5 Bl DI RECTI ONAL GRAVEL PACKI NG | N SUBTERRANEAN WELLS 10 Inventors:
Bryan Chay, Chee Voon Kin and Mark E.P. Dawson 15 BACKGROUND This

di sclosure relates generally to operations perfornmed and equi pnent
utilized in conjunction with a subterranean well and, in an exanple
descri bed below, nore particularly provides for bidirectional gravel
packing in 20 subterranean wells. Conventional gravel packing
assenbl i es include, anong other conponents, one or nore well screens
and a closing - 1 sleeve positioned bel ow a packer. Typically, the
closing sleeve is connected between the packer and the screens, and is
used to direct slurry flow to an annulus surrounding the gravel packing
assenbly. A work string is received in the 5 gravel packing assenbly,
and is mani pul ated to perform various functions, such as setting the
packer, and opening and closing the closing sleeve. Such gravel packing
assenbl i es have the capability of flowing the gravel slurry in only one
direction through an 10 annulus forned between the gravel packing
assenbly and the well bore. If the gravel prematurely bridges off in the
annulus, or if there is an obstruction in the annulus (such as, due to
partial collapse of the wellbore, etc.), the
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BIDIRECTIONAL GRAVEL PACKING IN SUBTERRANEAN WELLS
10 Inventors: Bryan Chay, Chee Voon Kin and Mark E,P.
Dawgon
15 BACKGROUND

Thig disclosure relates generally to coperations
performed and equipment utilized in conjunction with a
subterranean 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 closing



entire annulus surrounding the well screens may not be 15 fully gravel
packed. Therefore, it wll be appreciated that inprovenents are needed
in the art of gravel packing wellbores. SUVWMARY 20 In the disclosure
bel ow, systens and nmet hods are provided which solve at |east one
problemin the art. One exanple is described below in which a gravel
slurry can be flowed in both directions through an annul us. Anot her
exanple is described below in which the gravel slurry is 25 first fl owed
fromone end of a gravel packing assenbly into - 2 the annulus, and
the gravel slurry is then flowed froman opposite end of the gravel
packi ng assenbly into the annulus. In one aspect, a unique nethod of
gravel paekiagpasbtuwehédorelds prvilded t dithieadrlty, Tie mdsddid ncl udes

the steps of: flow ravel slurr |n one di on in _an nul us
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direction in the annulus. 10 In anot her aspect, a well systemin which a

wel | bor graivsl gpaveingaskeembhel udesvarlyratvelnpackimg cisseirhly the

positioned in the wellbore, whereby an annulus is fornmed between the
melI%orEraﬁﬁltﬁécﬁF%ge?S%%E?}%g %%%eﬁ%ﬂvﬂl ok 2 ot @SEHAT s creens are

|ntercoggggggg fﬂn&@?oﬂé?vguch 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 ig an obstruction in the annulus (such
ag, due to partial collapse of the wellbore, etc.}, the
entire annulusg 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 discleosure below, systems and methods are
provided which solve 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 degcribed below in which the gravel slurry is

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



15 packing assenbly. A flow control device is interconnected in the
gravel packing assenbly, and the flow control device selectively
permts and prevents flow of a gravel slurry outward fromthe gravel
packi ng assenbly to an exterior of the well screens. Another flow
control device is 20 interconnected in the gravel packing assenbly. This
second flow control device selectively permts and prevents flow of
anot her gravel slurry outward fromthe gravel packing assenbly to the
exterior of the well screens. The well screens are positioned between
the flow control devices. 25 In yet another aspect, a nethod of gravel

packing a,. deyi ated d!Q%EegFg%E%d§?8Eg§ §g99$e$ff1£%$§ngoﬁ-Qﬂavel )
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and a gravel packing assenbly positioned in the wellbore; and fl ow ng
anot her &Fadels-slurry in the 5 annulus in an opposite direction relative
to the toe of the wellbore. These and other features, advantages and
benefits w | IIn hecomspappar entunt.guenecbhodr di ngryveki phckimghe art upon
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annulus formed between the wellbore and a gravel packing
assembly positioned in the wellbore; and flowing ancther

gravel slurry in an opposite direction in the annulus.

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

15 packing assembly. A flow control device is interconnected
in the gravel packing assembly, and the flow control device
gelectively permits and prevents flow of a gravel slurry
outward from the gravel packing assembly to an exteriocr of
the well screens. Ancther flow control device isg

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

gcreens 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



15 FIG 1 is a schematic partially cross-sectional view of a well
system enbodyi ng 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
anot her gravel slurry is flowed outwardly into the wellbore; - 4 FIGS.
4A-0 are schematic quarter-sectional views of a gravel packing assenbly
and a work string in arun-in configuration; FIGS. 5A-P are schematic
guarter -sectional views of 5 the gravel packing assenbly and the work
string in a packer test configuration; FIGS. 6A-P are schematic quarter
-sect i orlunkyews: ¢ine ﬁﬁéﬁ@ﬁé@@lrpé@kﬁﬁg assenbby afdthhewsbtkost¢ring in
a circ Iate confl %ratlo f GS. .[7A-Q.are_s Tena%ic q aﬁter

secti ondl® FEVE of T’ GRATE pAUREng"aBBeRBRYL ARd! PRESHAPREGES ng i n
a reveréﬁéfdénﬂﬂaygld%@F%tQQaveE|ﬁ@ck@ﬁgsaééémﬁﬁﬁeﬁgéiglgﬁéétfﬁ
-sectional views of the gravel packing assenbly and the work string in
an aci d tiks wedsfrogenf iagur dtlicenngFRGSLheA- drarel sshemayi tnctloss- secti ona
Vlem% Otﬂhnﬁus in an cpposgite direction relative to the toe of the

wellbore.

These and other features, advantages and benefits will
become apparent to one cof 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

various figures using the same reference numbers.

