REVERSE OUT VALVE FOR WELL TREATMENT OPERATI ONS TECHNI CAL FlI ELD OF THE

| NVENTI ON [ 0001] This invention relates, in general, to reversing out
slurry froma work string following a well treatnment operation and, in
particular, to a reverse out valve that mnimzes swabbing of the formation
caused by service tool rmanipulations during the well treatnent operation. 1
BACKGROUND OF THE | NVENTI ON [ 0002] Wthout limting the scope of the present
invention, its background is described with reference to the production of
hydr ocarbons through a well bore traversing an unconsolidated or |oosely
consolidated formation, as an exanple. [0003] It is well known in the
subterranean well drilling and conpletion art that particulate naterials
such as sand neREVERPE OQUE cRLNE | FQR tWRLIp MTREATMENT OPERAFAO¥Sar bons from a
wel | traversing an unconsolidated or |oosely consolidated subterranean
formati on. Nunerous problens may occur as a result of the production of
such particul ate. For erxampiiealt FeeparbFcul@t ENCERWBESN abrasi ve wear to
conponents within the welT, such as tubing, punps and valves. In addition,
the particigonig may malst i éldehtfon fH1yt&d 00ihhgenebhi¢r eat ing,d:he eed for
an expensive

out slurry from a work string following a well treatment

operation and, in particular, to a reverse out valve that
minimizes swabbing of the formation caused by service tool

( manipulations during the well treatment operation.



wor kover. Also, if the particulate matter is produced to the surface, it
must be renoved fromthe hydrocarbon fluids by processing equi pnment at the
surface. [0004] One nmethod for preventing the production of such
particulate material to the surface is gravel packing the well adjacent the
unconsol i dated or | oosely consolidated production interval. In a typical
gravel pack conpletion, 2 a conpletion string including a packer, a
circulation valve, a fluid | oss control device and one or nore sand

control screens is lowered into the wellbore to a position proximate the
desired production interval. A service tool is then positioned within the
conmpletion string and a f|BACKGROUND OF AHEIdINVENT IONqui d carrier and a
particulate material known as gravel is then punped through the
circul ati oio0dlve i ntichidue wel imamimg usther netdpet weeh t ke santkscant rol
screens and the perforated well casing or open hole production zone. [0005]
The | i qui dirgasrdiesn,ei iBer ddowsdunldo ide ddserimleidonyofh r ekiersnte the
surface by flowing through the sand control screens or both. In either

case, the @lavelrdisscdepasi ted arpundheg,sand QQBbhgh scgeeng iy m a
gravel pack, which is highly perneable to the flow o hydr ocar bon fl ui ds

but blOCksthV§J§fﬁ@ Ofaﬁhe1fﬁgédégﬂf@%%ed or loosely consolidated

formation, as an example.
[0003] It 1is well known 1in the subterranean well
{ drilling and completion art that particulate materials such
as sand may be produced during the production of
hydrocarbons from a well traversing an unconsolidated or
loosely <consolidated subterranean formation. Numerous
problems may occur as a result of the production of such
particulate. For example, the particulate causes abrasive
wear to components within the well, such as tubing, pumps
and valves. In addition, the particulate may partially or
fully clog the well creating the need for an expensive
workover. Also, if the particulate matter is produced to
the surface, it must be removed from the hydrocarbon fluids
by processing equipment at the surface.
[0004] One method for preventing the production of such
particulate material to the surface is gravel packing the
well adjacent the unconsolidated or loosely consolidated

production interval. In a typical gravel pack completion,
2



carried in the hydrocarbon fluids. As such, gravel packs can successfully
prevent the problens associated with the production of particul ate
materials fromthe formation. [0006] During such a gravel packing
operation, the service tool used to deliver the gravel slurry nust be
oper at ed between various positions. For exanple, the service tool typically
has a run-in configuration, a gravel 3 slurry punping configuration and a
reverse out configuration. In order to operate the service tool between

t hese positions, the service tool is typically noved axially relative to
the conpletion string. In addition, the service tool is typically used to
open and close the circulation valve, which also requires the xially
movenent of tHEREVI¥E t3d1 1%l diVEYE% hé  B8MBFELI of s?ffﬁﬁlgﬁﬁﬁb7] | t
has been found, however, that such axially  novenent of the service too

rel ative t%t¥e conpletibnloseriGRPtdat advet sl ¢naf fA& Phe MdFnatdth.
Specifically, novenent of the service tool uphole relative to the
conpl eti onC@RFFRly eaRCMmEesFr AW rafawnprodlict iws laxiedst O cut PoF 1§ den
formation. Likew se, novenent of the service tool downhole relative to the
conpl et i onpseximgt€anhe uddesiredblbyofioctéonelinbergafl. ui ds sentoldchetdal nati on.
Thi s

is then positioned within the completion string and a fluid
slurry including a 1liquid ~carrier and a ©particulate
material known as gravel 1is then pumped through the
( circulation valve into the well annulus formed between the
sand control screens and the perforated well casing or open
hole production zone.
[0005] The liguid carrier either flows into the
formation or returns to the surface by flowing through the
sand control screens or both. In either case, the gravel
is deposited around the sand control screens to form a
gravel pack, which 1is highly permeable to the flow of
hydrocarbon fluids but blocks the flow of the particulate
carried in the hydrocarbon fluids. As such, gravel packs
can successfully prevent the problems associated with the
production of particulate materials from the formation.
[0006] During such a gravel packing operation, the
service tool used to deliver the gravel slurry must be
operated between various positions. For example, the

service tool typically has a run-in configuration, a gravel
3



type of swabbing can damage the formation including, for exanple, damaging
the filter cake in an open hole conpletion. Therefore a need has arisen for
a service tool that is able to be operated between its various positions

wi t hout swabbing the formation. 4 SUMWARY OF THE | NVENTI ON [ 0008] The
present invention disclosed herein conprises a reverse out valve for use
within a service tool during a well treatnent operation such as a grave
packi ng operation. The reverse out valve of the present invention allows
for taking returns during the gravel packing operation and allows for
reversing out the gravel fromthe work string follow ng the gravel packing
operation w@ile substantiall¥ i§olatig? the formation erp1the reverse out
fluids. Iﬁ%dp?ahtly?uT%%p?eve LRI OAE VAt R ofa?%e p?eseﬁF Svent iOh al | ows
for operation of the service tool between its various positjons w thout
swabbi ng tFRFFHRT G- [00d8] PF96Re &8pefPeTehe prienteiwent iRl s
directed to a reverse out valve that conprises an outer housing and a
mandrel t RATISLTS| (th&5ey BPSpESEESH t Hi® tIfEdWeer tORGuUsSE Big R idg Ya bypass
regi on therebetween. The mandrel includes a central flow path with a valve
seat positnormsd adierldivn aed aftiivet drd Sbeondomplet weik | poring posi tironed on

addition, the service tool is typically used to open and
close the circulation valve, which also requires the
axially movement of the service tool relative to the
( completion string.
[0007] It has Dbeen found, however, that such axially
movement of the service tool relative to the completion
string can adversely affect the formation. Specifically,
movement of the service tool wuphole relative to the
completion string can undesirably draw production fluids
out of the formation. Likewise, movement of the service
toocl downhole relative to the completion string can
undesirably force wellbore fluids into the formation. This
type of swabbing can damage the formation including, for
example, damaging the filter «cake in an open hole
completion. Therefore a need has arisen for a service tool
that is able to be operated between its various positions

without swabbing the formation.



opposite sides of the valve seat. A valve elenent is positioned in the
central flow path. The valve elenent and the valve seat have a one way

val ve configuration wherein fluid flowin a first direction relative to the
central flow path is substantially prevented. The valve elenent is 5
axially noveable relative to the valve seat to allowfluid flowin a second
direction which is opposite of the first direction. The mandrel is axially
novabl e relative to the outer housing between first and second positions.

In the first position, a bypass passageway is forned between the first and
second side wall ports via the bypass region thereby allow ng bypass fl ow
around the val ve el enent angUMMABYvAFVEHEeANVENTIOMe second position, bypass
flowis prevented. [0010] In another aspect, the present invention is
directed t@ooaret hodhef mpeyaii ngnadefiever saiedl oyalVveedre inmdipzeeswabbi ng
of a formation. The method includes providing at |east two i ndependent fl ow
paths for f |pdybrdd aynd nvaddresrdijsecliieniand atrhaast s indepgndent flow
paths for fluid flowin a second direction through a reverse out valve in a
run i n confdj.gurati he [ ou | v provi di t hﬁﬁﬁp WO
independeg%ﬂ'Iom}%ggﬁgénéor(%%%%&§?P0m1%ﬁ%?hegfir§? dgkggf?on an 1&? | east
t hree

operation. The reverse out valve of the present invention
allows for taking returns during the gravel packing
operation and allows for reversing out the gravel from the
{ work string following the gravel packing operation while
substantially isolating the formation from the reverse out
fluids. Importantly, the reverse out valve of the present
invention allows for operation of the service tool between
its various positions without swabbing the formation.

[0009] In one aspect, the present invention 1is directed
to a reverse out valve that comprises an outer housing and
a mandrel that 1is slidably disposed within the outer
housing forming a bypass region therebetween. The mandrel
includes a central flow path with a valve seat positioned
therein and first and second side wall ports positioned on
opposite sides of the valve seat. A valve element 1is
positioned in the central flow path. The valve element and
the valve seat have a one way valve configuration wherein
fluid flow in a first direction relative to the central

flow path is substantially prevented. The valve element is
5



i ndependent flow paths for fluid flowin the second direction through the
reverse out valve in a circulating configuration of the reverse out valve
and providing at |east one flow path for fluid flowin the second direction
6 through the reverse out valve in a reverse configuration of the reverse
out valve. [0011] In a further aspect, the present inventionis directed to
a nethod of operating a reverse out valve to mnimze swabbing of a
formati on. The nethod includes running a reverse out valve downhole in a
run in configuration while providing at |east two i ndependent flow paths
for fluid flowin an uphole direction through the reverse out valve,
Purping a firoh [ Apio amannil usy areund,ihe reverse ouf,valye i th the
reverse out“val'vVe iTn ~a circuratthg con |gura§ion i'le providﬁng at” | east
three independent flow paths, for taking returns in the uphqgle direction
thr ough t Hel hvih 58 GEEPA! VB:ESteVitig t hes PRREFSES0GE Ve it i al |y
uphol e while providing at |east _two independent flow paths for fluid flow
in a downtbikectdiqrect i BRet RRBHGRLt Aé P&ieldy Sevabarveslating & diteating
configuration, retrieving the reverse out valve farther uphole to operate
the reversmitn hahvendrbatvhen diirestl arichgseoritd gopaitorns o a Inevidrse
configuration and

first position, a bypass passageway 1is formed between the

first and second side wall ports via the bypass region

thereby allowing bypass flow around the valve element and

the wvalve seat. In the second position, bypass flow 1is
prevented.
[0010] In another aspect, the present invention 1is

directed to a method of operating a reverse out valve to
minimize swabbing of a formation. The method includes
providing at least two independent flow paths for £fluid
flow in a first direction and at least two independent flow
paths for fluid flow in a second direction through a
reverse out valve in a run in configuration of the reverse
out valve, providing at least two independent flow paths
for fluid flow in the first direction and at least three
independent flow paths for fluid flow 1in the second
direction through the reverse out wvalve in a circulating
configuration of the reverse out valve and providing at

least one flow path for fluid flow in the second direction



PRy

punpi ng a second fluid into the annulus around the reverse out valve while
providing no nore than one flow path for fluid flow in the downhol e
direction through the reverse out valve. 7 [0012] In yet another aspect,

the present invention is directed to a reverse out valve that includes an

outer

housi ng and a mandrel that is slidably disposed within the outer

housing form ng a bypass region therebetween. The nandrel has a central
flow path with a valve seat positioned therein and first and second
wal | ports positioned on opposite sides of the valve seat. A valve

is positioned in the central

val ve seat to cantrol fluid fl ow therebetween. The val ve. el enent h

fluid passaye

in fluid comrunication with the fluid passageway of the valve
first and SEoRV¥ithe Sl IV33dit-s and the

We OV he’ts BosTEi Dhed FAVEHES et v & T2 b hat

path through the reverse out valve. The valve el enent and the val ve

forma

se

fl ow path and operably associated with the

si de

el enent
a

and is

el enent. The
bypass region forma first fluid

seat

¥ ui drpagh fnrblugh tads@acdver Skeowrrastinte. 1MMentiew tube and

the fluid passageway forma third fluid path through the reverse out val ve.

The first,dsecgmt and thimekhdd upt pakehlatang iandepesdent oot omé vanaider .

minimize swabbing of a formation. The method includes
running a reverse out valve downhole in a run 1in
configuration while providing at least two independent flow
paths for fluid flow in an uphole direction through the
reverse out valve, pumping a first fluid into an annulus
around the reverse out valve with the reverse out valve in
a circulating configuration while providing at least three
independent flow paths for taking returns in the wuphole
direction through the reverse out valve, retrieving the
reverse out valve partially uphole while providing at least
two independent flow paths for fluid flow in a downhole
direction through the reverse out valve in the circulating
configuration, retrieving the reverse out valve farther
uphole to operate the reverse out valve from the
circulating configuration to a reverse configuration and
pumping a second fluid into the annulus around the reverse
out valve while providing no more than one flow path for
fluid flow in the downhole direction through the reverse

out valve.



[0013] In an additional aspect, the present inventionis directed to a
reverse out valve that includes an outer housing and a mandrel that is
slidably disposed within the outer housing form ng a bypass region

t herebetween. The 8 nmandrel has a central flow path with a fluid flow
control elenment positioned therein and first and second side wall ports
posi tioned on opposite sides of the fluid flow control elenent. The mandrel
is axially novable relative to the outer housing between first and second
positions. In the first position, a bypass passageway is formed between
the first and second side wall ports via the bypass region thereby allow ng
bypass flopperojund tihe {tui dnbltbwr contacal, etieseptreskntt hewveecand pasition,
bypass flowis prevented. An axial force generator is positioned between

the outer dousits and the fmrdiRl §er urga ddhetnapdralcl dwar dnt heydd st
position when the mandrel is in the second position. An axial |ock prevents

relative aﬁ%@éuﬂﬁvﬁﬁ‘@né ahqtRe QuLer ;housingand &1@%6£%T&drv?lthvﬂ?mer}[ﬁé‘e

mandrel is In e secon position and the axial" lock I's engaged 0014] In

anot her as Dect . %hg gﬁgsqﬂhﬂu 8 5%d%5pagsd?g%f§tedt£§r§?|da%%Se othvalve

t hat |ncIu es ‘an ou housin y dlsposed

W thin themanéjreelr h}?ug n -clz_re]reltraTdr%lloandpEaQ wi I’h h%USivnagL haveseaat

positioned therein and first and second side wall ports
positioned on opposite sides of the wvalve seat. A wvalve
element is positioned in the central flow path and operably
associated with the wvalve seat to control fluid flow
therebetween. The valve element has a fluid passageway. A
flow tube is positioned in the central flow path and is in
fluid communication with the fluid passageway of the valve
element. The first and second side wall ports and the
bypass region form a first fluid path through the reverse
out wvalve. The valve element and the valve seat form a
second fluid path through the reverse out valve. The flow
tube and the fluid passageway form a third fluid path
through the reverse out valve. The first, second and third
fluid paths are independent of one another.

[0013] In an additional aspect, the present invention is
directed to a reverse out valve that includes an outer
housing and a mandrel that is slidably disposed within the

outer housing forming a bypass region therebetween. The
8



circulating configuration and a reverse configuration relative to one
another. In the circulating configuration, the reverse out valve has two

i ndependent flow paths for fluid flowin a first direction and three

i ndependent flow 9 paths for fluid flowin a second direction. In the
reverse configuration, the reverse out valve has one flow path for fluid
flowin the first direction and two i ndependent flow paths for fluid flow
in the second direction. [0015] In a further aspect, the present invention
is directed to a reverse out valve that includes an outer housing and a
mandrel that is slidably disposed within the outer housing. The mandrel and
t he outer housi ng have a circulating configuration_an reverse

conf i guratr?ad'ﬁfrerr}elré‘??vé tcﬁn&ﬁé"ﬂa%k%’grpaﬁr}h ‘?h‘_ehcfar i '%&O@onqqr&ﬁoéti on,
the reverse out valve has at |east two independent fluid flow paths for
fluid fl oisnel¥iPesitieredi SACARANt Fde iTdepehdedtcPrewsgdehs'dleor fluid
flowin a second direction. In the reverse configuration, the reverse out
val ve has x4 owquaitthorfegy fdnui @rbloswtien shdefiref dheectlwid arfd whe f 1 ow
path for fluid flowin the second direction. 10 BRI EF DESCRI PTI ON OF THE
DRAW NGS control element. The mandrel is axially movable relative

to the outer housing between first and second positions.
In the first position, a bypass passageway 1is formed
between the first and second side wall ports wvia the bypass
region thereby allowing bypass flow around the fluid flow
control element. In the second position, bypass flow 1is
prevented. An axial force generator is positioned between
the outer housing and the mandrel to urge the mandrel
toward the first position when the mandrel is in the second
position. An axial lock prevents relative axial movement
of the outer housing and the mandrel when the mandrel is in
the second position and the axial lock is engaged.

