Bl DI RECTI ONAL GRAVEL PACKI NG | N SUBTERRANEAN VELLS 10l nvent ors: Bryan
Chay, Chee Voon Kin and Mark E. P. Dawson 15BACKGROUND Thi s di scl osure
relates generally to operations perfornmed and equi pnent utilized in
conjunction with a subterranean well and, in an exanpl e descri bed

bel ow, nore particularly provides for bidirectional gravel packing in
20 subterranean wel | s. Conventional gravel packing assenblies

i ncl ude, anong ot her conponents, one or nore well screens and a
closing sleeve positioned bel ow a packer. Typically, the closing

sl eeve i s connected between the packer and the screens, and is used
to direct slurry flow to an annul us surroundi ng the gravel packing
assenbly. A work string is received in the 5 gravel packing assenbly,
and is mani pul ated to performvarious functions, such as setting the
packer, and openi ng and cl osing.the closing sl eeve. Such gravel
packi ng assenblies have the capability of flowi ng the gravel slurry
in only one direction through an
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BIDIRECTIONAL GRAVEL PACKING IN SUBTERRANEAN WELLS
10 Inventors: Bryan Chay, Chee Veoon Kin and Mark E.P.
Dawson
15 BACKGROUND

This disclosure relates generally to operations
perfecrmed and equipment utilized in conjunction with a
gsubterranean well and, in an example described below, more
particularly provides for bidirectional gravel packing in

20 subterranean wells.

Conventional gravel packing assemblies include, among

other components, one or more well Screens and a clesing



10 annul us fornmed between the gravel packing assenbly and the
wel | bore. If the gravel prematurely bridges off in the annulus, or if
there is an obstruction in the annulus (such as, due to parti al
col | apse of the wellbore, etc.), the entire annul us surrounding the
wel | screens may not be 15 fully gravel packed. Therefore, it

wi || be appreciated that inprovenents are needed in the art of gravel
packi ng wel | bores. SUMVARY 20l n the disclosure bel ow, systens and

nmet hods are provided which solve at | east one problemin the art. One
exanple is described belowin which a gravel slurry can be flowed in

both directions through an annulus. Another_ exanple is_described
bel ow i n viHiSEet Resk a9efd sPehqw & ®agher; r STYRIGHEY f C&f 6ABSERY of a

gravel packing.assepblyeifdd bé@%eﬁ“@ﬂé”ﬁac A t,glrea\é%lreélr}%r F¥nd S
then flowed from an opposite end of the gravel packing assenbly into
t he annul us. used to direct slurry flow to an annulus surrounding the
gravel packing assembly. A work string is received in the
5 gravel packing assembly, and is manipulated to perform
various functions, such as setting the packer, and opening

and closing the closing =sleeve.

Such gravel packing assemblies have the capability of
flowing the gravel slurry in only one direction through an
10 annulus formed between the gravel packing assembly and the
wellbore., If the gravel prematurely bridges off in the
annulus, or if there is an obstruction in the annulus (guch
ag, due to partial collapse of the wellbore, etc.}, the
entire annulug surrounding the well screens may not be

15 fully gravel packed.

Therefore, it will be appreciated that improvements

are needed in the art of gravel packing wellbores.

SUMMARY

20 In the disclosure below, systems and methods are
provided which scolve at least one problem in the art. One
example is described below in which a gravel slurry can be
flowed in both directions through an annulus. Another
example is described below in which the gravel slurry is

25 first flowed from one end of a gravel packing assembly into



In one aspect, a unique nethod of gravel packing a wellbore is
provided to the art. The nethod includes the steps of: flowing a
gravel slurry in one direction in an annulus fornmed between the
wel | bore and a gravel packing assenbly positioned in the well bore;
and flow ng another gravel slurry in an opposite direction in the
annul us. 10l n anot her aspect, a well systemin which a wellbore is
gravel packed includes a gravel packing assenbly positioned in the
wel | bore, whereby an annulus is forned between the well bore and the
gravel packing assenbly. One or nore well screens are interconnected
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devi ce sel eppbyvety ¢l it shandrptreyepdkifdowsebnblgr aned sharry
outward fromthe gravel packing assenbly to an exterior of the well
screens. ARBEWEYSf| ow control device is 20 interconnected in the
gravel packing assenbly. This second flow control device sel ectively
permits and prelefine fFspRCst anvhhdie giebled sfusrgveltmeeidida ém t he

gravel packj 1910] e._ex i or, of .the | .screens. The well
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i ncludes the steps of: flowing a gravel slurry in one direction
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positioned I n bore; a oW ng anot her grave lurry 1'n the
5 annul us gneasnl cPposivt endeneopponi teldiriese iba thethoeamiulde
wel | bor e.

10 In ancother aspect, a well system in which a wellbore
is gravel packed includes a gravel packing assembly
positioned in the wellbore, whereby an annulug is formed
between the wellbore and the gravel packing assembly. One
or more well screens are interconnected in the gravel

15 packing agsembly. A flow control device is interconnected
in the gravel packing assembly, and the flow control device
gselectively permits and prevents flow of a gravel slurry
outward from the gravel packing assembly to an exterior of
the well screens. Another flow control device is

20 interconnected in the gravel packing assembly. This second
flow control device gelectively permits and prevents flow
cf another gravel slurry outward from the gravel packing
assembly to the extericr of the well screens. The well

screens are positioned between the flow control devices.

25 In yet another aspect, a method of gravel packing a

deviated wellbore includes the steps of: flowing a gravel



These and ot her features, advantages and benefits will becone
apparent to one of ordinary skill in the art upon careful
consideration of the detailed description of 10 representative
exanpl es bel ow and the acconpanyi ng draw ngs, in which simlar

el enents are indicated in the various figures using the sane
reference nunbers. BRI EF DESCRI PTION OF THE DRAWNGS 15FIG 1 is a
schematic partially cross-sectional view of a well system enbodyi ng

princi ples of the present disclosure; FIG 2 is a schemtic
partially cross-sectional view of the well system wherein a gravel
slurry is flowed 20 outwardly into a well bore; FIG 3is a

schemati c pavevdaliy arpssrestironablateve ofo heokebE shetesd Lwdmar.ei n
anot her grayel slurry.4is flowed outwardly into _the wellbore;
aus gz Ly %d%r %eﬁg? %R%YEQ ?ﬁ an nnugysa£a$%% |b?%¥ﬁ8an

FI GS. 4A-0 are”schemati ¢ duarfer-sectional Vi ews

assenbl y apHe awdWidorSd fEndg ai Bravelnpadk Qenfbsgemdl iy 0pos bt hedAP are
schematic quarter -sectional views of 5 the gravel packing assenbly
and the wobReste}iRphs anfadkeringsinoniy gupyeiloflurry in the

5 annulus in an opposite direction relative to the toe of the

wellbore.

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

10 representative examples below and the accompanying
drawings, in which similar elements are indicated in the

varicus figures using the same reference numbers.