BRIEF DESCRIPTION OF THE DRAWINGS

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

disclogure;

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

20 outwardly into a wellbore;

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

cutwardly into the wellbore;



gravel packing assenbly and another work string in a circulate
configuration; and FIGS. 10A-P are schematic cross-sectional views of
the 20 gravel packing assenbly and the second work string in a reverse
flow configuration. DETAILED DESCRIPTION - 5 Representatively _
illustrated in FIG 1 is a well system 10 and associ ated net hod whi ch
enbody principles of this disclosure. In the well system 10, a gravel
packi ng assenbly 12 has been conveyed into a wellbore 14. The 5 gravel
packi ng assenbly 12 nay be conveyed into the wellbore 14 rel easably
attached to a generally tubular work string 16. In the exanple of FIG
1, an upper, ?rOX|naI end 18 of the gravel packing assenbly 12 is

posi tioned if ﬁsgeﬁ%rﬁl pye %@h%zﬁ‘ﬂ%aﬂlu%ra%eé’d%ﬁcqll% poroP 2@ of the
wel | bor ssenbly is
positio eéé 8%%%? %QémEP? %‘%%%3%% oﬁggggﬁiﬁng §bort|on 24 of
the wel kbaregl4at¥W6hl screens 26 are i nterconnected in the gravel
packi ng assenbly 12, and are 15 al so positioned in the generally

hori zontal upgagedsRopt &g s 2feRit {heqyell Doresld 1 Alat RjsROIgH , it

shoul d be enphasi zed that the system " 10 as illustrated in the draw ngs
and descthiebgdahel epacksngnesediyb bneawx anpt evafk astwiidey viar izetpacdfernel |
syst ens mhl ch

test conflguratlon

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

circulate configuration;

10 FIGS. 7A-Q are schematic gquarter -sectional views of
the gravel packing assembly and the werk string in a

reverge flow configuration;

FIGS. 8A-S are schematic quarter -sectional views of
the gravel packing assembly and the work string in an acid

15 wash configuration;

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

circulate configuration; and

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

reverse flow configuration.

DETAILED DESCRIPTION



20 can incorporate the principles of this disclosure. For exanple, it
is not necessary for the proximal end 18 of the assenbly 12 to be
positioned in the cased portion 20 of the wellbore 14, for the distal
end 22 or the screens 26 to be positioned in the uncased portion 24 of
the wel |l bore, for 25 the cased portion to be generally vertical, or for
the wuncased portion to be generally horizontal. - 6 |In other exanples,
t he uncased portion 24 could be otherw se deviated, and a toe 28 of the
wel | bore 14 could even be raised relative to a heel 30 of the wellbore.
Thus, it should be clearly understood that the principles 5 of this

di sclosure aigedddrited At 1aldstthackhe jdekail s10f 5 Lhgesystem 10
illustrated in the drawi ngs and described herein. In the system 10, it
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bet ween the assenbly 12 10 and the well bore_ 14. As is well known to
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wel | bores, for preventing collapSe of wunconso ated fornmations, etc.
As Usedytmrel madihiend ersackbligriavelay ibedicoatreged pacti ehkate materi al ,
and may be a natural material (such as sand, etc.#, a manuf actured
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In the example of FIG. 1, an upper, proximal end 18 of
the gravel packing agsembly 12 is positicned in a generally
10 wvertical cased or lined portion 20 of the wellbore 14, and
a distal end 22 of the gravel packing assembly 1is
positioned in a generally horizontal uncased or open hole
portion 24 of the wellbore 14. Well screens 26 are
interconnected in the gravel packing assembly 12, and are
15 alsgo positioned in the generally horizontal uncased portion

24 of the wellbore 14.

At this point, it should be emphasized that the system

10 as illustrated in the drawings and described herein is

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

example, it is not necessary for the proximal end 18 of the

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

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

pceiticoned in the uncased portion 24 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 wellbore 14
causes a restriction to flow through the annulus 32 and, in
conventional gravel packing systenms, could operate to prevent conplete
packi ng of the annulus about the screens 26. other problens, such as
premature gravel bridging-off, can also prevent conplete packing of 25
the annulus 32 in conventional gravel packing systenms. - 7 However,
the system 10 i ncl udes features which enable the entire annulus 32
about the screens 26 to be conpletely and consistently gravel packed
whet her or not the obstruction 34 or prenature gravel bri dgi ng- of f
occur. S The r especi al ly us fuI ravel acking in

JS;S %*ﬁ é]y g}%a lees Fel@“we‘ﬂ asec? %esg L%I%

hori zontal or erw se VI at or es ens are
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in substantially vertical wellbores, as well. 10 One unique feature of

t he sysE®af1De| 53t pad ¥ﬁbath§%éﬁbﬁy1¥2ﬂlﬁﬁ]uﬂé§hﬁmwaﬂhbwr@ontrol devi ces
36, 38 |ch tradd the eens 2 The er. f|OM/COHtrO| devi ce 36
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packer 6@ cBNd dheclevere fdaw controli devige 39 iks Ja%ep%lttall%egfnear
the distal end 22 of the assenbly. The flow control devices 36, 38 are

pref er abhg ofstér 1¢ ypelkwowwtad irhose skidwieds mrtcheeartr ided” cl osi ng

sl eeves' which selectively permt and prevent fluid comunication
hereln.

In the gystem 10, it is desired tec place a gravel pack

in an annulus 32 formed radially between the assembly 12

10 and the wellbore 14. As ig well known to those skilled in
the art, a gravel pack is a useful tool for mitigating
producticn of sand and fines from earth formations
gsurrounding wellbores, for preventing collapse of
unconsolidated formations, etc. Asg uged herein, the term

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

material (such as plastic, etc.).