[0014] In another aspect, the present invention 1is
directed to a reverse out valve that includes an outer
housing and a mandrel that is slidably disposed within the
outer housing. The mandrel and the outer housing have a
circulating configuration and a reverse configuration
relative to one another. 1In the circulating configuration,
the reverse out valve has two 1independent flow paths for

fluid flow in a first direction and three independent flow
9



[ 0016] For a nore conpl ete understanding of the features and advantages of
the present invention, reference is now nade to the detail ed description of
the invention along wth the acconpanying figures in which correspondi ng
nunerals in the different figures refer to corresponding parts and in
which: [0017] Figure 1 is a schematic illustration of an offshore oil and
gas platformoperating a reverse out valve of the present invention during
a gravel packing operation; [0018] Figures 2A-2G are cross sectional views
of successive axial sections of a reverse out valve of the present
invention in its various positions as it is axially noved relative to a
portion ofpaahcomalretfilon StAlowg;id 1 cdridwiaseciAciB arie ahes Y eSegisiconal
views of successive axial sections of a reverse out valve of the present

i nvention ddh iR RS ok, Onhe [ Q82 sd™i Qi 8a Afs 4Ba 3r BnEr @3SwSBGkhOFl: Vi ews
of successive axial sections of a reverse out valve of the present

| nvent i on dify e PRSI 14 0pse E0Z3] dauEesnoAnD AL (HABR R anal, views

of successive axial sections of a reverse out val ve of the present

Lpgﬁgtg?n %Qh 0%%rp%ﬁhhh9Qﬁbwl%n[9924Le igyres 6A: 6B are cross sectional

[0015] In a further aspect, the present invention 1is
directed to a reverse out valve that includes an outer
housing and a mandrel that is slidably disposed within the
( outer housing. The mandrel and the outer housing have a
circulating configuration and a reverse <configuration
relative to one another. 1In the circulating configuration,
the reverse out valve has at least two independent fluid
flow paths for fluid flow in a first direction and three
independent flow paths for fluid flow in a second
direction. In the reverse configuration, the reverse out
valve has no flow paths for fluid flow in the first
direction and one flow path for fluid flow in the second

direction.

10



R st -
successi ve axial sections of a reverse out valve of the present invention
in two positions; [0025] Figures 7A-7B are cross sectional views of
successive axial sections of a reverse out valve of the present invention
in two positions; and [0026] Figures 8A-8B are cross sectional views of
successi ve axial sections of a reverse out valve of the present invention
in tw positions. 12 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0027] Wiile the
maki ng and using of various enbodinments of the present invention are
di scussed in detail below, it should be appreciated that the present
i nvention provides many applicable inventive concepts which can be enbodi ed

in a wde variety of spe s 'Q{f S J‘- '--.Jj enbodi ments di scussed
herein are nmerely il |l ustative—8 0B s t8—neke and use the

invention, and do not delimt the scope of the present_ invention. [0028]
Referring F901%hl | y R 3 giree 1C0P LR wrAebotand i i nfe FeYe+s out

val ve of the present invention is being [owered into a conpletion string
from an ofdrhopdventagandodastiit apfesent hanvistsenenteifedrngei Ysustqvat ed and
general |y designated 10. A sem -submersible platform 12 is centered over a
subner ged made and gelse f gleratiiledl 1debsormpeton of the invention along

with the accompanying figures in which corresponding
numerals in the different figures refer to corresponding
parts and in which:

{ [0017] Figure 1 is a schematic illustration of an
offshore o0il and gas platform operating a reverse out valve
of the present invention during a gravel packing operation;
[0018] Figures 2A-2G are «cross sectional views of
successive axial sections of a reverse out valve of the
present invention in its various positions as it is axially
moved relative to a portion of a completion string;

[0019] Figures 3A-3B are cross sectional views of
successive axial sections of a reverse out valve of the
present invention in two positions;

[0020] Figures 4n-4B are cross sectional views of
successive axial sections of a reverse out valve of the
present invention in two positions;

[0023] Figures 5A-5D are <cross sectional views of
successive axial sections of a reverse out valve of the

present invention in four positions;
11



bel ow sea floor 16. A subsea conduit 18 extends fromdeck 20 of platform 12
to well head installation 22 including blowut preventers 24. Platform 12
has a hoisting apparatus 26 and a derrick 28 for raising and | owering pipe
strings such as work string 30. [0029] A wellbore 32 extends through the
various earth strata including formation 14. A casing 34 is cenented

within well bore 32 by cenent 36. A conpletion string 38 13 has been
installed within casing 34. Conpletion string 38 includes sand contr ol
screens 40, 42, 44 positioned adjacent to formation 14 between packers 46,
48. Packer 46 is part of a circulating valve 50. Wen it is desired to
gravel pack0@2%] annuigyuresgi 0AASEB ar suad sapdscordaadlionsdr eenswk0, o2, 44,
work string 30 is lowered through casing 34 and at |east partially into
conpl eti onsgddd i 8. axVank sdddinths30o0kNe] udeseassernutcevidDed 24 hend ng a
wash pipe 56, a reverse out valve 58, a cross over tool 60, a setting tool
62 and ot heredo0l si dhate @ kW R ikesas;skilled in the art. Once service
tool 54 is positioned wthin conpletion string 38, service tool 54 may be
operated t Qﬂgp i ts-variaus peshiio to re [ _ioper.at.jon

service tog? o4 and%gﬁﬁ{eg% mggktétrgga 35%§§$ ggk%ﬁgfﬁéd.aéﬁa%gaf§ér, a

fluid Sluré%ﬁéé@éf&% n%x?a&' L%é%ions of a reverse out valve of the

present invention in two positions; and
[0026] Figures 8A-8B are cross sectional views of

successive axial sections of a reverse out valve of the

present invention in two positions.

12



carrier and a particulate material such as sand, gravel or proppants is
punped down work string 30. [0030] During this process, the fluid slurry
exits service tool 54 into annular region 52 around sand control screens
40, 42, 44 via cross over tool 60 and circulating valve 50. As the fluid
slurry travels within annular region 52, at |east a portion of the gravel
inthe fluid slurry is deposited therein. Sone of the liquid carrier 14
may enter formation 14 through perforation 64 while the renainder of the
fluid carrier enters sand control screens 40, 42, 44. This portion of the
fluid carrier then enters wash pipe 56 passing through reverse out val ve 58
and cross over tool 66Thorenebpsortertte surfecemim TNl us 66 above
packer 46. The fluid STurry 1S punped down work string 30 wuntil annul ar
region 52 FMWF sangh contiid K LENSaAd ud2ng 4f vsribhb edmmbdimaayel .
[0031] Following this portion of the gravel packing operation, service tool
54 may be ni pul , <L.ar lLe, qr t t aki returns by

TEr SR BrECeh, s R LSRRI R PSR LAY

cl osing reverse n this exanple, urry or
other treatnent fluid nmay now be punped. down work string. 30, through cross
over t ool %}bo%%% %Fr calﬂpa%cﬁgat\?gl V@nggg gPﬁt (53raeﬁr?ﬁlltarlr%veegr?Colnoqszpf%VJf(?%ct ure

formation 14. It
many apS?YC

able inventive concepts which can be embodied in
a wide wvariety of specific contexts. The specific
embodiments discussed herein are merely illustrative of
specific ways to make and use the invention, and do not
delimit the scope of the present invention.

[0028] Referring initially to figure 1, a service tool
including a reverse out valve of the present invention 1is
being lowered into a completion string from an offshore oil
and gas platform that is schematically illustrated and
generally designated 10. A semi-submersible platform 12 is
centered over a submerged oil and gas formation 14 located
below sea floor 16. A subsea conduit 18 extends from deck
20 of platform 12 to wellhead installation 22 including
blowout preventers 24. Platform 12 has a hoisting
apparatus 26 and a derrick 28 for raising and lowering pipe

strings such as work string 30.

[0029] A wellbore 32 extends through the various earth
strata including formation 14. A casing 34 1is cemented
within wellbore 32 by cement 36. A completion string 38

13
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now be desirable to again mani pul ate service tool 54 to allow the taking of
returns by opening reverse out valve 58. In this exanple, additional fluid
slurry may now be punped down work string 30, through cross over tool 60
and circulating valve 50 into annular region 52 to conplete the gravel
pack of annul ar region 52 around sand control screens 40, 42, 44. Foll ow ng
this portion of the gravel packing operation, service tool 54 may be
mani pul ated to 15 close reverse out valve 58 and nmay be used to close a
sliding sleeve within circulating valve 50. In this configuration, fluid
may be punped down annulus 66 and into work string 30 through cross over
tool 60 tq reverse out e.gravel within rk strin 0. Fal.l owi ng,  he
overse RS HTBLEs L BT hore e REP oGP RENE  Ghér atiBRESTayhe Caet aed as
desired using service tool 54, %0032 Even thﬁugh figure 1 depicts a
vertical wéldiudas sterfd Be"hbted B%rﬁﬁﬁsskﬁ Fed % t He arRC3HatCnatke
reverse out valve of the present invention is equally well-suited for use

in devi at @9 thclomeat sl 11 drettaa ditedierswel9:s.48A1 sda@dfdn 4%hough

figure 1 depicts an offshore operation, it should be noted by one skilled
in the artis thattthé eevarswlegtingalvad vef Tthe pheeentti Avemtsisgireids taequal |y
wel |l -suited for use in onshore operations.
gravel pack the annular region 52 around sand control
screens 40, 42, 44, work string 30 is lowered through
casing 34 and at least partially into completion string 38.
Work string 30 includes a service tool 54 having a wash
pipe 56, a reverse out valve 58, a cross over tool 60, a
setting tool 62 and other tools that are known to those
skilled in the art. Once service tool 54 is positioned
within completion string 38, service tool 54 may be
operated through its wvarious positions to assure proper
operation of service tool 54 and so that work string 30 may
be pickled. Thereafter, a fluid slurry including a liquid
carrier and a particulate material such as sand, gravel or
proppants is pumped down work string 30.
[0030] During this process, the fluid slurry exits
service tool 54 into annular region 52 around sand control
screens 40, 42, 44 via cross over tool 60 and circulating
valve 50. As the fluid slurry travels within annular

region 52, at least a portion of the gravel in the fluid

slurry 1is deposited therein. Some of the liquid carrier
14
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Further, even though figure 1 depicts a cased wellbore, it should be noted
by one skilled in the art that the reverse out valve of the present
invention is equally well-suited for use in open hole conpletions.
Additionally, even though figure 1 has been described with reference to a
gravel packing operation including a squeeze operation, it should be noted
by one skilled in the art that the reverse out valve of the present
invention is equally well-suited 16 for use in a variety of treatnent
operations wherein it is desirable to selectively allow and prevent
circulation of fluids through a service tool and prevent swabbing of the
formati on due to axial novenent of the service tool. [0033] Referring next
to figurest®@A- 2aterheferpahier ddpi BReaugucessdiorétarnral 4edtildfis 1€ a
reverse out valve of the present invention in its various positions as it
is axiallyempireder ep it the tfduvddpmrattirdgs rofergegonpiatd oportrdhgscre@ierri ng
first to figure 2A, a reverse out valve 100 positioned within a section of
a conpletioh, st2jng4102 Ths s ipprttionciafc et | figrjpbstd roier Comgb eénoer st ri ng
102 includes a plurality of axially extending, substantially tubular
menbers thaisargipdreadpdbyiagdeseahdingtyvenspl gt +oURs heg . add éhesgepi cted
portion of conpletion string 102 in figure 2A, circulation nmenber 104 and

hone bore geaPefool 60 for return to the surface via annulus 66 above
packer 46. The fluid slurry is pumped down work string 30

until annular region 52 around sand control screens 40, 42,

44 is filled with gravel.

[0031] Following this portion of the gravel packing
operation, service tool 54 may be manipulated to, for
example, prevent the taking of returns by closing reverse
out valve 58. In this example, addition fluid slurry or
other treatment fluid may now be pumped down work string
30, through cross over tool 60 and circulating valve 50
into annular region 52 to fracture formation 14. It may
now be desirable to again manipulate service tool 54 to
allow the taking of returns by opening reverse out valve
58. In this example, additional fluid slurry may now be
pumped down work string 30, through cross over tool 60 and
circulating valve 50 into annular region 52 to complete the
gravel pack of annular region 52 around sand control
screens 40, 42, 44. Following this portion of the gravel

packing operation, service tool 54 may be manipulated to
15



106 are threadedly and sealingly coupled together. G rculation nenber 104
has a radially expanded internal section 108 and a shoul der 110. Hone bore
menber 106 has a radially expanded internal section 112 and a shoul der 114.
[ 0034] Reverse out valve 100 includes an axially extending, generally
tubul ar outer housing 120. Quter housing 120 includes a substantially
tubul ar upper connector 122 adapted to threadedly receive the pin end of
17 anot her tubul ar nenber of the service tool such as a cross over tool.
Quter housing 120 al so includes a substantially tubular upper adaptor 124
that is threadedly and sealingly coupled to the upper end of an axially
ext endi ng,clganer aklyrséulmiltar vhypassshouwabnguaenber df6d Bypassobwusi ng
menber 126 has a radially expanded internal portion 128 that defines the

exterior of jibypassceed onitBdn Bypass1ahoHgi nga mesbesp 126 i t haadedly
and sealingly coupled to the upper end of an axially extending, generally

tubul ar i&ﬁiﬁgfdﬂmml,l eftlu,li%@ma'fgcyecaﬁdrd&ocqidﬁt A3 IRAS QN iJwr e

radi al |l y expanded outer regions 4 each including an upper shoul der 136

and a | owgy xﬂl‘oé‘{gler‘{g 138. dindi “559? sc%lzgl» é%%li %d h£8‘a§8%¥s ng,gealingly

coupl ed to the upper” eéend 5% an axia ?y extending, generally tubular

positioning  collel; 199 ,FestId, 9Nt 00, 0L 8% 140 pelydes ong of.JIB'e
out process, other well treatment operations may be
performed as desired using service tool 54.
[0032] Even though figure 1 depicts a vertical well, it
should be noted by one skilled in the art that the reverse
out valve of the present invention is equally well-suited
for use in deviated wells, inclined wells or horizontal
wells. Also, even though figure 1 depicts an offshore
operation, i1t should be noted by one skilled in the art
that the reverse out valve of the present invention 1is
equally well-suited for use in onshore operations.
Further, even though figure 1 depicts a cased wellbore, it
should be noted by one skilled in the art that the reverse
out wvalve of the present invention is equally well-suited
for use 1in open hole completions. Additionally, even
though figure 1 has been described with reference to a
gravel packing operation including a squeeze operation, it
should be noted by one skilled in the art that the reverse

out valve of the present invention is equally well-suited
16



radially inwardly projecting nenbers 142. [00351 Reverse out valve 100 al so
includes an axially extending, generally tubular mandrel 144. Mandrel 144

i ncludes an axially extendi ng, generally tubular upper connector 146 that
is threadedly and sealingly coupled to the |ower end of upper connector 122
of outer housing 120. Upper connector 146 includes a first series of side
wall ports 148 and a second series of side wall ports 150. In 18 the
illustrated enbodi nent, upper connector 146 has six side wall ports 148,
only four of which are visible, and four side wall ports 150, only three of
which are visible. It should be noted by those skilled in the art that

other nurber s:s@f sl de wakiepprbs 148athéfr bpthagieatenhandihess ikhan six
and four, are also possible and within the scope of the present invention.