BRIEF DESCRIPTION OF THE DRAWINGS

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

disclosure;

FIG. 2 is a schematic partially cross-sectional view
of the well system, wherein a gravel slurry is flowed

20 outwardly into a wellbore;

FIG., 3 is a schematic partially cross-sectional view
of the well system, wherein another gravel slurry is flowed

outwardly into the wellbore;



FIGS. GA-P are schematic quarter -sectional views of the grave
packi ng assenbly and the work string in a circulate configuration;
10FI GS. 7A-Q are schematic quarter -sectional views of the gravel
packi ng assenbly and the work string in a reverse flow configuration,;
FIGS. BA-S are schematic quarter -sectional views of the gravel
packi ng assenbly and the work string in an acid 15 wash

configuration; FIGS. SA-N are schematic cross-sectional views
of the gravel packing assenbly and another work string in a circul ate
configuration; and FI GS. 10A-P are schematic

cross-sectional_views of the 20 gravel packing assenbly and the
second wor k stﬁﬁﬁ& |ﬁAaOr%V%r%%hqmﬁﬁﬁccHHFFﬁﬁFaE?QﬁﬁoqﬁéTNP@EE of a
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system 10 an as ocl at ody principles o
di scl osur ezodfigtilretwehl system 10, a gravel packing assenbly 12 has
been conveyed into a well bore 14. The 5 gravel packing assenbly 12

may be conveyediizst oshhe a\ﬁé|§lﬂfeﬁna3:4cr gleasabl yoaddiashgd viiewsd of
generally tubul ar work string In the exanple of FIG 1, an
upper , Spr G ¥R BBCHERY h%’sﬁﬁ‘“é%}éfl aﬁéckpﬁg“’%@%e?ﬁﬂlyiglzq § packer

positionedddt a,8¢96La5t Yon,

FIGS. 6A-P are schematic quarter -sectional views of
the gravel packing agsembly and the work string in a

circulate configuration;

10 FIGS. 7A-Q are schematic quarter -sectional views cof
the gravel packing assembly and the work string in a

reverse flow configuration;

FIGS. BA-S are schematic quarter -sectional views of
the gravel packing assembly and the work stfing in an acgid

15 wash configuration;

FIG2. 9A-N are schematic cross-sectiocnal views of the
gravel packing assembly and another work string in a

circulate configuraticn; and

FIGS. 10A-P are schematic cross-gectional views of the
20 gravel packing assembly and the second werk string in a

reverse flow configuration.

DETAILED DESCRIPTION



10 vertical cased or lined portion 20 of the wellbore 14, and a
distal end 22 of the gravel packing assenbly is positioned in a
general ly horizontal uncased or open hole portion 24 of the well bore
14. Well screens 26 are interconnected in the gravel packing assenbly
12, and are 15 also positioned in the generally horizontal uncased
portion 24 of the wellbore 14. At this point, it should be
enphasi zed that the system 10 as illustrated in the draw ngs and
described herein is nmerely one exanple of a wide variety of well
systens which 20 can incorporate the principles of this disclosure.
For exanpl e, ikRepsedwitdigcedyalylhotrided piroxiroml 1end 484011 t he
assenbly 12 to be positioned in the cased portion 20 of the wellbore
14, for tF¥ESHEPEtHY MY 3EBceiatRe Berkeholgeh embedgorrinetetes Pk he

uncased PoLLLOR; 24 Sllldie el LAO! ey 1 of B0t 15 CSEAPOY L0 L, De

general ly vertica or "tthe uncased portion’t
hori zont akssembly 12 lleotlken exanpyes, 1ﬂﬂuanm@a$edr9014lonm%4 could
be otherw se deviated, and a toe 28 of the wellbaore 14 could even be

rai sed®r ePARYGE %C’%l%@sswb&v %%em%oéﬁrw%wevﬁesmw &Pdul d be
clearly UQgﬂﬁ&P@dli Qaéleta@%b@y DeLplesa X Pfa %%h%rgﬁ rat 4 dﬁ}lar\n%r@cm

limted at all to the details of the system n the

dr awi ngs ahdld@stJbed her ei n. In the system 10, it is desired
to place a gravel pack in an annulus 32 fornmed radially between the
assenbly 12 10Imnthd kecanplileboferid. WMAs drs upplel, kpovrihol thasasskifl | ed
inthe art, a gravel pack is a useful tool for mtigating productlon

of sand ahBefy ‘éelr R5TEa5 REPBFRY | bhst SHASIGAARRE Weld e lier

prevepdinge£ol bapse Ly ldﬂCQBﬁeJi dg@{’%rf HJTRIe @RS, wEl ProfS HSeding
herein, the term 15 "gravel " indicates a particulate material, and

may be a ﬂaﬁU$Galnathﬂmabf(Shehga@v@kuphCKan@ pﬁsamhﬁmuiactured

mat eri al (such. as Iass beads ftc.g and/ or. g etic mat r|aI
(such as Pﬁ%?}??e PEEngenerél y horizontal unc oY open ole

portion 24 of the wellbore 14. Well screens 26 are
interconnected in the gravel packing assembly 12, and are
15 also positioned in the generally horizontal uncased portion

24 of the wellbore 14.

At this point, it should be emphasized that the system

10 ag illustrated in the drawings and described hexein is

merely one example of a wide variety of well systems which
20 can incorporate the principlies of this disclosure. For

example, i1t is not necesgary for the proximal end 18 of the

asgsembly 12 to be positioned in the cased portion 20 of the

wellbore 14, for the distal end 22 or the screens 26 to bhe

positioned in the uncased portion Z4 of the wellbore, for
25 the cased portion to be generally vertical, or for the

uncased portion to be generally horizontal.



In the exanple of FIG 1, an obstruction 34 in the 20 wel |l bore 14
causes a restriction to flow through the annulus 32 and, in
conventional gravel packing systens, could operate to prevent

conpl ete packi ng of the annul us about the screens 26. O her problens,
such as premature gravel bridging-off, can also prevent conplete
packi ng of 25 the annulus 32 in conventional gravel packing systens.
However, the system 10 includes features which enable the entire
annul us 32 about the screens 26 to be conpletely and consistently
gravel packed whether or not the obstruction 34 or premature gravel

bri dgi ng-of f ocgu T f eat S eci.al | seful .for grave
packing in hor?go%F%%réggo ]ggﬁﬁgégdgs%gféﬁqﬁﬁﬁ?ﬁgggg ﬁﬁB#% Phese
probl ens artenwtesf degletdd y ericaunber g, obuthd he13pst-em 4 0c6ang be
very beneficial in substantially vertical wellbores, as well. 100ne

uni que fedVEeP8f TEhESSyETER S it BhBeet ntd adfsdd®st yeidbphel udes two
1 ow cont ignqdevt Cosadfy 5B Meh Shradil foddid ! 8805204 I diPPer

flow control device 36 Is positi near the proximal
assenbby 1Z, thékodiachaoker 4@ randlihetédwer Hillowecehtr aktdevd aef 38

is 15 posig%oned near th%_disgal end 22 of the assenbly. | The

f1 ow cont rof G&%FEBst 36l B tird ehr et B FB1ina5e 2RGhECRABIPEL 0 t hose
skilled inpeatRenart as "closing sleeves” which selectively pernmt and

prevent fluid conmunication between the annulus 32 and an interior of

the assenmbly 12, pe system 10, it is desired tec place a gravel pack

in an annulus 32 formed radially between the assembly 12

10 and the wellbore 14. BAs is well known to those skilled in
the art, a gravel pack is a useful tool for mitigating
production of sand and fines from earth formations
surrounding wellbores, for preventing collapse of
unconsolidated formations, ete. Ag used herein, the term

15 *gravel” indicates a particulate material, and may be a
natural material (such as sand, etc.}), a manufactured
material (such as glass beads, etc.) and/or a synthetic

material (such as plastic, etec.}.

