shut-in valve 126. The
shut - i n v[a11\2¢ 12t arondfrindse dveatst ItM&frabIé@dubéioﬁérafdrlﬂd) o ldte satedtbe inn@lvhibor e
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may optiqn ave t ni e ol e
borton Tagracbreanyideofa e Sievee Pttt e melbolt 40 T i B suige o te
portion Js%@omlpln'fstmnbdélethe\l@bbrawreﬁll bQé’rtuél@MtTdﬁl&o‘mé trmbWe&rh@brmSnbefejm the
P DB SR S B Ao sl B R S8 el DB O
a Cpnduc;rqﬁroc'zﬁl‘tﬁ)%ﬂumwﬁ@/ tod |s|©dumd tudﬁrgatthédfwergdggm eeenhtd the4udiud €01t i trab 106
string o esec In n casin
Str1 ngs thEL MSEGr dBe SRRBT MY yent e P HARTPTa LA BON al B Ae
;:asr ng st1r1|6n%at héet n&O&olaiaaytH@emtuumgd‘breornﬂetrm Bldr 1(‘1 agliet'o'fy td theye mlepdé)eh tHeng
roma next casl| str usi n an e I ner. r I ne .
nanger . 1G0neRt e pee ol eRapleld P Oy P G SFERE A LS OB e OB o
the surf aglnécionlwvithshe pricegdisg tiangngs06) is normally referred to as a
"l'tner." [0105]In the illustrative well bore arrangerrent of Figure 1,

A R S o e R e e T

i nt er mediapee- rmﬁesmorrgolsttom ndsndtoaty delsoaisie tcrraylateesewqhdzcbmmﬂvalél,'hmt pise selirhit the

I nvent | onsﬂuz;(r gf Qe(r)r;[d lp’lerrrtpcltegdantdoot%eraﬂr[\é/soe In or&?rstlongre%rlrtatﬂgerg%pattioHsc?fdformation
particles into the production string 130 during operation, sand control devices 200 have been
run into the wellbore 100. These are described more fully below in connection with Figure 2

and with Figures 8A through 8N.

[0114] Referring now to Figure 2, the sand control devices 200 contain an elongated
tubular 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 joint making up the base pipe 205)

typically has small perforations or slots to permit the inflow of production fluids.

[0115] 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 comprises 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.

[0116] 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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[ 0106] Each string of casing 102, 104, 106 is set in place through cenent
108. The cenent 108 isolates the various formations of the subsurface 110
from t he wel2bt2a8230300 and each ot her. The cenent 108 extPemdms246imom2zzhe
surface 101 to a depth "L" at a |lower end of the casing string 106. It is
understood that sone internediate casing strings may not be fully cenented.

[0107] An RgwWaveBraddRighainpadRér dssemdlisieh (06t usteshe! Sskerr abeaiblyozd ¢ mai bg ub3@. and
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ept er sur C rodu 0 I nt va resi de. wever, the

i |1 ust ratqﬁé)sfakq ?Q’fé‘%@?ﬁg@“i’%%@ﬁ%ﬁ@ﬁ“@ﬁ{’%{§ @ﬂ' open- hol e wel | bore.

Accordingly, the wellbore 100 does not include a final casing string al ong
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permeability streaks or natural fractures in the aquifer, or fingering from
i nj ectior?rﬁéh?"%r." In this instance, there is a probability that water will

I nvade the well bore 100. [0l110]Alternatively, upper 112 and internedi ate
114 i nt erfoulsy magoocerhiag nthbyehroieambsamifliesi tlemselught edad packer edseably 210,

processe nd sold, while. |lower interval 116 may .coptain,so oil alon
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events, it is desirable for the operator to isolate selected intervals.
[0119] The elements for the upper 212 and lower 214 packers should be able to

withstand the pressures and loads associated with a gravel packing process. Typically, such
pressures are from about 2,000 psi to 3,000 psi. The elements for the packers 212, 214
should also withstand pressure load due to differential wellbore and/or reservoir pressures
caused by natural faults, depletion, production, or injection. Production operations may
involve selective production or production allocation to meet regulatory requirements.
Injection operations may involve selective fluid injection for strategic reservoir pressure
maintenance. Injection operations may also involve selective stimulation in acid fracturing,

matrix acidizing, or formation damage removal.

[0120] 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.

[0121] The elements for the packers 212, 214 are preferably cup-type elements. Cup--
type elements are known for use in cased-hole completions. However, they generally are
not known for use in open-hole completions as they are not engineered to expand into
engagement with an open-hole diameter. Moreover, such expandable cup-type elements
may not maintain the required pressure differential encountered over the life of production

operations, resulting in decreased functionality.
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In the first instance, the operator will want to isolate the internediate
interval 114 fromthe production string 130 and fromthe upper 112 and

| ower 1l16wOnoevosa3os so that primarily hydrocarbon fl ui deCras2de/opr2esiuced

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

the operator will eventually want to isolate the |lower interval 116 from
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of “The. saiteSby oln ABFHME B Rfins Biont hE BBKert 2208, A1 ol T aPE Sy
sintered mmrahlcatly gleraring pshiean pimadd alidmgle rtefeas&aaslmvaerﬂtbﬂg( ipdlrgmeledsesi@h as
t hat descrj bed nedi g pac
f1br ous: e &7, heh L a0 hor08Rre mase Tt RE oBb BByl AR isthm 207
prevents rtduemgnf'ITrrevplstbn MHsingrtra@eIlsefomwatd aloeg aatmmrear raarprlrel— @et emoswn)edT el ze
mtothebq hDQ ZtB g% epouttlon /b p Olckg]gnladd AR to
t he sand REORT rOHEVIER 20 GPOY He “RRTT"60Y 8”#86% G RE SPELToF oS aceker
assenbl i eznalzer bnd tHeeexXplahdatile poitive ohthegragpkensrt 20214:egmhdsagzalrmhtﬂ1e2/yellbb&
wel | bore 1 aspan_ upper cker a mal,y 210, and a | ower assenbl y
20 oA TR PR & 5 e 232 BRuie i 4B Y Bl G e pBRECP Y
assenbl y vﬂttﬂthmrrbendjs@dlallnloe spaaskier stasiglentbé iaasul2d Bgjon22@P’ atad eelauhequiebgh

configure tot seal ﬁgl annul ggl on (seen at 202 of Figure 2) between the
various <A B8IPPENOGSOMPE 5(] and a surrounding wall 201 of the

open- hol e portion 120 of the wel | bore 100. [0117]Figure 2 is an enl arged
cross-sed0iashal Figune & shdves epeandrel a pth.t iTbis 129 bef rephesentitivd of ¢hel QBtaf

Figure Lndl50BR05Hel SoRRetl 0 HoRCAURLNS b S BB okl iy 110

are more ‘¢l ear! y séen oWer Ker ass i€s are
al so nore cl earl y visible pr oxi mat e upper and | ower boundar| es of the
i nt er nedi[@128] i nt s\aalbatkyp” toetbpeopitypel gackei elamiepts wikten :ﬁmulopmrifl?(ﬂnddewerces

200 al Ongzﬁggszk&f |&J¥H§n SNEHR! 'kér &és%mb&és”'mql’l%@f aséagm%%% RPee6aing

t he packer hens ves each packer assenb
packer element 216 The intermediate packer element 216 deflnes a swelling elastomeric

material fabricated from synthetic rubber compounds. Suitable examples of swellable
materials may be found in Easy Well Solutions’ Constrictor™ or SwellPacker™, and
SwellFix's E-ZIP™. The swellable packer 216 may include a swellable polymer or swellable
polymer material, which is known by those skilled in the art and which may be set by one of
a conditioned drilling fluid, a completion fluid, a production fluid, an injection fluid, a

stimulation fluid, or any combination thereof.
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210" may have at | east two packers. The packers are preferably set through
a conbi nati on of nechani cal mani pul ati on and hydraulic forces. The packer

assenbl i eg02u2/08ePsesent an upper packer 212 and a | owePCpask@n/ogk4s Each

packer 212, 214 has an expandabl e portion or elenment fabricated from an

el astoneric or a thernoplastic material capable of providing at | east a

t enpor ar yofd7yi d SR&lswaldtd phckdn leihérit @1805 Hgefariblyoissriedab lthe Qliter [sQAI&H dhe

i it and" ARS8, e IR FECS Tt ol o Aot G R BT HEo s

lepi cal | }b],cont’dét‘ér? 213 ﬁﬁcﬁbéaes%r?g@id%r?mw@tmluga@?QﬁQanQSdhetr@cag,d@@&ib@aiabolwworlncorlu
el enents or the ackKers , snou al so Wt hstan ressure 0, ue
to differBff P%Ps%g?ﬁ %?%t“a?{w/fw}- reg Crk%?'%%‘@ﬂutr%é ‘E"&GE@% orms,g ﬂv'alsea'

faul lts, dﬁifﬂ glel QlﬁrrOLﬁhUﬁ@UzérieQrb.g.pﬁntéﬂghleﬁ:i.oﬂn <|E?feods§édt,0@ séamfgatsuml BBYhe

I nvol ve sel ective pro uct1 on or roducti on a cation t meet r u atory
oaui 1 onSHEIoDI R AT B GG RGP VES SHaet 8D oG th £ ALt B
for stratiegytls; dnRSRéréPréfeRbBS SHER 3TBEMNDONAGER) td M) RELt (1R @lléﬁarr?tih @hgthray al so
i nvol ve selective stimulation in acid fracturing, matrix acidizing, or

f ti .. [0120] Th i f I ts f th
mochant caPTlaar ThE BB pOCKES Ple TRl A 1Bt 6 S Thaveer et 10 WelBeraeva
or dﬁr }3 0 ?ﬂf@m p?ijéi mgb’gqmlnddp@shg@ i?tegﬂt.y_dtﬁﬂ@tﬂé‘x%&pigﬁtratié.h@iliﬁieeﬁtfﬁtablear e
eac abou | NC S . . C 0, abo I NCNhes, . I N e .

o 51] Thdaskeae Sw s T ki aseon Tt ey B drifiuge, Biosdlnot Jee it s

el ement s.préldfable toyid/ech eWellhG eRSBNMCT @MOtHE Imatseali thatcasesivdliah ehe prgserdtd ons.

However, .they generally are not, known .for_use in en- hol onpl etiong as

they ar & TORIGR T HIER Pl AN (4R PR aCh T rieguiiEne! Tietdrais, Fab il Rl the

di anet er .prédBneoudran agudvueshasedidbldearcuiperityiiiie ehermats nimiy-baséd malynteaiwitht he
required. I’eSSU{?ﬁ diff reg)tl aéaa@gcountered over the life of production

oper at i orl8COPYEFAM G Fa5oRNG S functionality. WO

2012/ 082305PCT/ US2011/ 061225 [0122]1t is preferred for the packer el enents
212, 214 [p1e9be ablternttivedy ptandswellabte lpaalstr aelamiit i216 hmagbloaitfa@&ated) frout er

di aneter surface ith n re than,a 1.1 ovality ratio. The el epen 212,
214" shou SRS abAte s e S TAL AT Befaliioen ek 2y 4. oBefERT (BB

21. 6 cm amotHer 7W8y,i theh s(valaild (2iokdr efgmenpe2tehohay $eabideonwd 2QpesThd gwedlirey r ed
cup-type nature of the expandabl e portions of the packer el nts 212. .214

w1 Aee e At on MR A0 RS DU 8 Mo Py OF o it TR sl v
of the i ivetimecinadxposett torthialwaldrdased gadvieepadkntuid wiain)coatacpwitls Sarmatiomematases
during the gravel packi gper.ation. 123]J n_on nhodi_ment . the. cup-type
el enont s et oBE PRMAPHIE B, Pt Pr] to VAR e i P A
gul Ej iple qxge?mjofearaeiflgtbmepenmtetu'raetr.tagzwngsmglmheﬁ:]pmseymcl)feé bycgpd:a;bmaéqbid)isl yf
e design rone-ti se, to w uri.n graye ckin rocess o
an open- HETN g RONEHL g AREte g oIomIens B s L1RER s A BRI ERYE SR Mean e
packer elabsemtio? b6the hydiosarbpneivaichlalsp |pormatedenhdf decrdaseg theaneshaeambi stigength

[ 0124] ThefgrﬁeoerI 21r2 apnd I@wer %14 a kersr an e s(gt ‘%/)\}rni Qr to@@_ %r vre!i rack

i nstal | atd OF PrYERSY MRS HERA B FHEFE oY odranOPREe hAERESY IR 914
are pref &ERhiVyis oat eRympleaiancicahiayerigheari ng a shear pin and sliding a

rel ease sleeve. This, in turn, releases a rel ease key, which then allows
hydr ost at res C i nst i st I i ston
nousi ng tWEE! o itk SubaREbatr 2 it be R AR Rk ool st Bbirn=8, By
housi ng tdxemplcis s shapa-nzEerc@y polimeret) QuithtoNo.a7, 24732/ ped Pt iHabgNe | 76382852 The
centralizg . j . . he packers 212, 214 expand

agai nst 'tzqige(:k\%'e;ﬁ?%gg%gﬁ\/\%gjl%ﬁggﬁﬁtgr@ﬁgﬂ&ﬂglﬁgﬁ?i&m the upper 212 and | ower 214

packers are expanded into contact with the surrounding wall 201 so as to
st raddl e [018d] annlhameaabghioally28et racker eleinestsed 2d @3 # raralpoefgrablyeseipere Wetes-

conpl et %ség%ravel pack fluid that would be diverted around the swellable packer element 216,
such as through shunt tubes (not shown in Figure 2). If only a hydrocarbon swelling
elastomer is used, expansion of the element may not occur until after the failure of either of

the mechanically set packer elements 212, 214.
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[0125] Figure 2 shows a mandrel at 215. This may be representative of the

pi ston mandrel, and other mandrels used in the packers 212, 214 as

descri bedwoune/dsedosy bel ow. [0126] As a "back-up" to thePcuprstypaspatker

el ements within the upper 212 and | ower 214 packer el enments, the packer
assenblies 210", 210" also each include an internedi ate packer el enent 216.

The i nt erjoesd) at eThaclspsr 21 22amniowdt @14 ¢fackes naaysg@telrélrygoeetn&&irome &€ oneachr i al
fabricated from Sé/t ]t.?ﬁhew c rubber corrpg]und tabl e les o sweltLabI e
olMidt

mat er i al Oy Ee HerYessylaht § ﬁ‘é %:d’ﬁé?‘?‘t '&? R giins or o
Swel | Pacleerg@émérrrtdne%hehtsﬁrsx UnilGtedl FﬁBmeEhBoferhﬁ@lc@l @aekeln gﬁleﬁdrgmsse@ml ude

a swel | abl e poal r swel_] abl r material, jch.is 0 those
skill ed i9"PHEI10 r‘t" 19%? dp @7%3 ‘égea”ﬁ‘ﬁy % eréw%y&rg’ﬂf‘itaﬁé% 38?‘1
fluid, a @U@t@tér@’mﬂltdﬂeﬁuslﬁ TR Giedri faiakdrl 21||4ds a@t"veitélj fiet, ifeidwed Wytthe Qrpper

stinul ation i .nat t here

5015 082 et Ao 16 Suting 300108 HH| ShuPuSE: Reiioh HuioRer Mengieb ghowgn; and
pr ef er ablgisdoesster édhném)nqmtrengsmé saearef 6B eAsABArsphcidd % prEf@abiperdvaddde
packer el enentrh%16 s IIo expand over tinme when contacted by

to
hydr ocar R5AV§S agppe ﬂ""?va%@r ¢ $Sany chemical described above which
may be used as an act uatr ng fluid. As t he packer elenent 216 expands, it
forns a f[b1s3y seahewtrtertabgarﬁwemuodmj’ ﬁ@lpeonteolgmd ndtage Vialds bicduck frome

2oPect ( TR Afes ARG efinct e BoGker Breerufias b, B PTE My e et 8 TeBP O

ngfzgi’ _?_ﬁlqﬁ ar&%ﬁrlmﬂt/)elrl3rof‘ree"theﬁ'(br&juﬁ%rebrsmjehﬁbr#}?eba&imd &QQN%II mﬂi(ﬁbz) tlrtslfallb&di’tgbfr'l
swe a e nt mus e 0 eXx (0] e,

Lo T o g Proks] B Ser BB 0GR pEd G TS il Ews Ap GRS enbigi the

expansi Orprrl'd_’)?.ldtIOn fr&ntrme @-\é@(brbabh? maﬂigghe m?n Gfegmpltcainityhé ertofductroa dflnt@tes* r?r

section tha no roaduce rocar n u rerer e (0] ave a

Soo | | mo B RtE e s e S S O p R R e o ﬁyt)rﬂgerb?@@%ce of

formati on water or an aqueous-based fluid. Exanples of materials that wll
swell in [om] pr eE’eck&s thfstcamaaqhemjseﬂ)mdmfsiauedj whep dneopernhdie grdvey pacidisa
rated_wat er .abso

nitrile-b ner t cles.

lo100] i tare Peeale o the ubqtid il S5l ar Peileil RPav ek BRRY Bhd Teloy e
froma cqmbkeratr d%elatbdrrqtatent alappltcla&@nssweJ$ |H>uttlrbetrq@r eses1c009/0284 28 aardl
oil, res | ted anot | a Ie acker el y
Chei ude: a0l RRLse,AERES PRELUR, S s Y RiABRR SR Rad SR POt
In this sfteuatpacker hbbeewatetrat awehiptdibe iréeatent will swel | when exposed to

t he wat er-based gravel pack flui d or in contact with formati on water, and

the ofl-apei o BIRh W hicS PR BET, RXP03RHNLE DNATOSRLPAY OGS b

An exarrpl ast oneri1c ma resence of a
hydr ocar lxstldsed un U 3.Pudl M@mlﬁDD@/GZWIZ@md 20Hat00a BB, bertihyldrty)mardnoaethnrvtltin its
mat ri x |1 i 0 .ch
al so | ubrqﬁg ?é@r'azﬁggg@%é{@nes tﬁﬂqh%ﬁ%%gfdagt% reeafn%i(ﬂg%&@{é&%%@? t%’@ fai n
as it expderdent. Buopl mnetflptabteydzlement:lnneyl@erfrahrWd {rivincdraslasjtomelib engtertal dERDM

|5,0n xRl Rle MShiR IRl Alea b AFAI s LNy BAGKSEIER AN e

n S
pol ymer . the Sackeatlemdmt to7médt?a paHcdanty ttﬂgiSpeManleevél 392h|8%pdcts theqza@keme

use of sy %rn@mm%sza%to éﬁ%&e tc’s%"ﬂh h%%h?rtuéc%‘t on[fQELS’{)LJ(gbeoﬂ?e%Psafﬁ'tﬁé' lbeREL of

packer elenfents are 83
high pressures and/or high temperatures and/or acidic fluids. As an alternative, the

applications state that the packer may be a swelling rubber element that expands in the
presence of hydrocarbons, water, or other stimulus. However, known swelling elastomers
typically require about 30 days or longer to fully expand into sealed fluid engagement with
the surrounding rock formation. Therefore, improved packers and zonal isolation apparatus’

are offered herein.

[0136] Figure 3A presents an illustrative packer assembly 300 providing an alternate

flowpath for a gravel slurry. The packer assembly 300 is seen in cross-sectional side view.
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based gravel pack fluid that would be diverted around the swel | abl e packer
el emrent 216, such as through shunt tubes (not shown in Figure 2). If only a
hydr ocar bwo 281i8k308g el ast onmer i s used, expansion of thecCelusSeenérzay not
occur until after the failure of either of the nechanically set packer

el ements 212, 214. WD 2012/ 082305PCT/ US2011/ 061225 [0132] The upper 212 and

| ower 214rHeapkskes a88amige BB0antMJIES validUsOsorhpm@as hht eashbetuliffed BXs&Ptanf or
the rel ease sl eeves that r]ear t he _respective shear pins or other
engagemerit" EW%H%ODQJ%W%P@F“QP vement of a shifting tool (shown in and
di scussed in connection wth Figures 7A and 7B) will allow the packers 212,

214 to bgo?m i Vaﬂ'ﬁdlpiadfkeﬁegmlﬂﬂﬁﬁw fist Mdlutas e ongh bodﬁk@tub@\aﬁzf Phe kedin BddY i s
ool v o 98 BOghEY kot B BRCHoRR S Bkl Sl Ry 8lor
(t:)onnectl car?zvu; bbhfl@h@;dt@%ega%@&dlc@egﬂgih M & hach aspbaitag Tfa?]a (p2.2fnestads).y Tig ewinded
et ween the u an ower e ac | €S
D10 1 ook R, 307 sPMariee S bt PREENE: babaIRh e A aas ardis Baded | 1
t P:‘ s res Ut 10 feet (Imcketer:@)saﬂrﬁﬂdﬂeesmanete?sbO“rhalplpe\/}ouhfs@r@an@i@ulpthréanlelejqal
(0] anlnterv r oductl o r.1nj t1on on we

P unctt on Cornedtes pAPsd B Tomble i oty StetpfaB Hodauins A BRGITFene 1'mi i a
conpletion allows an operator to shut-off the production fromone or nore

zones dur[o1eg] t heTMebbcHdrfae$émhﬂy 1300 laisvi ihclti des Wr@dmgtrﬁ@nhaofcamarpaokers i304sone
lnstancesl, an_undesi

ble fl dro If d
[0134] Packis; SHSTRPIERY oHGT Tt AeeH ik AN r B HEn 01 BRerhBI LY gPavel
pack i s uccbidaece Wenmeani:allylﬁt@t patker eldntonts 212 endnzng ol Fapnpl2et Ehegpavkets

Dl oot 1B R D s B8 SHR D% 1t RhT BlsBBEEhal 8 16EE hal WrogH oD metero)

met hods fiorergitiav éls- geasckihatyfuathe o pelowh teepauibisbd04e hafet ellteraatpaftok\echdmaslsueem

set at a co etlo i nt tain technical al e

ot ned TR loRdng Podiels 04 ottt BEfokEh BebGrin Rerb i iig i N8Sre
2009/ 0294128 and 2010/ 0032158, particularly in connection with the packer.
The appl i[0t89] ons The abeker haasemlbig 308 s optepalheinalubgs p awellatae lppckertdddt ethe

i nfl at abls%ve‘ﬁgtﬁgz)%k r%‘d%hs éCBHa%[E@Wnﬁ s%}eﬁgﬁgbawﬁge%én?%kﬁ FER ﬁ{e %gr‘?g]%n

el astoneri ¢ na or a HEPHS
packer elssealle fpackers3@h lmme&rauysahoeqalfeets(ammqwskm 4élfealetﬂf2 2 oetae) ina

particul q%’ﬁablﬂa?tﬂgﬁm nﬁ%ﬁﬁ&méa‘ﬁ et tp (?(ei'shglﬁ %ﬁa’c? Pneeclkterkggla%a&beqlab%l ea@%]e

needs to AN Zena atiton for a od of “years ik
presence 398 durgiun@rtmgwrebocandé@pn Hiogh Almmpmwmyua@oetrmb‘aomgana}dbe providedis .

A5, an 2l Lehnal] fe A Enay LFpLLANea04 71, LPRE S HBGKRLC BN De 2 svelling

rubber el e presence o roc ons, water, or

ot her stimul us. However known swelling elastonmers typically require about
30 days dp140bngerhe @af:mrleyssempbtn@(l also isaedesda folwialdy ohghgentebes. wiTthé shhet

sur roundi T. r ion
appar at usioes 6 SppRlrTaidniih ac SR Ciiifunt FBECYREIRR R R ARM:AB: rafihcat
packer agsleardnjudper obesi Therghunt tulleseiiBare bfdnk\geatidnsfab pips hga«/mgea lesgitrthgt,
The pack “ReChi r
assermbl y A ahag WatT 3Rk hethaRBaRRgs halfs 308 Eni Vel LBE ERED
annul us a08nd hetsbuoiptebhehdl aeorpthetpagherimembly 300 are configured to couple to and form

a seal with shunt tubes on connected sand screens as discussed further below.

[0141] The shunt tubes 318 provide an alternate flowpath through the mechanically-set
packers 304 and the intermediate swellable packer 308 (or spacing). This enables the shunt
tubes 318 to transport a carrier fluid along with gravel to different intervals 112, 114 and 116

of the open-hole portion 120 of the wellbore 100.

[0142] The packer assembly 300 also includes connection members. These may
represent traditional threaded couplings. First, a neck section 306 is provided at a first end

of the packer assembly 300. The neck section 306 has external threads for connecting with
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[ 0137] The packer assenbly 300 first includes a nmain body section 302. The
mai N body section 302 is preferably fabricated fromsteel or from steel

al | oys. TWe 20mv082396dy section 302 is configured to be aprspaseéiilocizengt h
316, such as about 40 feet (12.2 meters). The main body section 302
conprises individual pipe joints that will have a length that is between

?bout llP d frﬁéadeg %Tumﬁ@rbsi o?radsm §(t&@én (oictl%ttr%r][m@éar S’hen,Tél_Eif]oﬂit;lI@g drOé%féfrﬁaI@r 302

ypl ca re e onnect € 0-en (6] or e | ectl

D or ai e L a1 00D 2 EPESNG SELT B boa na B ae sadRE 10

opposi Ng JEpERady & ablipiing &ox FaCkEEFingh. extér@anedi@dal eall of aS&indpaedesr 6 Rgr ar e

shown schenati cal Lﬂé and are generally in accordance with nechanically-set
a

packer elBREdEED nd 214 of Figure 2. The packers 304 preferably include
cup-type el astoneric elenents that are less than 1 foot (0.3 neters) in

| engt h. As14dpscr Thedhetiisbitoh 308 and tﬁ&mr@mdewm&@mtlamy abtreadwvbesibbliowr
channel s to. be set before .a

t wt 30 |

Spanmel > S it g el 5o i 408 AR BIEI Poas e ar el 3iAre P bEBr Fodb e 4 <o
opt i OQa' Igpeblﬂcﬂlembﬂs I3|en4 Sswhl @ebhenaaﬁsk(em 2368)1 éJ hefeswal Y arliﬂt@rsp?ﬁ@rkaheﬁ)l&atar)& in
accor danc W t a e (0] re . e S ab

e aafisida] THE el bRl S8 e Frbedstiaeliot B 5Raavd SpedtShdat, o
in : leng]t fbutéFQmﬁk étgfs, THaengtk Gbaitnc3lél hessw'terﬂaﬁlkr%é@s 3@2; gv’étﬂd trﬁ&mréam:[eersﬁletttbrﬁt e
swe a C SUurro n L ONn |ve a
Shert BT SERGT M HREsE Bk ostin, ARt it D ey B oS By Sisket o
i eu of tMé&ﬁ&mb@bbl&ar@é@é«ﬁhﬁly 308 andl 8dAD¢@| gidesror ate pipksed@nil so

includes a plurality of shunt tubes. The shunt tubes are seen in phantom at
txbes 318 .ma

318. The t al so referred to as o ansp rt t

Cumer BT 1 A°GRes ST A RonRe Bk SEetfoloade, AR i ente

| engt h t FRgue3R ixdiakeh atmggttthmlnheeaatslB Jligafe BAe Immmelmhhwsmmlbpmdckers
casenbl y W% ERet BRFBRRLE, I Htsed PEo g b 6y FRe 302. JrorbE sRER Sites 1Mo
on connecﬁredla&adlcboﬁaﬂy%dsaqasﬂsﬂhrﬂlgmaﬁuﬂ thenbta*sreplpbebawA c{e@nilréllt}o‘Fheos feusttowtnubes
318 provide.a | t er nat rQ t he nech n call y-set. packers 304
ana Che. 1APuPRedesP et E H1E el B8 bR aRRRSR s SFlind RSB don:
shunt t ulmperaib8s bod torargp drem @ thaprddectidrl tubidgdBong with gravel to different
intervals 112, 114 and 116 of the open-hole portion 120 of the well bore

100. [013344?)5‘9 pﬁﬁﬁt% ﬂsﬁ%’égh% a3§%)s‘3ls§\8 onBFL'dQEf? W%P%efotn'ai’ ! ﬁarﬁ%lgese

may represent tradtionha r8aded 2 aupld fgd TS0 % nec Sectio
provi ded 40, & éne smbedicheof. Tiwezpeed Imiatlaewp&ﬂawm lniﬂhéemmekpe&kelt assanB®i6

has ot et o ERRRe "y, GRMARAITSalh by LEVIEATSEY 0BG DoHheBlea3aBand
screen or ot en ot thed or exter y threaded sec i's
provi ded apiposing @ppssm thee sm&ttlermd!)ﬁ'ﬁmd theametutied ssetidin 310, 3¢spestvales Sasnia

coupling tBt?é% E'Pé rtfg%cf?l' Vﬁa%gelagss%ﬂbw 9@6 aw] g&]dggnnee'a%dolfo se}lu%?ﬂ%egcﬂ%e@n tHe

ot her tubu
sand control devices 200. The shunt tubes 218 represent packing tubes that allow the flow

of gravel slurry between a wellbore annulus and the tubes 218. The shunt tubes 218 on the
sand control devices 200 optionally include valves 209 to control the flow of gravel slurry

such as to packing tubes (not shown).

[0146] Figure 4B provides a cross-sectional side view of the zonal isolation apparatus
400. Figure 4B is taken along 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 pipe 205 is seen. This is in
accordance with base pipe 205 of Figures 1 and 2. The central bore 105 is shown within

the base pipe 205 for receiving production fluids during production operations.

