REVERSE OUT VALVE FOR WELL TREATMENT OPERATI ONS TECHNI CAL FI 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 nay Revixse wuad velnvkngok em QREArMERT odPERYIoNsar bons from a
wel | traversing an unconsolidated or |oosely consolidated subterranean
formati on. Nunmerous problens may occur as a result of the production of
such particul ate. For exespheicAihemzant beutgd enaigasnabrasive wear to
conponents within the wel T, such as tubi ng, punps

[0001] This invention relates, in general, to reversing

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.



and valves. In addition, the particulate may partially or fully clog the
well creating the need for an expensive workover. Also, if the particul ate
matter is produced to the surface, it nust be renoved fromthe hydrocarbon
fluids by processing equipnment at the surface. [0004] one nethod for
preventing the production of such particulate material to the surface is
gravel packing the well adjacent the unconsolidated or |oosely consolidated
production interval. In a typical gravel pack conpletion, 2 a conpletion
string including a packer, a circulation valve, a fluid |loss control device
and one or nore sand control screens is |lowered into the wellbore to a
position proximate the desigmkcROONDCOF OXHE NiNeEwaloNA service tool s then
positioned within the conpletion string and a fTurd slurry including a
liquid carrigsoesd a parhbat! atl@.mi@ﬁﬁri ghekn@opas @ravelhd s pheseunped
through the <circulation valve into the well annulus fornmed between the

sand control j 86&eeNsh ,anshk § heapREF S edsWalds a8k «3khOR&FeRake PIHduction
zone. [0005] The liquid carrier either flows into the formation or returns

to the surfagge by flc@thREoh Nr W9h hb&rocarbons through a  wellbore

traversing an unconsolidated or loosely <consolidated
formation, as an example.

[0003] It is well known in 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 unconsolidaped¥.on
loosely consolidated subterranean formation. Numerous
problems may occur as a result of the production of such
particulate. For example, the paxticulate causes abrasive
wear to components within the well, such as tubing, pumps
and valves. 1In 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



sand contro

perneable to the flow of

particul ate

screens or both. In either case, the gravel is deposited
around the sand control screens to forma gravel pack, which is highly
hydr ocar bon fl uids but bl ocks the flow of the

carried in the hydrocarbon fluids. As such, gravel packs

successfully prevent the problens associated with the production of

particul ate

materials fromthe formation. [0006] During such a gravel

can

packi ng operation, the service tool used to deliver the gravel slurry nust
be operated between various positions. For exanple, the service tool
typically has a run-in configuration, a gravel 3 slurry punping

configuratios adshpFldtdvar seteliihg chidluginat | an. pddker,dea t @iopelat forl he

service too

bet ween these positions, the service tool is typically noved

axially rel afhyeef oat FRueanl s OforsirdINGdedite a8k t bRA, orthancs@ Vé&ea t ool

typically used to open and

the axiall ycopvedendcrifentshel Serdietedt aakor ehat wee1bord heo soppletisn
string. [0007] It has been found, however, that such axially novenent of

the service

beskinAlatine dds e g3Heti R interval. A service tool
is then positioned within the completion string and a fluid
slurry including a 1liquid <carrier and a particulate
material known as gravel is 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 liquid 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 is 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

is

close the circulation valve, which also requires



string can adversely affect the formation. Specifically, novenent of the

service too

production fluids out of the formation. Likew se, novenent of the service
e relative to the conpletion string can undesirably force
wel | bore fluids into the formation. This type of swabbing can damage the
formation including, for exanple, damaging the filter cake in an open hole
Therefore a need has arisen for a service tool that is able to
between its various positions wthout swabbing the formation.
SUMVARY OF THE | NVENTI ON [ 0008] The present
conprises asiG¥eySe SupMal Ve doNriueRavibRi N anger vice fopbrelringi@a well
treatment operation such as a gravel packing operation. The reverse out

