CROSSOVER JO NT FOR CONNECTI NG ECCENTRI C FLOW PATHS TO CONCENTRI C FLOW
PATHS CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains
t he benefw® 20f2/082861 Provi si onal Application 61/424, 427, pCrhsdoibeceober 17,
2010 and U.S. Provisional Application 61/499,865, filed June 22, 2011.
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[0003] The present disclosure relates to the field of well completions. More specifically,
the present invention relates to the completion of wellbores using sand screens and gravel
packs. The application also relates to a downhole tool that may be used to connect

eccentric flow paths to concentric flow paths for the installation of a gravel pack.

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.

[0006] As part of the completion process, a wellhead is installed at the surface. The

wellhead controls the flow of production fluids to the surface, or the injection of fluids into the



di anmeters into the well bore. The process of drilling and then cenenting
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downhol € Shehdore c%rnp?ettfoﬂn%rttugll)f eéu% dhtees that it will be more productive than an
unstimulated, cased hole in the same formation. Second, open-hole techniques are

oftentimes less expensive than cased hole completions.

[0011] A common problem in open-hole completions is the immediate exposure of the
wellbore to the surrounding formation. If the formation 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.

[0012] 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
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solid materials larger than a certain dianeter while allowing fluids to be
produced. A sand control device typically includes an el ongated tubular
body, knowo 2ap/m23wase pi pe, having numerous slotted opegirngso11/bhe2base
pipe is then typically wapped with a filtration nmediumsuch as a screen or
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7661 4760 CARA AT OB G e Sant el ianeSepC b Tl R Pray b i oo
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2012/ 082%01PC'IE)/,[U 2|011(4 ?)6612n2 h‘laoolﬁ)qﬁl txios e?nog\g]ndté)nﬁneesrirﬁﬁﬁa%gﬁu' ar shunt
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[0016] The problem of sand bridging has been addressed through the use of Alternate
Path® Technology, or “APT.” The Alternate Path® fluid bypass technology employs shunt
tubes (or shunts) that allow the gravel slurry to bypass selected areas along a wellbore.
Such fluid bypass technology is described, for example, in U.S. Pat. No. 5,588,487 entitled
“Tool for Blocking Axial Flow in Gravel-Packed Well Annulus,” and PCT Publication No. WO
2008/060479 entitled “Wellbore Method and Apparatus for Completion, Production, and
Injection,” each of which is incorporated herein by reference in its entirety. Additional
references which discuss fluid bypass technology include U.S. Pat. No. 4,945,991; U.S. Pat.
No. 5,113,935; U.S. Pat. No. 7,661,476; and M.D. Barry, et al., “Open-hole Gravel Packing

with Zonal Isolation,” SPE Paper No. 110,460 (November 2007).
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outside of a sand screen. Schlunberger's OptiPacTM fluid bypass gravel pack
systemis an exanple of a sand screen having external shunt tubes and one
or nore ewpeorals2ionansport tubes. See also G Hurst, et palrus2@i/0dneal i no,
"Alternate Path Conpletions: A Critical Review and Lessons Learned Fr om
Case Histories Wth Recommended Practices for Deepwater Applications," SPE

Paper No.jo®f7] 5321t(2RAGN tol hse %éfeﬁf@bfa'r ‘éhurﬂ&t@b@s thadliescdehgicavesttlched to the
dianetrical size of the tool rpr;gar ed to if the equival ent shunt tubes were
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G avel -Packi ng Capability: Initial Field Installation of Internal Shunt
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Pat ent  PubdmetNBal 2998%F0thd 238i7 chinpg@di » #0H8 Astti e tide! Waes atbbrdwod

and Apparatus for Conpletion, Production and Injection.” The second is a
concent ri%®©N°¢HEMal - shunt open- hol e packer. Enbodi nents of such a packer
are shown and described in co-pending U S. Provisional Patent Application
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U7, 048, G812l ispalingan @iaveb 8RS | 476, Us7, 828, 056). They provide
fluid conmuni cati on between eccent ric pr| mary £l ow pat hs, between
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wherein 3 radi,al center of the primary flow path in the first well bore tool

is of fset' PR a radial center of the primary flow path in the second

wel | bore tool. SUMVARY OF THE | NVENTI ON [ 0022] A sand control systemis
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primary Tlow paths, between concentric primary flow paths, between eccentric

secondary flow paths, or between concentric secondary flow paths. However, a crossover
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the first wellbore tool to the second wel | bore tool. The crossover joint
conprises a primary flow path fluidly connecting the primary flow path of

t he firstwoebizmsemitool to the primary flow path of thepseasea1oeizkbor e
tool. The crossover joint also has at | east one secondary flow path fluidly
connecting the at | east one secondary flow path of the first well bore tool

to the atioblegpheSting soreomeampwl pamys RAbEcedfrict sy paHERNEr WRk |Veeds8 Heen two
[0024] I n one preferred enbodi nent of the sand control system the first

vel | bor e SCESIN IPBtsOr behvpesd saepen ipinb asd A dacksr dam NEbrRb PP dewiPRedongat ed base
pipe, a filtering nediumcircunferentially around the base pipe, and at

| east ongoghynt tTHefod,080nédE SXREE fi PA. infhtevéthwahd t sdpErob Y 3tem asli a
alternate flow c,ham?el. In this respect, the shunt tube is ,configure to

al | ow gr SURISOXTUIPIY TRroCoRneptgsen SS7&Ng PIhHPEes WiHe FPRENTIaPaBT & Y5
when any \RFLITaAUeRdSanklerbdxisig orQf etosSoven tddlehUTuidh B it ts2a fitdt aellb&:@i 100l

bet ween the sand screen and the well bore during a avel - packin peratijon
in the vxé]al"lﬁ‘araeﬁ’”'i‘?m'HY"soaiﬂh%@ RAldeastong speRElapy %%N E%F‘v%h ERES @?l@ﬁmok | ow

path of td rse'w? S priragy, floanshth BEd af lehQ sk sebehdaAUmMw pathews@eivesradil tdigeat
| east one secondary flow path o sand screen

cor ft . e W :
2012/ 0823 IATTRYTPY ot 5> e[fﬁﬁz‘%‘?ﬁ’ﬁrec el is Hffgestame @adipheenteroifdat BEMBYs e
pi pe is @oaftabl e secsdtwelBotetobhe sand screen. Each of the at |east one
shunt tube then nmay have a round profile, a square profile, or a
rectangul ar profile. [0026]1In another preferred enbodi nent of the sand
control system the second weSUMMARY OPITHESINVENTIONr . The packer conprises
an elongated inner mandrel, a sealing elenment external to the inner
mandr el , [6022] an Arsaub usnisarsystem iadirsapralidesr reatie. fThewaot aomed! systhe iacloddsus
is configured tg allo ravel slurry to.at least partially bypass th
second vl TsorEfber el iRl R Sodpal dbvisifiong S HasbBib iianta BT Bebe The e

t he packevanbasniod egstest alsamintludesvelskbmrdewellbord fook with sheasemnd tWediborertes| also

mandrel serves_as the.prinmar I th of th cker., and the annul

serves ad G 2 e el 10k AL Hed AREAT blie et D S et licab o oB88Y Pt et ne
packer, tdnenamifiew paitndr ke first elibber bl ig affsetomra cadiad cehter pateeprimdnyrfloher ,
t he annulpuﬁzmrnqﬁi des nBev& en the i nner mandrel and a surroundi ng piston
housi ng. e pa%l%%o JFTREF 'RAs one or more flow ports providing fluid
conmmuni cati on between the annulus and a pressure-bearing surface of the

pi st on hd0e23hg. [bO2@)dcantrossystam ajsoihas af wossowenjeiot.i Tite aro$savst joimt cotrmcts
tool to l.bar, 0 i vi-ded Ln. . . 0SS j.0i nt
o cont i i BT MENATe SRS A Bhooh vIBG 00, R CraRFb ol BOmBRSaRE bimabi
cr ossoverflopopai findly doenedtiag ties praaty folv Rats ahthedositweatlbosytedledmtheHonmamyrflowt he

{1 ow pat 1Re2afhe SREoREwUREf 107 RO THos I IPEab R BY 18P P AEWTEDY
f1 ow pat hpatmflgitllg conmextingid &tdeast boesecandefyf fiost pdth ofthe firstdiedlboreatinoldp thef at he

primry fl{aé’s“r"oggtsﬁcdé amﬁgﬁﬁ’wth@ﬁ%ﬁﬁ?@@f& too[_0029] I n one enbodi nent, the

primary flTow pat irst we 'S eccentric to the first
wel | bore tool, while the primary flow path of the second well bore tool is
concent ri[6024D t htn gecprtbriedl dnmdinerd@f theTsandfdondrol systenh dhefitsbwklitiase tool is

pr ef er abl Fﬁnds adesC r@%”san‘ﬁ“éér@e& BEmPR&ANSh WRhb9RE D8 Pipd, Sa A& ABYImA

nmechani cal I'y-set packer
circumferentially around the base pipe, and at least one shunt tube along the base pipe.

The shunt tube serves as an alternate flow channel. In this respect, the shunt tube is
configured to allow gravel slurry to at least partially bypass the first wellbore tool when any
premature sand bridge occurs in the surrounding annular region between the sand screen
and the wellbore during a gravel-packing operation in the wellbore. In this instance, the
base pipe serves as the primary flow path of the sand screen, and the at least one shunt

tube serves as the at least one secondary flow path of the sand screen.



[ 0030] A base pipe serves as the primary flow path of the sand screen, while
an el ongated inner mandrel serves as the primary flow path of the packer.
The secomtanyiddsesvipath for the sand screen is made up eCrafsoeti/otizbes which
serve as alternate fl ow channels. The secondary flow path for the packer
may be shunt tubes or may be an annul us fornmed between the inner mandrel

and a surhepsndi ngh MeVRAR RrddinS tNelbAGREN Basel PRead bRIfG@bE ddceMtrie hafetsnd
all ow a gravel sI urr¥ to bypass the sand screen joint, the crossover {A@I nt,

and the pXe&r E f!a?f%té?astt RES ﬁa@ﬂék‘b%%” FeayhayE@ ToHNg RESTlGe | 9. Proy
2012/08239%9@&@H§39ﬁ&6m51220 [ 0031] The at | east one secondary flow path of
t he crossover jOInt changes direction along a longitudinal axis of the

crossover i t | east aonce ne aspect n |n er diapeter of t
primry flP W pat ﬁ‘ %T"”ﬂef‘ié’@%%‘%@‘g?g'mﬁh? the S@’P‘ﬁ‘é‘%ﬂéﬁo %Wé‘?i“’éﬁgﬁﬁ%\d "tfﬁ”gﬁ'@t er
of (i) theolpkidpayker) OWeppé&keefcombﬁség éﬁteloeo@btelaomaert Aahdre( i d )seélh@ @é.inarmr y
flow path of the second wel | hor e, t ool iii) both. BPO3§% CW%

j oi nt may>pEeIdRde y”rleﬁé“%‘tﬂ*ée ﬁ”%ﬁ?&””b‘#%t Biind,as anraligna Nt h for

conpl et i nghnaluged b&ﬁrg@rednoaau@wbgrwélWryft@raméas@pamau;abmsprtwh&ﬁﬁhdh@éu@bm In
one aspec%)goc; he met hod con‘t/%rl ses proyvidi ng a first bore tool. The first

wel | bore UrRg <A AraYPIRAGK O PRAFAIPAL A BME %‘irelaétﬁéttheoﬁéc@éé‘éﬁd’gw et SWthat h.

The et hageldbeo |hnmbut¢b¢§nd@rméndnélgn@noﬁ@|osm¢bsv@ tlhbq;rnmatrmd)w patheofSRE packer,
wel | bore too al sg has a %)I‘I rrar?/ fl ow ath an st one secondary fl ow

path. A r3di'aF BRUHRREYES 3HEe Feﬁawer HaY O%Pa{h ¢ PaG<elel | bor e  t ool

is offset froma radial center of the primary flow path for the second
wel | bor e [bae7f . [W&é]pﬁhﬁemﬂtehmdeahs@drbnieIpu@rembg/r@)ﬂcéhtﬁg t@ ther eskon eFuritt@irnt .

The crosspver joint ses a and .a econdar flow
Tt Thafe Zhais thafes ReFaaB.hg i DondiRrdod priprfindof Gl BRSRTA

the firstpaoked hother thasl ort oa n’ﬁdréSﬂO\ABm)drts emdvuduhgufmhcy comniudiatiog beb@een the
crossovera# nt to . t?t L a}'% a. second end. In this
manner, tHEY b?uaﬁﬂrafr??s&ﬁ B%ﬂrwgo%u RN P?Qts% Y%Bb¥ tool is in fluid
comuni cation with the primary flow path of the second wel | bore tool.

Furt her, [0023] at Aeasﬁsoo@tejomemrud)an@'ctmgca/\firpa‘t\/hlltxa)fe tdot td a rsetonkelveithore tdobal 1S
influid om‘rum tion wi-th the at st onfeseonda f|OW{P]ath t he
second we ?%8“’8 dF@J]ere'?ooé‘:‘?ﬁ‘R%SO%SE H’b’ﬁ % GPY BT Ko h dsa”FﬁrYH étcﬁ%ssover

cr ossoverjombdeﬁcnaenﬂ aborenethedrobsavet jamdnsebendedveldadr & & saldscantiobsystem.
wel | bor e

l_i Y r hect ed subslurfac | ocat. i Qn. bw dW mtbh |n% ct.ed i.nto an
annul ar OdYe SPHAT GEsROYRAoE) BaLh e‘#seﬁé? APNETL AR AV IHRHEL A ﬁa\ﬂ}@ﬁ’ PRYFE.
The net hdidbwt betins amd becbagafyffowhedaths, yrectin ragadiaécériten af the primbiyeflcanpath s theend
through th y_flow paths o rst.wel l ore qt 0q t he crossover
Foi b RIRECB s P B el obier reh bt Rl b Pdhe sttt gBRR e
crossovertogplm nt may be used to connect any two tubular tools having primry
fl ow paths and secondary flow paths, wherein a radial center of the primary

flow pat ;}sz'\%] pateh”fM Sémké‘éés @gg{,@w \Aér‘?m%@lo%féaﬁr%f {qgofﬁ%t%én%g#eaﬂoolcg%tc?ént%  he

primary h t'ool wever arred
t hat t he tbe ﬁﬁsi;weﬁrorga toahtwhile ths pdmayy floar patbof thesswadndwallbrood tcmytst(mnceritm tohi s

i nst ance,tp‘% Q%cérk{ we B’gl‘:r:!e It(t}&r eTﬁ ?lst 'ﬁellBBr%f for F‘%l ére?g(gta{)da ggr(oeggrtaex\hwhl?e Eh@e

second bore pref er ab ert ap
second wellbore tool is preferably a mechanlcally -set packer.

[0030] A base pipe serves as the primary flow path of the sand screen, while an
elongated inner mandrel serves as the primary flow path of the packer. The secondary flow
path for the sand screen is made up of shunt tubes which serve as alternate flow channels.
The secondary flow path for the packer may be shunt tubes or may be an annulus formed
between the inner mandrel and a surrounding moveable piston housing. The alternate flow
channels allow a gravel slurry to bypass the sand screen joint, the crossover joint, and the

packer, even after the packer has been set in the wellbore.



WD 2012/ 082301PCT/ US2011/ 061220 [0037] 1 n one enbodi nment, the primary flow
path of the first wellbore tool (such as a sand screen) is eccentric to the
first welwbaoe/asemh, while the primary flow path of thepseasea1ioeizkbor e
tool (such as a packer) is concentric to the second well bore tool. [0038]A
base pipe serves as the primary flow path of the sand screen, while an

el ongat edogaaAner MRAGH das$ ¥hY &RcATIINART pAIRIOY thd MBI jSiht &mQB§<Hﬁ@6t+onThe
secondary flow path for the sand screen i s nade up of shunt tubes which

serve as A% An9PUNGl AT nBF sCrosspes iy nefalegsts PRRR: pdt RNE GSPEfe 2PalERSY
may be shiidihetetBEHhePrintBRY 6 path SMAY cAdssave?Joihi0ik T’Q?é’at@feﬂ\‘éﬁ%ﬂ iR didihéter of

mandrel and a surroundi ng noveabl e pi ston housing. I n any instance, the

al t er nat d)fiP@RiERENARY P PoiRealirgl ‘é(@'@or% g ) frt? HVB%sf'OB"h@atEaﬁfdh% SPEAH
joint, tRheIBbRIBOVES (ii)Bbih. , and the packer, even after the packer has been
set in the well bore [)0039] I n one aspect the nethod further conprises

setting the pac in the well bore. his instance, the step, of further
i nj ectind® Qaﬁi f‘%ic'foﬁ?%‘{?@b‘?”itﬁ‘éays%@ﬂgg(r igcldengp B‘éf?h%rofeé’t'%ﬁ)ﬁgo%q ter the

packer has been set. [0040]In anot her aspect, the nethod further conprises
runni ng goeaiti ng mebdifot @orhﬂﬂeturigme\Vellbaedhel s@sutthee lﬁﬁmkaﬁdin isasigo tph@ided

ulling the setting tool icall shift are S eeve from
Pl o TG broth GRgrctn el TaDa e beS frovdiRo S ERE el ByEciog,, VR T
rel ease tvbrﬂlbpleSﬁoahhéB)HSpnﬁ@ry‘f ﬂbwaodtrabndmvmﬂbne Ee@)rmemﬂxﬂw phn Tive hetas
conmuni ca dr ostatic pres tt?e EI ston ho ngtf)tlhrlou&% one or
COTeUT] MRS RBh B e T WellbtrR dots TBe RefhaoiiBafebMisn e S8 mRly
%Ets g} |P $lgf|8thh@tseaU|angaaet emmeecoaug%yg&iw ﬁéte whrddmuméntegomblmmay fIBRIpah of
fhat t nner resent
oot 1 orl i wellbo B og ° Gk e b s 2ot penbh ot (TR S sy Mot o e Raf

f | ow chantellbaregtoalppended hereto. It is to be noted, however, that the
drawings illustrate only sel ected enbodi nents of the i nventions and are

her ef ' d f
adm ¢ Co 0L cqtarignat FEaiTed nblfngia SORRTen il B SR ORI AR o
1 is a crosprisesthipdmaly flovepaibfangine sédongdanydloimgatinve Thé arethodTthen weludes fleidlyas

pei ng. undior PARRaLT erpoar L LT Pios AR o o V! o1 B R LHEEME

the crossover joint to the second wellbore tool at a second end In this manner, the primary
flow path of the first wellbore tool is in fluid communication with the primary flow path of the
second wellbore tool. Further, the at least one secondary flow path of the first wellbore tool
is in fluid communication with the at least one secondary flow path of the second wellbore

tool.

[0035] The method further includes running the crossover joint and connected first and
second wellbore tools into a wellbore to a selected subsurface location. Fluid is then
injected into an annular region between the crossover joint and the surrounding wellbore.
The method then includes further injecting the fluid from the annulus and through the
secondary flow paths of the first wellbore tool, the crossover joint, and the secondary flow

paths of the second wellbore tool.

[0036] The crossover joint may be used to connect any two tubular tools having primary
flow paths and secondary flow paths, wherein a radial center of the primary flow path in the
first wellbore tool is offset from a radial center of the primary flow path in the second wellbore
tool. However, it is preferred that the crossover joint be used as part of a sand control
system. In this instance, the first wellbore tool is preferably a sand screen, while the second

wellbore tool is preferably a settable packer.



[0043]Figure 2 is an enlarged cross-sectional view of an open-hole
conpletion of the well bore of Figure 1. The open-hole conpletion at the
dept h of wbeotdusemisubsurface intervals is nore clearlyprseas2011d&220

2012/ 082301PCT/ US2011/ 061220 [0044] Figure 3A is a cross-sectional side view
of a packer assenbly, in one enbodinment. Here, a base pipe is shown, wth

surroundijpgs7packer ofd efmitimnent e RERANHER dath %@ﬁh@%kﬂfeﬁb&é&o&h(@%h as a
schematically, along with an internediate swell abl e packer el enent.

[ 0045] Fi gignd Sg'ﬁe%'sa?cé?'ﬁﬁ%t%@@tf'ir%rY‘éﬁ”bQ"eetﬁP'oWht'%g‘ep%{@RaéY ﬂa‘é’%%PVh%ﬁeW@ur e

3A, takenvapbrssoll (btﬁkﬂﬁa@ﬁp%e@fls EbritienRic3SheiudBhd Weliesie 85k seen Wi thin the
swel | abl e packer el ement. [0046] Figure 3Cis a cross- sect i onal view of the

packer assenbly of Figure 3A, in apn altern n lieu of shunt
t ubes, trambortxtw&peﬁeseé%aﬁé e oISt oo BRI Oha e sia Spisen. while ‘an

[ 0047] Fi Gisryafed mﬁer&n@ﬂid}élsSe‘s\ﬂ;étasqnelpnMaqﬁfm BHthf tﬁehsad@er: Ketie ssoaaBiy Yo
Fi gure 3A re sand contr ol eV| ce sa%%creens have 3een pl aced at

opposi ng &y Y $paeselp Hé’b% oW ¥ors atRINiedlow shanpels-
ext er nal ﬁi@ugﬁcohuéwsrlovd Q&lﬁa‘bFir@Ub&:kéBnWyOb’é deSntaubdPEs MagWd an anniliaevref

t he packer assenbly Figure 4A, taken across |ine 4B-4B of Fi gure 4A
Shunt t uggdneg eetgvesﬂ t%%t'%gedé“%?ﬁ relRNGs 3 RYTOLPURG MQYepPISRIHEN dRUSNPer RatW e

f1 owpat h iiQande, B biteghdtatiowsdHanhyls a{ll@x@@brﬁwgbﬁl@rrﬁl‘b b@a@@@ié‘l%nd screen joint,
cr oss-sechl onal si de view of the gack sse

e crossover joint, and the packer, even after the pac eyhas been %et in the wellbore.
[0039] In one aspect, the method further comprises setting the packer in the wellbore. In
this instance, the step of further injecting the fluid through the secondary flow paths is done

after the packer has been set.

[0040] In another aspect, the method further comprises running a setting tool into the
inner mandrel of the packer, and then pulling the setting tool to mechanically shift a release
sleeve from a retained position along the inner mandrel of the packer. This serves to
release the piston housing for axial movement. The method then includes communicating
hydrostatic pressure to the piston housing through one or more flow ports, thereby axially
moving the released piston housing and actuating the sealing element against the

surrounding wellbore.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] So that the manner in which the present inventions can be better understood,
certain illustrations, charts and/or flow charts are appended hereto. It is to be noted,
however, that the drawings illustrate only selected embodiments of the inventions and are
therefore not to be considered limiting of scope, for the inventions may admit to other equally

effective embodiments and applications.

[0042] Figure 1 is a cross-sectional view of an illustrative wellbore. The wellbore has
been drilled through three different subsurface intervals, each interval being under formation

pressure and containing fluids.

[0043] 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 subsurface

intervals is more clearly seen.



3A. Here, sand control devices, or sand screens, have again been placed at
opposi ng ends of the packer assenbly. However, the sand control devices
utilize iwoeomais2®hunt tubes. [0050] Fi gure 5B provi des actrusseHserke onal
view of the packer assenbly of Figure 5A, taken across |line 5B-5B of Figure
5A. Shunt tubes are seen within the sand screen to provide an alternative

f | owpat h [be¥a) 2 peiguicWatie sl @b§§lsec{ti8@§lllsiﬁbgviéﬂ/ BA 4d lﬁ_pa%k@rr %§§erﬁl§ﬁ,t li®N&He
side view of one of the mechanical]|y-set packers of Figure 3A. The
mechani cfMBRAIBENaEleE? 7sPASE PiPg BuShavi: pyl sHBpUNdItsh Harker gRlF@eBls: | J W

Cr 0ss- seGhédhaglcah) 46t YadkersOhret SowIEshRimatiBhIlyY sl WAE kAT inRimEdigter SwélRble
Here, the nechanically-set packer elenent is in its set position.

[ 0053] Fi R#ckeratementa cross- sectional view of the mechanical | y-set packer of
Figure 6A. The view is taken across line 6C 6C of Figure 6A. [0054] Figure

6D is a qo@s$- SeFlgurNaB iy aestostfsdcienNIebf Bk JadclsH fsseMbly TEFEriyireVBA, Sakenken
across |line 65} 6D 8f Fi %ure gg WO 2012/ 082301PCT/ USZOlllﬂ/b?m%%jo
[ 0055] Fi ASFeSSaRes sP=BRfddquire &t iSHHA) tubsareseer Mihipahg SvekaPlapapPeeiBReNtThe

view is taken across |line 6E-6E of Figure 6A
[0046] 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.

[0047] 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.

[0048] Figure 4B provides a cross-sectional view of the packer assembly of Figure 4A,
taken across line 4B-4B of Figure 4A. Shunt tubes are seen outside of the sand screen to

provide an alternative flowpath for a particulate slurry.

[0049] 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.

[0050] Figure 5B provides a cross-sectional view of the packer assembly of Figure 5A,
taken across line 5B-5B of Figure 5A. Shunt tubes are seen within the sand screen to

provide an alternative flowpath for a particulate slurry.

[0051] Figure 6A is a cross-sectional side view of one of the mechanically-set packers of

Figure 3A. The mechanically-set packer is in its run-in position.

[0052] Figure 6B is a cross-sectional side view of the mechanically-set packer of Figure

6A. Here, the mechanically-set packer element is in its set position.

[0053] 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.

[0054] Figure 6D is a cross-sectional view of the packer of Figure 6A. The view is taken

across line 6D-6D of Figure 6B.



[ 0056] Figure 6F is a cross-sectional view of the nechanically-set packer of
Figure 6A. The view is taken across |ine 6F-6F of Figure 6B. [0057]Figure
7A i s an wolargsesori ew of the rel ease key of Figure 6A. pChasc@ipareo key is
inits run-in position along the inner mandrel. The shear pin has not yet
been sheared. [0058]Figure 7B is an enlarged view of the rel ease key of

Fi gure 6Bposbe shrmrfe 6 i NawsH88RIoRELASR Of thalhckdrfFRJPSBR. KK Vitasisdaemped
away fromthe jnner mandrel. [0059]Figure 7Cis a perspective view of a

setting tasessdige RksPHE W8 6 | atch onto a rel ease sleeve, and thereby
shear a shear pin within the rel ease key. [0060] Fi gures 8A through 8C

denonst r gbeseyar i PigBreL6E @A lokdssdREIiEAS vieAr ofahaveidchaiallyaet padier ef Fighee 6A.
wel | bore tools are sand screg}s r Ip,l an i pes. Each of the illustrative
sand scr e8I SpkRAGPsne rﬁﬁr)?%égurﬁ se pipe, with one or nore

eccentric alternate fl ow channels there around providing secondary flow

]|coat hs. [ lqlﬁtfs?z] Fi gargiase %istdif@ﬂ@’ge@ﬂemb teniﬁse Keéabf BigﬁreCG)ﬂnC'Bhﬂi r;?ile‘afséaﬁj/ #ns
or a wel, ore too ...Hee, the we re 00l S ar.e aCKer Eac (0] t he

V1 uat 1 ot U8 Mg on Blap e Bngl BARde ; The Shept fin bBa N PRO LRt Stht o | ow
channel s there around providi ng secondary flow paths. [0062] Fi gure 10A
provi des [0058] de, Figuas?B et ¢roargbd vieevofdiie selerseskepveFigum 6B. Tiog slcaznpéaciiasng

i nner base pipes qf t t ybul ar bodi es nd fqr providing fluid

communt o deeB e Be R ey RS EineB el Forb8 it PRkt pac ns. The
crossover joint operates to fluidly connect a first wellbore tool to a
second wgbos9pr e Figate 7C 006 JeFpgative OB of & settinigrted! dsr magberused to latch onto a

Cross-s ecrgliegg'ggleg\i/e?\élhd Eh%lﬁgrgl dehP3 %héérnp(:l’n \%i_t}%n %e release key.

[0060] Figures 8A through 8C demonstrate various eccentric designs for a wellbore tool.
Here, the wellbore tools are sand screens or blank pipes. Each of the illustrative sand
screens or blank pipes comprises a base pipe, with one or more eccentric alternate flow

channels there around providing secondary flow paths.