[0147] 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
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[ 0143] The neck section 306 and the threaded section 310 may be nade of
steel or steel alloys. The neck section 306 and the threaded section 310
are each wonbixnse®d to be a specific length 314, such agcd/useehmsi2¢310.2 cm
to 4 feet (1.2 neters) (or other suitable distance). The neck section 306
and the threaded section 310 al so have specific inner and outer dianeters.

g?g Eeck @?@étﬂplyfﬁ@uﬁtgﬂleg&?@f _fli_iélshtﬂlll!iﬁaﬂﬁs 3ﬁb7an$Vﬂ‘iét| mgtld]ajmdtdmheald@fn?ecz%o?
as | nterna reaads rea an 111 ze 0
Torm s ORI A YA TRE BadTEn BTGy 900 2R Al e B PN AERYrLes or

ot her pipe segnents. [0144] A cross- sectl onal view of the packer assenbly

300 is shows]i n Fhg uofigdBitiofriof tHeeshaiBt iubes 2k& s @refangbly bendehtiie. IBisIBsoén in
ci r.cunf er ent

Fi 3 wel k [
o oo e s <BHiongh dw il EioE 357 AT BEE Bhshin: Bt S8 a1 iegntigeh™ 'Y
r ﬁdi ally cﬁl@@neﬂw Horsbaaimbly &rgmbmdzst e tb?selaplbme 3081,476 Crbédrad abd?rﬁ)rSAh{B is
sownvmt|nte e cenira or recelve n
Il ds dPARGBRBCIact PO CHLPUT Ao BAdBRYBY LheRanpr 678 HEnMIEHUETS 1FD

t ubi ng 13fe p[dddd BkiEirGUtothd Baps pipe 202 add euBSEdieCllieom@biusi 2. vi ew of a zonal
i sol ation apparatus 400, in one enbodi nent. The zonal isolation apparatus

400 i ncl t he cker assenpl y-.300 f m F| ad ion n
contror dBiPkes bBe e R REH el FiRes AR R0 o e Sftnnflo® M R efRRfio
section 36@ﬂhmdnéd‘imnn@t@h@dnsﬁcn(ana\&éwerrtesp;enmguvaloy\ ofﬂhmsnndt cdoesl @hicef r om
t he pack assenbl 0 re. seen unt .t ubes on, t he .sand
cont Pt - ARTRRLO e L Riseethed A st P 238 eRE s 1 Gp2 14 HEAETY o
t he fl owmédigna26l slurry between a wel I bore annulus and the tubes 218. The
shunt tubes 218 on the sand control devices 200 optionally include val ves

209 to Cctgﬁ’?g] Ft EF ufrle% g esgtqt lcro%g lslreEtYonnggp av?evf %f % olﬂap%o altligﬁ tsaﬁégl%ﬁus

shown) . rovi es a Ccross-sec |ona € VIEew o zonal
i sol ati orﬁﬂappaaraamegnm(bm%dyuem 4B this etrrajodmnmtos@dtdwtrbi devickB-20B at dgagur e

4A. This 'oﬁn&!ﬂ dtanr(gﬁ](]&%mgngné)s t(.t> gﬁgs&%ﬂ g&ctlgﬁ?%%zggd h@ FbtgHéoe ségi‘iont %?g

slotted or pérforat I accordance
base p| peedistiodly, Fofgtmlee}sac]sealadsémblir m0ceht ad&t@mﬁmb%ubes 3thwn thetduackert he

base pi pe, g%)r%blglo‘{oorgr Zéﬁ\é;hg(%aﬂg&g&l% LM, df gigﬁ 'tﬁ},@sdﬂfge G gg'se%%ahgons

[0147] An ot osed m*re ate aroun basée
The out erHovesder, 28 (Figuef EA,atblIeysamdnq;mtrsbsswnWIy éOOrwhlzesrmtmrmai$thﬂ iubast 1248,

wr apped %%@r&f@g%‘? RESEA Qﬁa‘oe% 218 aa'? fIsHosed it ‘?eanﬁ & bdse &?})&a?ﬁktén%nthe

shunt tub are placed ra eqU| aro e outer
mesh 205.suTtbusd|n©iaJtiﬁnndmtm12% sand control devi ces 200 provi de an external
enbodi nent for the shunt tubes 218 (or alternate flow channels). [0148] The

cont | 9ur 41D Of eidife S8, UDSS B4 dBoR ST Al o FADSERA ool tcBgl s een

in the cross- SeCFI on Vi ew O wever t he shunt
be eccent300cFigyred8Biigtaken kg @QdmplB}B ofi Kjgpee 3R i ThisUisS;ut frpugiNene of the

7,661, 47 PrLi @ r - i

wher ei n Ssacﬂ%%%ﬁ‘ﬁb@s? 2'88a andBPP g{r?s&or % g ﬂggi&éﬁgb%grgg)lg‘?ggge% 8§$ﬁrs%§i1' to

t he base Thigpie ir20ccontahcs withdwasd iping 205| af &igurediliandZ)4The central bore 105 is shown
within the base pipe 205 for receiving production fluids during production operations.

[0152] Shunt tubes 218 are placed radially and equidistantly around the base pipe 205.
The shunt tubes 218 reside immediately around the base pipe 205, and within a surrounding
filter medium 220. This means that the sand control devices 200 of Figures 5A and 5B

provide an internal embodiment for the shunt tubes 218.

[0153] An annular region 225 is created between the base pipe 205 and the surrounding
outer mesh or filter medium 220. The annular region 225 accommodates the inflow of
production fluids in a wellbore. The outer wire wrap 220 is supported by a plurality of radially

extending support ribs 222. The ribs 222 extend through the annular region 225.
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[0149] I n the arrangenent of Figures 4A and 4B, the shunt tubes 218 are
external to the filter nedium or outer mesh 220. However, the

conf i gur avpan120i8230he sand control device 200 nay be nodiPCiras20iinet2ks s
respect, the shunt tubes 218 nay be noved internal to the filter nmedium
220. [0150] Figure 5A presents a cross-sectional side view of a zonal

i sol ati orofdapar aFifuredaA dnd SHpRstetrdiringe@BhRdoMEIHhecting dadhdorBIqeihRRbE,

sand contro| devic 2Q0 are again, connected at opposing ends to the neck
S0t i on SHRKARPe DN B OHEdTEe s 1 (BT E dpBe AR RS) Wisin ihe Ppdiaea uidh
assenbly (%ﬂf!e(gh? s:mhﬁt &L%bét@,zﬂlulﬁh% tthl@%téﬂaﬂs%réy‘r\stmt. p%h@ﬂe@ﬁi@abg% OiB@Qticﬂf e
seen connecte o shun ubes e sand control asse / N

However , ?1F’Haﬁtlﬁu?réa'yﬁfned"%‘?‘g‘hré%éﬁﬁ{?9%ﬁese@s'gﬁﬁw %@E@PI"P% XE'%E@F‘F%I In
shunt tubgs aRéBativeadtiangenbal 4 heasifdlihg t $Resn 2h8y abe WHeaPaFEPrdIRINEFNId he
base pi pe 205 and the surrou dlngiflltgr dugﬂézzg. %g 51] Figure 5B

provi des QMEPYUcation PeiwseR|the st bes 24P apAdhe, HHaf Woed P38 on appar at us 500.
Figure 5B is taken along the line B-B of Figure 5A. This is cut through one
of the sgotbsscr eFrygur@BQ.is larvrédsgsscaortdByicner thé phtied agserpisly B00 af Eihup@sA, pi pe

205 is again,seen. Thi,s is in_ accordance,with b i 205 of_  Fi gures

and oo T QertdaeherEeds T LR AGtemenhite ShaT i 218 A Fng ke AERi ng
plr odugt i age b}af& ﬂi@egmlzi wawwg 315 BpErdddéedamund ﬂﬂ&@ilﬁhguﬁestagbeskeja@am g
pl aced radia a ui di st ant round the pase pipe 205. The shunt tubes
D T est aBcPinast s arsehh Sprdaica e mhosBasrea ot GoTHEN bY B PIRAThg
fil te(rj meddisigim agoarraﬁyemm@nlshmmauzémmsafadongEs rsDJr:rydl%XdaSﬁ% pRfidel fbi gte]r es
5A and 5B provide an . nternal enbodi pent r the shunt tubes 218. [0153] An
ool ar akgrsSEBl 210, Eloet Brsiel Bdh S Ao b Ra 208 SN R S VBthan ng
outer nmesh or filter medium 220. The annul ar regi on 225 acconmodat es the

i nfl ow of[oraepducttisaoultilaltodse nated thae tHebaruplingl hecloartian fov the samdpor2i20 déwces

t I |t f inal | di t ribs 222. Th i b
225" ot 90 it PERsE a7 SoBgmen PER S R DU BRb e s Ry Sissbls Bist 22
[ 0154] Fi genkrsy dhackeandsnd Argveasdadkirag ofathgeerytthaffielin themeatadte §owpath fooredriny
joints t mbly. Shunt tubes 318 . | t te fl |
e o? SRBRREe TERIRY Y on AR, st otBa b LERIRbR LY SRRTRLS
screens A B4, 28Newtr Pat.h&pdicatdn iNoOI WO @O04PP4Ta: Ustl.aPeanyeptieatic MNo0, WB00

f Fi - ) 54- AV st rat Lve. Y
ar r angerenP g R Tsr fiph e B) e B 0HELS; BEC publ B obROPE Y s
comuni ceRataPubhe ov005/00e1EHyuand Uuh &at. FPubl.aud 20020832060. t ubes 318.
[0155] Figure 3Cis a cross-sectional view of the packer assenbly 300 of

Figure 3'6[‘01§-7T| Coupling sand control devices 200 with a packer assembly 300 requires
alignment of the shunt tubes 318 in the packer assembly 300 with the shunt tubes 218 along
the sand control devices 200. In this respect, the flow path of the shunt tubes 218 in the
sand control devices should be un-interrupted when engaging a packer. Figure 4A
(described above) shows sand control devices 200 connected to an intermediate packer
assembly 300, with the shunt tubes 218, 318 in alignment. However, making this connection
typically requires a special sub or jumper with a union-type connection, a timed connection
to align the multiple tubes, or a cylindrical cover plate over the connecting tubes. These

connections are expensive, time-consuming, and/or difficult to handle on the rig floor.

[0158] U.S. Patent No. 7,661,476, entitled “Gravel Packing Methods,” discloses a
production string (referred to as a joint assembly) that employs one or more sand screen
joints. The sand screen joints are placed between a “load sleeve assembly” and a “torque
sleeve assembly.” The load sleeve assembly defines an elongated body comprising an
outer wall (serving as an outer diameter) and an inner wall (providing an inner diameter).

The inner wall forms a bore through the load sleeve assembly. Similarly, the torque sleeve
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an alternate enbodinent. In this arrangenent, the shunt tubes 218 are

mani f ol ded around t he base pipe 302. A support ring 315 is provided around
t he shuntwoube#s3®8. It is again understood that the presentS2@apparas us and
met hods are not confined by the particular design and arrangenent of shunt
tubes 318 so long as slurry bypass is provided for the packer assenbly 210.

However , dstserinslyﬂfeﬁﬁﬁ arediohdtéd BO@}D(E’tQﬁngsI'rIgCarﬁédtérﬂﬂﬁﬂ’ﬁ@ivn@&as&émbtﬂme@ameter)

[0156] It ould also be noted that th ing ne ni.smfo
tontr ol .%@nez"d@?moef'dmearb'ae%ﬂaarag@énﬁ% el A e b edret e

mechani sriofgoetsieehewsdembijie seal i ng mechani sm prevents | eaking of the slurry
that is in the alternate flowath fornmed by the shunt tubes. Exanples of

such seal S are descr.ibe 2 Intl.
bar ApolPE  on TR SX0EI B8 AP CaR S Rt P epstoreAZIPaRpo L R0 apiges! ohe
3882; 8812.18&’$I;|n@c&18dtmgtTheFéubéast b[Iﬁ\)%trQIM‘IZOOSQ:bAgI?anld HeSit Idaatsoné’pmip kmgl\d@lndw;t\lgre

; a at : :
2005/ 008 Se#@i@‘??@?&f}?l"?{&r AP '8? erigeln e %@'W‘?I‘?r SH@I%E'%HO“I“G
assenbly Mer&qémbwslnahdwmeésmfnetd‘tﬁhdaitluﬂhetalb%t I8 dondiiihie gec Weposed
assenbly eg,(go. w'%t,[Ip1 t he %hun est 213 ihﬁ,‘ﬁ‘ﬁ t he sa nd control devices 200.
In this rSPEEt MEHENS FER %[teﬁ‘ S et ert(ﬂ%rgg €218 in the sand control
devi ces shoul d be un-interrupted when engagi ng a packer. Figure 4A
(descri bgoeapoveyhs Ipmmlc’ﬂmnstrmg)mmmﬂes @e‘w’nalrebo@}ﬂﬁomomhe'ﬁmetk éSSeatItaIIy a base
i nt er medi at cker,[h assr(]aﬁ:o % ; ﬁ shunt tlu @
al i gnment®P (&P RHRT HY alfI $° e&Hné“t? WG FRTesY a‘I"é%ﬁl”Iaé‘éo r§%‘88|”3ﬁy sub
or | urrperalszu bdn pmvtdedon?ﬁeymenlﬁﬂmmn mmonﬂguredmmjbearnﬂmdtflbwmcirmnlahceglont\mm
mul tipl e, cover over .the c tu
These' cohbet st orbe Filapdilesd Buit et Bl fnd sBtuid 2abail'BF M ety DR
on the rlaj;séﬂnblgrdurlhgﬁﬂﬂalslt &.poRmhesftgriNe! p@ckaitdl pdetbtiorsnt Thd ewliplity avsmidfaaki ng

Met hods, " uction,str rredto as j.Qi nt assenbl y)

that _enplBFEtnatT el al BHf SHELR! 8, AT ShEulis Pl of be e

pl aced bedewverasaerhblgad hsllem/elea\saseséehgbly amdl the tbtqmecalezavelaeee/reblasasenwdxa Ub The

| oad sl eeve ass i nes an el on

(servi ng heobReg Wi Bas bR 1 s A i Pate BRoT paf REDARY T fiufE ore

di anet er)in fllike commanicasdn, thenebys pm\}md)m@ altermategflow rehahoelsl fol gevel sissenblhe.

Simlarly eeve def i nes an r15| ng

an out er teap It LB OHF 5PR8E e e S iott e S asa0mB D SRR syl

an i nner ttiatahmj engble T beriesuwfesantatieeajdds I@bmor&mebmdeantdhumug@trteheelbommea

sl eeve ass§ | LOlS%&ﬂQe Ioag sl eeve assenbly includes at |east one

transport F ?'VF 88 Cne packi ng conduit. The at |east one

transport condwt and the at | east one packing conduit are di sposed

ext eri or [0t61] he Aa metedd itrampacker assenmbiy 800 darcludestehpaioot mechibracadly-set packers

Simlarl Y30 | eev I e it t

| east one co% ?gga p&gﬁgg%s‘?}e/“ I)I‘E(%d'éﬁl:?% {kerst ?ﬁ ar%no n%ﬁ#@%{eérb-ggﬁ%ﬁle

| nt garl or siwmlbmjeruedaanditr@rm‘aml paflBgoiMdte s dreriresn miquer;gckemdrm@gemant
el DOG, AR hfk ekl ol SiERTENL] Aldotad BRSRaRigte L hat runs through the

sand screen n Tegion may al so be

provi ded. The ITB.I’II foI d region is confi gured to be in fI uid fl ow

comuni cd0162h wi The phekeas 304 af Figume 3Ar zmasshownh schenaiicallpndonevére Figuren 6A

packi ng I I r I f

O avel panly o ot e ARG REKE o AN iodl<ol Bablor eBBTartBPEE WEEH B

| east a pbe paderasserhiely af Figure t3Agrire opeientbodiswmirb The aiewsr offdguresheA bod @B

sl eeve a ass n I r h|y

ar o made T g Yot Bl AR e WRUR, SREARHY ol hd IR RIS, ! FHA-RLSDh

transporwwwﬁdnEunkeﬁgtb@na@«¥§0&ﬁﬂnMaseMumdwoonnunlcation, t her eby

providing alternate flow channels for gravel slurry. The benefit of the

|oad s! equfnsseriier, b BBaRRNAS SLAAYBoARTeHides 308 MafOHR! i ARRe

is that ey enable a series of sand screen joints to connected an run
i nto the apphrabses and neetheds kareian for exanmue fem savecaniiehdsvices mainAgdn siaed,

the pack LIC y t: 3
vhon' st iy Th BASNET s R eheS s B orhe M PR R PR ey ed
bef ore tw@nmlrmtlppof%crem@tﬂnéwiw@rzml QDQIJ@III aprafRtups formed. This requires
a uni que packer arrangenent wherein shunt tubes are provided for an
alternate fl ow channel .
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[0162] The packers 304 of Figure 3A are shown schematically. However,
Fi gures 6A and 6B provide nore detailed views of a nechanically-set packer
600 that weyot»asemed i n the packer assenbly of Figure 3RCTiUS2@n®61225
enbodi ment. The views of Figures 6A and 6B provi de cross-sectional side
views. In Figure 6A, the packer 600 is in its run-in position, while in
Fi gure 6Boteag patkerpabkd} 600 firdt iirfcludeetarPPdit niddrd &163] Thér@inee maadireTegmos of
Por ei . HSNeS GHpF GO D Watlr e FoT kg CEGahaY AP udIhG CaRERl BE 60S
scr eenrsm (Pr&Hles @rpfﬁrr@ay:ﬂ@m pagmlr@rqls(wdgcﬁbn ﬂlﬁmbrtﬁﬂ@ﬁgﬁfﬂfeelﬁélﬂ(_er 0@ jstentnstaato \Ar%e
any conbi nati on of screen, an i pe, .or zon i sol ati on ar at us.
2031/2/ 082 WWT@WWPBQEEE@U?WSE]#F@WLER@&gﬁ)ﬁa'ﬁprogf pf‘?@l% '%ﬁu'ﬁﬁ 9 Hifer
mandr el  Gde 1050f tHengindnevnskng| 2001@eétefr Figares4A| a0 )ethdt tHE Wraduchedubing
formng a §entral ore 605. The central bore 605 provides a primary flow
path of pt38dean BIgyresd<adflough t he packer 600. After installation and
commencenent of production, the central bore 605 transports production
fluids tqotdsp bomee pBEeD1600 RisoSAtIddesCH B8NEnd602.( TReads BOFbgplasediAlond thed B)
500 a1 so TEased £1hia b GRteaD8iE ife IEHiEE HeB%h o0t ar afery Piretinder
mandr el @GR cdhnédier 614 slvirgratefi? thrddus atlbotrséridatis venrditeglastsh@@dedioe trexddd nal
t hr eads. b conpec 614 having.internal thre at pboth ends is
connect b4 the B0EH 817 e Rt eaBad2pr R meniEr et BR ohiBhredt et
6ﬁ2 of i ns\eallemanhd dropk eﬁlao et ﬁeobﬂe ehOXnGEh0RD oT th@iljﬂnéhrsmarr&iréleﬁilotﬂi‘& ém)e(rngnd.
The second e not of 1t i nner ndr 1Q .has externa r eads
and 1o odnief ehd RedleS Y piiesth Tnedier bRt shoum ol ore ng rARde! FADAREE 510
al | ows t hire packee 60666 bé cohecctaantoehé ®dx bad bhe shak seBen of othes amdlas GHEE Budhr
ot her tubul ar, b dP/ such as a stand-gl one screen, .a sensing, nodule, a

Fglong o

product i 6% & B PCEeB1 AR SPGB D FERPIHAOB OB thAA BN R at the box

end 602 allows the packer 600 to be connected to the pin end of a sand
screen or[otasher Théduwoxr chhodytos ugtd as tee Ytoandndil6B2ealtmvsede, paclssenditndo be

nodul e, a _producti an tubin or__a bl ank pipe, 167]. The i nner manpdrel 610
ext onds ABREERLS Ml BnerRr of Resef el BB en b O sl & €36 Moo
conposed safeemyb sepdieg modulecd pabdsetipmetnbiag, @ra plankpise. The i nner mandrel 610
has a slightly smaller inner dianmeter near the first end 602. This is due

to a sett sho . i,aed.lnto el i 14 Db
expl ai neo[bﬂ%F e JW?*}?E?@W qktygaset%n:atﬁgalér{bob eggﬁétgg)grﬁgéﬁ %:%kee@%gmr e-lllheea'sger
sl eeve 7IGanduelr @6 omese bé compokedhiaf ahulfige ceonapgibd edglnents, setjbintsg tThel inner

[0168] The Rackieg10900 2sishil 5 HEPRnd: BLARD TEBPHHEEhsPE% 6d5e ThIsSL AleBTT @

setting shoulder 606 machined into the inner mandrel. As will be explained more fully below,
the setting shoulder 606 catches a release sleeve 710 in response to mechanical force

applied by a setting tool.

[0168] The packer 600 also includes a piston mandrel 620. The piston mandrel 620
extends generally from the first end 602 of the packer 600. The piston mandrel 620 may be
composed of multiple connected segments, or joints. The piston mandrel 620 defines an
elongated tubular body that resides circumferentially around and substantially concentric to
the inner mandrel 610. An annulus 625 is formed between the inner mandrel 610 and the
surrounding piston mandrel 620. The annulus 625 beneficially provides a secondary flow

path or alternate flow channels for fluids.

[0169] In the arrangement of Figures 6A and 6B, the alternate flow channels defined by
the annulus 625 are external to the inner mandrel 610. However, the packer could be

reconfigured such that the alternate flow channels are within the bore 605 of the inner
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extends generally fromthe first end 602 of the packer 600. The piston
mandrel 620 nay be conposed of nultiple connected segnents, or joints. The
pi st on newonrei2/@2M5def i nes an el ongat ed tubul ar body t h&CTrusgedes1225
circunferentially around and substantially concentric to the inner nandrel
610. An annulus 625 is fornmed between the inner mandrel 610 and the

sur roundimighdpélsg 10N IBdiAELInsBACe, theailtamatd fisw GRanr@Nelel ‘Gicalt Jhepinmat wesdral
secondary, flow path or alternate flow channels for fluids. [0169]In the
arrangemsﬁiI -of Figures 6A and 6B, the alternate fl ow channel s defined by
the annulus 625 are external to the inner mandrel 610. However, the packer
coul d be [pE@Pnf i Fue emhnaluehe25hat irt feidatdramoaitationl aith aharseebisdary dlow phthnott he

bore 605 of .the inner ndrel 610.. I n eifher Lonstance, the alternate flow
o rannel o atoier GBS ol T REowE Fipufescid Bd GRTOPHICS seplrisdon sy Sty

12 | ui d ﬁorﬁmﬁipteattﬁme)ﬁar\/d é&reédrbgzwsbni@w%s BAQMAPSA, horod b@lmatdrmr, adswmf Ibblbezohelo:
not shown in Figures 6A and, 6B a parate to e , rexa e,
the sang oo retboressh e et op i Bui SRS e difer PBY. e Bl SieT
zonal i sahaf branapaciere sliearksiopacHedneld08 of Figure 3A, or other tubular
body. The tubul ar body may or may not have alternate flow channels.

0171] Th k 00 _al incl ud | i 0., Th |.i 630 i
connett ed? AL seIegapie 00 Grd TERcle ShERiRING §30y TSSO ESE pabls bdheee
mandr 3' t &?haatalljddh(e.gj.j Viatetl?rtmig@rﬁjﬂ‘fo” 'ﬁ!ng?])ctgoupb ihptr'mgc;rggglnﬂsaé tgne ra(t: uﬁéur ﬁntade?% zsnga.nner

e box nec [ i .

Pandrel o5 RyRRGaNR T lreie A0 siheide TR R p e AniRd Fintiedy
nmandr el &t?anwdd tqnmecimp{ hraggfe:B(BJOAOfpire\mm tr?gftimerdmgighlalinmgﬁémwn t?ét\;véé}gtﬁlsﬁép\
t.he coup] i o the box. c ect or : ) .

(hat | onalrgra By g, D8 gBFRin SRS A Ot Bliua kgl 63 L ReB s The
NACA key do8dlingstopheab@dcdnneetonél4.t o t he coupling 630, and external to a
t hreaded box connector 614. A first torque bolt is provided at 632,

. . h . .
connect onP Bz ATsRicoipeBn ANVACA Be e N Einfifed BF Acldhel iR B8 e
coupl i ng @X0Vermployére NACNAKAYKkeyHB4 idlplBaed imdgred! tkealys cagnting £B0.f astt externhldo a

[ i he | s ia . : . t
reP ooy FRBOAEEb el RBEE andl Bl A0 PRRSRATY! Bt heflpti
st reamnl i S0t toethe | ACATkeg| 6B4r gnchtiemgtot the amnednnsctod B14.0 A edowe forquet bahis

i , . I
01721 oAl RS GRGupd DR BRI 3 BEAE ARG At aBE
i sol at ed (b fastea tbeicoaplindi63§ tostd inoeemandrel 680 {indioxshometor 6flde (@rmeNans tHe25

enabl es t a 0 \Y f at | f I ch
s shunt BB For ostliR Fiou™ g toreb il B0 by To) M RENBE B S
t he al t ershatyi alend thevanohlas 6¢2 (siedfios frichien.packer 600. [0174] 1 n operation, an
annul ar space 612 resides at the first end 602 of the packer 600.

[0173] Within the packer 600, the annulus 625 around the inner mandrel 610 is isolated
from the main bore 605. In addition, the annulus 625 is isolated from a surrounding wellbore
annulus (not shown). The annulus 625 enables the transfer of gravel slurry from alternative
flow channels (such as shunt tubes 218) through the packer 600. Thus, the annulus 625

becomes the alternative flow channel(s) for the packer 600.

[0174] In operation, an annular space 612 resides at the first end 602 of the packer 600.
The annular space 612 is disposed between the box connector 614 and the coupling 630.
The annular space 612 receives slurry from alternate flow channels of a connected tubular
body, and delivers the slurry to the annulus 625. The tubular body may be, for example, an

adjacent sand screen, a blank pipe, or a zonal isolation device.

[0175] The packer 600 also includes a load shoulder 626. The load shoulder 626 is

placed near the end of the piston mandrel 620 where the coupling 630 is connected and
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The annul ar space 612 is di sposed between the box connector 614 and the
coupling 630. The annul ar space 612 receives slurry fromalternate fl ow
channel s Wb 2a1208p396ct ed t ubul ar body, and delivers the ®CumsgotLo6t2be
annul us 625. The tubul ar body may be, for exanple, an adjacent sand screen,
a blank pipe, or a zonal isolation device. [0175] The packer 600 al so

i Pclt Edes s@tale@adA §J(Sjlm15t,éiﬁd5n elthe emebgltﬁ@gusﬁilmubﬁtgglomhéssarpIrﬁ@eguaﬁ@wr dnhezinegd
o] e piston mandre re oup in i S connected an seal e

2 ol ST GBI+ 1B i ohorle” (2B, P AR BT 430 I T Rher G BHE o
and an oulighetdr BaRtREadsTAR Isapbadbaicdrfiedieibtd Biephesratamdrongn ol hat ledstedne

di aneter. The inner dianeter has threads and is threaSedI&vconnected to the

i nner marftiPEAts W genpelds o BptuerRdbe IMnes@ndnafiferia BiteEN B Vio¥n

t he i nnerpedébromt @hnGbpgRice8d2bad eanaatiusfé2sw bet ween the annul ar space 612
and the annulus 625. [0176] The | oad shoul der 626 provides a |oad-bearing

i nt t | oad [ 1 h t sh

A R R T T e L
and suppooécﬁdolthdn mmn(tnlot)@ﬁbwreﬂ SV@écUdSarth@ th@gﬁhdsgggjldbemz@% alowt t‘r@nt ;
te orar us S t t t he acC ecte
o et ot RSl i B sUBRbl il (e BT a Vot | T PRt sRaupey
when pl actm i nhérh%nﬁm@’ﬂy/ uséder s@poit the gve@'Hle)f ltieagadray 600&andany rt:ame‘ctﬁdr ed
fromthe Ioaqtsho to %%§6 e thre d %onnec o q@ﬁ ?% b?x 8on ect or
614, therf{"B'TE eH'ﬁS?S %ﬁ%ﬁ‘” Jolfi‘éss Aregdy dun o thepwell) when plaged i (s e d
L o the boﬁtge;o%wcdf @rr{gﬁlﬂqhe Ib@d?r?a]y'g?gn ba@dagsfeﬁe@ frahgmeu%ud sld;e&jeatsps fd le)llpe

ousli n e 1. STOoN ou r | S un an | antl a
Concentr 165P8 RRSHTLTEN ot CrEsr SHhel BAdRAIE 08" MendihAnBur 6% Seause
t he pi stcm)shwu@hr@plﬁéﬂwréaﬁdmum@m)eddnyieabom.and relative to the piston

mandr el 620. Specifically t he piston housing 640 is driven by the downhol e
hydr ost at | res The |ston ho 40, na sed of mul ti
connect edvEbent be Bapkstcadl 358 fod e R e pifind Baficrieagticd heligs §Ao°

pl ace al crag‘de:heropnetaodl |srmrbdraahalﬁf2@>ndemtnmg) Whurustommamhml pR2&:t Dine hacker ago &40
is secured using,a rel ease. Ie ve.71 The r

s eove. T1oMIST of B s REPSAERYFulerad Roinkfs 5255, 4Rl 407 e BTagBRfon

bet ween trhandpelsé2imn Bpecfl(myy,Gm@ rastdntstmgsﬁmnlsrdINdn E!dy ﬁﬁéﬁjow'ﬁheler Iex)de@aa’zetld@y
715 penetrat es tgéou ] L .thsg€|sto€ nandfsdvq I?q he b $er eq

610. [017AYR"Gur %{h TH'DPOVITH ThPAPGEF AT WS %F%H% 78Y 85¢% %Fe%

710 and tjbietst el ease key 715 for the packer 600. The rel ease sl eeve 710 and
t he release key 715 are held in place by a shear pin 720. In Figure 7A, the

shear 0'77%5])15 ?hé‘%ﬁtc{?ﬁ%sﬁ@e&h‘%gh %rmj { galo%l %ﬁg ?c!ner%%?(g%%&oi%ﬂm@nﬁn- .

release ar e |'ace™ al"ong e in
Fi gure 731t fibe slsﬁmrhq@smlg'ﬁzo ifhsacubsbusinhe agleake saemj/etme andlrelagse kéyeE\oe THED

has been rglreggés %Ea?_g 7?&) {%\%agg Qg)éﬁ 5 [Prg\?e%t §8§tl\%f t dérﬁl?atl %er%m?&rﬁ(ﬂnt%etv@ée%

[0180] I n éac nner
sur r oundithg pptcmthmsnngrﬁéﬂ@hd @ROpistoe nseeine! 620. é[del releane, kelylvd Spesétoateh thusugig

640 is S&th f?\tétp%tg?mgpdrtehgmpgr% fAR inner mandrel 610.