val ve of the-phes@ntadiBent i Ofn abiduss #@r bpkidk r &lid NSe@YEERY L4e) gravel
packi ng operation and allows for reversing out the gravel

t ool downhol

conpl eti on.
be operated

uphol e relative to the conpletion string can undesirably draw

i nventi on di scl osed herein

fromthe work

4

string fol | opkpgedhe w@edkel ppaptidid, operat i ikl ecosubstsant gl y1igol ating

the formation fromthe reverse out fluids. Inportantly, the reverse out

valve of theppiegeMxially relative to the completion string. In

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 been found, however, that such axially
movement of the service tool relative to the completdon
string can adversely affect the formation. Specifically,
movement of the service tool uphole relative to the
qompletion string can undesirably draw production fluids
out of the formation. Likewise, movement of the sexvice
tool downhole relative to the completion string can
undesirabiy 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.



invention allows for operation of the service tool between its various
positions w thout swabbing the formation. [0009] In one aspect, the present
invention is directed to a reverse out valve that conprises an outer
a mandrel that is slidably disposed within the outer housing
form ng a bypass region therebetween. The mandrel includes a central
val ve seat positioned therein and first and second side wall
ports positioned on opposite sides of the, valve seat. A valve elenent is
positioned in the central flow path. The valve el enent and the valve seat
have a one way valve configuration wherein fluid flowin a first dir

the central flowpaidry 9rswlst eyt ion prevented. The val ve

housi ng and

path with a

relative to
elenent is

5 axially noveable rtelrative to the valve seat to allow fl

fl ow

ection

ui d

flowin a segggyhidi r eghicOp okl 1i9vARPOSHt B10E164&1 fhésdin dismetiqy The
mandrel is axially novable relative to the outer housing between fir

second positiopsyeddt tAf Jd1ve! ARQSLkONitaiRYRASErPESS SR Ya SidoraTed

bet ween t he

al 1 owi ng bypass f1 eyeafpund t g

second position, bypass flow i

first and second side wall ports via the bypass region

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 in-veﬁtion is directed
to a reverse out valve that comprises an outer housing and
a mandrel that is 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 wvalve seat. A valve element is
positioned in the central flow path. The wvalve 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
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prevented. (0010] In another aspect, the present invention: is directed to
a nethod of operating a reverse out valve to mnimze swabbing of a
formati on. The nethod includes providing at |east two i ndependent fl ow
paths for fluid flowin a, first direction and at |east two i ndependent
flow paths for fluid flowin a second direction through a reverse out
valve in a run in configuration of the reverse out valve, providing at

| east two i ndependent flow paths for fluid flowin the first direction and
at |east three independent flow paths for fluid flowin the second
direction through the reverse out valve in a circulating configuration of
the reverse auiaVhy vitowsubla @dlditigeato lthaswvadne beaw pathliew flwidl fl ow
in the second direction 6 through the reverse out valve in a reverse
configuratiofilek ihha mevendedawvbcvbbvewhidlild oppssfuy tdertwspettsct he
present inventionis directed to a nethod of operating a reverse out valve
to mnimzedsvaebbidig ofTiee fdmdtdlons Eidareyhedvable udeSat iwnnidOtiee r ever se
out valve downhole in a run in configuration while providing at |east two
i ndependent Hl10¥¢ 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 wvalve seat. In the second position, bypass flow is
prevented.
{o010] In another aspect, the present inventiom: is

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'in the second
direction through the reverse out valve in a circulating
configuration of the reverse out valve and providing at

least one flow path for fluid flow in the second direction



paths for fluid flowin an uphole direction through the reverse out val ve,
punping a first fluid into an annulus 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 uphole direction
t hrough the reverse out valve, retrieving the reverse out valve partially
uphol e 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 fromthe <circulating configuration to a reverse
confi gur at i othandghpthgi never secortd viallyed innkorever ssmdnfd gareundnt b
reverse out valve while providing no nore than one flow path for fluid
flow in the daenhelrersk reot iveivehr ough the reverse out valve. 7 [0012] In
yet another aspect, the present invention is directed to a reverse out
val ve that irolbadgs anlimuterfuihesi ngspact a rhadredestehat isvesdticabl ¥s
di sposed within the outer housing form ng a bypass regi on therebetween. The
mandrel has aieesteal tbl awmpatdndth eperdnimgsentreverse out valve to
minimize swabbing of a formation. The method includes
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 valwve: 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.