[0061] Figures 9A through 9C demonstrate various concentric designs for a wellbore
tool. Here, the wellbore tools are packers. Each of the illustrative packers comprises a base

pipe, with concentric alternate flow channels there around providing secondary flow paths.

[0062] Figure 10A provides a side, cross-sectional view of a crossover joint for
connecting inner base pipes of two tubular bodies, and for providing fluid communication
between eccentric and concentric secondary flow paths. The crossover joint operates to

fluidly connect a first wellbore tool to a second wellbore tool.

[0063] Figure 10B is a first transverse cross-sectional view, taken across line B-B of

Figure 10A. The cut is taken at a first end of the crossover joint.

[0064] Figure 10C is a second transverse cross-sectional view, taken across line C-C of

Figure 10A. The cut is taken at a second opposite end of the crossover joint.

[0065] Figure 11A is a Cartesian graph charting axis offset (first y-axis) against
symmetric length of a crossover joint (x-axis) for a 16-foot crossover joint. Figure 11A also
charts curvature (second y-axis) against symmetric length of a crossover joint (x-axis) for the

16-foot crossover joint.

-10-



Figure 10A. The cut is taken at a first end of the crossover joint.

[ 0064] Figure 10C is a second transverse cross-sectional view, taken across
i ne CCwb2bixgse®110A. The cut is taken at a second opposiuseci@ncizoé t he
crossover joint. [0065]Figure 11A is a Cartesian graph charting axis offset
(first y-axis) against symetric length of a crossover joint (x-axis) for a

16-f00t CIDGESWV?FigiuﬁB N1 K guicartédidn aéré@h C(!Eh%ﬁ'ﬂ GV affdét e(fitst eLane) Yagamss)
agai nst synmetric Ien(%th of a crossover #POI nt (x-axis) for the 16-foot

cr ossoverSY[THIHC lengih T Pty SoIPBET B3 b1 ADSIPObCPBYYE] injuduia 1R 2lse

Car t esi anshgraRirvaRPd tdeBshBybsis PAdamast s?rﬁin'éﬁtc ¥ o3 cREB3OVES joitY RIARM fof the
| ength of a crossover joint (x-axis) for an 8-foot crossover joint. Figure

11B al so &8t €€SQYEVRINkr e (second y-axis) against symmetric length of a
crossover joint (x-axis) for the 8-foot crossover joint. [0067] Figure 11C

is a Cartjegeran gFRpke ¢hand bnCarisidh Ghps eharig @xisSoffsaf B-a6é) SR ymamet®Ngt h
of a crossover,joint é%-,axi S) fo¥ an 8-f oot cros,sove¥_I '+oi nt . I—gre, t he
graph conpdH " 3 Crasse RNt (XIS T 20i8GOLCesRAYBWOBY o FT% i TRPR CEMBAEs Fer

j oi Nt hawrdbosérjaindidvirkeg 6a0es profiROGH Fo@es& el pirthading sOuighhdgnenikow ng
steps for a nethod for conpleting a wellbore in a subsurface formation, in

S eps. T oroBol.i gt 12t iy Sherh Sl FRPa aidt PBPE, o1 o na baltRen

a subsurface formation, in one embodiment.

[0069] Figure 13 is another flow chart. Figure 13 shows steps for a method of setting a

packer in a wellbore, in one embodiment.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
Definitions

[0070] 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.

[0071] 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
hydrocarbon or mixtures of hydrocarbons that are gases or liquids at formation conditions, at
processing conditions or at ambient conditions (15° C and 1 atm pressure). Hydrocarbon
fluids may include, for example, oil, natural gas, coal bed methane, shale oil, pyrolysis ail,
pyrolysis gas, a pyrolysis product of coal, and other hydrocarbons that are in a gaseous or

liquid state.

[0072] As used herein, the term “fluid” refers to gases, liquids, and combinations of
gases and liquids, as well as to combinations of gases and solids, and combinations of

liquids and solids.

[0073] As used herein, the term “subsurface” refers to geologic strata occurring below

the earth's surface.

-11-



DETAI LED DESCRI PTI ON OF CERTAI N EMBODI MENTS Definitions [0070] As used
herein, the term "hydrocarbon” refers to an organi c conpound that includes
pri mari | woizb1208k30excl usi vel y, the el ements hydrogen aneCctarsban/o61220

Hydr ocarbons generally fall into two classes: aliphatic, or straight chain
hydrocarbons, and cyclic, or closed ring hydrocarbons, including cyclic

terpenes. [otE%liWD' The @ AbOGRICBAREARIT RidIS RE aNBERAtioRl & é B@ﬂtl@ﬁ‘fbf Qanﬁér%é)ﬂ’ dn of
natural gas, oil, coal, and bitunmen_that can be used a el graded

into a fd’éﬂere'[‘d@'ﬁﬁt'ﬂ% flyidsnmeresids; Theeliyids mathFdlfoc%ﬁaH‘tﬁ’ll? frlyﬁioﬁé"boF‘é*ﬂé'% to

a hydr ocafyaRitafonfasts!irRsedls el BESSMIRSticnB#erasfe gases or |iquids. For
exanpl e, hydrocarbon fluids may i ncl ude a hydrocar bon or mxtures of

hydrocarbons that are gases or |i qulegl formati gn condi tions

pr ocessi 180%8bndi £'8 31589 HFredd e BhtW ﬂ@‘l 1$8%st0(3 508 18P §“%ﬁ“#?i5‘? é@aéjﬁrté’)

Hydr ocar bﬁmmbldﬂ.ﬁl@rrmyoi zﬁlQ:th@lﬂb mlicpfhees@@mf@:e OA|WeIIBaﬁeUﬁ1@%/ haas .a subatankgl
S| S Oi

nmet hane, Ie oi | r lysis g Si.S pro uct of
coal , ancF'rS ﬁé?roﬁ%?&éa cfﬁ%ert%%ﬁts% lopgy’s ga%%s'g%t’u?do'?gr?'r‘qﬁ‘iede@?d’i’eg when
[0072] As rBRBthd & @nnopdrigy tireitie "thimdtidn, helyeps Used Jiateshanhbsnly d@th @fedterm
conblnatlonﬁ of ,gases and |iquids, as wel | as to conbinations of gases and

solids, aW8'RB%binations of liquids and solids. WD

2012/ 082301PCT/ US2011/ 061220 [0074] The term "subsurface interval" refers to
a for mat ifoovepr an@tdrhn‘mbmiarmérﬂusdratéf@@ toveey pips, Suzhrmtd jemt bt casitsy, BEYOrtion
resi de. r?e fluid ¥ .bte, for exanple, hydrocarbon Iiquids, hydrocarbon
gases, adliédng" Pfﬁlpﬂg Ot conbi nations thereof. [0075] As used herein, the
term"wel | bore” refers to a hole in the subsurface made by drilling or

i nsertioroar7] a cdheltdrin “‘saidcdritel wﬁmjwﬁmean%embhtbdnt&)umwobﬁmt permits an

sed her diiow b fi o arGioRB oS Bard g 1o sk 3y B Pl e Bces 6F
formati ors,andﬂ’y]eb@ndsxﬁahulm’tomboklangeaablhryoumdtrig fomeatioar A Sanell dcbermeas 'an[e@@mPleThe

;g;mofqum{la san cgﬁt%l deV|ef ers to any pipe, such as ajoint of casing a

[0078] The term “alternate flow channels” means any collection of manifolds and/or
shunt tubes that provide fluid communication through or around a packer to allow a gravel
slurry to by-pass the packer elements or any premature sand bridge in the annular region,
and to continue gravel packing further downstream. The term “alternate flow channels” can
also mean any collection of manifolds and/or shunt tubes that provide fluid communication
through or around a sand screen or a blank pipe (with or without outer protective shroud) to
allow a gravel slurry to by-pass any premature sand bridge in the annular region and

continue gravel packing below, or above and below, the downhole tool.

Description of Specific Embodiments

[0079] The inventions are described herein in connection with certain specific
embodiments. However, to the extent that the following detailed description is specific to a
particular embodiment or a particular use, such is intended to be illustrative only and is not to

be construed as limiting the scope of the inventions.

[0080] Certain aspects of the inventions are also described in connection with various
figures. In certain of the figures, the top of the drawing page is intended to be toward the
surface, and the bottom of the drawing page toward the well bottom. While wells commonly
are completed in substantially vertical orientation, it is understood that wells may also be

inclined and or even horizontally completed. When the descriptive terms “up and down” or
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of aliner, or a pup joint. [0077] The term "sand control device" means any
el ongated tubul ar body that permts an inflow of fluid into an inner bore
or a basewpipe/sksohe filtering out predeterm ned sizes etCramseai/obipes and
granul ar debris froma surrounding formation. A sand screen is an exanple
of a sand control device. [0078] The term "alternate fl ow channel s" neans

any col | egppeina®d 160 bpsifRariRehS breShyéatin FaBRMcE RRh dRIVANG 6€|nfthélbﬁ|ms they
comuni cati on through or around a packer to allow a gravel slurry

by- pass 3@ erdesrio fdaln ralatye '%ﬁ%‘o'bpéﬁ%‘i Gﬁa@"%ﬁ’ﬁgeﬂ?ﬁ"ﬂ@é eppedt Itféc'é'ﬁh[ﬂr@?

region, ad dob neeuRbhMy BriEmtaNH invs kioBd f 44 the pres@AAGStIBAThavkgilityehdTatter
"alternate fl ow channel s" can al so nean any coll ection of manifol ds and/or

shunt tuﬁ@é"tlhﬁé[‘fe”B?FS\ﬁ 8¢eY?t8fd communi cation through or around a sand
screen or a blank pipe (wth or without outer protective shroud) to allow a

ar gvel sliogg1y t OFtyur@aaE aa@’bssplé@dﬁ@hélr@e\ﬁ andn bmjsdaﬁxjei Wellth)ﬁe agmu |T??é w&mbﬁeln
an cont i e rave ackKil bel ow, or ow, the (0] ole t .
Descri pt @:4 '”%%%&?P 105¢ t‘?Pé’ﬁtré’”[ @ébr%]‘??h 'chi @ﬁ§a§PéS\QE§E%%°Bé§8-
her ei n i MHORBIRHré A00 WS tdanpRItERIKD hap@@hfwénamr@@bn@ﬁtﬁo Floxemesr, edd of b

ext ent that thef |1 owi n tail escription is_specific to a_ par |cular
enbodi mentellgpre; 1 ﬁrtl% ecil' 9@ 138 Ha? sheent &bed % ﬁl@ pl“fRPéFrahRF%é

?nglo ]s Ogoiydmah@ngwﬁ@ssdle rm{smm @ﬂlﬁo@&fﬂ@ﬂ tind i‘tﬂ)blsabfé\ﬂ@éd)llﬁ&he tb_ore
r I N aspecls . ent| ons are al so Cri n_co ctlon
L eh Ve 10 rpttsrofueton fuigh oY S fBef hls modion: 120 Uadh 107 S4TREo it ng

page is intended to be toward the surface, and the bottom of the draw ng

page tovvqomtzy he Taé hvemmirécllm indfudes anwedll ﬁe@@ﬁmmbynewmucawml 24e d hierwell tree

subst ant | rtl orlen 1S un

ot e g A | PR it i PR B ha dow T o Bl

and down"frcm the' welpwré‘ 100d 17 bowesn, a)sutﬁsuﬁadcemafé@r\m/eaﬂm i$SEovided tcebleclemee to
i clains,, t ndi cate rel ativ

d h t d | ti
ot ne! Sehof ol éO'Bth‘?/\P'EOHU?t@E%tH@E‘St 1900 Bierfveif ok 8 et SidotBig SRR ' O
ﬁr i etn}] at |am|@|v% tthet Msgﬁmtfet?Qa[vha gpr elmen/tIellbmeemo ]z )73 obmuylha\lfq b yunp (ret t e][
ow e S Qril e a Ctl.1 | ew O
an i 11 astPWRY TR r Bist & PRemgr erd Sabto Al S RE LS Atk Hp®

ext ends fthe@opeén- Bolefpaﬂ@nmm,upamhe\mélbtréehezearth s subsurface 110. The
wel | bore 100 is conpleted to have an open-hole portion 120 at a | ower end

ot oduci ng "0 ocAPRAIRCPsr T80, Aka e o apeaB PG pRlivnaf sl AR
130 i s prsobsatétei MO h&hbsy @ipk65Sntladd nafirsipsiring pf adsiat i 102, fsbonetimies rkmn\r\mms
open- hol esupfg(r:é icecl)srl]nglgroa %Bnélf)ctcgrherhsélé(rafp%%% d soollnclude 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
expandable liner or liner hanger. It is understood that a pipe string that does not extend

back to the surface (such as casing string 106) is normally referred to as a “liner.”

[0084] In the illustrative wellbore arrangement of Figure 1, intermediate casing string
104 is hung from the surface 101, while casing string 106 is hung from a lower end of casing
string 104. Additional intermediate casing strings (not shown) may be employed. The

present inventions are not limited to the type of casing arrangement used.

[0085] Each string of casing 102, 104, 106 is set in place through cement 108. The
cement 108 isolates the various formations of the subsurface 110 from the wellbore 100 and
each other. The cement 108 extends from the surface 101 to a depth “L” at a lower end of
the casing string 106. It is understood that some intermediate casing strings may not be fully

cemented.
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[ 0082] The wel | bore 100 includes a well tree, shown schematically at 124.
The well tree 124 includes a shut-in valve 126. The shut-in valve 126

cont r ol s wbeofdoswsoof production fluids fromthe well borectB®20ihneeddi ti on,
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 t hqogggpsur hﬂ%n@ﬁafr&byloﬁaﬂmelsjf%%ed“bétvw%w herod@lioABYbIAGLI3ONAd Yhehave
a punp (not shown) within or just above the open-hole portion 120 to

artifici a{1a§59‘9|3|”ff19 Wodh@'iofjéﬁ'oﬁl Racker 3%6qipatsrae 65@%3%@9@”&9ﬂtﬂ96hthfégwﬁpe"tdo
the well “Lrgfthd 84sing OBRghd6e wel | bore 100 has been conpleted by setting a
series of pipes into the subsurface 110. These plpes include a first string
of ca5|n38102 ggetlnes known as surface casin a conductor, These

pi pes al 98%87hc| udemahy Pelres, e pesingatiag qngw ﬁ?P&OdPGBO%F?%%'Sdﬁe”P&é‘?dng
These casmrog)weratmpﬂowherb%baur@aderﬁr@dmdm ait@-vglas«egi@e SHbWBES, thBalluspame de

support for wal of the | bor e te dla casin strl s, 104, 106
may be hWHPPtEo {ﬂ"t'ﬁéo@a'ﬁfeﬁ??é arb?ped“%!éﬁe Wﬁg}’ poly 8"‘%@9@% ﬁﬁ@fﬂsea%. ng
string ushagdeafiexRasidgblriaglalohgrth®@bpédr-Ree pbm@geuzo It i's understood that a

pi pe string that does not extend back to the surface (such as casing string

106) i [ 1 f d.t | | ustr at

wel 1 bor e 1S8R noo e SleFaneordPe® 10 Helaneninae caipn 28 revartubis dhereny

from t he ssbsdirfe id@dvalssThesecas iimdicatéd b Uppébinietvanung, ihtedmediateonmirvatnd4,0f

e e oy oeraisrelant. PROwbRHRL TEE an B T el eamindoTpes cEaemy

ar r angeneatuab&edil db@(ﬁk‘%]sﬁaglht ot e bgadofsed;aﬁhllegmfb@rﬁedlé%mtel% 1194 ey contapl ace

t hrough cene cerrent 10 sohat gsigt he various, formations Pf t he
e

1 108. Th
subsurfac‘E'”P% PR e PAYRANE PHiso WARY | oY HEMe: THIS JBRERE A48 %fends

from t he Begdnas of ﬂl@tivet\mtar zlm@tshhu'gh aheaa)nity)makemd nafurdl i@ cttdsd INghs tiguifeg,
106. It is unders t er medi at.e casin nqt. be
Ful Ty cerfGAnaame yen auaaPoasln: S BBRss 0Bt 30° FOaBI A B Has T Bgids
204 i s faneeditheeéwoen the production tubing 130 and the casing string 106.
A production packer 206 seals the annul ar region 204 near the | ower end "L"

of the cagsj stri.n 06, 0081Z?: a final caS|n string

known as a[gééégu ot (A‘h?{%é Vse?yn éJL)P%I’ 1] rﬁ{m @(m\’\g‘la{e a5 mtervals may contain rocarbon
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.

[0090] Alternatively still, upper 112 and lower 116 intervals may be producing
hydrocarbon fluids from a sand or other permeable rock matrix, while intermediate interval
114 may represent a non-permeable shale or otherwise be substantially impermeable to
fluids.

[0091] In any of these events, it is desirable for the operator to isolate selected intervals.
In the first instance, the operator will want to isolate the intermediate interval 114 from the
production string 130 and from the upper 112 and lower 116 intervals so that primarily
hydrocarbon fluids may be produced through the wellbore 100 and to the surface 101. In the
second instance, the operator will eventually want to isolate the lower interval 116 from the
production string 130 and the upper 112 and intermediate 114 intervals so that primarily
hydrocarbon fluids may be produced through the wellbore 100 and to the surface 101. In the
third instance, the operator will want to isolate the upper interval 112 from the lower interval

116, but need not isolate the intermediate interval 114. Solutions to these needs in the
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into place at a depth where subsurface production intervals reside.

However, the illustrative wellbore 100 is conpl eted as an open-hol e
wel | bor e. wéeorwadesngl y, the wel |l bore 100 does not i ncl udeca/useoaloszasi ng
string along the open-hole portion 120. [0088]1n the illustrative wellbore

100, the open-hole portion 120 traverses three different subsurface

i nt er val ssontdx@6RarfbSer-Mlé ¢ainBrRtiGS akPRBlidbdheleiland bés démbedtraest mbee fuly gr val
114, and lower_ interval 116. Upper interval 112 and | ower interval 116 may,

for exanpioBnedtiontdinihe RIAGEHIRI BiaWineSposi t s sought to be produced, while
internediate interval 114 may contain prinmarily water or other aqueous
fluid w tibegz) iht S Ihrp@j’rﬁe@'tﬂig_um&}l B thé fprGdudBon bﬁlydlﬂﬁ:afbﬁntf][ﬂmsﬁfcﬁﬁﬁmbafehmmg\@f
wat er zones, g roeabi lity streaks or. natur actures in the aquifer,
or 1 ngor IR Rl et Reraienhedosabie i SOPIRIcHReS Mandits bk ot WORHIA 1ty
t hat waéI anflud Jiﬂlzér_rwaéimcrblbemdebthbolﬁﬁes_l.ow?] c{é@&Bﬁﬂ gdet/@fgtlnm_taidmv@hfa/ti,onwp@rm%tm and
i ntermedi ate intervals may copntain rocar bo ui sou to be
produced,paﬁ‘r‘cdﬁ,se@@ége Qﬁ%ﬂiugﬁﬂﬂ”oe,txr\‘/%ﬁbeg d efﬁ%‘PBr%ﬁB %TKO'%V'CE%%EQMV%B‘?%‘ oi |
al ong W trhn GMer tHeNGeRRse NMPoANTwats HE ditebed Murs fURY beRWAUE chonex@bm Ngth
which is Ig rise of near-well hydrocarbon-water contact. In this instance,
there is FA8Weft he possibility that water will invade the wellbore 100.

[0090] Alternatively still, upper 112 and | ower 116 intervals may be
produci ngodsylr oc Refeding how ds Figiure 23 thardn@rconirdlefeviees rdadoatdimak gxmigated,

while internedi afe (nterval 114 nmay represent a non-perneahl e shale or

of hervi S dTBICha ralred! s 4B e A5t o T RAsAIoq 205 DTy afe Prd 2

exen]E s, iptlgrbﬁiy@éﬁipéé}rﬁhl%. ol ddse mmz@metam b@elj@ilmemsleh%obmb bﬁstee%ipalzes) I n

the first_i.nstance e oper at or want, to_ i solate the jnternedi ate

i Cervar ey PERSmal PESRERA Sroidh g piMied Rt R Btk bl 132 ang

| ower 116 intervals so that primarily hydrocarbon fluids nay be produced

t hrough tibe4pel | Bbe esab@0cand| tdeviche 200r hsoecdidin 4 rfiltehensdoon207 waiuadcer,
i 116 fr.om

t he oper ator | |, _event.ual | t to isola the Lower j.nt al

the proadtifeta@iGRY atutTlle bsibtatn i HTdiPheDY Tiey 00 R <
so that pnésmscregn hy dwiee arrbprittetl tardsndrihye basempimucesl t Alteonativelyhehendiltédray e
100_ and to i.he ?SIU facerH{mlr. rI]n ther. third i srtrg;mceIf t he oxeratoorI W IrI want
to isol at'&°tHE p@& SNt SFGED SPIPTEPRA M AN PCieRl e AU AT PPIBA0IE 107688 d not
i sol at e tdirdeiedtrectabdiraé® a pboeug ahedid madsobfudhapa anéraotyhesenéere @adsorbuns hiedia
context of an, o ~hol e conpl|l etion are, provi.ded herein, .and.are .

Gomonat v SRR SRS el maR TRl L PrEReBR PR o Bl ARG Bl mgum 207

[ 0092] | n pevemethiednflom dffsahtl@r pthed particles abbveny dreadstetnaned simé ddo fhredrasa pipe
wel | bore i an n- hol .e letion, it is not only desirable to

i sol ate s%l%\éa:z[@g?ie Prr?t%g?equl g?m%ﬁ?ﬁr'gl soI to | : m ![ the infl ﬁx ofI sand particles

and other fines. In order to prevent the mgration of formation particles
i nto the [pPe9SHuct iroaddition toythe38arducomip! dperes 206, the amellboen 0@ lindieles ces @00

have been n_J |1 e . ar escribed. ul |l y,bel ow
in connec’ﬁg%np%/ﬁ%ﬁ a&?egﬂer{%szgﬂ{ Oéég%%lyegﬁ%@ﬁgaﬁ%%eﬁe iogg':r'gﬂ'[f% {Ihgendgg’ng]e
cont rol deallbors 1@ Mas catt apperapackeogsdnatly t210Ulaad D daverr pfoer edsdnabla18” base
pi pe 205. LDl pe ' | ¥v.d S .made u I i iR
Fornts. v e i BhAZsEks JBERa Al 5 I Pefhelbe AR el bellsBl)
typi cal | yTheasackemadseperiéDR0’'i 2hE’ are wliqtety tanfigersdito sehlean afifuar refion (seen
producti e 2;05%fqﬁgure 2) between the various sand control devices 200 and a surrounding wall

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

[0096] The packer assemblies 210°, 210" allow the operator to isolate selected intervals
along the open-hole portion of the wellbore 100 in order to control the migration of formation
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 streaks, natural
fractures, or fingering from injection wells. Depending on the mechanism or cause of the

water production, the water may be produced at different locations and times during a well’s
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[ 0094] The sand control devices 200 also contain a filter nmedium 207 wound
or otherw se placed radially around the base pipes 205. The filter nmedi um
207 may bwoaowesesomesh screen or wire wap fitted arounectrhmsiasei2ps pe 205.
Alternatively, the filtering nmediumof the sand screen conprises a nenbrane
screen, an expandable screen, a sintered netal screen, a porous nedi a nade

of shape | ysmbbryr%r?asacd@mue aR®flirésdpsikgy tékédhdférﬂrb?eék MRS Rl Sdusiy @
pre-packed solid particle bed. The filter nedi um 207 prevents the inflqw of

sand or (ﬁaﬁeqro?}é{?'f"i‘ #iBs0ikh h e 98s af%lk%%ahﬁeﬁéae%g%cwﬂavq ARd SYRREPIESCIL 05
and the piedletbh.oN AnabiaRtzoh3l isdARNSTY afkdi beoRediRdt R prRICHANtNS¢ation,

devi ces 200, the wellbore 100 includes one or npre packer assenblies 210.
I'n the i IRrR4dligR/inestign F'%tﬁé’é‘?f’é‘?t?orﬁ'to' ISPGGP‘&S“F%H’”ZOFW?{@F WeAASESPECI100 has an
upper packer assenbly 210' and a | ower packer assenbly 210". However,

addidt i _?_RQbOQ?iiEkeFlg@ﬁﬁ %bﬂlbbh@ﬂal’é&j Boss- Béétloﬁalanm‘éklﬂfe mf&r&t& Morgéﬁ’ 120f bR
use e packer_ ass [ ' ar e ely confi t 0 _seal an
annul ar %‘838‘?? {@e%f igyreyho T E? OP?@EF"@ ﬁt%e%ﬁj R dhapgin 13% hﬁol
de?/: ges 208 n@d?dooﬁegagltflgﬁéﬂnd1hegjﬁb%t I21ﬁbOzitndorbwtehe1orpgacH¢@Ia:als@ﬁuslteE@te bR mbret he
wel | bor e e packer assenbl i al l ow t he r to
i sol ate aéé‘t \%&8 \/ S %F’SH@”Ph'é?WSb r@Sprlﬁl Coftgmediate \;@E @ 84100
in order rbgpee@dly.OFinking thg Qir@tddhﬂopdevfdéé%Dlaﬂfhgfédéh(dﬂitheﬁﬁtfer@@m,G:I4,l1116
connecti on th the production of condensabl e hydrocarbons, water may
sonet i mePAVAYE an interval. This may be due to the presence of native
wat er zones, coning (rise of near-well hydrocarbon-water contact), high
per neabi I['O(I%] st r Cakicerningt the apadkenetsaatsiies Othefiselges, | eahf packer najseemblcynzwel I s

Dependi n N the nmechan se of__the wate r oduct j r
b6 ot ot AT 6 ST ot PR a1 T HAGKT R GTe WiEler oy 156F 4Pt
Si m | ar | ysonbirgisn ©& phezhanieal anaripulatiodsaraviofdrautiaorespaMtle @ladkdar&ekmbltUsoz@h

duct b dri
oo o TaReBE AT LS ik P2 and PR REFS LA OEEh RSk 20984 AR L
f olr pr odmbamnbﬁ boriah iop relerperaduisidatsty frgneatt elastofrlesit corpr tierheplastist melerial
sel ective stjmul.ati on or V\B. as.cantr ur
ol or yeu cepol e B Bt R ArePpalre aER el aoalbet PerurBe  Ged ieloS ¥y o
100 of Fiapdre 1. The open-hole portion 120 and the three intervals 112,
114, 116 are nore clearly seen. The upper 210" and | ower 210" packer

boundar| GW0B) 1 n80F FRPRUSIEE wbui, 22 A OWEE e PRy e IR cvteno

sand co ntwmbistadmd\the: p&s@ﬂ@s aho lvgdeassocdted Wwith b @tzenevmwlnglﬁoce‘s3;4 Tyfitélyasech

csonbl y Beoure e Ml popliCaPEG tRL e SRR T MM O s B @i

pr ef er ablshosldtalsdwibigtandi pesetreriadad doe ¢ diffecandiali weallborsaangyat aiseo/mremelssures

hydraulic_fo ker, sserrbll s,.210 re sent an cker 212
and a1 ovgHSHEER ety PR Che R BrodiBic o' RRGET " efltBR e BRI oriSor
el enent fislmiiec atledtivier @motmntlcm aﬂ;tp}'ofﬂmatmnoallcmat]dstertampeetstegulatm/erelqairemerpia.bl e
of prowq t ate ary(‘?g 8 gt tage .Surroun ?%

vel | bor e W& '°”28&eraf vlyepeleelve gp 'Hteec %’b o e%{%det%m%? PFTRU"e
packer s ghainfedate. alln]eetlomomr‘ah@tmdy bh;e ipvadss siletivarstimutzids irmasid diaatugidgwi t h
a gravel rﬁ%c)léi ng._progcess ?%)\r/qp cal I A h pressures are from about 2,000
psi to 3, 0 88 "Phg" TR %G9 ?@O ckers 212, 214 should al so

wi t hstand pressure |l oad due to differential wellbore and/or reservoir
pressur ed0tMlised Thy sealingrsalfaéaot elsmedisgbetieonechpniselicsetpackes 212 244 nexd.
Product i qn,.0Rer & ”8rd$f f.Hé’h%'th% SRLEG | - sitabRd Rga‘rghﬁc"@eaqr R 89&%%@{&&, the

al l ocati ont 0 neet Fequi rements.” Ihjection operati ohs y

i nvol ve sadreernits ae édqtmatbouh@ exchemﬁ5f2)¢m)stbra®beg24:inclmﬁv@lqm)pn tegtir. e

mai nt enance. | njection operations may al so invol ve sel ective stinulation in
acid fra ng, i (Y4 I \} The
seal i ng géﬂr{# ce gﬁ@rg[ efrter ?Stqoq?%ér B%ﬁg%rn%‘i;ﬁgﬁtggfpg,e@e EE%% ééTELtg need
only be dyea biementiearedfnoivncdhessa i edseddioleacaupletidsise H@«m\@ul they geadzrally areone

