SHUNT TUBE FLOWPATHS EXTENDI NG THROUGH SWELLABLE PACKERS TECHNI CAL FI ELD
The present disclosure relates generally to equi pnent utilized and

oper at i onsoperoi@simed i n conjunction with a subterraneanpreelUs2edsiidh an
enbodi ment described herein, nore particularly provides for shunt tube

fl owpat hs extendi ng t hrough swel | abl e_ packers. BACKGROUND Shunt tubes are
used in gravel packing operations to facilitate even distribution of gravel
in an annul us between well screens and a wellbore. In sone circunstances,
it is desirable to close off the annulus between well screens after the
gravel packing operation (for exanple, to provide isolation between gravel
packed zones). Packers can be used to close off the annul us between well
screens, but certain problens nust be overconme in order to utilize such
packers and shunt tubes in a single trip nmulti-zone gravel packing
operation. For exanple, comrunication should be provided between shunt
tubes on opposite sides of a packer, and this comruni cation should be
ceased after the gravel packing operation is conpleted, inorder to provide
for igflation bet ween the opposite sides of the packer. The use of valves
made swel l abl e material and positioned within the shunt tubes on
opposite sides_of a_packer has beenégg& osed. However, such valves restrict

fl ow througﬁmstﬁ' E{ FLOWPATHS, DENG H}}%Qggﬂl tIVELLABLERe shunt

tubes through the interior of a bas i f the packer, but this restricts
f1 ow and access through PAUKERS

TECHNICAL FIELD

10 The present disclosure relates generally to equipment
utilized and operations performed in conjunction with a
subterranean well and, in an embodiment described herein,
more particularly provides for shunt tube flowpaths

extending through swellable packers.
15
BACKGROUND

Shunt tubes are used in gravel packing operations to
facilitate even distribution of gravel in an annulus between
well screens and a wellbore. In some circumstances, it is

20 desirable to close off the annulus between well screens
after the gravel packing operation (for example, to provide

isolation between gravel packed zones).

Packers can be used to close off the annulus between
well screens, but certain problems must be overcome in order
25 to utilize such packers and shunt tubes in a single trip
multi-zone gravel packing operation. For example,
communication should be provided between shunt tubes on
opposite sides of a packer, and this communication should be

ceased after the gravel packing operation is completed, in



the interior of the base pipe. Therefore, it nmay be seen that inprovenents

are needed in the art of extending shunt tube fl owpaths through packers and
cont rol | iwgQ 2bloomsd7ir ough t he fl owpat hs. SUMVARY | n the PpPCEAS2409/061148

speci fication, packer assenblies and well systens are provided which sol ve

at | east one problemin the art. One exanple is described below in which a

shunt tube flowpath extends through a swellable material of a seal el enent

on a packer assenbly. Another exanple is described bel ow in which one or

or € Ya'V8§de90@Be§EbQEae ?BE-'%Bﬁa&?&h?b%@%@eﬁﬂEgb“opgﬁsi%@'ESBEE of
material. In one aspect, a melﬁ systemis provided wh i ncl udes a packer
assenbl y ithel pdchgra base pi pe and an annul ar seal elenent which is

swel lable in response to contact with a selected fluid. A shunt tube

f | owpat h ext entfhet bseuglt vhéveesamadeenmEntsweddibblleymbébweadr bhd base pi pe

and a wel |l bore.for del.iyery of a slurry.in a gravel .packi. operation. In
anot her aBR8¢ELORCAEH T BRe thSc RBR s SURBEy Ops OBPSTHi8d L 9HE BhcRer
assentd y paekud#enhaad gesar prbyokelul anokaserpi pacandaavenelrbabl-ecannul ar

seal elenent having a shunt tube fl|owpath extending through a swell able
mat er i al of 1PHe tEEQMIB| EhEnFIUAL [FBREE-ondtvARPFeail§OcBRRBCPERPPECENEC

fl owpat h, swibRqt RBeVahuatbeuBgsPesirbuehednw tRiariBe swekl ghke prperial of
the seal elenent. In yet another aspecCt, a well systemincludes a packer
assenbl y @ift khe baskepipbusnghis zeAtIractsedilowl epenBceRBEhthEoyE@al | abl e in

response EBeCﬁﬂ%%?Ho@ﬁg@ %hFeggg%ﬁgigggid. A shunt tube fl owpath extends

t hrough a swe e materia eal elenent. A connection between the
flompﬁsh and Therefore, it may be seen that improvements are needed

in the art of extending shunt tube flowpaths through packers
and controlling flow through the flowpaths.

SUMMARY

15 In the present specification, packer assemblies and
well systems are provided which solve at least one problem
in the art. One example is described below in which a shunt
tube flowpath extends through a swellable material of a seal
element on a packer assembly. Another example is described

20 below in which one or more valves, connections, etc. are

positioned within the swellable material.

In one aspect, a well system is provided which includes
a packer assembly including a base pipe and an annular seal
element which is swellable in response to contact with a
25 selected fluid. A shunt tube flowpath extends through the
seal element radially between the base pipe and a wellbore

for delivery of a slurry in a gravel packing operation.

In another aspect, a swellable packer assembly is
provided. The packer assembly includes a generally tubular
30 base pipe and a swellable annular seal element having a

shunt tube flowpath extending through a swellable material



a shunt tube assenbly is positioned within the swellable material of the
seal elenent radially between the base pipe and a wellbore. In a further
aspect, awvoeblo/mygerzem i ncl udes a well tool, a shunt tubecTiusapaibiiext endi ng
| ongitudinally through the well tool, and at |east one check val ve
permtting flow through the flowpath imgone direction, but preventing flow
through the flowpath in an opposite direction. These and other features,
advant ages and benefits will beconme apparent to one of ordinary skill in

the art ugen.parebuh CRBRLARLAl hon18hsthendelalled degerhaLion f e

representative enbodi ments bel ow and t he acconpanyi ng draw ngs, In

simlar eﬁéwwpasharWlthdthatedlva bhengappsmSlbngdrwsthShnghehe same
reference_nu et BRI EE . DESC@IPT ON Cﬁ TTE DRAWNGS FIG 1 is a schematic
partlallyng 3 3cp98ﬁ59 Vi 8% & Pe S I F8ﬁ1enbody|ng principles of the

t d | o what d | t | f
T erer hecendty hehpathar: adegely e?yF§E1 LEPe T3CT kg BubRBRer s onbl v

enbodys ngapsehdilpl @3 taf at Baspr psgat anavant aanuiaﬁ sebll Ge18mestagyheghar ged
scale lateral crogss-sectional view of the packer assenbly; FIG 4 is a
partial | éfigStGdiiABLCCcrBsECSROPSEnAL FPB%AEE Wﬁéhpécﬁéﬂe§§§énﬁﬂyldFlG. 5is

an e'eVath°Bﬁhn¥'%Wb%foBQbB%h QQEEhHBr%hkeﬁgﬁfatB%eQQQBQé aasembky; FIG 6
is an enlarged scale | ateral cross-sectional
of the seal element. A connection between the flowpath and

a shunt tube assembly is positioned within the swellable
10 material of the seal element radially between the base pipe

and a wellbore.

In a further aspect, a well system includes a well
tool, a shunt tube flowpath extending longitudinally through
the well tool, and at least one check valve permitting flow

15 through the flowpath in one direction, but preventing flow

through the flowpath in an opposite direction.

These and other features, advantages and benefits will
become apparent to one of ordinary skill in the art upon
careful consideration of the detailed description of

20 representative embodiments below and the accompanying
drawings, in which similar elements are indicated in the

various figures using the same reference numbers.