Upper conpeetiehpldb dnckudestaveyal ¥e180atankb2otbddnt scpeshthonsed i the
axi al section of upper connector 146 between side wall ports 148 and side

vl | por t$1150, 10, ddiey | 1L usLEated eabadispnty, dalue Seatyids2oks dhategral

Wi t h upper connect or however, valve seat 152 coul ternatively be
coupl ed with upper. .connector _146 by threadi or_using .ot her connection
tephniqueg%fﬁ'%ﬁopodPﬁogg ?%%P#e OV%m?%£ gtt Tt el < iﬁmndlso i ncl udes an
axially eﬁ%%gghng, %%?eraLly t ubul ar

erring next to figures 2A-2G, therein are
depicted successive axial sections of a reverse out valve
of the present invention in its various positions as it is
' axially moved relative to a portion of a completion string.
Referring first to figure 2A, a reverse out valve 100
positioned within a section of a completion string 102 is
in 1its circulating position. Completion string 102
includes a plurality of axially extending, substantially
tubular members that are threadedly and sealingly coupled
together. In the depicted portion of completion string 102
in figure 2A, circulation member 104 and hone bore member
106 are threadedly and sealingly coupled together.
Circulation member 104 has a radially expanded internal
section 108 and a shoulder 110. Hone bore member 106 has a
radially expanded internal section 112 and a shoulder 114.
[0034] Reverse out wvalve 100 1includes an axially
extending, generally tubular outer housing 120. Outer
housing 120 includes a substantially tubular upper

connector 122 adapted to threadedly receive the pin end of
17



i nternedi ate menber 154 that is threadedly and sealingly coupled to the

| ower end of upper connector 146. Coupled to the |Iower end of internediate
menber 154 is an axially extending, generally tubular | ower connector 156
that is adapted to be threadedly received in the box end of another

t ubul ar nenber of the service tool. Lower connector 156 has a radially
expanded outer portion 158 that includes an 19 upper shoul der 160 and a

| ower shoul der 162. Mandrel 144 defines a central flow path 164. [00361
Reverse out valve 100 further includes an axially extending, generally
tubul ar val ve el enent assenbly 166 that is positioned within central flow

path 164 qhowmeer elupuldd né@lpee elened asseidd yedOP Enehudes aa valsye
elenent 168 that is sealingly engageable with valve seat 152 of rmandrel

144. Val V%v%lre%%tl 16%\}3%? gﬂasfsl%gf llbl“EOd a%%gjs%gﬁc\’@ﬁeslzao'su@t\é te_'Lla?Lq?gti N

assenbly 166 also inclu ow t ube e interior of ich

fluid comuygigati Quuith, Sl d passpgevay 179, AjOatgl Lig forge denerator
such as a spiral und coﬁ%re55|on spring 1 I'S pothione arouiaY f1ow

tube 172 and hetween spring support nenber 176 of upper connector 122 and
a spring §l9|b1|93|efi ﬁﬁnﬁZ’l‘e i‘f?eg’f FhwE tdbet et LY F3FeP “tngsh&ﬁ”ﬁrﬁ‘é?é(ppar ent

to those skilled in the art i
tubular bypass housing member 126. Bypass housing member

126 has a radially expanded internal portion 128 that
defines the exterior of a bypass region 130. Bypass
housing member 126 is threadedly and sealingly coupled to
the upper end of an axially extending, generally tubular
indicating collet 132. Indicating collet 132 has one or
more radially expanded outer regions 134 each including an
upper shoulder 136 and a lower shoulder 138. Indicating
collet 132 is threadedly and sealingly coupled to the upper
end of an axially extending, generally tubular positioning
collet 140. Positioning collet 140 includes one or more
radially inwardly projecting members 142.

[0035] Reverse out wvalve 100 also includes an axially
extending, generally tubular mandrel 144. Mandrel 144
includes an axially extending, generally tubular upper
connector 146 that is threadedly and sealingly coupled to
the lower end of upper connector 122 of outer housing 120.
Upper connector 146 includes a first series of side wall

ports 148 and a second series of side wall ports 150. In
18
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that the use of directional ternms such as above, below, upper, |ower,
upward, downward and the |like are used in relation to the illustrative
enbodi ments as they are depicted in the figures, the upward direction being
toward the top of the corresponding figure and the downward direction
being toward the bottom of the corresponding figure. It should be noted,
however, that the reverse out 20 valve of the present invention is not
limted to such orientation as it is equally-well suited for use in

i nclined and horizontal orientations. [0038] The operation of reverse out
valve 100 will now be described with referring to figures 2A-2G In figure

26, rever se,oul alyealll | Suldhidel T eylat! g Reslidona Al angl 1y the

circulating valve o npl etion strin isin | S circul ating p03|t|on
wherein C|rc Iat| orts O of cir ulat| 104 are en to flow as
sl eeve 1824% iH® spBSQEr]‘ Slt?%ﬁy %ﬂufh@ ﬂggﬂgbt?ﬁﬁ V&S%P? on B rever se
out val ve 100, afg%pass passa emag is formed as side wall ports 150 and
si de wal | "tk PATFFuid coﬁﬁﬁﬁl€§Fﬁ8no§|éﬁﬁﬁﬁb§§x?é@ﬁﬁﬁ’f?o I'n
this configuration, there are up to three independent fluid paths through
reverse oUtt valteeldobe 8pBERf byalifpsy fskiklrg stn otbevarfe thd e rmoved

downwardly relative to
numbers of side wall ports 148, 150, both greater and less

than six and four, are also possible and within the scope
of the present invention. Upper connector 146 includes a
valve seat 152 that is positioned in the axial section of
upper connector 146 between side wall ports 148 and side
wall ports 150. In the illustrated embodiment, valve seat
152 is integral with upper connector 146, however, valve
seat 152 could alternatively be coupled with upper
connector 146 by threading or using other connection
techniques known to those skilled in the art. Mandrel 144
also includes an axially extending, generally tubular
intermediate member 154 that 1s threadedly and sealingly
coupled to the lower end of upper connector 146. Coupled
to the lower end of intermediate member 154 is an axially
extending, generally tubular lower connector 156 that is
adapted to be threadedly received in the box end of another
tubular member of the service tool. Lower connector 156

has a radially expanded outer portion 158 that includes an

19



conpletion string 102, fluid could travel through bypass passageway 184,

t hrough central flow path 164 by noving valve elenent 168 off val ve seat
152 and through flow tube 172 via fluid passageway 170. In addition, if
reverse out valve 100 were noved upwardly relative to conpletion string
102, fluid could travel through bypass passageway 184 and through flow tube
172 then fluid passageway 170 but not 21 through central flow path 164 as
val ve element 168 will be seated on valve seat 152. In this manner

novenent of reverse out valve 100 in its circulating position either
upwardly or downwardly relative to conpletion string 102 wll not cause

Swabbing ofoddie LOOIRIdOn 66 0ARAL I 1y ST &, SBrad LVEESE 0L ialYe 1430 has

been shif from I'ng posl S réverse paosition.

Addi ti onal . the circuylati val v oﬁ conpletion string 102 remains in its
circulatiﬁ%%%H%ﬁ%iaoﬁen%ﬁgﬁe&aogiPégpa P8n ports 180 of circul ation nember
104 are open to flow as sleeve 182 is in its |lower position. Reverse out

val ve 100 WE3%een VErss 04 1@ V& e TYddiah o Py dfsviaty aevieride out
val ve 100 upwardly relative to conpletion string 102. As illustrated,
shoul der E3G-efdinandi ganengléyl | eabuBbPr | salyecortlanenii tdsstdul derl 6614 of
hone bore nmenber 106. As sufficient dowward force is

that is positioned within central flow path 164 of mandrel

144. Valve element assembly 166 includes a valve element
168 that 1is sealingly engageable with valve seat 152 of
( mandrel 144. Valve element 168 includes a fluid passageway
170. Valve element assembly 166 also includes a flow tube
172, the interior of which is in fluid communication with
fluid passageway 170. A metallic force generator such as a
spiral wound compression spring 174 1is positioned around
flow tube 172 and between a spring support member 176 of
upper connector 122 and a spring support member 178 of flow
tube 172.
f0o037] It should be apparent to those skilled in the art
that the use of directional terms such as above, below,
upper, lower, upward, downward and the like are used 1in
relation to the 1illustrative embodiments as they are
depicted in the figures, the upward direction being toward
the top of the corresponding figure and the downward
direction being toward the bottom of the corresponding

figure. It should be noted, however, that the reverse out
20



appl i ed
hone bor

agai nst shoul der 136 of indicating collet 132 by shoulder 114 of

e nenber 106, the radially inwardly projecting nenbers 142 of
positioning collet 140 are outwardly urged over shoul der 160 of | ower

connector 156. As radially inwardly projecting nmenbers 142 slide

downwardly over radially expanded outer portion 158 of

| ower connect or

156,

bypass passageway 184 is disable as 22 side wall ports 150 and side wall

ports 148 are in no
this configuration,

reverse

central

val ve 100 were noved upwardly relative to conpletion string 102, fluid
could travelc1ihBgodgh hbow:bHEE1 1d2ithes fénd d passageway 170. In this

manner,
upwar dl y
swabbi ng
noved

| onger in fluid comruni cation via bypass region 130. In
there are up to two independent fluid paths through

out valve 100. Specifically, if reverse out valve 100 were noved
downwar dl yarekat o¥e tloe ¢arpleetti ohnsénthgn 1023 fioti d1l toiuteldt ravelsutchr ough
fl ow path 164 by noving val ve el enent 168 off valve seat 152 and
t hrough flewehtbe i4%2 wisa filtui d spassp@awagywtkiQ. koitaddi foen, uisk rever se out

novenent of reverse out valve 100 in its reverse position either

out » ! reverse pos
g;oo;%%gm?gghét ;@gﬁtgg%%fcw%?géoau% i 1020 ik 1 pot, gause

] For exanple, reverse out valve 100 can be

be described with referring to figures 2A-2G. In figure
27, reverse out valve 100 is in its circulating position.
Additionally, the circulating valve of completion string
102 1is in 1its <circulating position wherein circulation
ports 180 of circulation member 104 are open to flow as
sleeve 182 is in its lower position. In the circulating
position of reverse out valve 100, a bypass passageway 184
is formed as side wall ports 150 and side wall ports 148
are in fluid communication via bypass region 130. In this
configuration, there are up to three independent fluid
paths through reverse out wvalve 100. Specifically, if
reverse out valve 100 were moved downwardly relative to
completion string 102, fluid could travel through bypass
passageway 184, through central flow path 164 by moving
valve element 168 off wvalve seat 152 and through flow tube
172 via fluid passageway 170. In addition, if reverse out
valve 100 were moved upwardly relative to completion string
102, fluid could travel through bypass passageway 184 and

through flow tube 172 then fluid passageway 170 but not
21



upwar dly though hone bore nmenber 106 in its reverse position wthout
swabbing the formation as seen in figure 2C Specifically, reverse out

val ve 100 has noved up to a point where the radially expanded outer regions
134 of indicating collet 132 have engaged with sliding sleeve 182. 1In this
position, further upward novenent of reverse out valve 100 relative to
conpletion string 102 will shift 23 sliding sleeve 182 upwardly relative to
circulation ports 180 of circulation nmenber 104 to prevent flow

t heret hrough, as best seen in figure 2D. Further upward novenent of

reverse out valve 100 relative to conpletion string 102 wll release the

radi ally anded outer_ .regi ons %gg é? i ndi_cating,col | et 2 fr sliding
sl eeve 18 ,5§¥4§xﬁe§ﬁ§ #%P%ip g . %ﬁdy??Xﬁaglﬁﬁﬁﬁfdl vgﬁéﬁfgsf
reverse out valve 100 relative to conpletion string 102 can now be used to
posi tion t¥5& & vPRe BJdI® f 8R2Ehd ever S& ot ipr T [BOUITERevEfse out
val ve 100 can al so be noved downwardly though hone bore nmenber 106 in its
reverse pESiIELsEn Wt hdad vewakbi ngnt HE s of HaE bt B3I seefithoni qurtder2F.
Specifically, reverse out valve 100 has noved down to a point where the
radi al |y exparded oot erdowegiagld y13de pftivenditcatdomplogliicet $B2ihavé 0éngaged
with sliding sleeve 182 and shifted sliding sleeve 182 downwardly rel ative
to will not cause swabbing of the formation.
[0039] In figure 2B, reverse out valve 100 has been
shifted from its circulating position to its reverse
( position. Additionally, the circulating valve of
completion string 102 remains in its circulating position
wherein circulation ports 180 of circulation member 104 are
open to flow as sleeve 182 1is 1in 1its lower position.
Reverse out valve 100 has been shifted to 1its reverse
position by moving reverse out valve 100 upwardly relative
to completion string 102. As illustrated, shoulder 136 of
indicating collet 132 is in contact with shoulder 114 of
hone bore member 106. As sufficient downward force 1is
applied against shoulder 136 of indicating collet 132 by
shoulder 114 of hone bore member 106, the radially inwardly
projecting members 142 of positioning collet 140 are
outwardly urged over shoulder 160 of lower connector 156.
As radially inwardly projecting members 142 slide

downwardly over radially expanded outer portion 158 of

lower connector 156, bypass passageway 184 1is disable as
22
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circulation ports 180 of circulation nmenber 104 to allow flow therethrough.
Furt her downward novenent of reverse out valve 100 relative to conpletion
string 102 will cause reverse out valve 100 to be shifted fromits reverse
position back to its circulating position. [0042] As illustrated in figure
2G shoulder 138 of indicating collet 132 is in contact with shoul der 110
of 24 circulation nmenber 104. As sufficient upward force is applied

agai nst shoul der 138 of indicating collet 132 by shoulder 110 of
circulation nmenber 104, the radially inwardly projecting nmenbers 142 of
positioning collet 140 are outwardly urged over shoul der 162 of | ower

connector _.156. Ag radial ly.i marq%y pr,oj ectjng_nenber 42 slide _upwardly
over radi a1y e¥ ﬁdéﬁ”%ﬁie}5gor?? nsf§§ldva1gw€9rtéonﬂ% t 67 156, Bypass
passageway 184 is opened as side wall, ports 150 and side wall ports 148 are
pl aced in YAN#SF TomruNtCat WL AyPassv+agP8R2880. 1584 OF at FY abdve, in
this confi%Hration there are up to three independent fluid paths through
reverse otthial ¥eNADPIrSpeditfi EARFY, ark Yrevep séweutinggeadend idid dhoved
downwardly relative to conpletion string 102, fluid could travel through
bypass pasgdagewalyrrd84h theoegde centtr abalvew Pt h 163pbyihbwahyy. valfve
el emrent 168 off val ve seat 152 and through flow tube
reverse out valve 100 were moved downwardly relative to
completion string 102, fluid could travel through central
flow path 164 by moving valve element 168 off valve seat
( 152 and through flow tube 172 via fluid passageway 170. In
addition, 1if reverse out valve 100 were moved upwardly
relative to completion string 102, fluid could travel
through flow tube 172 then fluid passageway 170. In this
manner, movement of reverse out valve 100 in its reverse
position either upwardly or downwardly relative to
completion string 102 will not cause swabbing of the
formation.
[0040] For example, reverse out valve 100 can be moved
upwardly though hone Dbore member 106 1in 1its reverse
position without swabbing the formation as seen in figure
2C. Specifically, reverse out valve 100 has moved up to a
point where the radially expanded outer regions 134 of
indicating collet 132 have engaged with sliding sleeve 182.

In this position, further upward movement of reverse out

valve 100 relative to completion string 102 will shift
23



172 via fluid passageway 170. In addition, if reverse out valve 100 were
noved upwardly relative to conpletion string 102, fluid could trave

t hrough bypass passageway 184 and through flow tube 172 then fluid
passageway 170. In this nmanner, novenment of reverse out valve 100 in its
circulating position either upwardly or downwardly relative to conpletion
string 102 will not cause swabbing of the 25 fornmation. Once reverse out
valve 100 is in the <circulation position as depicted in figure 2G reverse
out valve 100 could be retrieved to the surface or noved downwardly

t hrough hone bore nenber 106. [0043] As should be apparent to those skilled

in the asfidigyersecadt Ve vapkB0dean ke waved wpvar dhylshiongBorhene bore
menber 106 to operate fromits circulating position to its reverse position

and downwggdl ¢t hriqugh ; chope mg%_@r_mmertolfgﬁeb%_n@p%ﬁ%heéhéegkhkéugﬁKer se

position to its circulating position as many tinmes as desired by'the

operator depeqding.upgn {he [LLealmen 1 eghiel . | (POLLAN]JeddH,S ypvard and

downwar d nbvenen use swabbi ng ormati on as € are up
to three igde endeq; fIEid p 6 s through reverse _u%ivalvglloo i 2the
circul ati h§ SBS?tﬁﬁh and-dp tﬁ ?m&eﬁﬁgéggndﬁht Pﬁaﬁa 83tﬁ§1FﬁFbu3R reverse
out valve 100 in the reverse

will release the radially expanded outer regions 134 of
indicating collet 132 from sliding sleeve 182, as best seen

in figure 2E. Additional upward movement of reverse out
valve 100 relative to completion string 102 can now be used

to position the service tool for the reverse out process.

[0041] Reverse out valve 100 can also be moved
downwardly though hone bore member 106 1in 1its reverse
position without swabbing the formation as seen in figure
2F. Specifically, reverse out valve 100 has moved down to

a point where the radially expanded outer regions 134 of
indicating collet 132 have engaged with sliding sleeve 182
and shifted sliding sleeve 182 downwardly relative to
circulation ports 180 of circulation member 104 to allow
flow therethrough. Further downward movement of reverse
out valve 100 relative to completion string 102 will cause
reverse out valve 100 to be shifted from 1its reverse
position back to its circulating position.