In the example of FIG. 1, an obstruction 34 in the
20 wellbore 14 causes a restriction to fiow through the
annulug 32 and, in convenfional gravel packing systems,
could operate to prevent complete packing of the annulus
about the screens 26. Other problems, such as premature
gravel bridging-off, can alsc prevent complete packing of

25 the annulus 32 in conventicnal gravel packing systems.



20 The flow control devices 36, 38 are preferably operated by
mani pul ati on of the work string 16, for exanple, by raising and

| owering the work string during different stages of the gravel
packi ng operation (and/or other operations, such as fracturing,
stinmulating, acid washing, etc.). 95In the system 10, the work string
16 may be used to operate both of the flow control devices 36, 38.
Alternatively, in an exanple described nore fully below, a first work
string can be used to operate one of the flow control devices, and
then a second work string can be used to operate the other flow
control devi ce, singl N i .ri ps be
used, in keepiﬁgx%ygﬁ't %?ﬂﬁ?%ﬁﬁ”gﬁggH%??%ﬁ?%uﬁ$¥§%%§ﬂ9@50h SnBle

Al t hough ariley etmbrel emncbus rid adevitcehe36crd&nars depibet ednphet &y
drawi ngs and descri bed herein, it will be appreciated that any nunber
of flow cGMY GPRFTFRRE EdiNal olo PSRN ErT eamsite Eifhe assenbl y
12 coul d ingludecany Punber, QoW §enbeolLdeylGes Jedt gragnnect ed
between nmultiple sets of screens 26. Referring additionally now
to FI G5 2,Thase $pstemedamdapstdiod 1lar esefpl eSentataved! paickliogt tmat ed
with a gravel, 15 slurry 42 being di scharged jnto the annulus 32 from
the uppor TAEGRPREREr BF ST 08 590 SSTRaCaR s YLEr o e ZEnLBUgR ¢ he
annul us 3%ddp18mdi EeEth&Re fimihe1beghcdhtordde hre 28 ofstd8 10
wel | bore 14, although the obstruction 34 or other problens” may
prevent tengbgveeryrioenebimladt élny shibbtantiahle 2@ randraluseabootes he
screens 26. Referring additionally nowto FIG 3, the system 10

are represéhPE%%Vely illustrated with another gravel slurry 44 being
di scharged intg the annulus 32 fr he | ower flqw contro] device 38.
The SEliry 44 PROWEERIBARFRE RinbraesySten 10 3% ER3L  Ehe

assembly 12 includes two flow control devices 36, 38 which
straddle the screens 26. The upper flow control device 36
is positioned near the proximal end 18 of the assembly 12,
below a packer 40, and the lower £low control device 38 is

15 positioned near the distal end 22 of the assembly.

The flow control devices 36, 38 are preferably of the
type known to those skilled in the art as “closing sleeves”
which selectively permit and prevent fluid communication
between the annulus 32 and an interior of the assembly 12.

20 The flow control devices 36, 38 are preferably operated by
manipulation of the work string 16, for example, by raising
and lowering the work string during different stages of the
gravel packing operation (and/or other operations, such as

fracturing, stimulating, acid washing, etc.}.

25 In the system 10, the work string 16 may be used to

operate both of the flow control devices 36, 38.



25 32 in a direction fromthe toe 28 to the heel 30 of the wellbore
14 (i.e., in the opposite direction fromthe slurry 42). In this
manner, the entire annulus 32 surroundi ng the screens 26 can be

conpl etely packed with gravel, even though the obstruction 34 or
premature bridgi ng-off or another problem m ght otherw se prevent a 5
slurry flowng in only one direction fromacconplishing this result.
Note that the two slurries 42, 44 could actually be the sane or
different in conposition. The slurries 42, 44 are referred to
separately herein merely to indicate that 10 they are discharged from

t he separ atle erhawieeby| oln davieemple, dd8cribed mdde tfe19XBEDLR, Of
FIGS. 1-3, the first slurry 42 is discharged into the annulus 32, and
then the é%é@ﬁdnghrFVrﬂﬂg|%§QMQ%:W§P8eHO|?E%F%qﬁ39§ﬁh@r shepBi@wer, in

ot her 15 & nggsdeQP e§|Lgﬂ%(%ﬁe 2 ééCSQ&fﬂa %gagg used

si mul taneously into the annu slurr 8eStri bed
above and tics opkelrasérabedtirent fa oir anhhgsl ad=hieieng t[ﬁnasf I B$hgle or

dlscharged fromthe assenbly 12. However, in other exanples, the
Sl ur 1y 44 T EABUPABES 111 S ISR Bed P4 oifithe FoWEFBAPEWILBRL T

devi ce SBEquggglggeo§I$H{§/dy%dl%squcharged fromthe upper flow
control dévice 36. This latter nethod may be preferred when the toe

28 of the wellRorfoddh isnf) YR 89olebahi XS IR e8! 39 gfcthe

wel | bore.
depicted in the drawings and described herein, it will be

appreciated that any number of flow control devices could
10 Dbe used. For example, the assembly 12 cculd include any
numbetr of flow control devices interconnected between

multiple sets of screens 26.

Referring additionally now to FIG. 2, the sgystem 10
and method are representatively illustrated with a gravel
15 slurry 42 being discharged into the annulus 32 from the
upper flow control device 36. The slurry 42 flows through
the annulus 32 in a direction from the heel 30 to the toe
28 of the wellbore 14, although the obstruction 34 or other
problems may prevent the gravel from completely f£illing the

20 annulus about the screens 26.

Referring additionally now to FIG. 3, the system 10
are representatively illustrated with another gravel slurry
44 being digcharged into the annulus 32 from the lower flow
control device 38. The slurry 44 flows through the annulus

25 32 in a direction from the toe 28 to the heel 30 o©f the

wellbore 14 (i.e., in the opposite direction from the



Referring additionally now to FIGS. 4A-10P, cross-sectional views of
successi ve axi al sections of the gravel packing assenbly 12 and the

| ower portion of the work string 16 are representatively illustrated
apart fromthe 5 remai nder of the system10. It will be appreciated,
however, that the assenbly 12 and work string 16 may be used in other
systens in keeping with the principles of this disclosure. In the
exanpl e of FIGS. 4A-10P, one work string 16a is 10 used to convey the
assenbly 12 into the well bore 14, set the packer 40, operate the
upper flow control device 36 and discharge the slurry 42 into the

annul us 3Z1ubliysapprk shrimgs Meanes,t bee &t itevedfingmbhe wel |, and
anot her work string 16b is then engaged with the assenbly 12 and is
15 used t FUSPOrALANT hENE GREfeFloWoc6Rr BF dekid 3y angkedsvhblige t he

slurry 44 j th n I th rk string 16b
coul d be 5%%3896 %B%€e§$¥%%§§§§é% ?§Q§Et?§?gﬂ{ﬁ§‘&gﬁﬁggﬁgel4, set the
packer 40bropgtateofheot aweitHdrowrebhemhohigleyicthedSiardp2@vdhschar ge
the slurry_ 44 into the annulus 32. This work string 16b_coul d then be
retri eved SHFSHEYt heCHRRS | 1P ih €16t HéFeRbt R st G CEeaPedahdnge

engaged with st hg-assenbly 12 and used to operate the upper flow

control device 36 and discharge the slurry 42 into the annulus 32. In

that case, 25 [fg.Work: StHd NGhol@RurlR8LeRd, ofy tGWOLKBLEE PYd 62,

woul d
the gsame or different in composition. The slurries 42, 44

are referred to separately herein merely to indicate that
10 they are discharged from the separate flow control devices

36, 38.