[0179] Figures 7A and 7B provide enlarged views of the release sleeve 710 and the
release key 715 for the packer 600. The release sleeve 710 and the release key 715 are
held in place by a shear pin 720. In Figure 7A, the shear pin 720 has not been sheared,
and the release sleeve 710 and the release key 715 are held in place along the inner
mandrel 610. However, in Figure 7B the shear pin 720 has been sheared, and the release

sleeve 710 has been translated along an inner surface 608 of the inner mandrel 610.

[0180] In each of Figures 7A and 7B, the inner mandrel 610 and the surrounding piston
mandrel 620 are seen. In addition, the piston housing 640 is seen outside of the piston
mandrel 620. The three tubular bodies representing the inner mandrel 610, the piston

mandrel 620, and the piston housing 640 are secured together against relative translational
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mandrel 620. The three tubular bodies representing the inner mandrel 610,
the piston nmandrel 620, and the piston housing 640 are secured together
agai nst rebavimes23osans| ati onal or rotational novenent I[pgTiUseo11/0el2ehise keys
715. Only one of the rel ease keys 715 is seen in Figure 7A; however, four
separate keys 715 are radially visible in the cross-sectional view of
Figure 6F0r rete 66l h&ﬁem@hp fouP ddfddsEn@y$ ehsa@alm Jfltﬁe Fétééééﬂ&ywmbi@s@n
keyhol e g hg ﬁ hoI e 615 ext ends tjé{ éi E ndrel %L nd the
pi ston naREIBIre d90 NOYRET IRpESRPaTale yeve 619 HEMadR %S'Eﬁé”u i OSPIH LG View
shoul der of #gureBEd@ssabedbslo@. shoul der recess 624 in the piston mandrel
620. The shoul der recess 624 is |large enough to permt the shoulder 734 to

di | i dly. , h pl. i i d 7A
Thes o actuitary of "YRE osd B8 ETE Lo wthi R kSl BLb S PE S DG Hrce ARy us
2'25 bet \;\ﬁmughmé |_rm@fmamdlreio ﬁmthﬁmt@mmlapmt 6250.dﬁﬂﬁl§ife$éasﬁ?@%/l735ﬁﬁilu®€%n in
| qur e or e e a ul u oes . en (0]
This’ e oeardlight 73 "1 Mol A Sttt IREb EhalitRr Bo65 B 10 s BRimagedl
separ at e 628di ®d mmceéteemnm&i &rgdﬂeﬂio@hﬁse'pbbfﬁlt tHeesuRRe 784 ft@mcivbeaduallyease

keys 715, as best in Figure 6 d an t he rge channel s
mt ng BN RANEETs 8ot Y 18 St 9B A T Pasresedte oF 1 eSamor
mandr el GldevelTa0. surrounds the keyhol es 615. [ 0183] At each rel ease key

| ocation, a keyhole 615 is nmachined through the inner mandrel 610. The

there ardotahr ¢ b1t aclsS ugCnd FERIIRAZE uper, BBl 1PoliLBRo Bl oflede,

ci rcunf erreamdreilﬁgo Bmcﬁlsgam firi EiguréWAr eduBe THieisaeualses the2 dnnuline 628 daénhoig

area of th npul u nad acent bu | ows, flow in al ternate
oo oharmGrRoBEdD B GRES BT & 38 by 803 st da ieatill 685 hhis)s
machi ned sapaiads taotneillyts}pacérbdwarmklst ﬂnet pmsewenthad;ueborﬁm thdoeleaspieyd VtHldsy,

mat eri al pakin t mandrel 610 e machined to formthe
At or nat i B1oe Rilre e ol w2y e Bpd Pad e g 0 P bl gy >
(not shovamé Jloaaltedc Awas frbme’rmetrhateaale@f the iriee manmiesl Bmmtiae*aurﬁcim\dsAM &eyraidsvel y
still, rﬁ bunps may be a separate spacer secured between the inner nandrel
610 and t g pi ston mandrel 620 by wel ding or other means. [0185]It is al so
noted here that in Figure 6A, the piston mandrel 620 is shown as an
integral [BtASy. Haweaeh relehse ey tiocatioof at keyhples 665 isramabhiied6beoughethe inher
keyhol es r o] e T
keytol o AR S TS SR BFs 28 BRIl RS Dl R

715. If there are four release keys 715, there WI|| be four discrete bumps spaced

circumferentially to significantly reduce the annulus 625. The remaining area of the annulus
625 between adjacent bumps allows flow in the alternate flow channel 625 to by-pass the

release key 715.

[0184] Bumps may be machined as part of the body of the inner mandrel 610. More
specifically, material making up the inner mandrel 610 may be machined to form the bumps.
Alternatively, bumps may be machined as a separate, short release mandrel (not shown),
which is then threaded to the inner mandrel 610. Alternatively still, the bumps may be a
separate spacer secured between the inner mandrel 610 and the piston mandrel 620 by

welding or other means.

[0185] It is also noted here that in Figure 6A, the piston mandrel 620 is shown as an
integral body. However, the portion of the piston mandrel 620 where the keyholes 615 are
located may be a separate, short release housing. This separate housing is then connected

to the main piston mandrel 620.
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WD 2012/ 082305PCT/ US2011/ 061225 [ 0186] Each rel ease key 715 has an opening
732. Simlarly, the rel ease sleeve 710 has an opening 722. The opening 732
in the revoase/ise3p5715 and the opening 722 in the rel eaPeTAlSe@IM6122D ar e
sized and configured to receive a shear pin. The shear pin is seen at 720.
In Figure 7A, the shear pin 720 is held within the openings 732, 722 by the
rel ease gbregye 7E@ch lécm%\é&rey 718 hkb guro@eﬁ’uag 7B2. Sheigilyping réd8sd@i8eReEID has

sheared, and onl t he 0 repmai ns Vi 187] An
outer ougt ey Bel bacueRy 7338 asciss dlth T aiina cBenits Tedin e s

te;at h forsideve frgelae@guzedxlgw% (?drﬁlgaﬂ’e@ tfﬁlFébM\/egé ?rVe%ﬁp[[nTh'ﬂhetsﬁ@érfblﬂ%%eéﬁ en:zzo In ' ed
rel ease are angl ed and confjigured to ma are a e
surface fgweﬁ Hee ‘??BH‘ SNRY VB thepReRes r71§2 7@3@3"5'819 EPU‘? Eeeé"érﬁgg
teeth) faHowdver,mh F'iglﬁe!‘fBUtﬁb%ﬁezﬁ‘an 226 h5HBUEN Bhedddd andinmiyt £eibl @éﬁuoh@str@e on
an inner face of the pjston housi ng 640. \Wen engaged, the teeth 736, 646
pr event rﬁﬁr\‘/giQeF?ﬂ“%‘Fs Y'ﬁbepi ston housing 640 relative to the piston mandrel

620 or the inner mandrel 610. Preferably, the mating ruggled surface or
teeth 64Qom§i deAanutdi@dgs e thef rrizasokep 7$8 pas atr&gglédﬂéuﬁadéublefeet‘nel'Eraﬁt%eth

| h th ded t 640. Ret
ou o FBUPE B R B SRIEOnh o R8BS e ARt B BkBse ke P el
ﬁ50 _ Theﬁgrdo_?ﬁ@uréd rt?mmﬁmﬁf a(ﬁ&ﬁ’prbéala@%gll@i Qulfdey viithen tne\pwmnl houwing 640. prr&}) 03
ousi n e centrall zi r Orea , S SCr e
oD S006t5ora ST Bhiaes i Wetib e Jhs SRRt Tl G40 b BR 6Bt IR ER b
fil : ng déﬁ|46 r@fsldékg)\él?ihaher%ce Bﬂﬂh? plsftadﬂeﬂjgh‘@GMCMngegﬁ@@abu? tthelteéthﬂGBﬁl,CKitB a
Sealn el enent entrall z r IS actu
Soot ol RSB o2 Rinl b Bk A TR 1 bR sBrare B3 £ igper
283? ; 287%?o¢@|r61ommsfe§a|blﬂmwmbm§ degleeahrfa@ @teeﬂar&%ﬁéﬁ?@m d;ﬁ;mherltresb lom WO
rove acC I N atl .on Ilrn
Gate of iSRS snofuterTHegH e it i e fiteb Bt Psford B 280650 nog
seal i ng el enent 655 are in their run-in position. In Figure 6B, the
central i Z0188] rrenﬁetunﬁiﬁ@ n@wdtocBrglueest 64 sehbBnthee backent6005bclbdosea loeatnalizing

S T T R
o hensr ?ﬁﬁsmg D IpI0] OBASES Ty he NSl Lo prevent e Bl St on hous g
SRR o T o1 el R PR T T S M e R R R S

655. VDW/EWBZ&GIT/ US2011/ 061225

[0189] The packer 600 further includes a sealing element 655. As the centralizing
member 650 is actuated and centralizes the packer 600 within the surrounding wellbore, the
piston housing 640 continues to actuate the sealing element 655 as described in
WO 2007/107773, entitled “Improved Packer,” which has an international filing date of
March 22, 2007.

[0190] In Figure 6A, the centralizing member 650 and sealing element 655 are in their
run-in position. In Figure 6B, the centralizing member 650 and connected sealing element
655 have been actuated. This means the piston housing 640 has moved along the piston
mandrel 620, causing both the centralizing member 650 and the sealing element 655 to

engage the surrounding wellbore wall.

[0191] An anchor system as described in WO 2010/084353 may be used to prevent the
piston housing 640 from going backward. This prevents contraction of the cup-type element
655.
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[0192] As noted, novenent of the piston housing 640 takes place in response

to hydrostatic pressure fromwell bore fluids, including the gravel slurry.

I n the ruwoiznizpssiosi on of the packer 600 (shown in Fi guPeTAAR(1106E22PI St on

housing 640 is held in place by the rel ease sleeve 710 and associ at ed

pi ston key 715. This position is shown in Figure 7A. In order to set the

pac kgr 69619]9@ nhaAQQ’ﬂcﬂ@?C?ﬁV‘érﬁé};ththﬂeﬁpi@%?igétmm% ﬁh?&?ﬁe§¥>%@t¥ﬁin;ﬁ§gpd§ﬂ§é§ thobe

noved out o e way o e rel egse key 715 so e tee 36 of.

ol ease KugroPERC A ERHE TOR Gl CaRdabsd IR heor Bk Badn gHe Than PStighor

thﬁUSi nlg GH@paffH@irsoothSWnQH Fii%rjémv)?thblrpis!ﬁ)rgms&é@%:d i_@llnl%ﬁj] iﬁ@le{@\kﬁy th@ﬁleﬁeease
e rel ease sl_eeve , .a setting tool is used. An illustrative settin

tool is sSiRﬁMﬁ 7&5 a?ﬁ(?SF?P@PéﬁlsépW Y e +§Eﬁ POSHPTLIS Showis %@Pr“nyg- EP QFHSF&’

Cy: : lr)ldr | Gk %@@bbh kaﬁﬁoq ¥ @E(tﬁfr@éﬂc)é,wiﬂ?ﬁg&% 6BNAhd Qﬂéas@f&ﬂbiv%tml'ormbﬁabé_ hbeed

wel | bore wi a washpjpe strin sho . \ 0 e washpi pe

string al¥hg fh‘?eWQ\)éPf)B‘%rréFe@% kgggggﬁprtg@t},\{gé t%‘fl\{ﬁt7ﬁge cgﬁrﬁ leasel if53/4Y9741]%A%eLI}S’per

end 752 abnddiengasdd nghttndliecthGabsofBdeidieh abusiey &aal Trslpasiticold etowrd mger s

760. The oIIe; fingers 760 coll apse when subjected to sufficient inward

force. IMI9W& R ion, the collet fingers 760 latch into a profile 724 formned

al ong the rel ease sleeve 710. The collet fingers 760 include raised

sur f aces [@f93] t hatTo mmdve thé tdleddle th@taldaserdlaeveTa0ps eéttih@todPid Wskd!l ha instremse

el 1 bor & S0 (@8 EihE% sb75930 FaHR 7 red SRung a7l et 8 50 dliediod *"°

suf fi ci erdodf @56 e Ptafei@blys thetdaatingned 75pii1sin 120 thowslhteas witaceashbipesrear (npi NS

720 h d,, th I I 10 is f to t | at
(he | nner MG T aMOGOSTE T T RRGPS At BPnB16° (0s; 5 R OTHLAC LR | ng

tool 750 suegcde run into the well bore with a washpi pe. The setting tool 750
may sinply be a profiled portion of the washpi pe body. Preferably, however,

the setti ool ,750 is a arate tubul ar y._ 755 that .is threadedl
connect ed o4l T neAlotmsT 5B TRRC LG, 1B R 28ls s 0F 1Bt AL PR et
770. The fingarse@0. oMhd oollet Tirifers Mel0uchdispsextvbem alibjedte @ ol suffidibnff iowaabfonect inng
toadrill strin i.n tubu conne

or,qt.her run- | ar,. tign tool 770 e nds
to §he dpetyohaeapitlbtrs o8, iy piie TeErcBRNRNRIe (s SE3vEIC.
ext end alThetdoiletfimgetshT@iligtiutid enideaidsurfabés 162 thahmeatd witoot laghviais Hipe pefitr 7248 her
device, or.,it conn internal . threads see ithin,the.bqd
T of 1 e rTRYe DTS, Bon A ERAR I S S 0B 25, B Bl s e sy B
travel ofwdlbere: elTeasettmlgeovie? sl henspllisnthe edlieasan stekives 78spidc byfficient fosde tr
top end 726 of, the rel.ea | eeve 7 t agai nst..t.he oul der, 606 al on
Lhe +nnercedss o SedsepiSe 2R a0 ke | TR BF SeBE bRR 70t e PO
sl eeve 7Xdlkdve 740ds treetodtayisiateubdrdwldnigehe eineasefask €08 ef theOnrey ntdrelagl 6110e
opening 732 in the release key 715. Wen fully shifted, the rel ease key

715 moves, it al Lt et d ARG 725 1ol HASHEBLARL ) 4 ISt o

housi ng en rostatic pressure i’s presen earin
720 and resitgeodl 760 mdyesimelydrseprefiled\pertioh ®f &ieswashipipevisodly h@referably, however,

the setting tool 750 is a separate tubular body 755 that is threadedly connected to the

pin

washpipe. In Figure 7C, a connection tool is provided at 770. The connection tool 770
includes external threads 775 for connecting to a drill string or other run-in tubular. The
connection tool 770 extends into the body 755 of the setting tool 750. The connection tool
770 may extend all the way through the body 755 to connect to the washpipe or other
device, or it may connect to internal threads (not seen) within the body 755 of the setting tool
750.

[0196] Returning to Figures 7A and 7B, the travel of the release sleeve 710 is limited.
In this respect, a first or top end 726 of the release sleeve 710 stops against the shoulder
606 along the inner surface 608 of the inner mandrel 610. The length of the release sleeve

710 is short enough to allow the release sleeve 710 to clear the opening 732 in the release
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rel ease key 715 to disengage fromthe piston housing 640. The shoul der
recess 624 is dinensioned to allow the shoul der 734 of the rel ease key 715
to drop owoto1disg®agage fromthe teeth 646 of the pistomChasgémygeR49d once
the rel ease sleeve 710 is cleared. Hydrostatic pressure then acts upon the
pi ston housing 640 to translate it downward relative to the piston mandrel
620. [Ol%wvftservméa faearifted, nt$1e7r'é(eab@\k§y tragrmehar@iblly tifeard] ptshiedhigu &ieng
640 is free t& de  al on n QUtS H Eﬁf of .the piston mandrel 620. To
acconpl i SHIY erof'twarﬂb%@'a PEopsiag 49 whe "PREUIGRAREPYIE 1S5St s upon a
shoul der 642 in the piston housing 640. This is seen best in Figure 6B. The
shoul der [6452] ser Bsaragy ¢f tix pinsAR0caniaaoVandert of fraceleade fsleeixelnmétso@ﬁ&wt; the

ded t t dre] 620 t | ] f | th )
P houl ey 5% 8y 748 1B NPt gR Ao trechingh RS HaDn e, Sho dES TRess BRtis
t han hydrdstadioredpoesiowrtee enotb@eravmal dfelle ebleaseg@gr?awetb dpEL i mgjugtp@égé frons .

The press |ed on hous 64 sur t acker
el enbnt s B S aREB! bE s oSl Srurdhn o e e e T4 6Bprer TRt iee00

al so i nclprestira thept a¢ts N@od etké Gistorfhotidieg m49ttortrehela$e Iitod dwHivard asiatial es trad ong
t he piston mandrg gﬁg a netering orifice 664 regulates the rate the

pi ston hdAEPhGaPehef%t es al ong the piston mandrel therefore slowing the

novenent of the piston housing and regulating the setting speed for the
packer 6Q0198| OZOQTtarotthB‘rtebepmermnset\ﬁermbefneateureﬂs tied pistod housingit 640 isvfeee to

nmechani cal,.l er al . additio Ss-sect. 0 aI
T ovt deq Sl able RESEE oitdeq BE e Bt Mabnel B20.0 1 RecdRio i MUFoSaltl v, o
6Cis a qormres&omltnetahnutusawmbctsmleomacﬁmmdeas-tg/mstee pixdarklesusifg ﬂ(gu‘ﬂes GA.

Th k C aof 6 i C-.6C | k .
T ougn seRn RS RABLRS BR il Sioubler 42, 5of8b 2o prosh B iaslidede® Rduic
c]?u![olh|e ng ;ﬁ)aoszaoust Mevumrbegh 6&4p|stb623?1ed1?%|?20et06@owzcvtaclj (V) ;asezaesﬁetgg irsgggwerlvingw
ob b of e HeiRhorn} e REESEE P8 (ot Sreiplye ey BB AR D BSTARR e s

632. The dppliefieurigl graﬁe’ibaclomg\eperatlmrtse TcheLpJesissmge B3pptied td1tee Ipstorclosusingt 640
614 Wnicthlsthre 03], Fi 6E is a

cr obs- sed? PBRUP W Al GroBrec nehhae pret ser g Dl aByreMafYdre oA The

view is taken across |ine 6E-6E of Figure 6A. Line 6E-E is taken through
the rel 40te9] key Tid Packer Gi)i)nallse is@edest & abetetieg de\tieease‘\skﬂsr;e Adtdnfasisieg 640

throughtg} t g)r + n ngr t EASO
seen thatt %ﬁ@‘% dg% ﬁﬁ ow c %nﬁ%? n%%g e?@ | ﬂ(% B&F tégrrae etgégls enys
715. housing translates along the piston mandrel therefore sIOW|ng the movement of the piston

housing and regulating the setting speed for the packer 600.

[0200] To further understand features of the illustrative mechanically-set packer 600,
several additional cross-sectional views are provided. These are seen at Figures 6C, 6D,
6E, and 6F.

[0201] First, Figure 6C is a cross-sectional view of the mechanically-set packer of
Figure 6A. The view is taken across line 6C-6C of Figure 6A. Line 6C-6C is taken through
one of the torque bolts 636. The torque bolt 636 connects the coupling 630 to the NACA key
634.

[0202] Figure 6D is a cross-sectional view of the mechanically-set packer of Figure 6A.
The view is taken across line 6D-6D of Figure 6B. Line 6D-6D is taken through another of
the torque bolts 632. The torque bolt 632 connects the coupling 630 to the box connector
614, which is threaded to the inner mandrel 610.

[0203] Figure 6E is a cross-sectional view of the mechanically-set packer 600 of Figure

6A. The view is taken across line 6E-6E of Figure 6A. Line 6E-E is taken through the
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[ 0204] Figure 6F is a cross-sectional view of the nechanically-set packer
600 of Figure 6A. The view is taken across |ine 6F-6F of Figure 6B. Line
6F- 6F i s wakery/mkiosugh the fluid ports 628 within the pipsTars2omndres 620.
As the fluid nmoves through the fluid ports 628 and pushes the shoul der 642
of the piston housing 640 away fromthe ports 628, an annular gap 672 is

created ab@dasd laéggm:aedt b&i w@e@ert fhet PiesélessdRsydr pe@aés miRcLghltRe Pistddnofaldigisi ng
acker 600 is gravel packin

640. [0205].Once. the fluid

oper at i o2V cger FRBRLE1BA 1t i 666 PoB (i cbe i Sttt BV ot ne) 625
packi ng pesieesbstReeh hedBRaseke@ 7Nt . The gravel packing procedure uses a
packer assenbly having alternate fl ow channels. The packer assenbly nay be

in accor ce w Lh packer assenbl 0. of _Figure 3A. The ke

500 ar || TREOE e klufts BE o CRaR T Reordy Yooy MeeCititaun e BRREC Sl R, o

rsrg\y lﬁe I reaCTity dawsetakki bcr{@@g kies 6686 @Fldﬂrgiﬁmiél%ﬁﬂﬁﬂ |§&kle|5 &R06gH theHiugur es
t hr ou ontro evi are utjlized wit ustr

o avel bR S R st it 0. AR F Bio Feas Uik e iEndiT § g

dr : I Ibi ng pmsldegrgw slheulaemfz afque@lswlnfrhausﬁhggm%me@ufdﬂn & @r&cﬂzsgSn laa@liﬂar gap ;

oi | - base ui na a_.soli en a idis.a used.

Shi o oy cdeds ot Bahaalis Reieen B hasTba0an e bt oriid €T or

to the process discussed in Internatl onal Pat . Appl . No. WO 2004/079145 and

rel at ed Wozds] Pat Onbdle.thé&, BUd, Byp3ss qmbhelofGOWhlsteﬂ, sgraest e;backmgcopenatlatsedndw

f Ho t ed
1 st r sy e pdaures 8 it el ik “Bbge 21 8 AT Refintg perBy ¥l ne
utilized. enﬁtﬁﬁlﬁ)ﬁe}dtn Tregyraes! $Ackiag \pajclebmaajs%@(h pa:kshawembTylba\nmg amérnattelﬂow
mellbore 00 horlzonta ncludes

a wal | Gl v ?P%?k&ﬁ?s %@ﬁyé’r‘? i ﬁf%‘%%’?? ‘% " pﬁ‘%ﬁf %Saste@g"ya? Figyre
hor i zont aiA mel'ﬂhborpecl&ibOass‘Ehﬁﬁ;e 200e velh onaveatmeébh@niaalty-82 0O packets s:mmd cﬂihéseol
devi ces 850  have, been _run t.he well bare, 800 arate sa

ovi ces dRRFARESIPETRAbTs R Bedtite ol hrtp Y HiguraS AR FR e
of the sand control devices 850 is conprised of a base pipe 854 and a

sur r oundi[62p63 andIrsEigeiees 8A6throligh 8Ny ssanpigoetol8dsdideavese sitititesl with perilfustratiieons

to allow flu ﬁa{:ﬁ i%)r%%vedd?%% Pgnot?t?o%%ﬁ%'nm$ﬂ%% %%e%)%amgné;oogﬁllr C#amggmaglefﬁa 850

al so eachr'inc t'erna oW pat ese’ na n accor aance
shunt t ulesor2d@udousiituie (NAET) skclgas e séBissladén gllJ-b&S(ﬁEJUICPI‘ Eptoratily ya sollus-ladamnt

Lubes ar St GIAA AT INLisbURES. OhBasaRsLELNRRTs LGRS RIRES. RS ikithe! Mo

sand screens e annu regiron s
2012/ 08236&?@e@$ﬂﬂh1ﬁ@3\b2@506{s©mp§$® is amdrnatonal Glat. deppi. s VBG2064/879145

connect ed, i &40, /X e Rl e AL A5 SPIRIch 30 reth MnbiRoAI RO FERILT

Figure 8 packer assenbr P89 Rsta
producti dﬂvweveerlt/athcmlcsbe repteet! &EOIhIMaxanplbaa somay rﬂramkwﬂtraa\sesemtnioyessms @iaer be

incorpor%%ﬁ%%?£“§ﬁ%&% ¢%%h%grgg Neer QEQG sand control devices 850 and a

packer asse I'n accordance with U S. Patent No. 7,661, 476,
di scussed above [0210]In addltlon to the sand control devices 850 a
washpi pe [8203] has Irb&kgure ofer @dwellbore 800 is shown. The illustrative wellbore 800 is a

horizontal, open-hole wellbore. The wellbore 800 includes a wall 805. Two different
production intervals are indicated along the horizontal wellbore 800. These are shown at
810 and 820. Two sand control devices 850 have been run into the wellbore 800. Separate

sand control devices 850 are provided in each production interval 810, 820.

[0208] Each of the sand control devices 850 is comprised of a base pipe 854 and a
surrounding sand screen 856. The base pipes 854 have slots or perforations to allow fluid to
flow into the base pipe 854. The sand control devices 850 also each include alternate flow
paths. These may be in accordance with shunt tubes 218 from either Figure 4B or Figure
5B. Preferably, the shunt tubes are internal shunt tubes disposed between the base pipes

854 and the sand screens 856 in the annular region shown at 852.
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into the well bore 800. The washpipe 840 is run into the well bore 800 bel ow
a crossover tool or a gravel pack service tool (not shown) which is
attached wo 2ote#s8e3esd of a drill pipe 835 or other worki n@Ctuszelg/o6iche
washpi pe 840 is an el ongated tubul ar nmenber that extends into the sand
screens 850. The washpi pe 840 aids in the circulation of the gravel slurry
?E“ ng ﬁ[qm}'elmma@k@,mh@f@?rcatu?m;elsaladméresu&ta%@teﬂﬂy!ca%/ ahemﬁ}édla&% tieked to
e washpi pe is a shifting tool, suc shifting. too
br esent ePRRTRY gD 1R SrrBoBRent T F A Fiobrenoerinuls Bardalepiss e
packer 3Q|Qterf{a&2ﬂxéﬂNkaQn Ipr&HiicBorS Avterdals 1890 SPIEF20t 0AbreBthan ioe niaera@mbsebmblyeswnd
of the drill E 835. , The crossoveé t ool 845 | use? to direct é
i njecti orPaaer BEPTeaTalRd: oA FoRNESTIR Rokeen thy F?” devisee8o9 And arRacker
detai | belsevmnbly@0d 24y ISEiPACBEEamECKET u&?sL@alt@tmnmeeﬂ ﬂ¢6,tdi'sdu6§ed3ét§lﬁ/§.over
tool 845. The packer 815 and connected crossover tool 845 are tenporarily

position ithipn a stri gof roducti on. ca 830, To her, the acke
ST 2 MR T R R ey B R o 7 SR el
750, and ihtoehgwaisdre 8ABK TEE Waehsip&840 &rran lintd thevellbobe 80mbe bwendossovehieol
wel | bore 800 %4@0?0 er

15 th t 8 Th
or 0550V O oYY §e'i"f?8rF°?'e(lf‘§’a§r1§’§"rr]‘f)Si‘r'ﬁht'ﬁé‘tﬁﬁ LB kg S Ahsct i omoee
as shown dterFigking stBg. [fkﬂal@]aﬁqu 840(3 4roelbhgatee t@Alaraneabeh thIaDeb&dnd’dAﬁto( or

a1 no HaaPg s BilosTheBSiing kAol b PR IG T BTy B

opgn holhegrmm rgignngpeﬂ)emm)rt iaad@kr SlllHseqﬂénglpger&gﬁz(ﬁn@}tﬁﬁlbagdlﬂGfb Wwashphip=Cs40ein B Sﬁo
ana was are run ore e | I N e
condi ¢ oo 1. SuEh 28 g, BhBing AG BRI B EOPFR. P e i ooh Lol B

850 are rpegitibnédbélbe theepadker 8000 t o reduce any potential plugging of the
sand control devices 850. [0214]In Fi gure SB t he packer 815 is set in the

producti sing strin 830 Thi s acke ed to
Extend. siDRAT G EoUrE8a cgiosiou 917 B85 if diisd ATaBRAER ph et alhedbiir g

casi ng starossgvé&3dol The |$)a|skdarto 8irBcti the Siejfectdnowed tchajlhtMeofvaeSQraﬁél sy, 80,
whi ch arelto be fr\n’fgr Efaq:ﬁ)p The packer 815 seals the intervals 810 and
820 fromdt%celsf) i eg A& Wel | bore 800 above the packer 815. WO

2012/ 082305PCT/ US2011/ 061225 [ 0215] After the packer 815 is set, as shown in
Fi gure 8@p212he cAcspeorats packer 8835 cc_znnshﬁe_ﬂ tte theuprossuiver ot 84fer sihemsken &3,

CLy oul 2t ) B HA Skl ool R Rl PRSI ulfh TRl O ARLTERS S 2
annul us bEting &30t H'@gdther Itheppqué(eBB'ﬁ!i dinel ctosso\eu taad 848li the etoxngalladt\/\iaehpipaﬁnﬂ,g
830 abov C fd sl g502,,9" carr i

whi ch i etpé]%ﬁ\ﬂﬂ% &)gr Eg?lfp%”d ﬂ{? %s%l ok Sg\bge psg')gklr%gr%}éﬁhto el %%roérﬁadjgﬁmel ed
i n the arwellate 800ec'Bga"|pa®(et 8t isi therseaisn ernﬂ)p@dnﬁrmScaamgl@pl aTchengos%slouerdtobhat
is disti i i [ aSshSt in

i spl aci 3SR bRRraE o Hepocbl oS E B P A BROPERUBUATL  oaucea
into the well bore whi ch then in turn displaces the displacenent fluid. The
di spl acerie23] f | uRetumeipg trofRiguie @At deorditionee NAF (i dthandiliing randy &idris plagediin
conposi t i t h i of this
i nventi onR(?WFﬁH&El@I a@%?legrg@? @EP"?% ‘ltjé 83113%9&%% %g@ggh% %”%%% ol %nr(ljed
drilli ng delivérdd 84 theadpsneholenportiare keforegths, drilitsiring %B@aand attaghéd san mreerlsa&'@d

fluid
ari 111 g Py b Pk Ot W waikofe 686 16E dhiith S A haPbBTERNIERa |
Fi gure 8Dvet hireeSd:lr shaketse (nat asilowd )l hefase sthé ftaed @mtrlol ldatngesa 860 raral rani intp the

t k sl d
s somet (B0 400 b 16 R % oBRoER dola O hE Lorkl cBoRIGCEL oBB7 X1 D1 ;Zeda”
carrier fluid 812 is punped down the annulus between the drill pipe 835 and
the proddé2i4bn chsFiayre t%ea@@frﬁ‘lérisfSIetJirdtf@lmoﬁlgCﬁDquaﬁi@g iingp840.ddWws t he
washpi pe rﬁél%s thod t%e%é%l@@rsm%h@ AR {d Oéﬁ&d\'éﬁ)saalrﬁj 4p n%%glmgoﬁeﬁéﬂb
out the sand screens

, Sweepl ng t E annu et ween e sand
screens 8BEiInghthet sisroginding waging gtingl $3B05he Paghes %ﬁeﬁShbaeovsdheulrdﬂrvels 1

el I bor e A%t WhRHGlte 16 %eSh 833 Bueker oo BASker 818 skilknd o it d10RBOSA%S.