BRIEF DESCRIPTION OF THE DRAWINGS

25 FIG. 1 is a schematic partially cross-sectional view of
a well system embodying principles of the present

disclosure;

FIG. 2 is a somewhat enlarged scale elevational view of
a packer assembly usable in the well system of FIG. 1, the
30 packer assembly embodying principles of the present

invention;



view of the packer assenbly of FIG 5 ; FIGS 7-9 are schenmatic
cross-sectional views of successive steps in which shunt tube flowpaths in
t he packewoasmenki?y are cl osed off; and FIGS. 10-12 arepremhsegodcsaal e
schemati c crosssectional views of valve configurations for use in the
packer assenbly. DETAILED DESCRIPTION 14 is to be understood that the
various enbodi nents described herein may be utilized in various
orientations, such as inclined, inverted, horizontal, vertical, etc., and
in various contigurati:an i d i r LAl of the

pr esent disclogggé.gTﬁg éﬁbgh?%gﬁkg g?gﬁgeggF%ggglkggg y%§§%2§§%%|es of
usef ul appliewavifotbeopathkerppssempllgs of the di scl osure, which are not
limted to any specific details of these enbodinments. In the foll ow ng
description of FIBe Hepsesepbativé évbgdtodnhslotrbbe-destliosaleyiew

di recti onal %Erns, BUCh as "E?oye", "bel ow', "upper", "lower", etc., are
used for ConVEfi BAEESIN2PEFBPIY g to the acconpanying drawings. In general,
"above', "upper' pward” and sinmilar ternms refer to a direction.toward
Lhe et ih' s SuFfliceSal8ngachEl BbGPREdnd LeHePEWAROthSRaFon ELgRRARMPE  and
simlar tegngheebatkk® asdemetli:on away fromthe earth's surface along the
wel | bore. Representatively illustrated in FIG 1 is a well system 10 which
enbodi es princirpkgseofist B Bhesegbddseahasubeerhl bReswekbcsysham 10,
swel | abl e packer assenblies 12 are used to close off an annulus 14

| ongi t udi HakWy obetheeRofkrlr 3épeBRiY1ef FIG. 5;

FIGS. 7-9 are schematic cross-sectional views of
10 successive steps in which shunt tube flowpaths in the packer

assembly are closed off; and

FIGS. 10-12 are enlarged scale schematic cross-
sectional views of valve configurations for use in the

packer assembly.
15
DETAILED DESCRIPTION

It is to be understood that the various embodiments
described herein may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and

20 in various configurations, without departing from the
principles of the present disclosure. The embodiments are
described merely as examples of useful applications of the
principles of the disclosure, which are not limited to any

specific details of these embodiments.

25 In the following description of the representative
embodiments of the disclosure, directional terms, such as
“above”, "“below”, *“upper”, “lower”, etc., are used for
convenience in referring to the accompanying drawings. In
general, *“above”, “upper”, “upward” and similar terms refer

30 to a direction toward the earth’s surface along a wellbore,



The annulus 14 is forned radially between a tubular string 18 and casi ng 20
lining a well bore 22. However, if the well bore 22 were uncased or open
hol e, t hemotznm/@sotal us woul d be forned between the tubulPam/usteming1d8 and
the wel | bore 22. Although two well screens 16 and two packer assenblies 12
are depicted in FIG 1 for producing fromand isolating two formati on zones
24a, b intersected by the wellbore 22, it should be understood that any
nunber and any conbi nati on of screens, packers and zones nay be present in

a wel | Sy%hﬂ”“%@?B%y'”géQQEQG'phééwﬁRaEB“ ?ﬂasglaiﬂae t%%%s”EEQEE b

screens may be position bet ween a pair of packer assenblies, and any
confi gur abi dareftttibesewvegnfiopentbecardrithésosardbcespdbem he be used. The
pri nci pl es & this disclosure are not limted in any way to the particul ar
details of ? 8°ﬁ8r| systen110 packer assenblies 12 and screens 16 depicted

i FIG 1. t tub ide f di st t
Lravel vien o BERvEPeBLERARE Ly, S afRsRaRE Tt Breen I 4L e aad BEBssh

assenbile&OZth&hd@ﬁbﬁﬁiéslprEhGﬁplebn©EUﬂﬁeSbu@%ehubﬁisaiogﬁkéndlmg al ong
the screens 16, _.and junper tubes_30_ interconnecting the shunt tubes to
flompathst§§ @?ﬂénéyﬁﬁeWhFBugﬁwﬁﬂéabéékBP°§§§eﬁﬁﬁ?@?li?swﬁ?tPﬁ?eu§ﬁGnt

tubes 28 @BYCQ6E%n6f§|QﬂgahhﬁlﬁgrQQ”io%@atﬁB@n@@i nyERGEAr we@Abi nati on of
the shunt tubes may be in fluid conmmuni ¢ation mntx t he annulus 14 on either

side of tHRerseneeAd- The shunt tubes 28 depicted in FIG 1 extend
| ongitudinally through a filter portion of each screen 16, but the shunt
t ubes could in@headnneﬁUSnléddBtﬁ@mmedxteddaéiwebﬁaween entebnabrto the

SCreefyp aggrlﬂgaQ% BB%IE 1ng 20 lining a wellbore 22. However, if
the wellbore 22 were uncased or open hole, then the annulus
would be formed between the tubular string 18 and the
wellbore 22.

Although two well screens 16 and two packer assemblies

15 12 are depicted in FIG. 1 for producing from and isolating
two formation zones 24a,b intersected by the wellbore 22, it
should be understood that any number and any combination of
screens, packers and zones may be present in a well system
embodying principles of this disclosure, any number of

20 screens may be positioned between a pair of packer
assemblies, and any configuration of these components and
the overall system may be used. The principles of this
disclosure are not limited in any way to the particular
details of the well system 10, packer assemblies 12 and

25 screens 16 depicted in FIG. 1.

Shunt tube assemblies 26 provide for even distribution
of gravel when a gravel packing operation is performed. The
shunt tube assemblies 26 as depicted in FIG. 1 include shunt
tubes 28 extending along the screens 16, and Jjumper tubes 30

30 interconnecting the shunt tubes to flowpaths 32 extending

through the packer assemblies 12.



relative to the filter portion or an external shroud of the screen, as
desired. The shunt tube flowpath 32 extends longitudinally through a

swel | abl eweealo/aBE@nent 34 of each packer assenbly 12. Decirngekesgrsavel
packi ng operation, the packer assenblies 12 are preferably not sealingly
engaged with the casing 20, and a gravef slurry is permtted to flow
through the flowpaths 32 to facilitate even distribution of the slurry in
t he annul us 14. Upon contact with a selected fluid, however, a swellable

material 36 of g’i hﬁ%e@hbéé §‘é’eh15§ee§<‘8ehﬂa%%gh% $68l sehegpat extends

radi al |y outwar sea I ngly engages t casin hereby cl osing off
t he annul a$, 1dndnaeythembsrderobombenscneensflﬁheThbunErnubSﬁemby bad
sim |l ar ter %gs ch _as used erelg to i g%cate. n igcrease

in vol ume 8f tSPP%PanQBFSQIWl,h fhe” PRERATSe 1 oo PaRRSEs S8

i ncor por athensefesBkeculrae ehun@nenbésoﬁ8thepﬁbued uﬁtBIGh61Séﬁtbﬁble
material iLtself, hut _other smelllnﬁﬁnechanlsns or techniques may_he used,

if des? redONRStEAIRAL I¥WEPFPHEN & Adt teRePOLieCRs O8xFaRlI RGTCEPt ABugh a

material paY expaBHuat BdubesUbbu?ll $WBkEBAY. oFOfne%aRkeon|, NekeBRd
conventional packers, a seal el enment may be expanded radlally out ward by

| ongi t udi AXLEYNEdnPredataynahe toekheebeReans andbyni ARYaPPRETLRE seal
el ement . glg@ﬁ(}eofwt tﬁﬁéef%%&? g}b?@fﬁﬁabreBﬁngmtekﬁg)inHQSdevb?EthE a‘%us

increase in volune of the materi which the seal elenent is ma

in these someenblasadepawbdn , the seal elenent expands, but does not
swell. The fluid which causes swelling of the swellable material 36 could
be wat®r and/ ofhkydhoo#r bobef flbdpasbhcA2asxtends longitudinally

through a swellable seal element 34 of each packer assembly
12. During the gravel packing operation, the packer
assemblies 12 are preferably not sealingly engaged with the
casing 20, and a gravel slurry is permitted to flow through
15 the flowpaths 32 to facilitate even distribution of the
slurry in the annulus 14. Upon contact with a selected
fluid, however, a swellable material 36 of the seal element
34 swells, so that the seal element extends radially outward
and sealingly engages the casing 20, thereby closing off the

20 annhulus 14 on either side of the screens 16.