[0042] As illustrated in figure 2G, shoulder 138 of

indicating collet 132 is in contact with shoulder 110 of
24



position. [0044] Referring nowto figures 3A-3B, therein are depicted
successive axial sections of a reverse out valve 100 in its circulating
position and its reverse position, respectively. Reverse out valve 100
i ncl udes outer housing 120 that conprises upper connector 122, upper
adaptor 124, bypass housing nmenber 126, indicating collet 132 and 26
positioning collet 140. Bypass housing nenber 126 has a radially expanded
internal portion 128 that defines the exterior of a bypass region 130.
Indicating collet 132 has one or nore radially expanded outer regions 134
each including an upper shoulder 136 and a | ower shoul der 138. Positioning
coll et 140 jncludes one o ﬁ %adlally |nmard“¥ prOjectlng menbers 142.
i nt? tha ®

Rever se out*VaAF B0 MEME6T des frand?ett 4A LT hatlPeg 5CRpper
connector 146, internedi ate menber 154 and | ower connector 156. Upper
connect or 3RMGL 9| adesnat f ishoulderi es3tf 08i dadiwiat ingor¢al ket aRd P¥second
series of side wall ports 150 with a valve seat 152 positioned

t her ebet weBrRulldgser kldhnext orciu®el dfuisora rmesdikedd y dpanddd: owtadigddnt i on 158
that includes an upper shoulder 160 and a | ower shoul der 162. Mandrel 144
defi nes a terrdly fpow pat ind 6dehberag ld2valVepekéntobinasseikey 166
positioned therein. Valve el enent assenbly

are outwardly urged over shoulder 162 of lower connector

156. As radially inwardly projecting members 142 slide
upwardly over radially expanded outer portion 158 of lower
connector 156, bypass passageway 184 1is opened as side wall

ports 150 and side wall ports 148 are placed in fluid
communication via bypass region 130. As stated above, in

this configuration there are up to three independent fluid
paths through reverse out wvalve 100. Specifically, if
reverse out valve 100 were moved downwardly relative to
completion string 102, fluid could travel through bypass
passageway 184, through central flow path 164 by moving
valve element 168 off wvalve seat 152 and through flow tube

172 wvia fluid passageway 170. In addition, if reverse out
valve 100 were moved upwardly relative to completion string

102, fluid could travel through bypass passageway 184 and
through flow tube 172 then fluid passageway 170. In this
manner, movement of reverse out valve 100 in its

circulating position either upwardly or downwardly relative

to completion string 102 will not cause swabbing of the
25



166 includes a valve elenment 168 that is sealingly engageable with valve
seat 152 and a flow tube 172, the interior of whichis in fluid

comuni cation with fluid passageway 170 of valve elenment 168. A spiral
wound conpression spring 174 is positioned around flow tube 172 and

bet ween a spring support nenber 176 of upper connector 122 and a spring
support nenber 178 of flow tube 172. 27 [0045] In figure 3A, reverse out
valve 100 is in its <circulating position. Specifically, when a fluid slurry
is punped down a service tool including reverse out valve 100, the fluid
slurry exits the cross over ports of the service tool and enters the

annul us taotrth@texheri or oficd herecopptet bon stadlR@ viind heigiredl atthen ports
of the conpletion string. The fluid slurry travels in the annulus and

deposits bﬁ%c&&%%@bna&Q%QQﬂH%aé%”ﬁ%ﬁ%&%édﬂl§cfﬁéﬂ§e0§G theveearl ehion
string. Sone of the fluid carrier will pass t hr ough the sand control

screens a to e i of ti st I arrier
will thenqggg%ellbgp %ﬁ%gaas erfﬁﬁﬁ%% e sgrvﬁgg t%u€9?% Q?i ﬁ%gFﬁUId

connunlcatlgn wi_t.h central féOM/p th 164 gf grel 144. The fluid carrier
then passé® PW?SS&H §§68¥§ 8589§ 184 e{n§§ is formed when side wall
ng}znligd%%g i de mall {& 148a8£§régtfk%;dtggggunkg H an V|a %ypass
art, reverse out valve 100 can be moved upwardly through
hone bore member 106 to operate from its <circulating
position to 1its reverse position and downwardly through
hone bore member 106 to operate from its reverse position

to its circulating position as many times as desired by the
operator depending upon the treatment regimen.
Importantly, this upward and downward movement will not
cause swabbing of the formation as there are up to three
independent fluid paths through reverse out wvalve 100 in
the circulating position and up to two independent fluid
paths through reverse out wvalve 100 1in the reverse
position.

[0044] Referring now to figures 3A-3B, therein are
depicted successive axial sections of a reverse out valve

100 in its circulating position and its reverse position,
respectively. Reverse out valve 100 includes outer housing

120 that comprises upper connector 122, upper adaptor 124,

bypass housing member 126, indicating <collet 132 and
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addition, the fluid carrier may pass through the one way valve created by
val ve el enent 168 and val ve seat 152 by overcom ng the spring force of
spring 174 to nove valve elenment 168 off seat. Further, a portion of the
fluid carrier may pass through fluid passageway 170 and flow tube 172.
This return fluid then exits the cross over ports of 28 the service tool
into the annul us above the packer for return to the surface. [0046] In
figure 3B, reverse out valve 100 is inits reverse position. Specifically,
when a fluid is punped down the annulus of the service tool including
reverse out valve 100, the fluid slurry enters the cross over ports of the
servi ce tasdsitiaifddui dothenh rnabur nspipathe hsusiage mgmbdrhel 1or kast ra ng
carrying the gravel left behind in the service tool and the work string.

This flui d-4$a194pstaphihakly preyeM ed doreauhl ove g drowar dethged orgmt i on
down t hrough reverse out valve 100. Specifically, the bypass passageway 184

|5 closed and. the anie yay valye ersatesh by vakie elanenl 168 pnd wal ve seat

152 is in its sealed contiguration due to the spring force of spring 174

and the fluid pressure abg%gﬁﬁ_lve eleg%nt 168, Sone fluid

Q [e)e 5] eX er re ons . 4 alel O\Lr\‘led to
f1 ow t oward T he’ ot o Yhr SGGRFEvere&hut “9&t V8 100° Vi & ¥4 i d
passagemay.lzp nd fl ow

including an upper shoulder 136 and a lower shoulder 138.
Positioning collet 140 includes one or more radially
inwardly projecting members 142. Reverse out valve 100
. also includes mandrel 144 that comprises upper connector
146, intermediate member 154 and lower connector 156,
Upper connector 146 includes a first series of side wall
ports 148 and a second series of side wall ports 150 with a
valve seat 152 positioned therebetween. Lower connector
156 has a radially expanded outer portion 158 that includes
an upper shoulder 160 and a lower shoulder 162. Mandrel
144 defines a central flow path 164 having a valve element
assembly 166 positioned therein. Valve element assembly
166 includes a valve element 168 that is sealingly
engageable with valve seat 152 and a flow tube 172, the
interior of which is in fluid communication with fluid
passageway 170 of wvalve element 168. A spiral wound
compression spring 174 1is positioned around flow tube 172
and between a spring support member 176 of upper connector

122 and a spring support member 178 of flow tube 172.
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tube 172. As the cross sectional area of flow tube 172 is relatively small
and the length of flow tube 172 is relatively |long, however, only a m ni nal
anount of fluid is allowed to flow toward the formation. This fluid path

t hrough reverse out valve 100 prevents swabbing of the formation even if
reverse out valve 100, in its reverse 29 position, is noved upwardly
relative to the conpletion string as long as the rate of such novenent is
mai nt ai ned below a predeterm ned threshold. [0047] Referring now to figures
4A- 4B, therein are depicted successive axial sections of a reverse out
valve 200 in its circulating position and its reverse position,

respecti vejgoagiever s o8t givad veal00rénet sislesuguter1 housbog i 220nt hats

conpri ses upper connector 222, upper adaptor 224, bypass housi ng nenber

226, indi cating foldLtoA3% sand  pasidi @niang Goldnel 2401 Bypasis: Hausing
menber 226 has a radially expanded internal portion 228 that defines the

exterior g{ﬁr@?a&ypc?o%ﬁu raegé;jé’f‘vizé”eo-tcﬁc!‘fji ﬁ?&i%}?'ée@i%&z v Afpgror e

radially rdl'y expanded outer regions each 1 ncludi ng an upper

shoul der 236 a a. |l ower shoul der, . 238. Positioning,collet .240 includes one
or nore réﬁﬁ%lf@ul?nﬁggﬂf§ %§6j%cfpﬁgcﬁgﬁﬁe93ef4§9% Qfe FHE SR

ﬁ verse out vépf§ 200

al so includes mandrel 244 that cqurises quer onnect or
tool and enters the nnulus o the exterior of the

completion string via the circulation ©ports of the
completion string. The fluid slurry travels in the annulus
and deposits its gravel around the sand control screens of
the completion string. Some of the fluid carrier will pass
through the sand control screens and into the interior of
the completion string. The fluid carrier will then travel
up the wash pipe of the service tool that is in fluid
communication with central flow path 164 of mandrel 144.
The fluid carrier then passes through bypass passageway 184
that is formed when side wall ports 150 and side wall ports
148 are in fluid communication via bypass region 130. In
addition, the fluid carrier may pass through the one way
valve created by valve element 168 and valve seat 152 by
overcoming the spring force of spring 174 to move valve
element 168 off seat. Further, a portion of the fluid
carrier may pass through fluid passageway 170 and flow tube

172. This return fluid then exits the cross over ports of
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246, internedi ate nenber 254 and | ower connector 256. Upper connector 246
includes a first series of side wall ports 248 and a second series of side
wal | ports 250 with a valve seat 252 positioned therebetween. Lower
connector 256 has a radially expanded outer portion 258 that includes an
upper shoul der 260 and a | ower shoul der 262. Mandrel 30 244 defines a
central flow path 264 having a valve el enent assenbly 266 positioned
therein. Valve elenment assenbly 266 includes a valve elenent 268 that is
sealingly engageable with valve seat 152. A spiral wound conpression
spring 274 is positioned around val ve el enent assenbly 266 and between a
spring support nenber 276 of upper connector 222 and a spring support
nenber 278N V&EVECE| ehett 1adSenbly ZEGUNG048POYRH fihGurBagRerr Rt se out
valve 200 is in its <circulating position. Specifically, when a fluid slurry
is punpedeiowm £xsdhd caintf@sle -i ncl udi ng reverse out valve 200, the fluid
slurry exits the cross over ports of the service tool and enters the

annul us tolQt#slext erliror fofutde 3Econpéedron suti ngeWwa A€ cig cahatiiten ports
of the conpletion string. The fluid slurry travels in the annulus and
deposits itsvefsaveboshotingd.t hespandreoall ol saieena ofluidieisompingidon
string. Sone of the fluid carrier wll pass

down the annulus of the service tool including reverse out
valve 100, the fluid slurry enters the cross over ports of
the service tool. The fluid then returns to the surface up
the work string carrying the gravel 1left behind in the
service tool and the work string. This fluid is
substantially prevented from flowing toward the formation
down through reverse out wvalve 100. Specifically, the
bypass passageway 184 is closed and the one way valve
created by valve element 168 and valve seat 152 is in its
sealed configuration due to the spring force of spring 174
and the fluid pressure above valve element 168. Some fluid
is allowed to flow toward the formation down through
reverse out valve 100 wvia fluid passageway 170 and flow
tube 172. As the cross sectional area of flow tube 172 is
relatively small and the 1length of flow tube 172 1is
relatively long, however, only a minimal amount of fluid is
allowed to flow toward the formation. This fluid path
through reverse out wvalve 100 prevents swabbing of the

formation even 1if reverse out wvalve 100, in its reverse
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depicted successive axial sections of a reverse out valve

200 in its circulating position and its reverse position,

respectively. Reverse out valve 200 includes outer housing

220 that comprises upper connector 222, upper adaptor 224,

bypass housing member 226, indicating collet 232
positioning collet 240. Bypass housing member 226 ha
radially expanded internal portion 228 that defines
exterior of a bypass region 230. Indicating collet 232

one or more radially outwardly expanded outer regions

and

S a

the

has

234

each including an upper shoulder 236 and a lower shoulder

238. Positioning collet 240 includes one or more radially

inwardly projecting members 242. Reverse out wvalve

200

also includes mandrel 244 that comprises upper connector

246, intermediate member 254 and lower connector 256.

Upper connector 246 1includes a first series of side wall

ports 248 and a second series of side wall ports 250 with a

valve seat 252 positioned therebetween. Lower connector

256 has a radially expanded outer portion 258 that includes

an upper shoulder 260 and a lower shoulder 262. Mandrel
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and valve seat 252 is in its sealed configuration due to the spring force
of spring 274 and the fluid pressure above valve elenent 268. In the
reverse position of reverse out valve 200, sone swabbing of the fornmation
could occur if reverse out valve 200 is noved upwardly relative to the
conpletion string. 32 [0050] Referring now to figures 5A-5D, therein are
depi cted successive axial sections of a reverse out valve 300 in its run-in
position, its circulating position, its bypass closed position and its
reverse position, respectively. Reverse out valve 300 includes an axially
extendi ng, generally tubul ar outer housing 302. Quter housing 302 includes

a subst antial Ige iyl & dHperal cOreciorh 3944 adapiegl &ovhbreadedhyntecei ve
the pin end of another tubular nenber of the service tool such as a cross

over tool osQdkglyhousd ngo302:8heq ivHdedes a suhstandiahdyr tubdhanyupper
adaptor 306 that is threadedly and sealingly coupled to the upper end of an

axial l'y eg%%ndﬁ%%&u@%@er%llyvaf&&““éﬁeﬁéﬁgcaéé@g epbt et 13085 .LAdhgati ng

collet 308 has one or nore radially expanded outer regions 310 eac

i ncl udi houl der - 312 | | . Lcati I
306 15 A aaUaEE and LBl PRIy Baapiad ¢ & he tinper baa csrBLRSEiEr 0

eXtendlngép%?g%r%Huy.féﬁ%%gqtioned around valve element assembly 266

and between a spring support member 276 of upper connector
222 and a spring support member 278 of valve element
assembly 266.

{00481 In figure 4A, reverse out valve 200 is in 1its
circulating position. Specifically, when a fluid slurry is
pumped down a service tool including reverse out valve 200,
the fluid slurry exits the cross over ports of the service
tool and enters the annulus to the exterior of the
completion string wvia the <circulation ports of the
completion string. The fluid slurry travels in the annulus
and deposits its gravel around the sand control screens of
the completion string. Some of the fluid carrier will pass
through the sand control screens and into the interior of
the completion string. The fluid carrier will then travel
up the wash pipe of the service tool that is in fluid
communication with central flow path 264 of mandrel 244.
The fluid carrier then passes through bypass passageway 284

that is formed when side wall ports 250 and side wall ports
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i nternedi ate connector 316. Internedi ate connector 316 is threadedly and
sealingly coupled to the upper end of an axially extending, generally

t ubul ar bypass housi ng nmenber 318. Bypass housi ng nenber 318 has a radially
expanded internal portion 320 that defines the exterior of a bypass region
322. Bypass housing nmenber 318 is threadedly and 33 sealingly coupled to
the upper end of an axially extending, generally tubular positioning collet
324. Positioning collet 324 includes one or nore radially inwardly

proj ecting nmenbers 326. Quter housing 302 also includes a substantially
tubul ar | ower connector 328 that is threadedly and sealingly coupled to the
upper end »fg afire axnalfllyiiextendiuig,cagarer aldly bdubusar regwern eonnectlor
extension 330. Lower connector extension 330 is threadedly and sealingly

coupl ed tosddue: upper +88d fafian @adaldy mE¥t @aGisnGshgane athy bubulary sl otted
housi ng menber 332. [0051] Reverse out valve 300 al so includes an axially

ext ending, gener akby. Lybukar, SR el oy bBadiely 3341 vd neludegean axial 'y

ext endi ng, generally tubul ar upper connector 336 that is threadedly

sealingly qggpl%%_gg té é?ﬁﬁ‘ epd of upper ?QQQegggr.$94mggeoq§§%eyou5|ng
302. Upper connector (fdes“&"Series ® de wal I ports
Threadedly laenngenstea56gglc}/ffcougl ed toT he lr% urnentquld then exits the

cross over ports of the service tool into the annulus above

the packer for return to the surface.

