METHOD AND APPARATUS FOR CONNECTI NG SHUNT TUBES TO SAND SCREEN ASSEMBLI ES

RELATED APPLI CA' TI ONS This application clainms priority to U S
Provi si onal Application No. 60/948,308, filed July 6, 2007, entitled
"Manuf acturi ng of Sand Screens.” TECHN CAL FI ELD The present

invention relates generally to recovery of hydrocarbons in subterranean
formations, and nore particularly to tools, systens, and nethods for

manuf acturi ng of sand screen assenblies. BACKGROUND Hydr ocar bon
fluids such as oil and natural gas are obtained froma subterranean
geologic formation, referred to as a reservoir, by drilling a well that

penetrates the hydrocarbon-bearing for t'QﬂygSS@ | bore has been
drilled, the well WE%O%@W%&%W%ESEF'@ gr can be produced
fromthe well. A conpletion involve i el ection, and
installation of equipmﬁﬁm%ﬁﬁo§é¥ﬁ}§ahgﬁfgggﬁﬂngﬁnd t he wel | bore for
conveyi ng, punping, or controlling the production or injection of fluids.
After the well has been conpl eted, production of oil and gas can begin.

Sand or silt flow . nt. he wel | bore from unconsolidated fornations can
|l ead to a#EéégGﬁﬁ¥ﬂ§4é&{@#J%il | within the well bore, reduced production

rates and da e to.subsuyface. prod iQn . : rafol and has the
possi bility of %W}‘F%OBF m?fr%\?ﬁh’ ? Ejéé‘s% g%&ﬁl@gﬁ %%%Ogllﬁ%iég}ghgelgous?pnent , or
may ent er filddgulp 6o2DOC entitedt dhinnycrenig dfSeraifereess’t i ed i nto the production

equi pnent. Due to its highly abrasive nature, sand contained within
production streans can result in the erosion of tubing, flowines, valves
and processi ng equi pnment. The probl ens caused by sand production can

si gni fi camECYNIOAE EHID oper ati onal and mai nt enance expenses and can lead to

a total loss of the well. )
The present invention relates generally to recovery of hydrocarbons in

subterranean formations, and more particularly to tools, systems, and methods for

manufacturing of sand screen assemblies.

BACKGROUND

Hydrocarbon fluids such as oil and natural gas are obtained from a subterranean
geologic formation, referred to as a reservoir, by drilling a well that penetrates the
hydrocarbon-bearing formation. Once a wellbore has been drilled, the well must be
completed before hydrocarbons can be produced from the well. A completion involves
the design, selection, and installation of equipment and materials in or around the
wellbore for conveying, pumping, or controlling the production or injection of fluids.

After the well has been completed, production of oil and gas can begin.

Sand or silt flowing into the wellbore from unconsolidated formations can lead to
an accumulation of fill within the wellbore, reduced production rates and damage to
subsurface production equipment. Migrating sand has the possibility of packing off
around the subsurface production equipment, or may enter the production tubing and
become carried into the production equipment. Due to its highly abrasive nature, sand
contained within production streams can result in the erosion of tubing, flowlines, valves
and processing equipment. The problems caused by sand production can significantly

increase operational and maintenance expenses and can lead to a total loss of the well.

-1-



One neans of controlling sand production is the placenent of relatively

| arge grain sand (i.e., "gravel") around the exterior of a slotted,
perforated, or other type liner or sand screen. The gravel serves as a
filter to help assure that formation fines and sand do not mgrate with the
produced fluids into the wellbore. In a typical gravel pack conpletion, a
sand screen is placed in the wellbore and positioned within the

unconsol idated formation that is to be conpleted for production. The sand
screen is typically connected to a tool that includes a production packer
and a cross-over, and the tool is in turn connected to a work or production

tubing string. Oﬂ_ehﬁecgllé Y bnthoBling %ﬁ‘(ﬂpf@dﬁéﬂio@ i€ B rplREmért W delavelydatgped in
slurry formdown the tubing and thrqugh the &@F%SOV r, herebﬁ/r}ef I owi ng into

t he annul egitbepdlen “Slﬁ‘édéa%mﬂm%é\eé’é’i‘?“%‘rfﬁat‘ﬁ@e OrpPer WBS B fluid in

the sl urr . LEaksed! o Bagclshies @liel @Mhe ARy inkiTh ondgbn flee andadd scr een. The
sand screen 1s desig to prevent theotg?ravel in_the sl (anlg ot her
g]r el ent eri ng

cont ani nategos mataw@éh%l pepdiced flwids iptoots MelBbathig IR ArivRi

into the Q&ﬁﬂ%ﬁ;ﬂ' AN i bidd@n ASplacetieUbile, wellRrdad QositinedeRPiEhte in the
annul us aro the sand screen V\/nere it forms a gravel pack. It is

i mpor t ant uneynsnligeted fremgioantbat i & bﬁﬁm?te%&ﬁtﬁ?qﬁ‘ﬁ‘é}ﬂ Be PAESTS AL i on sand,
and the S ﬁﬂ(ﬁxﬁ LS b 108 e HeBBa% ér@dtﬁt:é%h@&rr 2h0a Bo@USBY, ailh@e f | ow of t he
r e

gravel th sand screen A potential _challenge with a
convent i ofrat I lsgln suetonpestedith @ WokeTRradypiionduling siingn The éf%é%*i’%‘}/wtth at fluid

may pr ema‘ta%gﬁihy ﬁhlﬁaa}{g fl ﬁedsl!n%ﬁiiﬁ(' o dSwh TheQIRNRE bl thdough BleQRdseveM th gravel