Theflowp the carri 2|saa|n|n|cae arrows
"C" from the portions of the wellbore 800 above the packer 815.
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[0217] 1 n Figures 8E through 8G the production intervals 810, 820 are
prepared for gravel packing. [0218]1In Figure 8E, once the open-hole annul us
bet ween twe 20em#$2¥6r eens 856 and t he surroundi ng wal | 8PETh®soibaerz2swept
with carrier fluid 812, the crossover tool 845 is shifted back to the

reverse position. Conditioned drilling fluid 814 is punped down the annul us
bet ween tibzsfiri | hitgi e Svke@B05 idN6etPhOGHENH O FigisreNGC, 8RO dréssbosceol 845 is
carrier flg%g 812 out of the drill_pipe 835, as shown bé t he_arrows "Q"
These f1 GMHEIHR MR 2EXISR BOFIFYM GV Prespiyes 88 be §ham\ifig PosifRe- I

loac ker 3 gﬁflst%rnﬂ)ﬁﬂﬁﬁentsgsa édﬂ@@MTIuiiT8ﬁ'3%(L)ﬂlﬁ1&Ehdenﬂh%|d:ril119ipi8328§55dﬂgfﬂlédw iht@C‘eInh
ocat e el ow t he packer SSe on the was I pe . an ast the
packer as¥BHbEP 2N Wr@"s‘ﬂ@gi%?gc?é‘ldl e suggu '&%QFH‘E‘&V‘PWQ%%QQ 5§@@§p\§e 884 of
t hekpacgg)gca?sgml Yhe BéGWAeaﬂLgd g@b.g{%\m c@ﬁi&kﬂﬂig,og/ﬂiﬂ:h rrﬁyhegmtuid _@dSmlﬁéfrﬁth |toﬁthe
packer (0] I gures . € packer, IS use O I solate e
annul us fQS?Y?é@aBVg?%@HVt Hz*q%%g"?ér'aéﬁ%a‘é%”éerﬁ?gf“ﬁ% HalrIp SOMEi FEPUWHNENBES of
the wel | higadd@Puid hRatwe sdigtinee fr8fOthk Scarmkeued niag 15 LEHE S Bisplagé tdr ARsist in

[ 0220] Whi verse pasiti Fi the carrier

e in the r. n, as shown. in ure 8G
Fluid wi tdsRAReE el @11 tadBa oaiTien HORnPITPIUSSH Jeioas WaHPTG Mehy ed
to for ge thé}gircwrﬁi(ﬁs’plefde@itﬂe 8ﬂ~ﬁ)lébdén{ehe;llaiﬂnuﬂ'lﬂé§ dfs@fd@f@ﬂehﬁflﬁﬂ@&ﬁa}é b@mﬁﬂéd thepi pe
835 and production casi ng 83Q above the p r 815, as shown. the arrows
Co Lo2zien i) AndeT BRetoRs Bu ORI oSt artsBsme bRt GO SRR BETe MY od
into Ehe vaithirc Whatscoige [P Shisi mmeﬁt@ngravrﬁ dli@fd@iﬁgnﬁr fcbfr%fr fRAD %gﬂf@fs‘@ad:é%t éfeval
810. [0222]In Figure 8H, 't arrier ui it ravel 816 begins tq create
o o aver cohora Pig Blia B80S o prer Sab. Whe” 2050dnenbe pacEseR AUl
t he annulgush ket theeantilensaRAFS CTIRE barBbo fl@e B1R2hd@ispiadds 88X rilingted epem kil e
mellbore(ﬁpoﬁ The. flgid fl ows_qutside the sand screen 856 and returns
t hr ough tHECIASAGCHET G T¥S{ Gdi cated by the arrows "D." The carrier fluid
812 in the well bore annulus is forced into screen, through the washpi pe
840, and [opi6l he HBRilinFiduiensD, bet veesovehaodr$4d ispsintedBaclantto pd etowhtirgn
casi ng 830 %boveTLhe Qacken.815. , , , ,
position.” "This s 'the position used for circulating gravel pack slurry, and is sometimes
referred to as the gravel pack position. The earlier placed carrier fluid 812 is pumped down
the annulus between the drill pipe 835 and the production casing 830. The carrier fluid 812
is further pumped down the washpipe 840. This pushes the conditioned NAF 814 down the
washpipe 840, out the sand screens 856, sweeping the open-hole annulus between the
sand screens 856 and the surrounding wall 805 of the open-hole portion of the wellbore 800,
through the crossover tool 845, and into the drill pipe 835. The flow path of the carrier fluid

812 is again indicated by the arrows “C.”

[0217] In Figures 8E through 8G, the production intervals 810, 820 are prepared for

gravel packing.

[0218] In Figure 8E, once the open-hole annulus between the sand screens 856 and the
surrounding wall 805 has been swept with carrier fluid 812, the crossover tool 845 is shifted
back to the reverse position. Conditioned drilling fluid 814 is pumped down the annulus
between the drill pipe 835 and the production casing 830 to force the carrier fluid 812 out of
the drill pipe 835, as shown by the arrows “D.” These fluids may be removed from the drill
pipe 835.

[0219] Next, the packers 304 are set, as shown in Figure 8F by pulling the shifting tool
located below the packer assembly 300 on the washpipe 840 and up past the packer

assembly 300. More specifically, the mechanically-set packers 304 of the packer assembly

-36-



[0223] In Figure 81, a first gravel pack 860 begins to form above the packer
300. The gravel pack 860 is form ng around the sand screen 856 and towards

t he packewoga/osewsrier fluid 812 is circul ated bel ow t IreTBeka06200 and to
the bottom of the wellbore 800. The carrier fluid 812 wi thout gravel flows

up the washpi pe 840 as indicated by arrows "C." [0224]In Figure 8J, the

ar a\é el g%ﬂoi arnrﬁ st ong%cﬁ@@téoggg@ bed f(ﬁrCng}ﬁphﬁ p]grsﬁmbo hasigug&gslxewem the
packer san SCre 'S ow_pe u covere

Dok 560 REETSADS (5eay e salelo heanPyIgs i P oer B Sagesereansy bt FHE Mieh ed
bel ow t hesupagkd@iig I 808l of thd hellbsret 300, ofThe hgasMpigebea® i8S Miverdd@o GArdVieRSe
fluid 812 sa,ns gravel flows up the washpi pe 840 as again indicated by

arrows " ®81PR225] Once the gravel pack 860 is formed in the first interval
810 and the sand screens above the packer 300 are covered with gravel, the
carrier frbagog W tWnilgriauel re@ér@e ipSSIfl@r’f %&hb%h%ﬁlg&b%@h%arﬂerﬁﬁﬁj Wit graveRat

318 in Fi re 3 The ¢ | ui d t h, gravel 16 orns.t vel . pack
560 | n FidthiBey Bk ek yRke s 448 e EhEeE ko Ricr gl s Mo b RSt
gravel 8Jaﬁrn0mwf(5rh@dsbem'/ééﬂ ﬂhetdhﬂf prpfecﬁjis(‘dridq}’rocﬂuﬁrem vadin@ 880 hiebvavinte hacken @i B
300. The carrier fluid 816 flows through the shunt tubes and packer 300,
and t hen %@Qwa&ytth%a%’%‘ﬁ% Gcreen 856. The carrier fluid 816 then flows in
t he annul us between the sand screen 856 and the wall 805 of the well bore

800, and [oE1yr nsirt Figurgs al-hehnwgﬂnrﬁ.petheékfﬂossﬁher tdod\848f magr e ehiftetl uintb tidet h

gravel 816 is..indicated f of carrier fluid in
Phe vashisUSATERG o lP iR e et fie @b BB T15. chown by arrows
"C." [0227]1t is noted here that slurry only flows through t he bypass
channel s [ammg t heFijgauré SH, ske icoies fluitf with grdvat 816 |beging ted dréatgmm 'gravel pénak

21 er nat Gyl WCHRARNSER BT 510 Shus, A ASSAL 206 TE AR ABLA nhb L IR Sarld O

channel s ransport and pac I'ng e fran| each
end of a screpedb§ anchthe Wald:lsﬂﬁrg)fﬁhﬂ)erser&h@epweUboje(BOQI ohtge fllie fbwacbtd;&deeﬁre

01 s MR REGKI MeLuhes LEA RSN LUS AIAZEIeS, HURLBM AN Sh8L Yt onld

any voi dsa Iurry her
downst r eamrrrqr(ﬂlallﬁqmnn ﬁlegmelkbo&l_anrtuhis ig faved inpaskedd6 throggtbthgiwashpige 840 f ardm

bel ow th K 0 e

gravel qgﬁﬁ% gé%h |%ﬁﬁ§dﬁb gromﬁ? %ﬁbrgvgﬁgéﬁgkg§@60¢$héas e§§gg%g%?o t he
mellborerﬁ@&NGHStomard t he packer 300. In Figure 8N, the gravel pack 860
has been forned fromthe bottom of the well bore 800 up to the packer 300.

The sand jgercen B56REL 1Vl 16 K HacdMB0 NR8TE To fPYEHEND Y 20K . PRCK

860. The 'surface a |ng pressure ‘i ncreases to |n
space betgreah patie86hindorsineansn@ie sand St:reen\ﬁéﬁlanswzm"ﬁs theepagkel i CBO0EO i s

fully gr %?ol 8%%8%ulated below the packer 300 and to the bottom of the wellbore 800. The

carrier fluid 812 without gravel flows up the washpipe 840 as indicated by arrows “C.”

[0224] In Figure 8J, the gravel packing process continues to form the gravel pack 860
toward the packer 815. The sand screen 856 is now being fully covered by the gravel pack
860 above the packer 300. Carrier fluid 812 continues to be circulated below the packer 300
and to the bottom of the wellbore 800. The carrier fluid 812 sans gravel flows up the

washpipe 840 as again indicated by arrows “C.”

[0225] Once the gravel pack 860 is formed in the first interval 810 and the sand screens
above the packer 300 are covered with gravel, the carrier fluid with gravel 816 is forced
through the shunt tubes (shown at 318 in Figure 3B). The carrier fluid with gravel 816 forms
the gravel pack 860 in Figures 8K through 8N.

[0226] In Figure 8K, the carrier fluid with gravel 816 now flows within the production
interval 820 below the packer 300. The carrier fluid 816 flows through the shunt tubes and

packer 300, and then outside the sand screen 856. The carrier fluid 816 then flows in the
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[ 0229] Fi gure 80 shows the drill string 835 and the washpi pe 840 from

Fi gures 8A through 8N having been renoved fromthe well bore 800. The casi ng
830, the waze1isp®s 854, and the sand screens 856 renmai RCICAUSROI@/06L2R% bor e
800 al ong the upper 810 and | ower 820 production intervals. Packer 300 and
the gravel packs 860 remain set in the open hole wellbore 800 foll ow ng

colrrFIbet i cagggfustm/v@éramljsm%ﬂrm gss)@aaiwrﬁ@wfan @05 Fif ghé e\%ug%%etpzfsnoolagb.rsmrnfhe
we ore now rea 0 roducti on operations. . t1one
Sbove " oibiRugh it MBSt 340 TaB OB G ks Rtk Sreye! B RIBRRaeE By s
choose t opi’sghittRe HoweSf egiriedfllintirethéaladhpipelstowattonomhe, gravyl idingicatetinge2,
producti on fr%m that .interval. To denonstrate how a wel | bore interval may

be i sol at¥@Wn Y Gioes "6A and 9B are provided. [0231]First, Figure 9A is a
cross-sectional view of a well bore 900A. The wel | bore 900A is generally
const r uctfezezin anq@rrdﬁarucaenei thiat wh&bm;eﬂd@@ tlﬁrbudjrh gwr By;?assl ¢hahhglergor@Athet he

I1b 900A h t h t | 114.
't erval PEEART, SEARRRNCATE{RE Ll ot pe Tt B vAer O gaslsn i FEnase: | s
al so ﬁn Ugalpeni theéwajblnﬂlZAI@ﬁdat@ ;Iog)\ggn;%nisngtg/hmadz bﬁ‘?géﬁg amuzgdagm@ tdbesbut
not shown In re
subsurfadﬁaﬁ'fﬁrd&83896t%§4a%ﬁ?ﬁ b‘é”dl t)arﬁcf‘?ﬁ‘i‘ Gt PG PR 878 F%’tze%joﬁqo%ﬁle

once prodianeccheedrjonay. bThs paakun@ms%@lebyntvsuaé)hezmtamat biles shuly toaml arow
| cant water or dr oc Al ternatively,

ff d h t
Phe cuneapida e B EinsDhu ks S a8 T i LB SR BEan ne 1 v vt ot

zone or aquitard or is otherwi se substantially saturated wth aqueous
fluid. |rozx28y her In Figueen8le,the Igmvepﬁardxtaﬂo mmgdnogdieﬁbrmdoe&wathe(ﬁa‘cker’rm)oi arfd ux
of formation oftlhu' ds

h 900 3 nd
Sont pol s h8 s67q SEr3Fh BB °fnt Bigute i, R Grhri pARKSStTinTeD o orbi Aty bfaver”
devi ce 2Qfxck 860 rfroacmertld)anmeofvthé bvetlﬂme S800dipdonanche pavker 80800 Bfguire @Nr the2.

In addltlon 20 t ndl thr u '

|t orval ST PafiEaa RaPledntBahd FERIFOEN e iR, LJhE PR ARE. e
sand contThel sahelviaceer? 856 bbb iheqtamderswo h’eslbeem:lcevmed myvgraeelwaamssd Stirecen,
or ot her r%di alrf{'.lterr nedi h.um m 207. Tng %s% tl'ﬁef p g and s roundh]n fldlter
medi um 207 BrefEPuS §resalEr YeaRrs oy 1naiealsy bR 8l AnthaCB PLNEEN BRI The
j Oi nt s arseraetie 856 ynd lteevalb8@Hof4be fvetitiore 800 enfgtihgray€23dkdd. i s not ed here
that the sand control device 200 in Figures 9A and 9B may be in various

such as dBENTT bohihe Qs 3 SROS IR b Be EEumhe bl FoppRfouies 24"

i |1 ustratteough IB&IzMAmgTM&rcreﬂ!mved(i@ﬁ] thenweJIHD@reeﬂ%dTherwSlngwéo the base pipes
854, and the sand screens 856 remain in the wellbore 800 along the upper 810 and lower
820 production intervals. Packer 300 and the gravel packs 860 remain set in the open hole
wellbore 800 following completion of the gravel packing procedure from Figures 8A through

8N. The wellbore 800 is now ready for production operations.

[0230] As mentioned above, 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,

Figures 9A and 9B are provided.

[0231] First, Figure 9A is a cross-sectional view of a wellbore 900A. The wellbore 900A
is generally constructed in accordance with wellbore 100 of Figure 2. In Figure 9A, the
wellbore 900A is shown intersecting through a subsurface interval 114. Interval 114
represents an intermediate interval. This means that there is also an upper interval 112 and

a lower interval 116 (seen in Figure 2, but not shown in Figure 9A).
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illustrative screen 1000 utilizes three concentric conduits to enable the
fl ow of hydrocarbons while filtering out formation fines. In the

arr angenmewo 20f2/d8238r e 10A, the first conduit is a base pCpas@10sizehe
second conduit is a wire nesh or screen 1020; and the third conduit is a
surroundi ng outer wire nesh or screen 1030. [0236] Each conduit 1010, 1020,
103? [ ncl[um%s botrhe f@@tlssf,tmabé mt@nﬂ 1i1mgéyn@a@bgrt@ﬁ©tb t@ﬂl@surf%@{@@.@ﬂ@r&fhbﬁonce
sections contai i ltering nmedi um desj gne e rticles |arger
Chan o prEUBIER MVAEELIoTs. I ATV SR boRPE raltRs B TS RHEIGH SPURethe
first congiétortiifocatth g&rémadﬁcﬁm%ﬁﬂtAIMﬁat&é@ frepudsedcednieyas h 04 shal k2,
whi |l e the i nperneaple section is represented blank§£| e 1014. For .t

second cohdUmatiendoat wae YPANAUm Ve ePther itard Pl REGVISG %Iqs?”%'ﬂ’een
% zzesf; ]s%aﬁate\dﬂmﬂﬁatﬁdb%ubrﬂtnﬁ{lr g'glgéiﬂ%rSrmédc@nthelsoﬂieﬂ‘ﬁlfoe_ﬂi@éltd@&dbcf t@|s@§llkofp:f@§ o
or I r e nmeapl e s IONs are represente Yy
W re scrée@ Xcﬂf °'18‘§g rwllntgrvghirq 'Hg’etLﬁév pre sgggéi on is represented by
bl ank pi pe 1034. The perneable sections 1022, 1032 are preferably a
Wi re-wr aqpm] scr Aes’anmh&&élmdvhﬁ mgudsebewqmacltegonwhé agllbce DODAI CEEe&idtcdglt:rol
retain (0) tr.on sa rogucea 1 nto we qr e e
Cocti ons Sesisn 0B R mas i G SR sAti SonbBh oearS 288 2P Eigur 4 n BTG @ of
tEe Wi [1 eDaso pademzdls C;Qg%eﬁoroeﬂérj(ﬁﬁégz ihml/gy\ tnd;z gusaF%gfatd inesridl awa ofrh@barsé pigé 65 ts?er e
t hr oug 1 U 1225 7 0SS+ I an Vi ews
Lhe s Ralk WaE 500 RO BUtaiellt e etk 208 loTbaads & fheh op

is a cromraaencral\mr@Wrapipewamleanora@mensmdial maermsduﬂlﬁhasz Fh@uage Mbé 205i gy e
10C is a cross- seﬁgl onal {;T across line, 109 F %g d%())A and
Fi gure 108MeUNgng s’“%%l&{’i”u a‘l’re CYRBIPCR PHUeS PR Sl?ﬂﬂ”%t 0fe
10A. [ 023/l jpintzadie natigebout B tb A6 festasengdct i onal views of Figures loB 10C,
and 10D that a series of small pi pes are disposed radially around the sand
screen 1 These ar.e bes The s t tubes nnec with
oF T or nat 04t i RePe R hal 9 Sod atral Aies 20l 6053 98 A SBIRGbe
wel | bor e vandes @mnaglras@meaumboqnmehtsng]ecqmed&bnm .deMoz 200 $s 4 84 s@esresamh as

outlets fdotsﬁ’go‘%,\éﬁub% t% tmqggz‘-%ﬁ?%gbypass any sand bridges (not shown) or

packer in 39]1t can also be seen in the
cross-sectional views of Figures 10B, 10C, and 10D that a series of
optional [02d5]s 1Btgure s10fv duistiatds ThdamaFlos” Hot2nal @00 ubsirenemabdiynent.  The

. . I
w hi -t RLRLENE AR A0 a8 Free PRREHPR RoBadie 1o (B ISy BErodibohs,
conpar t newtiile fiterifig owt foonaticn fr@s1, In Jtﬁksarreagerb@wtIcmﬁggummoﬁaltmg/flts@mmmm ibya
ith t , ;
por meani B pis 1030 BEERERL SngBBte A Ak R RO e G 108 AR Blibpesitie
t he conpaurnvemdisg c0Bdwird 0&8h (Coscrebod03li Nt s) has at | east one inlet and at
| east one outlet. Conpartnments 1051 reside around the second conduit 1020,

whi | e C?ﬂgﬂ? sﬁ ng%gcﬁl‘g:géd i£5016, af{)?d'”%é(ﬁ?nc doreﬁttt)&ﬁ r-ﬁeaﬁglgnd TBermeable

conpart are adapted to accunu es t
pr ogr essisgelignsi nthe aseneadis seqme cootafr a|fdtetﬁmg)weﬂhnmdg$igm¢vbtmtﬁt@aruan®+&ss

1051, 1093gbnubie SLA0LRBPCABANNE SRAHNIA ot R0Mldn. | BocREREETLAS: and

pernmts form et es t0 inva e arrangenen i gure
10A, the WDn@e;pemaaatﬂe etctionpware mprdsedieddyrdeind 012, while the impermeable section

is represented by blank pipe 1014. For the second conduit 1020, the permeable sections
are represented by wire screen or mesh 1022, while the impermeable section is represented
by blank pipe 1024. For the third conduit 1030, the permeable sections are represented by
wire screen or mesh 1032, while the impermeable section is represented by blank pipe
1034. The permeable sections 1022, 1032 are preferably a wire-wrapped screen wherein
the gap between two wires is sufficient to retain most formation sand produced into wellbore
1050. The impermeable sections 1024, 1034 may also be wire-wrapped screens, but with

the pitch of the wires so small as to effectively close off the flow of any fluids there through.
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the first conduit 1010. A central bore 1005 is forned within the first
conduit 1010 to transport hydrocarbon fluids to a surface. The central bore
1005 may we 2o0viseiér ed an additi onal conpartnent. | n op@cafttse/obf22t he
outernost conduit 1030 (e.g., filter nmedium 1032) fails and particul ates
enter the conpartnents 1051, the inperneable section 1024 and the perneabl e
se;:ti ?n 3[6233] al OFﬁ)dsfs%Ffi&%@N%m%Oﬂd}h}atsaéCQZ&rwd hoolfﬁeé TpWI(%‘dSmPFlgu%ﬁ 1ea,ng
infiltratjaon [ [ oW n ui ds rou uoys san

| nvasi on 100 280D Haute, 0B & hSherstei o Fishi Eot wgss hire 08 1085d Hedfng
t he seconm,ogar@umtwrﬂ%oa B sSubERALEB tikdME6r68s Bise 10E-10C stFiguaRl 104 esRUr €
| oss, resyltin ngraduallgwglmnl hedfluld/ﬁ)@zgsﬁ\é\zthr h the

per meabl d '88E T0hiS a1¢oss-gscti Véeé%td e gARRIINE 0 'igd'"?) uction is
then diverted to other perneable sections 1032 without filter nedia
failure. (038 2012/&82)3%863“ 8261 ddd-Satiddal v[dD\LéZI&]FTbuh@ssmm1bbaarl=rd1p0lyr$ett©m

al so works wit I?EeCt to . the flral condui tt 1010 é@ ﬁre occurstln
the secorf"&dR 6’“? Upid) aé%é'ﬁp?ﬁ?éﬂtra BIYRIUBH *b%??'?dcf%e’bé t PG et
?econd caoisks uozﬂ(DZCrheltsflment tdlbes SﬂOﬂO&:dnﬁecft{\ﬁtf?Elltéfﬁa@ ﬂbV\Sbe‘,énr@Ps &D&é’rrp@ratvbe
irst conduit 1010 w ea artial. I1ter out formatio es
[ 0243] The bR BPocismsR i ATord daderduid 2 dipislgarhe pauplivt | Jabies 164z

ci rcunf erseneess oitlctdior gevensiutP 20 aansibyduse ny @30d badghsi (hst sm@wndeppmkeﬂm
borehol e size for the wellbore 1000 and the type of perneable nedia used.
Fewer coﬁ%%WFM?@”U\@H?d enabl e | arger conpartnent size and result in fewer
redundant flow paths if sand infiltrates an outernost conpartnent 1051. A

| arger nyozs9y of Itamrrmﬂsrd helse:sn h0Ha crdﬁ%sbc%mdldied\sccufd%igerdsh‘mB;OImMrahdeD

i f l. d duc
The. oper 08 Bngg BnabeBIo R arOehesr apaprde. 0ol 1he BEnmtRlanlabs
1053, 105hpefntedly Asd sdresvo ¢reat5|ogmpertﬂcﬁm;s quleﬁve;maisl N0541 105(3a/s|th|rotlre conduits

i mper neah er neabl,e sectian o oints are ad cent
b of or ani (12050030 TPag Ueg Shiesindl aorieyf. kMRl B e AFE s Y85F o as
one wal | 1963tdae bl Iomgliudlnlaﬂy bdmmlled dyealmemmrmbleelmmnmeetﬁle,r @grtidllygreemisblen

this preferred enbo t 0|n t ha s inperneable is
i acont §6oaef TRETmERae pedlon & TREY. S okRbkisEE 10AS ., "Er ooe. sect | on
| ocation of the MazeFl oTM scr een This preferred enbodinent is illustrated
in Figur 6[924110)8 EOQ afrttle tOEpaﬂme&ﬂs;ﬂOﬁhe‘tﬂ&a{oeﬂmjomg/) hgis \a¢ least @ssinséand an

locat i ona% d%g;ﬁ%ﬁqp\dg part ﬂ&eLIES @gdgeaqglljn% ﬂﬂa? sBlod£85 ﬁduﬂ”%i’tﬁ(}% fehat

is perne I'ona tail s"cohcernin he san screen
provi ded qomdart&ent%a‘t(tsﬁtreﬁlde auaé dhertydt candeidl 1a1ibvﬁld:c<gnmeaftmems 105104053 4 and

rlh ?ur es g,ﬁg e d@‘ge%%%%é ﬂ}:ﬁgﬁebé’é "%%ﬁ[@?isﬁ‘?% (o MHQ"S !

re Tncorporated herein rence tern t|ve to
t he I\/azelﬁom'ﬁvrtmnts Hi5r e 05310 Ol e)\fenIFagnerresablé)ﬂeqtlbn ofiglkoridd, is eorsparsadearsiand

screen de &%ﬂ ma&% JFF&IQQ’%%% t utilizes inflow control devices, or

re sonetines used"with sand control devices to regul ate
fI ow from di fferent production intervals downhol e. Exanples of known |ICD s
i ncl ude Re&Mi nk' i RESFQyANentBY Eégureid§Actiie EQLAY NEERS Bf flaw tbr\Wdtdserboos & s