?degt Cn;rnz‘? kﬁF\ﬁHEfBF as&hif oﬁ@ﬁ-ﬂo%b%plgtidngcﬁeﬁtegllasre2ncﬁ 'Qngtn%e?el?jofﬂ)t e%p%nidniﬁ{ees

engagement with an open-hole diameter. Moreover, such expandable cup-type elements
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[0101] The el enents for the packers 212, 214 are preferably cup-type

el ements. Cup-- type elenents are known for use in cased-hole conpletions.
However, wbeyiygsmenal | y are not known for use in open- hece/usenploet2oons as
they are not engi neered to expand into engagenment with an open-hol e

di aneter. Mreover, such expandabl e cup-type elenents may not maintain the

required rﬁé;ﬁﬁ&urhﬁmﬂellﬁ ir%r @ghiré’d pRIBSGENifsrestiP eREodrigtel idver B ¢ O PEJduBlbn
operations, resulting ecreased functionality. [0102]It is preferred for

the packéP§raipss. r?%‘ﬂt'rtgd”lﬁiécr&ﬁﬁ%d fugclidnghiid to at | east an 11-inch (about 28
cm) outer dianeter surface, with no nore than a 1.1 ovality ratio. The

el eﬂent s [0fo2) he pacperfdiredlar thgibécISé?QQhﬂ Pgeh eeable/tolxpaid ® dtdeddpBal1@-inch
washout s |

an 8-1/2 inch (abou 9-7/8,inch (abo 25.1 ¢
open- hol e(ag%gﬁcﬁmj)ﬂé?r cHeRetay P?e"éﬂ' fﬂfbn?r%@aﬂé‘tb? Qvaltty éeﬁ'@ gj@ﬁ&f?ﬂ%]tg%f
loor t It OnSttﬁé pba@er@a¢i<ezlr14eér©mq§r§1;eﬁd@y babélethalHaPalt@ﬁN@uo?@ |H%hr8-f/i2rlhcﬂ?(a@butl
eas a tenpor ar seal . I NS e 0 e e e | nterva
17" (or BT &P OB RGO Aot 6 (EPBLSIES SERIDN AP henG PATBTeh AURTNG
Ioloer ag [ ;)_rhatl{r@b@aiel ékdétﬁéf?tﬁéfb@dlbﬁﬁei mgtp{é@ké‘rl@brﬁé’rﬂg 2¢1tz emmzl 8 a@geldin ﬁ'ﬁﬁlntgh?nng
I qui i , .,hor nus e rate 0 ndle multip pressur n
t enper at LF?Q @ EEnpofary 53hagsipe %Pe"?@h?gﬁﬁgw B}H‘Fri]‘eﬂ@?%ag?rdﬁ'eliﬁr Z‘Pr other
one-tine ihlt’éﬁ/,al)ta@ prédsurglitieages MRingrtiay glaveiasdeking opee@ess of an open-hol e
wel | bore conpletion This is because an internediate swel | abl e packer

el enent S efe abl rovi ded for eal ng. [0104] The
Coper 0125%0a° ) SlEshembaliRRny wR b s e Riepls o P g b driERsie i on
pr ocess b%SraClaQiSt@rhdnelé molmuﬁlefpuéésxaret)aﬂmd)mmﬁdnauma@}ctys 22, c@ﬁép@&&n@tssmedby
nechani cal | earld% arugﬁq and sl |dhn a rel ease sl eev kp
turn, rel¥REIP'IN 8"5%”%@9 2Vt ARTNGINE SRV eh PR %{PF%SS&? @E@BFB hPE act
downwar dlvyenagm mrﬁplauqm Sthigish@idaustgan HiempditoswéliRbR pugker eg@kst 2B sigod

al ong an mandr.el . (not .shown and then acts upon both a centrali zer

and/ or pefif?@Fab& RIred a I'%Wgtemé %“Hﬂ mandrel . The centralizer and the

packer el enments expand agai nst the wel | bore wall 201. The expandabl e
por tions [0fo4] he Tbeeppe 12 2aad Iommm&béckmslemr setgirier axpagnakexﬂ p'ack instatiaticac t

with the surroundin ann ion 202 at a
bl oot og Rttisn T8 fibofied pRle e o8l it bOAGH 272024 B3R e et kY HEaRidaN ™ |
t he cup- t@perumel@eaebmm slidmd hiraletdme slepper TAL? iranhdn,| @leaseR birefrmsk dey,
el enent s nplles 210 210 al so ach |gclu

o or mo i RA Bs A RE s TReSsle 1o AECI B RPE il R WG dRpsings The

defines aiswehbusigy dbeesls downwardn@ibey aalinfeabmarcialgdot stomng yanrtdhiteh actsulyer

Ce o A AR PSR L S B 1S L 7B LD Pl e
swel | abl epapae:rkeiemﬁﬁﬁ emmnd racglatmdétrm maﬂidralwaﬂ zml yfree etxparmmlel acbﬂtlenspof yrreer
materi al , ose skilled

o e oruekBL 8 po SR R1BhaERaS % Sierr e il sblieRbind ity AMERRE AR
fluid, arsoaytectrmddiefthaiachula regiom2D2atit eselekieddieptr alamy thearpeh+ald complétimeof .

120.

[0105] As a “back-up” to the cup-type packer elements within the upper 212 and lower
214 packer elements, the packer assemblies 210°, 210" also each include an intermediate
packer element 216. The intermediate packer element 216 defines 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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WO 2012/ 082301PCT/ US2011/ 061220 [ 0106] The swel | abl e packer el ement 216 is
preferably bonded to the outer surface of the nmandrel 215. The swell abl e
packer elwoent2/@i®iis all owed to expand over tinme when eomtseti@deizyo

hydr ocarbon fluids, formation water, or any chem cal descri bed above which
may be used as an actuating fluid. As the packer elenment 216 expands, it

forms a fihiefl Sedhe Wiveladid@asker lcfdsht P 629 Heefeby: boridati &b \tRé olitkft sutfhceobe
aspect, a seal i Ee? surface of the swell abl e packet element 216 is from about

5 feet (1h&MAsdEs 15t J Nspaiable PRSky Glements316iin alaed i expandrayes ime when

prefer abldonta@ma%y ﬁydr@earb&roﬂﬁidgefbﬁﬁ@ﬁontwetéﬂ drefly dhbichl et&be) db@vé Q\ﬂ'ﬁﬁhh
[0107] The swel | abl e packer elenent 216 nust be able to expand to th

vel | bor o TN Pe 98P0 asan BrtgoinasTuthoAs s packer 9Peat 716 PREBGT fifgrms 2 fiWdseal

expansi OﬂNlﬂ\afHeosurﬁbdh@ﬁﬁgsy_&{el ahd.e imaeken $4. arlﬂ éd@'ai?f@éclt Ya Ss%blnig"' s@rf&féab\ethe
section that may not produce hydr ocar bon fl erable to have a

swel | i ng eiahlp merkel elepenir2 1848 é’Pf“anQ%éPtfeéhH %Wﬁt@rs W g%?%ﬁb’%%ﬂ(‘?éeré? in

f or mat i oneN@b:&indFhoreprefiBsy SbHRASEEet (0 W HeteF MO Rt Of2. TRERS4)ah fenlitat Wi | |
swell in the presence of an aqueous-based fluid are bentonite clay and a

nitrile-based po

cor por at wat er orbin art
T0108] & 1TH: | oahe Sweliirie parer steanasn Bt dae 10 Baaa s welbers vl
f rf)m a cami aad lbﬂﬂld@f thteagc?uureﬁlt ﬁre‘éﬁﬁb mretghtly atrthétlheﬁarne@ﬁnﬁﬁb ofslmr@t gfle??%
ol respec ive e ano er way, swe a ac r ele n may
Ol ude” TRagkes 25t tytcaart g Drlestdtin LB e Bt pdu Bidracib e a1 & |
In this siréfdpdbldfd hdveea WatRhg sltdnad|d? ot MRMtbriali that Givedvellib atie prReA&soft O
t he vvater based Vgravel ack fluhd or |n cont act i

th fo tion water,  an

the of | - HALRRIOB) ERtEnEr Al F0UER Y Fs et Te 5 8 Rt BlsaP bR P et o
An exarrplpﬁe@‘ncerbfedraa@mrsitﬁsemtﬂardl ale roérﬂ@mw tihy sweld nitMeldasePpepanreavitlfl a
ol ymer that absorbs hydrocarbons into its

hydrocarbon liquidis philic
matrix. g%gjeplvyeéer 8&@9“?%%)%e absorption of the hydrocarbons which
al so Iubrl cates and decreases the nmechanical strength of the polyner chain

as it exgemds. Enhgmenehpriopybwsrbil eackerosiement 2¥6chagshe ridbxated mfoanlaDIVl

is one exanple.of such a terial. 0109 The s | | abl acker 21

abr cat SaTRTEE AR SR Bl it PRbenGe, Stateh pod il EeCRaEb et

pol yrr]er ddr?&erpﬁéy He. S\Kle%'ﬂe 7@2kaﬂéleldne$\t paiil mdy0|nc7udé9ft\/,v@5t?petl iﬁlﬁﬁeﬂh@e
use of su a materia

t 0].Th h
packer ol HRATE 219 £ 3 2R Boe e U B st le el S ReTaiE el
flui ﬁ t hesﬁve\muﬂed d)@gsbd/tarthtedvazérméd Tglkzte/esmaikl faid er mamlhterct Wltl@dlfﬁ?ﬁfat@%@/ate’b‘uch
t hr ou S upe no S wn I n | Ure on I OC
el 1 oo B hish S glefent 341D Hhod, WiH! ohoq i Db el BisBBiononan
52111 t4 er V\;) h&x?gjpleégf?mélaﬁbmleec nﬂitertdnngagmg?gelm_?lﬁhey pﬂasenmcmaahycgbiﬁrbm qudfd&
L ers R TRy At ap e NG RErIoTE Ak "o IR TpE SRR cobus ek thes o

sl eeves tdbabrpeabeaf them@drroesmemt imiieh sisedubriviatss 2 dmfcl‘@eeen@agmntcal strength
nmechani s Uni | at er al enment, of_ a shiftin shown jn scussed
T Connedl bl T CRgLTSY SAgag YRS PP Athe it SOpaR 0TS b 35
acti vat eccPDMgsieguergemple GisutH & aealasl y. The | ower packer 214 is activat ed
first, followed by the upper packer 212 as the shifting tool is pulled
upward t nner . mandr el hown n_an scu sed in cpnnect i. gn wth
H gur os KRG ooyt SRCTaTPAiBL 216 HoV el PRt T PR P BBETERRH T
upper 2123xamrbld |ewesrha2é4nemmrkepbl5/me[r01U1&] RAdteNpat k43, 7%3:&”&118 et NdG)'7,392]%B2
hel p contor qﬁl e LI s oduceid from

isclose euseo Uch ama erl forzonal isolation.

[0110] The mechanically set packer elements 212, 214 are preferably set in a water-
based gravel 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.

-18-



different zones. In this respect, the packer assenblies 210", 210" allow
the operator to seal off an interval fromeither production or injection,
dependi ngworrowaisk3ofiuncti on. Install ation of the packer assarsbéiies122d0’
210" in the initial conpletion allows an operator to shut-off the
production fromone or nore zones during the well lifetime tolimt the

producti qm@f waygé upper 212 FHANBwENBAAEURErs R gHREHARY MARIremBGES SrORERRARD] €
fluid such as hydrog gﬂrS] sul fide. [0113]Packers h| stgyrl cal ly have not been

i nstal | ecFX\ﬁﬁFétrfoéFheof%‘??sﬁo?"’eevﬁﬁé%tl Shﬁébﬁhq ©ESpeFiVe AAGab RS X PIRAT §rg@gement

di ffi cul tifednanisaisM UKdlaferGHBMent 8F @\6RltiNdABHN @ROWE ircad fisdused itchmekin
For exanple, _see pz%téen%jn%ggl ications entitled "Wl | bore Method and
Fetd

Appar at usVioFiges WilRilow B¢ RasieTsn? B 121dro beragivalsel in sealigns or
publ i SheGlsurﬁﬁllta‘h@GUaﬂ& 16e Io%%%ac@ zmsz&fwétaaawomd tﬂ@@Eb&%@ﬁé’r 1212 as

respectively plications disclose apparatus'
gravel - péE?(|SH6t'%t®gé9an'&ﬂdeuwertBF%’9 hgeTinpgh IMansts! dﬁ NS In fps! Hissrsersh s 2

and WO 20QAHERi10A8MthaFigupds BAT JhBEDOT AlshBt RBEGKY iPYrefRhy PRERIINAREER the
entireties. [0Ql14] Certain technical chall enges have renai ned with respect

to the metReueiznationsedl4 PAGkaEs: i ncor porated PCT publications, particularly
in connection with the packer. The applications state that the packer may

be abhy?r[awlzq c?l Emfa @gémbgs"blrﬁm‘teb at e’blzqeo’e{]@lﬁeehtrolﬁua hnéifzhgbfﬂlﬁidatp?@l@e@{fr@ﬁ‘ﬁnt
nay e Ta e roman elastoneri C naterila ast1 C nater .
oncver R hAORE e eREsPELaNe Rrcker Gutias 220 2101 €l e retsiotIe Seak ey
el ement  tugf afremteraam@m euwr@rdowcmrgbr iPREAN, WRpesdih@ ¥R Mell iimdtibh s Ifsefaest of t he
packer el enent needs to %ﬁ a% mal Nt al anB(?naI i solation for a ﬁ#/’l od of
years in e @agiies agprredliss 410 § é%@&r'@'&a'aﬁ?&) tionjaYRWe emRBrRtel e ShHlelf Hie
acidic f |¢#bd1&>t|ov4\$roﬂlrbr%| dreﬁcsratzbn@s dirhvg thp plel aftimens nmttam@pﬁoha&tuotnhﬁ Wk

may be a swelling rubber e t that E%élg\)@' n the sence

hydr ocar HBA8Me Ices. AN Wi é'lr & NHE A sughg y ﬁﬂ?q ?‘LH@JeeI ast omers

typically require about 30 days or Ionger to fully expand into sealed fluid
engagenerp1sit h Pb&ewrhrsaumdilnga\reaﬁ&st hesnmakiatéd whieral oped-hileproe dagasker s

d | t ff d h
S012) oboiEPesene T 3R Sty 1 Sorpiing PecomisE llaval dagk abpre,apg Loy the
packer assekdl chBQs&amptev |sde rpgtean applicetiorat entitibd yaliboré Metidodgamay Apparhius rfyr.

Th k nbl I d Kk
Rl y SRR et fnd SRkl ondit Srblatb g tiEhdf o rott - 20 &,
annul us aNo)r@ovmzoman&W@20@7/0920831%@pe¢t%l116]1‘ﬁbeanp&czklehs assleﬁé)bypaﬁams

first incl des Sec ion 302. The rral body 0

or ef er abi 370 deRedk ol { Poe Sk S0 pprapko) WaIbRRy S STHE RRpiafehy Nos
section 300 2(@7&)9908@9!1@W®Q00‘H092(E3€@‘efea@hInﬁm)gtd”na@dlﬁn,er@m@b referenigoui tHH)
feet (12.2 r%‘eers) The main body section 302 conprises individual pipe
joints tk%‘tt have a length that is between about 10 feet (3.0 neters)
and 50 feet (15.2 nmeters). The pipe joints are typically threadedly
connect edqoemyl- t oCenadint techoucah tchellemigem Hmydy rmned)nNiBﬂZeamt)rtdl e tmleth@mgt h

316. [011 Kk |l
packers SNl BETneRTRRTRy P Buiedlios” SO R B ST R The Brrerang
are genertdlel g'pplmatamscstaianba thetdacmarahayubeed hydraeltcau)ﬁekteatedllaﬁtmmls elb:tﬁ’em.nd

214 of Fi ackers .304 p rabl clude ¢ e eI nerlc
ol emont < Lt 28, im0l HRen Myl BF o BeRaber B5m AR Slioee el Bed
further hbdarmmplatshe nzderiobr Ho%derhdusagrahg aerpaaker éldzmantdl’tmms%rsrriatmﬂalsuaqqmsl y
he vl | 53F B8R0 Bea ekl et PoruSlaRio efiiRns® Il Yniie fispth Risiockd °
swel | abl ael¢mert¢e19e6§)8) b bmeSMdlrahlhaopalokcﬁatlo&O‘Br a$>en<m ak:ymrsjmrtbe pvdsehce of
swel | abl acker elene b e \packer IS

ot of er ab BT U ST ALy 61 R ST, By GBI TS L ARG L Ak e
Toget her ,applieatioes state dfedt|the patkgrankebs B6wWeltingl rmtttezrlelrﬂrmn‘rﬁtiataemaed\elm e e
packer 308 oSUrL ol @d?} hebmsu n QOpy SG¢ Ctlﬁ u02 Avlvtver antlvelvyeII eﬁ qome
spaci ng My DE° 5 QYIS PBLTWEER" o &R SAAMIUE 2 IS e g DadiRet S 354 THOIPEU of
t he swel Itaﬂnt@lypaqkex al3B .30[ i/ OF Tdrgep &t kdly eapaﬁhiutcys&mj ﬂthué@nlgagéme*asmm

plural i tMrhe fsurrcr)]undlng rOQI§§ormT $.S uerF(tafore improved packers and zonal isolation apparatus’

are offered herein.
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tubes are seen in phantom at 318. The shunt tubes 318 nmay al so be referred
to as transport tubes or junper tubes. The shunt tubes 318 are bl ank

secti ons w0 2piypms23vavi ng a | ength that extends al ong theprcengbhid®i2eof the
mechani cal | y-set packers 304 and the swel |l abl e packer 308. The shunt tubes
318 on the packer assenbly 300 are configured to couple to and form a seal

wi th shunpifsybesk uré@msﬁéfséﬂssaﬁlﬂ%é?tﬁeﬂﬁ@@)%c?& SHs8MBRSSOD f)#&/tdh@' arb%lt@rWate
[ 0120] The shunt_ tubes 318 praovide an alternate fl owpath throug

mechani cdlowpateor B@é@(‘@l‘ §'U§M4 TARPACKRE Isaeaphretd0ds seaivs rast- @Cﬁ%@éé‘d%‘ﬂ%""( or

spaci ng) . Th-Ehbéck@F‘@%eﬁﬁbl% g0 0SiRbINled VBRSUs3dSmpdhehtsahaPAidy Be Gilizddeio alidh
along with gravel to different intervals 112, 114 and 116 of the open-hole

porti on PPOUWE ajong e PPeLRee Padion 18k 2012/ 082301PCT/ US2011/ 061220 [0121] The
packer assenbly 300 al so includes connection nenbers. These may represent
traditionedtel hr e&iﬂ@ﬂa@@'ﬂﬁbédﬂﬂﬂy 360 fist incRidBE 8 kSR 6bd\ECEOR 303. PreVidieBodt a
first end of tg&%&ack ? % I% 3_00 The neck se tion 6 has external
threads f§Fi%h RrRtTaRlY FRPACRtRd aaba*ee'oqﬁr%@es Rlloyp- ThedRaNRoH¥ sFctn

0{ her pi@o2id b@rﬁtguﬁadﬁ@tt%gﬁ%_lgﬁmc?égigﬂf ge% |syicfh thé aa@lgdgs@at(nm ndokrs). STH eainded
at an OopposI ng sec en e ed sect]on serves as a C

box forpq@@'e‘éi%F gﬂgé?f”@ﬂﬁ%ﬁ '”PWI@&@BIH’%H'HI Ihahwééhﬂ"esér'%%h 6*r‘atdf>‘ﬁ>§$wee”
tubul ar rapsbero febﬁ@@]n&&s%ﬁ%(ﬁ@@t%@@ ra@t@rs@ndhébﬁ)etjbh&aai@@/pmy trodadslily may
be made of steel or he t hreade

S
oect T on SPBReGISd BRI EBHoIT B e BedRssaen SR BorrBo s g Do s 4
inches (10.2 cm to 4 feet (1.2 neters) (or other suitable distance). The
neck sect[opir] 306 The Patkee atsmretagdedo St ihelodes1lEbpdsHg di@mn&amﬁééti@ckémeMand
outer di ters. The ne ctio 306 has exte nal I]read 307, whil e the
t hr eaded SEctTeRa38IA P?I‘ﬁié?F%a t K ®a ‘“é‘lfc YRalcE! thaéadérescﬁfnﬁﬁdiyﬂ‘l

may be utddcbadcd mtrﬁ (Drfeﬂjhanlsﬁfyl-sebeb&mmdrﬂmtépatkehd asse;mbigurBQO Bridpsckech

t | ts. 012 ct f th
ey acDd R MG (De e dTa ke slsmeprfrEisnesShah Lol dn 1"
i ne 3B-3B Iem‘gtrFl @Isr(BaSBﬁbed fmrtﬁeugumewsfhe ﬂsdmkesmm4 ablecalpaciterlodOehdndeke@at

circunferenti dt ase pi 302. Var.ioys n ubes
S16°are: priely b BSOG SE iR o B & aPh BTN orRletH iy Ml ke lgrs
central bore 305 is shown within the base pi pe 302. The central bore 305
recei ves [pti@fiuct iTbe pbbkdr@sseiublymmmlswomtdneny opleded banellalld paockeredfs. tTrem t o
t he productlo tubln 0124 e 4 res nts,a cr -sectional_side
v ew of - SisuRle Hgki 0B i n Agghah e WihGveiE RESRBiSh L 278 SRS R T

i sol ati ors\naanjabieaiackeﬂmln}s |swp|Ietfm‘elstta‘1ueupacﬂeetr (e seatdrisy t8@0 feeto(m2E gwtearsBm In
addi tion, devi con ect d_ at s to
the neok '3 JR08HRY e MeRET et RelPidiel 8l SA0R LB BN BRRGTLBY G pos
318 f rom&d&&smmhenhammwy QélﬂloaerSe@ltemaiwe@caes(ﬂmottcspabmgtmawbe$>r<2i_k&don

t he sand cQ ntro ces 20 ctive hunt t bes n the sand
cont rol dEOeEhs B AR aIRe e pRter o R4 sl S R s BRe 308" such shunt
tubes cal |l ed packl ng tubes, to allow flow of gravel slurry between a

wel | bor e [aH191Il us Thaghathkes qmelklnygmwbIes inclimiessdn phiralityloé sh@it8ubes. t be shooit

I I I
Frow of arsveresran rPenfll €90, thadlinkBer 3¢ PR ot Fefdlas Fentfe 4o
provi des tabesr@ssmsenchbeslaIl'hessIUImt\twtms/ Ky | arb@Imﬁm&btlorsojfa)ipedmvawpamgmmoo
Fi gure 48 4 ab Aty (b WGt 56 bf 1§ IBHARAly-&et Bub&r$ 504 LRl the Swéitibie! UcRMOh

one of the
308. The shunt tubes 318 on the packer assembly 300 are configured to couple to and form

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

[0120] 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.
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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 bwoeods2303 shown within the base pipe 205 for reraiszim@speoducti on
fluids during production operations. [0126] An outer nesh 220 is di sposed

i mredi ately around the base pipe 205. The outer nmesh 220 preferably

conpri segofR1M I eTABShhcRér %&#ﬁbl}hgobcallsbMn&lﬁ@é&o%gnrﬂicﬂmdnérh@erﬁasﬂ’h@éePQna%D&
and serves as a screen. In addition, shunt tubes 218 are pl aced radi al Idy

and equi dFREssRt pdiicpaithreaded 6avRlingsre EistpaBieck apdions39Rds proytdedifd asfiaigen
control dgvhEEsckePPsRii 860, aTheExd R Ratior BIOHAIBREmBPhrddde fehddRhedtingamth218

(or alternate flow channels). [0127] The configuration of the shunt tubes
218 i s preefEpadsdycupHrBRPY % 2 F8NdsSereers OeRthen Riffe dPBRs2 SOLaee il eXErBAYof

Fi gure 3BnreHaue\sBétiont 10 @fwe&idwlaegn%b%oﬁny sBBorRC 6/ IThE ahle¥dEE SbERACZ10FOr
exanple, Figure 2B in U.S 1,476 presents a "Prior Art"

, . Pat. No. 7,66
ar r angenesfVesats & codrting duxtienlecaino s arienal hrepdegiony af @eandasseenapigether
transpor tiybueseR08§O are pl aced external to the base pipe 202 and
surrounding filter nedium 204. [0128] A concentric flow channel sand screen

conprises _a _central bore that_receives production fluids, and a fjltering
mod um cdRE2he r i EBF nFokiReRcR0e, pe o Hiteadedagclipn D anakhe i of slgehber

][nlor e s Eurﬁleefl ahes. ahe riléblaﬁ&dioh@ii%hlﬂfh@fh@éﬁd@t ldtsbeticmeﬂtohre?b cher _@onfi@ﬂre@iqg ebta i c
OwW Cchannel ., . SCreen SO (0] rrses a ntr ore recel ves roqu | ONn
1o e ees e it Srfray st dPantable ket 12 eSS rodn SHible
;:en_t r a: | bﬁgtgr;cej.\éwh@][neamtéﬁ:tisﬂwos dntldbﬁié tﬁgé@dd@l' @g&fhhaﬂi ,aF»‘?rmtayé hﬁe&igﬂ'hﬁéﬂ arldor e,
ypl Cca V' u |1 de O 0 e centr ore n e erin nme m An
s ol GadoieR. haubsk Apeote e mntpa isads 20 mide ie KiFaseg P AipT

t ubes and1orisipeiial tittegds 31 D1 2Bkda tHrE£dsa307288E BN bd-UTlIxe8 So 4AnRaGe4B,

t he shunt tubes 218 are ext@rg% tg %rgf filigr nmedi u or outer sh 220.
However, QER¥CLRE P ErMRY 2PHhand sarf edsiior &FVickaar o185 e 9B Shodi f i ed.

In this respect, the shunt tubes 218 may be noved internal to the filter
medi um 236123 0138] ElogsrsectbAalpriesesit theapadkes sssaably 0300 isS siakevrv iire Wigdirea3Bonal

i solation.a tus, 500, in ap a r enbpodinent. In _this e i nent
sand. contgireas % s diong e o Y83 ebikoh: T Blsice 6 disoe el cREL i
section X308 iarder biecuntreeheallysegidse atolbd the bpee pipe 302, \afriotiHiehraditass 318
assenbly 300, In additiaon, shunt tubes 318 on th acker  asse . 300 are
Son conridt plaged sl o R Py SATEHES Bartieb H0PoR SouBRETS 08 showh
However , withirFihgUage pive 3022 Bancentranbsrel3083seidsypra@istion ifllidz efsirin g peydoation
shunt tubes 218 ani n hat, t.he shunt tupes 8 are di sposed between the
base pi peopfb%'oa%afq?ﬁ%nv g?i%ﬂhﬁ%tﬂﬁpf‘idlufté‘%” WB'HPJ%&zzo. WO

2012/ 082301PCT/ US2011/ 061220 [0131] Figure 5B provides a cross-sectional

si de vi ejot#4] t heFignmal4A paisants an capppaedional side view of a zonal isolation apparatus

400, in one embodiment. The zonal isolation apparatus 400 includes the packer assembly
300 from Figure 3A. In addition, sand control devices 200 have been connected at
opposing ends to the neck section 306 and the notched section 310, respectively. Shunt
tubes 318 from the packer assembly 300 are seen connected to shunt tubes 218 on the
sand control devices 200. The selective shunt tubes 218 on the sand control devices 200
include ports or nozzles or orifices 209, such shunt tubes called packing tubes, to allow flow
of gravel slurry between a wellbore annulus and the packing tubes. The shunt tubes 218 on
the sand control devices 200 may optionally include valves at 209 to control the flow of

gravel slurry such as to packing tubes (not shown).