In the example of FIGS. 1-3, the first slurry 42 is
discharged into the annulus 32, and then the second slurry
44 ig discharged into the annulus. However, in other
15 examples, the slurries 42, 44 could be discharged

simultaneously into the annulus 32.

The slurry 42 is described above and is illustrated in
the drawings ag being the first discharged from the
asgembly 12. However, in other examples, the slurry 44

20 could be first discharged from the lower flow control
device 38 before the slurry 42 is discharged from the upper
flow control device 36. This latter method may be
preferred when the toe 28 of the wellbore 14 is elevated

relative to the heel 30 of the wellbore.

- 10 -



i ncl ude provisions for conveying the assenbly 12 and setting the
packer 40. In still further exanples, the single work string 16
could be used to performall of these functions (convey the 5
assenbly 12, set the packer 40, operate both of the flow control
devices 36, 38, etc.). In this manner, only a single trip of the work
string 16 into the well would be needed. The assenbly 12 and work
string 1l6a are depicted in 10 FIGS. 4A-Oin a run-in configuration,
that is, in a configuration in which they are initially conveyed into
the wel |l bore 14. The assenbly 12 is rel easably attached to the work

string 16a untikbedhe: RAGKRN t40nk315how afd @izathi GR_1 B8, Worksstring is

rel eased for reciprocal displacenment 15 relative to the assenbly.
In FIGS. BACPioRhe abwentily sizcgadiver&x sl iswgtibasapré depietackln a

packer test nfigurat.ion...The .packer 40 has heen set. usin
SR A %E ei%ﬁﬁﬁ:%;ﬁﬁlﬁﬁ ?%agﬂﬁsw%%ﬁn rai sed

i nternall app??edapres ure, and

to provi detaififuig omadpeathen:20epat it figycestl Bgatberpaskale
In FIGS. 6A-P, the assenbly 12 and work string 16a are depicted in a
ci rcul at e TEBAFRERF Al drite BHELRBr k0st rihg'ilda beasrpeeniabe®r ed

somewhat Lis t I gur at i o_provide_for
CirCU|ati%%9%%é#1UI qﬁﬁ%ﬁvg%geggy%h?%ugtit éﬁvggﬁgéér?%dﬁaﬁ&xhpward
to the sunbadeit hsttegh systems in keeping with the principles of

this disclosure.

In the example of FIGS. 4A-10P, one work string l6a is
10 used to convey the assembly 12 into the wellbore 14, set
the packer 40, operate the upper flow control device 36 and
discharge the slurry 42 into the annulus 32. This work
string 16a is then retrieved from the well, and another
work string 16b is then engaged with the assembly 12 and is
15 used to operate the lower flow control device 38 and

discharge the slurry 44 into the annulus 32.

In other examples, the work string 16b could be used
to convey the assembly 12 into the wellbore 14, set the
packer 40, operate the lower flow control device 38 and

20 discharge the slurry 44 into the annulus 32. This work
string 16b could then be retrieved from the well, and the
other work string 1léa could be engaged with the assembly 12
and used to operabe the upper flow control device 36 and
discharge the slurry 42 into the annulus 32. In that case,

25 the work string 16b, instead of the work string 16a, would

- 11 -



an annulus 50 fornmed between the work string and the wel |l bore 14
above the packer 40. The work string 16a is then | owered again
sonmewhat to position a crossover 46 opposite ports 48 in the upper
flow 5 control device 36. The slurry 42 can then be discharged from
the assenbly 12 (via the crossover 46 and the ports 48 in the flow
control device 36) in the direction indicated in FIG 611. In FIGS.
7A-Q the work string 16a has been raised to 10 a reverse circul ate
position. In this configuration of the work string 16a and assenbly
12, fluid may be circul ated down the annulus 50 and up the work

Str'ng 16%nh@u@éegfo$fgiéﬂé”f8% EBQQE&bﬁgwpﬁgléggéd%gglOnthgS 8A-S,

the work string 16a and assenbly 12 are 15 in an op aci d wash
confi gur atsiedninFhehewopikclstr i4tg 16a has been rai sed again, thereby
causing a shifting tool 52 to close a sleeve 54 of the flow control
devi ce 36. InNet £11 hidxtHer Elkempdat| gihiatd RS cOlvokkGotrdfy 74¢ the
flow control _device 36 is open. In_addition, in the 20 configurations

of FIGS. FRUSS, SEHESHT ch GEHICET BbYi el HIPis OMGSeans (conveamdAgor k
Strings16agambien: 5 | etgé@% fpraeggkh@o weliderAnd e B%hﬁﬁ%lv“@itﬁst ring

16b i s conveyed into the wel inserted into the assé
FI GS. 9A- Nonthelwdekices 36, 38, etc.). In this manner, only a
single trip of the work string 16 into the well would be

needed.

The assembly 12 and work string 16a are depicted in
10 FIGS. 4A-0 in a run-in configuration, that is, in a
configuraticon in which they are initially conveyed into the
wellbore 14, The assembly 12 is releassbly attached to the
work string l6a until the packer 40 1s set, after which the
work string is released for reciprocal displacement

15 relative to the assembly.

In FIGS. 5A-P, the assembly 12 and work string léa are
depicted in a packer test configuration. The packer 40 has
been set using internally applied pressure, and the work
string l1€a has been raised to provide a fluid communication

20 path for testing the packer.

in FIGS. 6A-P, the assembly 12 and work string 1l6a are
depicted in a circulate configuration. The work string 16a
has bheen lowered somewhat from its packer test
configuration to provide for circulation of fluid downward

25 through the work string and upward to the surface through

- 12 -



25 string 16b is positioned so that a crossover 56 is opposite ports
58 of the lower flow control device 38 (see FIG 98). The gravel
slurry 44 can then be discharged fromthe assenbly 12 (via the
crossover 56 and the ports 58 in the flow control device 38) to the
annulus 32 in the direction 5 showmn in FIG 98. An outer shroud
60 outwardly overlies the ports 58. The shroud 60 prevents undue
erosion of the wellbore 14 surrounding the flow control device 38 as
the slurry 44 exits the ports 58. Use of the shroud 60 is not
necessary 10 in keeping with the principles of this disclosure, since

the assentdry ahaugall §obeophqy ivladeeht bapt wbhe shroud Quwerhying the
ports 58. In FIGS. 1011-Pl1 the work string 16b and "assenbly 12 are

depi ct ed iweldbesgeilseakpredita ewacnti g0ration. The 15 work string 16b
has been raised to permit fluid to be circul ated down the annul us 50
and up the worKhst wonlg d6hing idleedrs thenslawsnedbdaiamsbhewnet keo
string. te that, although only the gravel packing operation

