-1- FLOW RATE DEPENDENT FLOW CONTROL DEVI CE BACKGROUND OF THE DI SCLOSURE 1.
Field of the Disclosure [0001] The present invention relates to fluid fl ow
control fwodovmbebke tools. 2. Description of the Rel at edTASR010OOR2] Cont r ol
of fluid circulation can be of operational significance for numerous
devices used in oil and gas wells. One illustrative exanple is a gravel
packi ng tool used for gravel packing operations. In general, gravel packing
includes the installation of a screen adjacent a subsurface formation

foll owed by the packing of gravel in the perforations and around the screen
to prevent sand frommgrating fromthe formation to the production tubing.
Usual ly, a slurry of gravel suspended in a viscous carrier fluid is punped
downhol e through the work string and a cross-over assenbly into the

annul us. Punp pressure is applied to the slurry forcing the suspended
gravel through the perforations or up against the formati on sand. The

gravel then accunul j D?PVENI d\%ﬁ e the casing or
the formation sand. aﬁrﬁ%"%?‘é’%ﬂ? or nsﬂgl\ﬁ?r:gleg\? i-(lz-ﬁgelﬂ ng\lg@téhe i n-fl ow of
hydr ocarbons but inhibits the flow of sand particles into the production

tubing. Afterwards, a clean-up operation nmay be perforned wherein a
cleaning fluid is reverse circulated through the well to clean the tools of

slurry and | eaving only t@Aék@\%Hw%ﬁﬁg%%&ﬁ%b% screens behi nd.
es t hods™ an

[ 0003] The present disclosure provi vices for controlling

1. Field of the Disclosure
[0001] The present invention relates to fluid flow control for downhole tools.

2. Description of the Related Art

[0002] Control of fluid circulation can be of operational significance for
numerous devices used in oil and gas wells. One illustrative example is a gravel
packing tool used for gravel packing operations. In general, gravel packing
includes the installation of a screen adjacent a subsurface formation followed by
the packing of gravel in the perforations and around the screen to prevent sand
from migrating from the formation to the production tubing. Usually, a slurry of
gravel suspended in a viscous carrier fluid is pumped downhole through the work
string and a cross-over assembly into the annulus. Pump pressure is applied to
the slurry forcing the suspended gravel through the perforations or up against the
formation sand. The gravel then accumulates in the annulus between the screen
and the casing or the formation sand. The gravel forms a barrier which allows the
in-flow of hydrocarbons but inhibits the flow of sand particles into the production
tubing. Afterwards, a clean-up operation may be performed wherein a cleaning
fluid is reverse circulated through the well to clean the tools of slurry and leaving

only the gravel pack surrounding the screens behind.

[0003] The present disclosure provides methods and devices for controlling
fluid circulation during gravel packing operations. The present disclosure also

provides for controlling fluid circulation in other wellbore-related operations.



fluid circulation during gravel packing operations. The present disclosure
al so provides for controlling fluid circulation in other wellbore-rel ated
oper at i or80 2011228GUVMARY OF THE DI SCLOSURE [ 0004] | n aspe@ecrdiS2alemspeesent

di scl osure provides an apparatus for conpleting a well. The apparatus may
I nclude a tool configured have a first flow path in a first position and a
second flow path in a second position. Each flow path allows fluid flow.
The first flow path may include at |east a port coupling the upper bore to
a lower annulus surrounding the tool, a | ower bore of the tool in

comuni cation with the |ower annulus, ang a nmechanically static and

bi directional flow passage connecting the | ower bore with an upper annul us
surrounding the tool. The second flow path may include at |east a first

branch having the port coupSUMMARY OFFHEDISCILOSURE he upper bore; and a
second branch having a nechanically static and bi-directional flow passage

coupling the upper annulus to the | ower bore. [0005]|n aspects, the present
di scl osur e [@P pr o ﬁeﬁt%i%dprﬁé?nhoﬂ'ﬁﬂ@ﬁ”@g RIovistes (@ rRPRA' S| for
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| ower annulpash sruer finsh giosdionhend aosecoad bove pabiorire aosecdred position.nEach flow

conmuni cati o th the ] ower_ annu] yus, and a nmechanically static and
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the upper annulus to the upper bore, and through a nechanically static and

bi di r ect i otammunBapes swifle beupdwery anmelusppand aanoegbanicalhesthibmeanchdrie.