positioned therein and first and second side wall ports positioned o
opposite sides of the valve seat. A valve elenent is positioned int
central flow path and operably associated with the valve seat to con

fluid fl ow

t herebet ween. The valve el enent has a fluid passageway: .

tube is positioned in the central flow path and is in fluid comunic
with the fluid passageway of the valve elenent. The first and second
wal | ports and the bypass region forma first fluid path through the
reverse out valve. The valve elenent and the valve seat forma seco
fluid path through the reverse out valve. The flow tube and the flu

passageway fqoorzgthirrh f{yed dapether t hspagh t e r pyesse: ouhvemdivgy The
first, second and third fluid paths are independent of one another.
In an additi gRabcesdeth, 4 heepees&ntournveiiveonthst dinkgalies ta acigyerse out

val ve t hat

i ncludes an outer housing and a mandrel that is slidably

di sposed W t Rbsife a &wtﬁrmﬁﬂﬁﬁéimkﬁéﬁfﬂdﬂhﬂid@%&?saléﬁgbga L hex abetwe

8 mandrel has a central flow path with a fluid f

ow control el enent
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[ 0013]

en. The

posi tioned tBﬁ&@tnh@ﬂglﬁbf&BrﬁﬂﬂgSQCQﬁ$é§§ﬂ%éﬁﬂdn R debeRQsbhl oneghon
opposite sides of the fluid fl

mandrel has 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 is positioned in the central flow path and opexably
associated with the wvalve sgeat 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 wvalwve. The wvalve element and the wvalve seat form a
second fluid path through the reverse out wvalve, The flow
tube and the fluid passageway form a third £fluid path
through the rxeverse 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



control elenment. The mandrel is axially novable relative to the oute
housi ng between first and second positions. In the first position, a
passageway is formed between the first and second side wall ports vi
bypass region thereby allow ng bypass flow around the fluid flow control
element. In the second position, bypass flowis prevented. An axi al

generator is positioned between the outer housing and the mandrel to

t he mandr el

toward the first position when the mandrel is in the sec

position. An axial lock prevents relative axial novenent of the oute
housi ng and the mandrel when the mandrel is in the second position a
axi al | ock | mapdgehedas|[ 80téhttal afbdhepadspecth ahelpidsehowi nvptitobn i S
directed to a reverse out valve that includes an outer housing and a
mandr el that ellemeht dpbk yt {brsgabD Sette »ud itnhi and hel r siut &1d hesesiny. s ide wandr el and
the outer housing have a circulating configuration and a reverse
confi gurati oportel apdssailohe@neoAnodpisssiten thaesi refil aniengfeandi gor&t i on,
the reverse out valve has two i ndependent flow paths for fluid flow
first directicontadll thément ndepredeandbedwis9 apathsy f novible drél sriva a
second direction. In the reverse

to the outer housing between first and second positions.
In the first position, a bypass passageway 1s formed
between the first and second side wall ports via the bypass
region thereby allowing bypass flow axound the fluid flow
control element. In the second position, bypass flow is
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 movenment
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 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 the outer housing have a
circulating configuration and a reverse configuration
relative to one another. 1In the circulgting configuration,
the reverse out valve has two independent flow paths for