. .No
has been_é@?&FﬁBEdaa559%§OYﬁq1 £Ppest bt perarifond (SGcHrper aklov
perforati ngncsbiMibat éOM 6 f 1 AGIULN NGy a8 Al Nherfle hiGBRA LSO be
performed in keeping with the pr|n0|pYes of this disclosure.
from the assembly 12 (via the crossover 46 and the ports 48
in the flow control device 36) in the direction indicated

in FIG. 6L,

In FIGS. 7A-Q, the work string 16a has been raised to

10 a reverse circulate position. In this configuration of the
work string l6a and assembly 12, fluid may be circulated

down the annulus 5¢ and up the work string 1l6a to clear the

gslurry from the work string.

In FIGS. BA-S, the work string 16a and assembly 12 are
15 in an optional acid wash configuration. The work string
1l6a has been raised again, thereby causing a shifting tool

52 to close a sgleeve 54 of the flow control device 36.

Note that, in the configurations of FIGS. 4A-7Q, the
flow control device 36 is open. In addition, in the
20 configqurations of FIGS. 4A-88, the flow control device 38

is closed.

The work gtring 16a is then retrieved from the well,
and the other work string 16b is conveyed into the well and
inserted into the assembly 12. Tn FIGS. 9A-N, the work

25 string 16b is positioned so that a crossover 56 is opposite

- 13 -



It may now be fully appreciated that the above di scl osure
provi des several advancenents to the art of 25 gravel packing systens
and net hods. The system 10 and associ ated nethod descri bed above
all ows a continuous annulus 32 to be gravel packed, even though
probl ens such as obstructions, premature bridging-off, etc. m ght
ot herw se prevent the entire annulus surrounding the 5 screens 26
from bei ng packed with gravel. The system 10 and associ ated net hod
al so permt gravel slurries 42, 44 to be flowed through the annul us
32 in different directions at different times. The above discl osure
descri bes mrniet B8dodf tlge alketerd G Lparc kbngral vidtiker @ 8l4 seel FhGt hes) .
ravel slurry 42 in one

met hod including tﬂe ﬁtegg of : floging a g
directionqhﬁ h=EhinuPud™ 82 TorTed* 8ng%n PRI D EFEM AN a
gravel pagiidRginassemblvyid 2 Rosidi-enedri B thes weld Bere 145 and.fd owi ng
anot her gravel slurry 44 in an opposite direction 15 in the annul us
32. fiow sevbnd! giewiete SJ&r ity 44e naynibeid [3@Wead ithet Hérennidus 32
only a ter, %ﬂ% tirgi gr@gel slurry 42 is flowed in the annul us 32.
Al 't erndti VOV thef §8cofid gravel slurry 44 may be flowed first, or
the slurries 42, 44 may be 20 fl owed sinultan%gusl¥.

. An outer “shroud 60 cutwardly overlies the ports 58.

The shroud 60 prevents undue ercsion of the wellbore 14

surrounding the flow contrcl device 38 as the slurry 44

exits the ports 58. Use of the shroud 60 is not necessary

10 in keeping with the principles of this discleosure, since
the assembly 12 could be provided without the shroud

overlying the ports 58.

In FIGS, 10A-P, the work string 16b and agsembly 12
are depicted in a reverse circulate configuration. The
15 work string 16b has been raised to permit fluid to be
circulated deown the annulus 50 and up the work string 16b

to clear the slurry 44 from the work string.

Note that, althocugh only the gravel packing operation
has been described above, other types of operations (such
20 as perforating, stimulation, fracturing, acidizing, etc.)
can also be performed in keeping with the principles of

this disclosure.

Tt may now be fully appreciated that the above
disclosure provides several advancements to the art of

25 gravel packing systems and methods. The system 10 and

- 14 -



The wel | bore 14 nmay be deviated. The first direction may be toward a
toe 28 of the deviated wellbore 14, or the first direction could be
away fromthe toe 28. The first gravel slurry 42 flow ng
step may include 25 flowing the first gravel slurry 42 outward froma
port 48 in the gravel packing assenbly 12. The second gravel slurry
44 flowi ng step may include flow ng the second gravel slurry 44
outward from another port 58 in the gravel packing assenbly 12. One
or nore well screens 26 of the 5 gravel packing assenbly 12 nay be
positi oned between the ports 48, 58. The net hod may al so

i ncl ude the . step,of, nDefyped {(}qbfeidr éﬁo@%daffo‘%&“% %gx\é%uakg”y

flowi ng steps, replacing a work string 16a positioned in the gravel
packi ng assenfihy 10120 be gravHle phickstl, geaarel tistugir prédlEhewsngh st ep
may i ncl ude flomjngtthe first grave|l slurry 42 in the first direction

toward a REePPSOTBFL RS naty reA P A e idec GYE gFd@8E slurry 44

fl owi ng SE%Eg%%Xsé”ﬁfé@%hﬁ'éﬁM RGclike 8REONG 1R, MRS ng! HhEY 44 in
the second direction toward a toe 28 of the well bore 14. The first

gravel 5s| worged2 £6owreny Istiey maykbd werif oyrmcdklpri Ghet eyshemsetond
gravel slurry 44 flow st.e he first gravel slurry 42 flow n
step may P ﬁﬁ@oﬁba??(g\?ﬂ‘?ﬁ‘{)%é-&rs?r E?r‘ajriéﬁavsq%rsrlyréeﬁn‘*?he@fi St
di rectiondeOargded tREowsh afnd henwelkbos eid i fie csRCANdEF 8¥8L at
slurry 44 flow ng step may include flow ng the second gravel slurry

44 in the d&déongnti ¥ere$on toward a heel 30

The above disclosure describes a method of gravel
10 packing a wellbore 14, with the method including the steps
of: flowing a gravel slurry 42 in one direction in an
annulus 32 formed between the wellbore 14 and a gravel
packing assembly 12 positioned in the wellbore 14; and
flowing another gravel slurry 44 in an opposite direction

15 in the annulus 32.

The second gravel slurry 44 may be flowed in the
annulus 32 only after the first gravel slurry 42 is flowed
in the annulus 32. Alternatively, the second gravel slurry
44 may be flowed first, or the slurries 42, 44 may be

20 flowed simultaneocusly.

The wellbore 14 may be deviated. The first direction
may be toward a toe 28 of the deviated wellbore 14, or the

first direction could be away from the toe 28,

The first gravel slurry 42 flowing step may include

25 flowing the first gravel slurry 42 ocutward from a poxt 48



of the wellbore 14. The first gravel slurry 42 flowing 25 step may be
performed prior to the second gravel slurry 44 flow ng step.