packing | ong horizont inclirned intervals. In these cases, it is
di ffi cul t tecbpBlowing ietothel angilys betweenitesrsang saress apd g avellbare nghe Bisicent i r e

conpl eti Og {drHl Ble's s‘fu (1Lak8 off 1&95&'@&1@1’&& %%f'tlﬂgughhﬁ‘e ARdsthdda. Iped waen the

screen an he casi R g 1n cased hole conpletions or between the screen and
the wel | besresniindasigaed thoteaent thepraveliin ths slurmpéand offeseantapiinafes suches /e gr avel
(Le., inconplate Nfa btk BleUAb tcsRotubdutin, Vel fsdunpacked ar eas
in the grgr\rllr(g%ﬂ?) agﬁﬁ&?‘ggg\e‘m lrjltltcauseﬁ[% e%?e uydr altlluggn of the glr avel slurry
i nt o nor e gpeelneddpbwited orthé smulupfropniehg @ﬂm@@mh?ﬁtl@?v%ﬂa gragtpack-nltt ur n,
causes the 1%@5%‘ 10%&&:3{ B RE R}i"g r Cglg eﬂt s {hb?orﬁigt'ﬂiﬁl s, BRf L Gindl | of the
gravel has en place ese ges ck further flow of the slurry
t hrough t beeearmust besdesignsd inge insserf ipedveritthqflere ehibp graggl thrpeghdhased |
Subsequent|y, the portion of the screen that is not covered or packed W th
gravel is e ereby exposed to erosion by the solids in the produced fl uids
or 9as and/ or I\?@tre tBl?Eﬁa'IlQr[kt Q\tlthtah‘sm%ﬁﬁ&ﬁpgrhél Eatl%'ﬂg 8pzAtlod dbilé)ﬁiﬂ?ﬁe or
"plugged” by fo MeL1 on iculates (1.e S. Pat. No.
4, 945, 991 pos3ibiethat fluid @ay pteviatubedy lepes € vaslavm Thamswl% |a|%0blfalr $ithoses a »
screen wit ]{ﬁi%q 1 tIH%& @ldsarhatrdud « faipuUt si de of a
screen | ofig Eﬁé ﬁ%ﬁgggﬁﬁ%ﬁéagﬁgfr Sg of the gcreen In this nethod,
the perf onequaemsstbumsot( the egravk] along: dmnmmesgomﬁﬂemmaw rée-t pEnilgelyt h of the
screen and, gre b bl hSQITHY GRIhORg Wl Ot GARY Bbie Shiblordyi L enters
the annul 8% hé ore a j acent the screen to provide an alternate
fl ow path between the baneemany thgmediboram opealhele wﬂmpléfltﬁlb)o\ﬁogh@ﬁﬂbﬁw ofbreens, the
i ndi vi dual rforated hgya@/ RAI AGs m@,ger abl y
carried ext gar{éﬂ mwmrplgggg%ﬁ\? o S ﬁ{% gf:eé‘%% p sgﬁiagn see U S. Pat. Nos.
4, 945, 99yava padd is A calﬁﬁd_bﬁtheﬁ&ydatlmfif tﬁ@@l‘a\@ﬁhﬂiﬁ IMQLQOGQWTHWHF S
posi tioni nﬁgo fn'le fgrm%P{) tn%p\%fth ih 1 &GQES 'tl‘@f la@(gngﬁ g&'x’%ﬁd%g” in
applicati8 owever hése ext erna l'y-nount ed perf or at ed unts are not
only ex posie(inmdumﬁm Bl ef thagravpe hehheemplageds Thésk étl‘ilgﬁﬁblbﬁk furthgsflewiofpor t ant | v,
effectlvel cre &ge@ftmb hatter is
extrenely ﬁ%en tﬁg&g%régﬁﬁgggﬁ&ﬂﬁen$Bﬁm&ﬁ Ei;crlllamster
wel | bor e \s/am@e&w)enhef partion ofishecfoream thah déshndtreovéred eff P@&Qd Wéh Graé[#elﬁ er of the
screen na e the screen, bithdi@olifagt al | in the
well. Al's epﬁ%y SYROSEP reorsrlé) g}%fss ? ?«%,3 ?i& u{'e%@ﬁdg %hg%r?lﬁ&r{g to%((:) onnect
respect i vef s sitentisheseasilst laczdketﬂott“(plugg@”bu fgingtiongprtickates@e-sam)t o shunt tubes
attached to the outside of the follow ng screen in the course of assenbling
the screens and lowering theminto the well bore. Mor eover, in order
to keep the effective diameter of a g@ereen as small as possible, external
perforated shunt tubes are typically fornmed from"flat" rectangul ar tubing
even though it is well-recognized that it is easier and substantially |ess
expensi ve to manufacture a round tube and that a round tube has a
substantially greater and nore uniform burst strength than does a
conpar abl e rectangul ar tube. A di sadvant age to nounting the shunt
tubes externally, whether they are round or rectangular, is that the shunt



proposal for protecting these shunt tubes is to place theminside the outer
surface of the senen; see U S. Pat. Nos. 5,333,688; 5,476,143 and 5, 515, 915
and W)2005-031105. The present invention includes various enbodi nents
of tools and nethods for nmanufacturing sand screen assenblies and
particularly for connecting shunt tubes in sand screen assenblies. SUVVARY.
In general, according to certain enbodi nents of the present invention, a
coupl er apparatus is provided for use in manufacturing a sand screen
assenbly, the sand screen assenbly including a base pipe connected to an
end conponent, a filter nedia formed around and external to the base pipe
to define an aprulpas rpagmshel wees, thes.basehpd fie a@ndelt hekihg |Wek” medi a, and