{ [0049] In figure 4B, reverse out valve 200 is in 1its
reverse position. Specifically, when a fluid is pumped
down the annulus of the service tool including reverse out
valve 200, the fluid slurry enters the cross over ports of
the service tool. The fluid then returns to the surface up
the work string carrying the gravel left behind in the
service tool and the work string. This fluid is prevented
from flowing toward the formation down through reverse out
valve 200. Specifically, the bypass passageway 284 1is
closed and the one way valve created by valve element 268
and valve seat 252 1s in its sealed configuration due to
the spring force of spring 274 and the fluid pressure above
valve element 268. In the reverse position of reverse out
valve 200, some swabbing of the formation could occur if
reverse out valve 200 1is moved upwardly relative to the

completion string.
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upper connector 336 is an axially extending, generally tubular internediate
menber 340. Intermedi ate nenber 340 includes a valve seat 342, a series of
side wall ports 344 and a radially expanded outer portion 346 that includes
an upper shoul der 348 and a | ower shoul der 350. Mandrel 334 also includes
an axially extending, generally tubular |ower 34 nenber 354. Lower nenber
354 includes a plurality of radially outwardly extending rails 356. Lower
menber 354 is threadedly and sealingly coupled to an axially extending,
general ly tubul ar | ower connector 358 that is adapted to be threadedly
received in the box end of another tubular nenber of the service tool.
Mandrel 334 defines a _central flow path 52] Reverse out val ve 300

360. [00
further inkd 5 an BRESHINVI ext¥hdi Ty, fg%@rb‘r%% | VAT ar*RAHS/E el%fent

assenbly 362 that is positioned within central flow path 360 of mandr el
334. Val velaRtiGhaft 23sendt iva62xiadl $¢ed ignvalafe @l EREALSS 3Rt Harlvss

seal ingly engageable with valve seat 342 of mandrel 334. Valve el ement 364
i ncl udes a3@Q uid passagewayr BéSitaopl uiébi protlpsing IEBiandna sda nenber
370 such as an o-ring seal. Valve el enent assenbly 362 al so includes a
flow tube BAsd he dindserd or pafsiwtiogh | andn flitskd cemsune catpasi widm) fluid
passageway 366. A netallic force

respectively. Reverse out valve 300 includes an axially
extending, dgenerally tubular outer housing 302. Quter
housing 302 includes a substantially tubular upper
connector 304 adapted to threadedly receive the pin end of
another tubular member of the service tool such as a cross

over tool. Outer housing 302 also includes a substantially
tubular upper adaptor 306 that is threadedly and sealingly
coupled to the upper end of an axially extending, generally
tubular indicating collet 308. Indicating collet 308 has

one or more radially expanded outer regions 310 each
including an upper shoulder 312 and a lower shoulder 314,
Indicating collet 308 is threadedly and sealingly coupled

to the upper end of an axially extending, generally tubular
intermediate connector 316. Intermediate connector 316 1is
threadedly and sealingly coupled to the upper end of an
axially extending, generally tubular bypass housing member

318. Bypass housing member 318 has a radially expanded

internal portion 320 that defines the exterior of a bypass

region 322. Bypass housing member 318 is threadedly and
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gener at or

such as a spiral wound conpression spring 374 is positioned

around flow tube 372 and between a spring support nenber 376 of | ower
menber 354 and a spring support nenber 378 of flow tube 372. [0053] |
reverse out valve 300 is inits run-in position. Specifically,
when reverse out valve 300 35 is run-in the wellbore on the service tool

within the conpletion string, flow through reverse out valve

figure 5A,

and pl aced
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val ve 300

string, fl
bet ween si
In additio
passageway
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using nmenber 332 wi_th rails 356 nmoving within the s]ots of

sl otted hoBEPHGCt HREDEPMRSPS PROaddititGY, M NCaits ¥aivelRFEMENt 364 to

substantially tubular lower connector 328 that is
threadedly and sealingly coupled to the upper end of an
axially extending, generally tubular lower connector
extension 330. Lower connector extension 330 is threadedly
and sealingly coupled to the upper end of an axially
extending, generally tubular slotted housing member 332.

[0051] Reverse out valve 300 also includes an axially
extending, generally tubular mandrel 334. Mandrel 334
includes an axially extending, generally tubular upper
connector 336 that is threadedly and sealingly coupled to
the lower end of upper connector 304 of outer housing 302.
Upper connector 336 includes a series of side wall ports
338. Threadedly and sealingly coupled to the lower end of
upper connector 336 1is an axially extending, denerally
tubular intermediate member 340. Intermediate member 340
includes a valve seat 342, a series of side wall ports 344
and a radially expanded outer portion 346 that includes an

upper shoulder 348 and a lower shoulder 350. Mandrel 334

~also includes an axially extending, generally tubular lower
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nove upwardly relative to valve seat 342 which fully opens a flow path

t hrough val ve seat 342. Now, when a fluid slurry is punped down the service
tool including reverse out valve 300, the fluid slurry exits the cross over
ports of the service tool and enters the annulus to the exterior of the
conpletion string via the circulation ports of the 36 conpletion string.
The fluid slurry travels in the annulus and deposits its gravel around the
sand control screens of the conpletion string. Some of the fluid carrier
will pass through the sand control screens and into the interior of the
completion string. The fluid carrier will then travel up the wash pipe of

the servigeneal BBat is idwdd Un@npe@mmugi catdoniddd haceplrakl ftpwgrat h 360
of mandrel 334. The fluid carrier then passes through bypass passageway

380, thrp%itanqgl@ﬂ\ea?@wwhegeghdy@%vga%@@t B2 andoubbr glaghofl o gt ube
372, fluid passageway 366 and ports 368. This return fluid then exits the

cross over; por g0l sLhe, seid cecLoolodito thaannul us, abgye the packer for

return to the surface.” Once the weig s re from|ower connector 358

by upwar d venent of rever oyt .val.ve 300 reverse qut. val 0Q shifts
fromits é??éﬂ¥§f¥%g g%B%f?gﬁYatﬁgwifé\if%yér CopREes it '¥Ea§ X

run-in conPfgura ion-as ﬁbpicted
in figure 5A

adapted to be threadedly received in the box end of another
tubular member of the service tool. Mandrel 334 defines a
central flow path 360.

[0052] Reverse out valve 300 further includes an axially
extending, generally tubular valve element assembly 362
that is positioned within central flow path 360 of mandrel
334. Valve element assembly 362 includes a valve element
364 that 1is sealingly engageable with valve seat 342 of
mandrel 334. Valve element 364 includes a fluid passageway
366, a plurality of ports 368 and a seal member 370 such as
an o-ring seal. Valve element assembly 362 also includes a
flow tube 372, the interior of which is in fluid
communication with fluid passageway 366. A metallic force
generator such as a spiral wound compression spring 374 is
positioned around flow tube 372 and between a spring
support member 376 of lower member 354 and a spring support
member 378 of flow tube 372.

[0053] In figure b5A, reverse out valve 300 is in its

run-in position. Specifically, when reverse out valve 300
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(0055] In figure 5C, reverse out valve 300 is inits bypass closed
position. Reverse out valve 300 is operated fromits run-in configuration
to its bypass closed configuration by upward novenent of reverse out valve
300 relative to the conpletion string such that a sufficient downward
force is applied against shoulder 312 of 37 indicating collet 308 by a
shoul der of the hone bore nenber which outwardly urges radially inwardly
proj ecting nmenbers 326 of positioning collet 324 over shoul der 348 of

i nternedi ate menber 340. As radially inwardly projecting nenbers 326 slide
downwardl y over radially expanded outer portion 346 of internedi ate nenber
340, bypasis passagewayhe 3861 dlisakine aResi stervindd polls 388 gidhcsidde wal |
ports 344 are in no longer in fluid comunication via bypass region 322.

In this copfd@yf atd@n, cofnplie¥ehse SutiNG vsflowothgotrgmedrwa\@géﬂ Yol
dowmwardly relative to the conpletion string, fluid flowis allowed through

flow tube [ 372 Vigyd! 'lde‘péa‘ﬁtsgag 08, and, por s, o N addidiqy,;s SONMe
fluid floﬁ7nay be allgaed t hroug cen??%l fl ow pat é%o. [ 0056] Iﬁsfigure

5D, reverse Ut walue 300,1s L0 iLs JSVErSE, POShYi 00. RRNEr S, oLl Al ve 300
IS operat ECPI} r Itt S nbypass Cl OSE% confi guration to Its reverse

or downwardly relative to the completion string, fluid
travels at least through bypass passageway 380 formed
between side wall ports 338 and side wall ports 344 via
bypass region 322. In addition, some fluid flow is allowed
through flow tube 372 via fluid passageway 366 and ports
368. Also, some fluid flow may be allowed through central
flow path 360.

[0054] In figure 5B, reverse out valve 300 is in its
circulating position. In this configuration, weight is set
down on lower connector 358 which causes lower member 354
to move upwardly relative to slotted housing member 332
with rails 356 moving within the slots of slotted housing
member 332. In addition, this causes valve element 364 to
move upwardly relative to valve seat 342 which fully opens
a flow path through valve seat 342. Now, when a fluid
slurry is pumped down the service tool including reverse
out valve 300, the fluid slurry exits the cross over ports

of the service tool and enters the annulus to the exterior

of the completion string via the circulation ports of the
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configuration by increasing the pressure above valve elenent 364 which
urges valve el enent 364 downwardly relative to valve seat 342 pl aci ng seal
menber 370 within valve seat 342. This downward novenent of val ve el enent
364 relative to valve seat 342 conpresses spring 374. In this
configuration, the fluid punped down the annulus of 38 the service tool

i ncludi ng reverse out valve 300 enters the cross over ports of the service
tool, downwardly shifts valve elenment 364 relative to val ve seat 342 and
returns to the surface up the work string carrying the gravel left behind
in the service tool and the work string. This fluid is prevented from
flow ng t oyergh dthieod ostmiiPn dowe £ he DUgE ureyersevors mal mes 3Dthulus
Specifically, bypass passageway 380 is closed, the one way val ve created by

val ve el enani 36dosand vabvegracat 344uhs ithel tsirseal st xeanfd Gad ogF and
ports 368 are behind seal nenber 370 which disables fluid flow into fluid

assagewa 6 t . 372. | i d: or st from
gbovegsea?/t}g%e%gﬁjl%%%% o2, ShRe (weth% B dh R eSS & éllf@%@;od

spring 374 urges valve el enment 364 upward

relative t val.ve, seat 342, ich returns rever ut . val.v Q. to its
bypass cl 0% %P%%%ﬁFéar§€P§n9§g€ﬁ%ﬂcﬁ%ﬁf?qff?%ﬁrgggg.Eﬂg J§ﬁ§%§‘§b6§%, in

Lhis configuration, |1 reverse,out \yalvg, 300 13 moved el v, oLy

up the wash pipe of the service tool that is in fluid
communication with central flow path 360 of mandrel 334.
The fluid carrier then passes through bypass passageway
380, through the flow path through valve seat 342 and
through flow tube 372, fluid passageway 366 and ports 368.
This return fluid then exits the cross over ports of the
service tool into the annulus above the packer for return
to the surface. Once the weight 1is removed from lower
connector 358 by upward movement of reverse out valve 300,
reverse out valve 300 shifts from 1its circulating

configuration to its run-in configuration as depicted in

figure 5A.
[0055] In figure 5C, reverse out valve 300 is in its
bypass closed position. Reverse out valve 300 is operated

from its run-in configuration to its Dbypass closed
configuration by upward movement of reverse out valve 300
relative to the completion string such that a sufficient

downward force is applied against shoulder 312 of
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conpletion string, fluid flowis allowed through flow tube 372 via fluid
passageway 366 and ports 368. In addition, sone fluid flow may be all owed

t hrough central flow path 360. [0057] Referring now to figures 6A-6B,
therein are depicted successive axial sections of a reverse out valve 39
400 in its circulating position and its reverse position, respectively.
Reverse out valve 400 includes an axially extending, generally tubul ar
outer housing 402. Quter housing 402 includes a substantially tubul ar upper
connector 404 adapted to threadedly receive the pin end of another tubular
menber of the service tool such as a cross over tool. CQuter housing 402

al so i ncl udesi e siuhstantiad 1308 tyipul aghdpRRr adapiy G thate igeridureadedl y
and sealingly coupled to the upper end of an axially extending, generally

tubul ar ingicati g eobhed ﬂ@ées'@qaqa&ngg 191Qalar%tl VAR AR iAE P dEe

radi al | y expanded outer Tegions 410 eac i ncluding an upper shoul der 412

and a | ovesz shoul depodieeon gl cabing: cobbet 4081 fnceadedl yand geal ingly

coupl ed n aX|a y ext endi ng, general y tubul ar
|nterned|ate conn cﬂpr 4e Ingghnedl te cgnniﬁton'4%p tprea g{ and
seal i ngly lcrb‘iiepﬁ"é g & HeeTiper 2éld of xfar ¥y EXP |yngp YErerd9d y
t ubul ar p03|t|on|ng col | et _

mbers 326 slide downwardly over radially expanded outer
portion 346 of intermediate member 340, bypass passageway
380 1s disable as side wall ports 338 and side wall ports
344 are in no longer in fluid communication via bypass
region 322. In this configuration, 1if reverse out valve
300 is moved upwardly or downwardly relative to the
completion string, fluid flow is allowed through flow tube

372 via fluid passageway 366 and ports 368. In addition,

some fluid flow may be allowed through central flow path

360.

[0056] In figure 5D, reverse out valve 300 1is in 1its
( reverse position. Reverse out valve 300 is operated from
| its bypass closed configuration to its reverse

configuration by increasing the pressure above valve
element 364 which urges valve element 364 downwardly
relative to valve seat 342 placing seal member 370 within
valve seat 342. This downward movement of valve element
364 relative to valve seat 342 compresses spring 374. In

this configuration, the £fluid pumped down the annulus of
38



418. Positioning collet 418 includes one or nore radially expanded nenbers
420. Positioning collet 418 is coupled to the upper end of an axially
extendi ng, generally tubular bypass housi ng nenber 422. Bypass housi ng
menber 422 has a radially expanded internal portion 424 that defines the
exterior of a bypass region 426. Bypass housing nenber 422 40 also has a

| ower shoul der 428. Bypass housing nenber 422 is threadedly and sealingly
coupled to the upper end of an axially extending, generally tubular spring
housi ng 430. (0058] Reverse out valve 400 al so includes an axially
extendi ng, generally tubular mandrel 434. Mandrel 434 includes an axially
extendi ng, generally tubul ar upper connector 436 that is threadedly and
seal i ngly Ebftipferviee tael| d0etUdhad ofeviphe? ebhneetv? A9A dRtoLs eFhousi ng
402. Upper connector 436 includes a radial outwardly expanded region 438.
Thr eaded| ycapgls seaieirngbgresupsifedthe tdrrvicwer toehd cfowmperdlyonpletior 436 is
an axially extending, generally tubular internedi ate nenber 440.

| nt er mredi atelveaeabenedd03bhckatesive radi adlyer ecacedl4? egndnrdd2rna for st
series of side wall ports 444 and a second series of side wall ports 446.

| nt er nedi atige Me@Ea c440up S thier easlerll yrandg seatinigly epgpl@tiea anesxi al ly

extendi ng, generally tubular |ower connector 448 that is adapted to be
behind in the service tool and the work string. This fluid
is prevented from flowing toward the formation down through
reverse out valve 300. Specifically, bypass passageway 380
is closed, the one way valve created by valve element 364
and valve seat 342 is in its sealed configuration and ports
368 are behind seal member 370 which disables fluid flow
into fluid passageway 366 and flow tube 372. Once the
fluid pressure 1is removed from above seal element 364,
spring 374 urges valve element 364 upwardly relative to
valve seat 342, which returns reverse out valve 300 to its
bypass closed configuration as depicted in figure 5B. As
state above, in this configuration, if reverse out valve
300 is moved wupwardly or downwardly relative to the
completion string, fluid flow is allowed through flow tube
372 wvia fluid passageway 366 and ports 368. In addition,
some fluid flow may be allowed through central flow path
360.