FLOREGTM,, I H%?S%ﬁ%\{%?& Al nfré(lFHo?@ é%Seigi%dw{hﬂpﬂe i bﬁcﬂﬁttﬁh t8%ﬂsﬂb9t' €

corrpl etions to ance i nf I Oon acr oss ugt
i nt er val shydrocadossfluideht® @au&a@edThnfceoWIdmn@noeé nays lee voms1derad1ageirbinttonalnd

reduces td&fﬂﬁ lrt?d%n{).]cln. reL io}q’,ai file oQJ?er%% n%ﬂ#tlpﬁ@k@g ﬁlfﬁ‘mé%&gh 9?328 fai and

per meabi |1 reservoir streak or rom ee di

nor e hydrreciaultessententhbsomaptimertd 10hbrihe neparoeable sactivor 102drandlthey penmﬁab@t ed

wel I thr quafyd he220B8h] G 4Br@Eofdlft 1020 AN ERMNERss DRYBRPLAWinfiltration while
still allowing fluids to pass through. Continuous sand invasion increases the sand
concentration in the compartments 1051 around the second conduit 1020 and subsequently
increases the frictional pressure loss, resulting in gradually diminished fluid/sand flow
through the permeable sections 1022 of the second conduit 1020. Fluid production is then

diverted to other permeable sections 1032 without filter media failure.
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WO 2012/ 082305PCT/ US2011/ 061225 [ 0247] Because gravel packing operations
general ly involve passing |large quantities of fluid, such as carrier fluid,
t hrough aweantk/sezeen, gravel packing with typical |CD gCcrasnat/obeasi bl e
because the ICD s represent a substantial restriction in fluid flow for the
carrier fluid. In this respect, the gravel slurry and the production fluids
gse theI qozmﬁloms%bh@ bé@@@Lﬁthgm Ao w&dyc\/&ﬁl rés{E)fathWtI@é flrtshéorgj@ftl’mﬁ?o frlaui dOI
ue to cause earl ri cks, voids, an r increase
b1 essur o Tkt CGHeb Srerserang gt R il B matonsPirice Ansnirobdto R 760
di scl os e%et:bﬂicﬁ@ordjuftfmnenﬂheﬁm&gdfs ih @tie pefAlcAYiengctiod H 012 60hAE Migdt cbﬁ@mnmmgy
wth a gra e“sgackl %ig er at 0248 Fi gures 11A through 11G present a

sand cont¥bptigassragia rt%'éto”ﬁﬁ MRAYSEY as part of a wellbore conpletion
system having alternate fl ow channels. The sand control device 1100 is
desi gned [pm3bpe cmu@hembbuoofa;oafpaﬁmww1asaph05hglbngh@vvn@)speoamélcmmﬂaréme@ae or

nore flo at hs for .a IU|dt h a, sand scre 104 and
e b DR SR 18, oad el T, Shadund e QoS o ERDO S 1 e ore P
gravel paoioofdnd thenmye loncpbma&n@ala (1gecant hewemeangatm@raé FW(ﬁJIdDEnata@UéTgér

u Vi SCO- elast c. fluids V|n non wt ertie
U vi comuREnt Sre iy asubpdeRe! B n G o Reks T 3and fefES b gifprmos
vi scosi f |c®d1parthi@nf da06nedA X@rgérhaﬁlmb@rl Mﬁeomb@rtrgent}a(eiose HOWWuﬁcdécreasé the d
viscosified w actant, and/or ,a gavi n at
f avor abl eCOF}Pé‘HF‘&Bgs'éﬁ%I 'E‘Hﬁﬁsecg{PfW%’r%séH?cloﬁﬁlesr @Pdg'F%\\'ﬁﬂ Wﬁ' BR‘ing“Véy- The
wel | bor e.op[e%érgha'}hehc&ﬁé(ﬂo agjustane lléieuidekio? e cdmpartieow 1083t 1681.devi ce as
di sclosed in the 092 publication. The illustrative inflow control device

i h
Uy oui dog Gzl po 86 2PRa iR Figinel A SiEREY 3] fasl Bt TapdMeR o RO Bertieihelss
after gr a;eeilorpafcthe rﬂgwqadtsch:e iadgacpmnto dMiarei ppeferdbD2 20 by gnms&sédmnpomnodeﬁ thee

si de view,of the |IIust ve sa trol .devi 0Q. The r ol
devi co. 1P e of Bl B SRR 868 Bciud BRGme R et IR RS 10,
i ncl udes tb@ens ngmlsldrétérrbdremtmdenentmj leaat ronerﬂoWIJundthdUImmgeme;abaaneladmekn ng
operatloqofi or recelvhg%t thtf ui ds durkng Ctlﬁ n,, The
base pi pe 6‘?% SN UPYdaR b%/p%{”%eé & WA PITA R V?Cr?é et ie
sand scr eereehl 0%his méfedes embpeimedhs dlusegeteddn,Figured 188, A0Gi armi— mmpwmleby
b1 ank pi JEOTHIE & (B4 SHEBSTOStr eSO BT LiEhen S YR e TS BB e it

pi p city
but are deastohewail thatés det@eablee utilized to keep the sand screen 1104 a
specific distance fromthe base pipe 1102. The space between the base pipe
from the PHE! do SRmoRERepEs Puleblia A0S An 0BT RiehU8) i 7 sEPRERENG, e
section. 74@@212%t6@28ﬁ5@ﬁ/ﬁ@2@&14@6tﬂ322@h[9!53]1d'hlégsraad5bothrrcuu§jh d@wzmd
1100 has h, f Led to
provi de Og%gé@?&%&kﬁ% Cq%me hj%(}??un-ﬂ e(’sog%g'#lqggtg %ﬁgi a]réjngcor[?or gv&eg%%nt ol
devi ce 1Iofreheei ng gravel packlng operations, and to block the flow path to
t he openings 1110 prior to or during production operations. As such, the
sand cont deV| 1 Gl Al
wel | . iggj? n Fi gﬁarneé%hém%ﬁgqg%ndézééftrinﬁgﬁggqﬁ?g?ﬂ %ll?&%e%j v?flr
corrponent idepaett sandneoneayedasign mhyp e empldyad dwat atiizes atflodscantrobdeyicgs| or
For insta t I e
1920, "an 11 For e o Rl s P Sahd Aok SeieES 1 e Bl Rl HoR TR,
per f or at quiodustion drervaBodyrthoke. Se@owiescohkrewtn BiP's éndludenRedlPg's RESEEOWEV be
Secti on T30 e ECUATEERTE o WEEBHbIE OGS TRl dthler B ybEAY, o,
of the ?médychgnhqmontal Dhenlhaierpdﬁmlogem bdanqelmﬂowyom @Umletgm_raﬂ_ﬂosso be
a specifi - n : i
't or nal BoERdh diefHE b W bl h B aRl fineed Hchtfh B3R dhe
per f or at eredmtth@Hsqumrlmt@ear@ah@requowginfsorofa higre pérarsabiitypesdryoip streak

Section 112205 1EE1 PG Wb ARl AG5 AR SfRog Ko PP K FRNEE,

0.5 feet aﬂmﬂz@nt{a&ecompﬂele@rwﬁllﬁhrough the appllcatlon of the inflow control technology.
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[0253] The first 1124 and second 1128 connection sections may be utilized to
couple the sand control device 1100 to other sand control devices or

pi pi ng, amo 20myo8kst he | ocation of the chanber fornmed bycrhs2tase2ps pe 1102
and sand screen 1104 ends. The first 1124 and second 1128 connection
sections may be configured to be a specific length, such as 2 inches to 4

feet or qbhmy suBbtedlse giaﬁi@acleng bgyrlangmss@acaréuyqnwweebm;hngalaﬁbeoquemmtues of

di aneters (#0254 I1n so odi nts, cou lln&UnF ni s Y Eﬁﬂ?tlllzed
wi thin t HiG SHEh ag £agies 'H'ds i 3 2589 SEH5aC PRl RakNoH Ppice § i not
secur e arfdasiialbeeausenne rth e Rspredant al SUBLIANGR resdridtion %t flWI@NBR G the carl.éaﬂmmy be

position thin the first nnection section 1124, and a seco
connect i ﬁﬂ iip3tespggh e hyd | Sgth’éyd aﬂﬂttHPnprPﬂ‘éCt'é’BcéH‘éF USRNEE L $0F 3'8&% PRS-

1128. Thelfo@al@z@ﬂl‘a@l@trédlﬂ;‘éd 1R @nis ddrAgr MBRY di@l 1odes vay causs g1y dadging,abose
form ng conpecti ons th ot her devices r e t he f st conneiLéon

xanpl e,
1130 may H#&te ¥ Se PRAIOT iPHreaRgd %{ﬁ%ﬁ%éeweamtsc%ﬁ@c@%ﬂ PECS PURRINha

external Rhémans. thed4, Tew Miszicsed !l thwet RifRkdiRr memides Clontdrmplogey i iffsw Cdontrol
It should also be noted that in other enbodi nents,

anot her p| ment
t he coupl?ﬁﬁ‘ﬁ%@ﬁ%ﬁﬁ%@?Y%ﬁmPﬂﬁgggﬂﬁ'@bntrol devi ce 1100 may i ncl ude
connecting nechani sns as described in U S. Pat. No. 6,464,261 and U S
Pat ent Nqo0248] 661F|‘bmes ﬂtDA tlen@agrphee dr@s%@]aé@nﬂ@bﬁ!tdol dehiee S|d00| tienmidyobe dead ce
1100 al so |an ﬁb ggcontro Hev cell QBf Th é‘ | cont rol eV|ce
1108 may °fEduQ a&”r‘? b fd Cr?H}p RBAYPIED NBPRG plLgiRate oy a””@&l v@é9 SPGr s
pat hs, shrprd 1C1DDGiﬁdés@fed(lbh)%rcoﬂpleﬂa@be:rdiieogaﬂbslr’(ﬁoksfmm% Ia@dtmfe\lndésior:]@or .
create a pressure ntro evi.ce 110 okes t roug
Corm pr odbupaanneaft d11e ke palned iyl Bohon aqziepasm idbcaiebi o frae die
Lossd(e g11r(])heiuﬂﬁ@|gregeg|ﬁmlkrn§g/dp$|ﬁﬁbhs ﬁﬁé&ﬁ]rlﬁ@bﬁgm\/elsﬁaukéluld)mSy insfudehXd gel
ased on t shape and ali.gnnment ject r el .at
caused. by SEpIPaTo P OPETIS A Fhniben Slowrg e Wit ipuos e o ¢
in tur bulrgda(blo@pipkﬁiegleat adildid e/fjsebﬁlfl? &&tﬁumlair@?bthy@eHM&e?UﬂB@I poIfTililEr g@élnldng?]
1110 may be u (4 .0 pro e additiona oW or e uj .suc
2o carr) apscpRTp i Rcnied Grhat lien B drslsy MBRY el 2 cudtveorlied
control dﬁsdo@asm:OﬁJrfmgant estd/orct fille hvieeaefitvorbleg Hesotdgybyndisader ¢cargirighe
fl ow of carrlﬁr % t.o t e”ﬁase pi pe 1102 during gravel packing
oper at i orf&P2@ Joh@ﬁ% ﬁm8@n%6¥ﬁ Y§- 1110 in the base pipe 1102 may be
sel ected to provide adequate |nflom/dur|ng t he gravel packing operations to
achi eve fez249) al The sabdseeth MDY utitirgs| @t flgw avetrolpdevidenss d|§¢16$ed i8, thé M2
nunber and e of_th nln S 1110 | t he hase, pi 1 sel ected
o or ov, duoB P TR MsParE iy, tpPeh el Arngse 178 Bl FRL LR iEen
1104, whi1dleoi A swvellabrepadker detisi progded at thenothéreentedfl thersereand 100 td @ontatrhe
gravel pack sho . L0 seal ing o ansion el enment 1112
Jurr ounad e 1BOE AR o S B e e BB 1772 conet f t ut ee a
swel lable material, that is, a swelling rubber elenent or a swellable
pol yrer . [0260] sweFigiré 41Amravidesl a sidy viexpalniok illnsttdiige pard eordw! dévice $100muThes,
such as r n I lLefi tion

| "BhEeonfBRGGn TRt BEhiee uhoidh fronfher 3SRk 104 oA PRSP
an exarrpl‘HOZandu@sl etEningsat d0i fal remeivirgecytiecdd |durnngne gavel peoking apeddivonce
1100, whi e e h r t I t yeen
the wal | 79 T hERETiG" pledBoRiro96RE o g K5 BRIRERR, . TR 35, 1IN
screen 1Js(umrouﬁiwjrpy elssam‘d swetn A04 hawingrribal 1050 Jhadmniasyeanel 1045picludes ras'’
Constrictor II Pl P e d t | al s
that are pse'ﬁ%%t??\ggé Eéﬁ(ﬁgsﬁﬁé %488? Iscreéh T'Yi'lter%n@ﬁirum émana ﬁ‘grtgem g
These i ndeatia, audhaspe-snetumrqf bpeorikyoies. Ehﬂ:lhbsamuﬁhwhlaaleee nbbsjfwm iGEFOFUERMTA
[ 0258] Al t e al i ivate eq IIy
mechani ca fﬁrr Q‘?@Il&@h&t 51@ sésq% }n E%u% 978 reljuill Fjrg% lge:ee a‘ﬁ‘lte é’aehd ?crggh ?I Ll
or hydr auslpecmc Unstanselflatrethehzasepm m&phc@bew\haenfﬂhmbaise‘ plpw1d|0|2 an@thaorre
or all ol e REAYYGA (oM< R egnﬂhfapgﬁamtge%@aﬁl T05:638% RN Huidl K GRa 18R f

gure 1TR also I'nc e unt tu
sand control device 1100 via the permeable section.

-42-



The shunt tubes 1106 provide alternate flow paths for gravel slurry.
Alternate fl ow channel s gravel packing techniques with proper fluid
| eak- of f wbroiegis2iohe sand screen 1104 have been denonst paras20m/ostzesfiel d
to achieve a conplete gravel pack. WD 2012/082305PCT/ US2011/061225
[0260] Figure 11B is a cross-sectional view of the sand control 1100, taken

across | i[os111B- TABsaid bordtdl BevidA108 h&y A8e&inkl smedtanne! Thersesiminéleinahes
1106 are seen intfern%J to the screen 1104. The ICP 1108, repre ent)'ng mal |
1 ow: oper igds iceniEuEe Lo Brovidene piEmgif oW petsstoahe cheaingadd B 2ap og M1

the sand gt @vister168 dldfy gtakP padeigd8perttiorts, WhG- tb18loeK tHel G @athlfy tHdl bs
1105 are shown b 11 en t he ghunt tybes 1106. E0262] Figure 11D is a] ,

cr oss- sectPeBEP 13i @B\B”B'f 14 HedWHI9P B RUCB | OPGERICES ffo%’cgatbér?a&érwgol feyice

11D- 11D of10bingayftse dillided Dénhafed bpsafdre@ihin 4 &R i s seen around the base
pi pe 1102 in an un-actuated state. In this respect, during the gravel

packi ng eratiops _the s i el epent, 1112 do ot block the flow path
i 0a a0aTBERT Lol Eloter EPA I, S Gntadlc dy Tad ThaupdeR Ferdols Cofop Bl ¢ o
the i n}‘ I QWIimtormlan@/ihf@e‘IoMGﬁﬂuicFeam is@lil;jalihm, akhlgll.utﬁo:’] iiriﬁta”llg:e]i E@ ﬁhuﬁontrulbes
1106, longer p ions of intervals ) acked_w t hout | eakin i nto
{ie For mitvisR TIRD. BERRR A Matm BOh shetop tiad Prosno sortiel seaise naags f Brsh

f ﬁr m B g aoh u@abarsgbﬁadridwmﬁmeefbfat? 8¥gibn Md28 Sgg @ngecbhe comiudtiot sestion 1104,

t hat bypasses sand and/or, grave rifdges. Figure 11E is. a .

o o 2 DA vy e b Bl R Ve orybRE Sl Mt . aPBs Al by
11E-11E cs;ecﬁ'c%]rgmzn thbA.be Td @osibil 1of E]ﬁejbm diﬁ@agaz eusdsmwedafywpldrtibhwm&:{( smrbl e
section of the S i pe 1102. The nt tubes 1106 i ncl ude in

D obes andeuen 1S TR REEeY sefin 2 ey PO ERu e Tt SRetTRERES T yes

\% _ ngz_zl &Ts teraters HOvamd 5mﬁet,pdrmthgas¢doﬁw iptinl fand dultrlssr cgarfameks.gagg irgflowr ry,

| C | NCl uges a.car,lr, r ul n ravel ...to the nnul U or et ween

e Dand oBFEesrti 15 @t b Reted s 8By *{ize  Bat bS T it o T ooee
Inray prev mmﬁfsbubm&jefdrbymtl@m dostﬁinatoedwei sramellertMeﬂﬂmom Ll'hé‘vhiﬂb@bdohfrolt@bticbrhﬂm
east one shu tubes . to ther intgerva These s t, tu S r no in

o o S0P 1 H28 ek be) BhAgEd I be B Ve s Do % B TR

6, 220, 345 and 6, 227, 303. One of the openings 1110 is also visible in Figure
11E. [ 02qa253] gur &hd fifst 1 $24arat $ezond Mdi28 vorewctidn $dutiorssamdy bentilized tdevume the100

of Figure 11A._ Producti ations have begun and production, fl uids e
1 owi ng. (A8 CPREISEYES 100 R0GHE! S eciitaadFds r Bl PR HEY oRftne Lot 31 -
Fi gur e 11ke tharhbdrifernsauethy thblbaspapeetr102ha shad sbreen 1404 eads dTlanfirsbi 12#kand
annul ar fl qw e end.of the sand screen 1104, Specifical)l t he ,sealj ng
oloment £200 4188 Sofieyr e tordl By R STlRCEReoomR R s etlom, s BE2
enbodi nernibgheshe 4 $e=tlor ntheeb@tablet didtddc, ihacihg dpscifed inteeral and butet diametkrs. dual
portions positioned between adjacent shunt tubes 1106, or a single sealing

et b 2 H 095 b R Ml PR AR LAY OB e 15
hydr ocar ow- saeeht 211128 comnhectionl sactiens tofortrhhes sedure@ne| seatedt canb&2tionBur Forg
screen T qﬁ'&é&% a first connection 1130 may be positioned within the first connection section 1124,
and a second connection 1132 may be positioned within the second connection section
1128. These connections 1130 and 1132 may include various methods for forming
connections with other devices. For example, the first connection 1130 may have internal
threads and the second connection 1132 may have external threads that form a seal with
other sand control devices or another pipe segment. It should also be noted that in other
embodiments, the coupling mechanism for the sand control device 1100 may include
connecting mechanisms as described in U.S. Pat. No. 6,464,261 and U.S. Patent No.

7,661,476, for example.

[0255] As noted, the sand control device 1100 also includes an inflow control device

1108. The inflow control device 1108 may include one or more nozzles, orifices, tubes,
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and gravel packing operations, the chanber between the base pipe 1102 and
the sand screen 1104 is open for fluid flow through the inflow control

devi ce 110 2ardi8esosopeni ngs 1110. However, during produeCiras2apeses ons,
such as post-well testing operations, the sealing elenent 1112 conprising a
hydr ocar bon-swel | abl e material (or, optionally, individual sections of

swelt | abl ?/fgvgbetgtabDJs @émlé?ﬁﬁe;piﬁ@ (§ﬂljélﬁ§ oﬂofhetr iwut?;mgnﬁwhamshi@ihl{homeilnptaéfa@tr ?t efl
section a resu e ul OW I S e 1 n ow contro
devi ce 1108718 RResHEE SED! ﬂ}f @f‘%‘ﬁé’ﬁ[‘”‘ii’fﬁ"?ééﬂﬂ%% P '{EOW hrough fform pressure

hydr ocar hess @ klshbp&d sméar hadzld) sptriglicifal pRes@BedisNeg. AdlkAl gdsnaryrtasad)t , the
sand control device 1100, which may be coupled to a production tubing
string 1 ot her_pi pi ng,, provj.des le th 1116 f

For mati onl0F5ohi gs o DU e ePE M o SRt Sb.4hS sher PP o e BRE o aneoPiee
1108 and retive theuibame, 8 peusbliOR: sdgiustiont dsreﬂlmpamt g flowkihg bver anichfdoat ethist 0
limt fluid ro

110 whi ch d
o ranagaesuls i HsbileR ok et piernl ERr s emadhs SbBRy aThe Shedthos et el
112 seen bemtlﬁzgmroeprwde[aaauﬁéddﬁﬂgwr@trﬂsltﬁr the faudsr 86 aecarriontlids/ idarih@fravbie
sand contro& dEVI%§ ross line 11

G of Fi 11F. Th
Soor | ol adking rerelipss PetalsaN TR TR Eoule RRHGE SH10B TBP% i U ARt RG et
pi pe 110Zyravel b&hﬁncﬁﬂhgdh@dbﬂ?f&@ﬁ@ﬁlu%ﬂﬂ) tr{eOthﬁ;d 'é]@d@liﬂlpmrdghnsgigta'tel ﬁ?ckli:?gbl
concer ni con evl | r escri I N X en
NS 000/ BsR08S S rbasn PEMpES ALTORES Battib b B g g olaelsd 6 Blovide
i nﬁ)r por ad?dumeguaflm Riring ftes e daegﬁﬁ]daemﬂbngrtg m%{"eg@eﬁﬁ‘ém subsvutibigbl e
in ow contr evi re a VI de | S. en u . .
1006, 0000uE e PR B oos A BECBbs Al GrEonsRingh aARin de base
degI cr Ih be ;ﬁme te“rﬂmdayma@elboredac_) smldgaetmlfreuqmmlﬂemowhmihde vt/ehleometa}dugg tted amﬂgt
an t he shun es. a | .gur.e 0O e radl ce al ou
Fhe base Sk 18T Rnih i S0Bs430 HRPetCrthgan e wethotd An e tord RS Sl L Pk
t hrough Geotsteam).be an enbodi ment for a swel | abl e packer wherein the shunt
tubes are external to the sand screen, providing an eccentric
fi T t f. U 009/ 000
R o 1p4stD: o PR SaBRld b ARedsion: Semrit T2 Siehinditng 3288 SBt AT0Z ol
2009/ 0008&92n$l®rselleoms11VR)C@TsInmlteS/\mywektﬁblqomwml igat i swéllmg lalbgeraewlednep’ack
f | et 01] I th . of
Dot o8 o SRR, e O St BB RRRERSHEY sXiind iF 5%, EeReh O s Sufly 8
screen. F@lclagasapMe|00<7®darmdedtcdmmgarﬁIy|dnga Feompieton9 Auitdh reo ygdd ko effudd i (be.
such an nﬁodi nt |nternal shunt tubes arag&aghs 007 and %é% and
C

Ui

acconpany PRE A GlrkS M RGN 3BCCYRREF T HR N HogalREnt LY
i nt er nal rBétariaI rhayobs pIa‘EhesretheosrandmostrdfdeMcS 1108t which RxpandsNo.th€ pE3e0E608092
are |ikew ted herein by refere .
20721 085 3BRCHHERs 091 RH8 13 360f 63 teR ek 8L indnyse g Jd02,H¢ leengh-
sl eeve. Theemséldesectivayofshe dandscreén bg4.r Brxahples of setlable meleyialson@udeaEadsyor a
portion i.ngs, 1110.. | n.thi AW, C l, i I’OVI ded
bar aor apnle D OFERE o Goh S0 ant LRQkRst A B 86 ragha DPE0 P fiiavle
descri be rhdterials ehatfara sehsitweto Evereatper dndfisd theh:hsfry Ray alkb Heubded. NDhese
2009/ 0008092125 Sh e RLRS ANFRERLLALS thdSHEL MuB¥ed BESF SRR

[0258] Alternatively, the sealing element 1112 may be activated chemically,

mechanically by the removal of a washpipe, and/or via a signal, electrical or hydraulic, to

isolate the openings 1110 from the fluid flow during some or all of the production operations.

[0259] The sand control device 1100 of Figure 11A also includes shunt tubes 1106.
The shunt tubes 1106 provide alternate flow paths for gravel slurry. Alternate flow channels
gravel packing techniques with proper fluid leak-off through the sand screen 1104 have been

demonstrated in the field to achieve a complete gravel pack.
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[0271] Returning now to Figure 9A, the well bore 900A has an upper packer
assenbly 210" and a | ower packer assenbly 210". The upper packer assenbly
210" is dveporad23véar the interface of the upper intervaCTAk201andi2ehe
internediate interval 114, while the | ower packer assenbly 210" is disposed
near the interface of the internediate interval 114 and the |ower interval

116i< Eachozsagker F@;ﬁ@ ]meys aldﬂbssé%b%radl gigw ?fftﬁ? 2Bhy cortrald ?w,?ﬁmeawﬁééﬁnne
packKer ass 0 ILgur es an . n IS resp ) € packer

P corbl L U of bigyre iy AEEringon capee g ShRiieLiag 2 e dee dirgpL os0s,
Opt i onal ltye séraen PAEAK EThaAETRIMUS repreddfting stAdl 'floM-bpengsas gi86Redrave an

i nternedi ate swel | abl e packer 308. The nechanical |l y-set packers are shown

in Figure 9A at 212 an 14, while the inter iate swellahle ris
shown at 15381 “TnEREE e Bar JOtteiaareY SN Fpnd riprpb dr oS B0 ek
w t h packsrosslie afi CH1QusfeRigtvd BIA] RiBs 10 0242] shoandedledpati& enent2dsbs 1208, ar e
mrror images of each other, except for the rel ease sleeves (e.g., release

sl eeve 7 d associ at.ed. shear pin,.72Q). As ted gbov ni.l at I
roveront R0 SRR 5 o @hereauddnl)ved oy Bocien gy o B8 S daen

pi ns 720 aansbsnimees!D-heD rofIFdqure BlAeeas séilhg dlementalli 12vis $dem graohketheebasment s
655 to be.actjyvated in _sequen he. | ower .one. first nd then the upper
one. | [02 P hOE T atGaes e o bnBiseBRbr ot ino e el Reck D eatioh® e
gravel paeklifpslebean1piadees not blbek tired fldvoipathO0DA sl belvidleg umr alteagtive Flowt he
inflow of granular particles. G.ave acki IS i,ndicated a eckl.es in
the annuired: Baseder RBAI S A PhaB R Bele 1B SBRETGBRL IR BE T ne
sur r oundishgntvaibks 2006 ,0bon gdrepantdr sbaft iateDAmaly a7 gadkedt withoat feakingnafhintathe
Figure 9 t he operatpr desires t.o,conti roducing formation fluids from
upmer - 1190mlP o Sl et SRAC iR 13UE, PRGET " e BRI BPe it o
114. The supptantidlyZoamittt grasel pddk alohgtheassndasaeedrot tiEidthat bypasaesisard atdier
rock matrj x ggﬁ%%is perneable to fluid flow. To acconplish this, a straddle
packer odBaYF: en pl aced within the sand screen 200. The straddl e packer

905 is placed substantially across the internmediate interval 114 to prevent
t he infl doees] f oFigure M Ef isuadgods-sautioma \iew enf ntbelisand ¢antrel deNicel 1400 taken

[0275] The c% rsqlq IﬁEplaIEko rFii&rg.ﬁ%wriess%%n?tugggﬂ ar%jsﬂpwa_g?o%qgé Sér (%Q)Iei S
an el ongaa{ ed tubdl ar o y Hhavi ng an “upper "end ad] acen he “upper "packer
assenbl y 2tton ohtng basel oper1182d Thd] stcehtubebel 106wweay patiderpaakiagribbgs 2idior.
The stradd] r ri Lr nnul.ar

¢ opr esent IAPH D REES s atporh Dy R B hofe 87 or BorBYANER or REZHEY fros 158,
a | oner phatkeoviddd fladjpatefiot thelpravabpeck Parck evhidsisduddsya 2drdér. flulhanchonagel, to
conbi nat i t [ W e r and
Che | overo e e HBRBEORESIBE ARE SR 1 SELend il RSt SR GRARSE ot
oper at or The \wlwesesaf priekgntifisiolkdtosn an sofadad ihtereal imtreftoarang Bualghabe iahteeshewi at e
I nter v_aI sH]ﬁt uBeéd § o%"'rr?rﬂleﬁlaﬁ%gee gl‘uﬁ]@ ‘tut{egzgrg %r’?&% Iﬁeﬁleta?tcgénfhﬂhj%. Je%%ribeéi

i sol ating an VRt er VAl Al ong an opeh-hol e tormation I's showt i n Figure YB.

Fi gur e 9BnilkSaPstedieNus.enb t,9 5, W 9003 620845 \amid| :22 63D 0Bneef tlaey apenitgs i n

accordan i, I ] bor e. Figure 2. Here, the lower interval 116 of
t he open-cﬁ(gpﬂe'g %‘8&@ ,ebi)el 'hﬁzlglgrgsﬁfg\m. The |l ower interval 116 extends

essentially to the bottom 136 of the well bore 900B and is the | owernost
zone of i[p26dt est FiqueeA7F limandther $ide viawcaes,the kand abrgiot fladee 1@k plEilgulel 61Aay

be a por tlir85'ué?it)n %pé}étﬂéhg ﬁ?\féebegun and production fluids are flowing into the base pipe 1102
as indicated by arrow 1116. It is seen in Figure 11F that the swellable packer 1112 has
been actuated and blocks annular flow at one end of the sand screen 1104. Specifically, the
sealing element 1112 is blocking fluid flow through the openings 1110. In this embodiment,
the sealing element 1112 includes either multiple individual portions positioned between
adjacent shunt tubes 1106, or a single sealing element with openings for the shunt tubes
1106.

[0265] In operation, the sand control device 1100 may be run in a water-based mud with

a hydrocarbon-swellable material used for the sealing element 1112. During screen running
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formati on that once produced hydrocarbons in commercially viable quantities
but has now suffered significant water or hydrocarbon gas encroachnent.