[ 0006] I n std'.l I .furtHer asgects, t he plg es[ﬁnt di scl osure, provides a srxﬁtem

for irectional” flow passage '‘connécting the lower “bore” with™ an” uppér annulus
surrounding the tool. The second flow path may include at least a first branch
having the port coupling the upper annulus to the upper bore; and a second
branch having a mechanically static and bi-directional flow passage coupling the

upper annulus to the lower bore.

[0005] In aspects, the present disclosure also provides a method for
completing a well using a tool disposed in the well. The method may include
flowing a gravel slurry through an upper bore of the tool, a port coupling the
upper bore to a lower annulus surrounding the tool, a lower bore of the tool in
communication with the lower annulus, and a mechanically static and bi-
directional flow passage connecting the lower bore with an upper annulus
surrounding the tool; and flowing a cleaning fluid through a port coupling the
upper annulus to the upper bore, and through a mechanically static and bi-

directional flow passage coupling the upper annulus to the lower bore.

[0006] In still further aspects, the present disclosure provides a system for
completing a well. The system may include a tool having an upper bore, a lower
bore, and a port providing fluid communication between the upper bore and an
exterior of the tool; a valve member selectively isolating the upper bore from the
lower bore; a flow path formed in the tool, the flow path providing fluid

communication between an exterior of the tool and the lower bore. The flow path



conpleting a well. The system may include a tool having an upper bore, a

| ower bore, and a port providing fluid comunication between the upper bore
and an exwenrbporo2sd7eét he t ool ; a val ve nenber sel ecti vel yPCsalSattioogrzehe upper
bore fromthe ower bore; a flow path formed in the tool, the flow path
providing fluid conmuni cati on between an exterior of the tool and the | ower
bore. The flow path -3- may include a nechanically static and

bi -directional flow passage. [0007]1t should be understood that exanpl es of
the nore illustrative features of the disclosure have been summari zed
rather broadly in order that detailed description thereof that follows may
be better understood, and in order that the contributions to the art may be
appreciated There are, of course, additional features of the disclosure

that will beageefiddsehdtbiaicas) setticard mbdiedttivhbl fidwpassdse. subj ect of the
cl ai mrs appended hereto. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008] The
advant ages and further aspects of the disclosure will be readily

appr eci at ed0B97k hosk sbeulgrle wagderstaad that axarmelesraf the maeye '@h’ﬂ@“%é%@ées
bet t er U“d%ffsth«@odlls&%s &f ﬁé\?é‘ct%ehosﬁrﬁﬁa{rfileboﬂtﬁ‘@r gﬁ)ta%fl)} 79 HgsC V\/LI Chdeﬁglf( en

considered 1n conj Unction W th t he acconpanyi ng drawmngs iIn

ref erence cdeacapmcm thatesi mmn‘elldwxmayr beibetteaunekesteod sammrroogiﬁmhat tres

several fi % ?rsbu?lons to %rea\émrt nge appremated There are, of course, additional
features of the disclosure that will be described hereinafter and which will form

the subject of the claims appended hereto.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The advantages and further aspects of the disclosure will be readily
appreciated by those of ordinary skill in the art as the same becomes better
understood by reference to the following detailed description when considered in
conjunction with the accompanying drawings in which like reference characters
designate like or similar elements throughout the several figures of the drawing

and wherein:
Fig. 1 is a schematic elevation view of an exemplary production assembly;

Fig. 2 is a schematic cross-sectional view of a gravel pack tool that uses
an exemplary flow control element made in accordance with one embodiment of

the present disclosure;

Fig. 3 schematically illustrates a flow control device made in accordance
with one embodiment of the present disclosure; and

Fig. 4 schematically illustrates a flow control device made in accordance
with one embodiment of the present disclosure that is positioned for reverse

circulation.