In the example of FIG. 1, an obsgstruction 34 in the
20 wellbore 14 causes a restriction to flow through the
annulus 32 and, in conventional gravel packing systems,
could coperate to prevent complete packing of the annulus
about the screens 26. Other problems, such as premature
gravel bridging-off, can also prevent complete packing of

25  the annulus 32 in conventional gravel packing systems.



bet ween the annulus 32 and an interior of the assenbly 12. 20 The fl ow
devices 36, 38 are preferably operated by nmanipulation of the
ring 16, for exanple, by raising and |lowering the work string

different stages of the gravel packing operation (and/or other

control
wor kst
during
operati
the sys

ons, such as fracturing, stinulating, acid washing, etc.).

tem 10, the work string 16 may be used to operate both of

25 In
t he

fl ow control devices 36, 38. - 8 Alternatively, in an exanpl e descri bed

nore fu
flow c

Iy below, a first work string can be used to operate one
ontrol devices, and then a second work string can be used
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can be very beneficial in substantially vertical wellbores,

as well.

One unique feature of the gystem 10 ig that the
assembly 12 incliudes 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 flow control device 38 is

positicned near the distal end 22 of the assembly.

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

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

operate both of the flow control devices 36, 38.



28 of the well bore 14, although the obstruction 34 or other problens
may prevent the gravel fromconpletely filling the 20 annulus about the
screens 26. Referring additionally nowto FIG 3, the system 10 are
representatively illustrated with another gravel slurry 44 being

di scharged into the annulus 32 fromthe |ower flow control device 38.
The slurry 44 flows through the annulus 25 32 in a direction fromthe
toe 28 to the heel 30 of the wellbore 14 (i.e., in the opposite
direction fromthe - 9 slurry 42). In this manner, the entire annul us
32 surrounding the screens 26 can be conpletely packed with gravel,

even t haughrbhe: 9oy ! uch | 9N Sl PIRNRLMNR G Hd-A0isng-19f fbe%wanat her
probl em m ght ot herw se prevent a 5 slurry flowing in oniy oné direction

from acé@nptnschmgstltmg tEs e .uNol &d atertehe tome sifurthiee$14%, 44 coul d
actual | sanme or in co 05|t|on The slurries 42, 44

di f ferent
are refé??@ﬁoi b%?%le@@érﬁﬂ?ﬂr?rﬁﬁQQ ST NECATE CR&t PROVEREy are

di schar ggd,, é%‘%é henseparat effé\@%&%d’l‘”d&dﬁ\@eces TG, %%n hR b%
exanple of FIGS. 1-3, the first slurry 42 is discharged i to t

annud usm32f iahd vdeln $tweisecomdsimay yoe 44dds dinsdrapded Witk the
annul us. However, in other 15 exanples, the slurries 42, 44 could be

d|schar@%ﬂncéP%%$t%%eB%%$yd%?ﬁ%Pﬁqﬁf’annulus 32.

Although only two flow control deviceg 36, 38 are
depicted in the drawings and described herein, it will be
appreciated that any number of flow control devices could

10 be used. For example, the assembly 12 could include any
numper of flow control devices interconnected between

multiple sets of screens 26,

Referring additicnally now to FIG. 2, the system 10
and method are representatively illustrated with a gravel
15  glurry 42 being discharged intc 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 cbstruction 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 siurry
44 being discharged intc the annulus 32 from the lower flow
control device 38. The slurry 44 flows through the annulus

25 32 in & direction from the toe 28§ to the heel 30 of the

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



The slurry 42 is described above and is illustrated in the draw ngs as
being the first discharged fromthe assenbly 12. However, in other
exanples, the slurry 44 20 could be first discharged fromthe | ower flow
control device 38 before the slurry 42 is discharged fromthe upper
flow control device 36. This latter nethod may be preferred when the
toe 28 of the wellbore 14 is elevated relative to the heel 30 of the
wel | bore. - 10 Referring additionally nowto FIGS. 4A-10P, cross-
sectional views of successive axial sections of the gravel packing
assenbly 12 and the | ower portion of the work string 16 are

represegmﬁ%e&y) | Tusted ednapaddt, foemdde 12 nemriinderncof the system
10. It will be appreciated, however, that the assenbly 12 and work

string g8rpayndeng uskel $eretier?systrers avrpdetiely wiethedheriphi nci pl es
of this_disclosure. |In the exanple of.FIG§i 4A- 10P, one work string 16a
is 10 G52UCto CHRVEV T HE adiemtiSF 4% i o Phe welrtH6ra 84, set the

packer A0;q9pesater the meﬁlg\%&% Rl HeWreR 38 RNG redietghar ge the
slurry 42 into the annulus 32. This work™ string 16a iS then retrieved

from t helwety, 2 aovdimgmotthernlwworie stimieny itéb firont kewospddgednwi t h t he
assenblg 12 and js 15 used to operate the | ower flow control device 38
and di 58har5e®the - slurry 44 into the annulus 32. In other exanples, the
work string 16b coul d be used
Note that the twec slurries 42, 44 could actually be
the same or different in composition. The slurries 42, 44
are referred to separately herein merely to indicate that
10 they are discharcged from the geparvate 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 exampleg, the slurries 42, 44 could be discharged

simultaneougly into the annulus 32.