fluid flow in a first direction and three independent flow
9
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configuration, the reverse out valve has one flow path for fluid flowin
the first direction and two i ndependent flow paths for fluid flowin 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
the outer housing have a circulating configuration and a reverse
configuration relative to one another. In the circulating configuration,
the reverse out valve has at |east two independent fluid flow paths for
fluid flowin a first direction and three independent flow paths for fluid
flow in a sepahns €orefluigh.fllow tine ar eecorsed dirddguemat i dn, thhereverssse out
val ve has no flow paths for fluid flowin the first direction and one fl ow
path for flucdnfiguratidmhe thecorderder eati oalvd OhB&Rl &ke DEGSRI PALIONGF THE
DRAW NGS [ 0016] For a nore conpl ete understanding of the features and
advant ages ofltubé pieseni theefitron,disfeEriencands twowindagendent heladet ai | ed
description of the invention along wth the acconpanying figures in which
correspondi ngaths 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 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 rex}erse configuration, the reverse out
valve has no flow paths for fluid flow in the first
direction and cne flow path for fluid flow in the second

direction.
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nunerals in the different figures refer to corresponding parts and in
whi ch: [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 of a conpletion string; [0019] Figures 3A-3B are cross sectional
views of successive axial sections of a reverse out valve of the present
invention in tw positions; [00203 Figures 4A-4B are cross sectional views
of successive axial sectBRIRF dIESERIETVEON OO UTHE HRAWIBESt he present
invention in tw positions; [0023] Figures 5A-5D are cross sectional
of successi [002g] al SEot isom®ref campéete sendentstamdiegobft hbe peaserds
invention in four positions; 11 [0024] Figures 6A-6B are cross secti onal
views of suaaassidvenaxgas se&cthenprebentr éveeseiauyt wefferenaie tiwe ngw esent
invention in two positions;

made to the detailed description of the invention along

Vi ews

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 operatien;:

[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] Fiqures 4A-4B are c¢ross 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



[ 0025] Figures 7A-7B are cross sectional views of successive axial sections
of a reverse out valve of the present invention in tw positions; and

[ 0026] Figures BA-BB are cross sectional views of successive 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] Wil e the maki ng and using of
various enbodi nents of the present invention are discussed in detail bel ow,
it should be appreciated that the present invention provides many
applicabl e inventive concepts which can be enbodied in a wi de variety of
specific contexts. The specific enbodinments discussed herein are nerely
illustrative [0b24FpeciHiigureays 6o 6Bakarand cusest heetni@ml onviewxd dof not
delimt the scope of the present invention. [0028] Referring initially to
figure 1, a setwéseivd oakial nekudiogs aofever seveorde vahve vallvehe fprasent
invention is being lowered into a conpletion string froman offshore oi

and gas pl at peeseithaindentioheint twalposiidilonstrat ed and general ly desi gnated
10. A sem -subnersible platform 12 is centered over a subnerged oil and gas
formati on 14 thogki ed 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 BA—BB are cross sectional views of
successive axial sections of a reverse out valve of the

present invention in two positions.

12



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 pack the annul ar DEEFIDED T SORIBPOIUIONS a0F THINCNUENTSON eens 40, 42, 44,
work string 30 is lowered through casing 34 and at least partially into
conpl eti on stiooRP] 38. WHArK tier magiRg bnal usisy oS ararioest epbolinskays Nng a
wash pipe 56, a reverse out valve 58, a cross over tool 60, a setting tool
62 and ot her ofoghs phabent eiknonttidro {40sE scakkbbbedni Bethel apélowNCer service
tool 54 is positioned wthin conpletion string 38, service tool 54 may be

operated thrHghi1dt peValgpRusipesat ktARS tReaPTWEBNPr GAGENtion provides

many applicable 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 is
being lowered into a completion string from an offshore oil
and gas platform that 1is schematically illustrated and
generally designated 10. A semi-submersible platform 12 is
centered over a submerged o0il 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 is cemented
within wellbore 32 by cement 36. A completion string 38