[0125] 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
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500. Figure 5B is taken along the line B-B of Figure 5A. This is cut

t hrough one of the sand screens 200. In Figure 5B, the slotted or

per f or at estolapaspiope 205 i s again seen. This is in accordanuseomiostizzdase

pi pe 205 of Figures 1 and 2. The central bore 105 is shown within the base
pi pe 205 for receiving production fluids during production operations.

[ 0132] ShugkolddRes wiA Basé @ipel Zubest Flgdi'e@l’i ¥n@d BRUEHIS! Borel 0535 @HBRWN thigindase
pi pe 205. The shunt tubes 218 reside imediately around the base pipe 205,

and wi t hithe Qa%‘hl?'P%GHﬁf%@GQ‘%"{"ﬂSbPrOP@QIIOU%UE’?@U”'T%PE? Helanoreraiionthe sand
control devices 200 of Figures 5A and 5B provide an internal enbodi nent for

L he shunt[oizzs!pes gﬂx%utdr@rﬂéiﬂ]%o é@ﬂi@pkbs’éfj ima@idcy;[:el;aﬁ)fuhla ttrwwe?ﬁodmwxemzo TéHh@r
ase pl pe n surroundl n outer nes or er I um

annul ar r%@??b??%z%}e oFRIBRISEE @ WIFReMESH P W%Srh%'%lid’&r@%gf ?WOHP%I%%Q?SE Pipe
welt I bgr e. 20‘5‘h%nau§@mestf)\narsea \é%o@@rzathZinb @dogttmpcyhgﬁtd édb\ésaZ‘w lﬁﬁtﬁLdlédédOifadfan a@ld y
extendl ng su or rps er ext en ug e ann eqgl on
225. [013%}440%%1?“533@%0%?{1? ‘}i%m@éér?iwar B geaestt éatr P S8 o8t Py éev&ﬁdzo%
control jHbndSah exterrRaekesdideaembihg shEhtiibed 2He@®r didnberiod dhehpgte flow
channel s) within the packers fluidly connect to shunt tubes 218 al ong the

d 200 Ho th | t t 400,
200 of i 18720 R ROk iah B v i bR 3% P BRER eoeRiy TRTE AR o
arr angenehé cradsfsaatidnal dewg)fﬁglir@rﬂBmMoWemISﬂh@ dhoant fpbey 24 IﬁgayftieJed:entrlcally

i i t t t ub th h t ube
COTSE et ESS Btide” Bltire oM fuPal Nl sRAgh AreSin b s At
gilgur e 3/&rre@ngeriaent6fbt esasd @)rﬁﬂaﬁbgeﬁln(fﬁammerellngpgghhg tlﬁi’esmgiélﬁiﬁ@tran%ﬂf?t t_aI.‘iltlalEi”IZOEib_u3e?i
are nani 1o e ar e .AS | S or | S rovi ade
A ound t IFE® BlaGR e?l&ﬁ@@*’%ﬁ%?bawps592@‘9535@99& P eRaim 2hes 318 wi thin

the swel | abl e packer elenent 308. It is again understood that the present
appar at ugotasy rreNmﬂlmerane fioot creonél seed hyeérheorpamsdscaj lcantral dsorgy thaa ndceives
arrangenent . of. shunt tu urry ovid for the
packer adtesbriof WS pETTIERRS Tk bl i) VPO BT B BAThR el i men
be enpl oydthef, @wa@} Intors tsbumtdulaésmehﬁacmdtradlatly]arcouhheahe:oem#al bgretreh aceeitrict or

t he sand .control devices 200 w cker i,ncl ude, a
seal | ng. AEGHRN bR TR TreE oy seh e SBURTREE Ind RSN e msr dOut Bt &
the slur rfytetnhgatneidmm dlsbhsedadzctoenimlaaley drbong #tehcdndrahborebyTwd er stouen shintlielses
Exanpl es of al i ng_nechani sns escribed | S. P te t No.

6 a0, 202 D BRe A CearT by BP o) SRR dnT sl Bore g, the
Appl i cat ifittarify lodediude. MDoBfé@E#nﬂﬁﬁl@ﬁy Hd Blac&htarodpdbihe shant A4/ @brAEROBIENY

U S. Pat. Hl'tu No'anégr%/%%ég U.S. Pat. Publ. No. 2005/0061501; and
U.S. Pat PASEBP UE6s 2" JGEPIEDEED. WO 2012/ 082301PCT/ US2011/ 061220 [ 0137] As
not ed, the packer assenbly 300 includes a pair of nmechanically-set packers
304. Wherfo19j ng trhtherfacangemas’sefnﬁgyréﬁom ankie4l?patbdxeshsnt30idesaﬁ138 beneftemahtld y

set bef org, bG SLAEYo) Sud et £8h ARG, LIE BEKGHPARS dnd LIRS Thiice

requires a uniquée pab er arrangement erein’s ubes are provide
an alter rﬂi)lOemdy lomvmodiiadeln this respect, the shunt tubes 218 may be moved internal to the filter

medium 220.

[0130] Figure 5A presents a cross-sectional side view of a zonal isolation apparatus
500, in an alternate embodiment. In this embodiment, sand control devices 200 are again
connected at opposing ends to the neck section 306 and the notched section 310,
respectively, of the packer assembly 300. In addition, shunt tubes 318 on the packer
assembly 300 are seen connected to shunt tubes 218 on the sand control assembly 200.
However, in Figure 5A, the sand control assembly 200 utilizes internal shunt tubes 218,
meaning that the shunt tubes 218 are disposed between the base pipe 205 and the

surrounding filter medium 220.
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[ 0138] 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 weyotrasemed i n the packer assenbly of Figure 3RCTIUS2@n861220
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

Figure 6Boidg paFKﬁi’re%@Opﬂo&dbé\a'dr§sss§l-;tct|&9eﬂ'sid@ﬂew[cﬁlﬁ@k&ﬁdﬂ@ol&@’ﬂ%b%ﬂlss of
sand contraol devices 200 may be used with the anggarat uses and net hods

herein. FR90- KigHA @B is It?é‘eﬁ CHARtIEIB-Beti kigur TS [Fot dargueapep ef the

screens (s3Ad)scrddin€-208¢ KIROFigaFe 8BS theOlodITBF pEforaHaRRs . pidd1205 ¢ agﬁn nge¥nbe
any conbi natl on of screen, blank |P5£{F zonal isolation apparatus.
1

[ 0140] Thel ik ACTOEATCE et Base IPiRg gHres 1A el hesarntrabse 10R S Shefdr el

610 defi Wﬂf-h|rﬁfhe€b|a§é19%%5tfém%@(nn§9%duﬁﬁﬁrﬁﬂm QurP8BréctiBP6sere@ns. The
central bore 605 provides a primary flow path of production fluids through

t he packer 600. ter installation an ncenent of pr duc i on

central HBH2 6054‘\"@&%%#@ FeJUREd raﬁ'aﬁsf %@q't“ge steRtly BE?:“@S %‘ﬁe E"H%I}gﬁnd
scrle:ens mls(h%ﬁta‘mngfé %fo%_ﬁrnﬂfedmﬂ éa)unam@b b&e: ;ﬂb?dﬂ&tdn@ﬂmﬂiﬂbéta @grr%@fém(gseen
in Figure a : acker S ncl u irst en .
Thr eads 6‘@‘% H}EB'USP é@%d |'Sok63??1 gt ﬁ'r"ﬁe?arr‘ﬁgﬁ t[é%? %x@eeﬂsﬁwﬁwﬁ %8”%%%.
The il | usiroadé Y€ intdthglagiso e iier thX RIiMalbesi1gads. A box connector 614
having internal threads at both ends is connected or threaded on threads

604 at t first end 602. The fi 02 of inner rel, 610 with.the
box conndBtg) " o1ARRENEAY fealpnARe b aReelEboTRE DECHR P ELE B B SHSLBINg he
i ngeE rTB.rUﬂJE@ méﬁlofohalﬁelemeerulﬁaDZDgr'BTiﬂSmaﬂﬁl'l T@imtﬁ&@ct&ﬁmpdme§nlﬁb inflos pi N
en not shown .,the inner rel 610 a . the cker 600

onnoor edvaien fhigs Meaeliore "The s eentan 228 kiie SR = Bl SRy
st and- al axeeritigeippord ris€232. NThamiskL222, exaera ebugh itltnadnidrnggio®22R bl ank pi pe.
[ 0142] The box connect or 614 at the box end 602 all ovvs the packer 600 to be
connecte sand .scree t her

3 Lﬁ the { ot ol Et

Ct ana a dRH cr oEfpeS B8 bk ARREN PR SRBhador Ghbtiid Gho 3P RoRd G Be.
[ 0143] Thepackeredsseribtr. e BhéritCGuieest 6181$oradlltm|ngate Hiewl @raghéspvithihehp paklers G0@ly The
i nner rrandrel C. 0 f multi nect ed seqgnents. .or, ..
oot o kR oot SR e R AREG B PN iabPise A PRy i 2hdatdfoiation
the fir stapeamttﬁd)ﬂrrari@mﬁant$4omesooa)fa=|gmest4mgB$fnﬂL5Ai»sB aﬁ@&neralg/hilmdtn'vmt m t he
i nner mandrelt AF bhe exth ai ned re fuL bel ow. §ett| n shc];I éjd
606 cat ci's a(leerrn easaéragpgrg\ea ﬁomiaﬂ' g%osr}/s? r%{omﬁ%c?l%nli's §I foP¥ 1ed by

a setti ngohomlnication between the shunt tubes 218 and the shunt tubes 318.

[0135] Figure 3C is a cross-sectional view of the packer assembly 300 of Figure 3A, in
an alternate embodiment. In this arrangement, the shunt tubes 218 are manifolded around
the base pipe 302. A support ring 315 is provided around the shunt tubes 318. Walls 222
separate the shunt tubes 318 within the swellable packer element 308. It is again
understood that the present apparatus and methods are not confined by the particular
design and arrangement of shunt tubes 318 so long as slurry bypass is provided for the

packer assembly 210. However, it is preferred that a concentric arrangement be employed.

[0136] It should also be noted that the coupling mechanism for the sand control devices
200 with the packer assembly 300 may include a sealing mechanism (not shown). The
sealing mechanism prevents leaking of the slurry that is in the alternate flowpath formed by
the shunt tubes. Examples of such sealing mechanisms are described in U.S. Patent No.
6,464,261; Intl. Pat. Application Publ. No. WO 2004/094769; Intl. Pat. Application Publ. No.
WO 2005/031105; U.S. Pat. Publ. No. 2004/0140089; U.S. Pat. Publ. No. 2005/0028977;
U.S. Pat. Publ. No. 2005/0061501; and U.S. Pat. Publ. No. 2005/0082060.
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[ 0144] The packer 600 al so includes a piston mandrel 620. The piston mandrel
620 extends generally fromthe first end 602 of the packer 600. The piston
mandr el 6R0 20myosb1conposed of nultiple connected segnercs/usesiljocied s. The
pi ston mandrel 620 defines an el ongated tubul ar body that resides

circunferentially around and substantially concentric to the inner nmandrel

610. An gmuzh us ALhoted, iy pEskeP abydely BOE indtRE d@élﬂbﬁhe@ﬂ&u@ﬂ?—sbh@ackers

surroundi ng piston mandrel 620. The annul us 625 beneficially provides a

secondar Y30t d@(f‘%?ﬁ”%ﬁheaﬂ"i‘e?h%%”m“bWQ: iR6 RRERS TS 304 ?‘WeLﬁeﬂ@f'C'?'b’liﬁﬁPPF?r? He
ar r angemeyirnof infe@ed 8d R Bk §Bck fsleradd. eTMar&frbow Lmttggrmbﬁercbﬁfdn@e@lew

the annul us 625 are external to the inner mandrel 610 wever, the packer
coul d be W%@Hﬁf‘@@fr"%@sﬁiélﬁ’r‘%"lﬁp forgn alfaeaia dpW chpRflchannel s are within the
bore 605 of the i nner mandrel 610. In either instance, the alternate flow

channel s [133] " al TR patiees BoNer Figure Bal aré khowh @t&hateipnMolvesed Bigures isA
fluid co ncatlggevmththe secondary f th of anohﬂer downhol e t ool

(not shovl PIYfee8osAdelpltpdotsws %Iﬁ“e&L@% eL PegE SRBYhHaay By Uashitpl e,
the sand th€ paeks 28Il oF IFiylire 8A}An andl ebodidiend Thavkews cﬂ‘GFlgare%Vﬂ bables
zonal isol atlong{gacker %E H as pacrﬁb% 308 f Fi ure %A? ! t her, tubul ar
body. The PXi®tCHSS156 §ag ! oS & afft FHLEE oP FRen gosition,
[0147] ThGNmI@QﬂKngu@QGB&hégaMéﬁBW%Snﬁs@@lbmisltlﬁg 630. The Coupl ing 630 is
connected and sealed (e.g., via elastoneric "o" rings) to the piston

mandr el tt firs n 02, Th | i 630 t hen, t hr eaded, and
ornned t J0TRE" o hesnhRbeEesBs o (JHMGn SHL PEdRa)D cBoRE clbeo Atha e ner
mandr el @watamseeewemrﬁeth@isater&a Fof @tanwe,lthereafr&fmﬁrob@éwmemnémaclumetend-
mandrel 610 and the c%gp e‘%ﬁg‘? A first toh%ue bolt is_ shown at for

pi nni ng Y CTUBT PR PreP6%T CHRABL 1 BrMe 1A’ PEEESPn S5O RRY eaWACA
( Nat i onalcoAtbitiation wf §evesn, ik pig;, oAdrzinBYlations hplextué34 i s al so enpl oyed The
NACA key 634 is placed i nt er nal to the coupling 630, and external to a

t hr eaded con ct Qr tor gue bo ded at 632,
connect | Mithe catpireRe e fist rielloghi K ByP Egnolsl Ah ek drith el 610
connect ordefihds aA slecgateld ttwhsu]mebmy formmgoao&emied bate 685. cﬁmmeennrmgbdirhesos
coupling 630 t ke 4. NACA keys can fasten e,
Coubl | ng RaR04s0n Ry S S dpodon TR BEDuST 1 6t Bho AbS Mslalion

t he couplanrdgccﬁrﬂﬁerioeomnt of ptadngticar thencerttiaé borenéds mramhoets péddiictiam duids Yo the
stream i Wof slurr t hecannul 2,4.0 re uce

2015/ 032 351bals GETth gt Ao fen IFr U3 D0 s Y o el 8hoos
ar ound thlsol(semrmrmgm}eeh @&b®R)i s isolated fromthe nain bore 605. In
addition, the annulus 625 is isolated froma surroundi ng wel | bore annul us

(not shougiey TheraoRubYS o682 SIADLES § Ha: biRRRS STnobaRbRYSlo SRULT YRARE,

alternati've I ow C such unt
Thus, thenmarmodndsel @19 db doofinssendh802l Tlee lastrative fihread< 66 ael Q)Se)rnéldhraakie A

packer 6 OX R%éc%rlé]lrﬁ%&g%tihi%%al e na"flb%lfh S C cgr}n% Ee%s(;rq géq BP?an%({]sZt

end 602 ot "the packe e annular space |s ose ween
box connefdaat ttﬁelﬂrsaamﬂ 602 CTloaifist ergd 66D of 'rﬁher raarrrd:blam mmmem aoenestoresl 4

slurry f r%)?g g t‘ﬁr rb%&(eenfdl OM“ &%%ngleﬁggéotaslnﬁ)%?(gﬁ{hﬁ ﬁ%orﬁerﬁfrelbé)lq}yha a&gernal

delivers urry tothe Cannal us
exa_rrpl e, thneadsipa«taﬂallsarﬂm gioremdn, Tha fdixh andk(rmtpbowm)rofahemnat mlaedﬂehﬂ(ballows
devi ce. the packer 600 to be connected to the box end of a sand screen or other tubular body such

as a stand-alone screen, a sensing module, a production tubing, or a blank pipe.

[0142] The box connector 614 at the box end 602 allows the packer 600 to be
connected to the pin end of a sand screen or other tubular body such as a stand-alone

screen, a sensing module, a production tubing, or a blank pipe.

[0143] The inner mandrel 610 extends along the length of the packer 600. The inner
mandrel 610 may be composed of multiple connected segments, or joints. The inner

mandrel 610 has a slightly smaller inner diameter near the first end 602. This is due to a
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[ 0151] The packer 600 al so includes a | oad shoul der 626. The | oad shoul der
626 is placed near the end of the piston mandrel 620 where the coupling 630
i s connecwedomnmd2®eal ed. A solid section at the end of the/yseetomeendr el
620 has an inner dianmeter and an outer dianmeter. The |oad shoul der 626 is
pl aced along the outer diameter. The inner diameter has threads and is

t hr eaded's\éttﬁm@@h@@lﬁ@%d&nb&ﬁnéﬂﬁ&f thBBHAF flanBAD. AWl RAStpIHMSY rﬂbﬁe&hﬂ&a&eﬂow ow
channel |s f ormed between the i nner and outer dianeters to connect fl ow

bet ween tthe SsRindI shouklsn 686 wpichss P f9ieasendlbe\rs 7840 repPesg thengbanicahiolicder

626 providiphedby 8a6tiRgaI0.Ng point. During rig operations, a load collar or
harness (not shown) is placed around the |oad shoulder 626 to allow the

packer 600 to be_picked u ds orted wi th conv el evators. The

| oad shouPtfié} 62Eﬁ? §’af3‘f~?érﬁoot°e%ﬁ% dey q,8istPny @agi?fﬁbg% qﬁ‘@ RIgegHpa el; 620
packer 6QxtdnaisGensnllg ROMERE At eATBOR LT BB AekérosdD. SThefpigten mdrészeﬁraymy nts
al ready run i aced in the r tar fl oor of%’aop The

nt he [1) whe |
| oad may QOHEI?S%@ %F&I’I eeP%f&?C o%%ﬁé‘% $5dC8Kou 'IfeP' pgneryirgl
connegg grelam%gémr?a@bm@x b@d%ﬂmﬁﬁtéjfdeﬁlﬂc??f@@%htbﬂ’y bRt tramarsg[ifitadtreml c%grbhrmrc Ia)ai e
pI pe | C |1 S | eaade e (0),¢ connec or e ackKer
600 al soth%&f\?a&anap %390% ?%9&654'6 forpprd Retwee teolash '@a%%é I‘:)L"s @1
around argd:rrbancﬁhl@%ts@dﬁ hﬁhbr}él 620\C ankrdndulue ezIsebdneﬁt:Iamy pRNidesla §29nddhalow
packer 600 is confi t he pi ston housing 640 to nove aX|aIIy

a
al ong anooat”?ai’r:ﬁ'Ie\/r@téJ O"I’I‘?Barﬁleistgéh Wehidrel 620. Specifically, the piston
housing 640 is driven by the downhol e hydrostatic pressure. The piston
housi ng Gdfusiay bethe emangadertiof FigurepbA LNeE; cheditsrrgiadiotvschadhels defiriedl. by

[ 0154] Th i ston sing 640 i eld in plac ong the p ston mandr 620
ur g 1 onE RIS 2SS pE el G e Gan"rBnEED 67he Wt R SR aEE Sl e

710 and rreb(ﬂﬁlgerelde%cﬁlﬂﬁat THeealltahetasr&)VIslcaa\/mels?éEb aitbinr tkemse 60syof/the Iahavent
relative tra ti onal., nove i ston housi 640 an

o ston nalitiie Gt Pier bnte B8 S Tat AaEeRatsd ot ShpR. i RnatiBaitet on
mandrel @2A0.and the inner mandrel 610. [0155]F|gures 7A and 7B provide

enl arged views of the rel ease sleeve 710 and the rel ease key 715 for the

k 6 I I 71 dth I | d
Drace by 848hoar THF mpabS 4 @ G MuB7sohRCRIEER e Y 563ET AP fabnor
shear ed, amother dewniadle &b (rsit eleumn mlIElgarui éAeand 6B¢aSecH<eyeﬁdr5teaoel rha)} e, ifor
I I d 1 7B.th h 720
pL2ce 21 Ao ek TR ShaddPr gl e R i DAL Pk SRl o
i nner suridcateoniitkef suchesi pavker :mamdrlagufelm ¢rOthe] tlbuleraioddyof THel tghulesbady and

7B, the i nner. mandt a 6%& ran{jef QveCer I’IOUI’IdI ng piston mandrel 620 are seen.
In additi"0W t'ﬁ%yB? $h 2R UE m '€°seen outside of the pi st on nmandr el
620. The three tubul ar bodies representing the inner mandrel 610, the

pi ston ndoth7¢l 62D0e pankbrtG0d qdistslirmiudleewsbmgaliﬁgmar elhsecaupdoly 638@ a4 lsemnestrai nst
o 3t ve ARSI (002 Uad Shald A0 Fh oSN el nloRler B30 2835 K%Y ] 02

Only one 0 ade K en In ure owever our

separ at e Keyuplity @30eis tizah thIeIa;dedlasd Ipirmed o tHed)axree@elcﬁﬂoMJIchvs thweafedly

Figure 6Ec’onggcstg(§ 't(p?nde Pﬁ?ﬁ PWMandrel 610 to prevent relative rotational movement between the
inner mandrel 610 and the coupling 630. A first torque bolt is shown at 632 for pinning the

coupling to the box connector 614.

[0148] In one aspect, a NACA (National Advisory Committee for Aeronautics) key 634 is
also employed. The NACA key 634 is placed internal to the coupling 630, and external to a
threaded box connector 614. A first torque bolt is provided at 632, connecting the coupling
630 to the NACA key 634 and then to the box connector 614. A second torque bolt is
provided at 636 connecting the coupling 630 to the NACA key 634. NACA-shaped keys can
(a) fasten the coupling 630 to the inner mandrel 610 via box connector 614, (b) prevent the
coupling 630 from rotating around the inner mandrel 610, and (c) streamline the flow of

slurry along the annulus 612 to reduce friction.
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[0157] The rel ease key 715 resides wthin a keyhole 615. The keyhol e 615
extends through the inner mandrel 610 and the piston mandrel 620. The

rel ease kwyp 26ibhse3nel udes a shoul der 734. The shoul der 7®éTrmszedesi2zes t hin a
shoul der recess 624 in the piston nmandrel 620. The shoul der recess 624 is
| arge enough to permt the shoulder 734 to nove radially inwardly. However,

such pl ayo149] I estWiihei e pabkdri6DOr theMnbNiste28 PERFEIAE enridh nidiRrdl B18aSRoRkREV E
710. [0158]1t is noted that the annul us 625 between the inner nandrel 610

and the it Hi¢ aiRdee 6@ dniadditgn. Beannyins BR3yisrierlatad fompsurighndindvelleesyse

t he annulgasuRdInstapswnpt Texbentud M@é&iﬁbléshhé 1@h&fe B oS@aldl BurryGForh SitdtBhve
smal | . Instead, the annul us 625 rrE Qys separate radi ally-spaced channel s

that predOmenanessapnbee shur tubes 21 dhgugkdye paasr 690 Skhws: hesanuiisibZpur e

6E. Stat Ebécaﬂﬂ@éh@alt@ﬁ%tuvéh&m'cﬁéﬂﬂal(@ﬂ%ﬂﬂ%‘;%CR&MUDQ up the annul us 625 are
| ocat ed away fromthe material of the inner mandrel 610 that surrounds the

keyhol es 615. t . each release Kk Ioc tiaon, S i ned
t hrough A0 i nne ??%ﬁ%ﬂoé‘l’ ag#pnu Q*h?aﬁﬁféﬁalme% 13 the SH?'YW%O& ée Qé%@mgat e
t 'h|e| r gs p?KHe' a/rgm_uraels@?wskzysﬁmza&sedlﬁemé@f Pedfox (fdhulétlztbﬁtiﬁﬁéﬁd Iﬂe?/ao%ht eBbere
W e ur | SCrete S S rcuprerentii a signitica

o duce: t S SoBos0TA Fre MRS Do PLa B Hafb chanefa & asse ey ar

adj acent Bbdm(ﬁdjéh%\ﬁ; thé eNvrry Ro tHecardluluer 625t erri‘el tQMUIéh@dWGhaﬁB@ fooeynmPassh t he
rel ease key 715. WO 2012/ 08%301PCT/ UuSs2011 20 [0160] Bunps nmay be

machi ned 34A%5aTtandrscasa. BEAPK B Aled FoftLISO H'EI 8Y'°%10. More specifically,

mat eri al making up the inner mandrel 610 may be nmachined to formthe bunps.

Al ternatifuely, bUnppatiesy 600 aBe Moeldsas lcadsspaldet €26.S et lob¢lsaagidene2el ise
(not shown

whi ch th ded dre 0. At t |
CE0 1 S e iief s 3 0% T BRR! 5601 bV bR Tos Bl 5 o conniegledinalr o)
610 Snd td@e![eﬁl tstt Qﬂldlrﬁimddjrebt ﬁlé(brblyof\mé 1ffllstt@ marédrblrmozhmamo innpPdigidetdr and &l SO
not e er e ur re | S
O eor o Bt emblht oFE foed nghlie BB SR &bue M ciPe BBl a8 ng

keyhol es didrbeter Eaé ﬂﬁeédsdarmaks thesadedigpanadated BhDEBtintie! rﬁaﬁﬁ‘elml A’gleaﬁ’[hrbr&
separate htousL[ng the(g c%nnecdta dt to tHe mai n |stton mang |

[ 0162] EachieIEee¥ ‘IP@Q” 118 TREe 98’68% § "5 ang; HfteTafipge ‘?rﬁéorccgf‘%%céefow
sl eeve 7lthesh the aapant $iicé 32 anbeheogeniusp2632 in the rel ease key 715 and
the opening 722 in the rel ease sl eeve 710 are sized and configured to

. . h
oi n 720 14RE G he ot Sl ERerB Bedersd abbesl i e Rl Y QoS
However, I?am Eolguree rVaIBnesise(nsheaowrp) is pl2éedhaoube ehe %miasl&d;,ldwr@ﬁotml yloav teal |
portion q

key 715 H:)g (?Oﬁlgt& téedplg I grsmd SPoné'lgﬁhW' hT(hOé}:\)’/%Ai c%nﬁ Eal%\r/ator geThe IoaQ B&Idgrase
626 is then temporarily used to support the weight of the packer 600 (and any connected
completion devices such as sand screen joints already run into the well) when placed in the
rotary floor of a rig. The load may then be transferred from the load shoulder 626 to a pipe
thread connector such as box connector 614, then to the inner mandrel 610 or base pipe

205, which is pipe threaded to the box connector 614.

[0153] The packer 600 also includes a piston housing 640. The piston housing 640
resides around and is substantially concentric to the piston mandrel 620. The packer 600 is
configured to cause the piston housing 640 to move axially along and relative to the piston
mandrel 620. Specifically, the piston housing 640 is driven by the downhole hydrostatic
pressure. The piston housing 640 may be composed of multiple connected segments, or

joints.