a shunt tube for connectln to the e onp nent o, reside .in the annul ar

space. An displessdianssieen Bithr &Hﬁfp?eé@faﬁ% Pt %F’?f’d{? tﬁ%lo't“ﬂg‘h %‘?‘ body

def i ni ng @&c&?qb ituBRKE dvBEhe ROk haﬁlﬁt@tsaéent n GOYWEYod tHepedbaeat 1 ui d

bet ween the shunt tube and a port orneg H ﬁ end conponent éhe t ubul ar
agth 4t fha

body havi g ﬁ@r@@weﬁﬂdﬁﬁhﬁ§%ﬁiP@m%éﬁh © SHETH B 26 Mt hE“ end

conponent .t henitiaHhah 1R Ry i@nk R thnalndinfiey watlloreppjacint the t he first
end and aﬁapter to connect with the shunt tube. I n general, according

to ot her eetbradp piovids anpliernale flovadltint i nvention, a met hod of nanufacturlng a

sand screen assenbly having internal shun t ubes far nyeyi.n t r eat ment
fluid incl udesi MFORTH; 4g HATBAIE JPVeflh 6 ffﬁgﬁ’t the ‘B‘H%‘ﬁ%{ ﬁ?rgtfgend

conmponent .Baie shbintd &@%“@@@b@@g ;Breffeﬁbly&dmmartehaniyfoﬁnhmnx&yme of the

treatnment fluid;, and arranging a base pu@g IR? 1?58

t her et hr og§rheperagesse tthe: PaoNeuHuPar"End néntd;
5,419,394, This positioning of the shunt tubes has worked in a large number of
applications, however, these externally-mounted perforated shunts are not only exposed
to possible damage during installation but, more importantly, effectively increase the
overall diameter of the screen. The latter is extremely important when the screen is to be
run in a small diameter wellbore where even fractions of an inch in the effective diameter
of the screen may make the screen unusable or at least difficult to install in the well.
Also, it is extremely difficult and time consuming to connect respective shunt tubes
attached to the outside of the screen to shunt tubes attached to the outside of the

following screen in the course of assembling the screens and lowering them into the
wellbore.

Moreover, in order to keep the effective diameter of a screen as small as possible,
external perforated shunt tubes are typically formed from “flat” rectangular tubing even
though it is well-recognized that it is easier and substantially less expensive to
manufacture a round tube and that a round tube has a substantially greater and more

uniform burst strength than does a comparable rectangular tube.

A disadvantage to mounting the shunt tubes externally, whether they are round or
rectangular, is that the shunt tubes are thereby exposed to damage during assembly and
installation of the screen. If the shunt tube is crimped during installation or bursts under
pressure during operation, it becomes ineffective in delivering the gravel to all levels of

the completion interval and may result in the incomplete packing of the interval. One



connecting one end of a shunt tube to the at | east one flow port of one
tubul ar end conponent using a first coupler; and connecting other end of
the shunt tube to the at | east one flow port of other tubular end conponent
usi ng a second coupler; and applying a filter media around the base pipe
to forman annul ar space between the base pipe and filter nedia wherein
resi des the shunt tube and coupl ers. In general, according to yet

ot her enbodi nents of the present invention, a coupler apparatus is provided
for use in connecting one or nore shunt tubes in a sand screen assenbly

wi th end conponents to establish a flow path between ports in the end

conponentg, alel f&%@t@&fd@kh&é@ﬁﬁt Mbed id 13§14e0 HRhEhside the outed sirf@RNEMRI , accordi ng
to still ‘other e d t

odi ments of the aéesent invention 8$§ g creen assenbly
i s provi deem;see USePagoNashbl 8,68 Satfelred 6313 H¢ radiVng ‘@g %Ss'pi pe having an
axi al bore therethrough; a filter nedia onnecteg tf %@e base pi pe defining
an annul ar borf&e pessnbaryertins ipgludes ypriqus erbodiments iof qofs spddpstbods &% 1 ¢+ ybul ar

end conpopentcLARNERE §fch AsRRSIRR phrtiduely BasendRL R said ndesiacamd t ubul ar
end conponent connected to the other end of the base pipe, wherein the

filter nedicendsserelieinged between the tubul ar end conponents, each tubul ar
end conponent conprising one or nore flow ports adapted to communi cate with
t he annul ar bore; one or nore shunt tubes arranged within the annul ar bore;
and a set of couplers adapted to connect the one or nore shunt tubes to the
first and“@@@%ﬂﬁptubular end conponents, each coupler conprising a first
end for connection to an.end of .a shupt tube. and a second end.for

connect i on t o BETEEhHOFNGP Srigiy Sﬁpﬁﬁmgﬁﬁoﬁ%ﬁ&%‘i&h‘ﬁ’en 1ot & C%&l%rer or

al t er nat i JpBarewrd RYirevedkd ForOlse i BaRIFRBSME ai sanbitiden assembly, thesapparant from the

EEISICORYMPQ_?@%EWSCI‘ Lot iomn ’g from et po%ngcrte V\{Io r:]a Sehd %(Qrgpofmren ,n;l %Eg n?e!d?al %BrrhedBRl EF

around and external to the base pipe to define an annular space between the base pipe and
the filter media, and a shunt tube for connecting to the end component to reside in the
annular space. An embodiment of the coupler apparatus includes a tubular body defining
an axial bore therethrough adapted to convey a treatment fluid between the shunt tube
and a port formed in the end component, the tubular body having a first end adapted to
connect with the port of the end component, the tubular body having a second end formed

opposite the first end and adapter to connect with the shunt tube.