[0057] Referring now to figures 6A-6B, therein are

depicted successive axial sections of a reverse out valve
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t hreadedly received in the box end of another tubular nenber of the service
tool. Mandrel 434 defines a first <central flow path 450 and a second
central flow path 452 that are separated by a fluid flow control el enent
depicted as a solid nenber 454 positioned axially between side wall ports
444 and side wall ports 446. An axially force 41 generator depicted as a
spi ral wound conpression spring 456 is positioned around the | ower portion
of internediate nmenber 440. [0059] In figure 6A, reverse out valve 400 is
inits circulating position. In this configuration, when a fluid slurry is
punped down the service tool including reverse out valve 400, the fluid
slurry exits the cross over_ports of the service tool and enters the

annul us t o*YhelBxtidrsi FirotlahiTorpretion 3P dgsSviEHHeiPe Btq™on ports
of the conpletion string. The fluid slurry travels in the annulus and
deposi ts if¥ssppeiielelatoundavee ssandutovedake sttkehscbides hancomplatlivon
string. Sone of the fluid carrier wll pass through the sand control
screens anektenairde igenemadrlyof tubhéaconphieds ormostsiingy. 4The fl Wukearri er
will then travel up the wash pipe of the service tool that is in fluid
comuni cath®@msmd h aentrainélovepat b 452ueétamntiely 434ubulhe flwpgbcarrier

t hen passes through bypass passageway 458

connector 404 adapted to threadedly receive the pin end of
another tubular member of the service tool such as a cross
over tool. Outer housing 402 also includes a substantially
tubular upper adaptor 406 that is threadedly and sealingly
coupled to the upper end of an axially extending, generally
tubular indicating collet 408. Indicating collet 408 has
one or more radially expanded outer regions 410 each
including an upper shoulder 412 and a lower shoulder 414.
Indicating collet 408 is threadedly and sealingly coupled
to the upper end of an axially extending, generally tubular
intermediate connector 416. Intermediate connector 416 1is
threadedly and sealingly coupled to the upper end of an
axially extending, generally tubular positioning collet
418. Positioning collet 418 includes one or more radially
expanded members 420. Positioning collet 418 is coupled to
the upper end of an axially extending, generally tubular
bypass housing member 422. Bypass housing member 422 has a

radially expanded internal portion 424 that defines the

exterior of a bypass region 426. Bypass housing member 422
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created by side wall ports 444 and side wall ports 446 via bypass region
426. This return fluid then exits the cross over ports of the service tool
into the annul us above the packer for return to the surface. In this
configuration, if reverse out valve 400 is noved upwardly or downwardly
relative to the conpletion string, fluid travels through 42 bypass
passageway 458 whi ch prevents swabbing of the formation. [0060] In figure
6B, reverse out valve 400 is in its reverse position. Reverse out valve 400
is operated from its circulating configuration to its reverse configuration
by upward novenent of reverse out valve 400 relative to the conpletion

string such ddahag auflfdv@rerghdmvmwawbé.orcey'%agssamhis@dgag@m%tr sqyqul der
412 of indicating collet 408 by a shoul der of the hone bore nenber. As

radial |y expanded, qa@npessq 430, 81 hge, dovnyprdl ¥o0¥gE hBEJ@"r”%@lidatoef ng{oer

440, bypass passageway 458 is disable as side wall ports 444 and side wall

ports 446 are jy, N angels,| Redlyq 1 CoOrUNL Cat LeP: n Y1 Ao LYAASS1 4491 On 426. At
In g 326 gu ?o t eﬂgg

the sane tinme, energy Is ore pring e npr essi on of

spring 456 n t | ower end qf .uppe dapter 406. contacts r.adi-al
oot wardly 19T ed Hiesi i, 1800, S Vi ol o2l fRONER °5ho +AR Sy

retracts into radiall reduced regj on 442.
extending, %enera y t buTar maéﬁ%el 434,

Mandrel 434
includes an axially extending, generally tubular upper
connector 436 that is threadedly and sealingly coupled to
the lower end of upper connector 404 of outer housing 402.
Upper connector 436 includes a radial outwardly expanded
region 438. Threadedly and sealingly coupled to the lower
end of  upper connector 436 1s an axially extending,
generally tubular intermediate member 440. Intermediate
member 440 includes a radially reduced region 442, a first
series of side wall ports 444 and a second series of side
wall ports 446. Intermediate member 440 is threadedly and
sealingly coupled to an axially extending, generally
tubular lower connector 448 that 1is adapted to Dbe
threadedly received 1in the box end of another tubular
member of the service tool. Mandrel 434 defines a first
central flow path 450 and a second central flow path 452
that are separated by a fluid flow control element depicted

as a solid member 454 positioned axially between side wall

ports 444 and side wall ports 446. An axially force
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| ong as radially expanded nenbers 420 remain in this retacted position
further axial novenent of internediate nenber 440 relative to bypass
housi ng nmenber 422 is prevented, as such, radially expanded nmenbers 420 and
i nternedi ate nmenber 440 act as an axial |ock when engaged 43 with one

anot her and maintai ned in such engagenent by, for exanple, the hone bore
menber of the conpletion string. [0061] In its reverse position, the fluid
punped down the annulus of the service tool including reverse out valve

400 enters the cross over ports of the service tool and returns to the
surface up the work string carrying the gravel left behind in the service
tool and the work string This fluid is prevented fromflow ng toward the

f ormati on g%%ﬁ%@?%ﬁo@%ﬁl?%%%r%% BUEPYER L DR SPBRIEFTEPT ySPHIFASE©
passageway 458 is closed and solid nmenber 454 prevents fluid flow from
first cential HIOW ipdgtdd 450000dsetbad lewst r aloftliow path 48Rermp@dkatedi al |y
expanded nenbers 420 are no longer held within radially reduced regi on 442,
the energyemstberetddn spring 456 upwardly urges bypass housing nmenber 422
relative to intermedi ate nenber 440, which returns reverse out valve 400 to
its circul p005g] posiin omigasedeh ct edvienséi gurte 6AlvAs 4uUchistHe oty tine
in which reverse out valve 400 may created a swabbing risk is during

circulating position. In this configuration, when a fluid
slurry 1is pumped down the service tool including reverse
out valve 400, the fluid slurry exits the cross over ports
of the service tool and enters the annulus to the exterior
of the completion string wvia the circulation ports of the
completion string. The fluid slurry travels in the annulus
and deposits its gravel around the sand control screens of
the completion string. Some of the fluid carrier will pass
through the sand control screens and into the interior of
the completion string. The fluid carrier will then travel
up the wash pipe of the service tool that is in fluid
communication with central flow path 452 of mandrel 434.
The fluid carrier then passes through bypass péssageway 458
created by side wall ports 444 and side wall ports 446 via
bypass region 426. This return fluid then exits the cross
over ports of the service tool into the annulus above the
packer for return to the surface. In this configuration,
if reverse out valve 400 is moved upwardly or downwardly

relative to the completion string, fluid travels through
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the period in which reverse out valve 400 is in its reverse position.
[0062] It should be understood by those skilled in the art that reverse out
val ve 400 could alternatively incorporate additional features into the
fluid flow control 44 elenent to reduce or elimnate the risk of swabbing.
For exanple, a fluid passageway could be included that passes through
solid nmenber 454. This fluid passageway could have a relatively small cross
sectional area and a relatively long length, simlar to the flow tube
described belowin figures 7A-7B. Alternatively, the passageway coul d
i ncorporate one of the valve seats described above in figures 2A-5D. In
this enbodi ment, one of the valve elenments and flow tube conbinations
descri bedPabévée | Rasppgeresy 2AS8D ohisdl omrevenit§ur 65¥28R188B cOdbl dthPso be
incorporated into reverse out valve 400 such that reverse out valve 400 can
have the ddwvantage.of using a spring force to open bypass passageway 458 as
well as the advantages of nultiple independent fluid paths to prevent
swabbi ng. [00663] Refler riingmoweBe fregares: 7duBvalllver ed 00 arie  depiicted
successive axial sections of a reverse out valve 500 inits circulating
position aRdeirks EREASONNOSI REPBrse out valve 400 is operated from
its circulating configuration to its reverse configuration
by upward movement of reverse out valve 400 relative to the
completion string such that a sufficient downward force is
applied against shoulder 412 of indicating collet 408 by a
shoulder of the hone bore member. As radially expanded
members 420 slide downwardly over intermediate member 440,
bypass passageway 458 is disable as side wall ports 444 and
side wall ports 446 are in no longer in fluid communication
via bypass region 426. At the same time, energy 1s stored
in spring 456 due to the compression of spring 456. When
the lower end of wupper adapter 406 contacts radial
outwardly expanded region 438, radially expanded members
420 radially retracts into radially reduced region 442. As
long as radially expanded members 420 remain in this
retacted position further axial movement of intermediate
member 440 relative to Dbypass housing member 422 is

prevented, as such, radially expanded members 420 and

intermediate member 440 act as an axial lock when engaged
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respectively. Reverse out valve 500 includes an axially extending,
general |y tubul ar outer housing 502. Quter housing 502 includes a
substantially tubul ar upper connector 504 adapted to threadedly receive the
pin end of another tubular nmenber of the service tool such as a cross 45
over tool. Quter housing 502 al so includes a substantially tubular upper
adaptor 506 that is threadedly and sealingly coupled to the upper end of an
axially extending, generally tubular indicating collet 508. Indicating
coll et 508 has one or nore radially expanded outer regions 510 each

i ncludi ng an upper shoul der 512 and a | ower shoul der 514. |Indicating collet

508 is threadedbye agdoseali RgHY maoHPkededt @nt RRICUPRRIG QRGO @Y, axd |y
extending, generally tubular internediate connector 516. Internediate

connect or Sl 1% tdHeagdpd Bbo%%dm%ﬁ%bk”%%ﬁ@u%xﬁﬂlé&&fﬂes%ggdg. end of an

axially exten ng, general ly tubul ar bypass housing nenb Bypass

housi ng. merger 1518 %sfﬁtgadeeqiérys g@@ggg%' nteEnal; pos { pARo8a0 d

defines the exterlor of “a bypass Ion ypass ng menber 18 is
n eadedl 00 RepL ol couBl o0 L0 LU, uBRel e, oo AL, Efend! 1o
one or mr4e00rag}1‘?tleps/ Itr;lve\ardlgssp%(\))e?rc%on sneg?ertsheSZSGerv1ce tocl and
returns to the surface up the work string carrying the
gravel left behind in the service tool and the work string.
This fluid 1is prevented from flowing toward the formation
down through reverse out wvalve 400. Specifically, bypass
passageway 458 1is closed and solid member 454 prevents
fluid flow from first central flow path 450 to second
central flow path 452. OCnce radially expanded members 420
are no longer held within radially reduced region 442, the
energy stored in spring 456 upwardly urges bypass housing
member 422 relative to intermediate member 440, which
returns reverse out valve 400 to its circulating position
as depicted in figure 6A. As such, the only time in which
reverse out valve 400 may created a swabbing risk is during
the period in which reverse out valve 400 is in its reverse
position.
[0062] It should be understood by those skilled in the

art that reverse out wvalve 400 could alternatively

incorporate additional features into the fluid flow control
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[ 00641 Reverse out valve 500 al so includes an axially extending, generally
tubul ar mandrel 534. Mandrel 534 includes an axially extending, generally

t ubul ar upper connector 536 that is threadedly and sealingly coupled to
the | ower end of upper connector 504 of outer housing 502. 46 Upper
connector 536 includes a series of side wall ports 538. Threadedly and
sealingly coupled to the | ower end of upper connector 536 is an axially
extendi ng, generally tubular internediate nenber 540. |nternedi ate nenber
540 includes a plug seat 542, a series of side wall ports 544 and a
radi al | y expanded outer portion 546 that includes an upper shoul der 548 and
a |l ower shawnder: 550. rédbes medi atiemimambercth=24Qrisk tdf eadedbynand seal i ngly
coupled to an axially extending, generally tubular |ower connector 558

that is adapidd,0 dertligagedlsuqeass el Bdeihexuead ehataneidweis tubul ar
menber of the service tool. Mandrel 534 defines a central flow path 560.

[ 0065] Re\&‘?{r%%g@lu'[so aldv e f urdner T}ﬁ(‘é L@ﬁﬁcﬂ'}a%aﬂjé%y edaRdifGe
general |y tubulTar plug elenent assenbly 56 that i's positioned wthin

central fIOM/%g%@%ﬁg?y Q%Edr§%P{§3 Secgigga %qggt55§§egbl efg%%dél udes a

pl ug el enént "%t hr & y and Sealingly engageable w | ug seat

542 of nﬁﬂgkfllg§§quluqm§H QE>5€gel%i£UdQ§Hﬁafégécrlbed below in

figures TA-T7B. Alternatively, the passageway could
incorporate one of the valve seats described above in

( figures 2A-5D. In this embodiment, one of the wvalve
elements and flow tube combinations described above in
figures 2A-5D or below 1in figures 8A~8B could also be
incorporated into reverse out valve 400 such that reverse
out valve 400 can have the advantage of using a spring
force to open Dbypass passageway 458 as well as the
advantages of multiple independent fluid paths to prevent
swabbing.

[{0063] Referring now to figures 7A-7B, therein are

——

depicted successive axial sections of a reverse out valve
500 in 1its circulating position and its reverse position,
respectively. Reverse out valve 500 includes an axially
extending, generally tubular outer housing 502. Outer
housing 502 includes a substantially tubular upper
connector 504 adapted to threadedly receive the pin end of

another tubular member of the service tcol such as a cross
45



passageway 566. Plug el ement assenbly 562 al so includes a flow tube 572,
the interior of which is in fluid comunication with fluid passageway 566.
[0066] In figure 7A, reverse out valve 500 is in its «circulating position.
In this configuration, if reverse 47 out valve 500 is noved upwardly or
downwardly relative to the conpletion string, fluid travels at | east

t hrough bypass passageway 580 forned between side wall ports 538 and side
wal | ports 544 via bypass region 522. In addition, some fluid flowis

al l owed through flow tube 572 via fluid passageway 566. When a fluid slurry
is punped down the service tool including reverse out valve 500, the fluid
slurry exits the cross over ports of the service tool and enters the
annul us t P¥eie Bx@kri oPubtr t heusbmpl 297 onlset iPaudsa ¢ heuksiautgibh ports
of the conmpletion string. The fluid slurry travels in the annulus and
deposi ts itwukgmavepprar oaddpthe S§8Adtbent rigl tHorealessilof arite senpletlion
string. Sone of the fluid carrier wll pass through the sand control
screens ancbhupited the tid enpoer ofnd hef eonpkétibn sktemdindhegdhenmallcarri er
will then travel up the wash pipe of the service tool that is in fluid

communi catt wsu W higentaaind | ewipath 5980 of tnandaeind34o11Ebe SFoguihcarri er
t hen passes through bypass passageway 580

one or more radially expanded outer regions 510 each
including an upper shoulder 512 and a lower shoulder 514.
Indicating collet 508 is threadedly and sealingly coupled
to the upper end of an axially extending, generally tubular
intermediate connector 516. Intermediate connector 516 1is
threadedly and sealingly coupled to the upper end of an
axially extending, generally tubular bypass housing member
518. Bypass housing member 518 has a radially expanded
internal portion 520 that defines the exterior of a bypass
region 522. Bypass housing member 518 is threadedly and
sealingly coupled to the upper end of an axially extending,
generally tubular positioning collet 524. Positioning
collet 524 includes one or more radially inwardly
projecting members 526.

[0064] Reverse out wvalve 500 also includes an axially
extending, generally tubular mandrel 534. Mandrel 534
includes an axially extending, generally tubular upper

connector 536 that is threadedly and sealingly coupled to

the lower end of upper connector 504 of outer housing 502.
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and through flow tube 572 as well as fluid passageway 566. This return

fluid then exits the cross over ports of the service tool into the annul us
above the packer for return to the surface. 48 [0067] In figure 7B,
out valve 500 is in its reverse position. Reverse out valve 500 is operated

from

its

circulating configuration to its reverse configuration by

novenment of reverse out valve 500 relative to the conpletion string
that a sufficient dowmward force is applied against shoul der 512 of

i ndicating collet 508 by a

ur ges

over shouligierb48oRhethber BBEI atre- INRIEICT 2 S4@rieds dds adid y walwarglnt s
proj ecting nenbers 526 slide downwardly over radially expanded outer

portion 54f;f

as side wall ports 538 and side wall ports 544 are in no longer in f

val ve 500 1

conmuni Catd;gﬂa,f“ L HNRATS e%%%” 922.5 ng]}éﬁ'ﬁycogfc'cg%% On’géﬁﬁfa‘?ﬂi

string,

566.

—

[ 006

roved upwardl y or downwardl'y relative to the conpleti

reverse

upwar d
such

shoul der of the hone bore menmber which outwardly

radially inwardly projecting nenbers 526 of positioning collet 524

Tt &5 ARG |t gnaegéghfééﬂy QMQ§§§dp%§S%96V\@6w@§O dry dssabl e

| ui d
se out
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when ‘a f

includes a plug seat 542, a series of side wall ports 544
and a radially expanded outer portion 546 that includes an
upper shoulder 548 and a lower shoulder 550. Intermediate
member 540 is threadedly and sealingly coupled to an
axially extending, generally tubular lower connector 558
that is adapted to be threadedly received in the box end of
another tubular member of the service tool. Mandrel 534
defines a central flow path 560.

[0065] Reverse out valve 500 further includes an axially
extending, dgenerally tubular plug element assembly 562 that
is positioned within central flow path 560 of mandrel 534.
Plug element assembly 562 includes a plug element 564 that
is threadably and sealingly engageable with plug seat 542
of mandrel 534. Plug element 542 includes a fluid
passageway 566. Plug element assembly 562 also includes a
flow tube 572, the interior of which is in fluid
communication with fluid passageway 566.