The term “swell” and similar terms (such as
“swellable”) are used herein to indicate an increase in
volume of a material. Typically, this increase in volume is
due to incorporation of molecular components of the fluid

25 into the swellable material itself, but other swelling
mechanisms or techniques may be used, if desired. Note that
swelling is not the same as expanding, although a material

may expand as a result of swelling.

For example, in some conventional packers, a seal
30 element may be expanded radially outward by longitudinally
compressing the seal element, or by inflating the seal

element. In each of these cases, the seal element is



oil or gas). The fluid could be a gel or a sem-solid material, such as a
hydr ocar bon- cont ai ni ng wax or paraffin which nelts when exposed to

i ncreasedwoenpeausirare in a well bore. In this manner, swekriusgoogfestihe
material 36 could be delayed until the material is positioned downhol e
where a predeterm ned el evated tenperature exists. The fluid could cause
swelling of the swellable material 36 due to passage of time. The fluid
whi ch causes smelling of the material 36 could be naturally present in the

wel I, or &BQBPE ﬁ83¥e$ﬁ§tWhEQe5Q8 R C@S&uﬁésggbgé 1%at QEKEYSQ

separately Into contact wth t e materi a in t e wel [ when
desi red. AhyChBMhersehlcehEmentngstmedEIU|thsbhlnhehEHEecoaVeEGlnaylbe

din k h f di scl Vi
vel | abl o FRBKERPA) Sgr 85gRo b o EnsaeabRf, TERE RoeRoREH SHelten mt ori al s

swel | when contact wi.t h.wat er and/ or rrocarhon_fluid

Comnr chonei vo BRg: Eapt Bod® ngﬁgﬁss\meﬁlﬁgt OB BPeSURLABAE . Partial
lists of sweeklrabliesgateuldl bempptbe badperi AyldrScafabant1bes. (83a8h364 and
7059415, and in U S. Published Application No._2004- 0020662, .the entire
di scl osur 84 1oPTWAREN - arghﬁnééPﬁérQPB&thPe?ngS} PR @ Pemdranddd The

svel | abl epaREes hal, §ﬁcﬁaﬁshQVﬁyér%@%%b@%tégh%a99&h$0Qa%fo%aﬁbEb§§1Wh'Ch are
conpressed or coIIapsed at the surface condition when bei ng pl aced

in the weWhigh meﬁtgh@hepr@§§es@d thelnatreppgad empsrakxpardéd By the
cavities fihhpag.w thyflyid ﬁghﬁeEyp?wgﬁlﬁﬂg ét%ﬁﬁaﬂgtgﬁEQ9d3%‘EBhlge used

where it is desired fo expan eria in the presence of gas rather
than 0| be defleyedAustiiflalbhe setklrablle isapesi&lioned downhole where a

predetermined elevated temperature exists.

The fluid could cause swelling of the swellable
material 36 due to passage of time. The fluid which causes
swelling of the material 36 could be naturally present in

15 the well, or it could be conveyed with the packer assembly
12, conveyed separately or flowed into contact with the
material 36 in the well when desired. Any manner of
contacting the fluid with the material 36 may be used in

keeping with the principles of the present disclosure.

20 Various swellable materials are known to those skilled
in the art, which materials swell when contacted with water
and/or hydrocarbon fluid, so a comprehensive list of these
materials will not be presented here. Partial lists of
swellable materials may be found in U.S. Patent Nos. 3385367

25 and 7059415, and in U.S. Published Application No. 2004-
0020662, the entire disclosures of which are incorporated

herein by this reference.

The swellable material 36 may have a considerable
portion of cavities which are compressed or collapsed at the
30 surface condition. Then, when being placed in the well at a
higher pressure, the material 36 is expanded by the cavities

filling with fluid.



I's described in International Application No. PCT/NO2005/000170 (published
as WO 2005/116394), the entire disclosure of which is incorporated herein
by this rwbenmmase77Pref erably, the swellable materi al 3®cwasdommetihe seal
el ement 34 swells by diffusion of hydrocarbons into the swellable material,
or in the case of a water swell able matgrial, by the water being absorbed
by a super-absorbent material (such as cellulose, clay, etc.).

Hydr ocarbon-, water- and gas-swell able materials may be conbined in the

seal el ement 3l (88l 63daokh ABOUI dnd! Rutnolientha2 by Uadar shagd ¢ hat

any type or hat able material whic en contacted
by any typg @s ﬁbaudedayobeXQsed thekmepbmgaﬂnﬁﬁ uhetpelpcepbeseobfthls

dlsclosurea a fnthe na&erl §a¥ b% Eg i ti atgg g tlrma1 but
pr ef er abl Y*Phé& Féru PRsRet §¥al™® 8£st & “PRe®p K ? 135 s

I nst al | edisndeberwekld. iSwehkiergattiohbe nppe&baklaﬁ N8y be delayed i f
desired. Far menbr ane .or coa n any or all surfaces

oot heS by 5028857 BoBndPenpansisheSuari Mo 0057 Ra00aa0r: She eheThenn: ane

or coatingigedbguiaverayhliewehsr dheocehbotwekll R8re@h BysSkawar rate of
diffusion of fluid, in order to delay swelling of the naterlal 36. The

menbr ane §¢f@§§PPﬁg coul d have del ayed perneability or could break down in
response to exposure to certain anounts of tinme and/or certain
t enper at ures. Suefebpblyechheqewslindlar maﬁgén@ﬂ»t%f vsedeliayithg seelll i ng of

Publ | shodAMBIELt Pan=Rer SoBs. BoT 14740 RS ERPEPE=bPonf, divelehe™™ " 1 2
10 swellable material, or in the case of a water swellable
material, by the water being absorbed by a super-absorbent
material (such as cellulose, clay, etc.). Hydrocarbon-,
water- and gas-swellable materials may be combined in the

seal element 34, if desired.

15 It should, thus, be clearly understood that any type or
combination of swellable material which swells when
contacted by any type of fluid may be used in keeping with
the principles of this disclosure. Swelling of the material
36 may be initiated at any time, but preferably the material

20 swells at least after the packer assembly 12 is installed in

the well.

Swelling of the material 36 may be delayed, if desired.

For example, a membrane or coating may be on any or all
surfaces of the material 36 to thereby delay swelling of the

25 material. The membrane or coating could have a slower rate
of swelling, or a slower rate of diffusion of fluid, in
order to delay swelling of the material 36. The membrane or
coating could have delayed permeability or could break down
in response to exposure to certain amounts of time and/or

30 certain temperatures. Suitable techniques and arrangements
for delaying swelling of a swellable material are described

in U.S. Patent No. 7,143,832 and in U.S. Published



whi ch are incorporated herein by this reference. \Wen the gravel packing
operation is concluded, it is desirable for fluid conmunication through the
f | owpat h 80 20w/dago7pr event ed, to provi de conpl et e i sol at iPam/usetosmer4s he
opposite sides of the packer assenblies 12. For this purpose, the packer
assenblies 12 may include one or nore_valves 38. The val ves 38 may conprise
one-way or check valves, or selectively closeable valves, as described nore
fully below A nore detailed elevational view of the packer assenbly 12 is

represe”t%bEKEEXtﬁyhigbgfg?@8'605&@%3lu5hén hgh§e @%15%u¥%§4 ¢ seen that

t he packer “assenb erably inc es t sea el enent attached

ext er nal | yhtigchaagenénabkrpotralbedahelbede pyp&éhd®. rEfiérenngs 42 secure the
seal elenent 34 against |ongitudinal displacenent relative to the base pipe
40. In this ex#hphethehgraeall ephekeny dfperrathionded apdtdudad| det asto the

o Dl be e raR e BByt " BetGnR o 10t RRroReherae T oRE g, P Yt

34 naysnobebprboedeédnotbhprbaiaepb@mp4@t@ndsbmatead beRgsehA2thBY b€
cl anped or otherw se secured to the base p E in_grder to provide for
adj ust menPPBPSLLE ?69§?|8ﬁth§IP@ﬁ#@ﬁtaéﬁeW é%@scégpongﬁFs tSthe time of

|nsta||atbggpo§g d%ﬁ%rbQ%QegnbgsEthXegehQmeQ GaphuBet bAB Wit Rot-Be
description of | at eral cross-Sectional view of the packer

assenbly Y@lveékéﬁ thEb@gHaﬂﬁésséﬁlméNeﬁ@WPr3&e Poerwpiveosncheckel y
'||UStrat@glbgsE|SE gelehglbgi§ Eiggbabﬁengglggs§egg Hgggrlbed more

10 fully below.