In general, according to other embodiments of the present invention, a method of
manufacturing a sand screen assembly having intemal shunt tubes for conveying a

treatment fluid includes:

o providing tubular end components, each tubular end component having at

least one port formed therein for conveyance of the treatment fluid; and

e arranging a base pipe having an axial bore therethrough between the two

tubular end components; and

e connecting one end of a shunt tube to the at least one flow port of one

tubular end component using a first coupler; and

o connecting other end of the shunt tube to the at least one flow port of other

tubular end component using a second coupler; and



The manner in which these objectives and other desirable characteristics
can be obtained is explained in the follow ng description and attached
drawi ngs i n which: Figure 1 illustrates a profile cut-away view of a
sand screen assenbly having shunt tubes connected using a coupler.

Figure 2 illustrates an enlarged view of an enbodi nent of a coupler four

use in connecting a shunt tube in a sand screen assenbly.

Fi gures

3A-38 illustrate cross-sectional views of the sand screen assenbly depicted
in Figure 1. Figure 4Aillustrates an isonetric view of an embodi nent
of a coupler for use in connecting shunt tubes in sand screen assenbli es.

Figure 43 111 USty aahids FROTRLLL Groid 1RV W Wiman erbiadient of 2

coupler for use in tin

unt tubes in sand screen assenb
Figure 5 illustrat é@wgpnfth@wswpharfdofﬁltegmdﬁwhgqelarr?sgﬂef e Stk o
a sand screen asseggj It is to be noted, however,

R od| ment of
t hat the appended

drawings illustrate Snfy typi cal enbodi nents of this invention and are
therefore not {p JRE af%&i{@lﬁé &9 vk Binbd BFbdfmdntsSoS@@RRescritGhvdntien, izvent i on may

admt to other e ective enbodi nents.

coupler apparatus is prov1ded for use in connecting one or more shunt tubes in a sand

screen assembly with end components to establish a flow path between ports in the end

components and the shunt tubes via the coupler.

In general, according to still other embodiments of the present invention, a sand

screen assembly is provided for use downhole in a wellbore, including a base pipe having

an axial bore therethrough; a filter media connected to the base pipe defining an annular

bore between the base pipe and the filter media; a first tubular end component connected

to one end of the base pipe and a second tubular end component connected to the other

end of the base pipe, wherein the filter media is arranged between the tubular end

components, each tubular end component comprising one or more flow ports adapted to

communicate with the annular bore; one or more shunt tubes arranged within the annular

bore; and a set of couplers adapted to connect the one or more shunt tubes to the first and

second tubular end components, each coupler comprising a first end for connection to an

end of a shunt tube and a second end for connection to a flow port of a tubular end

component,

Other or alternative embodiments of the present invention will be apparent from

the following description, from the drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The manner in which these objectives and other desirable characteristics can be

obtained is explained in the following description and attached drawings in which:

Figure 1 illustrates a profile cut-away view of a sand screen assembly having

shunt tubes connected using a coupler.

Figure 2 illustrates an enlarged view of an embodiment of a coupler four use in

connecting a shunt tube in a sand screen assembly.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON In the foll ow ng description,
nunmerous details are set forth to provide an understanding of the present

i nvention. However, it will be understood by those skilled in the art that
the present invention may be practiced wi thout these details and that

nuner ous variations or nodifications fromthe descri bed enbodi nents nmay be
possi bl e. In the specification and appended clains: the terns
"connect”, "connection", "connected", "in connection wth", and
"connecting” are used to nean "in direct connection with" or "in connection
with via another elenment”; and the term"set" is used to nmean "one el enent”
or "more than g csekzg-ri@nhll;.xstg&s ciOSEL RBREVRws tdfehd QEHYB scrd¢h " assdatbly’ down” ,
"upper" and "lower", "upwardly” and downwardly", "upstream and

" downst r edapicted'iabigves"l- and "bel ow'; and other like ternms indicating relative

posi tions above or bel ow a given point or elenent cﬁre used. in this
description t dighse ¢A dlustipesandeosmeinasdess ghin SRRSFMCREN AT St Re™F fvent i on.

Mor eover, _t : N L B4 Behankspliesi ncl udes: packers, bridge plugs,
downhol e %"é‘ln%é‘;sl?ﬂ@lf‘f’aﬁé sl eeves, baf felse- pl ug conbi nati ons, polished bore

receptacl e (PBR).s88lifusralthnabimtid\@k-oWa! oW anemibainenest 4 aupkenporari |y
bl ocking the flow of fluids through the wel] bore. Furthernore, while the
t er m " coi fosdsetinpinngeting shugswhestimsagd RSB 'Soul d actual |y be repl aced by
jointed tubing or any relatjvel mal | di amet er, tubing.fo unni ng
downhol e. gFlgl@ﬁé {ratsp a flosr RaLQr BAYR) S e An ?rﬂ%c%ﬁ?eélé%f; Saf“inventi on

i ncl ude apparatdspend nmet hods for nmanufacturing sand screen assenblies

i ncorporating shunf tubes. Mre particularly, enbodinments of the present

i nvention inclpgetsd hass HoRevirkdatUfe apssatd drawiagnillmsisgnbily tipjcatonnect i ng
shunt tubes to shunt passages ip end conponents (e.q.., .M nation rings,
end ri ngsembasipenty fetssinvengpry gad & eetg?f8§f6 a0 dOi ﬁfcf)%s\w%&egnlirﬁgﬁ 812%}% ce rings
and nozzl ?cof)é,@(gstﬂe iHodnfi6h BatAAaiH t8 bther equally e¥ikitivermb@limenee to Figures 1, 2, 3A
and 3B, a sand screen assenbly 10 is provi ded having one or nore internal
shunt tubes 20. A section of the sand screen assenbly 10 includes a base