[o066] In figure 74, reverse out valve 500 is in its

circulating position. In this configuration, if reverse
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down the annulus of the service tool including reverse out valve 500, the
fluid slurry enters the cross over ports of the service tool. The fluid
then returns to the surface up the work string carrying the gravel |eft
behind in the 49 service tool and the work string. This fluid is
substantially prevented fromflow ng toward the formati on down through
reverse out valve 500. Specifically, the bypass passageway 580 is cl osed.
Some fluid is allowed to flow toward the formati on down through reverse out
valve 500 via fluid passageway 566 and fl ow tube 572. As the cross
sectional area of flow tube 572 is relatively small and the length of flow

tube 572 isutr ebatyyebyol ang, moyeyshar @Y Yoad doRhiakdagourtl sefi vkl Wd is
allowed to flow toward the formation. This fluid path through reverse out

val ve 500 f{evenng 1sabh ngtgﬁnbhe ffQrABt i R 6uED i ft reveLse Quioupl ve 500,
inits reverse p05|t|on is noved upwardly relative to the conpletlon

or cdotor mTEA L hPSSRAPE {0080 FRTRTT NG HoN 10 T gulee! BABE, T crein are

depi cted su essi v e axi.al sectlon f a, revgrse out _val ve ? 9 in |
C|rculat|ﬁ§(%o§Ft 1%n “nd | BT Evers p05|t| ?esp%%%lvel Reverse out

val ve 600 includes outer usi.n
addition, some ffufd %low is allowed through flow tube 572

via fluid passageway 566. When a fluid slurry is pumped
down the service tool including reverse out valve 500, the
fluid slurry exits the cross over ports of the service tool
and enters the annulus to the exterior of the completion
string via the circulation ports of the completion string.
The fluid slurry travels in the annulus and deposits its
gravel around the sand control screens of the completion
string. Some of the fluid carrier will pass through the
sand control screens and into the interior of the
completion string. The fluid carrier will then travel up
the wash pipe of the service tool that is in fluid
communication with central flow path 560 of mandrel 534,
The fluid carrier then passes through bypass passageway 580
and through flow tube 572 as well as fluid passageway 566.
This return fluid then exits the cross over ports of the
service tool into the annulus above the packer for return

to the surface.
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620 that conprises upper connector 622, upper adaptor 624, bypass housing
menber 626, indicating collet 632 and positioning collet 640. Bypass
housi ng nmenber 626 has a radially expanded internal portion 628 that
defines the 50 exterior of a bypass region 630. Indicating collet 632 has
one or nore radially expanded outer regions 634 each including an upper
shoul der 636 and a | ower shoul der 638. Positioning collet 640 includes one
or nore radially inwardly projecting nenbers 642. Reverse out val ve 600

al so includes nmandrel 644 that conprises upper connector 646, internediate
menber 654 and | ower connector 656. Upper connector 646 includes a first
series of side wall ports 648 and a second series_of side wall ports 650
with a val9@6%kat 652 pdgiErontR t HEVEBEEWEH: VoaWee cdthet$orln 6565 has a
radi al | y expanded outer portion 658 that includes an upper shoul der 660 and
a | ower shoaveese 662siVandr el Rbzr defémesvaleventPdl ifd ovppaatred6aremvi ng a
val ve el enent assenbly 666 positioned therein. Valve el enent assenbly 666
i ncl udes aiwval veéreuwéaenthgb@®nifigtirias isealtiongltys eagageabken®ighryalae seat
652 and a flow tube 672, the interior of whichis in fluid comrunication

wi th flui doypassag@Wwayveménef ovakugecebensnt 688ve Asspi ral avouddto COm@Pr essi on

spring 674 1s positioned around flow tube 672

completion string such that a sufficient downward force 1is
applied against shoulder 512 of indicating collet 508 by a
shoulder of the hone bore member which outwardly urges
radially inwardly projecting members 526 of positioning
collet 524 over shoulder 548 of intermediate member 540.
As radially inwardly proijecting members 526 slide
downwardly over radially expanded outer portion 546 of
intermediate member 540, bypass passageway 580 1s disable
as side wall ports 538 and side wall ports 544 are in no
longer in fluid communication via bypass region 522. In
this configuration, if reverse out wvalve 500 is moved
upwardly or downwardly relative to the completion string,
fluid flow 1is allowed through flow tube 572 wvia fluid
passageway 566.

[0068] In its reverse position, when a fluid is pumped
down the annulus of the service tool including reverse out
valve 500, the fluid slurry enters the cross over ports of

the service tool. The fluid then returns to the surface up

the work string carrying the gravel 1left behind in the
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and between a spring support menber 676 of upper connector

support nenber 678 of flow tube 672. Positioned within flow tube 672 is a

622 and a spring

pressure relief elenent 680 such as a rupture disk that selectively all ows
672. [0070]
figure 8A, reverse out valve 600 is inits circulating position

51 and prevents fluid flow through the interior of flow tube

Specifically, when a fluid slurry is punped down a service tool
reverse out valve 600, the fluid slurry exits the cross over ports of the

service tool and enters the annulus to the exterior of the

conpl etion

i ncl udi ng

In

string via the circulation ports of the conpletion string. The fluid slurry
travels in the annulus and deposits its gravel around the sand control

screens ofSeiheonpPeti oAnst rith§. of SERENY1 ui d dBESI erf

Wi pdss

t hrough the sand control screens and into the interior of the conpletion
string. Theuldtarnd icarly epraventederdf romavielowiypg t hewandh thiepef @fmatheorser vi ce
tool that is in fluid comunication with central flow path 664 of mandre
644. The ddwi d thamouighr thearpassast t Wedugh bypass passadewayl§84 thehat

formed when side wall ports 650 and side wall ports 648 are

comuni cathask 34 ap HyPasswd egsOn 630c1bBedaddisien,f il filsuiall leardd eto may

pass through the one way

in fluid

flow toward the formation down through reverse out valve

500 wvia fluid passageway 566 and flow tube 572.

As the

cross sectional area of flow tube 572 is relatively small

( and the length of flow tube 572 1is relatively 1long,

however, only a minimal amount of fluid is allowed to flow

toward the formation. This fluid path through reverse out

valve 0500 prevents swabbing of the formation

reverse out valve 500, in its reverse position,

even if

is moved

upwardly relative to the completion string as long as the

rate of such movement 1is maintained below a predetermined

threshold.

[0069] Referring now to figures B8A-8B, therein are

depicted successive axial sections of a reverse out valve

600 in its circulating position and its reverse position,

respectively. Reverse out wvalve 600 includes outer housing

620 that comprises upper connector 622, upper adaptor 624,

bypass housing member 626, indicating collet

632 and

positioning collet 640. Bypass housing member 626 has a

radially expanded internal portion 628 that defines the
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val ve created by val ve el enent 668 and val ve seat 652 by overcom ng the
spring force of spring 674 to nove valve elenent 668 off seat. The fluid
carrier is selectively prevented from passing through fluid passageway 670
and 52 flow tube 672 by pressure relief elenment 680 so |long as pressure
relief element 680 has not been ruptured due to, for exanple, a pressure
t hat exceeds the burst pressure of pressure relief elenent 680, in which
case a portion of the fluid carrier may pass through fluid passageway 670
and flow tube 672. This return fluid then exits the cross over ports of
the service tool into the annul us above the packer for return to the
surface. éROA]otnofi gubep8Bs reyessecdlit vahdec®HOOngScohlét S637 eves Se
position. Specifically, when a fluid is punped down the annulus of the

service tgpé iBel Udbrg revVeISEl Putexprlderl 6@Btet-he rbhubdssl grEY eatgrs the
cross over ports of the service tool. The fluid then returns to the surface

up the WorkiShiha0apaniNIg IS, GIAVetsd ehhabehi nld:n Sis18r vige, tool and

the work string. This f s entirely or substantially prevented from

fl ow : f ' h
Spoct f L cal T3r REERg paca paesahinay RBATE" ol Sibd 2nd PHES oRETTAY Val ve

creat ed by, val e, el SRl 998 a1 KAl ye et

Reverse out wvalve 600
also includes mandrel 644 that comprises upper connector
646, 1intermediate member 654 and lower connector 656.
Upper connector 646 includes a first series of side wall
ports 648 and a second series of side wall ports 650 with a
valve seat 652 positioned therebetween. Lower connector
656 has a radially expanded outer portion 658 that includes
an upper shoulder 660 and a lower shoulder 662. Mandrel
644 defines a central flow path 664 having a valve element
assembly 666 positioned therein. Valve element assembly
666 includes a valve element 668 that 1is sealingly
engageable with valve seat 652 and a flow tube 672, the
interior of which 1is in fluid communication with fluid
passageway 670 of wvalve element 668. A spiral wound
compression spring 674 1s positioned around flow tube 672
and between a spring support member 676 of upper connector
622 and a spring support member 678 of flow tube 672.

Positioned within flow tube 672 1is a pressure relief

element 680 such as a rupture disk that selectively allows
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652 is in its sealed configuration due to the spring force of spring 674
and the fluid pressure above valve elenent 668. In addition so |ong as
pressure relief element 680 has not been ruptured fluid is not allowed to
flow through 53 flow tube 672. Alternatively, if the pressure has exceed a
predeterm ned threshold, pressure relief element 680 will allow sone fluid
to flow toward the formati on down through reverse out valve 600 via fluid
passageway 670 and flow tube 672. It is noted, however, the cross sectional
area of flow tube 672 is relatively small and the Iength of flow tube 672
is relatively long, such that only a mnimal amount of fluid is allowed to

flow toward the formation.. . [00721 Wile this invention h descri bed
W ih ot BREndT TR verF | DESTrbBBPHRL Sne: HIE BeSar i i RO URBL

i ntended to _be construed in a limting sense. Various nodifications and
combi nati 84€-of the illustrative enbodinments as well as other enbodinents
of the invention, wll be apparent to persons skilled in the art upon

ref erence [P870he dedBrifptdusie BB/ i Levnetsref o, VitAvended? tKatin hétappended

cl ai m8 enconpass any such nodifications or enbodi nents. 54 CLAIM
circulating position. Specifically, when a fluid slurry is

pumped down a service tool including reverse out valve 600,
the fluid slurry exits the cross over ports of the service
tool and enters the annulus to the exterior of the
completion string via the <circulation ports o©of the
completion string. The fluid slurry travels in the annulus
and deposits its gravel around the sand control screens of
the completion string. Some of the fluid carrier will pass
through the sand control screens and into the interior of
the completion string. The fluid carrier will then travel
up the wash pipe of the service tool that is in fluid
communication with central flow path 664 of mandrel 644,
The fluid carrier then passes through bypass passageway 684
that is formed when side wall ports 650 and side wall ports
648 are in fluid communication via bypass region 630. In
addition, the fluid carrier may pass through the one way
valve created by valve element 668 and valve seat 652 by
overcoming the spring force of spring 674 to move wvalve
element 668 off seat. The fluid carrier is selectively

prevented from passing through fluid passageway 670 and
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1. A reverse out valve conprising: an outer housing; a mandrel slidably

di sposed within the outer housing and form ng a bypass region therebetween,
the mandrel having a central flow path with a val ve seat positioned therein
and first and second side wall ports positioned on opposite sides of the
val ve seat; and a valve elenent positioned in the central flow path, the
val ve el enent and the valve seat having a one way val ve configuration
wherein fluid flowin a first direction relative to the central flow path
is substantially prevented, the valve el enent being axially noveable
relative to the valve seat to allow fluid flowin a second direction

rel ative tookhewent sab fdyow pesdurahereinrt ha arndr eb80 s saxi mdy avvabl e
relative to the outer housing between first and second positions, in the

first posptieaura BYNassy RassagaWaysd ShhEOr ied hetareendiherdd rete and, second
side wall  ports via the bypass region thereby all ow ng bypass fl ow around

the val vefske@ag\p%q t%w@aﬂie@%at aé‘Q%eécﬁ'st@ﬁeSBGPQQ BegkLLeB, okypass
erelnt

flowis prevented; and e outer housing I ncludes an 1 ndicating

collet that allows_a,predetern ne orge in. the first directi oper at e
Che mandr BFeFrane: Ae FeFsE SRaPEr 800 o R aghona hodi PEoN EhSintferh t he
indicatin% collet all]ows a predeterm ned fo ce,%n t he second giqect&on to
operate th&UAENTRAT ¥ onTeHe PIRToAdTpoelt i ohild PRESAPFYEYpdRiti 8RY 2. The
reverse out valve as recited in claim]l wherein the outer housing further
conpri ses faoWpd¥Pei 6rditng doilisetreathiatr diudeh ithery efléfeit's &¥P&FI $VABvabl e of
the mandrel relative to the outer housing. 3. The reverse out val ve as

recited i pockai mil tigeseiniyicke teallvd ndloeridet aandlule abalee theabakiees a
va{ve open configuration wherein a spring urges the valve elenment in the
first dirdotti optudn Thetheveustaoet valve as recited in claim1l wherein, in
the one way val ve configuration, a spring urges the valve elenent in the
first dirqgoomnan. In figure 8B, reverse out valve 600 is in its

reverse position. Specifically, when a fluid is pumped

down the annulus of the service tool including reverse out

valve 600, the fluid slurry enters the cross over ports of

the service tool. The fluid then returns to the surface up

the work string carrying the gravel left behind in the

service tool and the work string. This fluid is entirely

or substantially prevented from flowing toward the

formation down through reverse out valve 600.

Specifically, the bypass passageway 684 1is closed and the

one way valve created by valve element 668 and valve seat

652 is in its sealed configuration due to the spring force

of spring 674 and the fluid pressure above valve element

668. In addition so long as pressure relief element 680

has not been ruptured fluid is not allowed to flow through
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5. The reverse out valve as recited in claiml|l further conprising a fl ow
tube positioned in the central flow path and in fluid comrunication with a
fluid passageway through the valve elenment. 6. The reverse out valve as
recited in claim5 wherein, in the one way val ve configuration, fluid flow
is allowed in the first direction and the second through the flow tube. 55
7. The reverse out valve as recited in claim5 further conprising a pressure
relief element disposed within the flow tube that selectively prevents
fluid flow through the flow tube. 8. A nethod of operating a reverse out
valve to mnimze swabbing of a formation, the nmethod conprising: providing

at | east fwoyingependent f\h@@’rﬁ@ﬁ%eif! frutge fhpsséira hisséxelbegciion and
at |east two independent flow paths for fluid flowin a second direction

through apf@&’@féﬁnﬂ‘ﬂéld vahyeshB1 8, ! lﬁ}eis%ur%olnééﬂyé@t ie?f@m@fm theo eyprse out

val ve; providing at |east two I ndependent flow paths for fluid flowin the

first direction gpd ot least ieeiadepenent. th o aat s, ory Lhud flow in

the second direc hf oug € reverse o alve in a circu

configuration of the reverse aut val ve; and providing ai.]east, ope flow path
For ui dEFTRRTT nbite Chctnd Hir obie of LEAPoddir TAE Pk op 3 “G0E “bErbe i a
reverse configuration of the reverse out valve. 9. A nethod as recited in

claim 8 furkheP’Conprisi hy PPEFFdi RGWEY SFeadther vioF S TidePRdeita ¥ | d%P2 pat hs
for fluid flowin the second direction through the reverse out valve in the

reverse cohffyovatibn 66f therrégbivelpusmyal vendibhe Alepghodobsit@dited in
claim8 further conprising providing at |east one flow path for fluid flow
in the fitgbedigBttiion rhletghelihe Yaewpr seucht vVadve amlyt he reveriszl
configuration of the reverse out valve. 11. A nethod of operating a reverse
out val veatoumt no i Zku savabdi 110l e fooramatd aowatcde thet fodmation.
[0072] While this invention has been described with
reference to illustrative embodiments, this description is
not intended to be construed in a limiting sense. Various
modifications and combinations of the illustrative
embodiments as well as other embodiments of the invention,
will Dbe apparent to persons skilled in the art upon
reference to the description. It is, therefore, intended

that the appended claims encompass any such modifications

or embodiments.
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conprising: running a reverse out valve dowhole in a run in configuration
whil e providing at |least two independent flow paths for fluid flowin an
uphol e direction through the reverse out valve; punping a first fluid into
an annul us around the reverse out valve with the reverse out valve in a
circulating configuration while providing at |east three independent flow
paths for taking returns in the upGbAEMSi rection through the reverse out
val ve; retrieving the reverse out valve partially uphole while providing at
| east two i ndependent flow paths for fluid flowin a downhole direction

t hr oughl.t he & svessentesive wahprBingn the circul ating configuration; retrieving
the reverse out,K valve farther uphole to operate the reverse out valve from
the circul &% EBRPFguration to a reverse configuration; and punping a
second f |l ui chrhaiidee] flkiablgdpbsds wah@uitchutdn Rous@igand &nat a\bepaseregtonl e provi di ng
no nore than one flow path for fluid flow in the downhole direction through
the r evBseRENtgE: emenarel hagnmoenzal Ry Rl it A VR PEBWBFA ﬁ%eﬁ& and J B o
housi NGseccad BRB AEE bor& godiabley ofliospeseddasiof thi Ralvhi@anuier housing and formng a

bypass region _therebetween, the mandrel having a central flow path with a
val ve seat Fo@iveiclsmsa Romdpaadin thegentral daw pathy thes‘ngSr‘?%m:?PtoFé‘d\Wél‘Py‘\’lﬁéﬁaf s

posi ti aaeklg @BnORPBRORIVeRoffi EheSioR vhtraR Nodl Vv :Qatrst ddredtdh YQatBk eBRtenRBISAdW ONed
in the central flow path and operably associated with the valve seat to

cont r ol Path i pupstantisily prexenisse threvalije clement eing axidlvanysiblqrelativgtodhg yaljegeat to

passagei ¥ fludi ihvAinfal s0W¥nll URE1BRRIAVORARE dchrfifBwGRA ral flow path and in fluid
communi cation with the fluid passageway of the valve elenent; wherein the

first and setisrin S aendial b 2pghtgovablg relative iy thagyerhogiinmbatweem st pad sseond) yj d
pat h positions, in the first position, a bypass passageway is formed between the first and second side wall
ports via the bypass region thereby allowing bypass flow around the valve element and the valve seat
and, in the second position, bypass flow is prevented; and
wherein the outer housing includes an indicating collet that allows a predetermined force in
the first direction to operate the mandrel from the first position to the second position and wherein the
indicating collet allows a predetermined force in the second direction to operate the mandrel from the

second position to the first position.
2. The reverse out valve as recited in claim 1 wherein the outer housing further comprises a
positioning collet that selectively prevents axially movable of the mandrel relative to the outer

housing.