A more detailed elevational view of the packer assembly
12 is representatively illustrated in FIG. 2. In this view,
it may be seen that the packer assembly 12 preferably
includes the seal element 34 attached externally to a
15 generally tubular base pipe 40. End rings 42 secure the
seal element 34 against longitudinal displacement relative

to the base pipe 40.

In this example, the seal element 34 is bonded and/or

molded onto the base pipe 40, and the end rings 42 are

20 welded to the base pipe, to thereby form a unitary
construction. However, in other examples, the seal element
34 may not be bonded to the base pipe 40 and the end rings
42 may be clamped or otherwise secured to the base pipe, in
order to provide for adjustment of the rotational alignment

25 of these components at the time of installation, as
described more fully below in conjunction with the

description of FIGS. 5 & 6.

A lateral cross-sectional view of the packer assembly
12, taken through the seal element 34, is representatively

30 illustrated in FIG. 3. 1In this view, it may be seen that
two of the flowpaths 32 extend through the seal element 34

radially between inner and outer surfaces of the seal



two of the flowpaths 32 extend through the seal elenent 34 radially between
i nner and outer surfaces of the sealelenent. To acconmopdate the fl owpaths
32, the swealoslegent 34 is laterally offset relative toprCmashasmsnupe 40.
In addition, the flowpaths 32 extend through tubul ar el ements 44 positioned
in longitudinally extending cavities_4qofarnmed through the seal elenent 34.
As depicted in FIG 3, the cavities 46 may be sonewhat |arger than the

t ubul ar elenents 44, but as the material 36 swells, it will close around

and seal a9ahast .t 8ol UaLAROBLERALS. HALLBLRgL) §§'ythgh§egavg&bﬁan%6 may

be closely fitted ut the tubular el enen e tubular el enents
coul d be Bdndedletempldgdofifskitnrehetdsei toeshepbbse papehdOnat eri al 36
swelling, if desired. Although the tubular elenents 44 and cavities 46 have
a rounded rect angaldditcéonf,i gbeafilompashdepceatiend EhGough, tabylahape may
be utilize e.q., circul.ar, ova .nunber
and"conbl RAETGREST 4B BREAEASTES. PubaRG: UPEREALY FEEAT PA.FRPeLiRE may be
used in keegpifpgmédt Rhi-Baghr ithei peas eflehbhnsg duscl asUHepiAtkangint edinal

cross-sectional view of the packer assenbl¥ t aken t hrough the | ower end
ring 42, B3 F86r€§¥ﬁFé€?véﬁym?VIB?t?&?@&h? Fpeger thpp thestyPEdATt he

j unper tUQQe?ﬂ@n@ét 2ads pliRr 4ok nkhRaeBRe 16 NGe43waNdsi SisequiedcoMbR a set
screw 48. The j unper "tube 30 al'so extends into the seal eiement 34, and a

connectloﬁrQGndsanﬁeﬁéb} pagénsét kbentubelprogpemend2.and the junper tube
Wi thin thﬁl%ggh 9 t-ﬁ% ?i't&bg”'#%gmg& Bgecﬁ Qgﬁgt E%tgg Wbkn the
nt s a éry beneficia packer

seal elene eat ure of
10 the tubular elements 44 (e.g., the tubular elements could be

bonded or molded within the cavities) prior to the material

36 swelling, if desired.

Although the tubular elements 44 and cavities 46 have a
rounded rectangular configuration as depicted in FIG. 3, any
15 shape may be utilized (e.g., square, circular, oval, etc.),
as desired. Any number and combination of flowpaths 32,
tubular elements 44 and cavities 46 may be used in keeping

with the principles of this disclosure.

A longitudinal cross-sectional view of the packer
20 assembly 12, taken through the lower end ring 42, is
representatively illustrated in FIG. 4. 1In this view, the
jumper tube 30 extends through the end ring 42 and is
secured with a set screw 48. The jumper tube 30 also
extends into the seal element 34, and a connection 50 is
25 thereby made between the flowpath 32 and the Jjumper tube

within the seal element.

The positioning of the connection 50 within the seal
element 34 is a very beneficial feature of the packer
assembly 12 example of FIGS. 2-4. In this manner, the

30 connection 50 is not exposed to the annulus 14 (thus

avoiding leakage between the flowpath 32 and the annulus),



assenbly 12 exanple of FIGS. 2-4. In this manner, the connection 50 is not
exposed to the annulus 14 (thus avoi di ng | eakage between the fl owpath 32
and t he awmoubusys@and when the material 36 swells it w | lPCraisedoonea4s he

seal ed connection between the fl owath and the junper tube 30. Another
configuration of the packer assenbly_131is representatively illustrated in
FIGS. 5 &6 . Inthis configuration, the flowaths 32 do not extend through
tubul ar el ements 44. Instead, the flowpaths 32 are in direct contact with

the swel | ghle.qg e%h@'méﬁegegwe 0R97 7280 ULer BURERcES Ohel BEated

el ement 34. In addition e en rings 2 are onto t ase pipe 40
and the seahnebenentb@#wesnnohebémdwgath thd basejpmper EnbehB8 .manner, the
cavities 46 and end rings 42 can be rotationally aligned with the junper
tube 30 (and/oAnahhemthenfmgutbmmonfth@hehpabkEmbasaemb&blﬂésiEG) when t he
packer assenb 12 is_installed, wthout n othermnse
Corati onaf FREEPEReiTEed [Tt EBhRECEPORLSEn Ehé Base Bi L0, I Fi s
7-9, & sueoafsyaradfiont ephel filsabhitRg Bhed@aﬁbere&&éﬁﬂbthréaghn the casing
20 and closing off _.the flowpaths 32 are rep resentatlvel¥ illustrated. As

di scussed t4hyv8r ?H§m686§e94asséﬁﬁF§a§2 &861 d1lpwpathsi A2aATBnéBsed open

hole if dggireed. cbatEb@ wzth the a%&qab%sgﬁielehaz B HBSHEen! AnhBiS
configuration, the annul us % be gravel packed about the screens 16 as
€a

di scussedaabopaten gnaﬁépegleﬁry aepllowlenedtigh4the shunt tube fl owpat hs
32 in the seal elenent 34 between opposite sides of the packer assenbly 12.
In FIG 8 , thénsaddigbbe,nther ead Zénhss 4Beencegpompdd onto the base

10 pipe 40 and the seal element 34 is not bonded to the base
pipe. In this manner, the cavities 46 and end rings 42 can
be rotationally aligned with the jumper tube 30 (and/or any
other portion of the shunt tube assemblies 26) when the
packer assembly 12 is installed, without any need to time or

15 otherwise rotationally align threaded end connections on the

base pipe 40.

In FIGS. 7-9, a succession of steps in setting the
packer assembly 12 in the casing 20 and closing off the
flowpaths 32 are representatively illustrated. As discussed

20 above, the packer assembly 12 could be set in an uncased

open hole if desired.

In FIG. 7, the packer assembly 12 is unset. In this
configuration, the annulus 14 may be gravel packed about the
screens 16 as discussed above. A gravel slurry can flow

25 through the shunt tube flowpaths 32 in the seal element 34

between opposite sides of the packer assembly 12.