Fig. 1 is a schematic elevation view of an exenplary production assenbly;
Fig. 2 is a schematic cross-sectional view of a gravel pack tool that uses
an exenplwaoyoflimsé’eont r ol el ement nade in accordance w PhTarseoemipzd: nent of

t he present disclosure; Fig. 3 schematically illustrates a flow
control device made in accordance with one enbodi nent of the present
di scl osure; and Fig. 4 schematically illustrates a fl ow control

devi ce made in accordance with one enbodi mnent of the present disclosure
that is positioned for reverse circulation. -4- DETAILED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS [ 0009] The presgnt disclosure relates to devices
and nethods for controlling fluid flow in downhole tools. The present

di sclosure is susceptible to enbodinents of different fornms. There are

shown in the dr pETMIEEDDESTRIFTION OF THE RREFERAED EMBOBIMENTS:Ci fi C
enbodi nents of the present disclosure with the understanding that the

present disclosure is to be considered an exenplification of the principles
of the di sdP8Q9r e, hhRIPresanbdischsiadalaies 10 dgvicehandimeihedsfer ¢Ntqiiig

i1 Tustrated andyglgsehi BEAnRBIE  Bols. The present disclosure is susceptible to

embodiments of different forms. There are shown in the drawings, and herein will
be described in detail, specific embodiments of the present disclosure with the
understanding that the present disclosure is to be considered an exemplification
of the principles of the disclosure, and is not intended to limit the disclosure to
that illustrated and described herein.

[0010] Referring initially to Fig. 1, there is shown an exemplary well 10 that
has been drilled into formations 14, 16 from which it is desired to produce
hydrocarbons. The wellbore 10 is cased by metal casing 17, as is known in the
art, and a number of perforations (not shown) penetrate and extend into the
formations 14,16 so allow for in-flow of production fluids. The wellbore 10 may
include a production assembly, generally indicated at 20. Also, in certain
situations, a tubing string (not shown) may extend downwardly from a wellhead
18 to the production assembly 20. The production assembly 20 may be
configured to control flow between the well 10 (Fig. 1) and the formations 14, 16
(Fig- 1). The production assembly 20 may include a production tubular 22,
isolation elements 24, and one or more filtration elements 26. In one
embodiment, the sealing members 24 may be packer elements that provide
zonal isolation. The filtration element 26 may be a screen element that permits
fluid flow into the tubular 22 while removing particles of a predetermined size

from the in-flowing fluid.

[0011] For ease of explanation, embodiments of the present disclosure will
be described in connection with a flow control device associated with a gravel
pack tool. It should be understood, however, that the teachings of the present

disclosure may be utilized in connection with any downhole tool that utilizes flow



[0010] Referring initially to Fig. 1, there is shown an exenplary well 10
that has been drilled into formations 14, 16 fromwhich it is desired to
produce hyonotankens. The wel | bore 10 is cased by net al PCaAiSe@oNF722as i S
known in the art, and a nunber of perforations (not shown) penetrate and
extend into the formations 14,16 so allow for in-flow of production fluids.
The wel |l bore 10 may i nclude a production assenbly, generally indicated at
20. Also, in certain situations, a tubing string (not shown) may extend
downwardly froma wellhead 18 to the production assenbly 20. The production
assenbly 20 may be configured to controlgflow between the well 10 (Fig. 1)
and the formations 14, 16 (Fig. 1). The production assenbly 20 may i ncl ude
a production tubular 22, isolation elenments 24, and one or nore filtration
el enents 2@ontrdl @ogcgnbodi nent, the sealing nmenbers 24 may be packer

el ements that provide zonal isolation. The filtration elenment 26 may be a
screen elenent that permts fluid flowinto the tubular 22 while renoving

particles dP0t2lr edBelerii®BaWIPAATf 2otErhES $HRWN BWRrAgUstian assqrdy 2Prid ease
of expl anatdmﬁﬁ/egggﬁﬁ'té'@”ﬁ . Gﬁhe;[]I vBl Eﬁ&ﬂoﬂ'ﬁ?h&%{)ﬁ c\ghgéug?j fé)eaélL\)ep%d In

connection ow contr ol Vi ce assocl ate avel pack tool.
It shoul d lgpanuidemsttenal, (ohdgeawvet”) intbahe tamautarasygziceg30 sEpatadingribsdittration