Al t er nat iwel2g12/a8k3®5subsurface interval 116 nay be a for mariuseoiioat22inas
originally a water zone or aquitard or is otherw se substantially saturated
wi th aqueous fluid. In either instance, the operator has decided to seal

thh he iaf{]fg:) évélf%éécﬁflr_]@%pe@étlcfnbutrﬁsgmdnﬁﬁﬁrw&rééw\ﬂfe béﬁeebngalﬂb%anmg@ §é£1ﬁj
we ore (0] | S | ug ce W I N
Ure vl T issen bR Bispen doe b fow istgh 1S dB et gL e 108 S0’ Ratitey
gig SUg?gﬁtﬂ)ng?b\h@\élérou@ﬂ’nyéﬁiﬁﬁﬁt@ﬁSﬁéTbh()hSZchh aef pdshavell WBstPACHRIratRmS LT | ﬁs

on t he ower ackKer |1 S Seen Itl n|n t he
pl ug 920 5’1‘*@!'"ign%'e'i“SWeT4 ”Sé‘éisae nﬁ@'}/ SW%I?@'%”‘GE&“@'%@H%’“Q@' E'Vb’#gbent
t he f|0W§éf:t|erf aat;welrabid maﬂ@qau)pekmdg\abl&@geeoﬁomefdr@muehemihwmt e ipBffemawy

e arrangenen

116. [0279 not ed t nectjon with t

OB, the i %ﬁ?sat}és?ﬁ?%‘?tv&er}&’idg Walp Ilgipgrte e Wiy goptrydeyic %88&‘9 #ﬁ?m X
tlhat |9 gossébsﬁ ere:naalgtyl1nmgmsﬁahbea h@dr?%étbdn Elvewibld E1a1té'ﬂa$ |§i|éte@1theoﬁpeﬁlﬂi‘g%

pl ug 0 e ce ] ac e acker asse

P el oaa. TRES A58 5eb RS SHad GhatddexicrrHoPe waisBasoy he ToURBH tra Biadpion o
and al ongumuhg s‘trl’ﬁgenll;lﬂﬁdg zibi(t)raarlmgg V@rbv.aéé a §paciiidefiow patht Eﬂ%t fdﬁ%l}?rﬁ’%iiﬁntﬂlﬁjs
upper packKer asse ee OSI one e (0] (6] ne

e e ifiuo Vecen 1{HCERLlow el sleb B I08 et S rier hSem 698 0241 so
be pl acledrr?@yWQQer@mab@ rng1OI (1} 5\? isd1hted g@ﬂhmﬂ@ldIﬂEWFtb\oaly htﬂénaﬂowfcohh@l devicerimed] at e
I nterva ]S CO r.se (0] odu e Shal e 1 operat my C oose to
e Bl At fs e SEBR LS Marpae HREha o ids bS8 deEJﬁE{ﬁH&h 4s ega!

t ranspor t112weeh in Bigarg1}. he i nter medi ate interval 114

2012/ 082305PCT/ US2011/ 061225 [ 0280] A net hod for conpl etl ng an open-hol e

wel | bore | | so_provided. herein od.i.Ss presente n. Fi e 12,
Frgure 120980, QEBHE® Gt e nactend i of 4 BPET SN dbireL SHI gfien
conpl et i regraws Impeﬂmdﬂe ofeFigurer £IF. | The/ awelitiite padkedil MeDisssednO@idily dmeannatéahod
1200 first in des vi di.n ac This.is sho t Box 1210. The
packer nd§oBR opiean ht BeirctPen 2 S Re BBy T 1S LA and 6B, Thus, ¢ he
packer is a nechanically-set packer that is set against an open-hole

wel | bor e [02673eal Additiamaldktads chR@Bah§ thedsameindcatrblydevideet 10d@cdce rdestridedhakeS an

packer i FREF Ry COBERE0RRE o REBERRynePE aint” grBAr bl ACIPE” B ng

el enent . idtwepeetedihegeiebeefatents. operati vel y connected to the piston
housi ng. This nmeans that sliding the novabl e piston housing along the

"ot o engdiihln: © by olnb i HRa S o OBl e SRR
have a pd?a‘tent'HubI . QOOQ#O@%OBIZU|P@ragnaMU®ﬂ583anqucwnphnylmgangusaS(ﬁﬁ\ ﬂhmwhrﬁdj
Hydr ost atde%cr% §r§ fg gf'mem ﬂ)rtath Vfﬁbllefp%rcﬁerc\&%ﬁgﬁg Sglln\ﬁnl\}%gmgrqt r%oltrh% srqurw S

in turn, appli fesSire"s
pi st on hdumsrmjea;bofn@remw paageribs mmails(psoae@i arouvhxytihedmlsauolrre ftasgaples CEivses

the el asttR%éeﬁogg?Aer{dngcc%lm%%ﬁﬁkg tF?gLRSS %ﬁpﬁ‘{?&ﬁﬁ 58! S SRIRIEER o R ©PS

surroundi ng
swellable packer wherein the shunt tubes are external to the sand screen, providing an

eccentric configuration. These portions of U.S. Patent Publ. No. 2009/0008092 are likewise

incorporated herein by reference.

[0269] U.S. Patent Publ. No. 2009/0008092 discloses two other ways of providing ICD’s
for a gravel pack for use in an open hole completion. Once such way involves the use of a
flow-through conduit. The conduit runs along and internal to the sand screen. Paragraphs
0072 and accompanying Figures 9A through 9E describe such an embodiment using internal
shunt tubes. Paragraphs 0073 and 0074 and accompanying Figures 10A through 10C
describe such an embodiment using internal shunt tubes. These portions of U.S. Patent

Publ. No. 2009/0008092 are likewise incorporated herein by reference.
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[0284] 1t is preferred that the packer also have a centralizing system An
exanple is the centralizer 650 of Figures 6A and 6B. It is also preferred

t hat nmechwioizeelostmsce used to actuate the sealing el enerCThIS2@pObi2esl by t he
pi ston housing through the centralizing system In this way, both the
centralizers and the sealing elenent are set through the sanme hydrostatic
force. [ Qaﬂ%] TheARBthBOSUCh20E) RlEI0ed thel Lidest £oBeRSt Trmgsrbb\ee ﬁ@(j‘léﬁdie bﬂutan@and

screen. S vi ded at Box 1220. The san ree se p| pe
ond o sur PR SR €0 Shalich f POTGR oabaneor dais & BinIhapist Gk oabinat o
fl O\|,<V charm&h@ed [ G284 rEstef emlaebhrwougirheowcéharadcsmga@ym Fﬁgwes?ﬁfm&ﬁtcﬁlgh LMFSEt
packers p-type sealing el enents t or cker
assenbl y. e?ﬁr ep% &%é‘ﬁﬁﬁr gesn 8%’88”%’? Fy\D‘%’ﬁ Lﬁjg @‘P ?@%Qg‘g%ﬁ"se or
bl anks eqme\m@@qhd@mdnatahh@rd}abpreffér@mcg:hannel s. Preferably, a swellable
packer is placed between the two nmechanically-set packers. [0287] As an

fo o oo Y8 onRBRRSEE ol 1B e o AR hesiBs HooR ngsodn vadl pake R ol
@ S ? g_ra\mno1 bmambvge:vrpabkebr%bahb@mnborrheEbsﬁn@k@fatsﬁe@b@mlm Qaﬁﬂjbsé@ﬁﬁrB
Isolatio Ccri pe nnecti on w .
W bo1 o) das et OEDE Lintee 195uS) Shh el mdus kgt e 2 Wi R Togds
et hod 121%@16@1 e&@er%n_ﬁh]lﬂ:ldé% ﬂmled?eghmemgek@de ﬁml@bd Ighf‘rr@dl@f?ﬁtee\fhl ?“‘3”5‘{ tzrregen
Into a or sSNown, a OX | on e ne
el udes Tondoi i "L | Bah PR aneeRE R, el e bhePlyinrdoldidte Mooy
f12|4f). P(r]I qfaekabdasssem:o{yesona@ﬂ@t lgumsdsTh R@n??ﬁ enht m&:’lﬂésﬁémelﬁé p@bleerrasgembneﬁ 21_0t’,h

(0] owe se I N 00 e | 00 ce
venl o 2Wt P, B8t s ki Rgsing B el shOPackiry 30, | DAGRSNNIRG Stk
part of Eerssembmesnmm \2/:10{1 r\:\ml \a&shfnhqheha\{eoaﬁ%ﬁhﬁedm‘ehmiallile%amemt 30?]19I1|¢es
novi n t he etti t.oo rou e nner | S, S
Choun at Teshahsallsd tRoke T anphl i FIOUTE SR Aae 1420 2 Ar Rl i rebgpdets
thr(lzugh renciialle oadckérofsc showr @f @nebl Yhe tisshasitaliyrgpt tpackers 242, 21emancheofn a
wor ki ng strin

suc S CO d é cﬁ? ] Movenent of the setting tool
through tareoRHRE A Er AEALENRBARTRRY ool 1o
[0272] The dual packers 212, 214 are mirror images of each other, except for the
release sleeves (e.g., release sleeve 710 and associated shear pin 720). As noted above,
unilateral movement of a shifting tool (such as shifting tool 750) shears the shear pins 720
and moves the release sleeves 710. This allows the packer elements 655 to be activated in

sequence, the lower one first, and then the upper one.

[0273] The wellbore 900A is completed as an open-hole completion. A gravel pack has
been placed in the wellbore 900A to help guard against the inflow of granular particles.
Gravel packing is indicated as spackles in the annulus 202 between the filter media 207 of

the sand screen 200 and the surrounding wall 201 of the wellbore 900A.

[0274] In the arrangement of Figure 9A, the operator desires to continue producing
formation fluids from upper 112 and lower 116 intervals while sealing off intermediate
interval 114. The upper 112 and lower 116 intervals are formed from sand or other rock
matrix that is permeable to fluid flow. To accomplish this, a straddle packer 905 has been
placed within the sand screen 200. The straddle packer 905 is placed substantially across
the intermediate interval 114 to prevent the inflow of formation fluids from the intermediate

interval 114.

[0275] The straddle packer 905 comprises a mandrel 910. The mandrel 910 is an

elongated tubular body having an upper end adjacent the upper packer assembly 210’, and
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shift a sleeve along the inner mandrel. In one aspect, shifting the sl eeve
w || shear one or nore shear pins. In any aspect, shifting the sl eeve

rel eases wbeopiest®s housi ng, permtting the piston housiPag/useoigiosfes or to

slide along the packer relative to the inner mandrel. As noted above, this
novenent of the piston housing permts the sealing elenent to be actuated

a_g?ihntsh td1ﬁ)v0_@|énd?§djb&‘?1tghé FI@M@dlZSObé‘(élkeﬁ@%é‘l%rﬂiéﬁlmg{) I tmlaé %tr_afj@lggddckélr 005 ARt | On
W e novin step O 0] , met no al SO I nc S .

i < TR oS 81t S AT oy S6BGETS. (PR ETTE et SPriRoer Soge T Eradiagent o
Conmmuni catdpegp_ﬁwéf gséelﬁtﬁt'blyz 2p?’ef$1:sul_ra§|oweaﬁ§ckbheﬂ4 tahj%gml thbqu\@erh%ﬁsgémg‘sbﬁibgnt
ener gy st or na colum O | to create a I ,ta,l ead, ereln

t he hydrc?é'togt i‘Jé‘er‘i‘é’éﬂ' copttinalign of €ye Uppre(,pe éaﬁe%aﬁgéﬁ“ﬁ‘éﬁe#ﬁeﬂp‘?%ﬂn" 2
horlsibng- aﬁ?ﬁthb%ldﬁv@ﬁb@%ﬂe?lé%!’sﬁﬁlblyrﬂd”nﬁvltTld% |@n§f§¢aé<@r onanaiblveitds dpfalrett@gto

we ore, et I . sSuc | are cCo tion Ul ( or reservolr ul ,
and may alYS§eFss Vdﬁ?gat%rae%’g’ﬁ'ﬁfzacédHReF‘iagg&'gHa%W%P@?%Vteé"%ﬁégér“@/af‘rqpeﬁré‘é’%use
t he shearcopipitionl ncl udi ng set screws) have been sheared, the piston housing
is free to nove. [0292] The nmet hod 1200 al so includes injecting a gravel

slurry i n annul ar. regi on_fornmed between the sand sgreen and th

surr oundi S or nATPBR! g o BotRna e VAL o1@ 30 OBF Ry GapEieten i ghown
afldi tion,in rlt@rmehh : adgnl:lr%CHB ihsrn:hiuele&vw' difjaﬁwélibbga 9?w.gmumre9boern?rayégawg@irt he
al ternate fl ow chanpe Thj OWS rayel slurry to at ast

o £ 1 ar | pebyRHads BB SielnprE g ALEBHRe 20 Tosthe HeHeRsE mdu ot BeoghaTbenbalsed
W t hi n t henfiichds shegn.omhbabwey hieevapadB extendbicssérstiai @vtheabotidax 136 80 the

[ 0293] A se@ﬁr at 0 t hod isI glr ovis?[rgd heTr.ei n ftor conpleting a well bore. This
net hod i sV€RBn F#95 e 19We s 20RO IMSERSL Fi gure 13 is also a flowchart
showi ng steps for the nmethod 1300. WD 2012/ 082305PCT/ US2011/ 061225

[ 0294] Thgozm| hodInlB@Dinktanse, thacdubd@saceriotendil Mg6anaypbala petib@tol @ansubgpdaicEt us.

This i hown. 1310, T |, isolati : is,.preferably i
A R o R A N A
In this rseffpedtsigifitanz aatr or dgd@cardon gpp anatoashmeant. fAlteshativaly| theesdpssidiane
. Th il t .ab [ d : di resh
o wound EPa T haerana Areaiar PERRER supae et WA 2 ee Al a8 FealihaRe
packer asseatahijally Haturptedketh agsenblfiyidn Inl eithav évstenck ethetopensor has decided to
hani cal | y-set . K i.th,th hani cal | y- [ | t t
A T G T R e B R O Gl
mechani cal |y set packers and an internedi ate el ongated swel | abl e packer.
Al t er nat €0278pw chanassomplist Ithis,r avelugt 20 ughk leserh paiced heithine dhanvellhbtey 1901t

packers and cfihey) METTRAA fSWELh 4B f BRCKERL) STBN poBEEl H B ddifer
zonal isol'at’i on’apparatius W conprise at l'east "two Bgcke assenblies
separ at echsbgmblyrdd 05 c rFehe fwod packer pSXIB]ich 210 2Ne'd dhB0beddwer pavkenuakssmbly

runni ng the,z i sol.atjon f j | 1 The st

unni ng Che 3ERE - SEPETIAERETITL b bR sk B b oY 05 8 sflouazp
1320. Thes 2blrdd preyehtahe How apfeamatiarsfiuids uputheiwllborm 208vieom fherlowemintefval hes.
wel | bore, which is preferably conpleted as an open-hol e.

[0279] It is noted that in connection with the arrangement of Figure 9B, the intermediate
interval 114 may comprise a shale or other rock matrix that is substantially impermeable to
fluid flow. In this situation, the plug 920 need not be placed adjacent the lower packer
assembly 210”’; instead, the plug 920 may be placed anywhere above the lower interval 116
and along the intermediate interval 114. Further, in this instance the upper packer assembly
210’ need not be positioned at the top of the intermediate interval 114; instead, the upper
packer assembly 210’ may also be placed anywhere along the intermediate interval 114. If
the intermediate interval 114 is comprised of unproductive shale, the operator may choose to
place blank pipe across this region, with alternate flow channels, i.e. transport tubes, along

the intermediate interval 114.
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[ 0297] The open-hol e portion of the wellbore may be conpl eted substantially
vertically. Alternatively, the open-hole portion may be devi ated, or even
hori zont aWo0 2p0288j0Fhe met hod 1300 al so i ncl udes positi oRrChgSkée/ogreml

i solation apparatus in the wellbore. This is shown in Figure 13 at Box
1330. The step 1330 of positioning the zonal isolation apparatus is

pref er ablg2gdpne Rymbmdgi o0 cbmpleimiah dpedlild RllEgPas AIbSprokidBY dekdier The

portion of tring of praductign casin The apparatus i s positioned such
that t he mafed ixpesanip hhjauEe A¢: drigUts: ToBraides ia b ahat BERSERINSSIPRR 4 al o

al ong t henetped12e0 6f qaipldting adfopehdoweléliRers in Faiicubembodinidntst of the at
| east one packer assenbly is positioned above or proxinmate the top of a

| t ed b f i nt ...[0299] I _enbodi .th - hol
vel T hora BT or L 368 el {80 pboR Ll a O S PE, Thisds PR A8 33 0 per
i/\R't eL Vﬁl d'IfHeqmckéIi raly by o mlardmaé V\ﬁth ﬁ:)apmceogaﬂ Figmds 8Al am\omB.i T\r}i&r, ml %a}‘ck@nm

| C rocar pons re. no (0] [ I N roaduce n econo ca Vi e
vl e R AN B LRt Paeke” BT st et R oy AT B sepla a Bk

matri x. The intervals may also include an internediate interval from which
hydr ocar [joze2] ar e Fandanpendallyc eéble ddoked avilraiavenaraliomsy triaadient andredicatade flow

interval e forned of shal r—.ot her substantiall i mper,neabl e .

it ool RndtE als b Ao RAnGel TF mkeTTian R Frvls MEPEOREREThesno one
packer assend glaseaterit sealirgpeleenheThewealingndlemeat is apeeatiyalp esoanadtendp tHee
non- per neahl e i ntermedi.ate interyal... 2012/ 082305PCT/ US2011/ 061225
80671 et KoBuBb ™ T dedd¥ By Ysno M HioRRECERET, i 2b8a BF ke ¢ o
top of anrdlativertoette dtresrimaeireiaiwill Eptuaienthkl sealieg seoend ifta angagassendithy thes
positioned proximate the bottom of a selected interval such as the

i nter nediséffrgu?qx'l?%W\‘?Etfqre'Thi s is shown in Box 1335. [0301] The nethod 1300

next includes setting the nmechanically set packer elenents in each of the
at | east [0283] pacKbe paslsz by als®Hiase iaspgt.ovihdgebri i iBdixidlGrOmunibatioanyvitatHey

setting th& VRBEL,ANMydBYETc E%%El?rlé WHHFHRR S HEANS A i A8 Wtﬁﬁe";’;@r{.i?hi&m
ot her) LR ng nenber’engages the surrourndi hg Wweld"oor e wal I e pdcker
el enent s in $whasmplias flaidnueéssure egihepidtar hewdsinget Meeememef dlaan piskoreermgaheha he

di f ' : . i eS.
T 0302] Bertlf PG M/c8Fsnsdp TRUrbRRuE RS BRSO Ry S AR SBR B e
bef or e slaxpaydddsiniorgngetedentwith thésumoundireyrwellbgieon. Setting the packer

provi des a hydraulic and nechani cal seal to the well bore before any gravel

is place undt t i t i i b

dur | ng. ¢ HOEAF ouel i ErefrAB Ahe PaleF SRglour  rBR AL B8 Rl rRimEEh e

acconpl i Siesttalingr 680 rof Rigerep £k end B0 Wfis Blsguoreferred that mechanical force used to
actuate the sealing element be applied by the piston housing through the centralizing

system. In this way, both the centralizers and the sealing element are set through the same

hydrostatic force.

[0285] The method 1200 also includes connecting the packer to a sand screen. This is
provided at Box 1220. The sand screen comprises a base pipe and a surrounding filter

medium. The sand screen is equipped with alternate flow channels.

[0286] Preferably, the packer is one of two mechanically-set packers having cup-type
sealing elements. The two packers form a packer assembly. The packer assembly is
placed within a string of sand screens or blanks equipped with alternate flow channels.

Preferably, a swellable packer is placed between the two mechanically-set packers.

[0287] As an alternative, the packer is a first zonal isolation tool, and is connected to a
sand screen. A second zonal isolation tool is used as a back-up, and is a gravel-based
zonal isolation tool. The use of a gravel-based zonal isolation tool is described below in

connection with Figures 14A and 14B.
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6A and 6B. The open-hol e, nmechanically-set packer 600 enabl es gravel pack
conpletions to gain the current flexibility of standal one screen (SAS)

appl i cat iwo=0tzysp3osvi di ng future zonal isolation of unwaoras2éiueses whil e
enjoying the benefits of an alternate flow channel gravel pack conpletion.

[ 0304] The nmet hod 1300 for conpleting an open-hole well bore al so includes
idnj ecti ngozsgpart R@gér?tgggsdf}rlﬂﬁéyarirdﬁg@_ nrte:na tﬁ@ﬁribt’hbdrﬂliooalgo_ﬁhélﬁd%sﬁ running the
enonstrated I n X . € particulate slurry . ma u a rrier
hurd: andeekeicnditie rmeRg B aciae BE & FRIbHE ohe et hat &% T40. I
chaﬂnel S a;%i:dhi@w, tthhenétimsd 1200 iﬁbl@ﬂéé HInhMgtaDShéWrRﬁﬁ)@I iﬂlﬁfthé@ﬂillbm. mhwef e pksviddd t he
mechani ca -set p rs. Ip this way, the open-hole portion_of .the

wel | bore qt g"@‘r%‘@l ﬁ%&%&%@iwt}g@ cﬁ\ﬂﬁkedranéb%\rx‘ee%{ﬁ@ SBRY 89\99(38@{ © A8t f'rBEth\'E’é‘WF,byt he

][rec hani ciathé ¥edif t@?]g ke @lttﬁ@eteblls:ma& QBQ@bF@ird_él’]ﬁt% Wit BRsndi3g0sett gspésmape
or annul ys pack- ary. For exanple, if a premature san ridge is

formed dUTBW T aberBakdh G pAPOL AR OhiSgyR Tt WD BAGHEPGH | | cont inue t o
be gravel packed via fluid | eak-off through the sand screen due to the

al t er nat goddopw ciag Aedtisod 1200trzixBintlad@eibying teeseling oyl thdulgh fihedinnémvhendreid

th h t | t fl h I the . t . bri d
dopostt 2 raIRIRehalls e Lo IAR0. a9 gl BT aP o SuRiN e tegEors

nearly canpugh @lechpaickdorce s IPugfesablys tHensatirasioolis at theverid efth ivbtkingasteng Blishugh
the alternate f|ow channels. Here, both the premature sand bridge and the
packer vvielslcoﬁ%d P¥ssed so that the annulus is gravel packed bel ow the
packer. WD 2012/ 082305PCT/ US2011/ 061225 [0306]1t is also possible that a
premat ur gozeand bMosg@entayf e setilgtcoWhirdieghphe keer mangrel oaukes dho settiog tdobtoow

t he packer w || eventually be packed by the alternate flow channels until
the ot i siaels St Fyrg 81T, ueah Mo et Stten b RGP Ereott Hons.
once gr avebdrecsbear pint.hén aoy aspst, ahiftiey theeslqgraekeleased therpistors hdusiey, tpedmittittgo
t he shunt tUbSE

s, . then passgs thr h, t he, packer, and continues to c
bl ow t hdnbdah nofiy RESER e e REERr el 3R MR rRoBRE s e
ports al Inmed@absVajrthis movexent ohthe plstonvabldioy eeanitsllthis sedliing biemdwnwarte be
provides the.ability.to l,, of f bottom wate | ectively conplete or
gravel paac?gjatt%(f%%at"é% t@n‘?’%ﬁ%&?%?urb%wgllgrﬂpgnﬁogaac\%@%%epen- hol e conpl etion, or
i sol ate a gas/water-bearing sand follow ng production. The hardware further
al | ows f dp2"gl ectn eennstlionuividit thenogeg etepi afdBoxat250, the gathod 1128@ kisorinclodes

[ 0305] The TG hERRERR bresSirs BURE ol ot st BIRS: FAY Rr kb g
i nt er val shydtastegictpnessopemedrd tbaiibe wedporethat Iseffisehl dy@rgy stdifeidsn asolinovefdied at

enbodi reif S5 Y Ao e RBaREeDoR e e BoRRii ol pbls Teirar Y o B ouds e
from f | ownghe pistont heusied.| bbree hydFostatx ampdsere anghldeg praysure framstfaidseth the t he
Pae, D ol FBURE 5L A0 SR S5 ek P by SELRAFT 5P R,

t he | owegiregsack epntabstedbligyni®iec by as reseevaec Betapse kier sheare pink y(ifaluaings sefp
1335.

screws) have been sheared, the piston housing is free to move.

[0292] The method 1200 also includes injecting a gravel slurry into an annular region
formed between the sand screen and the surrounding formation. This is provided at Box
1270 of Figure 12. In addition, the method 1200 includes injecting the gravel slurry through
the alternate flow channels. This allows the gravel slurry to at least partially bypass the
sealing element so that the wellbore is gravel-packed within the annular region below the

packer. This is shown at Box 1280.

[0293] A separate method is provided herein for completing a wellbore. This method is
shown in Figure 13 as method 1300. Figure 13 is also a flowchart showing steps for the
method 1300.
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[ 0310] I n anot her exanple, a straddle packer is placed al ong the base pipe
al ong a sel ected subsurface interval to be sealed. This is shown at Box
1375. Sucwoaostasazddl e nay i nvol ve placenent of sealing eCermsatg/oedpacent
upper and | ower packer assenblies (such as packer assenblies 210", 210" of
Figure 2 or Figure 9A) along a mandrel. [0311]It is noted that the

rrEchani cgbang sst Tﬁ%mh@dl usgml fiirsﬂl i@uhmb%fgﬁrbfbiﬂin‘gﬁé {zoiﬁesmdmogkapalé’tﬂg allrmb &300

apove are conpl.e (0] 00 . e 00l S, Mus SiL gne not on to

o het ancnoRE s B TR o e 728k ARk GOSHPLA. BrPTalCRIIR o PEoETIc Rt

\mt | must d@ﬁﬁoﬁbht@bc{l(@cﬁmugbo%@ irprcgﬁh%tﬁipﬁtwilrﬁg‘igurakiemlhoﬂﬁs_f y%sy];@lbﬂ, _hgé eongil
I1e a grave aCKl nNng praocedure 1S el n un rtake at | ul

vel oci ti g%‘ﬁa%‘ &P@Fﬂtu% H‘éyro?é%t‘féﬁlﬂd@aﬁ P?Ildsﬁ%%cﬁ%er 5@ %ﬁﬁe%k\ﬁ@ﬁ@m‘?éer&&?%s@.

tThi S exEqw_ ari\clsaisumtslﬁm@dnk éé?ﬁ@rl\@omﬂc\mﬁé.tﬁﬁé@%ﬁé" béoiaﬁo@la‘lpéég?fﬁld v&ilhﬁlt;o'haaé gides
WO nEecC nically-se ac S us nitnter 1, e Swe apl e ackKer .

[ 0312] Be?%%?éé’”&fpa?h%r %é@f”,%ryi- nP%H%C 'eﬁéﬁ%ﬁ{etgg V‘f"ﬂéa\f?p%li’ lsegfrongaireriayraflyset

utilize gdcr&swite¥RanstNRIcaly-8atglackasrding@nahatsmvatiamnesystemin lieu of a

second mechani cal | y-set packer. Such a systemrelies upon a |ong bl ank pipe

surround depsel acked sand. Such system |s described in WO Pat.
b o 1028 of 1 Bagb R et asher asperithion eVt gk YT BT 5t BOER

| sol ati 0naridnanV‘lﬁ’tdrmeaia{eofdlﬁdaﬁ(gsw]elab%&l)(@kdr. lﬂl&rﬁi%tleﬂewtchsh?l@s &mdtraveclithrough
Cross-sectipn Vi ews, of. ravel - packi asse 1400 r providin

back- up FEAI O 161 BECBRNcatiSoh FCHEF yatde e dboacale) e Rla, PHRAG Fiment
upst r eam Prefirdody, dthd4tbhattisclationr sppaedtds vamcompioanst leestmwinpadkelr chstdhblisst a
second end. Internediate the {Jpst ream mani fol d 1402 and the downstream
nani f ol d Sfﬂi@t?(gbya??”glsc‘fﬁ?f&ﬂ%'a Sbase pi pe 1430. [0314]1n operation, gravel
slurry is punped downhole until it reaches the upstream manifold 1402. The
gravel sl[o296y i sThédemetbod 1800 utsedintihdes)ginnbat theazapinhiselatipacappagtuesointtu tie

1404 and a”ér an orsh condui.t 1408. I'I'.he1 ravel ackknﬁ% CO@gui t. 1&04 SESEs
to delivef® 'SP rs@]ei T dH AR U1 Pelg? 8 HRRRAE Fh graver Ry ry =
assenbl y 13200 HEredzéred isilatioo uapgareusvisl tubont § naterspootion of thiel Wellbohe whiengpor t
condui t 1‘%%@%&' i vens ﬁ Qorti on of the gravel slurry further downhole.
Thus, theos a Oﬁ%{%‘ﬁ? 6 @85’88?{10 404 and the transport conduit 1408 serve
as classic shunt tubes. [0315] The gravel packing conduit 1404 contains a
nunber of[0297hk - off he ppen-bolé4ibptionAsf the awedibors| may he eninpleted sidstamdialel veyteidyng

condui t, L uer Lt r 412 . i . nul ar space,

typi cal | y'At‘I r?rba?ﬁbglk’eM%%ﬂe'ﬁ)ﬁ]O%}%ﬂ& g‘er&'g}f)%e é‘ %Ve'gt%g’l 4r e![v %ﬁp h’té%t”g% (or heel) of the

well. A plug 1414 prevents gravel slurry from bypassing the ports 1412.
[0298] The method 1300 also includes positioning the zonal isolation apparatus in the

wellbore. This is shown in Figure 13 at Box 1330. The step 1330 of positioning the zonal
isolation apparatus is preferably done by hanging the zonal isolation apparatus from a lower
portion of a string of production casing. The apparatus is positioned such that the sand
screen is adjacent one or more selected production intervals along the open-hole portion of
the wellbore. Further, a first of the at least one packer assembly is positioned above or

proximate the top of a selected subsurface interval.

[0299] In one embodiment, the open-hole wellbore traverses through three separate
intervals. These include an upper interval from which hydrocarbons are produced, and a
lower interval from which hydrocarbons are no longer being produced in economically viable
volumes. Such intervals may be formed of sand or other permeable rock matrix. The
intervals may also include an intermediate interval from which hydrocarbons are not
produced. The formation along the intermediate interval may be formed of shale or other
substantially impermeable material. The operator may choose to position the first of the at
least one packer assembly near the top of the lower interval or anywhere along the non-

permeable intermediate interval.
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[ 0316] The transport conduit 1408 noves slurry fromthe upstream manifold
1402 to the downstream mani fold 1410. In this way, any sand bridges al ong

t he bl ankwpizpe/B488 are bypassed in a downstream fl ow paCm/usBrieferabl y, the
transport conduit 1408 and the adjacent bl ank pipe 1430 run together in 40
foot sections. [0317] The gravel - packi ng assenbly 1400 al so includes a

| eak- of f [osutoﬂui t ]L nlclﬂr?ﬁasp-aéﬁ th@akreéétfor{é%%%ﬂ astbé%tly_r i@ﬁiléf%ﬁ GTHr%xir?at& 4 QJtp\r/]waaéhped
screen or, otner, rrrerin rr enent. restriction, .between e
eak- of | RHERHT 16/ aknPRRBA Nt PERF RARKFIoPEFOTNR ISTPoR AR L Ot el

slurry erjoetbinnd atSeedierBiktedfdl seemdiltht inkd@ediate midrbgl. Tpstis eRsaRIBdx013351402.
The | eak-off conduit 1406 receives water (or carrier fluid) during the

gravel -p i ng operation d rges, the water (or carrier fluid) with the
O avel it REL SR A S Rieb G 160 miathafiaibi B phcker Rlentdnigring
congui t 140h drale be Iéha’$t dhe geickdrl aﬂsdmbqllflllﬂll l;iisd@tdr@ﬂlde@ Inth)hG34(l.aIM¢Uhéhiﬁally
conduit 1408 ove the wnst ream mani f.o 1410., At the sa ti t he
oak-of t CORgRe UBorsnd UNr oGEH e Saiaans fad 41 gauPmEne e oPey seim
i[ (r)IBp:B?Cﬁ radérabétdel rtdmgebItlfrmkurmlpﬂmi)nllg%é]lb&r)é/\@amgH%Q&%B%B&Fﬁhlsagdlgtl’&maaﬁﬂar

18] The gravel - packi n sse 14 i s, designed to threa .connect to
e bace Tafh YAt Aeosar Qi g SR g Subgir B0 Fb iR APS
gr avel - panidibetpvatheerioker ak460blies. connected to a nechani cal | y-set packer 600.
The gravel - packi ng assenbly 1400 at | east partially restricts the fl ow of

producti f.luids betwee roductign zones, or olagih.c intervals in an.
bpen: nol J0HAl | boPeterems gpE5ER 5 sell PO P i RlieY Belut iV 00
may not bejecteprintoethy anaolbateghon.t Settingihié patked qesvidesbs trgdiaudic layid mesdhiahichl t he
flowin the event of failure of a cup-type el enent, 655. 1|deall the .

o avel - petel fi ks uBliear8 ool 4Pl deSoioiatBhs plRE g, FisieraTh: wbimellr i

| east 80 dredtes a hetterdeal dubing tieevgrdeel patkiny opdratiord 1 sol ati on.