Al so described by the above disclosure is a well system 10 in which a
wel | bore 14 is gravel packed. The well system 10 includes a gravel
packi ng assenbly 12 positioned in the wellbore 14, whereby an annul us
32 is 5 forned between the well bore 14 and the gravel packing
assenbly 12. One or nore well screens 26 are interconnected in the
gravel packing assenbly 12. A flow control device 36, interconnected
in the gravel packing assenbly 12, selectively permts and prevents
flow of ajl0rgeayehvs] Lﬁardk %@é@bﬂ fipm the gvel géglﬁéng
assenbly 12 to an exterior t he mel screens 26. Another flow
control dediucey384 f¥@@m@bﬁﬁéﬁté@Y|hn@h@d@ﬁ%ﬁ@ﬁﬂaa§hﬁngea98@nbly 12,
sel ecti vel revents f.low of another gr vel

outward 1 CSA Eher yrael bt g 1 6 R i 7T oRe SRy B (he
wel | screengkifig dbe=isly} 13Creens 36 aces D:&&th iserednkongi budimal |y
between the flow control devices 36, 38. The first gravel slurry 42
may f1Bw FHaEel| PREXHRT ISP LY ofh BAR B¢ ragsiftiicnedoneEsPerevive 36
to the 20 gékgragr ©f the well screens 26. The second gravel slurry

44 may flow'in a second dlrectlon fromthe second fl ow control device
38 to the exte screens.?2 with the second direction
oei ng oppost {18 TREY Y dtpRCt pnios tneskds! B2, “BERIELAT I

first and second gravel slurry flowing steps, replacing a
work string 1éa positioned in the gravel packing assembly

10 1z2.

The first gravel slurry 42 flowing step may include
flowing the first gravel slurry 42 in the first direction
toward a heel 30 of the wellbore 14, and the second gravel
slurry 44 flowing step may include flowing the second

15 gravel slurry 44 in the second direction toward a toe 28 of
the wellbore 14. The first gravel slurry 42 flowing step
may be performed prior to the second gravel slurry 44

flowing step.

The first gravel slurry 42 flowing step may include
20 flowing the first gravel slurry 42 in the first direction
toward a toe 28 of the wellbore 14. The second gravel
slurry 44 flowing step may include flowing the second
gravel slurry 44 in the second direction toward a heel 30
of the wellbore 14. The first gravel slurry 42 flowing
25 gtep may be performed prior to the second gravel slurry 44

flowing step.
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25The first direction may be toward a toe 28 of the well bore 14, and
the second direction may be away fromthe toe 28 of the wellbore 14.
The first direction nay be away froma toe 28 of the well bore 14, and
the second direction nay be toward the toe 28 of the wellbore 14. The
first flow control device 36 may be operated by a 5 work string 16a
positioned in the gravel packing assenbly 12, and the second fl ow
control device 38 may be operated by another work string 16b
positioned in the gravel packing assenbly 12. The first and second
work strings 16a,b nmay be non-coexistent in the gravel packing

assenbly 12. 1@7hg geavelodaak) 19288898 &i I SBU-NAVe 4a,Rf oxi mal end
18 and a distal end 22. The first flow control device 36 nay be

i nt er connewsggn A0t ke grbsiela pudiicngeadsehd| yravelprexi<edt e The
proxi mal end.18. The fgconng%QM/contro device 38

b
S UASR R 10218~ TG, SEE PO Mt e t he

i nt erconn édsyﬁt?ﬁe grav

di stal engo2dtioned idhehsusdiamcle may wREtale AN Quighsshpoud 60
i nterconnected in the gravel packing assenbly 12. The outer shroud 60

may rafi alflopmedt RaFdaeEt oves 1ved 1poper 145816 f theh greaedn@arkadngcont r ol
shurry 4658 abEy 4 S TR rolshT BT pal g MEeSCC0NT 0T Ve
interconnected in the gravel packing assembly 12. A flow
control device 36, interconnected in the gravel packing
assembly 12, selectively permits and prevents flow of a
10 gravel slurry 42 outward from the gravel packing assembly
12 to an exterior of the well screens 26. Another flow
control device 38, interconnected in the gravel packing
assembly 12, selectively permits and prevents flow of
another gravel slurry 44 outward from the gravel packing
15 asgsembly 12 to the exterior of the well screens 26. The

well screens 26 are positioned longitudinally between the

flow contreol devices 36, 38,

The first gravel slurry 42 may flow in a first
direction from the first flow control device 36 to the
20 exterior of the well screens 26. The second gravel slurry
44 may flow in a second direction from the second flow
control device 38 to the exterior of the well screens 26,
with the second direction being opposite to the first

direction.

25 The first direction may be toward a toe 28 of the

wellbore 14, and the second direction may be away from the

- 17 -



The above disclosure also describes a nethod of gravel packing a
devi ated wel | bore 14. The nethod includes the steps of: flowng a
gravel slurry 42 in a first direction 25 relative to a the 28 of the
wel | bore 14, the gravel slurry 42 being flowed in an annul us 32
fornmed between the well bore 14 and a gravel packing assenbly 12
positioned in the wellbore 14; and flow ng another gravel slurry 44
in a second direction relative to the toe 28 of the wellbore 14. 5
The second direction is opposite to the first direction, with the
second gravel slurry 44 being flowed in the annulus 32. The first

gravel sl%y% g' %nae 5Py bem@%%@%% ”Sp »2€8§ {35’

gravel slurry omﬁng step. Alternatively, grave
slurry. 42 fdamwiangost 2p @ﬁytmﬁawﬁﬂﬂb@m&ed4afaﬁd ﬁHEEéHﬂb@@ddg&aMeion
slurry 44 flomnng e first gravel slurry 42 flow ng step

may i ncl ud&¥% P&w ﬁﬂafﬁet??rEﬂegﬁBaﬁglt§FuW?}19%¥?(}%an exterior of one

or 15 nore well screens 26 interconnected in the gravel packing
assenbly 12. TA&eséébht %#%WMQOQﬂr@ﬁr?eHAC?I%ﬁwmﬁy ﬁpﬁﬂ?tﬁﬁcbmd@

flowng IR Aeepadngr AUl pal Urioheld bt PO L0laal ! e 1k

screens 26 ist rstoo at the vari dus ex
12, and the second flow control device 38 may be operated

by ancther work string 16b positioned in the gravel packing
assembly 12. The first and second work strings 16a,b may

be non-coexistent in the gravel packing assembly 12.

10 The gravel packing assembly 12 may have a proximal end
18 and a distal end 22. The first flow control device 36
may be interconnected in the gravel packing assembly 12
proximate the proximal end 18. The second flow control
device 38 may be interconnected in the gravel packing

15 assembly 12 proximate the distal end 22.

The system 10 may include an ocuter shroud 60
interconrected in the gravel packing assembly 12. The
outer shroud 60 may radially outwardly overlie a port 58 of
the second flow control device 38, whereby the shroud &0

20 may deflect the second gravel slurry 44 as it flows outward

through the port 58.