In FIG. 8, the swellable material 36 has been exposed
to the selected fluid which causes the material to swell.
As a result, the seal element 34 has swollen somewhat, the
30 annulus 14 is partially closed off, and the flowpaths 32 are
partially closed off. However, swelling of the swellable

material 36 could be delayed, if desired, using the



to the selected fluid which causes the material to swell. As a result, the
seal elenent 34 has swollen sonewhat, the annulus 14 is partially closed
of f, and wbeofdoasgat hs 32 are partially closed off. Howeceris2ewebiluhg of
the swell able material 36 could be delayed, if desired, using thetechniques
and arrangenents di scussed above and/_oradescribed in the incorporated
docunents. In this manner, closing off of the annulus 14 and/or closing off
of the flowpaths 32 may be delayed. In the exanple depicted in FIG 8A, an

interior surhagguet Lhg B&M@bﬁeﬁ%s' gikbpedey ggge h'/ogeha\égmbgat erial

72, and an exteglor surface o he sea el enent |ne a swel |
delaylng nateheahn¢¢rp$hetﬂdtdpcamsniz 74nnahlbemahn8he sameingpeffor they

may be dlffer nt ex to a ter. the_rel ati curr of ¢l osi ng
o1 the aRfutis 2ananeSeRderny’ of BB PboRsa: RiasS BieiBrERPy 3oL het
naterlaISbEZdeiéyade sel ected so that the annulus 14 is closed off by the
seal elenent 34 prior to the flowath 32 being closed off, but these

occurrences coghdthe sixamblaneepsceed Anapycot Bar, ahdehtezsodesui€dcel n
FIG 9, the Backer assemply 12 is fullé set. The seal elenent 34 has
swol | en s@fft ?eﬁ@PVPPShcégpPétéP9eélUé honSWﬁé1aﬁﬁ&?ﬁ%“94m8ﬁ8rﬁﬁémpaths

32. This phovihdesaaoBRketeok! Yudrhsal 8kl @Rebgbyeer1thenzonasig4ainBai n the
annul us 14. By u3|ngéthe t echni ques and arrangenents di scussed above and/ or

descri bedviight e sigédr dedavéngdmetrsied, 7the Thaumaserdadsuld bé4cmayed of f
Suel i ng BF Pre 8T SAS CHEanEt (TRY TPSwaa A (aroBt REProP eRELE” o (he
f | owpHl hs tpornléetrhéheolreflbényecovkdrivencessed oﬂbspngooffothe annulus

14 and closing off the flowpath 32). Preferably, the

materials 72, 74 are selected so that the annulus 14 is

closed off by the seal element 34 prior to the flowpath 32

being closed off, but these occurrences could be

15 simultaneous or in any other order, as desired.

In FIG. 9, the packer assembly 12 is fully set. The
seal element 34 has swollen sufficiently to completely close
off the annulus 14 and flowpaths 32. This provides complete

fluid isolation between the zones 24a,b in the annulus 14.

20 By using the techniques and arrangements discussed
above and/or described in the incorporated documents, the
annulus 14 could be closed off prior to the flowpaths 32 (or
either of them) being closed off by delaying swelling of the
material 36 about the flowpaths (or either of them), or the

25 flowpaths (or either of them) could be closed off prior to
the annulus being closed off by delaying swelling of the
material on an exterior surface of the seal element 34. 1In
one embodiment, swelling of the material 36 may be delayed
to a greater extent at the flowpaths 32 as compared to at

30 the outer margin of the seal element, so that the annulus 14

is closed off prior to the flowpaths 32 being closed off.



t he annul us being closed off by delaying swelling of the material on an
exterior surface of the seal elenent 34. In one enbodi nent, swelling of the
mat eri al 86 20ep04R@7del ayed to a greater extent at the flPORABRNG/08A48S
conpared to at the outer margin of the seal elenent, so that the annulus 14
is closed off prior to the flowpaths_333being closed of f.Wien using the
packer assenbly 12 configuration of FIGS. 5-9, a separate valve 38 is not
needed for selectively preventing flow through the flowath 32. However, in

FIGs. 10-12, eﬂh@hgﬁgﬁeﬁakﬁEeFQE§é§ﬁg%$8%%hgvh?WEoB%lsﬁégﬂ &3 valves 38

suitable for use int asse onfiguration o . 2-4 are
repr esent &fiG8el p- BblasseaaedtelnaEVe.380isthetvabedeasfomcbadestavgémeraIIy

bul bod whi h bul.
0 1 DRGSR MG RRIROEH SRR 2, 908°0k | Py e LU et 44

rect angul an- haneéauaeg935s&e¢élamabssbapelbaaQOHﬁ@wa1ba thamphapeodf the
tubul ar el epent 44 depicted in end connectjons_54 may be a

slip fit 8At¥eSuch éuﬂaﬁhégdfPécPéﬁg&Pth§h86€kePréﬁé?&ﬁﬂy l¢he body 52 is

suffici entbyrhighgattibat o& Pagsage-abat-br euphebBatyalive138ideastRrateaQnpri se
arestriction in the flowath 32. In one enbodi nent, the valve body 52 may

serve to connegl, Fhe, tQQU|%heebﬁﬁ38t3é4lhelh3%slH”B%he&ﬁ@§y39ubhlakn t he
seal elenent 34, so t hat 'each of these connections is nmade within the seal

el ement . badyhpe ihaRlr 1st pEopentéenednsosgonnerthéosehretiuhydbtist | eakage
finder st ood FREFY £ 8Unghen gkoBokR, BB, | Bot Birahny By EHE botl 320 ons 54
(or €1 hemagf hblienp troubdedosktitangdleirt hatnetrhé seaksebentnbvndd shape

to conform to the shape of the tubular element 44 depicted

in FIG. 3, and end connections 54 may be a slip fit onto

such a rounded rectangular shape. Preferably, the body 52

is sufficiently large that a passage 56 through the valve 38

15 does not comprise a restriction in the flowpath 32.

In one embodiment, the valve body 52 may serve to
connect the tubular element 44 to the jumper tube 30 within
the seal element 34, so that each of these connections is
made within the seal element. In this manner, the

20 connections 54 will be sealed against leakage and will be

reinforced when the material 36 swells.

However, it should be understood that it is not
necessary for the valve 38 or the connections 54 (or either
of them) to be positioned within the seal element 34 in

25 keeping with the principles of this disclosure. The
connections 54 (or either of them) may comprise the
connection 50 described above for providing fluid
communication between the flowpath 32 and the shunt tube

assembly 26.

30 A closure member 58 is pivotably arranged in the body
52. 1In the example of FIG. 10, the closure member 58

comprises an elastomer coated metal plate. An elastomer



keeping with the principles of this disclosure. The connections 54 (or
either of them may conprise the connection 50 described above for

provi di ngwbl2oioh48@mmuni cati on between the fl owpath 32 amdTiuseomioanus t ube
assenbly 26. A closure nenber 58 is pivotably arranged in the body 52. In
the exanple of FIG 10, the closure nenher 58 conprises an el astoner coated
netal plate. An elastonerhinge 60 is secured via a netal plate 62 and a
fastener 64 to the body 52. Wen fluid flows in the direction indicated by

arrow 00, 1 GePBBoaRC B8uksa0nn. AHNRUST o LhENGH! UL Bt EaEBERGLogh! ow I

t he opposit irection indicate the c osure me plvots

across theopabsabeds65dnd seals it off, thereby preventing flow through the
passage. Thus, the valve 38 conprises a one-way or check valve. In the well
systen110 of FhBenlflutibeflaveesn38hwodlidepeiont iddwrated byoareobwt he

I th I Ki t d t d
1 ow of “LRE-SEhP: poS6HSB! o BRLEPRAN | FAPBYSEhol DR B0 FnokFBRETE, tPho

val ve 538 E&o@onhlghéedpﬁbﬁhkérdhﬂeﬁﬁlbnrQﬁﬁ@@h&eﬁobyharfawve89ftEbG- 11.
However, a_swellable material 70 is positioned between the closure nenber
58 and th€ lpsyyespephes PEwRrVetde 26K OFfie thEnBes689¢ P 6t RBIndfelFalit70 is

secured tgrkot Rpakeblepeboentengerier 2Bratdnt Recbpd¥sage.then the val ve 38
woul d not conprise a one-way or check val ve, but woul d i nst ead permt flow

in both directpgQs 6@he6§aﬂvb'b8tB%mE%E§%bah BW%'Mﬁy wheeh%éRO%QvaO a
selected fluid, thé material 70 would then swell and cause the closure

menber 58Ipotpevwelécsy§§emhé0 of FIG. 1, the valves 38 would permit
10 downward flow of the gravel slurry in the gravel packing
operation, but would not permit upward flow of the slurry,

or of production fluids thereafter.