The slurry 42 is cescribed above and is illustrated in
the drawings as being the first discharged from the
assembly 12. However, in other examples, the glurry 44

20 ceould 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 methoed may be
preferred when the toe 28 of the wellbore 14 1s elevated

relative to the heel 30 of the wellbore.



to convey the assenbly 12 into the well bore 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 16a could be engaged with the
assenbly 12 and used to operate the upper flow control device 36 and

di scharge the slurry 42 into the annulus 32. In that case, 25 the work

string 16b, instead of the work string 16a, would - 11 include
provi sions for conveying the assenbly 12 and setting the packer 40. In
still further exanples, the single work string 16 could be used to

perform all afeLhese, Luneli 00 1GORKEY (LNg o8 asaerbly 12 get the

packer 40, operate I"ow contr evi ces etc.). In
thi s masseriomdl wisswssiglaidddgziof thea00ekcstibhBgoibrhat grihelwel |
woul d be needed. The assenbly 12 and work string 16a are depicted in

10 Fl G2ARLY i 4F LU i1 Laéﬁ%lit@iﬁ’ doven, PeraionsOfi fhg weshfi guration in

whi ch t . i nj.ti C i t |l.bor 4 he_assenbly 12
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set 5 aft@fawiah dhehavy kst ing | Str e@lieased hepreeghpeacal

di spl acenent 15 relative to the assenbly. In FIGS. 5A-P, the assenbly 12
and worhkewtvemng tied difee afssingtled 1i2n apdpaeksr stesngcdhf mgur Bei on. The

packer ég% a3 other systems in keeping with the principles of

this disclosure.

In the example of FIGS. 4A-10P, cone work string l6a is
10 used to convey the asgsgsembly 12 into the wellbore 14, set
the packer 40, operate the upper flow contrcl device 36 and
discharge the slurry 42 into the annulus 32. Thig work
string 16a 1g then retrieved from the well, and another
work string 16b is then engaged with the assembly 12 and is
15 uged to operate the lower flow contreol device 38 and

discharge the glurry 44 into the annulus 32.

In other examples, the work string 16b could ke used
to convey the assembly 12 into the wellbore 14, set the
packer 40, operate the lower flow contrecl 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 16a cculd ke engaged with the assembly 12
and used to cperate the upper flow control device 36 and
discharge the slurry 42 into the annulus 32. In that case,

25 the work string 1l6b, instead of the work string 16a, would



been set using internally applied pressure, and the work string | 6a has
been raised to provide a fluid communi cation 20 path for testing the
packer. In FIGS. 6A-P, the assenbly 12 and work string 16a are depicted
in acirculate configuration. The work string 16a has been | owered
sonmewhat fromits packer test configuration to provide for circulation
of fluid downward 25 through the work string and upward to the surface
through - 12 an annulus 50 forned between the work string and the
wel | bore 14 above the packer 40. The work string 16a is then | owered
again sonewhat to position a crossover 46 opposite ports 48 in the

upper flow e -\rigéi&l&é/i 3n 8 B Wil a%eﬁﬁgy:) hen ;hg di schar ged

fromthe assenbly (via the crossover 46 a orts 48 in the flow
cont rol sdevice 863 pacihdwe 4brection indicated in FIG 6L. In FIGS
7A-Q the work string 16a has been raised to 10 a reverse circul ate

position. |nidhési confhgiat i 0m@fiddie thaorK rstild Rgrkbarandqasgenbly 12,
fluid may be circulated down the annulus 50 and up the mor% string 1l6a
to cl eatothe belwypey fo dmtiermork stfy ithgsd duRicGSon8A-(Sontvhe Woek
string 1l6a an enbl 2 are. 15 in an optional acid S
conf?gu?ﬁ??@fyﬁ% V\%erli T i3y e a haLHE & g)logé]d Oggégp‘laﬁ, r%llf?é’r eby
causi ng%%nﬁ%ita@@ié@gl 35 24 0 &l ose a8l eeme thnok.t henfihoy control

evi ce .

single trip of the work string 16 into the well would be

needed.

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

15 relative to the agsembly.

In FIGS. 5A-P, the assembly 12 and work string lsa are
depicted in a packer test configuraticn. The packer 40 has
been set using intermnally applied pressure, and the work
string 16a has been raised to provide a fluid communication

20 path for testing the packer.

In FIGS. 6A-P, the aggembly 12 and work string léa are
depicted in a circulate configuration. The work string lé6a
has been 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



Note that, in the configurations of FIGS. 4A-7Q the flow control
device 36 is open. In addition, in the 20 configurations of FIGS. 4A-8S,
the flow control device 38 is closed. The work string 16a is then

retrieved fromthe well, and the other work string 16b is conveyed into
the well and inserted into the assenbly 12. In FIGS. 9A-N, the work 25
string 16b is positioned so that a crossover 56 is opposite - 13 ports

58 of the lower flow control device 38 (see FIG 913). 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

annul usa@2:hAuthe g1 eSHhON b shaWLHN @ 9B.1 AN Qi &f,shroud 60

outwardly overlies the ports 58. The shroud 60 prevents undue erosion
of the wellbore 14 akove oumelipackdre 40.ow control device 38 as the slurry
44 exits the ports 58. Use of the shroud 60 is not necessary 10 in

keepi ng wi t hThbewprk net ples Dfa tid ISR a3janee scRehasseabl y 12
coul d be provided without the shroud overlying the ports 58. In FIGS.
10A- P, PRABLWBPR 3t FTPYSA6DT atfd ey PEX tsardd depitdtcedippera flever se

circul a iguratio T 15 wor k rin 6b has heen raised to
per%#t %?ﬁ?ggiog %§%%r%%1a?@ﬁad%ﬂﬁﬂ?ﬁé&%ﬁﬁﬁgﬁémgbbfhggﬁﬁhﬁﬁgeaork string
16b tofebeathéhgssétibTy 44 fyomdde WldesStdyd A% and the ports 48

in the flow control device 36) in the directicn indicated

in FIG. 6L.

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

10 a reverse circulate position. In this configuration of the
work string 16a and assembly 12, fluid may be circulated

down the annulus 50 and up the work string 16a to clear the

glurry from the work string.

In FIGS. 8A-8, the work string 16a and aggembly 12 are
15 in an optional acid wash configuration. The work string
16a has been raised again, thereby causing a shifting tool

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

Note that, in the configurationg of FIGS. 4A-7Q, the
flow control device 36 is open. In addition, in the
20 configurations of FIGS. 4A-8S, the flow control device 238

is closed.