pi pe 12 and a wire-wapped filtering nedia 14 arranged external the base

pi pe i s copraatisDestREPAMON OF FHEIINVENWOOBNt s 30. The wire-wapped filtering
media 14 is generally welded to a set of ribs 16 which are forned or wel ded
ont o the out erinstieffalleviog desreiptias enupiepas IRtailA ageset obrtorie mevidfore shunt
tubes 20 is, arranged between the inper Se..Dj Inkg- W apped
filteri ngu‘i‘fjéﬁffa&%fg.ogtf‘ﬁé’mgﬂg Ve{l es Oﬁvﬁve?’glfl%f)lgbeglglglglt%f)%@dggﬁtsﬂlgﬁ the ribs
16. Each ghingtart theeth2 présentdoventet edy the mavtieaddwitionp tessndetadls apd dhah coupl er 40

whi ch conpl etes a.f| ow path. between the s correspondi ng
bore 34 t RUBUYH V@H@m@?}%'prﬂ GHER mgld?’e %ﬁ%n%gggﬁogp#%gq‘ﬁa cPI@ g%ggﬂeé first :

mating end 42 for connecting to a rec ) [ henflieh cQineasit 30 aligned
with the port lj§4t,E‘e 5?17’}9‘%&%0& gdapggrﬁeﬁgcﬁ%ﬁﬁ% olrte?lg%)nﬁoecti hg to the’bore of the
shunt t ubeccafectelinevifii doatectiat iwith”,emd A®niesting”zerd ussd & mgpn yin dirgdtt wi t hi n
the inner surface.of the port. 32.,The 0 t ] 42miiSysaj zed

ext er nal | W%Ctpptm\%i Phi'h® rwgcmioﬂr‘{vétpvaoarnéﬁlgﬁ‘é? %ﬁél&ﬁr{&%{l@?ﬁ%e tzd Th

al t er nat i yemembok fenés”; ot hersthaont emientig Asnsedrgreing thedgrme dup”nérnal Iy to
fit around theg oquter, surface qf the shuyn 20V M [,gq4t he present
enbodi ment 99Yici udBET 3 Wrglg\‘ﬁf%ppélaw?r?pt e%‘?“lné%%ﬁ%@fy ‘ot ﬁ%s}reenbgdi nent s

i ncl ude okfRInsfidahd erdbbee"rndiBelowit landl othgr likier termsaindicating redative pesiéms ed t ubes,
and so forth. Wth respect to Figures - 4B, iJiBAt of the
coupl er 4@°9v€ of bEigMaE BYAY pﬂ&'??rneé%m%lﬁ ar@fmsﬁfﬁl)%@e&t@ hE rﬁé}% ﬁ%ﬁgh@og

est abl i shijagribtyhRhibedisenEphihe atventivnb davesrr, thegerimifsedlingoreehagm3  shunt t ube
and the corresponding flqw paths thr h sa r ng,efopmoNent . These
end conpotfishyss: rrﬁ%flkffgf L‘Pé‘g%F t‘gu%bn(i?g@g&g \s’ag‘rlleé’ %g?%énggéggst?i ganfﬁt gngt her

combinations, polished bore receptacle (PBR) seals, and all other methods and devices

for temporarily blocking the flow of fluids through the wellbore. Furthermore, while the



sand screens or to other |ower conpletions accessories. The flow paths may
connect nultiple sand screen assenblies or otherwse lead to alternative
flow paths to the well annulus. The coupler 40 further includes a first end
42 for connecting to an end conponent, a second end 44 for connecting to a
shunt tube, and a stop elenent 46 for engaging the face of the sand screen
end conponent on one side and the | eading edge of the shunt tube on the

ot her side. In sonme enbodi nents, an end of the coupler is connected to a
shunt tube/end conponent form ng pressure-fit metal -to-metal connection. In

still another enbodi ment, the coupler is sized such that the ends have the
sanme externgl. c%e?@iﬁﬁr%ﬁ 153\1%3&tlﬂﬁ)u lﬂﬁl?'it c@hléﬁ&ﬁﬁl@/ betepldo& tgtjbifted tubbig oand t he
i nner di arreter the port of the end c onent fl ow bore. The coupler is

t hen heat edy tedatig¢ly bl & t?ﬁé‘#hﬁ*@rféﬂ'u%’f‘g‘@ﬁ“ﬁ‘é?ﬁn se forced) into connection

wi th the shunt tube and end conponent. As the IPM cool s and expands it
forms a tight eyt Guigay gmbodismgnts qf fhespregent ’6‘?’?1‘8? GRPRRRRES *n end of

the coupl §flods ?&%ﬁ&?a%éanh% s@hdSRkRh agsuasﬁ@,ndcdﬁmm@emnt usheng Mjdreie, epoxy,
or other adhesive to fix the connecti on, rence to Figure 5,

i n oper at ipenicularlys ambodimenie Al &e PESEN YNVEBIEN IPFl%f’@dWIE?QF\ ef‘f? Y& ous

embodi mentgg, 81f asrs fﬁﬁ@ﬁﬁgcﬂn@\éﬁlﬁﬁ k®Bs toPshGi zﬁdﬁg‘ége@nn and @i’n@aﬁdﬂtsf(b(gw path for
treatnent of a target’ section of wellbore sand scr.een assenbly 100
i s depl oyeaeminatien xiss] apd riag2bed slecvas, t“ﬁﬂ‘@’éﬂee‘:ff‘éc%“fié‘ﬁlo("’e"oﬂml SY°SMS oduct i on