di scl osure my be ytili zed, noconnectign i ih any, downnole to%hail Al be
the casing 17. In other embodiments, the wall may be a rock face, i.e., an open
hole. In one embodiment, the tool 50 may include a bore 52, a valve 54 that
selectively occludes the bore 52, and a cross over tool 55 that has a cross over
port 56 that allows fluid flow between the bore 52 and the exterior of the tool 50.
One or more seal bores 57 may be used to channel fluid flow from the cross over
tool 55 to the lower annulus 30. As shown, the sealing member 24 isolates a
lower annular zone 30 from an upper annular zone 32. The tool 50 may also
include a flow control device 58 that control flow between a lower bore 48 and
the exterior of the tool 50. The flow control device 58 may communicate with one
or more axially aligned channels 64 that terminate at one or more ports 66. The
lower bore 48 may be a bore of the production tubular 22 or the gravel pack tool

50.

[0013] Referring now to Fig. 3, there is shown in greater detail the flow
control device 58 and related elements. In one embodiment, the flow control
device includes a mechanically static and bi-directional flow control element 60
and a valve element 62. The flow control element 60 and the valve element 62
may split the fluid into two separate flow paths such that fluid may flow through
either or both of elements 60, 62. The term split does not require any particular
ratio. The splitting may result in even or uneven flow rates across the flow control
element 60 and the valve element 62. In the electrical sense, the separate flow
paths may be considered parallel because the two flow paths receive fluid from

the same source and flow the fluid into a common point. Of course, some



[0012] Referring now to Fig. 2, there is showm a production assenbly 20 and
a gravel pack tool 50. The gravel pack tool 50 may be configured to deliver
a granul avormatiensek (or "gravel ") into the annul ar spaceC3WUss@pasmet ng t he
filtration elenment 26 and the wall of the well 10. In sonme enbodi ments, the
wal | may be the casing 17. In other enbodinents, the wall may be a rock
face, i.e., an open hole. In one enbodi nent, the tool 50 may include a bore
52, a valve 54 that selectively occludes the bore 52, and a cross over tool
55 that has a cross over port 56 that allows fluid fl ow between the bore 52
and the exterior of the tool 50. One or gore seal bores 57 may be used to
channel fluid flow fromthe cross over tool 55 to the | ower annulus 30. As
shown, the sealing nenber 24 isolates a | ower annular zone 30 from an upper
annul ar zorgniSetimehes hegl uliizemayorel BN [ed Utpasatt! How gsdths ol Adeivibagbat t hat
control flow between a | ower bore 48 and the exterior of the tool 50. The
f1 ow cont r &hodlsl/pe einsigrsiagd daainingi itk slogistnptorrcesparniiyrremain sepgraded gl
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control device 58 and rel ated el enents, Ipn one enbodi nent, the flow control
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-7- fromchannels 64, i.e., uni-directional flow The valve el enent 62 may
also utilize a biased piston that opens when a preset pressure differenti al
i S presemnwolzetmvesdiet he bore 48 and the channel s 64; e. gPCTAISpIIOAST2E i N t he
bore 48 that exceeds the pressure in the channels 64 by a preset val ue.
[0015]In the circul ati on node, the tool 50 is positioned inside the
production assenbly 20. After the seal bore 57 has been activated, surface
punps may punp slurry down the bore 52 of the gravel pack tool 50. The
slurry flows through the cross over port 56 and into the | ower annulus 30.
The slurry may include a fluid carrier suwch as water, oil, brine, epoxies
or other fluids fornulated to convey entrained solids or sem-solids. The
fluid conponent of the slurry flows through the filtration elenments 26 and

into the | o chaneeldB4, Tae weldirdcisnddiow. Thealait eRMONBE Mmagfalsdatisdelr ry
pack into the | ower annulus 30. The fluid conponent flows up the | ower bore

48 and t hr GUYRSER BIStPBIRAl ORENBIWhEE? BECTSA PresraIre dliffarentalispraseny bebvean ui d
| ocity, | | d
Uhe 11 ow coy PoI¢ 4P reReTEaha PR, e, STRES, B oo DSl MR Pl 1Y 2"

surface vi préssure hatheetisartivels 68dyoptesebGaluand t he upper annulus 32. This
circulation is maintained until a sufficient anmount of particles, e.g.,