The above disclosure also describes a method of gravel
packing a deviated wellbore 14. The method includes the
steps of: flowing a gravel slurry 42 in a first direction

25 relative to a toe 28 of the wellbore 14, the gravel slurry

,18_



20 descri bed above may be utilized in various orientations, such as
inclined, inverted, horizontal, vertical, etc., and in various
configurations, wthout departing fromthe principles of the present
di scl osure. The enbodinments illustrated in the drawi ngs are depicted
and described 25 nerely as exanples of useful applications of the
principles of the disclosure, which are not limted to any specific
details of these enbodinents. In the above description of the
representative exanples of the disclosure, directional terns, such as
5"above,” "below, " "upper,” "lower," etc., are used for convenience

in referrlimlHdln@h@1@Q§@”DﬁnaﬁrEhﬁHEﬁ@ @stormed KL f Q] e @ PErson
skilled in the art would, upon a careful consideration of the above

descri pti offlofoarep rlés anflafi g el adickents 2sFeadl ¥ Vi ampwrseciianedt hat
many 10 modi fi cat ddit ko .Subst i pLions el etions, and ot her
4 ﬁg&l rFo : £¥%Wﬁng a@ﬁ%oﬁrn%$§Véﬁe§;¥F§Hbﬁ 4chBnPes

changes may he¥é* spedi

are Wit hi r’séd&cﬁ@.@ﬁéc@ﬁ_ohhﬁemmﬂﬁé Rleshef thaez preseaite dic3ahosur €.
Accordlngl the foregoing detailed descriptionis to be clearly
under stfood i S56PRE FETEFTEP Ky WRPost Ll Fasthat §iors tad rexadphe only,

the spiri tyand HEORECOLA A PILSANL L YENEL ON, AL 15T g ol el y by

t he appende |'ai ns an equi valrents.
annulus 32.

The first gravel slurry 42 flowing step may be
performed prior to the second gravel slurry 44 flowing
10 step. Altermatively, the first gravel slurxy 42 flowing
step may be performed after the seccond gravel slurry 44

flowing step.

The first gravel slurry 42 flowing step may include
flowing the first gravel slurry 42 to an exterior of one or
15 more well screens 26 interconnected in the gravel packing
asgembly 12. The second gravel slurry 44 flowing step may
include flowing the second gravel slurry 44 to the exterior

of the well screens 26.

It is to be understood that the various examples
20 described above may be utilized in various orientations,
such as inglined, inverted, horizontal, vertical, etc., and
in variousg configurations, without departing from the
principles of the present disclosure. The embodiments
illustrated in the drawings are depicted and described

25 merely as examples of useful applications of the principles

- 19 -



Cl ai ns: 1. A nethod of gravel packing a wellbore, the nethod
conprising the steps of: flowing a first gravel slurry in a first
direction in an annulus forned between the wel |l bore and a gravel
packi ng assenbly positioned in the wellbore; and concurrently flow ng
a second gravel slurry in a second direction in the annulus, the
second direction being opposite to the first direction. 2. The

nmet hod of claim1, wherein the second gravel slurry is flowed in the
annulus only after the first gravel slurry is flowed in the annul us.
3. The method of claim1, wherein the wellbore is deviated, and

wher ei n t hee funesidibnesticon @isidowakdnact 0endied he deNi %tp%@ w%l bore.
4. The method of claim 1, wherein the wellbore is deviated, and

wher ei n tkﬁ?qakﬂ§t0§|Fé@ﬁ?cﬁﬂb@ﬁ%ﬂﬁﬁ%sfron1a toe of the deviated

wel | bore. 5. The method of claim1, wherein the first gravel slurry
flow ng step fumnthéee ebnw¢idﬁﬁnﬁﬂpmmbngofhEhéirapquannﬁtisburry

outward froma.firs I n.t ravel packi assenb - mhereln t he
second greﬁﬁﬁmggﬁﬁrP% Eg%wf}ﬁf%ﬁ%ﬁﬁ%fuﬁfﬁg %%%f Eﬁﬁ?%l Ag3Fhe
second sgr au@ovel, unkpeubiar dufgun a seegad, posici n d:he u%avgbrpackl ng
assenbly, and wherein one or nore well screens of the gravel packing

assenbl y aravigsdenrendd beisweng ke tiesaceempaetiond dyemisgs. 6. The
met hod of claim1, further conprising the step of, between the first
and second gra@élcsun$¢y & | roe sogn gkép$¢dré@lzhﬁrq;uaWbMﬂsm wpek string
whi ch 1S RoRid.aned L falhs, LAYY) PEcKLOg 2355l i B8 second work
representative embodiments, readily appreciate that many
10 wmedifications, additicns, substitubtionsg, deletionsg, and
other changes may be made to these specific embodiments,
and such changes are within the scope of the principles of
the present disclosure. Accerdingly, the foregoing
detailed description is Lo be clearly understood as being
15 given by way of illustrxation and example only, the spirit

and scope of the present invention being limited solely by

the appended claims and their equivalents.
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7. The method of claim11, wherein the wellbore is deviated, wherein
the first gravel slurry flowng step further conprises flow ng the
first gravel slurry in the first direction toward a heel of the
wel | bore, and wherein the second gravel slurry flow ng step further
conprises flow ng the second gravel slurry in the second direction
toward a toe of the well bore. 8. The nmethod of claim1, wherein
the well bore is deviated, wherein the first gravel slurry flow ng
step further conprises flowng the first gavel slurry in the first
directi orfCle@ward a toe of the wellbore, and wherein the second gravel
slurry flowing step further conprises flow ng the second gravel
slurry in the second direction toward a heel of the well bore. 9. A
wel | systemin 'clpa | l.bore is. gravel packed, the well system
conprising: a g\r,vgjve ;ﬁg i(?fbggr ‘§§B‘i‘f’3}ﬁ§% Hsilbare8g nsthadne wel | bor e,
wher eby an annufURPSEEBe $enf dbet ween the wel | bore and the gravel
packi ng assenbl y;floyies dfirstasvel sty in g Grsedirestiominen emmhsct ed in t he
gravel packing assémieg;betweeiribe weflbwvecmdta gtaveleyicking i nt er connect ed
in the gravel packisgublyyesitibned iamd wellb&b; &gl ectively permits and
prevents flow of candurfestly G6wigla sebatdl ofn@HEMBY Gn hilsenlihe gravel
packing assenbly t@ir@fof’th $hd Qfnulls, I UGld! ﬁli?é\tfiglg%gﬁwa second fl ow
control device, ing Ogl?@t@%lﬁgﬁdi@cﬁ e gravel pac i'ng®assenbly, and
ev a_se
ﬁ #HaVLSBY i or of the well

whi ch sel ecti vel ng.
outward fromt he)é' r:aerl{é%tﬁosdaoglglaH E’%@é&%ﬁhﬁ Sqcgn _
screens; and th X “’s@gé‘&lﬁgu%‘?ﬁh 45dig firsbgravel skeden the first and
second flow corfP6F lythgppmdus. 10, The system of claim9, wherein the
first gravel sl uPrihemashos of glaim ¥, mheteindhe welthonris devimed he first flow
control devi ce a8 vwihhrsinethe Brst directdn it beavandd foc s€Mhedssate@nd wherein the
second gravel stallboge. flows in a second direction fromthe second flow
control device t @ THoeetioderign OihtoR MBS R;eRIS ed he second
di rection bei ngn@RAREIS et Bt Hifechidd 1t avﬂ%yrf?&ﬁ'ao{&'e of the

deviated welibore.