[0154] The piston housing 640 is held in place along the piston mandrel 620 during run-
in. The piston housing 640 is secured using a release sleeve 710 and release key 715. The

release sleeve 710 and release key 715 prevent relative translational movement between
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for the rel ease key 715 are shown at 736. The teeth 736 of the rel ease key
715 are angled and configured to mate with a reciprocal ruggled surface
wi t hi n t wopostmsmonousi ng 640. The mating ruggl ed surfaeer(useotieet2d) f or

t he piston housing 640 are shown at 646. The teeth 646 reside on an inner
face of the piston housing 640. Wen engaged, the teeth 736, 646 prevent

novenment taé plsttd HIUSGB40 AWE itMOpiSHA nidldRdIieee. trRe Fdl8adel Ky 5TaREH Stbs eudh
the inner nmandrel 61 Preferably, the matin ruggl ed surface or teeth 646

resi de orPothieinisien megdee! 620 %”%fé‘ﬁérﬂrﬁr@‘ar@%ﬁ outer release sleeve, which
is then threaded to the piston housing 640. [0164] Returning now to Figures

6A ?ndI 6801dshe ﬁg[&tﬁtésé gﬁoarimBLmI@ﬁd@ efl ddahbwé @gtﬁmrﬂl&rse&ﬁébvetﬁm ?]nd the
centrall zi er I S u e vene prston u5|ng
640. The re@%%ﬁw F19Pribspar eéﬁ% dE}’eor@ eaﬁ‘érs r?ab daﬁged%'@%?q b%‘/d7f are

W 120091 (helBifdplagnby bl $dar b.ﬁpmvelel Figote A m@rshearTﬂsmszemasl oA been sM@éreHl | ed

on behal f of Petrowell Ltd, has an i ternatloa filjin at e
Novenber 3¢ thsgE®: Sqﬁéeqvmé%a@ Prarelsdin 1 at715r?r‘?3‘ l%&‘oP'ﬁB‘?éﬁj W@r'@l‘?f in

its enti rrﬁér}drel[@beEHdW@epa@ Fﬂjurﬁ@’@ thershb&i pih 720 ke Sedn SEedrbdtandl tREPsEadebS.

As the centrall menber 8 |s actuat ed .and_ ce tral i zes the cker 600

within t RPYE ﬁ PRE" BT HE éonﬂﬁé"ﬂ?eétslﬂﬁa%% dhesnpecBARdR

act uate the seal ing el enent 655 as described in W120071107773, entl tled
"1 nprovedofsgker In dsumicﬂgr@neh MAedied B,ah@innkt hiandretiat®and thebgueloudding (3o

The internat| plicatjon [ rat ed. he n|n|t ntiret .

T of er encanaiid el ARPsc cInoddifag, M RBRA TS ing l Boschstf ctufs Fikoh

el Srbnent 6613&1(&@6‘6201 tihei ﬂgrdeumltiurarmletsl @pregbﬁtn@ CHer Em@Bmatnhﬁelcﬁilot thed bis'td”mg
nmenber 650 a nne ed .sealin nt 655 ve, been .actu S neans
TheCet st a2 565 b Bt oG BMER RS e BoRRE BT BBH katiithgShoor 1
t he cent ralrotatiovgl ﬁmvmenﬁl@Ofoanfblédse kegal7il H.g Oalyesrensdf tﬁé%lé&ee@agesﬁéw@een
surroundi, n wel I7§*e[1 f 0167 Q an;%or s%gt@m.aﬁ descri bed ig rrl\%)

2010/ 0843% IgHrs 3‘@%‘6‘” GUPTEFENE “EYre’ 1 FESAYAGUETRG "BAG FPBMEGOP IR VIeW
backwar d.of Figure BEcUestribed balbwact i on of the cup-type el ement 655. [0168] As
not ed, novenent of the piston housing 640 takes place in response to

hyd f £ uid d | ol

Trar oot AihfegBl 0 HHE Sobb kAP 13 B Sads, AR s hETOKEBNS . TPE AH AR o1 s

housi ngkﬁlfl@)ugls theeihder marpxirak:@flObgnotthﬁ prsﬂxbremaedr:el emzeTr?elﬁelmd kaygosurwjlﬂid;s a

i st 715, Fi 7A. t

P oker 6ahopHR T3 Tod RRde? o RosidiR el a ptp Eoaad 624368 rlstes b6

m)?/ed ouLGZtﬂf THe&ehm}deothglsenghsem@ mgMStpﬁgm MShdgijgrgguﬁlmegfcgalhe
ease e re no

nousi ng eeribr; BoRsl pBPPey SRIRHat Sids AL B duddrasrb ot i drease

t he rel eadexvel7d@ve 710, a setting tooI is used. An illustrative

[0158] It is noted that the annulus 625 between the inner mandrel 610 and the piston
mandrel 620 is not seen in Figure 7A or 7B. This is because the annulus 625 does not
extend through this cross-section, or is very small. Instead, the annulus 625 employs
separate radially-spaced channels that preserve the support for the release keys 715, as
seen best in Figure 6E. Stated another way, the large channels making up the annulus 625
are located away from the material of the inner mandrel 610 that surrounds the keyholes
615.

[0159] At each release key location, a keyhole 615 is machined through the inner
mandrel 610. The keyholes 615 are drilled to accommodate the respective release keys
715. If there are four release keys 715, there will 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.
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setting tool is shown at 750 in Figure 7C. The setting tool 750 defines a
short cylindrical body 755. Preferably, the setting tool 750 is run into

t he wel | bwoeow/dasksoa washpi pe string (not shown). MovenertrTafS24th@cizashpi pe
string along the well bore can be controlled at the surface. [0170] An upper
end 752 of the setting tool 750 is nmade up of several radial collet fingers

760. The [64dol et Bhﬁh@@rrﬁaﬂ@@ n%hln@_@% MAYE B %%&I@t&%é %n’%'#frﬁérfa!reﬂrﬁwi. Nwared
force. In operation, the collet fingers 760 latch into a profile 724 forned

€ ) a p
al ong t hePeefigalyemalegal making up firingdi mard el 6ifumay beachined de faa tae gumps.

sur faces Afendtidaly, plhes Walybeomabmhéed ak it Segahte PEHIH tefoabdnatdréiNBof sdRase
key 710. Upon_ latching, the setting tool raised within the

. , 50 is pulled or
wel | bor e WhiglbissIBED ithigadesbfo tf@o'”f‘?fe'h‘afbifﬂ 619 h&\teeralvRly sl dbe durps @y Re a_
suf fi ci enfephite 8pdder GaEGRd tHtBwsdietie Bh&SmaRGre! 816 RaIthe Pich hiRdAN®20 i NS
720 are sheared, the release sleeve 710 is free to translate upward al ong

the i nnerV&dipg Eeth60BEBRS-t he i nner mandrel 610. [0171] As noted, the setting
tool 750 may be run into the well bore with a washpi pe. The setting tool 750

may sinpligeag a Priohisbatbt@dhéie0Radh KijararBANPieRRstbedyand¥ &26erigishywn Rewever ,
the setting t eparate t

| 750 is a bul ar body 7 that |s threadedl
o nect ednEga RedvoBRNPYE, hErsarin prdhs elsion BaniieL B2 heisehS ke hiay B ifkdreat
770. The |saeeaial ©8 d &plarafd BhoRGEMESShEUEIRY. MRis $éPR@d hoddihg idthel eomaRtddg
toadrill string.or ot hg{%%ﬁrl n tubul ar. The connection tool 770 extends
‘n

into the BYRMPEPIGEN MR8 g tool 750. The connection tool 770 may
extend all the way through the body 755 to connect to the washpi pe or other
devi ce, Q01621 naEacorekesk ke 718thas aalopthingads. Gipilarlye®s)reldbidsive Pl (oredy

755 of the setti t qol 750. 72] Returnin Fi qures 7A N/ t he
(ravel ofndreniial 2s dheicbB0ino 38 it belrp ke 115 dnohe Plefina 952 ' P retSs,
tﬁp end %v@?ﬁ@@ﬁi?@ﬁﬁ@c@iﬂgem taiébesxemal §héa?gainns'nhetthueens?ua)udf mﬂ aﬁ@ﬁ(l).almng
the inner_sur of . the inner pandrel 610. nqt t he release
l eeve s Tide T6dhe et 40db BRR e terdags 73 d2s DVt epct st € PG
openi ng HBRAvéver.til Eigurk a8site lsagarib 720\has bber biyesdd, fanddniyt iemakbeaise ke 715
noves radLaz#% i nward,. Pushed by the ruggled profile in the piston housing
640 when N 4FBER TV YPEssure is present. [0173] Shearing of the pin 720 and

novenent of the release sleeve 710 also allows the rel ease key 715 to
di sengagqofa3pm t Ae qotestedne lod tiel nretpabd Bey The hahauligged s@taes o6@4th. SThe teeth

di [ d,t N t houl d h k 715 d t
i sengagdor P Ere Fab(fh EAaTshiad3; Jhe Fionee RETEERERE RS hib Ma el *°
sl eeve 7Xhdicontigead edmatdyditios rediprocg megged surfdee withot the piston hdsiny 6400rThe
housi 640.t0 t late it .d d tive. t he pi st drel 620.
[o174] A taerubBRR e Lo 50N TT e BB el B g P B ieg 800 1 ¢
free to d4i6deside ongnainnaubes of thief @sten dbudihg 640.s thennerydged, t6E Geetl 336, 646
| i sh_thi hydr pst.at i th I 62 )

Shoul der Tass TiavitbehPE B bRl ettt BIRLS o PERHOR abardl %P gl Rer e
shoul der rBdRirsia10e Praferablyp tresmatirer fuggled Bgrises draeeth 646fresidel op thre inb@&aces of

ided th h the pist drel 620.t || fluid t. .
Choul dor o Erpf it PPagaenRur epes PeBsaiv i e b §irBdbiiRo ke
than hydrostatic pressure to be applied during gravel packing operations.
Tlhe pr;ass[u’raé]i s Bppirmiegl now tohBigpres 6A arali§Bnhedaackeo GGstucc?Iedematcehtnelizp@gggr
el enent s e 1 i c
ol 01 ol BR8P TPENATa AL sy 38 el Blng AGHSPL L RRY EBory ong
t he pi st dousiagpd64). 620¢ enhrelizirg meeroberf BE@ 68yl beediat aixesptdheas akeecritied in

. h . L, i . ” . f | -
o Lon M ARalagel e ANSuIECBBED Y ShlErELaL S, APt I

nmovenent
packer 60ktromel 1. Tand bag dreinternatemst Gind databUNeendier 2822009. uhe atdrvagional

mechani Caép'p“éa%i%h isoiﬂg&sgra%ooonerein in its entirety.

[0165] 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” having an international filing date of
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several additional cross-sectional views are provided. These are seen at

Fi gures 6C, 6D, 6E, and 6F. WD 2012/ 082301PCT/ US2011/ 061220 [0177] First,

Fi gure 6GvDO0m/0323m3S- sectional view of the mechani cal | ypsgtuspaaher2of
Figure 6A. The view is taken across line 6C 6C of Figure 6A. Line 6G6Cis
taken through one of the torque bolts 636. The torque bolt 636 connects the

coupl i ng M36nh Lo, 2d07. NAGA etnSivthal LBRICRliIGH Gs!Nifcdpbdrhedan&rePs ir |8 Cdritiedipl byvi ew
of the mechani cally-set packer of Figure 6A. The view is taken across l'ine
6D- 6D of "EieRICE: 6B. Line 6D-6D i s taken through another of the torque bolts
632. The torque bolt 632 connects the coupling 630 to the box connector

614, whi qb166$ t hirerigefe BA, theecanfrarlingTReibel 660 Gnd [s@diinQ dbduiiteeSdaresn &eir

cross-sectional yi evY ol__f t he Egani ca},l | y-set gacqli?er 600 of Figure 6A. The

view is tHREhPSRHPGsSIN |'ﬂiére6§_é’6t GENiERIgInodngRben §3anscqanestet skakna #PBaDh

E Ee rel f:aws H@ﬁ/g b%lbﬁéazcgdaté?cgnfﬂbit@ rﬁ@ﬁ\t hr@ th@@tstdrhﬁol{jsaigf@gﬁgé@movw a@f\@&ﬁ@ ptsftfnf[)EgP
e piston e ) and into the inner nman : is so seen tha

the al terrﬂ%ﬁr@g'f é%C@Hﬁﬂ%éﬂo%g@ Feidralidag B‘é‘%’mﬁéngﬁeoh%mféneeé%%'”ﬂ&“eﬁ’fs‘?55 to

[ 0180] Fi ihgagdthe surdubding Seiesémwanal view of the mechani cal | y-set packer

600 of Figure 6A. The view is taken across |line 6F-6F of Figure 6B. Line

6F-6F is ken through the flui orts. 6 L1 Dl e piston ndr el  §20.
as the { 1B oy B0 b R es fedinhedir A0 EtoNdiabinRuse i Bifttiens g
of the pigdtomhbmisd 64D B giRpbIck@andl MhiPEretentd 28ntradiiodbNihbaiupdRie dédehts
created el ongat ed between the piston mandrel 620 and the piston housing
640. [01 Coupl i ng sand control devices 200 with a packer assenbly 300
requires alignment of the shunt tubes 318 in the packer assenbly 300 with

t he shunt[otesbes 2i8hadédngotdreestaoidtheopistonl holesiigc 640 28kes brace hinsrespasecto,
i ces shoul d. be

the flow path . of the shunt tubes 218 in the, sand control dev

un-inter r*ﬁﬁfosaa Wé%sséﬁgﬁw vaeﬂgorsé'é:‘lé’gr Incluping e drRVEIFLLBY | 'Bg’be 4030 &SI
sand contth@backevic0e $shi2o ioc Figaetedd, the piston hbuesineéHtaik ¢ efabia lptacedsysthaipdlyasz00,
with the shunt  tubes 218 18.1in aljgnnent. Howeve maki.ng thjs, connection
Cypl cal Ty aRia P b Shtapd PRIt TR ool T S SRS 9 EATHERRRER
ti med corseétte patken6@l (igacddrearoel withoFigutelbBy the releaseydieéaverdi1i®@ahustdeenoyddat e
over the connectin bes, These nnegt.i.on xpensi ve. tinesconsum ng,
and o oS L Ph of HitGRieesh Rena TP g hriaBF Teqth 7280 Helfhsa N AR Y
7,661, 4768ongantangbgetl Wh ke ltedaddbng thie tistols hbuslhg GO S eRhis ppsitichu st sloowrstnr | ng
(referre%l:.to aﬁada joint assenbly) that enploys one or nore sand screen

j oints. HaY'S: screen joints are placed between a "l oad sl eeve assenbl y"

and a "torque sleeve assenbly.” The | oad sl eeve assenbly defines an
el ongat ed0168ily cdopravsiting redeaseube relevskel sldeye D ng seitin@oobistused dAaritetsgatveand

, I ovi di " . . . ¢

i ough (hanea S¥bEyR%L 2R PR AP IRE Gerip o 338 netivs o Rl Ao

defi nes awdgl76hg&teerablydthecsettingitsdl 70 dmrununterthevaklibors it iangashsiparstrongt (eot

o ot o B, AR 8 CRBEYE AEohSTBE PR EE e Dbl U
surface.

[0170] An upper end 752 of the setting tool 750 is made up of several radial collet
fingers 760. The collet fingers 760 collapse when subjected to sufficient inward force. In
operation, the collet fingers 760 latch into a profile 724 formed along the release sleeve 710.
The collet fingers 760 include raised surfaces 762 that mate with or latch into the profile 724
of the release key 710. Upon latching, the setting tool 750 is pulled or raised within the
wellbore. The setting tool 750 then pulls the release sleeve 710 with sufficient force to
cause the shear pins 720 to shear. Once the shear pins 720 are sheared, the release

sleeve 710 is free to translate upward along the inner surface 608 of the inner mandrel 610.

[0171] As noted, the setting tool 750 may be run into the wellbore with a washpipe. The
setting tool 750 may simply be a profiled portion of the washpipe body. Preferably, however,
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[0183] The | oad sl eeve assenbly includes at |east one transport conduit and
at | east one packing conduit. The at |east one transport conduit and the at
| east onewpaolkiymsgsoconduit are di sposed exterior to the Ppomars2ailaceber and
interior to the outer dianeter. Simlarly, torque sleeve assenbly includes
at | east one conduit. The at | east one conduit is also disposed exterior to

t he i nnerihgisatmbebolrnsh ik eddparaté QUM Batyersslitamas @Iﬁrea&éﬁlf%bﬂ_rﬁlﬁztéooﬁﬂthe

sl eeve assenbly and_the torque sl eeve assenblg é be used for connectlng a
product i d’Y?%‘P'erng'”t'ﬂgarﬁ 68 ne wnNectiondaolsis meerdedra? f odfietqoanediopitagy 77

i ncl udes iRcllidBs ext&REY thrsdsi 15’ fok R@hnddtin It@c‘aeelnu Btrihd) W bR TIRM €dulpn et h
t he base pipe of the_sand screen throu the | oad sl eeve assenbly and the

tor que s|%80CREdeot|7Y. GXW@SI"E}Sdh%P@%X/g5%§§@ﬁtﬂe§ﬂ”§nteo'tw t BieeRNEF sy igol

assenbl y #rpemapdstdhad A tHeOWRY WOVMJH Ind Bsmbass t@'d@ﬂnéd’i tsURd v@asﬁﬁﬂb@%r éthat
the transport and packing conduits ar ui d communi cati on,

provi din eéﬂo?e?rrih’ﬁ‘éy PPWCH%{HWE]%tW%ﬁ*‘ng(PaRﬁ-ﬂe”?sY"lﬁrﬂ'Py‘e ngfﬁs,@fér&ﬁjﬁti”‘r?gtoo'

assenbly 7spy al so be used for connecting the | oad sl eeve assenbly to a
joint of sand screen. The coupling assenbly has a manifold region, wherein

the manifold region i s copfi n fl flow co ni cation Wt
the at |32 onehlewéﬁ’ig%g??%’g ?‘ta”gngg eltré‘é’t%toqdl'r‘l‘aer%%‘i’ﬁ% %e"@oﬂ&d?t“mbt?dt he
| oad tsl eaw enig sesbl, ¥ Tt onYp &ind| 728Séf the PEIEAdeOslede BIEYBDS ag@.hstnﬁe shoulder
operation

nefits of the | oad sl eeve asse sl eeve
absenbl y SUBAOH WaIE sy Ol e Seh apr g1 indbe Engt i e B cingre
Iscr een j qi1otis shért bﬁo@ng%mbﬁdhia@%dselrslémwmge d#éﬂr hrm)@@emmgl 737 mahfmelm
ess expensi oad sl eeve the torgque sl eeve 0O .
bat ont ooy 7B Whins BC SHACT S Tekas Kl 73 bl Satad AN e Bt Bt By e
j oi ned h&u@gléd pRAiRhh ek pigidh dbusifg 640 whdhhedroBans picbadreidigrev@itl bore tool s

being run into the well bore each have concentric flom/paths or they each
have ecc

f he f1l
oot v oo SO b SRPaetine, PR ol it CE iea ey SRS 71 2l AlBwa e
r a](cj! al Ceéll‘elef)e |keyl§755|t5uj‘§dfngége ifrioml BleC#ﬁ§t:co:’1 atmluemgcs4be @i ehduiddrl ne;:eﬁsyswrmect
a first ore too Vi n r r s concentric
ol ot s ve Guersited Sruow s Bofid A g it aiey 18 st R it aege
fl ow pat hhé bexith 646 etmerpﬁsémrcha%@naj 640eorgof gg@aélemgt?gl is cléecagr dﬂmbsyattuoa t
crossover j oi nt r.ovi de er res rou enpnstrate
O oue Ciackrs e RGP SebR il Bl polgd BB FRia it il el o the
wel | bor e gisioh maadel 620d control devices. The sand control devices may be
sand screens or blank pipes. Each of the mellbore tool s 800A, 800B, 8OOC

conprise ase 8 Q_t hat flne 8 therein. The

epr esentd 147 pr AP el e A, P48 GRSt e, Pl ons o e e ©
800A and <860 Glagnar iostes sarfacd b’éﬂhmpﬂtanmn@ﬁd)reﬁﬁ%ndl’d hecongdish palmgeh;&jl@statlc
Finally,

| s 800 C d t
1 ow chariareirgro By 5uniEhes po'ubal SpuPitbae PR A HERD B L Rt ©
i |1 ustratdeee beahith Iagumeal 8l shodRieC642 eenestamgpt%sure#belanmglduﬁﬁénmtAtﬂlutajes;
th | t l t h | | ust r at ' 800B i
cccent 11 PniRA (o BEPamaROBIL L pen st P tocr PR R B e 8<bS fo4de 1 n
Fi gure 8/A42a Efeneﬁttialiyamda fuichporo628lelNovwsea B@8sure higheoWran hidestaicgressnte ol be
d 800A.. | udes _t i 81Q., The filt
concent r 1899 SulteiTatd PaPiR R ok, et s e b oalE I Pivor fepinp 40
shroud 846 ensurt tieat trecioahker ¢lemkehtys §H5angdgaagainst thesurbmamdingiwetb&E0 and filter
medi um 820. The shroud 840 is perforated, neaning it permts the ingress of

gravel an r 1 ea 8 LS. f

et ween (AT 't P heake S oM i i € B RERH B  PsCReaBo i B e

annul ar drapalag3>aloryy thepisiorahangreb62@| & eeteaing ofifican664 regulates the rate the piston
housing translates along the piston mandrel therefore slowing the movement of the piston

housing and regulating the setting speed for the packer 600.

[0176] 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.
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channels. In the arrangenent of Figure 8A, these represent transport tubes
830A and packi ng tubes 832A. The use of transport tubes and packi ng tubes
as al t er mmpeaofdmsesochannel s for gravel slurry in general pcs/useawoesi2eo t he
art. The transport tubes 830A and packi ng tubes 832A reside around the
filter medium 820. [0190]In Figure 8B, a blank pipe 800B is shown. The

bl ank pi 6175908 ﬁ@ﬁ! Figuie! 6@_3§ 4 '&%s@%@@tidﬁapﬁrie&ﬂ@f theh nﬁé&hﬁni@élfy?é&%ﬁ%@én ofan
outer housing 850 _jis eccentrically disposed around the base pipe

> \ { 810. An
eccent ri dIgWeBhulBe Vigrds 13588 acwsp YperBl-lepifighra bR binsSGPhds wken Hierah
sur roundidng dientstoRflieGits $86.V Ehe &iqlid SolBé3eesdnAkSts theO¥oUPIRN 630 to3RE RACE ey
shunt ed bl ank pipe 800B is installed above the top joint of a screen or

across arP¥sol ated section between packers, as is known in the art.
[0191] I n Figure 8C, a second sand control device 800C is shown. The sand

Cﬁnt ][ _o: Otewisg:g_ 89@@2%@ i aida@és%jﬁoﬁdn?eiews@ah@mgh&i&uyigat %dm'kgr afrigpgeemg.ng :
the filt medi um is concentrical. i spose round t he base pipe :
An outere'rrheo‘f'%"&ﬁ K?ge%ﬁi;@ﬁﬂﬂ@% BrﬁP Pﬁ%‘ﬁﬁﬁf‘cﬁént N% 16§’ @F%li,e@cth@#aﬁﬁEO@ﬁ@O%ase
pi pe 810 tAatbrfid belts e?zli TR &li%au? boie 63 ﬁ:@m%cii’sflfgei @ufpllafg_f g&'(ﬁtcime bwajlbhﬁgctbrt
permits the i €ssS o rayel. slurr wel | bore uids. An annul ar area
835 is a f‘nWPgE‘Hﬁe r%@@&é%%et'wrmq%ﬁgﬂ@m um 820 and surroundi ng shroud
840. [0192]In Figure 8C, shunt tubes 830C are provided in the annul ar area
835. The [eiwent t Blrse 8EGELaRds¢ascatoridn @iedl df @icnmbehdricy-cbaguurbis60d XIFKGhiten

each of Fjgures 8A, .8B,and 8C, the ive terna | ow, channel s, 830A,
Sa0m, adtr I5p ot i BBhaettes 1he e BEnEIovR EA' TERESE [ BEnTRaTaR vl o
eﬁgegtri deleas@kéni Rl It canbeseaf thehthewelehsokey ?‘?ﬂ}t&s?@%u@&ﬁBpis&Qﬂﬁﬁ ndrel one
enbodi nent,.,. an, eccentri c screen r ement o rs.lower friction i e

S ooondar 20 St BEE A finérRebARl sdh AbRSARRsoRbHEE R Bkt oty Pantd) 62,

It is belresideslbétvatn tHeareléage Réyscrident ri ¢ screens at the toe of a horizontal
conpletion will reduce the overall friction or extend the nmaxi num gravel

ki | h .th | i ...[ 0194] Fi OA. h 9C
Var tous dBHBhn ¢ FISVRESF JTB cfass ShotanafMgh e Bt ectiaiall AP ARG °
SRR At sunviisebniiung S oottt it
ase | pe Na i \ .
o oo, PR be il e it a0, B8 v RS nltver Baug e dBb S BGRHS

conpr i sepushesthieeshohidas642)ofXRE pastamhlisingesdfaseaydrqpe tHeLthrts[ 6289581 bnnlHarggepe
9A, a firgst .packer, 900A is,shown, The cker 90 [ ncludes .t he bas i pe
010, “The 18IS A0 LongdiRlR pernihe it Shuda 60 A e b et 0.
An annul ar area 935 is forned between the base pipe 910 and the surroundi ng
housi ng 92®1] The Canplingasarsd eand8l5 depteso X0l witboat paaksr raskembIy7 30@rrequires

supporti %g%gntsoqqﬁé g'r%n‘i HJ%eQ%lfgiirpgle%%gk@rra%g%blgl%quhgisﬁl?nt?Jboe's 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.

[0182] 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

assembly defines an elongated body comprising an outer wall (serving as an outer diameter)
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[ 0196] The annul ar area 935 also contains a plurality of alternate fl ow
channels. In the arrangenent of Figure 9A, these represent transport tubes
930A and weckimg2iowbes 932A. The use of transport tubespramaspaaksngotubes
as alternate flow channels for gravel slurry in general is known in the
art. [0197]1n Figure 9B, a second packer 900B is shown. The packer 900B

again i nCdn@%Snﬁ&Qvéﬂﬂé@v@iir@%rﬂéﬁ%r diAYBetdPU ShB Gnrid? Wall 5IseTB&HRNE bbreahlovigh the

di sposed around t he base pipe An annul ar area 935 is forned between

t he base !Piaye SBeEe apRemne sur r oundi ng housing 920. In this arrangenment, no
transport tubes or packing tubes are enpl oyed; instead, the annular area

935 i t sel[b183¢r vesh@moadnsicavt ass@hisly fricRies barast on@3RBspdd d@fiultAntiagldast e, a
third packe[*(, 900C i s shown. The Backer QORC argfi n includes the base
'8 ﬁ’@ fika

910 and tHREXERCPRIHI TG HdRASE AYE B3EPOftEop tharfg &rehene Rafi ‘%Oﬂﬂiéig!a'%goc

are eccendiggosad lextetbSRORE thridjdreedér dheinkase titheeo BdiianhBer.s Bithitarly Uidegue830C
reside in the annuLan rga 935 and serve,ag_the alternate f|low channels.
[0199] | n $RRVR PPl Ureudesat lopstang ndulhd heed ferst 008 contdt isa118 £isgaped
channel s S&0®r tIBO hne? ARG cteRINASeBlorI6 GN6lasydihhmenr.pat hs. [ 0200] The Figure
8 series described above uses sand control devices and bl ank pipe as the

Illustrative eccentric | | bore tqols, ile the Figure series use
packer s dRlhe | ThedoehFloLe Sanriiy g e PhucSeow SSsampe fi Bs {554 for
under st oabnhd@ingel progictioh stireste Semt ©5acand derebowTae praductign pEing Mmdlugs a
primary flow east o(ﬂg\/ﬁe ondary.flow path. Further, it i

ath and a . t is

understooH‘afrhg?élt Retiac QLE Rage uid comuaiiafipn Wibistng Pasg fyPg ﬂfehkeaﬁ%‘d
Svﬁnt rol cb%védechetardmgy teaload 8leeod assuniblg ad@ﬂielgtbrqulensliiﬂ!)é as_fsemblgzsalhbn@atdaﬂﬁ@&,

at is needed is a, crossover joint at aces the prinmar w paths.in
o o omasiby i R e e Faarbh e S Tie 4 roBp BT Bitb i R ao i
[ 0201] Fi guices hedndringatugd trhfspdpr avd gackingossdaiks hietin dluidvc@wdunitatione (resagy er
j oi nt 1000..Jhe ﬁros%gverrk@iqt 1000 8gerates_to fluidly connect a first
wel | bor e FUFINg genatedion LTRENFIBEF @6OPUYn Fi gure 10A, a side view of the
crossover joint 1000 is shown. It can be seen that the crossover joint 1000

defi nes goas] ongAtmdplingoadsamblyodyy albbebecusesSovesnngeoting thd 06 $lesveaassambly

i‘ﬁ?‘ SédTgﬁpvn\%:j%}nt%g%g@r%szﬁggﬁ. aThbeOE:gup i985astsgr%i>ﬁ’\/l Hés -Ia_hr%art?i%rl(? r%é]lgr?, \?Vﬁ(rar\éﬁlsthaes a

manifold region is configured to be in fluid flow communication with the at least one transport
conduit and at least one packing conduit of the load sleeve assembly during at least a
portion of gravel packing operations. Benefits of the load sleeve assembly, the torque
sleeve assembly, and a coupling assembly is that they enable a series of sand screen joints

to be connected and run into the wellbore in a faster and less expensive way.