I, h d ited into t | .30., Thus,  duri
grave | haviobeen Sgaeeiehlato Ll Laves AR, A0 TR e Bt
speci fied fisaumphf Bof Ritel HRe Wt Hors! 37 MasBE&H dtivatea, gﬁﬁgc@‘?ﬂﬁﬁ& n

term"flow path”" refers to a structure that allows tluid to fl'owthrough
rat her thampuep blisty. ddvoDile] Reedd2 phifergravelgpgakgooud0.afheeslutriidlopescikiough

the oross diee ooy ovdepek Bedid Y EhaerEnEb AR R e NEfweRaTuE Sl us.
32 whil e t higivedrvier sdch aisRegiet, i cINBENE OB 064K of btHed fleigioninCiRiie®fo thheeyt he
production assenbly 20. In this configuration, a reverse circulation may be
per for ned teHtr@inashselids popemssoligs. shher flyid appeeripfdhe slieme dawsgthroughd” 74
(e.9.. a lifuigd SRENRIARE Do 2hd MtbNBL 1bReP WIPESS. - $he solid or particulated
components of the slurry pack into the lower annulus 30. The fluid component
flows up the lower bore 48 and through the flow control device 58. Due to the
relatively low fluid velocity, the fluid component may flow across both the valve
element 62 and the flow control element 60. Thereafter, the fluid components
flow to the surface via the channels 64, the ports 66, and the upper annulus 32.
This circulation is maintained until a sufficient amount of particles, e.g., gravel,
have been deposited into the lower annulus 30. Thus, during a circulation mode,
the tool 50 is positioned and configured to have a specified flow path for the
gravel slurry material. As used herein, the term “flow path” refers to a structure

that allows fluid to flow through rather than collect.

[0016] Referring now to Fig. 4, after the packing operation is completed, the
gravel pack tool 50 is shifted uphole such that the cross over port 56 is positioned
to communicate with the upper annulus 32 while the valve 54 is positioned to
block fluid communication into the production assembly 20. In this configuration,
a reverse circulation may be performed to clean the bore 52 of slurry. For

example, a cleaning fluid 74 (e.g., a liquid such as water or brine) is pumped



down via the upper annulus 32. This fluid enters the bore 52 via the cross
over port 56. Thereafter, the cleaning fluid flows up the bore 52 to the
surface. WOrpng28476s reverse circul ation, the cl eani ng PCuiu$2abse7222 ows
into the ports 66 and downwardly through the channels 64 to the flow
control device 58. That is, the cross over port 56 and the ports 66 may
split the fluid into two separate flow paths, with one path |l eading to the
upper bore 52 and another path leading to the | ower bore 48. The termsplit
does not require any particular ratio and may result in even or uneven flow
rates across the cross over port 56 and ghe ports 66. Thus, during a

cl eaning node, the tool 50 is re-positioned to have a different flow path
fromthe circulation flow path. [0017] The val ve el enent 62 may be

configured donrp(/l@Vtﬁ@tupfdewladwrfu'ILm/\BI!UTh@Q‘IJ@\eﬁtér@ the e B2 @R, thehdress bhen
forces the fluid to flow across the flow control el enent 60. Because a

rel atively pmrb%‘ fThargafieroihe eleaning flud@d dowsrumigerkarerSPetoctheuri@ceorburing
fl t k | 5. 64
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the cross @osnwardly thboughttod bhansels 18& totis flda\}vecomﬂomeeloenmwlﬁa& mayne
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[ 0019] After reverse circulation been conpleted, the gravel pack tool

may be repdsith froredeasircarasiondtow patti on in the wel | bore to performa
subsequent gravel pack operation. For exanple, the tool 50 may be noved

fromthe [0017] The valve element 62 may be configured to prevent fluid flow during
reverse circulation, which then forces the fluid to flow across the flow control
element 60. Because a relatively high fluid flow rate is used during reverse
circulation, the flow control element 60 generates a back pressure across the
channels 64 which acts to restrict fluid flow. Thus, most of the fluid passes
through the cross over port 56. In other situations, the valve element 62 may
intentionally or inadvertently fail to close. In such situations, the flow control
element 60 still provides a mechanism to generate a back pressure in the
passages 64. Reverse circulation is maintained until the bore 52 and other
downhole components are cleaned of slurry. It should be understood that in
certain embodiments, the valve element 62 may be omitted.