The work string l6a is then retrieved from the well,
and the other work string 1lebk ig conveyed into the well and
inserted into the asgembly 12. 1In FIGS. 9A-N, the work

25 string 16b is positioned so that a crossover 56 1s opposite



Note that, although only the gravel packing operation has been

descri bed above, other types of operations (such 20 as perforating,
stinmulation, fracturing, acidizing, etc.) can also be perfornmed in
keeping with the principles of this disclosure. It may now be fully
appreci ated that the above disclosure provides several advancenents to
the art of 25 gravel packing systens and net hods. The system 10 and -
14 associ ated met hod descri bed above allows a continuous annulus 32 to
be gravel packed, even though problens such as obstructions, premature
bridgi ng-off, etc. mght otherw se prevent the entire annul us

surroungbﬁgst@@ &r seheenswb framdgingipacked Mstsh (@cavelq The)system
10 and associated nmethod al so permt gravel slurrles 42, 44 to be

f1 owed Theouyhvehes by ust 320 et fler etits adiarerestd dmsat-hedi f f er ent
times. The a@&ye gl cl osure describes a net gﬁ avel 10 %cking a
wel | bor 834" b t het et (f??ﬁﬁ?ﬁﬁﬁquIﬁ§ t spo S ﬁlo%an & gravel
slurry ﬂ?o\knc@r@@r@l recion id an, ApUHs132 Hor aed et \ﬁ%%cft gnvel 1 bor e
14 and a gravel packing assenbly 12 positioned in the wel bore 14; and

fl o ngshoethen Hr@vedBslurry 44 in an opposite direction 15 in t he
annul us 32. The second gravel slurry 44 may be flowed in the annulus 32

only after the dutst gHoved 6 WutwadBlys Flowe@ds the ports 58,
The shroud 60 prevents undue ercsion of the wellbore 14
surrounding the flow contrecl 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 thig disclesure, since
the agsgembly 12 could be provided without the shroud

overlying the ports 58.

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

to ¢lear the glurry 44 from the work string.

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

this disclosure.

It may now be fully appreciated that the above
disclosure provides several advancements tc the art of

25 gravel packing systems and methods. The system 10 and

- 14 =



in the annulus 32. Alternatively, the second gravel slurry 44 may be
flowed first, or the slurries 42, 44 may be 20 fl owed sinul taneously.
The wel | bore 14 may be deviated. The first direction nay 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 -
15 in the gravel packing assenbly 12. The second gravel slurry 44
flowing step may include flow ng the second gravel slurry 44 outward
fromanother port 58 in the gravel packing assenbly 12. One or nore well

coreens 8001 L1 5 B 1Rl (PP Da SO 2 o g paslt 1 one

bet ween may a SO inclu € step of,

bet weenahheluéiIsttarnse seeonsl Qtﬁa’:ﬁd&d Slatrgry tfHoamihngrsiarsms kephaci ng a
work string 16a positioned in the gravel packing assenbly 10 12. The
first gﬁév@bS@FWHOIA% oMy st &y iftei nch@fdde etA. owlﬁf@tt he first

gravel §£# 42 'rg&éﬁEfEﬂSten'f%§t'on34EPWQE% <Y % of the

wel | bor and Khe secondsgrave iRt ﬁl iﬁlffbﬁﬁ p may include
1 ow ngstheeseconds 16 gsamel _F&dd«!«féd’ wﬂfEH rgrtala;%1secq1?1@ @ryrs%w ep toward a
toe 28 of the wellbore 14. first gravel slurry 42 flowing step may

be perfondedspribrted mhiencdoorrP gravelt sinavel 4durries 42, 44 to
be flowed through the annulus 32 in different directiong at

different times.

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 simultaneously.

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 outward from a port 48

- 15 -



flow ng step. The first gravel slurry 42 flowi ng step may include 20
flowwng the first gravel slurry 42 in the first direction toward a toe
28 of the weilbore 14. The second gravel slurry 44 flow ng step may
include flow ng the second gravel slurry 44 in the second direction
toward a heel 30 of the wellbore 14. The first gravel slurry 42 flow ng
25 step may be performed prior to the second gravel slurry 44 flow ng
step. - 16 Also described by the above disclosure is a well system 10
in which a wellbore 14 is gravel packed. The well system 10 includes a
gravel packing assenbly 12 positioned in the wellbore 14, whereby an

annul us; 32-js é‘:ﬁ%ﬁ%@&tr@e%géﬁ)ﬂgﬁlﬂﬁor Ghi4 sandnkihggrayel packing
assenbly 12. e or nore well screens 26 are interconnected in the
gravel packirngasserlng 12 erA rfdyowncdonter dll odewvigc &€h36 seicphidr connected i n

t he gravel packin assenbly 12, selectively permts and prevents flow
of a 109%F%veISkY zfy444?1&ﬁ%/mﬁ%mnto&@e§ra%|t BAckPnghesg&RBEY 12 to

an exteriQf; I re nat her 1f ntr.ol, -deyLce 38,
intercggﬁgﬁ%%éi%%F%%E?%r%ﬁénggzﬁghg as@%&%lfg¥%?ﬁgeF3c%Fvgﬁ$ permts
and Hr eyeatsl fhavk 0ig acddiery grravely $leumpoy 144 castwaed weeam:-hbe gravel
packing 15 assenbly 12 to the exterior of the well screens 26. The well
screensP26Care® podt tioned | ongi tudinal |y between the

The method may also include the step of, between the
first and second gravel glurry flowing steps, replacing a
work string lea positioned in the gravel packing agsembly

10 12.