[0186] The load sleeve and the torque sleeve of U.S. Patent No. 7,661,476 assume that
the sand screen and the packer being joined have a matching radial center. This means that
the wellbore tools being run into the wellbore each have concentric flow paths, or they each
have eccentric flow paths, and the flow paths match. However, it is desirable to be able to
fluidly connect wellbore tools having different radial center lines. Further, it is desirable to be
able to fluidly connect a first wellbore tool having a primary flow path that is concentric
relative to that first tool, with a second wellbore tool having a primary flow path that is

eccentric relative to that second tool. Accordingly, a crossover joint is provided herein.

[0187] Figures 8A through 8C demonstrate various eccentric designs for a wellbore
tool. Here, the illustrative wellbore tools are sand control devices. The sand control devices
may be sand screens or blank pipes. Each of the wellbore tools 800A, 800B, 800C
comprises a base pipe 810 that defines a bore 805 therein. The bore 805 represents a

primary flow path. In addition, each of the wellbore tools 800A and 800C comprises a filter
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[ 0202] The wal |l 1010 has a first end 1012, and a second opposite end 1014.
The bore 1005 runs the |l ength of the crossover joint 1000 fromthe first
end 1012 wo airssmeond end 1014. The crossover joint 10@0rTaissamibher2at | east
one secondary flow path 1020. The secondary flow path 1020 runs through the
body 1010 of the crossover joint 1000, and also runs fromthe first end

1012 to trhédisceanda0Ad HElBasd BigeH 1ol gﬂlrrmﬁllyl%cﬁrcﬁ\fhéj%n@oréltb@é gobANgueBSse
cross-sectional view of the crossover joint 1000. This view is t aken across

'ine B- B 80CHNgufes analternpirdion ehanselionaguawl sy flinestitegiae To shammalnie

Cr 0SSOVerthé Mustratv@@8nd Whieehs | Beo,@ oo £BGecthhgulabricuresiunt fudBsthe anb@uteof
Figure 10B that the bore 1005 of the crossover joint 1000 is eccentric

relative oW ¢anglonrbe iysirtye Riank pipe $00B 3 an roentip ayieh AFMEER hRfe PRcon

menber 1G30Q dmanksutdtvkidgdsbor fluidly connecting the secondary flow path
1020 to alternate flow channels in a sand screen or other adjacent well bore

tool . [0204] Fi gu e_10C provides a seco verse cro s sectional ,vi ew of

t he crossIBVJ@J j ol 'f'gﬂtfbgA hrsksﬁ‘ﬂde%f‘?@(g @r'6§go‘1" hesen ?Or\HPL;@ﬁVéceloA

\b‘q nehC- C 8050AC|H&IU@|%§ Pedast fm)es%ﬁ nmele?cbrhﬁléld%rﬁfszn hsle gﬁr:)dé&ﬁi@ﬁw dus@%gétj al&ﬂﬂ
ichis ox end j ure a ou e a end as

It can béﬁ%géﬁe PPSrﬁ1{3hé&’gP%R‘Rf B'FOt?—‘it'é%rSB 8%49% he[nh%ccgavlga@/o@g cesk arppd t

Cr 0SSOVerbgseipife 84005hd Mitet @XM BRE. TRE 8hioud 840 i$ Berforaiedl mbaRiAg &t pdrirs gRcond

end 1014. [0205]1n the arr r\lA%gg%t of Figures 10A and 10B, the first end

1012 of t e%?%s%‘%‘(ﬁé?“f%aﬁ ¢lWid§esi gned to threadedly connect to or to
provide fluid conmmunication with a well bore tool that is eccentric. Such a
wel | bor e [b189) naxxnhamﬁjlérherew @B6l B wrmeﬂobemeeﬁptre filtée nssinon c8ad rambl devi ce

800A of Fi gure, 8A e first.end 1012 ha n._eccentric.s ary flow
path 2020 HUSEg spaped, o AR S R PE Cren b as BT ety SfCHIETEG ow
eccent ri chahwsls. tinkes B304em8A24 Piguke G, ehddR) represthe tradpdrisitibes 830 XQind
2012/ 082301 20 61 0206] Reci pr.ocal | t he arrang

i gur o5 TORKEAARECESPRG She A Dot oo oot pbd bkl upey R aertte Tow
desi gned dhaniidis e@cd@dl/ed gharanecyerigralas ktn@wprm)\thelertf I ulneltreﬁpsrc'ﬂammu¢;>e§° i830AVaridh a
wel | bore to con entri re tool may have the profile
of, for &?&ﬁ’ﬁgiu etsﬁig AdER ?a@@ﬁ%t%sfqﬁgfalﬁd %‘,%)Thus the second end 1014
provi des a concentric prl mary flow path 1005 that is connected to a packer,
and a sedqofedqry frl Bigup=asB, é@%ktdnmsamﬂsemosmt Orhei lank pipe BOﬂBagémundﬂud&s

ccoent 1 dearrodi pIT iy mnde o, BFHoRe: hashanded s SodRt Ry BRberd

j oi nt  10CGDowid ﬂnerbasiermm 81/0 t Ancaegéntec bhramadledamrﬂﬁﬁcﬂsﬁonnneobbetweelm rtlm:behge

t hrough the a mani.fol din Simlarl t concentr bor e
ooty R AL b RlNad Skl Bhten s & HE elsodfuieh PRI baog” heher
di rect | y shhnteddhark plbe SadBds a:rcsrtailedtabome thar topnjdint et & Isgreehrarughodshan isslateafl a
coupling ane a%tw % eeve.or a |0?}g eeve. Exanpl es of a coupling and a
t or que s &V B VST BAUCEY é’afe %?rwé‘B 'led in U.S. Patent No. 7,661,476
and U.S. Patent No. 7,938,184. [0208]It is further noted that either the
eccent ri do1d| | boimeFigoioé 86r ats*.aeond)lsamcmtml\Aiek/ibbc&OeCtistshowa,y The sandaguthtrol

screen. e HoiflolhAluBRgs oMdhol S RAMLEL IS Wt AR RRAIR ¢

t ool have a primar PC%ast " one” 56
a radi al aven¢rdricadly dispesed amﬂmv the ba\sq:)arpb 810. tAreodter srcotemt/e lsbrroedt&dﬁlls itleen

of f set 1 1.9 Ab A Foat®Mb6Ha He bIL Abb 460k MY ARk 920 NerResRnh ¥gd ibor e

t ool
perforated, meaning it permits the ingress of gravel slurry and wellbore fluids. An annular

area 835 is again formed between the filter medium 820 and surrounding shroud 840.

[0192] In Figure 8C, shunt tubes 830C are provided in the annular area 835. The shunt

tubes 830C serve as the alternate flow channels.

[0193] In each of Figures 8A, 8B and 8C, the respective alternate flow channels 830A,
830B, 830C represent secondary flow paths. These secondary flow paths are eccentric to a

radial center of the wellbore tools 800A, 800B, 800C. In one embodiment, an eccentric
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[ 0209] The crossover joint 1000 itself also has a primary flow path 1005 and
secondary flow path 1020. The secondary flow path 1020 is al so curved.

Pr ef er ablwo 20t»sssmeondary fl ow path 1020 conpri ses a pl ecatuseyr1o06123hunt
tubes or a shunt annulus for carrying a gravel slurry. However, the
secondary flow path 1020 nmay be of any profile. [0210]In the arrangenent of

Fi gure 1QBrednhgrrafeaitaioyefsl I@Wepﬁdﬁoﬂ(?@(@hé Seb@riagnasly tpatdd wheh YorpaTadNicCcat e
at the first end 1012 with the p gonal packi ng tubes 830A and transPort

t ubes 83BRUBFIUREYIIRCERENEL ﬁP'IeﬁPI 3} Is P?’I'etvﬁ% that the Rl ipccetriepgaees atdlee aen
secondar yoffd awrizbatdl cbdfbtion Wit St@dtheOofdrali fHoort QRTBtngathe Mhximm g@@@md
end 1014 with the shunt tubes 930C of Figure 9C. However, other flurd
communi c R3CHAY frngth pfdke ﬁ%ﬂ?p'%orenpl oyed at either the fi rst end 1012 or the
second end 1014. [0211] As seen in the arrangenent of Figure 10A, the

?:r OSSﬁver[oigaI nt twemIA memtgai 9C demondsdte %ﬁoumﬁérﬁﬁhirmmd@@n@tfoabqulglbbﬁeﬁ
engt provi di ng f our X t our, conpensat r e
axis of f de¢l f H EW?e'”B%?E?é‘II? ﬁ’Yeg'b‘f’rleoRRP'ﬁeﬁrﬁsoa%erﬁheélaégn@etﬁ? rqaék?rﬁcﬁ??/aﬁagﬂgé’ A
conti guo?oFrwmdreeeb t%@@tpﬂiéfh 91# thbt définesal btslBIRINErEIn ( The WIRYIOE EEpre Al
ease downhol e t ss-throu reduce taor a ni m ze erosion
by parti @ &"PRENC aFP?@I oD, pach\PT the pagke g‘rﬁo‘%‘]%’ab g?"ﬁgr]ﬁ?'ﬁeﬂ%ﬁsl%‘a?u ter
descri pt iHdusiah gao arcﬁmdqn@b@wmp@g@o_m gnoi d function. Exanples of signoid
functions incl ude wi t hout I i mtation, hyperbolic tangent functi ons

i nverse t nt ctio |st|c ctions 05|n unc and
verse VRIS ISPBHSER: - R¥boidee sDOASE 1A%, TRShA T B kB s, o
3 i mpl e asige SH. I'Ef]fe Iwussfgrgmgg@tormegman;squéwsebetttununrﬁé Badd ;ﬁp? pOo. lnAI) anaular

i scontinuou r.of,i t he turni oi may .pose oca ture
[0212) Fi e Y3848 remieoCheggh JiF Beat wbe, B o 4FF Fhgtubid beida of 1
y-axi s) mulastar@ymt)pm@aupngmtbmefnbaraaﬂ forstpiriingeand epsvethe) hmustng 920
(x-axis) %? foot crossover joint. The crossover joint
|IIustrafEﬂ“Fﬁh?ﬁ@S%PQBﬁ 100A of Figure 11A has a profile for a 0.54-inch

axi s-of fset between concentric and eccentric wellbore tools. Axis offset is
i ndi cati e198f cullk@tondar 5!’669,35|d|3’lﬁcdkﬁélﬁb°\a(ﬂﬂn'ﬂln$bf altersata fbmm-‘rmonels i &fel | €

and shows_how t he a craqssove oin ves eto
2 oo ¢ AP ES: fdnbiite 9A. ShEgs, sl iRl 100 Sada Ry, o R b} B4
profil e iThealdeasfechnsp@ BE&iagdpackidd\tubes @scitarriate ftmmvzaamfeds Kosg:ayedslwyam S)
agai nst s Al rtll’l ¢ Ienlgg]h - axis) for the 16-foot crossover joint.

Cur vat ur 9 I‘?(JI AR "how sharply the bore of the crossover joint
turns at any given |location along the center of the bore. Stated

mat hemat i[0H7] y, buFigate9B, a secapldgiackiert 9008k isiavn.vébe phcken ®0QB @lgainenelgdast
reflects g f C : r i of
change. of " Fes PPEIDS Tl 9a0E BhoBHicaIy RpBiad Epbig e 1w gt %16

0- i nches Amanuidranegn 93teisoraadetwéen ﬂhelbeseha'@eem0|am|ﬁItIm:Swrmunpmgﬁtousipgma] The

curvat ur Gn ﬁ%gﬁw@ mepnrt rﬁd Irgnsggﬁ t&%ssecg Iakifallg %%ral?gl | I ggqg%ﬁaa% gﬂgtalnﬁ)qar The

curvature represent uni't egree
per 100 fazed 935I'Ihmlfesea\:qslas anmlilérrgm éoﬂﬂ:%anrwdiam es a ITB.XI mum of 9/100 ft
curvature along the 192-inch (16 feet) crossover | ength. The curvature

1120A i Cddl
[0915) ThdO B oL ABpMR O Puft rbber SBESEUInn, 2Fd AALLIOR A IRYLBS the

shown i n base pipe 910 and the surrounding housing 920. In this arrangement, shunt tubes 930C are
eccentrically disposed adjacent the base pipe 910. The shunt tubes 830C reside in the

annular area 935 and serve as the alternate flow channels.

[0199] In each of Figures 9A, 9B and 9C, the respective alternate flow channels 930A,
930B, 930C represent secondary flow paths.

[0200] The Figure 8 series described above uses sand control devices and blank pipe
as the illustrative eccentric wellbore tools, while the Figure 9 series uses packers as the
illustrative concentric wellbore tools. However, it is understood that either of these series

could show a blank pipe having a primary flow path and at least one secondary flow path.
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Figure 11B. [0216]Figure 11B is a Cartesian graph 1100B charting axis

of fset (first y-axis) against symetric |ength of another illustrative
crossoverwpabrwosgsoiaxi s). This is for an 8-foot crossovecTjuseorti/osizene 1110B
denonstrates a crossover profile for the 96-inch joint, show ng how t he
center of the bore of the crossover joint noves relative to a |ongitudinal

center |imgwef, it ieuh@ibtoodshsiheDSack8@Nmai Hae VAR eBdedtid Bedign, add theosdrRr ed.
WO 2012/ 082301PCT/ U82011/ 061220 [0217] Figure 11B al so charts curvature

(second y*8 Ps%evﬁém?é’t %’?WWP'&”'P@E@BH 8t 2y eirtBesuipeianpes Mhat ig.needsy ist or

the 8-foqf £ds859&VRINt] BN tplacks NBe 13RE Y dRsP NSHfiAlie FlufH ¥ hiinRalbn tdhe by e
of the crossover joint. Here, the paxi mum curvature i s quadrupled to 36/100

ft. [0218"]9%”%@@”8%‘%”ﬂ%{d%’i“f“é@'ca?orbtral ght segnents may be used in lieu
of a curved profile. Wien a sinplified geonetry |ike straight segnents is

used, thqozmpssovguréenmhthma)ghbqeoct Usrbes &&%L@@donah)uﬁew&af QUENSREBVE jEiht the
turning ( a t i nuous becone i hus, the cross?ver desi g
nc

poi hi gh.
must be b &8 BRISRY Ho'ﬂ“hgbé%ﬂ%ﬁteaﬁa?'t’% %‘P@%&%f‘ré WEHP[9]q8 &J?éeﬁ%@ |s
? Ca[th es;v@é’llb@feaﬂ@bl 1Ihm§ufé‘l?10Alélgld@X\h§N % frﬁae&roés)bvéP(jo]?‘)t 1@06'|§§f?ovmt/rfﬁﬁiahlbé
eng or a CI‘OS over oln X1 S | 1S a 0 oot cCrossover
joint. HerEN bﬂ?{éﬁ%%ﬁﬁ VET gt ?:Qﬂ?’p%ﬁfé@s REVE ?W?@tﬁfjewglé'ﬁr bf’%f hgh%%s%\feréo'”t
Cr ossover10oginat anie10€ I Takives 1000 Yefitddth botdi 1085 tiesihe Theivdr: PH05 deevdsan
for two dlffneéﬂent bore profiles. Line 1110B is the sanme line as 1110B from

Fi gure 1BECUNEH] IMaY AP Plhs for a curved profile. Line 1115 is provided to
show a profile having strai ght segnents. [0220] The axi s-offset and
curvat ur goz2] a Crl'bémvemjmbﬁlfa it Qhdar0a2] amdatsabdndCoppisike ead 10146. TAd®ore

primary f rossover | oi 00 houl d be 0 accaommpdat e
ovenent 5205 B Tenh o8 RRskSbr oy Toodoms earersui @8 b satn T
bore 10051011;;1 Thaan cbﬁse\&aer]ouhhaoou E«socluu;]svat leaet bamgecam@vmﬂax/ datrnelomzomqel n
Figure 11A has a_snal ange t ha range sho\ e 1120B
2 qur Soeaient S Bels “ToAoR0AE pia i b Rey i Th o il BouS R aPoa-iap st Ta
has tw ceaubdohengiildt @id 1011@t6rtlﬁ)es§&\oﬁd ehoitot4.0f Figure 1lB t her eby reduci ng
the "rate of change of direction" for the curvature. [0221] Anot her way to

"t ernal et of e R RPBeCT o Falhier e e e BRL i Gt cBRS BRI TN e

run of ot1080. d’(hmhmms takerh acrobs tmgB -B bEFigures ¢0A c LoedBBeis plazedtat the first end
1012 of the crossover joint 1000, which is a pin end. It can be seen from the view of Figure
10B that the bore 1005 of the crossover joint 1000 is eccentric relative to the joint 1000 at
the first end 1012. An extending connection member 1030 may be provided for fluidly
connecting the secondary flow path 1020 to alternate flow channels in a sand screen or

other adjacent wellbore tool.

[0204] Figure 10C provides a second transverse cross-sectional view of the crossover
joint 1000. This view is taken across line C-C of Figure 10A. Line C-C is cut through the
second end 1014 of the crossover joint 1000, which is a box end in Figure 10A, although it
could be a pin end as well. It can be seen from the view of Figure 10C that the bore 1005 of

the crossover joint 1000 is concentric relative to the joint 1000 at the second end 1014.

[0205] In the arrangement of Figures 10A and 10B, the first end 1012 of the crossover
joint 1000 is designed to threadedly connect to or to provide fluid communication with a
wellbore tool that is eccentric. Such a wellbore tool may have the profile of, for example, the
sand control device 800A of Figure 8A. Thus, the first end 1012 has an eccentric
secondary flow path 1020 that aligns with pass-through rectangular ports (such as eccentric
shunt tubes 830A, 832A of Figure 8A) in the sand screen.
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[ 0222] When using a crossover joint, other design options nmay be considered.
For exanple, when the secondary flow paths serve as alternate fl ow channels
for gravewopackisemi a high differential pressure can oceumr/usedmmeni he
secondary flow paths and the primary flow path. Additionally, a high
differential pressure may occur between the secondary flow paths and the

annul us hgigspen RBEPAICARS AV Ble drﬁén@bm@ﬁﬂoﬂmgu@érfﬂmﬁﬁh nac ek lskest edd#d14 S,
t he wel | bagre annul us. For exanple 500 psi differential pressure is

expect ed HedP $RESIERIIOBF 1\%‘&13 g‘i*‘%?\%‘ledp'é’c mrﬁ@de&'ys COORS dBt Ohét iz fluid

conpl et i dninirfigatiah -withna WeliSdre 6ol TRAtNS dbAcdnies. nse&laalvmboﬂertbei%w Yald kat
is, to stay within the burst, bendi ng,_and col |_.apse ratings)

secondar Yoo fh je HEmPle. di bagkar 200G BLFignrR, SaaiThUs Hng gAEaRd 4nd wam(?%%rss

This, in 4 bédbentricp rtrﬁar%h‘l@w' rﬁtﬁh q4908itrdtas @bnMdctd & §r®%§é}V§ﬁdla0$é?:bndary\@ow
2012/ 082301PCT/ US2011/ 061220 [0223] Ot her consjiderations include mnimzing

lengt h, prR&vilBRhEaLSORRSIIG CitsifasPofs Rahers Bt tikes) 330C phElguse 98y imthe o

t he di angiekg, of the adjacent wellbore tools, maxim zing inner dianeter of
the primary flow path, and providing an overall nechanical int egri ty that

is equal to_or eater that of the adjacent tools. [0224 re 12 is

a flow cﬁﬁ?q]sho iheted iﬂ?é cegnifig H?Pr? ”fadrco%%lt%p{er{és"a‘; ﬁqﬁ&f é‘el n a

subsur f acgodsouEbineN000 Qlthyﬁejlr@!.‘)t@?mr({?gﬁta thTé'!ﬁieﬂHiohﬁébtleOQr maurampltrhr@a@«\ ¢hef Or
t.0ool s havi n 0 not

the installation q athsthat

[0225] I n Ll‘}ﬁé’fé%%{o'd”i%'”ﬁeg%lﬁ‘rﬁbé CPPG ”Cc‘%%rofes@g' 'B%\?P%Iﬁ‘fbtoath’f?usﬁgcf”d

wel | bor eféln@04|014TEf medero%b@m jaiht B0@0 Je&&@rddﬁétﬁl thfcﬁjbhvwﬁhﬂn)@ﬁdiﬂ R:@Medﬂ@n?l o
rimary flow path and at | east one secondar e first ore
ool Breshe ki b une 55 balilBe 30 15 aiteVh cha S doIoR TR %200
al so i ncldedpingrdrva rqe @e@/ewradowblb@w@retpa@hdedThlLBSI Bate il 6.7, 68, 476 4P
1220. Th ge ond vvep} ?&r tool also has a primary flow path and at | east
one seco PP 8he second wel | bore tool may be a sand screen, a
packer, or a blank pipe. However, a radial center of the primary flow path
of the fifozos]wel Itb@fu@thé@u@dtea $ha®faftl$e$tthé ecuenaichaglibate 0eindrehe Oif)ndehﬁ'lcpmélltﬂan’ey

fl ow pat or _the sec | bore t ool 0227],The, .net hod 0, al cl udes
provi di nZIO%J r&?yo%%@@?‘?is%'?ﬁ? 3 HE" 0539%?'%& ‘&Eﬁt 'ié%%'re?%tgé?%a&z‘ POl nt
al so conpooldesea mrmmﬁmwfdamWap@bhleaetobr&t sdceﬁﬁéryfﬂbw @ﬁﬂ@ﬂtbﬂély af dadial peritér.

The net hod 1200 th in f con the cro SOy int. to the
st wol O g0 BpaTow Paih i e, fratue ok P e i e Bh Ee Feo e Bl

j oi nt to flohepatierond sasdrndoedi®otentiobl. at a second end These steps are provided
at Boxes 1240 and 1250, respectively. In this manner, the primary flow path

f he f | fl
o e, i, KR b0 6ol B 08 RSSO
pat h of tfloev path gmzaelﬂhlgwe?o?d?y flow path ID20 ¢ aleawuwedatﬁreiera/hly hhe Is;e%catccijaflyeagt
(0]
Purt her TR RhhaBgh R Rusds 4 PErABEA IR Ubit OE a ahdy arn BB dor fra G & §fhver

slurry. However, the secondary flow path 1020 may be of any profile.

[0210] In the arrangement of Figure 10B, the secondary flow path 1030 is designed to
fluidly communicate at the first end 1012 with the polygonal packing tubes 830A and
transport tubes 832A of Figure 8A. Similarly, in the arrangement of Figure 10C, the
secondary flow path 1020 is designed to fluidly communicate at the second end 1014 with
the shunt tubes 930C of Figure 9C. However, other fluid communication profiles may be

employed at either the first end 1012 or the second end 1014.

[0211] As seen in the arrangement of Figure 10A, the crossover joint 1000 may contain
at least one inflection point along its length, providing for an “S” contour. The “S” contour
compensates for the axis offset from the eccentric flow paths to the concentric flow paths. A
continuous profile or contour with minimal curvature (or “dog leg”) can ease downhole tool

pass-through, reduce torque and drag, minimize erosion by particle flow, and minimize flow
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and second wel I bore tools into a wellbore. This is seen at Box 1260. The
crossover joint is run to a selected subsurface |location wthin the

wel | bor e.wBl2uixbsemit hen injected into the well bore. Thi ecrassdamsizaé Box
1270. [0229] The nethod 1200 then includes further injecting the fluid from
the wel |l bore and through the secondary fl ow paths of the first well bore

tool, therigfoRssQVeypitdi mbthemRtcdl h@es%ﬂsmd@f Vanf t@WcQabttrs id Qr sightid aGutien.
wel | bore tool. This is provided at Box 128

2012/ 082@?%%3“2@@1‘)%f?%'o[‘?)Z%TdﬁteW'g}%% é'HUtéFO'} onyperiRlg tBRIGH dHNEtions.

connect amyer$MangERuiupétion@0logish filnedoy, IRBRINRAM R rFahdiDnaNshaseeaiastons ] ow
paths, wherein a radial center of the primary flow path in the first

wel | bor e AlgHIh dhepfrpasdt inf thgnerassoxer amtéé)ﬁpétanolre BRSITBPIE A § Seresvop&rAghh

t he seconggRhlsb@itBoltftiectibRWRNE! a didcohBndugfRémedt tHeaﬁJrﬁlﬂT@pélhpﬁ}%S)\&"selaO' nt
be used as part of a sand control system In this instance, the first

wel | bor e HgblocalCup@Bigr ably a sand screen, while the second wel | bore tool
is preferably a nechanically-set packer, such as packer 600 of Figures 6A

and 6B. [[6231] | nFRjire arrhqglianearrtesietnr@apm i1I1'MA{ chr@ig raarstbf-r@ét (iR yfdxisytagainst

weIIbore_tooI és ch as a and screens) g]gcentrlc F e first well bore

t ool , whiSYBM§{gc B*r”BFPaPE/a'? IRy e rrros Ot’?urelo &6RYEShe M5 3 Ort%éﬁ'f?%ttﬁfﬂsséfger
packer) i J@ln’COmﬁfﬂfdsb@vdr%lhh%ﬂtljﬁr%@&ﬂ{ﬂthﬂ‘\@:‘drf)ﬁf &1 007-gbf Figuré MMA r_helrsSé PRSETR foR ab?sg
| pe ser as e oW pa (0] e sahn sScreen, 11 e an ongat e
P e S rrsen ol ehubnt | CRRTES G SR B PRUSEALIoEr: | ThE clbenar o

f : ?W pat hnc]tu?ertrvtatw cﬁﬂr@tﬂrr@CWﬁ@éﬂ Ilhé 1MA0AR dépopbirstBs At crbsdoesr m/@ﬁl@ranaeerhtsa/saﬁ)w

a er nat e (0]

nnels. The secondary flow path for the c er
Shunt " s COeR a0 B SoR ol Fisa ohyGa OIS 8oL R S b eand
a surroungbingsreavieaideen M siroed Hiog3 bRdile ikdffared. | nst ance, the aI ternate flow
channels allow a gravel slurry to bypass the sand screen joint, the

i dt k k b

Cer T bor o o335 Fbbiin 1A BEE Ebus, SALRL bobd Ty rebnah RerT el T8het M
tﬂe Packaﬁxtisjr)] mortthﬁ 1\t6ﬁ°bbﬂ1§rb§o(\j/bn’ljotrifﬂ.l Eunftﬁmraﬂstmdldah’iee ot ??N@ﬁ?ffﬂly’ trrlaajlr<ore of &mtl ng
t he ul ro secondar 0 S ne a er ackKer S
boen sat croneusy it RuRs S gh giverty ftpt “plhle “BRcadet mge e POE: sl
5300 of ds&éthémgtrtmllpaﬂkﬂiturleﬂsaelmhltbgeﬂvaéi(\)lés O?mltzaEpfbﬁJdIaﬁ&ﬂ;\rteﬂe%fklgatpagli_lcbangetsh .
esl| gne I_N. aCCcCor danc er 0 | [ n . 0
15000 GRS Ga ok LB THE Fard g orfings of HStioR s Siimeatand df 2Pk
packer. Thissotes! teitamthe O-irdass iatidaloh@hedd-Dhlig tiseboremas tad dhflecBorapaiatnced

beyond the depth of the packer The net hod 1300 then includes pulling the
setting t tti t ool

t he s.seen _at Box

vos b SolPRREE < dhe BSpHES 1304, or Blie 5 pRSEL0S & [FBEbIZ tipgth Eflon, afhe
sl eeve. AsntadtgeddR0A msgrebcm;leniesl by ¢amamaon ubihia thveloll fielde; dédree pex 108X feéd. riger s
Iatchlntoa Pul lin the t t ool hanj ¢ fts
e rel oetamelniAB L& celdd 2 iR o §Ap0R S YA AR e a2 T8 b
packer. Teet$ crassovenigngtir.elfTbasesaturgi1$2@h ihpersiatthe middie opthekeossooer, ax thel
novenent .. . .

inflection point.