[0018] In embodiments, the slurry is circulated at a slower flow rate than the
cleaning fluid. Because of the higher flow rate of the cleaning fluid, a greater
back pressure is generated by the flow control element 62.

[0019] After reverse circulation has been completed, the gravel pack tool 50
may be repositioned at another location in the wellbore to perform a subsequent

gravel pack operation. For example, the tool 50 may be moved from the



-9- formation 14 to the formation 16. Each subsequent operation may be
performed as general ly described previously. It should be appreciated that
as the greoebipasiet ool 50 is pushed into the well 10, whe/ushaod4m2esi di ng
in the well 10 can bypass the valve 54 via the flow control el enment 60.
Thus, "surge" effect can be m nimzed. Surge effect is a pressure increase
downhol e of a noving tool caused by an obstruction in a bore. Al so, as the
tool 50 is pulled out of the well, the fluid uphole of the tool 50 can by
bypass the valve 54 via the flow control elenment 60. Thus, "swab" effect
can be mnimzed. Swab effect is a pressyre decrease down hole of a noving
tool caused by an obstruction in a bore. [0020] As stated previously, the
teachi ngs of the present disclosure may be utilized in connection with any

downhol e t gedmatiat 141to ke Rendaltiow 1GNELGH sdBSEqRH oPeedtion Pey GenbéfdrniRy i ces
may be used in connection with tools that set packers, slips, perform

pressure t &tgonesaly dasgibed pegvieysdw dbshedid G%\ﬂﬂ@é%cﬂw that @sele; gravel
drilling Séb%tggnftﬁﬁl 68021} {heel ﬂ{tSQﬂbr\H?ﬂjq%ﬂtthfh}?&' rle&dfﬂd ﬁfttﬁéj Wl R@rédeul ar

enbodi nent pr esen nvention ['uStrati on and
expl anat i ombyphss thé k/allve Bmplarteetflovhomtvelrelemmﬁe Skubl Bdrget déffexct @ah behat

many nodi ficati ons a cha to the enbodi nent set th_above are
possi bl e wirtiRBlized ep 9‘?199 %%d?tﬁhepr@%%@ RGEPGS%e dOpN P[e &f & HROYIRG RPl on.

It is inte t such

odi 11 cat i %%Eggé', Z@/ BSster‘j’étlo‘P]"Y\S”Q &@Aef} |<3g§o,b§‘s tH RIoP5BtE Pulied VP LR B Fell,
the fluid uphole of the tool 50 can by bypass the valve 54 via the flow control
element 60. Thus, “swab” effect can be minimized. Swab effect is a pressure

decrease downhole of a moving tool caused by an obstruction in a bore.

[0020] As stated previously, the teachings of the present disclosure may be
utilized in connection with any downhole tool that utilizes flow control devices.
Such flow control devices may be used in connection with tools that set packers,
slips, perform pressure tests, etc. Also, such flow control devices may be used in
drilling systems.

[0021] The foregoing description is directed to particular embodiments of the
present invention for the purpose of illustration and explanation. It will be
apparent, however, to one skilled in the art that many modifications and changes
to the embodiment set forth above are possible without departing from the scope
and the spirit of the invention. It is intended that the following claims be
interpreted to embrace all such modifications and changes.



WE CLAIM 1. An apparatus for conpleting a well, conprising: a
tool having an upper bore and a | ower bore, the tool being configured have
a first fwowopanke7sn a first position and a second fl owppatus2ém/oa72eecond
position, each flow path allowng fluid flow, and wherein: (i) the
first flow path includes at |east a port coupling an upper bore to a | ower
annul us surrounding the tool, a |lower bore in comrunication with the | ower
annul us, and a nmechanically static and bi-directional flow passage
connecting the |l ower bore with an upper annul us surrounding the tool; and
(ii) the second flow path includes at legst a first branch having the port
coupling the upper annulus to the upper bore; and a second branch having a
mechani cal ly static and bi-directional flow passage coupling the upper
annulus to the |l ower bore. 2. The appaCuAImMSf claim 1l wherein the

mechani cally static and bi- directional TTow passage is configured to
generate a back pressure along at |east a portion of the second fl ow path.
3. The appaW@FQ§LRﬁkclain12, wherein the nechanically static and bi -
directional 710w passage includes a flow space selected froma group
consisting of (i) at |east one helical channel generating the back pressure
using frictional | osses an oriﬁice generating t he back pressure

using a redicti obﬁ‘l awarﬁﬁwa@?@gﬁp}etmg a well, comprising:
a tool having an upper bore and a lower bore, the tool being

configured have a first flow path in a first position and a second flow path in a
second position, each flow path allowing fluid flow, and wherein:

(i) the first flow path includes at least a port coupling an upper bore to
a lower annulus surrounding the tool, a lower bore in communication with the
lower annulus, and a mechanically static and bi-directional flow passage
connecting the lower bore with an upper annulus surrounding the tool; and

(i) the second flow path includes at least a first branch having the port
coupling the upper annulus to the upper bore; and a second branch having a
mechanically static and bi-directional flow passage coupling the upper annulus to
the lower bore.

2. The apparatus of claim 1 wherein the mechanically static and bi-
directional flow passage is configured to generate a back pressure along at least
a portion of the second flow path.

3. The apparatus of claim 2, wherein the mechanically static and bi-
directional flow passage includes a flow space selected from a group consisting
of (i) at least one helical channel generating the back pressure using frictional
losses, and (ii) an orifice generating the back pressure using a reduction in flow

area.

4. The apparatus of claim 1 wherein the second branch includes at least one



4. The apparatus of claim 1l wherein the second branch includes at |east one
passage connecting the upper annulus with nmechanically static and

bi - di rectwonral/i2B@w passage, and wherei n the nmechani cal pgTAaiSat1004 22021
bi-directional flow passage is configured to generate a predetermnm ned back
pressure along the at |east one channel. 5. The apparatus of claiml
further conprising: (i) a supply of gravel slurry coupled to the upper bore
when the tool is in the first position, and (ii) a supply of a cleaning
fluid coupled to the upper annulus when the tool is in the second position.
6. The apparatus of claim1, wherein the first flow path includes a valve
el enent, the valve elenent configured to allow uni-directional flow from
the |l ower bore to the upper annulus. 7. The apparatus of claim6 wherein

t he rrechanlpa@bh%y %bﬁheﬁl@%em@err%ﬁhumahltﬁ hsehaaksfgetaiRtkidbi-diedotenal
el ement spllt flTuid flowng fromthe | ower bore such that the fluid has two

separ at e flIfloW J@ss89€0 ange Wigsein dhgumeshanigalln statieoand obi-ditaghpeal digva
|1
o ng o Greas” 4f GPRORRED AR i SRl hOHBySUEP alono 109,81 1 ng

t he upper beast dne ehdneeer annul us surrounding the tool, a | ower bore of the
tool in comunication wth the | ower annulus, and a rrechani cally static and
bi di rectional flow passage connecting the |l ower bore with an upper annul us

surroundi ng t he 140k y 8885 of C|3.H‘f1| PMrﬂ&br%&ﬁﬁ?ﬁaﬁ%g ?%ﬁ%ﬁ‘igbﬁg%}/e@_sﬂﬂw

coupling t he upper annu us to e upper bore chanical’ly
st ati ¢ and doupltidrtedhe apgler bbawvpasdhgéoadsipi thegfinshposipperarahililausupply ohe
| ower bore. : : -

a cleaning fluid coupled to the upper annulus when the tool is in the second

position.

6. The apparatus of claim 1, wherein the first flow path includes a valve
element, the valve element configured to allow uni-directional flow from the lower

bore to the upper annulus.

7. The apparatus of claim 6 wherein the mechanically static and bi-
directional flow passage and the valve element split fluid flowing from the lower
bore such that the fluid has two separate flow paths to the upper annulus.

8. A method for completing a well using a tool disposed in the well, the
method comprising:

flowing a gravel slurry through an upper bore of the tool, a port coupling
the upper bore to a lower annulus surrounding the tool, a lower bore of the tool in
communication with the lower annulus, and a mechanically static and bi-
directional flow passage connecting the lower bore with an upper annulus
surrounding the tool; and

flowing a cleaning fluid through a port coupling the upper annulus to the
upper bore, and through a mechanically static and bi-directional flow passage
coupling the upper annulus to the lower bore.