reservoir) Y, thert.ment fluid, such as gravel slurry 205
(conpri si r?ad gér%gf\?g?’é% sc'}ng;a cz;lrﬁrl er fluid), is punped down a tubing (not

shown) and dowgu@hedemtleQo FidEre¥e]d, BRMAI 3B NHKaktS scWe R aRerilil P $G B\pedvidedol  (not
shown). As the gravel slurry 205 is_depl oy ed(gggﬁ the carrier fIH|d IS

retur ned t%vtnéenes%rfﬁﬁé énterpgl shurt fubeseQyy ﬁs“e‘ft’l‘n’P spileseieed aBFMYY A% and base

pi pe 112, uf?cllgire glbb @ﬁ@ndza]ﬂglrérﬁYapbﬂmﬁﬁﬁé fediy 14 ﬂfdﬁgedﬁﬂte&)abﬂhb dge 210 may
Create a grave vol d downhole. In such a case, an al %grnate flgw path is

provi ded. pifsris eonageis detweprtwel epd pevarogerts Hy Thapiredranped figring

I ncl ude: %%1 %@W&Qe&‘ fh AL WS whkh Wefbrhied 6r W8 daintmae &ItérdgﬁacEIO into
conduits I'3%A screen conponent 130A via shunt enf;g{ nce ports 132A; (2)

fl owi ng i rf thetbase pipeul?: &G?Sé@ oneer ey st poey < i3 grang FRDFGIHt 0 conduit s
1348 of S 9 flos o g@%tw&é@& p¥lPROMp iR A0; Tﬁ@@hxﬁéiub&amlﬁagatbe annul us of

wel | bor e ridge 210 via shunt exit ports ile the

i nvent i on posiorige éﬁwmrlstbfr teseld. \Faetrshptdyhe 0 ig ‘E?n%ecfep | ?"eeﬁgﬁ%‘ﬁ?é‘fmté}‘\h

enbodi nent lhlcf bohipletdde A% P betREUAr @€ isAine tileNBIrOWRd a
nodi fi cat |V2a,n§ CQ%& ‘i\id;r |hlact| gh@et her ef ror)r%;l It is intended th t the appended

cl ai n8 cowveresgersimgriwdi 34 ti“atulgbrﬁ@ and gowasrent 100 nEhegeunler 40 Mglvdss A4 ffle true
spirit and s¢ QS"d &j fo&'& I)'a%bef s WHAThd SUQeAbdER 30':‘augﬂ.ed #itsaed screen
own

assenbl y i bore, conprising: a base pipe having an
axi al bor ot hié,r :eﬂhrscugtld matlng enchfor icprmeptingveifhs botsriif dhe untitebe e HWse pi pe

def i ni ng %st%ggé &d ‘BOIE ?m%&%y%‘ﬁt RRSE tRIRRr afcd brahd pdrt 21 TR a;

second mating end 42 is sized externally to fit within the inner bore of the shunt tube 20.

In alternative embodiments, the second mating end may be sized internally to fit around
the outer surface of the shunt tube. Moreover, while the present embodiment includes a
wire-wrapped filtering media, other embodiments include other filtering media including

wire-mesh filters, slotted tubes, and so forth.

With respect to Figures 4A-4B, an embodiment of the coupler 40 is tubular and
defines an axial bore therethrough for establishing hydraulic communication between the
inner bore of a shunt tube and the corresponding flow paths through a sand screen end

component. These end components may be used to connect a sand screen section to other



a first tubular end conponent connected to one end of the base pipe and
substantially coaxially aligned therewith, and a second tubul ar end
conmponent connected to the other end of the base pipe and substantially
coaxially aligned therewith, wherein the filter nedia is arranged between
t he tubul ar end conponents, each tubul ar end conponent conprising one or
nore flow ports adapted to communi cate with the annul ar bore; one or nore
shunt tubes arranged within the annul ar bore; and a set of couplers
adapted to connect the one or nore shunt tubes to the first and second
tubul ar end conponents, each coupler conprising a first end for connection

?n(;r Zﬂf Ie(r;\(/jvse%g rs?re@r{&;ﬁ?zt% toH?? lcﬁ"{%ﬁ cHHERRN dcc@ﬂdrti)efsf) IThe duRe pdthsOmayt conhéve one or

rts o e first and secon u ar .end conponents, wherein the
one or nomaltipleosingerrees agsembiest o Rskeryvise Feﬁé i %‘Fegla“‘éen&o"% 8‘%@%@ tpeu BElar end
conponent §nnfugts T SROMRr 367 BRRr A8GEED Y fief esd & Mrlcombrtingitd ae@adh coupler is
adapted to forma netalto-netal seal with one of the o e shunt

t ubes and-cemronentonsesend endf4tfRecameading & 2 b Rge-12f di Sg’rpneg‘?fg’;“c Onent . 3.