In FIG. 11, the valve 38 is configured similar in many
respects to the valve of FIG. 11. However, a swellable
15 material 70 is positioned between the closure member 58 and

the body 52 on a lower side of the hinge 60.

If the material 70 is secured to both of the closure
member 58 and the body 52, then the valve 38 would not
comprise a one-way or check valve, but would instead permit

20 flow in both directions 66, 68 until the material swells.
When exposed to a selected fluid, the material 70 would then
swell and cause the closure member 58 to pivot across the
passage 56 and thereby prevent flow through the passage in
both directions 66, 68.

25 In this manner, the flowpath 32 can be positively
closed off after the gravel packing operation. For enhanced
sealing capability, one of the valves 38 may be connected at
each end of the flowpath 32, with the valves oriented in
opposite directions, so that the closure member 58 pivots

30 across the passage 56 in opposite directions when the

material 70 swells. Swelling of the material 70 could be



passage 56 and thereby prevent flow through the passage in both directions
66, 68. In this manner, the flowpath 32 can be positively closed off after
t he gravewopaoki4sgy7oper ati on. For enhanced seal i ng capalpciriusgosona4of t he
val ves 38 nmay be connected at each end of the flowath 32, with the val ves
oriented in opposite directions, so that the cl osure nenber 58 pivots
across the passage 56 in opposite directions when the material 70 swells.
Swelling of the material 70 could bedel ayed, if desired, using the

techniqueaegﬁgegrrg@gggggggddeggghﬁeghgbggghggqugg Lha 59%35@%&@5@@

docunents . the material 70 IS not secured to one of t osure nenber
58 and t hdebodybBd, abbwr Bhd val tbe38nwoubdretedr doeumenhe-~-way or check
val ve and would permit flowin direction 66, but not in direction 68, until
the material sl lthe Watrrérnpo§édisonatsekeatred tbubde btliethet edlbalré0

woul d then swel | _and_cause the clLgsure nember 58 to._pivot.across the
passage SBERRAT: Al 8BS heyBREYT Paw EAPBuGHS: A 1§aedagHorAaBORBALPEt i ons
66, 68 AgabAe-%W®l birnghetxkt kralkat ahdalvod@dcpel-thile fdelvayaddirbcdeshr ed,
usi ng the techni ques and arrangenents descri bed above and in_the

i ncor por aP&d 8YEuREHt 41 ALReEEEON158 /¢ HBt | FBe3BateTdpki FYRPLLR -some

respects fichhexyskyd eb Bl Ge188teHOWRYUSH, LRS! fBdc2ialhgoClBR0HE LRBRDEr 58
bei ng an el astoner coated netal plate pivotably secured with the hinge 60

to the boéye32, andecenssuitbenehperrs8mepbEEGE 8120 pigosnecpresethsl | ow
el ast oner Leal sgt UG WE e ¢Losyke £ B RekpLt % t hrough the
passage 58gg%5§%e5§i%e§tio§rg§? Bu%ggrevegﬁgbﬁpga 9ﬁrog§hg? %g@g
10 both directions 66, 68. Again, swelling of the material 70
could be delayed, if desired, using the techniques and
arrangements described above and in the incorporated

documents.

In FIG. 12, the valve 38 is similar in some respects to
15 the valve of FIG. 10. However, instead of the closure
member 58 being an elastomer coated metal plate pivotably
secured with the hinge 60 to the body 52, the closure member
58 in FIG. 12 is a one-piece hollow elastomer conical

structure.

20 The closure member 58 permits flow through the passage
56 in the direction 66, but prevents flow through the
passage in the opposite direction 68. Thus, the valve 38 of

FIG. 12 comprises a one-way or check valve.

It may now be fully appreciated that the above

25 disclosure provides many advancements to the art. 1In
particular, this disclosure provides for extending shunt
tube flowpaths 32 through a swellable packer assembly 12.
In various embodiments, no flow restriction is presented in
the flowpaths 32 or shunt tube assemblies 26, and no

30 restriction or reduced access is required in the interior of
the base pipe 40 of the packer assembly 12. These benefits

are achieved while still providing for isolation in the



passage in the opposite direction 68. Thus, the valve 38 of FIG 12
conprises a one-way or check valve. It may now be fully appreciated that

t he abovewoizstl@sarre provi des nany advancenents to the a&ctr/uskevopearits cul ar,
this disclosure provides for extending shunt tube flowaths 32 through a
swel | abl e packer assenbly 12. In varioyg enbodi nents, no flow restriction
is presented in the flowaths 32 or shunt tube assenblies 26, and no
restriction or reduced access is required in the interior of the base pipe

40 of ‘heapackes 335eRBlKeh2scThERs hENChhispabeiaThibersd Whbbenst bl

provi di ng isolation in eannu en scr ens prOV|d|ng
for closing the éﬂowpethboﬁ@ath§t32,tabtgravhé gaakehgpapbrngloperat|on
The above disclosure provides a well system 10 whi ch includes a packer
assenbly 12 inthedebgve HidselpspeedPranddas anweldr sysakmellénghticB4 which
is swellable ia responsg to contgg th_a.s Iected @u nt .tube
flowpat h 33°&¥P8ERAE PRFEGH2CHREMEEX] “1‘2| éHﬁﬂrP 329 QdPQF’FbeB{E\@ %Ple base
pi pe 4 agd anwalbkosea2?cfiemedel Buerich asskwelYableai@r aesbopaeking
operation. Swelling of a swellable_material 36 of the seal elenent 34 may
be deIaye&OPFSFteWéﬁﬁlé sgdpRGeSnEltidel ai AGUREL EPPSI E19YPath) 325pel | i ng

of the swekkable %EE%EP%'tﬁ@ %Ea&héléﬁéhteb@”@ﬁhléilgaﬁe@%e€ﬁ|%K%d to a
greater extent at the as conpared to at an outer margin of the

seal eIenbﬁSGBElPA é@eﬁhdbﬁewﬁéﬂbpr§l236f@t théiyesy efemeRluBzynap Be

exposed t seal elenent. The swellable material 36
may smellgr% ggghg en?tgpﬁld flow through the flowpath 32 in

respofiype to pr%%%&iﬁngf Ehg swellable material 36 of the seal element
34 may be delayed (for example, using swell delaying
materials 72, 74). Swelling of the swellable material 36 of
the seal element 34 may be delayed to a greater extent at
the flowpath 32 as compared to at an outer margin of the

15 seal element 34.

A swellable material 36 of the seal element 34 may be
exposed to the flowpath 32 in the seal element. The
swellable material 36 may swell and thereby prevent fluid
flow through the flowpath 32 in response to presence of the

20 selected fluid in the flowpath.

At least one valve 38 may be connected to the flowpath
32 and positioned within the seal element 34. At least
first and second valves 38 may be connected to the flowpath
32 and positioned within the seal element 34, with the first
25 valve selectively preventing flow through the flowpath in a
first direction 66, and the second valve selectively
preventing flow through the flowpath in a second direction

68 opposite to the first direction.