-12- 9. The nethod of claim8 generating a back pressure in the cleaning
fluid using the nmechanically static and bi-directional flow passage. 10.
The met howoab11¢2867m 9, wherein the nmechanically static &au/useeldion2e2 i ona

fl ow passage includes a fl ow space selected froma group consisting of (i)
at | east one helical channel generating the back pressure using frictional

| osses, and (ii) an orifice generating the back pressure using a reduction
in flow area. 11. The nethod of claim8 further conprising generating a
predet erm ned back pressure in the cleaning fluid in at | east one passage
coupling the nechanically static and bi-directional flow passage to the
upper bore. 12. The nethod of claim8 further conprising noving the tool
after flowng the gravel slurry but before flowing the cleaning fluid. 13.
The met hod of claim8 further conmprising splitting the cleaning fluid
flowing in the upper annulus into a first flow path to the upper bore and a
second f| of-pat Hhen@atn@of whaie 8foanesating .. baqurassyy%ﬂreﬁm sleaninglfeid ng a

el | ComLIshid e machanicdl! 98lic HA IR BENGIPRRENA el | over bore, and a

port provi T On- bet weeh Oore and an exterior

of the tool; a valve menber selectively isol at| ng the upper bore fromthe

| over bor e;10. The method of claim 9, wherein the mechanically static and bi-directional
flow passage includes a flow space selected from a group consisting of (i) at
least one helical channel generating the back pressure using frictional losses,

and (i) an orifice generating the back pressure using a reduction in flow area.

11.  The method of claim 8 further comprising generating a predetermined
back pressure in the cleaning fluid in at least one passage coupling the
mechanically static and bi-directional flow passage to the upper bore.

12.  The method of claim 8 further comprising moving the tool after flowing the

gravel slurry but before flowing the cleaning fluid.

13.  The method of claim 8 further comprising splitting the cleaning fluid
flowing in the upper annulus into a first flow path to the upper bore and a second
flow path the lower bore of the tool.

14. A system for completing a well, comprising:

a tool having an upper bore, a lower bore, and a port providing fluid
communication between the upper bore and an exterior of the tool;

a valve member selectively isolating the upper bore from the lower bore;
and

a flow path formed in the tool, the flow providing fluid communication
between an exterior of the tool and the lower bore, the flow path including a
mechanically static and bi-directional flow passage.



and a flowpath forned in the tool, the flow providing fluid

comuni cati on between an exterior of the tool and the | ower bore, the flow
pat h i nclwai2ng/esémechani cal |y static and bi-directional pCras2@passage. - 13-
15. The system of claim 14, wherein the flow path includes a val ve nenber
configured to provide uni-directional flow fromthe |ower bore to the
exterior of the tool, wherein the valve nenber and the nmechanically static
and bi-directional flow passage provide split flow fromthe | ower bore.

16. The system of claim 14, wherein the nechanically static and

bi -directional flow passage is configured to generate a back pressure al ong
at least a portion of the flow path. 17. The system of claim 14, wherein
the nechanically static and bi-directional flow passage includes a flow
space selected froma group consisting of (i) at |east one helical channel
generating the back pressure using frictional |osses, and (ii) an orifice

gener at i ng the Ddeksyhtedsel elaimildg veharedute dow inath insudesa. valug mermeer
system of cl.ak a~further ¢ i S i fi dto
hoetve t ngoRfifirtio Sthlis b ATRELGA dok ASAE 00e BRREINS obfticy YR 10
el ement fi koelr wrgeréinuing {alowi menibetr carich ¢hep mestthainicaily astatiaraing. bi-directional

flow passage provide split flow from the lower bore.

16.  The system of claim 14, wherein the mechanically static and bi-directional
flow passage is configured to generate a back pressure along at least a portion
of the flow path.

17.  The system of claim 14, wherein the mechanically static and bi-directional
flow passage includes a flow space selected from a group consisting of (i) at
least one helical channel generating the back pressure using frictional losses,
and (i) an orifice generating the back pressure using a reduction in flow area.

18. The system of claim 14, further comprising a production assembly
configured to receive the tool, the production assembly including at least one
filtration element filtering fluid flowing into the production assembly.