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

15 gravel slurry 44 in the seceond direction toward a toce 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 tce 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 step may be performed pricr toc the second gravel slurry 44

flowing step.

- 16 -



fl ow control devices 36, 38. The first gravel slurry 42 may flowin a
first direction fromthe first flow control device 36 to the 20
exterior of the well screens 26. The second gravel slurry 44 nmay flow
in a second direction fromthe second flow control device 38 to the
exterior of the well screens 26, wth 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 toe 28 of the wellbore 14. The first direction nmay be away
froma toe 28 of the wellbore 14, and the second direction may be

toward the tge:28i0fcthscmal) bare AdThe Jiish, 1) 9w conkrgl device 36

may be operated by a 5 mork string 16a positioned in the gravel packing
assenbl yysi@m h@dlmh@hs@hOmdmélkmmmﬂnmq(ﬂs(ynamai1ﬁ&dm®ﬁ be Toper ated by

anot her mork string 16b positioned in th ravel packlng assenbly 12.
The fir¥¢ énﬁy§%%%nﬁombﬁ%l%ﬁ?$rﬁﬁﬁ?ﬂﬁf%) 1k aFGRIedexilgt ent in the

gravel fﬁr% r In I may have a
proxinapag%%98n§§ agdlsté]ﬁg)end%fg %¥%!E$%c%' n%&ﬁ%%ﬁﬁ%o%%deV|ce 36
may He fatresdobaecéed tie tihel Gravellpacid nheassentily ph2kipkoxi mat e t he
proxi mal end 18. The second flow control device 38 nay be

i nt er copfieeTRYY i b2 t hePlR avel PR Ky B RedentiSy a2 proxi mate t he di st al

end 22'interconnected in the gravel packing assembly 12. A flow

control device 36, interconnected in the gravel packing
assembly 12, selectively permits and preventgs 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
asgembly 12, selectively permits and prevents flow of
another gravel slurry 44 outward from the gravel packing
15 assembly 12 to the extericr of the well screens 26. The
well screens 26 are positioned leongitudinally between the

flow control devices 236, 38.

The first gravel slurry 42 may flow in a first
direction from the first flow control device 36 to the
20 exteriocr 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

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

-~ 17 -



The system 10 may i nclude an outer shroud 60 interconnected in the
gravel packing assenbly 12. The outer shroud 60 may radially outwardly
overlie a port 58 of the second flow control device 38, whereby the
shroud 60 20 may defl ect the second gravel slurry 44 as it flows outward
t hrough the port 58. The above disclosure al so describes a nethod of
gravel packing a deviated well bore 14. The nethod includes the steps
of: flowwng a gravel slurry 42 in a first direction 25 relative to a toe
28 of the wellbore 14, the gravel slurry 18 42 being flowed in an
annul us 32 forned between the wellbore 14 and a gravel packing assenbly

12 positian i € 4, el t:her _qr I rry 44
in a s%%gnggd§?e%%?o%¥$£+£?%S%%toﬁ?ﬁ%:i%%%%gﬁéggﬁﬁgﬁhgﬁﬁﬁégéa%%% 5 The
second dirb@chi Db=i 38 0pPOShé ewd D1 hduee fi14 Stardi red itonaMdilddie cgecond
gravel slurry 44 being flowed in the annulus 32. The first gravel
slurry B2YfPewragast ephemyodels pef flothete Phiwse tid t he second gravel
slurry 44 flowing 10 step. Alternatively, the first gravel slurry 42

fl ow ng st epThayt bespef Ior ned: @l ¢krddhies s egomnehyg ey elpesiatedy b4 a f | owi ng

step. The first gravel slurry 42 flowing step _may include flow ng the
first gW8§%ISE¥hggylﬁﬁ Po° ant e dritort Sor Pakifgy ¢SREMPldcr eens 26

i”tercoﬂﬁ?céﬁé tRet BE-GRaVE] oPaCKINE1 device 38 may be operated

by another work string 16b pesitioned in the gravel packing
assembly 12. The first and second work strings 1éa,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 graﬁel packing

15 agsembly 12 proximate the distal end 22.

The system 10 may include an outer shroud 60
interconnected 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 discleosure 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



assenbly 12. The second gravel slurry 44 flowing step may include
flowi ng the second gravel slurry 44 to the exterior of the well screens
26. It is to be understood that the various exanples 20 described above
may be utilized in various orientations, such as inclined, inverted,
hori zontal, vertical, etc., and in various configurations, wthout
departing fromthe principles of the present disclosure. The

enbodi ments illustrated in the drawi ngs are depicted and descri bed 25
nmerely as exanples of useful applications of the principles - 19 of
the disclosure, which are not limted to any specific details of these

enbodi mant peihy Ehewahove deserhpliom Ofrdhe-d apieaent atijyve exanpl es of
t he disclosure, directional ternms, such as 5 "above,"” "below, " "upper,"

"| ower , wegtlboreailé asddafgracehvenikine dsesawefier rlinhgd=o ttiveieat donpanyi ng

dr awi ng O rse, . a person skilled in the art woul d, upon a careful
conside?&?iHﬁiggofﬁelﬁboeﬁgdg%%V??ﬁi%ﬁP?ﬁerr%ﬁﬁ%ﬁﬁﬂﬁ%ﬂqﬁﬁa%ﬂﬂiﬁﬁanents,

readi |y ;apphachatecthah peny: 10 npdifications additd ons,,syhstit utions,
del eti ons, and other changes nay be nade to these specific enbodi nents,

and sSuchlihehargesdadeérarthon iheospopetoftd henepriincitpldisraft idde present
di scl osure Accordingly, t he foregoiqg detailed description is to be
cl ear | y "dhiteF8E088°G8bEF AYS 155 HrvEN By Ren Dt iavamstitatitn and exanpl e

only, thenspLki &2,

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

flowing step.