The above disclosure also provides a swellable packer
30 assembly 12 which includes a generally tubular base pipe 40
and a swellable annular seal element 34 having a shunt tube

flowpath 32 extending through a swellable material 36 of the



selected fluid in the flowath. At |east one valve 38 nmay be connected to
the flowath 32 and positioned wthin the seal elenent 34. At |east first
and secomaovalwaso738 nay be connected to the flowpath 3Pcans$2@omstid®ned
within the seal elenent 34, with the first valve selectively preventing
flow through the flowpath in a first _dijrecti on 66, and the second val ve
sel ectively preventing flow through the flowpath in a second direction 68
opposite to the first direction. The above disclosure also provides a

swel | abl e Kk Ly 1 i u n I a pi pe
40 and a S%gﬁ ggeﬁégﬁggﬁar é&ﬁ@bé tng%% gﬁiﬁgv?ﬁ ﬁg? hén%ggg%gkfpoagath 32
extend|ngthhrémngathwéBbaWhehnaherNaﬂv36beﬁngheseatlehedewﬁthdn Ahel east
one val ve 38 be_connec tao th ro th the val ve being
p05|t|one8W l?%%%etﬁg ?ﬁé?ﬁ g?eoéa |§F EF Hgmé el enent 34 The at

rise at ast flrst and sec nected

| t |
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first yal gecsabdeghilveky 3pr evankcreds kewthbr eughphina Bhownatbosmtaoheast
direction 66, and_the second val ve sel ectively reventlng fl ow t hrough the
f1owpath FAthi8etBRdSHPLLaPlEnMa5EE4P e 368 FBetﬁér§|r¥P dfrection. The

val ve 38 QEXeegﬁpéﬁéep%e%@%%&n&akiéw theouahvendd sByphRsl ddeaargi-Ber
swel | abl e materi al whi ch | I's and thereby displaces a closure nenber

58 to predénectiond 66l ownthtbggherhadf Vowget Redgcitavedyppns¥ensipgesence of
a Se'ECteglkh“%g WH hhenbl %@%@chAhﬁoap%8¥bﬂ8d99¥f%@ﬁoﬁb8 oga%g'%§ure s

a well system I'ncl ude packer "assenb |ncIu base pi pe
10 to the flrst direction.

The valve 38 may comprise a check valve. The valve 38
may include another swellable material 70 which swells and
thereby displaces a closure member 58 to prevent fluid flow
through the flowpath 32 in response to presence of a

15 selected fluid in the flowpath.

Also provided by the above disclosure is a well system

10 which includes a packer assembly 12 including a base pipe
40 and an annular seal element 34 which is swellable in
response to contact with a selected fluid, a shunt tube

20 flowpath 32 extending through a swellable material 36 of the
seal element 34, and a connection 50 between the flowpath 32
and a shunt tube assembly 26. The connection 50 is
positioned within the swellable material 36 of the seal
element 34 radially between the base pipe 40 and a wellbore

25 22.

A well system 10 is described above which includes a
well tool 12, a shunt tube flowpath 32 extending
longitudinally through the well tool 12, and at least one
check valve 38 permitting flow through the flowpath 32 in

30 one direction 66, but preventing flow through the flowpath

in an opposite direction 68.



40 and an annul ar seal elenent 34 which is swellable in response to contact
wth a selected fluid, a shunt tube flowpath 32 extendi ng through a

swel | abl evoabsvi4sd7736 of the seal element 34, and a conRETLUSEVIHO11BEt Wween
the flowpath 32 and a shunt tube assenbly 26. The connection 50 is
positioned within the swellable mateci alg 36 of the seal element 34 radially
bet ween the base pipe 40 and a well bore 22. A well system 10 is descri bed
above which includes a well tool 12, a shunt tube flowath 32 extendi ng

| ongi tudinal Iy h@rggggﬁhPﬁg“@%g Lo %%clﬁﬁ@ ah kﬁ@%tcﬂgéggQEEKevébve 38

permtting flow thr ath In one |rect|on ut preventing
fl ow t hrothke mhétﬁpéapahhcknvahvepp6§|meydbeedbngmtaSiEhélgyspenedo may

al so incl ude her eck | ye 38. ,The | ti check, val yes may be
ongi t udi HERFy apanes SHiare il SReTeRg verre: sePols SRk 2elfE dHelRYvalve
38 may pep@mmltlQWbWhtnugbghhehélawbapat3232nlhheh@nend|a&eéb@moﬁ666but
prevent fIOM/throu%h the flowpath in the opposite dlrectlon 68. The check
val ve 38 RHy PFEYE! ttﬁépgb§h5P89§nFPﬁgfﬂP Fﬁréﬂgﬁ ?h@PPpéﬁﬁﬁth 32 in both
directiongi®Bct68ni Bgr.esponse to contact with a selected fluid. The well
tool may conprise a packer assenbly 12. The packer assenbly 12 may include

an annul ar seahnel egeBk I419%t 88NAk telesgen%h@&bw g?éb@ht@ﬁéef@bge 40.
The fl owpath 32 ext end t hrough ?he seal el enen? 4 external to the base

pi pe 40. Ahréﬁﬁhlééeséépw§ﬁéheﬁ2 3n bpthhdipacképngs§énbby iR nay be
svel | abl e L2, EESROREE HALGRRE AGknht Bedetgbacked bl ul d.

10 The well tool may comprise a packer assembly 12. The
packer assembly 12 may include an annular seal element 34
external to a generally tubular base pipe 40. The flowpath
32 may extend through the seal element 34 external to the
base pipe 40. An annular seal element 34 of the packer

15 assembly 12 may be swellable in response to contact with a

selected fluid.

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments, readily appreciate that many

20 modifications, additions, substitutions, deletions, and
other changes may be made to these specific embodiments, and
such changes are within the scope of the principles of the
present disclosure. Accordingly, the foregoing detailed
description is to be clearly understood as being given by

25 way of illustration and example only, the spirit and scope
of the present invention being limited solely by the

appended claims and their equivalents.



O course, a person skilled in the art would, upon a careful consideration
of the above description of representative enbodi nents, readily appreciate
t hat manywoundioid4s@tri ons, additions, substitutions, del efrcons2omociiat her
changes may be nmade to these specific enbodi ments, and such changes are
within the scope of the principles oL tae_present disclosure. Accordingly,
the foregoing detailed description is to be clearly understood as being
given by way of illustration and exanple only, the spirit and scope of the

pr esent '”Ve”thﬁﬂTb?EL%Lh&ﬁhbe§550|ely by the appended clains and their
equi val ents. WHAT | S IMED 1S:1 . A well system conprising: a packer

assenbly including a base pi pe and an annul ar seal elenent which is
swel lable in response to contact with a selected fluid; and a shunt tube

flowpat h extendi ng % %8Eghs§g eﬁealo Fgggnh radiall'y bet ween the base pi pe
and a wel | bore for de |very o "slar d gravel packing operation. 2 .

Th f cl b | of th
seglsgféﬁgh? |§ géFaﬁedasﬁem%#n Smegyglggfacﬁggﬁsfl%ewﬁe efﬁréaeP |n5 gf a

swel | bl esealleeilaheat tvhéchedb ebvermables idelreppdnbe a@ogreatattextient at
t he fl owpat S co ed to at. an outer margin of the seal element. 4 . The
system of & cFﬁ&ﬁFfe %ﬁ&ﬂgvnag dswel | abl e naterlal of the seal elenent is
exposed to the flowpath in the seal el enent. . The Sésten1of claim4 ,

wherein the swél FRBRE ﬁﬁpgrﬁépwgﬂéhl§X§ﬁ8dﬂﬁgr§B§OB9@v REsSERdi d f1 ow
through tB€ement radially between the base pipe and a wellbore for

delivery of a slurry in a gravel packing operation.

10 2. The system of claim 1, wherein swelling of a

swellable material of the seal element is delayed.

3. The system of claim 1, wherein swelling of a
swellable material of the seal element is delayed to a
greater extent at the flowpath as compared to at an outer

15 margin of the seal element.

4. The system of claim 1, wherein a swellable
material of the seal element is exposed to the flowpath in

the seal element.

5. The system of claim 4, wherein the swellable
20 material swells and thereby prevents fluid flow through the

flowpath in response to contact with the selected fluid.

6. The system of claim 4, wherein the flowpath is in
fluid communication with a shunt tube assembly extending

along a well screen in the wellbore.

25 7. The system of claim 1, further comprising at least
one valve connected to the flowpath and positioned within

the seal element.