3 The reverse out valve as recited in claim 1 wherein the valve element and the valve seat have

a valve open configuration wherein a spring urges the valve element in the first direction.

4. The reverse out valve as recited in claim 1 wherein, in the one way valve configuration, a

spring urges the valve element in the first direction.

5. The reverse out valve as recited in claim 1 further comprising a flow tube positioned in the

central flow path and in fluid communication with a fluid passageway through the valve element.

6. The reverse out valve as recited in claim 5 wherein, in the one way valve configuration, fluid

flow is allowed in the first direction and the second through the flow tube.
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t hrough the reverse out valve, wherein the valve elenent and the val ve seat
forma second fluid path through the reverse out valve, wherein the flow
tube and the fluid passageway forma third fluid path through the reverse
out valve and wherein the first, second and third fluid paths are

i ndependent of one another. 13. The reverse out valve as recited in claim12
wherei 7.t he ’11hi: restrsé bwivallvpad acited ircctlajﬁei:lfurthesrpmnmﬁs'mg adessare paletidermenti ned force

bei n-g glpsﬁﬂsg igxrtlileltil ﬁé gxlfltrsg Et}kv%&paevenfﬂmﬂqfow% rou t%g hL\%Eub%f the outer

housi n ened responsive to a
predeterm ned force being applied in a second direction to the i ndi cating
ettp% second

collet., 14. The.r rse.out valve as recited i

fluid path i%™ %%‘ﬁ@g)perfg%%ﬁgﬁrWeoq & ‘r'eetf’él}lm{}“ezegw%m Orp\?éfzne lon t“ﬁe nandr el
and t heospiistg: housi ng. 15. The reverse out valve as recited |n claim 12
wherein the sec nd fluid IS ene r n5|vet rential
pressure and M ??ezitﬁeaftﬁgogg ﬂenltﬂ aatg%’ﬁﬁ?g Wd%%&rsggléeﬁg ’@él?{]%sta spring
ur gi ng tivb erdvthi@t 86w pRAE for B6id fiban b eaceidEreotitin thidliytta @Serkatit Vet iha rediai m 12

wherein the thi rg fluid path is closed responsive to a differential
pr essurc@niigprationpigthg @\‘/‘gﬁ%@taﬂt’e’val ve as recited in claim12 wherein the third

fluid path lﬁox@dﬂ&@é&%a@tﬁ@ﬂ ind&Sbnddd Bow PY1aS ﬁ)@ﬂ@lﬁtﬂowahﬂﬁfﬁﬁdfr&ﬁlbﬁ&didt ragl ai m 12
wherein the third fluid path is sel ecti vedr% closed via a ress'ﬁre relief

el ementthigniiependeat Hev P?’é‘ilsefﬁf flyie flpy e ib pesondHreetiqn tiroushle BEEfse Pt ¥plegiBeer mi ned
57 thr egb@hihg codiBurafioh BMBE &Qer@Ubut VAL @ngONPri sing: an outer housn ng; and

providing at least one flow path for fluid flow in the second direction through the reverse out

valve in a reverse configuration of the reverse out valve.

9. A method as recited in claim 8 further comprising providing at least two independent flow
paths for fluid flow in the second direction through the reverse out valve in the reverse configuration

of the reverse out valve.

10. A method as recited in claim 8 further comprising providing at least one flow path for fluid
flow in the first direction through the reverse out valve in the reverse configuration of the reverse out

valve.

11 A method of operating a reverse out valve to minimize swabbing of a formation, the method
comprising:

running a reverse out valve downhole in a run in configuration while providing at least two
independent flow paths for fluid flow in an uphole direction through the reverse out valve;

pumping a first fluid into an annulus around the reverse out valve with the reverse out valve
in a circulating configuration while providing at least three independent flow paths for taking returns
in the uphole direction through the reverse out valve;

retrieving the reverse out valve partially uphole while providing at least two independent flow
paths for fluid flow in a downhole direction through the reverse out valve in the circulating
configuration;

retrieving the reverse out valve farther uphole to operate the reverse out valve from the
circulating configuration to a reverse configuration; and

pumping a second fluid into the annulus around the reverse out valve while providing no

more than one flow path for fluid flow in the downhole direction through the reverse out valve.
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a mandrel slidably disposed within the outer housing, the mandrel and the
outer housing having a circulating configuration and a reverse
configuration relative to one another, in the <circulating configuration,
the reverse out val ve having two independent flow paths for fluid flowin a
first direction and three independent flow paths for fluid flowin a second
direction, in the reverse configuration, the reverse out val ve having one

rom1pq»h fq&r uid fl n th_first direction and two independent flow

fl ow. in |
paths £6r f1IbTFT QY SH@™S8&0ond direction. 20. A reverse out valve
conpri si ng: ananteohdueinghousi ng; a mandrel slidably di sposed wthin the outer

housi ng and formn ng. a bypass,regi gn h : havi ng a
central f|OWPB%@%E§F€WY§% A %gﬁggae(Bég?@%gﬁéﬁgﬁﬁgwggﬁygﬁgggﬁbst and second
si de wahdretporees, tixoRaridred hedngmcenpy dimtpathsiithesvable stdt gositadned theatand irrdlard val ve

el enent oai%ionﬁdlin tpe @e”tralffL$“’F%tQm g&gtvalve el ement and the val ve
seat  HSAAGG™BARWARSVEIY 8" CBMFIGUTALT OF Yiher€in fluid flowin a first

di rection r el atveérniet gobidox@ni thakerftlabflow pali indi sperably atsanbicd ity thervelvestaed, t he
val ve el enent _hei_ng axi al | veabl g relative .tg the valve ,seat to allow
fluid P SWt’ioLﬂ‘é{gg@%ékﬁﬁebaf“i%‘b&?eovﬁﬁ’lﬁ §{%H’te’i“\}‘§v‘f‘%a {lng PESARSAY ¥ ow pat h; wherein
the mandrel 4 fovaxbapdsitiondnvialtetehitedl 8bw pethtad inlfRiddshmiunivatici wigh theflween fir st
and second positions, in the first position, a bypass passageway is fornmed
bet weerP2s¥eeay pEthe XM eBgivd side wal |  ports via the bypass region thereby

al | owi ng by pagseif 1he s hiacbnki RRle Wall p6rting MRy paB tbgloi€orvied NSt d@path and, i n
the second position, bypass flow is prevented; and wherein the outer housing

i ncl ude8roggthBe reversne i §alkol | et that sel ectively prevents axially novable of

the nmandrel Rkt i SaltOclbhsnt st BE vAIAURh(Tom 2deconliTRiid SiIEMERR te rikdisY Butas
recited in claim20 wherein a spring urges the valve elenent in the first

direcpﬂ@h@,zz. The reverse.oyt valye as recited in claim?20 further
conpri sing ayfdQyunk WBE thRSha HRIRE dalakd¥8y form a third fluid path through the reverse out

valve and

wherein the first, second and third fluid paths are independent of one another.

13. The reverse out valve as recited in claim 12 wherein the first fluid path is closed responsive to
a predetermined force being applied in a first direction to an indicating collet of the outer housing and
wherein the first fluid path is opened responsive to a predetermined force being applied in a second

direction to the indicating collet.

14. The reverse out valve as recited in claim 12 wherein the second fluid path is opened

responsive to relative axial movement of the mandrel and the outer housing.
15. The reverse out valve as recited in claim 12 wherein the second fluid path is opened
responsive to a differential pressure and wherein the second fluid path is closed responsive to a spring

urging the valve element.

16. The reverse out valve as recited in claim 12 wherein the third fluid path is closed responsive

to a differential pressure.
17. The reverse out valve as recited in claim 12 wherein the third fluid path is always open.

18. The reverse out valve as recited in claim 12 wherein the third fluid path is selectively closed

via a pressure relief element until the differential pressure thereacross exceeds a predetermined
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central flow path and in fluid communication with a fluid passageway through
the valve elenent. 23. The reverse out valve as recited in claim22 wherein,
in the one way val ve configuration, fluid flowis allowed in the first
direction and the second through the flow tube. 58 24. The reverse out val ve
as recited in claim?22 further conprising a pressure relief elenent

di sposeabrestiotdni n the fl ow tube that selectively prevents fluid flow through
the flow tube. 25. A reverse out valve conprising: an outer housing; a
mandrel slidably disposed within the outer housing and form ng a bypass

regi on 19t herehetwean valvheonipaggel having a central flow path wth a val ve
seat positioned therein and first and second side wall ports positioned on
opposi te si dBLUEF "B\ ve seat; a valve el ement positioned in the central

fl ow path, tdhganval vielaBly @mpeed antBintieouka hdRing£8é mattisliang the o0REhsMg Val ve
configuration wherein fluid flowin a fjrst di[ection relative to the
cent r al "aPRgRcirguptine penfighEenHdiadpyerse sonfigurstinyrelafiggtopne grother.didlist bei ng

axi al I eilomy@aRbeiduediidh | iNerel @sd i€ valad HaQing 8 intiGend@hl QW pdtk far fidi@Wowm 24 second
direction relative to the central flow path; and a spring operably

associ afrEdGFton aphbreg dpdseendend Herpaths s fajditiongn aserong direson, i heresF&rent in

the fidoatigitoRGhd RPrsdRVAIThaVING oRBISI Bdth Fo? iR Rkl M tiEDMaiBctiofladd foe tO the
outer housing between first and second positions, in the first position, a

bypass pépeulgeniley naths figsfliiflayeiniberscaddingstiost and second side wall ports
via the bypass region thereby all ow ng bypass fl ow around the val ve el enent
and the valve seat and, in the second position, bypass flowis prevented.
26. The2lr evet swersgieutvalvgeompsismgei ted in clai m 25 wherein the outer housing
further compiSRPh@Ring Ndicating collet that allows a predeterm ned force in
the first direction to operate the mandrel from the first position to the
second posi td rogndeghelidabledepesed ethiniill aier houyingehd rmukladypasaregioadet er mi ned
force therebetween, the mandrel having a central flow path with a valve seat positioned therein and first and
second side wall ports positioned on opposite sides of the valve seat; and

a valve element positioned in the central flow path, the valve element and the valve seat
having a one way valve configuration wherein fluid flow in a first direction relative to the central flow
path is substantially prevented, the valve element being axially moveable relative to the valve seat to
allow fluid flow in a second direction relative to the central flow path;

wherein the mandrel is axially movable relative to the outer housing between first and second
positions, in the first position, a bypass passageway is formed between the first and second side wall
ports via the bypass region thereby allowing bypass flow around the valve element and the valve seat
and, in the second position, bypass flow is prevented; and

wherein the outer housing includes a positioning collet that selectively prevents axially

movable of the mandrel relative to the outer housing.

21. The reverse out valve as recited in claim 20 wherein a spring urges the valve element in the

first direction.

22. The reverse out valve as recited in claim 20 further comprising a flow tube positioned in the

central flow path and in fluid communication with a fluid passageway through the valve element.

23, The reverse out valve as recited in claim 22 wherein, in the one way valve configuration, fluid

flow is allowed in the first direction and the second through the flow tube.
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in the second direction to operate the mandrel fromthe second position to
the first position. 27. The reverse out valve as recited in claim?25 further
conprising a flow tube positioned in the central flow path and in fluid
communi cation with a fluid passageway through the valve elenent. 28. The
reverse out valve as recited in claim 27 wherein, in the one way val ve

conf i gldat i Oike rdvense dut vhiveows iesited|in downd2 frthen eorhprisgig adirgseurt rebaf ddement he second
t hr ough;. : T : ~ v, i in claim27
Fur ot aea S b e B0 A B S o BB Bt he 1| ow tube
that selectively prevents fluid flow through the flow tube. 30. A reverse

out val.xe cofmri sing. Qut er. housing; 59 a mandrel slidably disposed
Wi t hin 2;éhe ou eé’éfrs %%‘i‘lﬁeg&é“ﬁglts‘%r m ng a bypass region therebetween, the

mandr el haviangutar esingial flow path with a valve seat positioned therein and
first and second rits .pos ethoned 0 fO%FfII)lOSIbte Si d%s of the val ve

i |l _po
seat; a val Ve'® %e}rélﬁlf%ﬁ\glsasf’?sf%r’{g M PIE "TERE AL 0 apﬁ‘faﬁ?reglhg val ve el enent
and t heharédewees eldd marldesl havingea @neeal \lay pdthl with acabkiseu paditicnnd thhvemeand fifsk aridd f | ow

inafirst diirection relative to the ceptral flow path is substantially

pr event’8 ,ndflﬂeeW%lLP pgflh%ﬁtonfig‘?oﬁ%es‘}?fﬁﬁi’flv VE3bl e relative to the val ve
seat to al laowlvk eléhmentfdosivioried irfiths eendartlah paAlE tHeomlve eleakntwad the vakesaentral fl ow
path; and a flow tupe positioned in the central flow path and in fluid
Do, BSE B BH e b die FAS b bR o Bagre £ VAR e Re LR o ¢

t he man@mas subSa@sil@apleyeniddy @b hgve @bradnt Y&ng & idllfendredtdd rehaausSiotig: \RBk wae ;i rst .
and second = positions, in the first position, a bypass passageway is forne
bet Weerf‘%f"ﬁélufdifﬁ’&méﬁﬁc"%g‘é‘ﬁ&o’é‘ie V?/\Hlt]l‘eceb‘&??@w??'g’ ?”%e bypass region thereby
al I owi ng bypapsind dRibB04601d el REth ViRl Ve @leidBNihe @ﬁ}dlgtuh%ng/ti% VAvSaahent ANEL 1N

t he second position, bypass flowis prevented. 31. The reverse out valve as
reci t ed"t{HIEGHeMm 30 wherein, in the one way val ve configuration, fluid

wherein the mandrel is axially movable relative to the outer housing between first and second
positions, in the first position, a bypass passageway is formed between the first and second side wall
ports via the bypass region thereby allowing bypass flow around the valve element and the valve seat

and, in the second position, bypass flow is prevented.

26. The reverse out valve as recited in claim 25 wherein the outer housing further comprises an
indicating collet that allows a predetermined force in the first direction to operate the mandrel from
the first position to the second position and wherein the indicating collet allows a predetermined force

in the second direction to operate the mandrel from the second position to the first position.

27. The reverse out valve as recited in claim 25 further comprising a flow tube positioned in the

central flow path and in fluid communication with a fluid passageway through the valve element.

28. The reverse out valve as recited in claim 27 wherein, in the one way valve configuration, fluid

flow is allowed in the first direction and the second through the flow tube.

29. The reverse out valve as recited in claim 27 further comprising a pressure relief element

disposed within the flow tube that selectively prevents fluid flow through the flow tube.

30. A reverse out valve comprising:

an outer housing;
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flowis allowed in the first direction and the second through the flow tube.
32. The reverse out valve as recited in claim30 further conprising a
pressure relief elenment disposed within the flow tube that selectively
prevents fluid flow through the flow tube. 60
a mandrel slidably disposed within the outer housing and forming a bypass region
therebetween, the mandrel having a central flow path with a valve seat positioned therein and first and
second side wall ports positioned on opposite sides of the valve seat;
a valve element positioned in the central flow path, the valve element and the valve seat
having a one way valve configuration wherein fluid flow in a first direction relative to the central flow
path is substantially prevented, the valve element being axially moveable relative to the valve seat to
allow fluid flow in a second direction relative to the central flow path; and
a flow tube positioned in the central flow path and in fluid communication with a fluid
passageway through the valve element;
wherein the mandrel is axially movable relative to the outer housing between first and second
positions, in the first position, a bypass passageway is formed between the first and second side wall

ports via the bypass region thereby allowing bypass flow around the valve element and the valve seat

and, in the second position, bypass flow is prevented.

31. The reverse out valve as recited in claim 30 wherein, in the one way valve configuration, fluid

flow is allowed in the first direction and the second through the flow tube.

32. The reverse out valve as recited in claim 30 further comprising a pressure relief element

disposed within the flow tube that selectively prevents fluid flow through the flow tube.
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