The sand §1‘f§égﬁ€ 1SRRI s&fd Lhedh BAd condpbfidnh &M orfe @B Iah® thd Gading edge ofn adhesi ve
adapted to al each coupl er between a shunt tube %@df%pf|0“’£qrt of a
engs Ol

tubul ar ety swnpohean thy othahgde ade seEs sEROHREUHANY &i°PlT Hherei n each

tubul ar end, cOIPGISHnt hxge/@ﬂfcoﬁﬁabﬁ&ﬁ ﬁﬂna‘nF DR JuRErit G- MORBdotRdcligh. Of © @
termnation ring, an end ring, a load sleeve, a torque sleeve, an inflow

control dévside anqtm,en@n@{mntngfzq:@p],e[ ,kpg_size_d sucly that the ends have the same
external diameter as the inner diameter of the shunt tube and the inner diameter of the

port of the end component flow bore. The coupler is then heated to shrink and hammered
(or otherwise forced) into connection with the shunt tube and end component. As the
coupler cools and expands, it forms a tight metal-to-metal seal. In still other
embodiments, an end of the coupler is connected to a shunt tube/end component using

glue, epoxy, or other adhesive to fix the connection.

With reference to Figure S, in operation, a sand screen assembly 100 in
accordance with various embodiments of the present invention, provides an alternate flow
path for treatment of a target scction of wellbore 200. The sand screen assembly 100 is
deployed in a wellbore 200 at a target section (e.g., at a production reservoir). Typically,
a treatment fluid, such as gravel slurry 205 (comprising gravel and a carrier fluid), is
pumped down a tubing (not shown) and downward into the wellbore annulus via a
crossover tool (not shown). As the gravel slurry 205 is deployed and the carrier fluid is
returned to the surface after it returns through the screen 114 and base pipe 112, a gravel
bridge 210 may unexpectedly form. This bridge 210 may create a gravel void downhole.
In such a case, an alternate flow path is provided. For example, the alternate flow path of
gravel slurry may include: (1) flowing from annulus of wellbore 200 above bridge 210
into conduits 134A of screen component 130A via shunt entrance ports 132A; (2)
flowing into the shunt tubes 120 via couplers 40; (3) flowing into conduits 134B of
screen component 130B via couplers 40; and (4) back into annulus of wellbore 200 below

bridge 210 via shunt exit ports 132B.

While the invention has been disclosed with respect to a limited number of

embodiments, those skilled in the art will appreciate numerous modifications and
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5. A nethod of manufacturing a sand screen assenbly, conprising:

providing first and second tubul ar end conponents, each tubular end
conponent having at | east one port formed therein for conveyance of a
fluid; arrangi ng a base pi pe having an axial bore therethrough between
the first and second tubul ar end conponents such that the base pipe and the
first and second tubul ar end conponents are substantially coaxially

al i gned,; connecting a first end of a shunt tube to the at | east one
flow port of the first tubular end conponent using a first coupler;
engaging a face of the first tubular end conmponent with a stop elenent of

the first ,coupleherefrom. ItOIQ nrﬂ@rﬁred Bt e IFGRNA MRS EoRNSUcRImddTRatsdRsINt tube to
the at |east one ? | ow port of the second tubular end conponent using a

second coapi@¢mﬁmmasﬁﬂéﬁb@@hﬁgmémﬂéﬁéSﬁmepﬁ@e§ﬁégwa t ubul ar end conponent
with a stop el enent of the second coupler; and applying a filter
nmedi a around the base pipe to forman annul ar space between the base pipe
and filter nedia wherein resides the shunt tube and first and second
couplers. 6. The nethod of claim5, wherein connecting the ends of the
shunt tube to the first and second tubular end conponents conpri ses:



establishing a flow path between the at | east one flow port of the first
and second tubul ar end conponents and the shunt tube. 7. The nethod of
claimb5, wherein connecting the ends of the shunt tube to the tubul ar end
conponents conprises: heating each coupler; forcing one end of the
coupler into the at | east one flow port of one of the tubular end
conponents; forcing the other end of the coupler into one end of the shunt
t ube; and cooling the coupler to forma netal -to-netal seal between
t he tubul ar end conponent and the shunt tube. 8. The nethod of claimb5,
wher ei n cWli7eCtS @GAIMEDdAds of the shunt tube to the tubular end conponents
conpri ses: appl yi ng an adhesi ve between one end of each coupler and

one end of thep siHantrebd BRehBlyTeRlse dBRnESIE Bl £wellore, Remphsing: t ube; and

a base pipe having an axial bore therethrough;

a filter media connected to the base pipe defining an annular bore between the

base pipe and the filter media;

a first tubular end component connected to one end of the base pipe and
substantially coaxially aligned therewith, and a second tubular end component
connected to the other end of the base pipe and substantially coaxially aligned
therewith, wherein the filter media is arranged between the tubular end components,
each tubular end component comprising one or more flow ports adapted to

communicate with the annular bore;

one or more shunt tubes arranged within the annular bore; and

a set of couplers adapted to connect the one or more shunt tubes to the first and
second tubular end components, each coupler comprising a first end for connection to
an end of a shunt tube and a second end for connection to the one or more flow ports
of the first and second tubular end components, wherein the one or more flow ports

are defined in the first and second tubular end components.

2. The sand screen assembly of claim 1, wherein each coupler is adapted to form a metal-
to-metal seal with one of the one or more shunt tubes and the flow port in the first or

second tubular end component.

3. The sand screen assembly of claim 1, further comprising:
an adhesive adapted to seal each coupler between a shunt tube and a flow port

of a tubular end component.