[ 0319] Addi ti onal details concerning the design and operation of

gravel -b zon i.sol aty in t,.. P .
30107 120438%1 Thi he, 558 AHR NI BBt bt B naskPeon. Migures,
ent i r et y.6A4 632 6BWiltecopen-ivalé,| méahaajopiy-saitpackert 600henablesegraved pack eoraplations

d ib I I . i fits .
fortn abdodem IR bR THBHEE of SaRENbE: BoblE GASEHPhERE0S: BY RUAHF AR
nmodi f i catdooal, iselatiorabi omwanted dhida geilei drfayirtg thepaamiefitsgoff aroattdrhage Slow channel

t her eof . s for conpleting an open-hole wel |l bore are provided
S0 as todsréglgéﬁgcc{ﬁ%&goﬂ nore sel ected subsurface intervals. An inproved

zonal isolation apparatus is also provided. The inventions permt an
oper at or [0394pr odlibe nfdthadd$3G0r fonctompleting an epen-hblei vaglibpret @sainskides irgerting a

subsurf acp%rﬁ.cma% ¥Iﬁlry inttglﬁ%l %u}gﬁ%giéﬁ ?Ilﬂgiiwgn&%trated in Box 1350. The particulate
slurry is made up of a carrier fluid and sand (and/or other) particles. One or more alternate
flow channels allow the particulate slurry to bypass the sealing elements of the
mechanically-set packers. In this way, the open-hole portion of the wellbore is gravel-

packed below, or above and below (but not between), the mechanically-set packer elements.

[0305] For the method 1300, the sequence for annulus pack-off may vary. For example,
if a premature sand bridge is formed during gravel packing, the annulus above the bridge will
continue to be gravel packed via fluid leak-off through the sand screen due to the alternate
flow channels. In this respect, some slurry will flow into and through the alternate flow
channels to bypass the premature sand bridge and deposit a gravel pack. As the annulus
above the premature sand bridge is nearly completely packed, slurry is increasingly diverted
into and through the alternate flow channels. Here, both the premature sand bridge and the

packer will be bypassed so that the annulus is gravel packed below the packer.
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1. A nethod for conpleting a wellbore in a subsurface formation, the nethod
conpri si ng: provi di ng a packer assenbly having a first

mechani cavbypopais2ywacker as a first zonal isol ation tool pCcarus2@i1derend zonal
i solation tool, wherein each of the first and second zonal isolation tools

conprises an internal bore for receiving production fluids, and alternate
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mandr el , H{i’ aj)oé’@é%rﬂ‘? Ve f et 'e‘?‘f?é" aﬂ'Y) h@cﬁ EV haf ‘?rg?te f?OW channels

connectingmth@eﬁm@&mmuwgﬁenbygmMQ;ﬁwﬁ@nd screen, the sand screen conpri sing
a base pipe, a surrounding filter medium and alternate flow channel s,
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with alterntefl Wch nel s  of % félbrSt an co i.sol.atijoon trgsols;
n H

i o ek zin e SRAEINGS 488, shilft LbbS God B el i PR et iR nes

setting taewfnigrsiirrynte@xairite #Hd welbete panker The recdwartipngviddschs abiliyrtg sealesfient
I nto eng nment {nth t e furro ndi ng subsurface forngti o
% relectiiel i

ti
aravel SIGEP 1A P08 Ao BT oSl TIeR AR rlbEr Pl o

| east pardplealHoya tcbm@legbnt be |ﬁiléter®ag&/vf/dt@lv\bédmagn§drﬂ fdl‘loﬁ!|n|gOdehetlcg1r avile
slurryt?P %&)‘ iéheﬁ tﬁ)getemsnt tCl grave ckd
wi t hi n a"3HRIPAYEEIaHs 198 9\/@8H’etsﬁ'g‘“ 'RB FCT¢ é‘?\‘”é diOfH%S E‘iﬁc URitRg

f or mat i orchealicMrédtmepafok éamags ssmidwal or shnd Thasdtibtird of claim 1, V\/nel’el n the
filtering nedi um of the sand screen corrpri ses a wire-wapped screen, a

nenbr ane ere re: mesh
coroen AV oo T BRRETOR AR FhyoBs SBMEIT offRlBlor fEF drapl 4 The
nmet hod ofalmigaﬁ]mobenMIerpmrtmntdsfeheswetlmrde z®hialis preeidati iabBox $860.i1 Broduction takes
gravel - Zaed ]%onal rIst tiatel on tool conprising: an upstream nmanifold
conflguré) | BREFHE gravel slurry;

[0309] In one embodiment of the method 1300, flow from a selected interval may be

sealed from flowing into the wellbore. For example, a plug may be installed in the base pipe

of the sand screen above or near the top of a selected subsurface interval. This is shown at

Box 1070. Such a plug may be used at or below the lowest packer assembly, such as the

second packer assembly from step 1335.

[0310] In another example, a straddle packer is placed along the base pipe along a
selected subsurface interval to be sealed. This is shown at Box 1375. Such a straddle may
involve placement of sealing elements adjacent upper and lower packer assemblies (such as

packer assemblies 210°, 210" of Figure 2 or Figure 9A) along a mandrel.

[0311] It is noted that the mechanically-set packers used in connection with the methods
1200 and 1300 above are complex downhole tools. The tools must be designed not only to
withstand the high temperatures and pressures of a downhole environment, but must be
reliable enough to provide at least a temporary wellbore seal while a gravel packing
procedure is being undertaken at high fluid velocities. As such, the mechanically-set packer
is an expensive device. This expense is increased when a packer assembly is employed

that includes two mechanically-set packers plus an intermediate swellable packer.

[0312] Because of the cost, in some instances the operator may wish to utilize a less-
expensive, gravel-based zonal isolation system in lieu of a second mechanically-set packer.

Such a system relies upon a long blank pipe surrounded by densely packed sand. Such a
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a gravel -packing conduit in fluid conmunication with the upstream nmanifold
and extending longitudinally away fromthe upstream nmanifold, the

gravel - pawRi2nrp/osesodui t having a plurality of ports to plpacasteig/061225

gravel - packi ng conduit in fluid communication with an annulus between the
second zonal isolation tool and the surrounding wellbore, and having a plug
proxi mat esyatehomareserrtsbdqh woergr rviel Npagsd 01Roaap Mitifled ByistPhsbied Mathods for

gravel - paé:{OYlBl?]p %ggﬂ?éjﬁ‘;%ﬁg]@ﬂdomm ream flow path; a transport

condui t Swith the upstreamrranlfold and in fluid
comuni cation with the downstream fl ow path, the transport conduit serving
as the al[b:elmmat engmemhaamdatB peseitedes atd bibsg-gacionkisvbws bba grel-padckir

a | eak-of f copdu in r meabl e dia {n order  t | ace

e ¢ AsSHARD 140 toT Bkl e B g Rra s Rtar T SSeRiobt SeteS Erbist hopy
gr a\ée! - pamlvin@garpapﬁtrealnemamhuolgngola gr%\ﬁ:aslt “packhi e wvmmél _ dumemahuhgd 11aa6 a0 faf ]
conduit co Si itudi nal tubul a in u communi ca t
C e donn i Sod Sytreniie 16 Gkern oot T2, e huRERRM thE ol Tat
gravel -ba§edemgaﬂedlb3§éﬁipbdl430.ool is at least 40 feet in length. 5. The
met hod of claim 11, wherein the second zonal isolation tool conprises a

d k d h the f
second SRR CaIi HedehoR2RA% S BiheS B BRAY RSt B
subst ant iradifplda1402: r Oine glmgbslmfry tshkheh Idnssmbu’mth\amugtlatbdtb!-asgrbv@qmbmng coﬁdwﬂ'he
met hod of gl ai g}a]% wherein, t

I sol ati i.Ses . a

Cvel | sior 61404 208 g SRR FbRudifanRr SPC R Rl Aok S biip Pt an SRR E fey o
of cl ai midto anfnememlar region betwidee thecgradelankihg isseéablyot00oahd cl:rmpunrslﬁsjlr@
second nec nlc I constructe gardanc ir

e hani CarqDotES ol k. AR 1aR85S ¢iiG ulls EBRET ARG el s SBushsiFhes 4
swel | abl dumwmwnhnbermm atee gtavel packitg eordiug eldldA chnetbbaransport yosdlit 1408
packers, the swe | | abl e ker having alternate flow channels fluidly

connect efevﬁet%s AT h[ugfﬁé?% flow channels of the first and second

mechani cal | y-set packers. 8. The nethod of claim 7, wherein the second
mechani ca[D31>5] set Thagkael packarg eomgied 1408 ftontairtsea pamberr ofaisslentilpprtasi412. As

subst ant | ghief sfirly! di A% haBASCP Ea({knwg; {aph, FRRE Gk e ESH%R'&‘%‘%M flllsgfh The

net hod of érei ect I'h ravel
t hr ough tehneuhr Bmoeatyeucbll;oﬁnomh%b@tcsn Qnr’tm)lczwsa \tvglpmtze tgp fohbeg@naokibe \A@ﬂsénbl y

h | - h Kk nbl
er tndg TR AU Bt By BRF TSR e RO 8o nben <t im the

wel | bore. WD 2012/ 082305PCT/ US2011/ 061225
[0316] The transport conduit 1408 moves slurry from the upstream manifold 1402 to the

downstream manifold 1410. In this way, any sand bridges along the blank pipe 1430 are
bypassed in a downstream flow path. Preferably, the transport conduit 1408 and the

adjacent blank pipe 1430 run together in 40 foot sections.

[0317] The gravel-packing assembly 1400 also includes a leak-off conduit 1406. The
leak-off conduit 1406 represents a wire-wrapped screen or other filtering arrangement. A
restriction 1416 between the leak-off conduit 1406 and the upstream manifold 1402
minimizes the gravel slurry entering the leak-off conduit 1406 from the upstream manifold
1402. The leak-off conduit 1406 receives water (or carrier fluid) during the gravel-packing
operation, and merges the water (or carrier fluid) with the gravel slurry in the downstream
manifold 1410. Alternatively, the leak-off conduit 1406 may be in direct fluid communication
with the transport conduit 1408 above the downstream manifold 1410. At the same time, the
leak-off conduit 1406 filters out sand particles, leaving the gravel-pack in place around the
blank pipe 1430.
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10. The nethod of claim 1, wherein the sand screen conpri ses: a) a
first conduit formng a primary flow path in fluid conmunication with the
i nner mamsioeb120i8230he first nechani cal |l y-set packer, thePCirastoiaones t
having at | east one section along its length that is perneable and at | east
one section along its length that is inperneable; b) at |east one
shunt t uljesl ongThégrdveRgdringfast&@blyi 1480 iAW, to tHiBadidly Ehkctad ehe bakrt
t ube being in fluid communi cation with o of the alternate flow channFIs
of the fifRg SrashaionliP)d SERepALREF eng tX HOIB6F Engril aravelprgkna assembly ¢
a second 100G conrieedartd i rgctankampastasatkéd 600. | Diegraveupatiahd abdenisie ¢o00 at
conduit also has at |east oge S cti(ﬁ)n .al ﬁn% its len tB that i s perneable
and at | c23% RHEI SestgR the SRy qTtrsoqustign Huldp fetween ﬁrg HAHORTRES 7 P (%e
one. gf t hetedtald i?_%ﬁbp@ﬁ?\ﬁlb&h@lﬂ)@f&.ﬂ@@?b?%?ﬁ isoRtioR %‘,‘tﬁ@ﬂhlcﬁ@rﬁ&él%sferﬂb‘ﬁy i:goo ]

ui d communi cgtion with one o e at |east one perneabl e sections o e
first corB@y POt Ren@PER hISBRF R P%’E’%U&ftdjoééﬁ%?@?ﬂ'%‘??t%tR}%E%Wf%@ef‘?"%{Oand
s e_conddccf_aidmé gs a o@bd;t/pe_ clement sﬁsl.t iaieiariy', hﬁeeg:itagg-mdihy rﬁgs%rhyﬁuboeg htnlgafl\thmd): um
eing designed, to retain particles |arger an a predeterm ned size while
21| ovi ng eShurasOe et aeesietier e Q B RsRIoRIT At RSB and second
conduits. 11. The nethod of claim 10, wherein: the filtering nmedi um
conpri seqomof i r sadéitibiardetglsseoneeminy aeededigrorgdtdp@ratpnnefaflacelsesbd avsalof

the first _conduit, and a second filteri iU I al ang t he perneabl e
Sect | ons St siteBR P oRaT 0 Wty Pat Peol"afe, FBLE0G TG, TR AbieREBne B ond
condui t dacdiporatidmesss b réfafzubam ikashtirdtavi ng a cylindrical wall, with the

first conduit and the second conduit running substantially parallel to one

anot her within t wel |l hore. 12. The.nethod of c¢lai.m,11,. erein; the second
comaurt 12 0t D el eCnmafind %y 5, Ao Rins e oh oripbfl e ) oblefiaRE O
any cr osdesmbtaventht demefitsnaraf ativentsgesdset cioaie rgbovdieit omill ibedappratiated! thabthet he

first conduit. or the second conduit.is inpernmeagble, while . the cylindrical
w1 of rnenppre St SR PR bduah e AR Suat Bihtu hafifoi B e
per meabl espirit lhefbaf. traploodd ofetraddaifon cbpletingrami apeh wlesaealthbose aregimovided $eas to
conpri ses; at least . ope wall inside the first conduit,to form at
enet | oneegbAban REhere e DR ARRbi RSB TRl a
| east onalsaprevidatdTiad invedtins paemidan bpdératoataprabeceeiluidd fnem at td ie@st fluddeinto
conpar t nent Iia cﬂdeﬁjt %dctio e:f,t\(/:qurrul ate particles in the conpartnent to
progressi%/%q?/ Thereddd q’@%l st'ance to fluid flow through the conpartnent in
the event the at least one inlet is inpaired and allows particles |arger
than a predeterm ned size to pass into the conpartnent.
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14. The method of claim1l, wherein the sand screen conpri ses: a
first tubular nenber having a perneable section and a non perneabl e
section, wheopasawabl e section defining the filtering medirarspo11/061225 a
second tubul ar nmenber disposed within the first tubular nenber, the second
t ubul ar nenber defining the base pipe, wherein the second tubul ar nenber
has a plurality of openings and at | eggaimse i nfl ow control device that
each proKNﬁe a flom/ ath to an inner bore within the second tubul ar nenber;
and %'§8§W“ﬁb mechani sm di sposed between the first tubul ar menber

and the sgcond trbmbar foresdesletingd.a Weibsret hod @lbsrkice fofmafion, t iher method
conpri si ?ﬁ% activating the sealing nechanismto direct the flow of
product i SRMAM8Ns t hrough the inflow control device and into the inner

bore. 16. The pmhdsiﬁ aorﬁadkbﬁaéﬁehﬁ)ly WheRE bfirst mechanlcbWsétegiﬁckéhgas’Y@GfﬂﬁrHoﬁﬁl
conprises swel | ab nater osed ?dﬂﬁcent égn@$F qgle section;
and %’PHQ ?H@atﬁ%o% 4P eRdPR Y B IRFAck Sheng segrad zonal
swel | abl esdratcrrtoals domnpriosd aﬁﬁntarrn@du&telf@mrécbmngsmdwdneg fiidedaied higginate flow
operatlon er eby ah@g ﬁ%$%ﬁ swel lable material to swell so as to seal
an annul aP'é%?cﬂ‘i‘dBB? mee ESRUPAHBLIMRP 8% ber and t he surroundi ng
first tubular nmenber. Iah inddrenseiréied t6d intdraalpold, wherein the inflow
control device conprises a choke [

, @ rotating, sleeve, i di ng sl eeve, or
an el ongated conduit pl a?&téﬂ"aﬁ%{f%@ﬂ?rlnﬁé %%QQ%HB NEH124 rein?r?ger and the
surrounding first tubulafgﬁﬁﬁ@@@nmnﬂ&membemnﬁéhmermbn@b@in11, wherein: the

wel | bore has a | ower epd definin open- hol e t he packer
Bttt B e A R R A R e i

portion; bRd pideeaRask@idingfieemedivnt)iandtahermaretovhenaanpiel Wwhersindf t he
wel | bore. the base pipe has an inner bore in fluid communication with the
internal bore of the first and second zonal isolation tools, and
the alternate flow channels of the sand screen are in fluid
communication with alternate flow channels of the first and second zonal
isolation tools;
running the packer assembly and connected sand screen into the wellbore;
setting the first mechanically-set packer by actuating the sealing element into
engagement with the surrounding subsurface formation;
injecting a gravel slurry into the wellbore; and
injecting the gravel slurry at least partially through the alternate flow channels to
allow the gravel slurry to bypass the sealing element so that the wellbore is gravel-packed
within an annular region between the sand screen and the surrounding formation below the

packer assembly.

2. 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.

3. The method of claim 1, wherein the second zonal isolation tool is a gravel-based
zonal isolation tool comprising:

an upstream manifold configured to receive the gravel slurry;

a gravel-packing conduit in fluid communication with the upstream manifold and
extending longitudinally away from the upstream manifold, the gravel-packing conduit having

a plurality of ports to place the gravel-packing conduit in fluid communication with an annulus
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WD 2012/ 082305PCT/ US2011/ 061225 19. The method of claim 18, wherein the
sand screen and the base pipe are nmade up of a plurality of joints. 20.
The net howloahi2aisaiom 19, wherei n: t he second zonalpCirask@tlioor2: ool
conprises a second nechanical |l y-set packer constructed in accordance with
the first nmechanically-set packer, and being arranged within the packer
assenbl y rewsdidieagdcond Izpnal iSdIEHIAT tooMBAE tf strfsuntingSielFRed) amdCrdving: & @lug

ko G a S Lo e FEHRs g ool o e B
fl ow por tifonpa @sivelsthgant fisw gawonmuni cati on between the alternate flow
channel s and a pressure-beari 3&9surface of th i ston housi ng.

21. The
met hod of cl aidm™20SPOftueaNgeft iR JHigr Fasignication wit nPRsYg§an %‘éf“?c?lﬁj\g"”%dBlﬂuldnto
t he i nnercormeHigdtionfwithhige fjb\Kn’q‘»étreaﬁdﬂcﬁrﬁﬁélﬁdth@&l‘éhﬁmrﬁ@ddd)ai‘t%@Kvir@ﬁ@sktﬁé%lternate

mani pul atj ng .t he settin mec anlcall rel ease a novabl e piston
housi ng fftokﬁ’rgﬁhaf‘gelﬁg‘i%ﬁ‘?\%%“ﬁ@??%?'d %Pﬁﬁﬁoe%ﬂf% of the first and second
mechani cal | y- seleaRafkoh8uit 8Hprising pemfé@frmme@and egiehycdblgsé &tei lealpbRSBHdEt t O
el ehsod BIMEGIHOTEAIGS " d o eries Ry GG Geyeackes seg BN Rre
agai nst tgaekiny rmr@wuinr@gth\éelebh@ﬁecondaa coﬂﬂmsmgt Bodngitudilanitibddr, bydienieifinid

each of the flrst and i nech I ca %y set packers further conprises a
rel ease JOBEUHNICHtgAY g %WS 'SarF the respective inner nmandrels; and

nanlpulatlng the settlng t ool conprlses puIIing the setting tool through
the i nner e resE?ctlve [e egse s| eeves t hod

S
of clai m422 r’é‘? Ogrﬂr‘lf‘%”ﬁ (RIS e Ve Rasie Z0Rala 'P%'aﬁ‘?” Oé)ﬁbstatdﬁ%st ear

pin al ongeéthmgngﬁpect i ve inner mandrels.

5. The method of claim 1, wherein the second zonal isolation tool comprises a second
mechanically-set packer constructed in accordance with the first mechanically-set packer,
and being arranged within the packer assembly as substantially a mirror image of the first

mechanically-set packer.

6. The method of claim 1, wherein the second zonal isolation tool comprises a swellable

packer adjacent the first mechanically-set packer.

7. The method of claim 1, wherein:

the second zonal isolation tool comprises a second mechanically-set packer
constructed in accordance with the first mechanically-set packer; and

the packer assembly further comprises a swellable packer intermediate the first and
second mechanically-set packers, the swellable packer having alternate flow channels fluidly

connected with the alternate flow channels of the first and second mechanically-set packers.

8. The method of claim 7, wherein the second mechanically-set packer is arranged
within the packer assembly as substantially a mirror image of the first mechanically-set

packer.

9. The method of claim 7, wherein the step of further injecting the gravel slurry through
the alternate flow channels comprises bypassing the packer assembly so that the wellbore is
gravel-packed above and below the packer assembly after the first and second

mechanically-set packers have been set in the wellbore.
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24. The nethod of claim 23, wherein: running the setting tool
conprises running a washpipe into a bore within the inner nmandrel of the
each of twe2biwvme3oand second mechani cal | y-set packers, wrhe/usashpspes havi ng
the setting tool thereon; and rel easi ng the novabl e pi ston housing
fromits retained position conprises pulling the washpipe with the setting
tool along an inner mandrel, thereby shifting the rel ease sleeves and
sheari ng the shear pin within each of the first and second
mechani calo y %g %PESa'”b Whﬁﬁ@”ﬁ%et??&ﬁ' Gree BMHMS4S: wherein the sealing

el ement of eac‘é) @fﬂrétrt@nfju.t &irma@da @ﬂﬁ@ﬁdﬂcwe@bmnmcfmid YorB@UniBatdeewsh tte iaher
el astoneric C %ge el enent ,

The met haod of c¢l.ajm. 21, erein ,
each of trﬂ%nq" r%ft Histsaeehag! Cﬁﬁbﬁ‘?}nﬁ’ AV fSt;SJQE&‘éP bawwﬁﬁ%s&aﬂ%ﬁpg@ a
central i zggrig aBdength that li€lRaskaget &Rl Rt S6LN Hriskdbn§ didhheits agidtatipst the
centralizer 1nto engagenent with the surroundi ng open-hole portion of the

wel | bor e.'MPOFMEaPHa et hod of cl ai m 26, wherein conmuni cating hydrostatic
pressulre to thy ﬂiIéés@@nb@ﬂﬁrﬁtﬁgbé@l\éﬁgtﬁﬁal‘l@nglhl-“eﬁm fh@tbtﬁjl inadit, ttf@e aﬂbﬁﬁtcﬁhetsm@nt
centralizer, nturn actuates the sealing el emept of each of

first and“%%@@ﬁ@ WeﬂWQn‘F(ET’a‘T‘WC%tE’P iR K&ES © aH}ﬁ %E?mf’"ﬁe %"ﬂr‘?h@l]ﬂ%l?rfﬁ the st

subsur f aggedranizally-ed1 packst to ThespTRtIOG| g[hrrgl aim 21, further conprising:
produci ng formation fluids Ihrouahthe |n4a E]ore of the s dscr
t hrough the i rfie? SREQNE €Andyit CRUPHSIRY 2r§560RFa% oW AN SPGHN cﬁfﬁf‘ &PP@’ 5 et

packers faismas atiksit bas eedtonn@bh® is egirwtidies pamk@bleaaﬁ@@bheast oRd seenon
an open U BoersB e pREeRanaR WhRs 718 ghe ot sl ong FRTkgbls SEUVSI
pack zonaff thé@sb@érid)ﬁorﬁﬂmaéah Utid BérAmuRRat& l/vhﬁfdhe bhdezanabsti 61 pénnwable
appar at usse((::tcwﬂ) ofsthegflrst con u , 1 Cépetbryopl)row |\r/1|gcfﬁ1| comm nlcatlon between the first and
second conduits; and
d) the filtering medium, the filtering medium being designed to retain particles larger
than a predetermined size while allowing fluids to pass into the permeable sections of the

first and second conduits.

11. The method of claim 10, wherein:

the filtering medium comprises a first filtering screen placed along the permeable
sections of the first conduit, and a second filtering medium placed along the permeable
sections of the second conduit; and

the first conduit and the second conduit each comprises a tubular body having a
cylindrical wall, with the first conduit and the second conduit running substantially parallel to

one another within the wellbore.

12. The method of claim 11, wherein:

the second conduit is disposed concentrically within the first conduit; and

at any cross-section location of the sand screen, the cylindrical wall of the first
conduit or the second conduit is impermeable, while the cylindrical wall of the other one of

the first conduit or the second conduit is permeable.

13. The method of claim 12, wherein the sand screen further comprises:
at least one wall inside the first conduit to form at least one compartment in the first
conduit, wherein the compartment has at least one inlet and at least one outlet; and wherein

the at least one compartment is adapted to accumulate particles in the compartment to
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an el ongat ed base pipe, a filter mediumcircunferentially
surrounding at |least a portion of the base pipe, and at |east one alternate
f | ow charwel2oelosesyst he base pi pe; and at | east omeTAsekancassenbl y,
each of the at |east one packer assenbly conprising: a first nmechanically
set packer having an upper sealing elenent, a second nmechanically set

pﬁc ker hatbfigssivdipimereaseabsisignéd &M flow thrabh &Y orpparrRéntan eieeslet@ieraen
t he upper

seal ing elenment and the | ow eal | el ement that swells over
e b 158 gne Stsice Toraipdrng: fows s cles 1ider Bile SomeRnpaniand sPie BSvs Bid
channel s taé et@pédifedti r st mechani cal | y-set packer, the swel | abl e packer
el emrent, and the second nechani cally-set packer to permt a gravel pack
slurry to by-pass the at | east one packer assenbly; positioning the zonal

i sol ati Omﬁﬁpa;r%trﬂﬁéth?@of @@inpg%dﬂahg@ﬁrfdis&fbe@rcldﬂlﬁisw| I bclzr e, . _
setting each of _the first and second nechanical | y-set packers by actuating
the respecti ve® WgLIUPHE @P@%@h?@“%?@%ﬁ?&@%ﬁ%‘?”@ﬁaﬁ Q(ﬁ‘eoeéﬁ‘re??fﬁﬁﬁinr‘%" the
open- hol gepaeibleBesiontdefning tdMefing medium; i nj ecting a gravel slurry into an
annul ar region fornedtﬁﬁfmeen t he sand contrqb 3evic% and the surroundi hg
open- hol e por t9 §RCYW {URElIaNeBBEredisposed withi e dirst fy B'@firﬂ‘ﬂn??{et"l@‘? geepnd
slurry thopuwghmbmeeaddintpthe bake \wigehameadin tHeOsezbh@Widule nigrale! hasl diplupalityo
bypass the at | east oFe gacke.r assenbly so that the oFen-HoI e portion of
the wel | BBo8eNRgYAAY 8t legal e ipy venti delies Rt eREN RIOVIAER O%ﬁéﬁbte?c%e'u“”er
assenbl y whd @ithih e paoke tuduas nieetersgid in the wel I bore. 30. The net hod of
claim?29, wherein positioning the zopal isao| ati apparat us co i ses
o Tl o o s oSSR b B glsPasropavee db s s 5 B imEer S0 The SE5ondeast
one packeaub@ssasmbyr.i s above or proximate the top of a sel ected subsurface
i nterval .
15. The method of claim 14, further comprising:
activating the sealing mechanism to direct the flow of production fluids through the

inflow control device and into the inner bore.

16. The method of claim 15, wherein:

the sealing mechanism comprises a swellable material disposed adjacent a non-
permeable section; and

activating the sealing mechanism comprises allowing the swellable material to
contact production fluids during production operations, thereby allowing the swellable
material to swell so as to seal an annular region between the second tubular member and

the surrounding first tubular member.

17. The method of claim 16, wherein the inflow control device comprises a choke, a
rotating sleeve, a sliding sleeve, or an elongated conduit placed between the second tubular

member and the surrounding first tubular member.