[0215] The crossover length can be reduced by half, to 96 inches. This is shown in

Figure 11B.

[0216] Figure 11B is a Cartesian graph 1100B charting axis offset (first y-axis) against
symmetric length of another illustrative crossover joint (x-axis). This is for an 8-foot
crossover joint. Line 1110B demonstrates a crossover profile for the 96-inch joint, showing
how the center of the bore of the crossover joint moves relative to a longitudinal center line

of the tool. As can be seen, a curved profile is again offered.
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[ 0235] The met hod 1300 then includes comruni cati ng hydrostatic pressure to
the piston housing. This is provided at Box 1330. Communi cation of

hydr ost atwo 2pr2ass3sne i s conducted through one or nore flrowysesiti®ci2ihe fl ow
ports are exposed to wellbore fluids when the release sleeve is

transl ated. The piston housing has a pressure-bearing surface that is acted

on by thqomqirosrigtms 1ﬁBez§§dJ&I$ertsT(th$at9|@U(§§§orﬂXy akusmm@ymﬁfetﬁdwlen%tﬂlcﬂ@sed
pl st on housi ng in turn actuates the sea Iag elenent a

surr ound|Cr'i%ss\f?/é‘i?rlJB'BIL S a’{'@i@%"]“?ﬁe“"ﬁtr%f’ﬁoﬁ’%@o@ﬁbb ﬂéﬁ?Bﬂem%gﬁrﬂ@S SUVRYES BV er

j oi nt of ftRé Bolest tHetrbOsWvBL 0P OHeRE BHEERSRMUM curvature is quadr&SI6€ S 36°C10DGL. een - >
crossover tool -> concentric packer [0237] A variation of this sequence S

as foll ows; eccentrl screen -> crossover tool -> concentr,i.c
cr ossover0418h| fochtiiqve. 8 SPHEM Of BUET ARSI MBhdecHRaEN GPU 058 curved

connect i qiéfile svweh aO@rlﬁbllfl‘eeC!;ebmetr§ lluk@stadigrﬁc‘segmbhusas 64 tHRCdresgdvanengh may
concentric 1f&gﬁker ncentril c ot avai | bI e, 5 e operator

o ehood Bafaseoprn. Do e Riatves e drehaddRtebins mortis) Beemes Aof

Cr ossoverTHugOthe cPos86RR tlekigh MRS k€ batarcad m\_weyrethetleﬁgth akd GRNEAHtlireC Screen
Thus, the crossover joint allows a change in the orientation of the base

pi pes a ent r| shunt .t ubes al o g eries of san screen '
Paber tadvbBhscobfie ofics B2, e Braoteb oty S clyifodt ShAReh papBrtol v
has a corsg/em(aertme Iémgth ehd @oshoasr ,ennqmiams): [J'Ihl$ BNdlso Tdrearsed@dstobrcgsmselo}oeﬁ
joint prefera S ccentric, bo and concentric pin end. A
ortai b Ve OF R 100G PORRRES DOV i Genpl abe RS B A b Er S Br A dhoRes | ¢
for exanpbletuveitoparcmlgﬂuduml ceyifee lind opthekes! fod ﬂ\/\@vwff@fehﬂ tgpre iprdfyedy. oShat it tOB is
%iszgr géﬁéégd‘ggmﬁe agrﬁﬁaﬂrfreomr e}glupg%h.n T%ri]slfgbai];\,l V(\J/\éVS Poartah(:SUNe(qur%fllteha}_ nep?‘F‘IKSer

is provided to show a profile having straight segments.

[0220] The axis-offset and curvature of a crossover joint 1000 are important
considerations. The primary flow path of the crossover joint 1000 should be able to
accommodate movement of a tool such as the setting tool 750 of Figure 7C through the
bore 1005. It can be seen that the curvature range shown at line 1120A in Figure 11A has
a smaller range than the curvature range shown at line 1120B in Figure 11B. This is to be
expected as the crossover joint of Figure 11A has twice the length of the crossover joint of

Figure 11B, thereby reducing the “rate of change of direction” for the curvature.

[0221] Another way to mitigate the curvature impact on the primary flow path is to
increase the internal diameter of the crossover joint. The increased diameter eases the run

of other downhole tools through the curved crossover joint.

[0222] When using a crossover joint, other design options may be considered. For
example, when the secondary flow paths serve as alternate flow channels for gravel
packing, a high differential pressure can occur between the secondary flow paths and the
primary flow path. Additionally, a high differential pressure may occur between the
secondary flow paths and the annulus between the crossover joint and the surrounding
wellbore, that is, the wellbore annulus. For example, a 6,500 psi differential pressure is
expected near the heel of when gravel packing a 5,000-foot horizontal completion interval.
In order to maintain the mechanical integrity (that is, to stay within the burst, bending, and
collapse ratings) of the secondary flow paths, a certain surrounding wall thickness is

required. This, in turn, limits the inside diameter of the crossover joint.
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[ 0239] Anot her tool sequence for use with a crossover joint is: concentric
screen -> crossover tool -> eccentric screen [0240] The use of concentric
screens ey 2oe/disesvefi ci al when gravel packing | ong intercalus20iConrent ri c
sand screens can be nore robust for gravel packing long intervals. For
exanpl e, known concentric screens are capable of gravel packing 5,000 feet,

conpar ed [b£233, 000tHepeborWidehations RGBT irftizR1C RIHgtH, CpRidfRNSn dlsramediter
crossover .tool allows the ogerator to use the | ess-expensive eccentric

screens SHRTEEN Rl 5 19S5 WhRD Rre8QR elosge digMei¢ie Phiher gdircentr Waipore tools,

gravel - pasitimgirgPRhat diaheteradidné Qritery bR FEAMCAY piovidiy €SN rhéhahral or
hi gher - pressure side of the interval during the gravel -packing operations.
Thi's redudtiEerityfeatdzequal fo rereatert thap Hat et themdiasPMdolsi | | achi eving t he
gravel packing goal. [0241]1t may be difficult to acquire nore conpl ex
concentrijgzaand FRyRen isha Auanitiait Ssowiegdepsifor aexb@ader2000 zomprling a

conpl eti on Therefore, the crossover joint all]o a hori tal conpl etion
o Pont | MHRlbg R UG gy ByReGRe Mo, COALERD | e e BRH< B i comGa N e
readi |y am@instdiboresiasibbietosls he@ng flow ipeths thit@louRe aldn. cCr ossover joints
provides flexibility in maintaining and managi ng the inventory of sand

Screens. 42] The crossover joi nt al rovides the operator flexibility
h et g PRET bl ot SRecty b Befbas 200 BR SarERon Proiing Rl e fodind ng
packer f drhigigrshownso/Baki1an0. The fieraveiiboe tbsl haeta srimat flaivedh byd aateaki org t he
fl ow paths of screens w ackers, and may .take advantage of the best

wel | bor & BEOTETRIAN R e TPar AP RIS RObBIRY Ornd SaP0SCB0BY S FBPH™ 21 30409 ows
t he opergfigg. to be creative with the use of blank pipes. For exanple, the
crossover joint permts the use of concentric round shunt tubes on bl ank

pi pe j oi bove, t he ecce i ¢ _screens in | ti-zone frac pack .

bl i cat ibe] Tnang Jedfd rTaob; SsRdhGii iuilte & FEGReoMeRER P Jris o

i nj ecti onn¢icasd at Bex 172& Thesscorer welthiord tophalbb das fal princarg doweeth gnd wt kastveen
and ecceq}%iccsaqg creeqajghgg gnd\kq% FOEFFH%VQ% blggy ﬁjﬁg' éo 4§]¢s can
be seen, WeVBLPHGTE W 10° P&SHFOUT RO 108 BN Perma kBl & Bfar & ds
may genertadrikypipe. Havaved asadial dehter fobltheowrimgrysfldov pathagfr thpiisst ielldometdobr e
appar at usoffégﬂ%nl] %IrQ&al center of the primary flow path for the second wellbore tool.

[0227] The method 1200 also includes providing a crossover joint. This is shown at Box
1230. The crossover joint also comprises a primary flow path and at least one secondary
flow path. The method 1200 then includes fluidly connecting the crossover joint to the first
wellbore tool at a first end, and fluidly connecting the crossover joint to the second wellbore
tool at a second end. These steps are provided at Boxes 1240 and 1250, respectively. In
this manner, the primary flow path of the first wellbore tool is in fluid communication with the
primary flow path of the second wellbore tool. Further, the at least one secondary flow path
of the first wellbore tool is in fluid communication with the at least one secondary flow path of

the second wellbore tool.

[0228] The method 1200 further includes running the crossover joint and connected first
and second wellbore tools into a wellbore. This is seen at Box 1260. The crossover joint is
run to a selected subsurface location within the wellbore. Fluid is then injected into the

wellbore. This is shown at Box 1270.

[0229] The method 1200 then includes further injecting the fluid from the wellbore and
through the secondary flow paths of the first wellbore tool, the crossover joint, and the

secondary flow paths for the second wellbore tool. This is provided at Box 1280.
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a first wellbore tool having a primary flow path and at | east one secondary
fl ow pat h; a second wel | bore tool also having a primary fl ow path
and at | exetoms2®econdary fl ow path, wherein a radi al eemtuseoioieibe
primary flow path in the first wellbore tool is offset froma radi al center
of the prinmary flow path in the second wellbore tool; and

crossoverpp23j nt frpé cﬁi@@d&\ﬂ#‘jdrﬂ%éﬁ@e USédeo o@he&fﬁﬁ t\liv@%blﬂé? t@xﬂ@ héﬂﬁ?’ﬁﬂmary
wel | bore too t he crossover ! oint co ath

fluidly doMnaths AR serondRY. pqth%\)&’ﬂ?&?ﬂ ad'fad%h%e”ft‘?rr@tth%f'mﬁﬁfrf@"‘f B3 17 86 he

primary fir@wdnabre tdl i bscs @emEraar) béRecorttedprimandiow path in thé sb&ditwelBere
secondary flow path fluidly connecting the at | east one secondary fl ow pat h

of the fitPdt WRVEYSSrE i3 Bfﬁfe'ir‘?fj thad the C[%gg\ferdﬂgt Be UsRe AsyPa 8lveREnA @ntrphe
second wejykfar. elnttlﬁlighnstan\ﬁ@ t?l@krzst(\)\%a@@reﬁ&a_/ryﬁ%%%l?@]e%ae scr%en”@l@iléﬂﬂé'sb&frﬂ

appar at us of sub- par r ath |n the
cr ossoverW‘}I BPrr‘?ttoPlsS QE‘% E’)'Vlad“?@‘af‘l?é”%?‘ﬁs?ﬁb"er SL}Q‘S‘r a%[pa&{(ergpqol 9@5’

the prinmegg, flow path in the crossover joint is concentric to the crossover
joint at a second opposi te end. 3. The wel | bore apparatus of sub par agr aph

2, wherelntheprrrary t |nthecros over joint has rofile of a
S5 amor izl T orIn O3 Srioolinef e hainbt 150 AR o b s alloip o8 Glb Fe
the pri nvsrayrdfsb@ynpieté@cemtn& RetherfestsmiiBore) t@ornv\/hn@ﬂfrer@rm@y eubwlpa&sbf th@veedzmrdear
segnent s

. The | | bore a ratus o ar agr,a S par agr a
ohore s walbogpph e s R RALE cbepnieta T S Slogredbol” Wik RGP 2
}Ne: | bor e Ya@elpipes servaard the rppiatary :ﬁa\liv mm@rltrseﬁsarﬁﬂ sele@mgahnﬁiaﬂg@@gataaemna

Ifterin iumcircu erentli (0] t he a an a

Chunt 't o ey o ook PT8e ok aTheb bEopagH et RBI Tor oo
| east oreaﬁbmﬁeémﬁbewbeeng) oolrsrrrgguruaés tvlamﬁi b@rwlegdisa‘aﬂﬁérnét:euﬂdvy chan®dls.| emst
partra \'/ Ss _t he we ore too I N a ravel - packi n eratijon
P ol TSGRy A bl fop el PaqPO BBy i et IRt o e P B e hep doroady
screen; éb’edNeen the inner mandrel and a surrounding moveable piston housing. In any instance, the

alternate flow channels allow a gravel slurry to bypass the sand screen joint, the crossover

joint, and the packer, even after the packer has been set in the wellbore.

[0232] In one aspect, the method 1200 further comprises setting the packer in the
wellbore. In this instance, the step of further injecting the fluid through the secondary flow

paths is done after the packer has been set.

[0233] Figure 13 is a flow chart that shows steps for a method 1300 of setting a packer
in a wellbore, in one embodiment. The packer is designed in accordance with the packer
600 of Figures 6A and 6B. The method 1300 first includes running a setting tool into the

inner mandrel of the packer. This is shown in Box 1310.

[0234] The setting tool is advanced beyond the depth of the packer. The method 1300
then includes pulling the setting to back up the wellbore. This is seen at Box 1320. The
setting tool has a collet fingers or other raised surfaces that catch on a release sleeve. As
the setting tool is pulled up the wellbore, the collet fingers latch into a release sleeve. Pulling
the setting tool mechanically shifts the release sleeve from a retained position along the
inner mandrel of the packer. This, in turn, releases a piston housing in the packer for axial

movement.

[0235] The method 1300 then includes communicating hydrostatic pressure to the piston
housing. This is provided at Box 1330. Communication of hydrostatic pressure is conducted

through one or more flow ports. The flow ports are exposed to wellbore fluids when the
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the at | east one shunt tube serves as the at | east one secondary flow path
of the sand screen. 6. The wel |l bore apparatus of sub-paragraph 5, wherein:
the at | esstoms2®hunt tube is internal to the filteringcwagamoseo i s
external to the filtering medium 7. The wel | bore apparatus of

sub- paragraph 6, wherein: each of the at |east one shunt tube has a

round pratleh8s sfeSdliat@ngiaRti | Phe Blsteh hEGiRNEHS Ar presQfrblbearimNduidiR that is
el ongat ed base g;pe | s eccentric to the sand screen. e wel |l bore

, ) n 8. Th (
appar at us2°d QUBY 1 QYIrapRlie PragidEei His FRUSSS R4l IRAVERISHE Of Bi§| resgpedhgiston
conpri seshoasing! 4 intt @l Rtess the bamickensaghidstthe Yol Alelloerst one
shunt tube. 9. The wel | bore apparatus of sub-paragraph 1 or sub-paragraph 2,

wher ei n: he second wel | bore toql is a packer, the packer .

conpri si 1238 el Eﬁ@ﬁ@‘arr%ﬁg}mw g?r, UG Eaf PRy VEl %n‘%f%é%ﬁ@r E@PWF‘S Rk

I nner mang@dgeénceand an annul ar region serving as an alternate flow channel,
the annul ar region being configured to allow gravel slurry to at | east

partially bypass thgcesifioscteve!) bossovied@ol ducdregnticpaaks! - packi ng operati on
in a well bore after the packer has been set in the wellbore; the inner

mandr el s as the.prinmary flow path of the packer; and the annul ar

regi on SZ%%‘E as Vﬁgatéc% ?fg@#e%%émgésc%%fé?g?vfls'flow path of the packer. 10.
The wel | bore appar at us tof sub- par a&rﬁ@f/)h t9 | wher ei r}{.t he | nner mandretl Ii S
concentric to the pEeRErC SBEN HELOSRRYTHBP e PSP Al b £361" st PPEgriaph o,
wherein the primaryeccéavic patbnhas a profile of a signoid function. 12. The
wel | bore apparatus of sub-paragraph 1 or sub-paragraph 2, wherein:

[0238] However, the order of tool connections is not confined to using an eccentric sand
screen and a concentric packer. If a concentric packer is not available, the operator may

choose to use the following tool sequence:

concentric screen — crossover tool — eccentric packer — crossover tool —

concentric screen

Thus, the crossover joint allows a change in the orientation of the base pipes and the
eccentric shunt tubes along a series of sand screens. In this case, two crossover joints are
needed. The first crossover joint preferably has a concentric box end and an eccentric pin
end. The second crossover joint preferably has an eccentric box end and a concentric pin

end.

A certain type of packer may actually be desirable in some circumstances. If, for example, a
particular type of packer allows a higher hydrostatic pressure or higher pressure ratings in

shunt flow paths, then that packer may be selected.

[0239] Another tool sequence for use with a crossover joint is:

concentric screen — crossover tool — eccentric screen

[0240] The use of concentric screens may be beneficial when gravel packing long
intervals. Concentric sand screens can be more robust for gravel packing long intervals.
For example, known concentric screens are capable of gravel packing 5,000 feet, compared
to 3,000 feet with the commercial eccentric screens. The new crossover tool allows the
operator to use the less-expensive eccentric screens on the toe or lower-pressure side of the

interval during gravel-packing operations, and to use the concentric screens on the heel or
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the first wellbore tool is a blank pipe that conprises an el ongated base
pi pe and at | east one shunt tube al ong the base pi pe serving as an

al t er nat ewbl2omw/sksmnel , the at | east one shunt tube bei mrgTasRé1Psred t o0
allow gravel slurry to at least partially bypass the first well bore tool
during a gravel - packing operation in a wellbore; the base pipe serves as

the pri W&f%eﬂpﬁ%s@@ﬁd@f}f theantehanluit Pee Gakl- packln opdtaticts. | BAs tedviags sfeunt
t ube serves as the at | east one secondary fl ow ngat of the bl ank pi pe. 13.

The wel | RYEE! a?ﬁﬁ’a‘?fépl]@'eﬁf’” e sk acgrexplg tBe givelracsing goal. he second
wel | bore tool is a packer, the packer conprising an el ongated inner

mandrel , [e2gagal i ngn@ eaBifficuR X @Ediade rhoret doenpléXedncERtfids@hd séBEnaih @Rty
nate fl ow channel t he ul ar i on bej

regl on servi n r an

oot L gur dipe? 401 sataRed dionepiiel goTBRaS oaTerIare | BF| G OBEL 40 al @k gnd
wel | bore Hcﬁ@d)ntﬁluédrmget&)ngfoadcﬁitm@@(\?\}{th6@ aN&y aymmbmhgac&v&iehb@r@r@értsamm e
packer has been in the well bore; the nner mandr serves as the

primry fTU& &0 @P’a'tarfi’ FSERUHC SEHEEhe TAYHUNEr UF%Rg c?ﬁossSBY‘?)'eJé" 3 Apedes

| east oneles@iignd anainthindy fratmarigirigtae paek®ry of sbkAd sdleenyel | bore apparat us of
sub- paragraph 13, wherein: the el ongated base pipe of the sand screen is
eccentri c[ 54{% the and screen;, and th

8242 ¢

i pner ndrel .of .t he cker is
concentr IS BeuSver 1A nro s e Cospalaioify rRh B AERLoans
wher ei n: for a partlculhll’llate‘s‘eatQﬂdhe!\leéétlp)erfernﬁl@g)bad}l@r &rsonal |§tﬂa1i2bnsdmeemetdn@rt|s not
conprises_an el opgat bas a filterin nedluntclrcu
round ¢ e Bague Aok etcaty e ApR e srsotaRln it FREStF iy Trib g g pitpes o
serving aBeaéstatdlleoneab@s‘abaﬂabtetfamheljob.the at | east one shunt tube be| ng
configured to aIIOM/graveI slurry to at least partially bypass t he second

wel | bore du ave n eration i,n a t he

oF onoat o088 Tha s e 1Ehe HETHIAE FRRIAS ol th Sehfle P e s ar et oo

i s concendipasc Fav eixbhmpkeatic (S’OS&IHBFJO&l‘h@ermItS the ushef ebmeg&tcedurhxaslamlttmesojn t he

sand scr n re eseg}%gaﬁthe second eccen trlg?to thersand
i

in he, eccentrl s\l\lr8|<alnb()|r emtlﬁ-()loni 3 ) ions
screen. P8 be 3B arehtt e nat MY hET hvEHtRBRLHREFE
descri bed:oammtmetdundalhunﬂ mbegl allow for higher fluid injection pressures. The crossover joint
enables fluid connectivity between and eccentric sand screen joint and the concentric blank

pipe.

[0244] As can be seen, a wellbore apparatus is provided herein. The wellbore

apparatus may generally be claimed as in the following sub-paragraphs:

1. A wellbore apparatus comprising:
a first wellbore tool having a primary flow path and at least one secondary flow path;
a second wellbore tool also having a primary flow path and at least one secondary
flow path, wherein a radial center of the primary flow path in the first wellbore tool is offset
from a radial center of the primary flow path in the second wellbore tool; and
a crossover joint for connecting the first wellbore tool to the second wellbore tool, the
crossover joint comprising:
a primary flow path fluidly connecting the primary flow path of the first
wellbore tool to the primary flow path of the second wellbore tool; and
at least one secondary flow path fluidly connecting the at least one secondary
flow path of the first wellbore tool to the at least one secondary flow path of the

second wellbore tool.
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to achi eve the benefits and advantages set forth above, it will be

appreci ated that the inventions are susceptible to nodification, variation
and changeownidsedoideparting fromthe spirit thereof. | mprasedmeibods for
conpl eti ng an open-hole wel |l bore are provided, which use a crossover tool
for fluidly connecting an eccentric flow path to a concentric flow path.

CLAI M5 Wiat i sTHel \@IisBEE dpfparatds ofSuBL2s g@r”\,\mergmfor connecting a first
wel | bore tool to a second wel |l bore too the first well bore tool havi ngt a

primary flow pi% RTEAY flow pathdy th@r%"?@&‘?fda'arg? SCPERYTIH it e CRfgOYTdoIRR Gl
wel | bor e dn@ohndhaving a primary flow path and at | east one secondary flow
pat h, wherein a radial center of the rrmari/ flow path in the fir

wel | bore tool & PgfMESEHow PaR 18 the @refsovirpia 'So‘?O“Pﬁ'ét”f)rt‘? Hi:—?r?fo??rQY\‘Rf t?éﬂtr?tran

the secongcy®l biyske €A@! , the crossover joint conprising: a primry
flow path configured to F1 ui dly connect the primary flow path of the first

wel | bore tool to the primary flow path of the second well bore tool; and

at | east Jne spRONEMYe hbpivaRat & Mdrﬁ?féglﬁlﬁ(wrfelrélh dhy pﬁmargeﬂ@wtdm & tHeeast
one secondary fl ow }]oath of the first ore tool to the at | east one

secondar ;Fr?sfs&‘/\?rd%'f‘h 35t 2 podled @MU fYSEPE tool. 2. The crossover joint of
claim1, wherein: the primary flow path in the crossover joi nt is
eccentric to the crgssover rjor nt at a first end

fl ow pat Hin tHE WPHOR PaPapBisnel $u- %ﬁ@@ﬁ*ﬂ % dvfteagre e @F'B@%U‘é"r” F]aH? i t %t a

second englessover jBiREcEMIESS WeleabtaivBlingdr sehlefs2, Wherein the primary flow
path in the crossover joint has a profile of a sigmid function. 4. The

crossover joint of claim2, wherein the primary flow path in the crossover

joint changes ﬂrer\@orbbrébpﬁiawgsafduorwrégrépmloraem par@brdph@, Gheswpver joint at
| east once. 5, The crossover joint of claim4, wherein the primary flow

path in the criBe ws € ABPHAIUS S SpRESOHKO! feMe& two | i near segments. 6. The

crossover jointhe @If'st(iﬂ/éllbﬁﬂedrtoov\/fseé &hAd tsbﬂeeatthbte@&ﬁpr%e FHEEINGREY bbb@wmatah of
the cr ossover j oi.nt chan di rection _al on i tudi nal axis, of
S

cr ossoveripigmediin gadimisalalyaround e a%tdsa%mﬁrﬁhynh@beé'qngr st
wel | bor e th® WasBPipdGervindy bsradny altdr@ate PRI cB&thedt thk eSlbasinénes SE@NCABY el
path; configured to allow gravel slurry to at least partially bypass the first wellbore tool during a
gravel-packing operation in a wellbore;
the base pipe serves as the primary flow path of the sand screen; and
the at least one shunt tube serves as the at least one secondary flow path of the

sand screen.

6. The wellbore apparatus of sub-paragraph 5, wherein:
the at least one shunt tube is internal to the filtering medium, or is external to the

filtering medium.
7. The wellbore apparatus of sub-paragraph 6, wherein:

each of the at least one shunt tube has a round profile, a square profile, or a
rectangular profile; and

the elongated base pipe is eccentric to the sand screen.

8. The wellbore apparatus of sub-paragraph 7, wherein the first wellbore tool further

comprises a perforated outer protective shroud around the at least one shunt tube.

9. The wellbore apparatus of sub-paragraph 1 or sub-paragraph 2, wherein:
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a second wel | bore tool also having a primary flow path and at | east one
secondary flow path, wherein a radial center of the primary flow path in
the firstwoebizmsemitool is offset froma radial center eCTiuseoposrzasy fl ow
path in the second wel |l bore tool; and a crossover joint for
connecting the first wellbore tool to the second well bore tool, the

Crossover ] oi nhe GRBHMd Seli¥ore tool is a daRkérTae phékaw ddmidiisingUalleYongarRaciahémy
the primary flow path of the first wellbore tool to the pri margr?flow pat h

of the sdBUMiCBISFBYISCIEMENt exXigipal to the inngt Maadiel. e ANsAUBIRIAPYOR BB NG

fluidy cpnaeshitdgiovhénamhel @ashnfUule BeRANSERY coifurdaatohalRlv §laeelfditirst to at
wel | bore tool to the at | east one secondarﬁ fl.ow path of the secon

wel | bor e 'e@58| partiadly Bypassde iseend yfpAPareuoob AUENG gmITavelyprakiion operation in ane

primary fudmworadfer tHe dtReciRIBRW kL inQhdvelltforgccentric to the crossover
joint at a first end; primary flow path in the crossover

. and t he
joint is concefiinner f“@”@rﬁéSQ{Y‘ifs%%Wérp_”F@%fﬂo P?ta of Biehagkemnand 9. The
wel I bor e appariaé Hen@hr rebioh Befes b @iecateddt Ond sbdBRbNryfflodvp iR bhthi Habke.
crossover joint has a profile of a signoid function. 10. The well bore

apparatus of claim8, wherein the primary flow path in the crossover joint

changes digr ectTHewalbergagpdr&0g ot s&@B-B@bP@phse, Uhetdie tHel IRRGTaWEMdrels Bbn@nticeast
once. 11. The wel |l bore apparatus of claim 10, wherein the primary flow

path in tA&ECRYESOyver joint conprises at least two |inear segments. 12.
The wel | bore apparatus of claim 10, wherein the at | east one secondary fl ow
path of the crossover éoi nt changes direction along . a | ongitudinal axis of
the crossdver i fie!loore ppRRtUSHdesub-Rasagrepl %@Yheﬁ%géh%ﬁﬁﬁgﬁ tiew gt Pas @ g,
wher ei n tgagfilof aBighhold avctiat h of the first wellbore tool is eccentric to
the first wellbore tool. 14. The wel |l bore apparatus of claim$8, wherein
the primary flow path of the second wel |l bore tool is concentric to the

second weid bormhetwdlibore apparatus of sub-paragraph 1 or sub-paragraph 2, wherein:
the first wellbore tool is a blank pipe that comprises an elongated base pipe and at
least one shunt tube along the base pipe serving as an alternate flow channel, the at least
one shunt tube being configured to allow gravel slurry to at least partially bypass the first
wellbore tool during a gravel-packing operation in a wellbore;
the base pipe serves as the primary flow path of the blank pipe; and
the at least one shunt tube serves as the at least one secondary flow path of the

blank pipe.