4. The sand screen assembly of claim 1, wherein each tubular end component is one
selected from the group consisting of: a termination ring, an end ring, a load sleeve, a
torque sleeve, an inflow control device ring, and a nozzle ring.
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appl yi ng an adhesi ve between the other end of each coupler and the at |east
one flow port of one of the tubular end conponents to seal the coupler to

t he tubul ar end conmponent. 9. Coupl er apparatus for use in manufacturing a
sand screen assenbly, the sand screen assenbly conprising a base pipe
connected to an end conponent, a filter media fornmed around and external to
the base pipe to define an annul ar space between the base pipe and the
filter media, and a shunt tube for connecting to the end conponent to
reside in the annul ar space, the coupler apparatus conprising: a

t ubul ar kody defrethod @f ananafactatindasadishreemadseblyhcomiulsingd t o convey a fluid
bet ween the shunt tube and_a port forned in t end co e tugular

h onent , g
body having a fi rsPrepdingdiist eddt éecé’Bﬁim@EPlaW‘T“ﬁ £AEPHEPS oela&f hEORRY B
conponent, th%ghkﬂ@h@n@ha\hﬁ ¥ 18RV bR BREQNH RO eirveshneppOsiltig; t he first
e

end and adapt o connect wth the shunt tube, and the tubul ar body having
a stop el enent adaptesgihg adagogipe avieman afiak bore shemsihronglbbetween thgHustsandd

screen assenbly of claiml, wherein the second end qf. e f |l ers
is sized to bect@AdnRALY sodcompopsnisispch E‘Bﬁtggg?:sSr%Petaﬁ‘gﬁ‘?"a@r%Qaﬁ‘ SS%%&%@E .11,
The sand screendasmpsitn £E subs@hiikQoahey fighetine first end of each of the
couplers is sized to be received into one of the one or nore shunt tubes.
12. The sand screeroasstngh\firsifend lofiarshint twbetocthn ableest ang dloveport of thedirst

conprises a stog el ement hav%n%na higst zgde t hat engages the end of one of
the one or norBOURHFRE COBMBRLCN YSNE FHES U s cr een assenbly of claim 12

wherein the stop el g Ofirst ABuRP YR EipdnentOBR @SR édmént ofdieal
out si de t hereof, aﬁ:gﬁggggkggcond é?de Fhat enga%es a faceﬁ%f one of the

t ubul ar end cdimstoeples. 14. The nmethod of claim5, further conprising:
connecting a second other end of the shunt tube to the at least one flow port of
the second tubular end component using a second coupler;
engaging a face of the second tubular end component with a stop element of
the second coupler; and

applying a filter media around the base pipe to form an annular space between

the base pipe and filter media wherein resides the shunt tube and first and second

couplers.

6. The method of claim 5, wherein connecting the ends of the shunt tube to the first and

second tubular end components comprises:

establishing a flow path between the at least one flow port of the first and

second tubular end components and the shunt tube.

7. The method of claim 5, wherein connecting the ends of the shunt tube to the tubular
end components comprises:
heating each coupler;
forcing one end of the coupler into the at least one flow port of one of the
tubular end components;

forcing the other end of the coupler into one end of the shunt tube; and
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engagi ng one end of the shunt tube with the stop elenent of the first

coupler; and

engagi ng the other end of the shunt tube with the stop

el enent of the second coupler. 15. The nethod of claim 14, further
sizing one side of each of the first and second couplers

conpri si ng:

to be received into the flow port of one of the tubular end conponents;

sizing the other side of each of the first and second couplers to be

received into the shunt tube.

and

16. The coupl er apparatus of claim9, wherein

the first end is received into the port of the end conponent and the second

end is received i ntooliftgethshaonplet i dorml 7. mdhletogneipl svel hpipgemthes tubplagjead m 16,

wherein a stop elenent |s dis ed on a radial outside of the tubular body.
G0 ot

18. The coupl éP"2BP

to engage a face of the end conponent.

8.

10.

1.

. The method of claim 5, wherein connecting the ends of the shunt tube to the tubular

end components comprises:

applying an adhesive between one end of each coupler and one end of the
shunt tube to seal the coupler to the shunt tube; and

applying an adhesive between the other end of each coupler and the at least
one flow port of one of the tubular end components to seal the coupler to the tubular

end component.

Coupler apparatus for use in manufacturing a sand screen assembly, the sand screen
assembly comprising a base pipe connected to an end component, a filter media
formed around and external to the base pipe to define an annular space between the
base pipe and the filter media, and a shunt tube for connecting to the end component to
reside in the annular space, the coupler apparatus comprising:

a tubular body defining an axial bore therethrough adapted to convey a fluid
between the shunt tube and a port formed in the end component, the tubular body
having a first end adapted to connect with the port of the end component, the tubular
body having a second end formed opposite the first end and adapted to connect with
the shunt tube, and the tubular body having a stop element adapted to engage an end of
the shunt tube.

The sand screen assembly of claim 1, wherein the second end of each of the couplers

is sized to be received into the first or second tubular end component.

The sand screen assembly of claim 10, wherein the first end of each of the couplers is

sized to be received into one of the one or more shunt tubes.
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12.

13.

14.

15.

16.

17.

18.

The sand screen assembly of claim 1, wherein each coupler further comprises a stop

element having a first side that engages the end of one of the one or more shunt tubes.

The sand screen assembly of claim 12, wherein the stop element of each of the
couplers is disposed on a radial outside thereof, and has a second side that engages a

face of one of the tubular end components.

The method of claim 5, further comprising:

engaging one end of the shunt tube with the stop element of the first coupler;

and
engaging the other end of the shunt tube with the stop element of the second

coupler.

The method of claim 14, further comprising:

sizing one side of each of the first and second couplers to be received into the
flow port of one of the tubular end components; and

sizing the other side of each of the first and second couplers to be received into

the shunt tube.

The coupler apparatus of claim 9, wherein the first end is received into the port of the

end component and the second end is received into the shunt tube.

The coupler apparatus of claim 16, wherein a stop element is disposed on a radial

outside of the tubular body.

The coupler apparatus of claim 17, wherein the stop element is adapted to engage a

face of the end component.
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