18. The method of claim 1, wherein:

the wellbore has a lower end defining an open-hole portion;

the packer assembly and sand screen are run into the wellbore along the open-hole
portion; and

the packer is set within the open-hole portion of the wellbore.
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31. The nethod of claim 29, wherein each of the first and second
mechani cal | y-set packers further conprises: an inner mandrel; a novabl e

pi st on howeiznp/@eiand t he i nner mandrel ; and one POM/UsR018/061208v port s
providing fluid conmunicati on between the alternate fl ow channels and a
pressure-bearing surface of the piston housing. 32. The method of claim

31, whereign t Mheshathbaof BBt BharEid thd 8o PERESTafdretHERE pRicesreMhsde upst
The met hod of claim 31, further conprising: running a setting tool
into the 9 AHAYRLUAME of the first and second mechanical [y-set packers;
noving the setting tool along the inner mandrels, thereby rel easing the
novabl e pjiston_housjin ea f the first and second nmechanical |l y-set
packers; 4nd rhe methegﬁﬁ%]ﬁ'ﬂb ’i%r%?drostatic pressure to the piston

housi ngs through édten@ngoral isdlakor e Bempisest Besadndahleenbmeallyset packer
respect Ive

I ston, housings to slide, and thereby actuating. the respective
upper an&ongwefg@aﬁ(aca@fggf%wﬁm@e g’é&i“ﬁﬁbﬂa%‘%@yﬁﬁ P ﬁﬂiaﬁa%gl %Eﬂ”éi?g n
2012/ 08230 PEKcHaR6EMIP s ddistandidlly d herrorainBgél opthe Gk intBcBanicalyesee backeg |pasi ng
t he novabl e pi st on housi es shifting respective rel ease sl eeves

ngs conpri
in the first A6 DRe ARENGAPCRACKS \UdRerSQmBRRSS by pul ling the setting
tool s along the i nnemové ptod.housing rdibiedaidipd td inbbamBnddl, anler ei n:

each of the first and second]c mechani cal | -i?eé ackers f ug)t er ctorrphi sets a
Centralizer; and ONe Of ek TRy Prig PRSI 4 G BieaHin brenrils pHigmate
actuates the rigspeeahhale afiéatprédsuzeeb&aringtsarfeseRePRiondubinghe surroundi ng
open-hol e portion of the well bore.
21. The method of claim 20, further comprising:
running a setting tool into the inner mandrel of the first and second mechanically-set
packers;
manipulating the setting tool to mechanically release a movable piston housing from
its retained position along each of the first and second mechanically-set packers; and
communicating hydrostatic pressure to the piston housings through the one or more
flow ports, thereby moving the released piston housings and actuating the respective sealing

elements against the surrounding wellbore.

22. The method of claim 21, wherein:

each of the first and second mechanically-set packers further comprises a release
sleeve along an inner surface of the respective inner mandrels; and

manipulating the setting tool comprises pulling the setting tool through the inner

mandrels to shift the respective release sleeves.

23. The method of claim 22, wherein shifting the release sleeve shears at least one

shear pin along the respective inner mandrels.

24, The method of claim 23, wherein:

running the setting tool comprises running a washpipe into a bore within the inner
mandrel of the each of the first and second mechanically-set packers, the washpipe having
the setting tool thereon; and

releasing the movable piston housing from its retained position comprises pulling the

washpipe with the setting tool along an inner mandrel, thereby shifting the release sleeves
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36. The nethod of claim 35, further conprising: actuating the
respective centralizers in the nechanically-set packers into engagenent
wi t h t he wornounseliong wel | bore by appl yi ng hydrostati c pPesdise@1t06122he
respective piston housings. 37. The nethod of clam 36, wherein applying
hydrostatic pressure to the piston housings noves the respective piston

housi ngs dnd shebrigythehe 16285 peS bhote pieRitiinlebge bithe Rt Glhdiscdn Medlidnikdligset he
upper and Iﬁmer sealing el ements against the surrounding wellbore. 38. The

met hod ofP%(YSm 29, wherein the el ongated base pipe conprises multiple
joints of plpe connected end-to-end. 39. The nmethod of claim38, further

corrpriS| ducin drocarbon flujds fromthe open- ho ortion of the
vel | bore W89' ﬁﬁaam %&I‘% ‘?F?'@éhe perling&leny Pach @ the first and second

permtti rr@edhlamcdﬂsy §a p@@mrgestarm@stamahéa@ §ppatkintel enent in at | east one
of the at |east one packer assenbly; and wherein the swellable

packer elenent conprises a material that swells (i) in the presence of an

aqueous ldequi drhe(rhéthod Bf &lhien 2T egergie of a hydrocarbon liquid, or (iii)
conbi nati ons thereo The net hod of cl aim 40, erein: ,

posi tioning tH&°Z20R the sé'ﬁtatqngn SEEr dPeRDapiSAR T e BAGES tTHERE ™M GOTRESS 0 Fal
i sol ati orcepppladentang such that a first of the at | east one packer assenbly

i s above or proxi mat he t el ect ed ubsurface int erval nd
L ovons of Pielaihy DnsiohdBudaBries siairs HESBLLie sid hagasegion gy the

boundary sufroif@ing 6p&thEl8 poHida Wf fhaoselibbieer val . 42. The nmet hod of claim 41,
further conprising: running a tubular string into the well bore and

into the base pipe, the tubular string having a straddle packer at a | ower
end; anld Zet time mbodtof atith 2epakkesin d3emakBichiy Rpdresthid pedbsertd age piston
interv
terva housing moves the piston housing to actuate the centralizer, which in turn actuates the
sealing element of each of the first and second mechanically-set packers against the

surrounding subsurface formation.

28. The method of claim 21, further comprising:
producing formation fluids through the inner bore of the sand screen and through the
inner mandrel of each of the first and second mechanically-set packers from a subsurface

formation below the packer assembly.

29. A method for completing a wellbore, the wellbore having a lower end defining an
open-hole portion, and the method comprising:
running a gravel pack zonal isolation apparatus into the wellbore, the zonal isolation
apparatus comprising:
a sand control device having:
an elongated base pipe,
a filter medium circumferentially surrounding at least a portion of the
base pipe, and
at least one alternate flow channel along the base pipe; and
at least one packer assembly, each of the at least one packer assembly
comprising:
a first mechanically set packer having an upper sealing element,
a second mechanically set packer having a lower sealing element,
a swellable packer element between the upper sealing element and

the lower sealing element that swells over time in the presence of a fluid, and
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43. The nethod of claim42, wherein t he open-hol e portion conprises
the sel ected subsurface interval, and an additional subsurface interval

adj acent wheopaisesssed subsurface interval; an upper endPofi/usb@19sr2asidl e
packer is set adjacent the first packer assenbly; a |lower end of the
straddl e packer is set adjacent the second packer assenbly; and producing

production fluids from tdhe @p@drehateendierfoinothahelsBoettebsemeetianidaagsat
produci ng production LI ui ds fr mthe selected sub urface |Qterval r]d t he
addi tional subsurf 288%¢TntlBF Ye PB'P 83%8 St @nfretheaprrond mechanylly§El ng

to produce from theaarsh td peadit §udrawe fraer dinrtyeto/ al- pafsé afie taheeast load Merker
packer is in place. 44. The nethod of claim43, further conprising:

det ermi ni ng t hat t FSS€BPYCt ed subsurface interval has becone saturated with

an ﬁqgeolys Ior @@iugﬁm%ﬁd xHn@ @ﬁlb@dsra BeRAlaas lngthé@beﬁfelewrudh%fcﬂie WeliBdre;45. The
nmet hod of clalm erein the a ti onal subsurface interva rrses a
| ower int ervalseﬁ@ﬁoﬁﬁ%gé@ é'&?tte%i‘dsaﬁ‘é‘lﬁ‘ f Qyeehamealypal paggrs Wea%gﬁl%ﬁ@r

cl ai m 43, reyhriitd Bedling ersinkrits @i engatesisrt an th@%@rﬁ'&tﬁidlr@%ﬁynl-r&ﬂ?@ péifiok P e
i nterval \ﬁggve the selected interval. 47. The net hod of claim46, wherein:

t he open-HoP&®ortion further conprises a lower interval below the selected

subsurface i ntigeytalg aajpavel slurry infs @dt@inmgarné idh Gbintstl bebtweds therdah@rcontrol
conpri ses rodu |t)r;qg LProd ctlonfl i ds frog1 e Iovver interval, the sel ected
subsurfac‘j@ |CR{EBP\Jfa sur 't”ﬁé’pﬁﬁ gle RAHAY U dne YEIOYSe period of tine, and

continuing to fpﬁt@auﬁj@cmfgod@cgnaoa dlbrey @Fodgromet Blt‘erhﬂwa‘row B @Rl toadlgthal t h

the upper inte fter t he straddl e packer

2012/ 882:&5@&5_‘?{ y_[pa@gilﬁgt Ieast one pacl?er assembly SOthjt the open r\MPe portion of the
wellbore is gravel-packed above and below the at least one packer assembly after the

packer has been set in the wellbore.

30. The method of claim 29, wherein positioning the zonal isolation apparatus comprises
positioning the zonal isolation apparatus such that a first of the at least one packer assembly

is above or proximate the top of a selected subsurface interval.

31. The method of claim 29, wherein each of the first and second mechanically-set
packers further comprises:

an inner mandrel;

a movable piston housing around the inner mandrel; and

one or more flow ports providing fluid communication between the alternate flow

channels and a pressure-bearing surface of the piston housing.

32. The method of claim 31, wherein the sealing elements are elastomeric cup-type

elements.

33. The method of claim 31, further comprising:

running a setting tool into the inner mandrel of the first and second mechanically-set
packers;

moving the setting tool along the inner mandrels, thereby releasing the movable
piston housing on each of the first and second mechanically-set packers; and

communicating hydrostatic pressure to the piston housings through the one or more
flow ports, thereby allowing the respective piston housings to slide, and thereby actuating

the respective upper and lower sealing elements against the surrounding wellbore.
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48. The net hod of cl ai m 40, wherein: t he open-hol e portion conprises
a selected subsurface interval, and an additional subsurface interval bel ow
t he sel ecwedoruisziosf ace i nterval representing a | ower i RCEMS201,1/061225

produci ng hydrocarbon fluids conprises produci ng hydrocarbon fluids from at
| east the lower interval for a period of tine; posi tioning the zonal
i sol ati on apparatus conprises positioning the zonal isolation apparatus

such that_the at |east qne, ker assenbly is above or proximate the top of
She| onar34 nt dpametig e Saih 3 M flernna e B i s o R SBos cHRPLRy o
W thin a dpasey pdpective Rfedseoéléeydisoidumil st BR@Meth®l InssRAaNitAIlyaeY Packars By

into the base rgé e al on%saihe gel, ected inﬁerval. 49. The nethod of claim
48, wher 4N tinp foslSARNIHRP NEERMaPAE'Sat | east one packer assenbly. 50.
The net hod of cl ai m48, wherein: t he open-hole portion further

conprises _an additional subsurface interval between the sel ected subsurface
i nterval ¥¥nd ﬁﬁ“@ m%tﬁﬁﬁ?of ﬂ?'g}%lwr}eéed?'esenti ng an internediate interval;

the internmedi ajaehi bf anyafirsi SandB@8coHY Ghechahieahy-s8at packetNalrther SuMBHSR! izal | y
i nperneable to fluid flow and the plug is set adjacent the at | east

one packeéf"HAZERMAY or along the internediate interval. 51. A gravel pack
zonal i sol ati QRovamp &eatdspectveNstbs iHMsINgs $aiHér CRtlatey thderekpartingd\dendalizars

el ongat ed base pi pe ex%e ding froma first end to a second end, at
least  ondnQINGRIETRN BN RUFRHAINSI By oler st oS s lBaendi ng f rom t he
first to the second end, and a filter mediumradially surroundi ng
t he base pipe .along, a substantial porti of the base pipe so as to forma
sand scre;%n;p aﬁl? mgthod oygaim gé furtheFr)compﬁsr}ng: PP
actuating the respective centralizers in the mechanically-set packers into
engagement with the surrounding wellbore by applying hydrostatic pressure to the

respective piston housings.

37. The method of clam 36, wherein applying hydrostatic pressure to the piston housings
moves the respective piston housings to act on the respective centralizers, which in turn

actuates the upper and lower sealing elements against the surrounding wellbore.

38. The method of claim 29, wherein the elongated base pipe comprises multiple joints of

pipe connected end-to-end.

39. The method of claim 38, further comprising:

producing hydrocarbon fluids from the open-hole portion of the wellbore.

40. The method of claim 39, further comprising:

permitting fluids to contact the swellable packer element in at least one of the at least
one packer assembly; and

wherein the swellable packer element comprises a material that swells (i) in the
presence of an aqueous liquid, (ii) in the presence of a hydrocarbon liquid, or (iii)

combinations thereof.

41. The method of claim 40, wherein:
positioning the zonal isolation apparatus comprises positioning the zonal isolation
apparatus such that a first of the at least one packer assembly is above or proximate the top

of a selected subsurface interval; and
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at | east one packer assenbly, each of the at |east one packer assenbly
conprising: an upper nechanically-set packer having a sealing elenent, and
a | ower mwoharvmsaioby- set packer having a sealing el enenPCTisesigiont225

t he upper packer and the | ower packer each conprises at | east one alternate
fl ow channel in fluid communication with the at |east one alternate flow
channel in the segdddpitd ol le8§\VdrneepdcRedhdseiblydic e braxatdte $ loively bp@ifany bE
upper mechanically set packer and the | ower nechanically set packer during
a graveIJE%éﬁP 6d85@¥5?2%ﬁ?m¥ﬂd each of the upper packer and | ower packer
conprises: an inner mandrel, a novabl e piston housing retained around the
i nner man or flom/ﬁorts providing fluid comuni cation

rel, 0 r
bet ween t¥fe al térmglhed PF%W%QEW&% CaRA"E"Dr essur e- beari ng surface of the

pi st on housi Ngunning a tub@af elriRgSfto ThE WeBOLEL QM iBfd hBNRise Pisd, a6E tluldr Rrirignner
mandrel, the rel ease slgeve ei ng configured to nove in response to

movenent GVing agfaddiggPac ?ﬂat\ﬁﬁ?‘ﬁ?rr?’}dh@”(ii nner mandrel and thereby expose the

one or nore flWnRAans strddiidysikesh@bssthBisersHeUBsTLRE iitB&apr avel - packi ng
operation. 52. The apparatus of claimb51, wherein the filter medium for
the sand screen conprises wound wires, a wire nesh, or conbinations

t hereof . 4353. THeaméppaohdibien M, wHeadiin 52, further conpri sing: a

swel | abl e packer internedi ate the. upper chani cal | y- set cker and the
Pover - mechaay 5 chOEBPEAis corisCR T FUBYES BB JUPHET 20 e arHionghat
swel | s owgbslirfdte ihtBrviahgdjides tec|cetedasubkutifabe imt@eal; wherein the

swel | abl e packer conmpri s at |east one alternate fl ow channel in fluid
Communi Cat | on 3 4ARat Bt at e Sliad e RaoHar R aFIaOe e WRLHRRS TSCTRY: upper
mec halni cal Iky f@bw@ﬁ@rﬁ@dﬁf tﬁﬁ@trédlﬁe baoner iﬁ%@b@ladi:eﬁﬁmeywi:@h?( p@ddéegssleﬁ]tﬂl):;\é@ﬂt
gravel pack slurry. past the per. nechani c y set cker and the. | ower
mechani cal |y sEeddsiterapdugtpn A0S rmibe PopabRIERgTspet Bt rlIboresgomarises
apparat us of cl ai m@bddudiMiepeidoctidrefisivelifoablie: Baleked @lbeomade inferddl dreRgie
partially fabre!d%l |toﬁa sfu[)&f’r‘ra%g irﬁla%gff%paerpleﬁoygftt%é;%lnd

continuing to produce from the additional subsurface interval after the

straddle packer is in place.

44, The method of claim 43, further comprising:
determining that the selected subsurface interval has become saturated with an

aqueous or gaseous fluid after producing for the period of time.

45, The method of claim 43, wherein the additional subsurface interval comprises a lower

interval below the selected subsurface interval.

46. The method of claim 43, wherein the additional subsurface interval comprises an

upper interval above the selected interval.

47. The method of claim 46, wherein:

the open-hole portion further comprises a lower interval below the selected
subsurface interval; and

producing production fluids further comprises producing production fluids from the
lower interval, the selected subsurface interval, and the upper interval for the period of time,
and continuing to produce production fluids from the lower interval along with the upper

interval after the straddle packer is in place.
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55. The apparatus of claim53, wherein the swellable elastoneric packer

el ement conprises a material that swells (i) in the presence of an aqueous
liquid, (WO)Roiznsedve presence of a hydrocarbon |iquid, (iPCT)useeriobe2presence
of an actuating chem cal, or (iv) conbinations thereof. 56. The apparatus
of claimb54, wherein the swellable el astoneric packer elenent is about 3

feet (0. YB. met®eshethod abesim 49 wheedin:(12. 2 nmeters) in length. 57. The
apparatus of c]aim 51, wherein the elongated base pipe conprises Liple
PO At e of pi pdné SRRBLPIUPEHE COMBRES S eSBRT ORISR D1 PO oG
The apparsabysfak mbmnb@dw tw&wajtéu albsLigasd innRal ﬁﬁpréévﬁtlﬁé a"@@@hnt@ﬂ@l packer
assenbly is placed at, t |rs nd of .the sand cgyé{rol |ce

apparat us of dIraf4FngLhY S CRABESSRIO8YCIRt C‘TFB%% “'Sﬁéroﬁhék@?s"

assenbl y th§|do\}ea¢rﬂa@kvgxe§)w@9éhdmtm nts of the el ongated base pi pe
internediate the first and second ds.  60. The apparatus of c

wher ei n: post“ﬁ@'”@ltB‘ﬁg}Qf‘%'d'S%'aE‘éf‘ EPB%faE‘Sn“pﬂmFEQES RIPHIPNE th%nzﬂ'ﬂg '6?'at¢ﬂnpe
connect echppahtiPshthhOhE i Gdshend ba&ker @Bserably idgbsanst ;ﬁ@ﬂm’aﬁi thdetgp e trnd a
second end of, the sand control device; and t he gravel pack zonal

i sol ati on®Y4paEa@i@neonpri ses an upper packer assenbly placed at the first

end of the sande awﬂiddOﬁmrdéMcmmsa@detﬂng @vpmig WRIT K &rbaRe Ridloyscdl 6f pebdattidnhe
second er}d Ohﬁt he sand contr ol g}w ce. cl al m 60,
t'FEn

The appar at
wher i n JeFeraEkel B LRI odmie pivé donihe SRRER Hevahbl y are spaced

apart along the joints of pipe so as to straddle a selected subsurface

i nt erval t hi | b The aratus of claim52, rein
el enment 14 e PPBOY R 5 P08, P Rl S50 GIPKEM B LS ek

second nmsb@mbryally set packer is each about 6 inches (15.2 cn) to 24
inches (61 cm in length. 63. The apparatus of claim 62, wherein the
el enments for the first and second nechanically set packer elenents are

el ast onerjoe cuprhkypeth&d efediin4s, whdreinthe apparatus of claim 52, wherein the
i to the filter

SR KT N R LR IRR LIRS 6 CICL N 26011
to the fithé esletredisutbdurface interval and the lower interval representing an intermediate interval;
the intermediate interval is made up of a rock matrix that is substantially impermeable
to fluid flow; and
the plug is set adjacent the at least one packer assembly or along the intermediate

interval.

51. A gravel pack zonal isolation apparatus, comprising:
a sand control device having:
an elongated base pipe extending from a first end to a second end,
at least one alternate flow channel along the base pipe extending from
the first to the second end, and
a filter medium radially surrounding the base pipe along a substantial
portion of the base pipe so as to form a sand screen; and
at least one packer assembly, each of the at least one packer assembly comprising:
an upper mechanically-set packer having a sealing element, and
a lower mechanically-set packer having a sealing element, wherein:
the upper packer and the lower packer each comprises 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 and the lower mechanically set packer during a gravel-packing operation; and

each of the upper packer and lower packer comprises:
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66. The apparatus of claim52, wherein the sand screen conpri ses: a)
a first conduit formng a primary flow path in fluid conmunication with the
i nner maioebr/msR3oshe upper and | ower packers, the firsPCtarsduiliet?ayi ng at
| east one section along its length that is perneable and at | east one
section along its length that is inperneable; b) at |east one
shunt tube al ong the | engtihngfmirdieelfi rst conduit, the at |east one shunt
tube being in fluid conmuni cation with one of the alterpate flé)w channel s
of the upper and | ower paER¥EFRE PigtonoNERg retaiged gEqund)thy inper mandrel, ¢y 5
Secgnd COlnduiL Cormr: S Qmeaoﬁﬁ@%lﬁl_aWYpdr}sOwdvi@lidgt flui@%ﬁﬁht{}hiédﬁ_@n&%@%& the
conduit also has at | east_one section along its lLength t i s perneable
and at |east one sl %‘?"Bﬁ@aq”@& qr@,?g@rﬁs%ﬁg{beiaréng ﬁ@g@"P&'StQ’hEOW ein
one of the at |east one Ppesig@rRbligewealiongnen dfnet RArfa&E ONthe AiMdtintaridsel] the
fluid communi cation with one of .the Sgt%e t one perneabl e sections}g& t he

first conduit, ther85§SHSRAVEITRNG 8 M4t NoFPSERMSfefh MAYEMENt 8t 2and

second conduits; angtting tool withih) the vehek imdnarel aRd itheiebyt & obé tHeesna @ thor@flogi Ng
designed to retain rmned size while

articles larger than . a predet
al Towing fluids to H9Redo frdigsteiienisasye dhine Becrs shedding oReeianst and second

conduits. 67. The apparatus of claim®66, wherein: the filter nmedium
conprises a first filteri Scree | aced_al ong, th rmeabl e sections of
the 11 1 st5%ondUietaPParius: kgl e AHerein iy TSGR 1 cR SENG RETEER EOBBRTSab! o
sect i ons vdunidhv@reses aid neswndorl ¢mismdlions thereoft he first conduit and the second
conduit each conprises a tubular body having a cylindrical wall, with the

first conduit and the second conduit running substantially parallel to one

anot her g3t hi MHehppardthdSrRimE2, fuFiher egpgisaigls of claim 67, wherein: the
second conduit is @,??qu% d cancentric [

lly within the first conduit; and
at any cross- <e&Y? dHeErediaie e MRPe: FEs ?”"Eﬁi'éé‘sé PRSI a9 Ithﬁd?‘f’erof

the firstmesmadichlly-edt pableerse @n@Ilsse gatker havihgrae klepaddlt that wivkllscoveh@me in the
cylindrical wall 01}| ,td_he ther one of the first conduit or the second
condui t iRECHEFROLBINED: 8 The apparatus of claim 68, wherein the sand

scr ]tcaen furt Iherwh:zacaénnart'h@@f&fellable packeﬁifcohﬁﬂ%s_ gnieastedrle élf@ﬁﬁrhaviﬁ fIbW_echfahlP]éltin glardui t
to format | east one .conpartnent I1n the fiLrst conduit, erein the

conpart W%%C%Pnl%ﬁs%oﬁﬁée?%l%ﬁ alismatg flpw ghan ‘Jﬂé” g Heeer machaprale SRt t he
at | east RRRercOTPMIt IGWBE nie;&ha_deepryegét fpacias au raivent @rap@][;lﬁdcgljﬁflrﬂ ﬂaétEEe uptqer ]
corrpart nment to, ogr essil ve | ncrease resi stance. to u ! ow t ou t he
conpar t naReehERIoRe e Barker RRY 46 |Ialieh meRRAT TR oot SAPKR5 A0 e VEl PR

particl esopeadtiggr than a predeterm ned size to pass into the conpartment.

54. The apparatus of claim 53, wherein the swellable packer element is at least partially

fabricated from an elastomeric material.

55. The apparatus of claim 53, wherein the swellable elastomeric packer element
comprises a material that swells (i) in the presence of an aqueous liquid, (ii) in the presence
of a hydrocarbon liquid, (i) in the presence of an actuating chemical, or (iv) combinations

thereof.

56. The apparatus of claim 54, wherein the swellable elastomeric packer element is
about 3 feet (0.91 meters) to about 40 feet (12.2 meters) in length.

57. The apparatus of claim 51, wherein the elongated base pipe comprises multiple joints

of pipe connected end-to-end.
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WO 2012/ 082305PCT/ US2011/ 061225 70. The apparatus of claim52, wherein the
sand control device conprises: a first tubular nenber having a perneabl e
secti on a0 2a12se30per meabl e section, the permneabl e sect iPom/usediitosr?gs t he
filtering nmedium a second tubul ar nmenber disposed within the first
t ubul ar nenber, the second tubul ar nenber defining the base pipe, wherein

the secorgs.t ubtHeadpparBE6t hdim B, WHekEh iat Weasf orePEMhé asleadibrzt pdcra@sissendly

i nfl ow cant I[aO| de%i ﬁgﬁ%tﬁhﬁ?t ach é‘)rovi (I‘Jg a flow path to an inner bore within
the secondPlgelftipe By of th gand control deviesy| i ng nechani sm di sposed bet ween
the first tubular nmenber and the second tubul ar nmenber. 71. The apparatus
of claim ]9u fu]rther (of0) rg’ ﬁi,ng: drilli n? a well bo&e trrou h th subsur{ace
f or mat i orP%usi nd'eARAATANYS AigE#IMUP W whesslaaf [eaRt ong @fHee gt eppt Ay Ractpgssembly
runni ng ti§ilaeag ketwasseshbttihe iRRtab &SRNGS GiteRibdials thd hist wRb Isbed | n

the conditioned drilling fluid; displacing the conditioned drilling fluid
in the wdl"Bore with a displacenent fluid. 72. The apparatus of claim 71
wherein the drilling fluid is an oil-based fluid. 73. The apparatus of

claim71 wherein the drilling fluid is a water-based fluid. 74. The
appar at u%f g'llr‘ﬁ%p?@,t“%\ﬂ’féﬁl%’%r§1tw C&"spl acement fluid conprises at |east

one of the carthé &lorfdatdddbadid ppaotdrasrisel Uhnditiple 7jointsT BE pifepadrifed®doéndioddry 71
wherein the drill i

ing fluid is conditioned to renove edeterm ned, .
o ger -t Hae9 e s e Saneen PR Ao ndichine armcpirel dewge:
gravel sldwdgry conprises a carrier fluid and gravel. 77. The apparatus of

claim71 WnereLn the carrier {l ulaﬂ has favorabl e .rheol oLg)y for effectivyely
di spl aci ng t hd"edHhaye iRATE IR ISPIHGN rARRRERTSH GOMBISEss PR WPPGT PBEETTF88MRIM h

xant han podoeaet thdHirt @l ofes sand SmBroPdd@sdel, Bn dNdvasitpatker SBEe@bly phalianéid on

her eof .
thereo second end of the sand control device.

61. The apparatus of claim 60, wherein the upper packer assembly and the lower packer
assembly are spaced apart along the joints of pipe so as to straddle a selected subsurface

interval within a wellbore.

62. The apparatus of claim 52, wherein the element for the first mechanically set packer
and the element for the second mechanically set packer is each about 6 inches (15.2 cm) to

24 inches (61 cm) in length.

63. The apparatus of claim 62, wherein the elements for the first and second

mechanically set packer elements are elastomeric cup-type elements.

64. The apparatus of claim 52, wherein the alternate flow channels reside external to the

filter medium.

65. The apparatus of claim 52, wherein the alternate flow channels reside internal to the

filter medium.

66. The apparatus of claim 52, wherein the sand screen comprises:
a) a first conduit forming a primary flow path in fluid communication with the inner
mandrels of the upper and lower packers, the first conduit having at least one section along

its length that is permeable and at least one section along its length that is impermeabile;
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b) at least one shunt tube along the length of the first conduit, the at least one shunt
tube being in fluid communication with one of the alternate flow channels of the upper and
lower packers to transport gravel slurry;

¢) a second conduit comprising a secondary flow joint, wherein the second conduit
also has at least one section along its length that is permeable and at least one section
along its length that is impermeable, and wherein one of the at least one permeable sections
of the second conduit is in fluid communication with one of the at least one permeable
sections of the first conduit, thereby providing fluid communication between the first and
second conduits; and

d) the filter medium, the filter medium being designed to retain particles larger than a
predetermined size while allowing fluids to pass into the permeable sections of the first and

second conduits.

67. The apparatus of claim 66, wherein:

the filter medium comprises a first filtering screen placed along the permeable
sections of the first conduit, and a second filtering medium placed along the permeable
sections of the second conduit; and

the first conduit and the second conduit each comprises a tubular body having a
cylindrical wall, with the first conduit and the second conduit running substantially parallel to

one another within the wellbore.

68. The apparatus of claim 67, wherein:

the second conduit is disposed concentrically within the first conduit; and

at any cross-section location of the sand screen, the cylindrical wall of the first
conduit or the second conduit is impermeable, while the cylindrical wall of the other one of

the first conduit or the second conduit is permeable.

69. The apparatus of claim 68, wherein the sand screen further comprises:

at least one wall inside the first conduit to form at least one compartment in the first
conduit, wherein the compartment has at least one inlet and at least one outlet; and wherein
the at least one compartment is adapted to accumulate particles in the compartment to
progressively increase resistance to fluid flow through the compartment in the event the at
least one inlet is impaired and allows particles larger than a predetermined size to pass into

the compartment.
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70. The apparatus of claim 52, wherein the sand control device comprises:

a first tubular member having a permeable section and a non permeable section, the
permeable section defining the filtering medium;

a second tubular member disposed within the first tubular member, the second
tubular member defining the base pipe, wherein the second tubular member has a plurality
of openings and at least one inflow control device that each provide a flow path to an inner
bore within the second tubular member; and

a sealing mechanism disposed between the first tubular member and the second

tubular member.

71. The apparatus of claim 1, further comprising:

drilling a wellbore through the subsurface formation using a drilling fluid;

conditioning the drilling fluid;

running the packer assembly and connected sand screen into the wellbore in the
conditioned drilling fluid;

displacing the conditioned drilling fluid in the wellbore with a displacement fluid.

72. The apparatus of claim 71 wherein the drilling fluid is an oil-based fluid.

73. The apparatus of claim 71 wherein the drilling fluid is a water-based fluid.

74. The apparatus of claim 71, wherein the displacement fluid comprises at least one of

the carrier fluid and another fluid.

75. The apparatus of claim 71 wherein the drilling fluid is conditioned to remove a pre-

determined larger-than size of solids.

76. The apparatus of claim 71 wherein the gravel slurry comprises a carrier fluid and

gravel.
77. The apparatus of claim 71 wherein the carrier fluid has favorable rheology for

effectively displacing the conditioned drilling fluid and is a fluid viscosified with xanthan

polymer, HEC polymer, visco-elastic surfactant, or any combination thereof.
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