The first gravel slurry 42 flowing step may include
flowing the first gravel slurry 42 to an exterior of cne or
15 more well screens 26 interccnnected in the gravel packing
assembly 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 ig to be understocd that the various examples
20 described above may ke utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and
in varioug configurations, without departing from the
principles of the present disclcosure. The embodiments
illustrated in the drawings are depicted and described

25 merely as examples of useful applications of the principles

- 19 -



and scope of the present invention being limted solely by the appended
clains and their equivalents. - 20 CdCains: 1. A nethod of gravel
packi ng a wel |l bore, the method conprising the steps of: 5 flowing a
first gravel slurry in a first direction in an annulus fornmed between
the wel |l bore and a gravel packing assenbly positioned in the wellbore;
and flow ng a second gravel slurry in a second direction in the
annulus, the first direction being opposite to the first 10 direction.
2. The nethod of claiml1l, wherein the second gravel slurry is flowed in
the annulus only after the first gravel slurry is flowed in the

annul uso£1bn3. aThe18BLhod ©hi e alr 1, 12y Whgl i) dhe Meld:bare s
devi at ed, and wherein the first direction is toward a toe of the

devi at edewel L borE. tREsd. efheditetiios. of claim 1 or 2, wherein the
wel | bore is deviated, and wherein the first direction is away froma

toe of the dewi ahedameldbdsecrhptilhe detdied @p@dinnal,iwherein the
wel | bore is 25 deviated, wherein the first %Lavel slurry flowi ng step
e

furt her eEanptP8est f F M %S@h@s‘ﬁﬁz stdigreatd]o rieyrisn thveh feisr st
di regti QD Loway d“ﬁ‘ef&?l " t he wel l]por ef ,ﬁndt wher.ei n

bove, upper, ., are used for

convenience in referring to the accompanying drawings.

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

10 modifications, additicons, 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

15 given by way of illustration and example only, the spirit
and gcope of the present invention being limited solely by

the appended claims and their egquivalents.
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.the second gravel slurry flowng step further conprises -21 flow ng the
second gravel slurry in the second direction toward a toe of the
wel | bore, the first gravel slurry flowi ng step being performed prior to
the second gravel slurry flowng step. 5 6. The method of claiml,
wherein the well bore is deviated, wherein the first gravel slurry
flowng step further conprises flowwng the first gravel slurry in the
first direction toward a toe of the well bore, and wherein 10 the second
gravel slurry flowing step further conprises flow ng the second gravel
slurry in the second direction toward a heel of the wellbore, the first
gravel slurry flowng step being perforned prior to the second gravel
slurry flow ng§laimp: 15 7. The nethod of any of the precedi ngs clains,
wherein the first gravel slurry flowing step further conprises flow ng
the first gravel slurry outward froma first port in the gravel packing

assenbly, wherein fhe 20 second gravel slurry flaow ng ep further
conprises fl oévi‘ ng }Etrﬁeet ogzgﬁdgﬁ?‘g@]glpasqkdfl?yao‘ﬁ? %?’r%ﬁ?‘leamgglﬂ%%d por t
in the goavelispagkitg dspenbfy, and wherein one or nore well screens

of the gravel ?acking assenbly are positioned between the first and
second ports.f owing a first gravel slurry in a first direction in

an annulus formed between the wellbore and a gravel packing

assembly positicned in the wellbore; and

flowing a second gravel slurry in a second direction in
the annulus, the first direction being opposite to the first

10 direction.

2. The method of claim 1, wherein the second gravel
slurry is flowed in the annulus only after the first gravel

slurry is flowed in the annulus.

15
3. The method of claim 1 or 2, wherein the wellbore
is deviated, and wherein the first direction is toward a toe
of the deviated wellbore.
20 4. The method of ¢laim 1 or 2, wherein the wellbore

is deviated, and wherein the first direction is away from a

toe of the deviated wellbore.

5. The method of claim 1, wherein the wellbore is
25 deviated, wherein the firsgst gravel slurry 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

-21-



.25 S. The nethod of any of the preceding clains, further conprising the
step of, between the first and second gravel slurry flow ng steps,
replacing a work string positioned in the gravel packing assenbly. 30
-22 9. Awell systemin which a wellbore is gravel packed, the well
system conprising: a gravel packing assenbly positioned in the well bore,
wher eby an annulus is fornmed between the well bore and the 5 gravel
packi ng assenbly; one or nore well screens interconnected in the gravel
packi ng assenbly; a first flow control device, interconnected in the
gravel packing assenbly, and which selectively permts and 10 prevents
flow of a first gravel slurry outward fromthe gravel packing assenbly
to an exterdvgmdofhehecortd F@Evednsiurey secdhe Prownd ohresitigavi ce,

i nt er connggiad ian tbeeof grneé/edem@@kb ngu@esqurfiakygran@Il Wi chysel ectivel y
permts and preégnts ave slurrggiutmar fron1the 15

gravel packi"ig Sﬁb?31?%)3ﬁﬁ§°éQ? r?EﬁékftQ:ﬁgemﬁf? rFENS  and the
wel | scr esiryeifdgwposi sttatned between the first and second flow contro
devic%§. 20 10. The systemof claim9, wherein the first gravel

6. The method of claim 1, wherein the wellbore isg
deviated, wherein the first gravel slurry flowing step
further comprises flowing the first gravel slurry in the
first direction toward a toe of the wellbore, and wherein

10 the second gravel slurry flowing step further cowmprises
flowing the second gravel slurry in the second direction
toward a heel of the wellbore, the first gravel slurry
flowing step being performed prior to the second gravel
slurry flowing step.

15

7. The method of any of the precedings claims,
wherein the first gravel slurry flowing step further
comprises flowing the first gravel slurry outward from a
first port in the gravel packing assembly, wherein the

20 second gravel slurry flowing step further comprises flowing
the second gravel slurry cutward from a second port in the
gravel packing assgembly, and wherein one or more well
screens of the gravel packing assembly are positioned

between the first and second ports.