13



operation of service tool 54 and so that work string 30 may be pickl ed.
Thereafter, a fluid slurry including a liquid carrier and a particul ate

mat eri al such as sand, gravel or proppants is punped down work string 30.
[0030] During this process, the fluid slurry exits service tool 54 into
annul ar 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 is
deposited therein. Sone of the liquid carrier 14 may enter formation 14

t hrough perforation 64 while the remainder of the fluid carrier enters sand
control screaas bédbn 4Rdstddled hwischior tdasingf 3uhe Complethsr i etritenigent ers
wash pi pe 56 passing through reverse out valve 58 and cross over tool 60
for return tanthedéesir f 886d vi ortirell usaeabove, packer 46. pbeitiomsd sl urry
is punped down work string 30 wuntil annular region 52 around sand control

screens 40, 43djacddt iso ffdined ivnt haghaveden [gHEKErsFak| owg ng bheseposd i on of
the gravel packing operation, service tool 54 may be nanipul ated to, for
exanpl e, preyenpakbeotrali rgrefilaeing NGabye C3OSI NPhdEVEL SBs desired to
" gravel pack the annular region 52 around sand control
screens 40, 42, 44, work string 30 is 1lowered 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 various 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

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

slurry is deposited therein. Some of the liquid carrier
14



out valve 5
fluid may n
circulating
may now be
taking of- r
addi ti onal

Cross over

conplete th
40, 42, 44.

8. In this exanple, addition fluid slurry or other treatnent

ow be punped down work string 30, through cross over tool

60 and

valve 50 into annular region 52 to fracture formation 14. It
desirable to again mani pul ate service tool 54 to allowthe

eturns by opening reverse out valve 58. In this exanple,

fluid slurry may now be punped down work string 30, through
tool 60 and circulating valve 50 into annular region 52 to
e gravel pack of annular region 52 around sand control screens

Followi ng this portion of the gravel packing operation,

servi ce

tool 54 may Rgymenicpul athat@onlI €l OsEoURVepsEr Ot Ve S&hand neye be used

to close a

sliding sleeve within circulating valve 50. In this

configurati opemdintet nay die praIRd d@wheanedtbss 66aRddcbit b1 Wke sty i Ng 30
_ ss over tool 60 to reverse out the gravel within work string 30.
Fol | owi ng thegoJ eyer sgq. Oubh ¥ GSA/S onOldFefheeleh ut Heah FENd r OpRIALd pNS-gTBY be
performed as desired using service tool 54. [0032] Even though figure 1

depicts a vegiikapipelde paksifforhfolkigh NS sRY caBevakid | o8 iy tdigart that

t hrough cro

the reverse

over tool 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 ci.rculating valve 50
into annular region 52 to fracture formation 14. It may
now pe desirable to again manipulate service tool 54 to
allow the taking of retuxrns by opening reverse out valve
58. In this ex.ample, 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



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, it should be noted by one skilled
inthe. art that the reverse out valve of the present invention is equally
wel |l -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 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, itlosdouwkdebse n@ued Wlwenesskidrldednayn bhe wreld that cllbeer ewver se
out valve of the present invention is equally well-suited 16 for use in a
variety of tpeadimnt sQperati epshierairtulatisg desiveablse.t o sehecthiiel y

al l ow and prevent circulation of fluids through a service tool and prevent

swabbi ng of &&efiduatabnon fduedt e pxbéal puripeTRIBwnObnhliBuseed i £6d tiglo [ 0033]
Referring next to figures 2A-2G therein are depicted successive axia

sections of @cfRVEESEnHUBOVEhYBugf ckBes PHOELNobNVEDL itQN ddidds® VA Ous
positions as It IS

the gravel within work string 30. Following the reverse
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, it should be noted by one skilled in the art
that the reverse out valve of the present invention is
equally well-suited for wuse 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 in 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



axially noved relative to a portion of a conpletion string.