5. The method of claim 1, wherein the first gravel slurry
flowing step further comprises flowing the first gravel shurry

ent.s flow(i)f cond gravel slurry

outward from a first port in the gravel packing assembly,
wherein the second gravel slurry flowing step further com-
prises flowing the second gravel slurry outward from a second
portin the gravel packing assembly, and wherein one or more
well screens of the gravel packing assembly are positioned
between the first and second ports.

6. The method of claim 1, further comprising the step of,
between the first and second gravel slurry Hlowing steps,
replacing a first work string which is positioned in the gravei
packing assembly with a second work string.

7. The method of claim 1, wherein the wellbore is deviated,
wherein the first gravel shury flowing step further comprises
flowing the first gravel slurry in the first direction toward a
heel of the wellbore, and wherein the second gravel slurry
flowing step further comprises flowing the second grave]
slury in the second direction toward a toe of the wellbore.

-21-



[ [ [ [ [ is toward a
11. The systemof claim 10, wherein the first direction is
t oe of th)é wel | bore, and wherein the second direction is away from

i in the
the toe of the wellbore. 12. The system of claim 10, wherein
first direction is away froma toe of the wellbore, and wherein the
second direction is toward the toe of the well bore. 13. The system

. : . : : d by a
of claim9, wherein the first flow control device is operate

first work string positioned in the gravel packing assenbly, and
wherein the second flow control device is operated by a second work

string positioned S.r'll*lielﬂﬁﬂﬂﬁ@?@hinﬂa%ﬂl@&tmg}é{%deviated, 14 The system
of claim 13, whergeit i€ ffst bStel A GRd e}()\%’ léfi‘é‘zrél ngs_are ot e
et of ol ar o bt 4 %@lsﬂ{n%ﬁ he g’%fe% OLioga "'I@Cé has a proxi mal
system of claim 11 %\f/{ﬁd nothe r];iwﬁ : o ( p

end and a distal en 3F:&peh 15%8‘,1!‘ ‘TS§ EBUF'SaibiioMigevi ce is I

i nterconnected i A g‘hﬁ%ww% Kiieghescssharayehslony imthee the proxi ma
end, and wher ei nt08¢ dEhARomann keshefitbe weldberze is interconnected in
the gravel packi ng-ds¥dhsysipmgn shichratelibire icirstehpacked/the  16. The
system of cl ai m 8]l system benpresargpr i sing an outer shroud interconnect ed
in the gravel packi pgvesgekibf Vassehib® oki®inedhf ad wlghiyal |y out \r/]vardl y
overlying a port of wheebpacanduf sf e Bted ,é]%reall\{gereby the

: | slurry
shroud deflects theseeaRMh@LAYSleShyf Y as the second gravel
flows outward throug rfﬁ&‘é"w{%ﬂ%ﬁ'gensimercdl EM rﬁtﬁoggqugéke}vel packing a
devi ated wel I bore, fhe. od conpri sing T He SEEY  flowing a
first gravel sl urrylnﬁlj 'from.a gravel packing assenbly and in a

i i i et R el g, fintexcanngeted wo e amvd first gravel
L urty “ber oy T omed e aoumish, 950 oot paminndel | borc and. | he
gravel packing assePBYqisgisy of ohwtigiavel sherywalwddfrem wad

gravel packing assembly to an exterior of the well
screens;

a second flow control device, interconnected in the gravel
packing assembly, and which selectively permits and
prevents flow ofa second gravel sturry outward from the
gravel packing assembly 1o the exterior of the well
screens; and

the well screens being positioned between the first and
second flow control devices.

10. The system of claim 9, wherein the first grave] slhury
flows in a first direction from the first flow control device to
the exterior of the well screens, and wherein the second grave]
shirry flows in a second direction from the second flow con-
trol device to the exterior of the well screens, the second
direction being opposite to the first direction.

11. The system of claim 10, wherein the first direction is
toward a toe of the wellbore, and wherein the second direction
is away from the toe of the wellbore.

12. The system of claim 10, wherein the first direction is
away from a toe of the wellbore, and wherein the second
direction is toward the toe of the wellbore.

13. The system of claim 9, wherein the first flow control
device is operated by a first work string positioned in the
gravel packing assembly, and wherein the second flow control
device is operated by a second work string positioned in the
gravel packing assembly,
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flowi ng a second
gravel slurry outward fromth [
( _ ( e grav
assenbly and in a second direction relative to gtheeiogaSFIP%e

wel | bore, the second directi ' '
, on being opposite to t ' ' '
?rg?hégeofegf)gﬁmgrlgve\lmsl urry being flowed in the aﬂﬁur Iu;St @ rlSCtll'ﬁg’
, _ , erein the first gravel slurry f i o i
performed prior to the second gravel slurry flow né sltg\gl " Stlgp 1I'?le

nmet hod of claim 17, wherein '
, the fi : .
performed after the second gravel ;fhr?ravel sturry flowng step is

fur Pﬁd of cl ai it1The amemetiiflagmd 3¢ vhapin %‘gfléﬂoaw&siﬁfggd% | owi ol
oﬁ; Osrngfgp&gff?ﬁmMpggmgcnmmmﬁﬁmgypgﬁ sl 181G g9Vel o agmLQ?ef?gP o
cking@ssembly. i nterconnected in th i
a ; 2 e gravel
szrgﬂ)!sé’;s ?ln(c)l Waergé Bystdie of elaand, ghevem the Igcm’elypzr%ki@iwi ngpgfgion?urt her
vell sereens. s D1l & ﬂ%‘?(ﬁc‘i’tﬂﬂ oBd mdeldistd] eiid whéreintliedirgxt eri or of the
flow control device is interconnected in the gravel packing
assembly proximate the proximal end, and wherein the sec-
ond flow control device is interconnected in the gravel pack-

ing assembly proximate the distal end.

16. The system of claim 15, further comprising an outer
shroud interconnected in the gravel packing assembly, the
outer shroud radially outwardly overlying aport of the second
fow control device, whereby the shroud deflects the second
gravel shury as the second gravel shurry flows outward

through the port.
17. A method of gravel packing a deviated wellbore, the

method comprising the steps oft

flowing a first gravel shurry outward from a gravel packing
assembly and in a first direction relative to a toe of the
wellbore, the first gravel shury being flowed in an annt-
fus formed between the wellbore and the gravel packing
assembly positioned in the wellbore; and

flowing 2 second gravel slurry outward from the gravel
packing assembly and in a second direction relative to
the toe of the wellbore, the second direction being oppo-

site to fhe first direction, and the second grave] slurry
being flowed in the annulus.

18. The method of claim 17, wherein the first gravel shury
flowing step is performed prior to the second gravel shury
flowing step.

19. The method of claim 17, wherein the first gravel shury
flowing step is performed after the second gravel slurry flow-
ing step.

50. The method of claim 17, wherein the first gravel slurry
flowing step further comprises flowing the first gravel shurry
to an exterior of one or more well screens interconnected 1
the gravel packing assembly, and wherein the second gravel
slury flowing step further comprises fJowing the second
gravel slurry to the exterior of the well screens.
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