8. The system of claim 1, further comprising at least
first and second valves connected to the flowpath and

30 positioned within the seal element, the first valve



flowpath in response to contact with the selected fluid. 6 . The system of
claim4 , wherein the flowath is in fluid comunication wth a shunt tube
assenbl y weterdi4gg7al ong a well screen in the well bore. PCT/UST#Q/06M8% em Of
claiml1 , further conprising at |east one val ve connected to the fl owpath
and positioned within the seal eleneat,p8_-. The systemof claim1 , further
conprising at least first and second val ves connected to the fl owpath and
positioned within the seal elenent, the first val vesel ectively preventing

f1ow thr oughekbe thuRaLehifgl ksl dhigakhonneandolpacaesang yabue

sel ectively prevent ow t ugh t he ath in a“secon irection
opposi t e tareh&ibn,sendi tbet sepond valle spdeetivelyl pirevéntingefépm t he

seal ele t is.rotatable about the base pipe to.thereby align the flowpath
wth a nehrobihe thl. amsrpatlo inds RaRPRel T et Rab o oBRIETy e P s ng.
gener al | y ftivbtl dirbaseopi.pe; a swel |l abl e annul ar seal el enent having a
shunt tube flowpath extending through a first swellable material of the

seal efenent; and atrhkeagbtemcofakvaimonneaghedetia the Ekawpatbmehheigal ve
bei ng positioned within the first swellable material ,of the seal el enent.
11. The pafkétaRisepbrytothel RpFF1B1PRhEPetheEREYaf L8RsthEné LoYPRED

conpriseswgghlgaghugkr§hb@nqsggﬁgmg_valves connected to the flowpath and
positioned within the first swellable nmaterial, the first valve selectively

preventing flowgthraughetRgphboyaakByr Bsdehbist dbhpelis9hg:and the

a generally tubular base pipe;

10 a swellable annular seal element having a shunt tube
flowpath extending through a first swellable material of the

seal element; and

at least one valve connected to the flowpath, the valve
being positioned within the first swellable material of the

15 seal element.

11. The packer assembly of claim 10, wherein the at
least one valve comprises at least first and second valves
connected to the flowpath and positioned within the first
swellable material, the first valve selectively preventing

20 flow through the flowpath in a first direction, and the
second valve selectively preventing flow through the
flowpath in a second direction opposite to the first

direction.

12. The packer assembly of claim 10, wherein the
25 flowpath extends through a generally tubular element in the

seal element.

13. The packer assembly of claim 10, wherein the first
swellable material of the seal element is exposed to the

flowpath in the seal element.

30



second val ve selectively preventing flow through the flowath in a second
direction opposite to the first direction. 12. The packer assenbly of claim
10, wher ewvo 20tv48d70wpat h ext ends t hrough a general |y tulpgiraszebesant in t he
seal elenent. 13. The packer assenbly of claim 10, wherein the first
swel |l abl e material of the seal el enent oiis_exposed to the flowpath in the
seal elenent.14. The packer assenbly of claim 13, wherein the first

swel lable material swells and thereby prevents fluid flow through the

flowpath in responsent.o RLECH SWalB el agted fikui 13 nThePacker
assenbly of clain1lg,bwﬁ%?e%n %ﬁe vaﬂgegcoﬁp%?sesbé gﬁgcélgalvg. 1%% The
packer asswrbllpbde mbaemidld, sweédei anthéhezkby bmelvedés dlsedomdowwel | abl e

mat eri al ich | s .and thereby_displaces a closure er t revent
THud 11 olAFRRSNo R End IPFBRSS: A ACPBOBSRoEor GOBFaLnea Bt S tarBEREd 11 ui d
in the fleamagh. 17. A well system conprising: a packer assenbly including
a base pipe and an annul ar seal elenent which is swellable in response to

contacs with aisel echedphkued, agsshuny bubelbliewat hwast-endi nget baoygh a
swel l abl e material of the seal elenent; and a connection between the
f1 owpat h SRBPELSRENE FUEEKa¥8eNBlry, the connection being positioned within

the swell able material of the seal elenent radially between the base pipe
and a wel | borel6. The packer assembly of claim 10, wherein the valve

includes a second swellable material which swells and
thereby displaces a closure member to prevent fluid flow
10 through the flowpath in response to presence of a selected

fluid in the flowpath.
17. A well system, comprising:

a packer assembly including a base pipe and an annular
seal element which is swellable in response to contact with

15 a selected fluid;

a shunt tube flowpath extending through a swellable

material of the seal element; and

a connection between the flowpath and a shunt tube
assembly, the connection being positioned within the
20 swellable material of the seal element radially between the

base pipe and a wellbore.

18. The system of claim 17, wherein the flowpath
extends through a generally tubular element in the seal

element.

25 19. The system of claim 18, wherein the shunt tube

assembly extends along a well screen in the wellbore.

20. The system of claim 17, wherein the swellable
material of the seal element is exposed to the flowpath in

the seal element.
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18. The systemof claim 17, wherein the flowath extends through a
generally tubular elenent in the seal elenent. 19. The system of claim 18,
wher ei n twe 28twmgo7rube assenbly extends al ong a wel | scPeEUS2EVINHE4S
wel | bore. 20. The systemof claim 17, wherein the swellable material of the
seal elenent is exposed to the flowpathyino the seal elenent.21. The system
of claim 20, wherein the swellable material swells and thereby prevents
fluid flow through the flowpath in response to contact with the sel ected

fluid. 22. Theﬁgyst%gbo%xg%%gnb%7clggﬁt 8 %EEBE& i@gea%wggﬁgblgne val ve

;
connected to the flowpa positroned W thin ihe swe e material. 23.
The syst emattrdbadi swellsf anthéhecebpyr bsengnas féadd filpwt thmdugbcthd val ves
connected_to the, fl.owpath and pasitioned w.thin, the seal el nt, the first
Calve. sol EABrBARY pRetBhPoRGS: PEvFPRRARGh i RE FPBLSStRcrROa A ity

di rection, and ghe Econd al ve segecti%?Iy ﬁr% enting fl.ow through the
flowpath in a £8cond i PEEEFBNCopFdeife s fHEPPFsEORPF&EEPIN2T24. A wel |

systers coepsitsong: valvwel boh@ekted sbumhet hewbbenpahl pskendbAgd

| ongi tudinally through the well tool; _and at least a first check val ve
perni tti nyPe® theodYRlLRELE BAGEEAIN a first direction, but preventing
flow through the flowath in a second direction opposite to the first
direction. 25.2%he IP&t ENSEEMCcPAI MIA™ fdpt ABLLREHPFPEPRGSANT at

least first and second valves connected to the flowpath and
positioned within the seal element, the first valve

10 selectively preventing flow through the flowpath in a first
direction, and the second valve selectively preventing flow
through the flowpath in a second direction opposite to the

first direction.
24. A well system, comprising:
15 a well tool;

a shunt tube flowpath extending longitudinally through
the well tool; and

at least a first check valve permitting flow through
the flowpath in a first direction, but preventing flow
20 through the flowpath in a second direction opposite to the

first direction.

25. The system of claim 24, further comprising a
second check valve, and wherein the first and second check

valves are longitudinally spaced apart along the well tool.

25 26. The system of claim 25, wherein the second check
valve permits flow through the flowpath in the first
direction, but prevents flow through the flowpath in the

second direction.



second check val ve, and wherein the first and second check val ves are

| ongitudinally spaced apart along the well tool. 26. The system of claim
25, wher ewvo 20tve48®cond check val ve permts flow throughpchastécopaudh in the
first direction, but prevents flow through the flowpath in the second
direction.27. The systemof claim24_ wherein the first check val ve cl oses,
t hereby preventing flow through the flowath in each of the first and
second directions, in response to contact with a selected fluid. 28. The

system of cl ai g,24, ppherein fhgewahl 109l ¢ LLSES +ReP3Gket agsepbly. 29.
The system of claim ,E&Ee?giﬁ ?ﬁegﬁacge{ ggge%%ﬁy ?ﬁc?uggs gnégnnular
seal el enwnflvextépsek,t thargbygepakhentubgl dlolvasbrpugs, thad fwbepeith t he

fl h d h th |, el I .the b i pe. 30.
The Gyst el P EhaPlh SHC WHGPE: R 8 SRANTRaP LLEaT LePSnedl SPSPRE"Babker

assenbly snseekl abltd bnseespesgefilaigontact with a selected fluid.

5 28. The system of claim 24, wherein the well tool

comprises a packer assembly.

29. The system of claim 28, wherein the packer
assembly includes an annular seal element external to a
generally tubular base pipe, and wherein the flowpath

10 extends through the seal element external to the base pipe.

30. The system of claim 28, wherein an annular seal
element of the packer assembly is swellable in response to

contact with a selected fluid.