13. The wellbore apparatus of sub-paragraph 5, wherein:

the second wellbore tool is a packer, the packer comprising an elongated inner
mandrel, a sealing element external to the inner mandrel, and an annular region serving as
an alternate flow channel, the annular region being configured to allow gravel slurry to at
least partially bypass the second wellbore tool during a gravel-packing operation in a
wellbore after the packer has been set in the wellbore;

the inner mandrel serves as the primary flow path of the packer; and

the annular region serves as the at least one secondary flow path of the packer.

14. The wellbore apparatus of sub-paragraph 13, wherein:
the elongated base pipe of the sand screen is eccentric to the sand screen; and

the inner mandrel of the packer is concentric to the packer.

15. The wellbore apparatus of sub-paragraph 5, wherein:
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WO 2012/ 082301PCT/ US2011/ 061220 15. The wel | bore apparatus of claim 8,
wherein the at | east one secondary flow path of the first wellbore tool is
eccent ri cwoaotdvs23oir st wel | bore tool. 16. The wel | bor e pappse@ti®s1206 cl ai m
7, wherein: the well bore apparatus is a sand control device; t he
first wellbore tool is a sand screen that conprises an el ongated base pi pe,

a filtering mapg %&&d@élﬂ’ﬂ‘&é%ﬁlh@bls&ﬂ AEMNEcrebe tasRNYriess adMborifatd€B&de ONE
shunt tube al on t he base ip Eepserw geg as an alternate flow channel, the at

| east ond®RhEHIefiHE9de|m gir egtiR RPN h e dvasg iRfe 2N 134 1535t PR SNt &y

partiall yal&igoméfba%él@ldel §e$\hng\@l; |ah@1t@rriaﬂ@floﬂ@ﬁérﬁ@l ahQéﬂl\é@ét-cb?%C%ulﬂgtub@Qfeﬁigl on
in a wellbore; the serves as the pri | ow path of the sand

screen; degfigured to a'{oﬁ"egré’(e'ISM@ttO@h@a?rR?rWa”ﬁ/lPM@a%Set 9@@0%{51 "t"H'@O%ﬁtOP'e(&g'f‘Q@ne

secondarygrg\}ép\yamﬁ@olggraﬁdpﬁn%a,m|b§@r een. 17. The wel | bore apparatus of claim
16, wherein: the at |east one shunt tube is internal to the filtering

medi um 18. THBE RANGBEAePasspRIPafidhoFang a6TRFA dePrapitiaarhe fifd Welbpea ool isne

shunt tub@nbﬁtﬂ@(f(ﬁhgggnd Scrédre afnul tering medium 19. The wel | bore apparat us
of claim 18, wherel ach of the at |east one shunt tube has a

round profile, h%\e?&%tte@ bﬁ?%PIHeé)f thg sand sEeehiRresenirbine ssconthyelipage tool is

el ongat edbchasbc BJ the shhd egeemtri c to the sand screen. 20. The wel | bore
apparatus of claim 19, wherein the first wellbore tool further conprises a
perforated outer protective shroud around the at | east one shunt tube. 21.

The wel | Hoz43) aﬁprﬂbLﬂl&NmfbeCd@i:am_nY thavhies Flivéntlons(;lereln Hb@crmg@n@lmﬁlcbl@oraeadt ool
IS a pac f he er I SI N an el o I nner ndr el S g
o ement SRtINE D8 HTEMEAEL DR, SeATa iRl G Bagronetaly Rt MEan
a: t er nat emfdnﬂmns:bmbeptmtoambdilﬁeastuohegartynob@nag:heﬂgé wgmnﬂdjeqoertuablfmm greavel
slurry to

| t tiall b th Il b t | d )
ot avel - paet e BTy metaSuRT BahBRuse &5 PR Rhk R Pt ut il ich | e

wel | bor e;use a crossover tool for fluidly connecting an eccentric flow path to a concentric flow path.
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the inner mandrel serves as the primary flow path of the packer; and the
annul ar region serves as the at |east one secondary flow path of the
packer. WQ0201A8e®2301PCT/ US2011/ 061220 22. The wel | boreTapsp@nasizzo of
claim 21, wherein the inner mandrel is concentric to the packer. 23. The
wel | bore apparatus of claim 22, wherein the second end of the crossover
joint is connected to the packer by ngappasvsf: a | oad sl eeve external
to the primary flow path at or near a first end, with at | east one bored
channel tWhaugblamigt it] ui dly connected to the at | east one secondary flow
pat h; or a torque sleeve external to the primary flow path at near a
second opposi teceBsbvwsr [dintddr dorAsdting Adirftavetidoetasine b sebsralgdlivardtobl, thedfirgt

connected to th | east one sgcondar I th. 24. The wel | bore
opar at udvgBota okt aha B EHE Palndnch et 1Bl She ieodidebh oW bath Frie the
packer. sggond hellv&tl toor raviqpar grirbisry afowe baihnadd aweiseione tdaeomdaryrdliow Hatow
pat h has rofile of si.gnoid function.. .26, The well bore rat us .of
i m 8. GsErgeedal sanror dimreay Tow reitbin s el YoIiEa/hPRR e a s
Cr ossovercehtdr bf therigra@ailen phiham trarsdcbing vellh argredot th@Erobsgvet [oint @oimpRsiyg:f | ow
path of the first wel]lbore tool., (ii he primary flow path of the second
hel Ibor e ool 3 BEme g pgtycontayiod ety Rouree s, aftieBotdy Feitt s Trs
wher ei n: wellbore toblhte tHe prharw@bivipateofitbe bedohdavdibarektodli o&d t hat conpri ses an
el ongat ed base_ pi and at |east one shuni tu opg the e pipe. serving
s an el T nacb PR afrearien; P gt dattoustit Te LY et dhe g Bt Gl eq
to al | ow sgravddry Sbwrpath biothatfirdt@asibofeatobli talthy ablepsisend Sesohdargtiowepdthof ehet ool
during a gravel - ack'h)ng operation in a wellbore; the base pipe serves as
the pri mﬁ%fio'? Wﬁ}ﬂ)ﬁé‘? %f the blank pipe; and the at | east one shunt
tube serves as the at |east one secondary flow path of the blank pipe. 28.
The wel | bzqre aﬁ%acrrgsts%\s/er%in%:cl)faglamm%l,Wh\é@e?rq:el n the packer further conprises:

the primary flow path in the crossover joint is eccentric to the crossover joint at a first

end; and
the primary flow path in the crossover joint is concentric to the crossover joint at a

second end.

3. The crossover joint of claim 2, wherein the primary flow path in the crossover joint

has a profile of a sigmoid function.

4. The crossover joint of claim 2, wherein the primary flow path in the crossover joint

changes direction along a longitudinal axis of the crossover joint at least once.

5. The crossover joint of claim 4, wherein the primary flow path in the crossover joint

comprises at least two linear segments.
6. The crossover joint of claim 4, wherein the at least one secondary flow path of the
crossover joint changes direction along a longitudinal axis of the crossover joint at least

once.

7. A wellbore apparatus comprising:

a first wellbore tool having a primary flow path and at least one secondary flow path;
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a rel ease sleeve along an inner surface of the inner mandrel, the packer
being configured so that shifting the rel ease sl eeve shears at |east one

shear pi nwal2orgstive | nner mandrel ; a novabl e pi stram/usemsione2e et ai ned
around the inner mandrel, with the annul ar region being fornmed between the
i nner mandrel and the surroundi ng pi ston housing; and one or nore

flow ports prayvishiong Wéllﬁbr‘é 1ONAEE hedh§ @Mpredrpeien e aﬂﬂ%‘t”le’%arst begisedbnanl a
pressure- bearlng surface of the piston housing after the rel ease s| eeve has

been shi fito¥gPathpghereine fadiql Gepier %H‘gr%{tmﬁy dPwarakh 1 B¢ frsinislieps 1RkISiEeT ng

el ement  gfonk aeadaaqﬂéﬁrerbﬁth@@nﬁia@sﬂmémqn mpsewrﬁxﬁw@mmmol angd0. The wel | bore
appar atus of claim 16, bore tool i

packer, the pe?cﬁ'@?s%’ShBFlt &rﬂ@”%‘ﬁ:t'@g %@?b‘ﬂe'it}‘?%Pohﬁ’ﬁa? &pcory ‘%‘aé'gpeeﬁtﬁo'eﬂ@rm nt

exter naI dr@ssoér jbiRhesmprsitdf €l , and an annul ar regi on serving as an
alternate flow channel, the annular regi on bein conflgured to aIIOM/%favel

slurry to at | east apé’F'maé}f MOWppRE i ‘{”}ﬁe‘:%‘%@ﬁ‘@ PHBRY HIPafurafnf

gravel - packi ngyeNperetbbiad thdprin i b Qaeh @ffth@éeédh@ ms&s@rto&aénd)een set in the
wel | bore; the inner mandrel serves as the (@H%3f ow ath of the packer;

and the annul ar redi!$i7S5@p& 8econdany flewath @‘éiglﬁ/ %'Bﬂmﬁnaér sast PB@VS%%HanB’f

the packer. 3Jbw i ofehé estevappRy Rickto @e &1 RBY 8 swbwidahnilow KRtrebpB@at ed
base pi pe of the sand screen is eccentric to the sand screen; and the inner

mandr el of théieﬁ%q(WP Iqoge {%hcentric to the packer. 32. The wel | bor e
apparatus of claim 30, wherein: the elongated base pipe of the sand screen
is concentric to the sand screen; and the inner mandrel of the packer is

eccentri to tHE WeilRE appagdus ARl WhGFein: ‘appar atus of claim 16, wherein:

the second welthderi@afyow psh M #@ cRossansl jsibt Rejdcénad (CRBRFdssBRerdsineate st ed
base pipe, a filtering mediumcircunferentially around the base pipe, and

at | east eé‘ﬁea unt tube al ong the base pipe serving as an alternate fl ow

channel, the ahe lpaaSty A6 pathuintthé WRRssB@irnaint RNddngeritae td theabosswver pirttlat a
slurry to at Igagt partially bypass the second wellbore tool during a

gr avel - paCkPMYe¥peration in a wel | bore; t he el ongated base pipe of
the sand screen representing the first wellbore tool is concentric to the

sand screen; d
9. aﬂm wellbore apparatus of claim 8, wherein the primary flow path in the crossover

joint has a profile of a sigmoid function.

10. The wellbore apparatus of claim 8, wherein the primary flow path in the crossover

joint changes direction along a longitudinal axis of the crossover joint at least once.

11. The wellbore apparatus of claim 10, wherein the primary flow path in the crossover

joint comprises at least two linear segments.
12. The wellbore apparatus of claim 10, wherein the at least one secondary flow path of
the crossover joint changes direction along a longitudinal axis of the crossover joint at least

once.

13. The wellbore apparatus of claim 8, wherein the primary flow path of the first wellbore

tool is eccentric to the first wellbore tool.

14. The wellbore apparatus of claim 8, wherein the primary flow path of the second

wellbore tool is concentric to the second wellbore tool.
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t he el ongated base pipe of the sand screen representing the second well bore
tool is eccentric to the sand screen. 34. A nethod for conpleting a

wel | bor e wo 2a12z08b®ur f ace formation, the nethod conpri si mgT/US2011/0612p06 ovi di ng
a first wellbore tool, the first wellbore tool having a primary flow path
and at |east one secondary flow path; provi ding a second wel | bore

t ool al 301500WD1THeS\lvélﬁbo?e BpATRIUY off 'cFéVNh BaWheﬂal‘}dtr@t atl 182t ton@ R cERFPN v YatH oW
path, wherein a radial center of imary flow path in the first

vel | bor e e 8ist wellkare Q9 'SferCS?ﬁ‘taC FOatHPélrSt&"éH*?fe"P R} the primary flow path in
the second wel | bore tool; and provi ding a crossover joint, the

crossover GIfOI nt al so conprising a pr| mary flow path and at | east one
secondar y!6 | ow\savglibore apparatys ¢f ity © 3MEEIR ng t he crossover joint to the

first well bor qhéq,@hb@éa drafustis g@gnd aorrol Hewigl:y connecting the crossover
joint to the secaond ore tool at a second end, such that the primary

flow path of tthe f'fﬁtr"s‘%”bﬁ}@l {oBbise? 15387 sceenringl corBPrisSATAINFIeAgFIBH DRSS IPiReh &

prinmary fiieMrg it chdimmferRpaag éﬂ@hﬁd)ﬂfeebésfé%l?e aenﬁlj éth@aﬁtonbes'h%ht B8 along
secondary flow path of the first wellbore too in fluid communjcation

wi th t he 8¢ Baga PG RENEWC Bh #ar FanaR iRt hajinel: ht@es%c'Sﬁ%{ WA PRy eUPpGeing

runni ng tdeafigured IO uldw jopdvet siafigl t6 anneest pakibily’ Bipags ths aeONIINGE tBardiIrihg@l S
into a wellbore to a sel ected subsurface | ocation, and thereby form ng an

annul us i$YS@AGENY PRATRIBED R¥PPe crossover joint and the surrounding

wel | bore; injearébagk ﬁFé ktvEs betHe grivGarMablv Ratest tksand screen; BRd t her i nj ecti ng
the fluid fromthe | bore and into the secondary fl ow paths of the first

wel | bor e t ool ,1h¢ B& 1635b 8BS FRYNY YpHServan st the %éﬁ%@&?ﬁ%@ PPt Of e
second \/\Egahb@&@ehool 35. The net hod of claim 34, wherein: the fluid is a
gravel slurry for formng a gravel pack; the first wellbore tool is
a sand screen that conprises an elongated base pipe, a filtering nedium

ci rcunf erﬁ’nti a]fHeyWélllb@wubﬁamué)aﬁﬁaimmwh@ﬂ;ﬂq -at | east one shunt tube al ong
t he base pipe servi n% as En alternate f] ow ?hannel the at | east one shunt

tube bei ng corif¢ gtiFd P'i‘tJHP%isé'i‘/tET”aHOJP?y't?rlﬁ‘gdl‘eq"é’ﬁst partially bypass

the first mellbore tool during a gravel -packing operation in a well bore;
t he base rv%% as the prl{}gﬁ%@l 0 at_h of the sand screen; and
the at |é t o WeihRte IRPERTIRP 8 " | east one secondary flow path
of the sand sanée@fleast¥e shhet tiBS Raskicdhald Meitdhng Waaiudi.n t he base pipe of
the sand screen is eccentric to the sand screen.

19. The wellbore apparatus of claim 18, wherein:

each of the at least one shunt tube has a round profile, a square profile, or a
rectangular profile; and

the elongated base pipe is eccentric to the sand screen.

20. The wellbore apparatus of claim 19, wherein the first wellbore tool further comprises

a perforated outer protective shroud around the at least one shunt tube.

21. The wellbore apparatus of claim 7, wherein:

the second wellbore tool is a packer, the packer comprising an elongated inner
mandrel, a sealing element external to the inner mandrel, and an annular region serving as
an alternate flow channel, the annular region being configured to allow gravel slurry to at
least partially bypass the second wellbore tool during a gravel-packing operation in a
wellbore after the packer has been set in the wellbore;

the inner mandrel serves as the primary flow path of the packer; and

the annular region serves as the at least one secondary flow path of the packer.
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37. The nethod of claim35, wherein the primary flow path of the second
wel | bore tool is concentric to the second wel | bore tool. WO

2012/ 082300RCR/IsSD11/ 061220 38. The net hod of cl ai m 3PCTser@iont224 he at

| east one secondary flow path of the sand screen is eccentric to the sand
screen. 39. The nethod of claim 35, wherein the at | east one shunt tube is

internal 220 thmnef wéllerd BEpdrBEE WNclait 1, Wherdife tHro@nef mehdieMs3doncemtAt & et he
at | east one shunt tube Is external to the filtering medium 41. The

met hod ofP3Keli m 35, wherein: each of the at |east one shunt tube has
a round profile, a square profile, or a rectangul ar profile and the
eIongated base pipe is eccentric to the sand screen. The met hod, of

cl ai m 35,23herdienvellbore apparaies gbelainy2etNasgp &g 6‘?ﬂ°”P'§”Q %H@@Pssob’ﬁrelob‘é@ker

conpri si nnA&cted Qjmatpg@l(dr@P%edmg@dr el, a sealing elenment external to the
i nner mandrel, and an annu i on servi n%has an alternate fl ow channel,

the annul ar r&yP8f slsevagxient iafhF eamees iy 8 g quesars firptgnds Yithat eggisgne

partial | Yodaydasmnbharcugs and filualyl Jdanhecté @& thel Wk icast @e@e@&rﬁia‘r@ﬂ@\)&ﬁaﬁ\ gperation
in a wellbore after the packer has been set in the well bore; e | nner

nmandrel serves ’é’éq%erﬁéeeﬁ’tel erigT21rtP 46 PR dlow palh ghesdi@ segRnd PRROSHR AL AYith

regi on seitV&ist 86e bbRdahah®a Hro0fe asE fGBN Y nédtEMPRE it Rfast Hife BasokBsry flods3-
The net hod r?f claim42, further conpri sing:

24. The wellbore apparatus of claim 21, wherein the annular region is eccentric to the

packer.

25. The wellbore apparatus of claim 8, wherein the primary flow path has a profile of a

sigmoid function.

26. The wellbore apparatus of claim 8, wherein an inner diameter of the primary flow
path of the crossover joint is greater than an inner diameter of (i) the primary flow path of the

first wellbore tool, (ii) the primary flow path of the second wellbore tool, or (iii) both.

27. The wellbore apparatus of claim 7, wherein:

the first wellbore tool is a blank pipe that comprises an elongated base pipe and at
least one shunt tube along the base pipe serving as an alternate flow channel, the at least
one shunt tube being configured to allow gravel slurry to at least partially bypass the first
wellbore tool during a gravel-packing operation in a wellbore;

the base pipe serves as the primary flow path of the blank pipe; and

the at least one shunt tube serves as the at least one secondary flow path of the

blank pipe.

28. The wellbore apparatus of claim 21, wherein the packer further comprises:

a release sleeve along an inner surface of the inner mandrel, the packer being
configured so that shifting the release sleeve shears at least one shear pin along the inner
mandrel;

a movable piston housing retained around the inner mandrel, with the annular region

being formed between the inner mandrel and the surrounding piston housing; and
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setting the packer in the wellbore; and wherein further injecting
the fluid through the secondary flow paths is done after the packer has
been set.wo4412/08k1met hod of cl aim 43, wherein the i nnerCcrarsdoialosi2go
concentric to the packer. 45. The nethod of claim 44, wherein:

injecting a fluid into the well bore conprises injecting a gravel slurry as

part of a gravle-dasdre AGwRRES pidvivig MG communicafidh bdiREen theemhlRGrdgis driqui d
t hrough the secondary fl ow paths conprises jinjectin ravel slurr

t he
t hrough thesPUePRATR $Yriake ChigrRiian bepsilg Fier tharetsa 9é|ee¥$h?$ geapShiited east
partially bypass the sealing elenment so that the well bore is gravel - packed
bel ow t he _packer after the packer has been set in the wellbore. 46. The
met hod of2%| ai fhe4selopiferrRRARAtLR T AP hrwhesgindhe sealivg &arentof the rarkepisater .
47. The reidiee® cup-gbdemennherein setting the packer conprises: running a
setting tool into the inner mandrel of the packer; pul l'ing the

setting tool to nechanically shift a release sleeve froma retained

posi ti on 3. ongriehRelibBRESpPIRAG 61 clftin 1) @nBagker, thereby rel easing the
pi st on housi nﬁ@f or axial novenent; and conmuni cat i n%]g drostatic

pressure to t HBE e6PRth WRlRRIP GOk 18r & RFFKE b RECKST GRSIREISINGo gted; RBfleby

axially mandid, hRealirR Qamest &itsrhanoNvs Finde manRdreRGindadn akhuldifegieiakémthg as
el enent agai nst the surroundi ng wel | bore. 48. The nethod of claim4

: . 7
wher ei n thedlpreate flopyhanas!. piudargregion being gorfigugedste iowegravel iy tnat

i nner  surézt epafially NisypaBs ehe NRRBENEIwelbbre RAEIaFind & QehvePpadkaiy Bferafort iata
shifting the rel ease sl eeve shears at | east one shear pin along the inner

mandr el ; Wellbore afier iie pagker haskiegh sebiidhe ekt &i ned around the inner mandrel,

wi th the annultgg inhegmaRdieidided &5 1B GrikRyvReN phthef tHaNgIckemadd el and t he

surroundi n i ston housi ng; an
gp the annular regio%J serves as the at least one secondary flow path of the packer.

31. The wellbore apparatus of claim 30, wherein:
the elongated base pipe of the sand screen is eccentric to the sand screen; and

the inner mandrel of the packer is concentric to the packer.

32. The wellbore apparatus of claim 30, wherein:
the elongated base pipe of the sand screen is concentric to the sand screen; and

the inner mandrel of the packer is eccentric to the packer.

33. The wellbore apparatus of claim 16, wherein:

the second wellbore tool is also a sand screen that comprises an elongated base
pipe, a filtering medium circumferentially around the base pipe, and at least one shunt tube
along the base pipe serving as an alternate flow channel, the at least one shunt tube being
configured to allow gravel slurry to at least partially bypass the second wellbore tool during a
gravel-packing operation in a wellbore;

the elongated base pipe of the sand screen representing the first wellbore tool is
concentric to the sand screen; and

the elongated base pipe of the sand screen representing the second wellbore tool is

eccentric to the sand screen.

34. A method for completing a wellbore in a subsurface formation, the method

comprising:
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one or nore flow ports providing fluid communication between the annul ar
region and a pressure-bearing surface of the piston housing after the
rel ease sweavry/isa®ibeen shifted. 49. The met hod of cl ai mc48iS20dhesE22M:
runni ng the setting tool conprises running a washpipe into a bore within
the inner mandrel of the packer, the washpi pe having the setting tool

thereon; and providing bEir§tawdiiBerettbe!, MHeVigtlvieliBbrettos HaQmgiangrinhary Mottt eddkaned
position conprises pull | t he vvashpl pe with the setting tool along the

i nner marn&RYeNe ARy M B3ling t he rel ease sl eeve and shearing the at

| east one sheghronding aﬁs@doﬁrh\ﬁél%)re foRl @ra@b@rﬁpﬁéw%@lpﬁmw ﬂtmlﬁétﬁgmfj(éf |ea§tl @He
novement al ong the I nner od of claim 35,

during t HECPRjasy flowgatky E’Bereﬂ'h% r%'a'lcé%ef obihe PeEEBhTRY 9atf“l"b\t/{?epf§§tﬁ""?”rt?°'fent8°'

Cr 0SSOV eris bddl froha® radlidl bethter GRS BrnBrytldat pdts inthe @@éorrdhﬁérrbareftbur ndr essure
in the primary flow path of the crossover #m nt .

2012/ 082301 PCH'RE309 B/ G6336" 105, thergosaoysiolgnbels ‘%H”Pﬁr@ki‘g JREMENN T PRty

the i nj ecdnidng Isdsehhe édtenddryligaglatene secondary flow path in the crossover
joint has a qurd gressure that is hi her than a fluid pressure in

wel | bore annulflidly Cappectigeihgcrassavesdoiy igiths st wilihoreiae! etrlingt ende 8¢ ﬂH'r"?Ey

secondar YCofrh@anP&h@ crd},sb\b'l@ jbint &t theeddcbed Q/etll.%?b tb@ &@é@@h@%nﬂos@&ﬂh@t tHecast
in the crossover_j oint means. of a nmnifold. 53.

one seconda
The met hdlﬁ'%)r/“/ E%Pﬁ{%ﬁ thelirst weltborgyoolg EB‘B?' éom@ueﬁﬁtb%rv@dthedormﬂ%\ﬁ Pafen
hol e por tgrée edcong welibors & dtcdnaiths dbisbstfore@eb@wRiy Mdw path of the first wellbore tool

is in fluid communication with the at least one secondary flow path of the second wellbore
tool;

running the crossover joint and connected first and second wellbore tools into a
wellbore to a selected subsurface location, and thereby forming an annulus in the wellbore
between the crossover joint and the surrounding wellbore;

injecting a fluid into the wellbore; and

further injecting the fluid from the wellbore and into the secondary flow paths of the
first wellbore tool, the crossover joint, and the secondary flow paths of the second wellbore

tool.

35. The method of claim 34, wherein:

the fluid is a gravel slurry for forming a gravel pack;

the first wellbore tool is a sand screen that comprises an elongated base pipe, a
filtering medium circumferentially around the base pipe, and at least one shunt tube along
the base pipe serving as an alternate flow channel, the at least one shunt tube being
configured to allow gravel slurry to at least partially bypass the first wellbore tool during a
gravel-packing operation in a wellbore;

the base pipe serves as the primary flow path of the sand screen; and

the at least one shunt tube serves as the at least one secondary flow path of the

sand screen.

36. The method of claim 35, wherein the base pipe of the sand screen is eccentric to the

sand screen.

37. The method of claim 35, wherein the primary flow path of the second wellbore tool is

concentric to the second wellbore tool.
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38. The method of claim 35, wherein:
the at least one secondary flow path of the sand screen is eccentric to the sand

screen.

39. The method of claim 35, wherein the at least one shunt tube is internal to the filtering

medium.

40. The method of claim 35, wherein the at least one shunt tube is external to the filtering

medium.

41. The method of claim 35, wherein:
each of the at least one shunt tube has a round profile, a square profile, or a
rectangular profile; and

the elongated base pipe is eccentric to the sand screen.

42. The method of claim 35, wherein:

the second wellbore tool is a packer, the packer comprising an elongated inner
mandrel, a sealing element external to the inner mandrel, and an annular region serving as
an alternate flow channel, the annular region being configured to allow gravel slurry to at
least partially bypass the second wellbore tool during a gravel-packing operation in a
wellbore after the packer has been set in the wellbore;

the inner mandrel serves as the primary flow path of the packer; and

the annular region serves as the at least one secondary flow path of the packer.

43. The method of claim 42, further comprising:
setting the packer in the wellbore; and
wherein further injecting the fluid through the secondary flow paths is done after the

packer has been set.

44, The method of claim 43, wherein the inner mandrel is concentric to the packer.

45. The method of claim 44, wherein:

injecting a fluid into the wellbore comprises injecting a gravel slurry as part of a
gravel-packing operation; and

further injecting the fluid through the secondary flow paths comprises injecting the

gravel slurry through the alternate flow channels to allow the gravel slurry to at least partially
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bypass the sealing element so that the wellbore is gravel-packed below the packer after the

packer has been set in the wellbore.

46. The method of claim 42, wherein the annular region is eccentric to the packer.

47. The method of claim 43, wherein setting the packer comprises:

running a setting tool into the inner mandrel of the packer;

pulling the setting tool to mechanically shift a release sleeve from a retained position
along the inner mandrel of the packer, thereby releasing the piston housing for axial
movement; and

communicating hydrostatic pressure to the piston housing through the one or more
flow ports, thereby axially moving the released piston housing and actuating the sealing

element against the surrounding wellbore.

48. The method of claim 47, wherein the packer further comprises:

a release sleeve along an inner surface of the inner mandrel, the packer being
configured so that shifting the release sleeve shears at least one shear pin along the inner
mandrel;

a movable piston housing retained around the inner mandrel, with the annular region
being formed between the inner mandrel and the surrounding piston housing; and

one or more flow ports providing fluid communication between the annular region and

a pressure-bearing surface of the piston housing after the release sleeve has been shifted.

49. The method of claim 48, wherein:

running the setting tool comprises running a washpipe into a bore within the inner
mandrel of the packer, 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 the inner mandrel, thereby shifting the release sleeve
and shearing the at least one shear pin, and thereby releasing the piston housing for axial

movement along the inner mandrel.
50. The method of claim 35, wherein during the injecting step, the at least one secondary

flow path in the crossover joint has a fluid pressure that is higher than a fluid pressure in the

primary flow path of the crossover joint.

-53-



WO 2012/082301 PCT/US2011/061220

51. The method of claim 34, wherein during the injecting step, the at least one secondary
flow path in the crossover joint has a fluid pressure that is higher than a fluid pressure in the

wellbore annulus.
52. The method of claim 34, wherein the at least one secondary flow path in the first
wellbore tool is connected to the at least one secondary flow path in the crossover joint by

means of a manifold.

53. The method of claim 34, wherein the wellbore is completed to have an open hole

portion along the selected subsurface location.
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