25
8. The method of any of the preceding claims, further
comprising the step of, between the first and second gravel
slurry flowing steps, replacing a work string positioned in
the gravel packing assembly.
30
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.slurry flows in a first direction fromthe first flow control device to
the exterior of the well screens, and wherein the second gravel slurry
flows in a second direction fromthe second flow control device to the
exterior of the 25 well screens, the second direction being opposite to
the first direction. -23 11. The system of claim 10, wherein the first
direction is toward a toe of the wellbore, and wherein the second
direction is away fromthe toe of the wellbore. 5 12. The system of
claim 10, wherein the first direction is away froma toe of the
wel | bore, and wherein the second direction is toward the toe of the
wel | bore. 13. The systemof any of clains 9 to 12, wherein the 10 first
fl ow control @8evick vslloperserndibywhnidh eswenbbkretys rayavigdsi ti oned in

t he graveladraeki pBe assEM M eRNdohiel iy .t he second flow control device
is operated by a second work string positioned in the gravel packing

assenbly. 15 zdgrdhel gystemgohsstdhIn kdsivhened nii hend iwedtiband, second
vork StrpascBLCAMAORK SLeBL hdk LR ALAYChe BACKI I« A38CPRLY. 15. The
f clains to , 2 J

system of any . erein the gravel packing assenbly
has aSpr G4eEL BRAGKEMY 2E5@MSL¥df end, wherein the first flow control

device is int%rcogpegg%gd q th rave% %acking q?senbhy Broxifate t he
proxi mal end, “BRd°T Wi ei"T Lt hECERTHhd YR RBRT T devilGe IFeve
i nt er conrecketgi assembly;
a first flow control device, interconnected in the
gravel packing assembly, and which selectively permits and
10 prevents flow of a first gravel slurry outward from the

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 of a second gravel slurry outward from the

15 gravel packing assembly to the exterior of the well screens;
and

the well screens being positicned between the first and

gecond flow control devices.

20 10. The system of claim 9, wherein the first gravel
slurry flows in a first direction from the first flow
control device to the exterior of the well screens, and
wherein the second gravel slurry flows in a second direction
from the second flow control device to the exterior of the

25 well screens, the second direction being opposite to the

first direction.
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t he gravel packing assenbly proximate the distal end. 25 16. The system
of any of clains 9 to 15, further conprising an outer shroud

i nterconnected in the gravel packing assenbly, the outer shroud
radially outwardly overlying a port of the second flow control device,
whereby the shroud deflects the second gravel slurry as it flows
outward through the port. -24 17. A nethod of gravel packing a deviated
wel | bore, the nethod conprising the steps of: flowng a first gravel
slurry in a first direction relative to a toe of the wellbore, the
first gravel slurry 5 being flowed in an annulus fornmed between the
wel | bore and a gravel packing assenbly positioned in the wellbore; and

flowi ng a secohd ghavelysdedy PY FradM sdcom@tedrivctivfi5él ative to the
toe of thereektibores tdwarseaonde dbf etid orllberag appasichreihothbe first

di rection, ar. I rry _bein I i.n the annul us.
18. The %ff%gg %Pﬁ%ﬁgﬁ%?%?,a&%grgfé?t %?'F%Fsgkggg%éﬁﬁﬁgpﬁgry fl ow ng
step is perforned prior to the second gravel slurry flowi ng step. 15
19. The method of claim 17, wherein the first gravel slurry flow ng

step bs perforoed Eid erystleen seéconaigriavekheskiiirynd | fowshg St ep.
directicn is away from a toe of the wellbore, and wherein

the second direction is toward the toe of the wellbore.

13. The system of any of claims 9 to 12, wherein the
10 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.

i5 14. The system of claim 13, wherein the first and
second work strings are non-coexistent in the gravel packing

assembly.

15. The system of any of c¢laims 9 to 14, wherein the
20 gravel packing assembly has a proximal end and a distal end,
wherein the first flow control device is interconnected in
the gravel packing assembly proximate the proximal end, and
wherein the second flow contrel device ig interconnected in

the gravel packing assembly proximate the distal end.
25

16. The system of any of claims 9 to 15, further
comprising an outer shroud interconnected in the gravel
packing assembly, the outer shroud radially outwardly

overlying a port of the second flow control device, whereby

the shroud deflects the second gravel slurry as it flows

outward through the port.

4.



20 20. The nethod of any of clains 17 to 19, wherein the first gravel
slurry flowng step further conprises flowwng the first gravel slurry
to an exterior of one or nore well screens interconnected in the gravel
packi ng assenbly, and wherein the second gravel slurry flow ng step
further 25 conprises flowi ng the second gravel slurry to the exterior

of the well screens. -25

17. 2 method of gravel packing a deviated wellbore,
the method comprising the steps of:

flowing a first gravel sglurry in a first direction
relative to a toe of the wellbore, the first gravel slurry
5 Dbeing flowed in an annulus formed between the wellbore and a

gravel packing assembly positioned in the wellbore; and

flowing a second gravel slurry in a second direction
relative to the toe of the wellbore, the second direction
being opposite to the first direction, and the second gravel

10 slurry being flowed in the annulus.

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

slurry flowing step.

15
19. The method of claim 17, wherein the first gravel
slurry flowing step is performed after the second gravel
slurry flowing step.
20 20. The method of any of claims 17 tc 19, wherein the

first gravel slurry flowing step further comprises flowing
the first gravel slurry tc an exterior of one or more well
screens interconnected in the gravel packing assembly, and
wherein the second gravel slurry flowing step further

25 comprises flowing the second gravel slurry to the exterior

of the well screens.

25-