Referring first

to figure 2A, a reverse out valve 100 positioned within a section of a
conpletion string 102.'. is inits circulating position. Conpletion
102 includes a plurality of axially extending, substantially tubular
menbers that are threadedly and sealingly coupled together. In the depicted
portion of conpletion string 102 in figure 2A, circulation nmenber 104 and
hone bore nmenber 106 are threadedly and sealingly coupled together.
Circul ation nmenber 104 has a radially expanded internal section 108
shoul der 110. Hone bore nenber 106 has a radially expanded internal
112 and a shesot dese 1id. a (ADBMy Refv et tiightvapeeadDénd ndlardas art axd al |y
general |y tubul ar outer housing 120. Quter housing 120 incl udes
a substanti afiéyifdHad ato UpPRECt BAF1IRECd Xifowl 22hAdgpdwasht ccidfnigadddhy dfecei ve
the pin end of 17 another tubul ar nmenber of the service tool such as a
cross over {p@lds QHEdudhOUS| 8grdize adsal |4t Ushesre ts Uaabaihigaldty tHaibul ar
upper adaptor 124 that is threadedly and sealingly coupled to the upper end

ext endi ng,

string

and a
section

of an axi al | yoexdendi kge 86Nek2d1 Ynoviewlrk abf bypassausi dgoenber 126.
Bypass housi ng nenber
[0033] Referring next to figures 2A-2G, therein are

depicted succesasive 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 wvalve 100
positioned within a section of a completion string 102 is
in 1its c¢irculating 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 valve 100 includes an axially
extending, generally tubular outer housing 120. Cuter
housing 120 includes a substantially tubular upper

connector 122 adapted to threadedly receive the pin end of
17



126 has a radially expanded internal portion 128 that defines the exterior
of a bypass region 130. Bypass housing nenber 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 nore
radi al | y expanded outer regions 134 each including an upper shoul der 136
and a | ower shoulder 138. Indicating collet 132 is threadedly and sealingly
coupled to the upper end of an axially extending, generally tubul ar
positioning collet 140. Positioning collet 140 includes one or nore
radially inwardly projecting nenbers 142. [0035] Reverse out valve 100 al so

includes an axbendy t@dRRdingbegener ahby sbubitar ts@ndsiedn 4.2 Mgl 144
includes an axially extending, generally tubular upper connector 146 that

is threadedl yyandeSeR! | NallteColRisedgt 920t fitsd oMRIIvaRd af sUBBEsnERMNgEt Oor 122
of outer housing 120. Upper connector 146 includes a first series of side

wal | ports L4 And goSaconthpt@r emofthsrcde.sw@bﬂreaaéaﬁy 1504 &a1ikdyithe

illustrated enbodi nent, upper connector 146 has siX I de wall ports 148,

only four of Wﬁlklcéh as ﬁHeS'uB'p%z and ofos ﬂ?ﬁl‘@'éxtgﬁaiﬁg 59ené¥bl1}iyt hree of
whi ch are vi si

tubular bypass housing member 126. Bypass housing member
126 has a radially expanded internal portion 128 that
defines4 the exterior of a bypass region 130. Bypass
housing member 126 is threadedly and éealingly 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 c¢ollet 140 includes one or more
radially inwardly pxojecting members 142.

[0035] Reverse out valve 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. 1In
18



It should be noted by those skilled in the art that other

nunbers of s

wal | ports 148, 150, both greater and less than six and four, are also

possi ble and within the scope of the present invention.
includes a valve seat 152 that is positioned in the axia
connector 146 between side wall ports 148 and side wall
illustrated enbodi nent, valve seat 152 is integral wth'
146, however, valve seat 152 could alternatively be coup

Upper connecto
| section of

i de

r 146
upper

ports 150. In the

upper connect
|l ed with upper

or

connector 146 by threading or using other connection techniques known to
those skilled in the art. Mandrel 144 also includes an axially extending,
general |y tubnd arillustestedi anboaender, 19dpthatcdntethboeaded yhand sseal i ngly

coupled to the | ower end of upper connector 146. Coupl ed

to the | ower

end

of internmedi aige NMeaber pdbds i s4an axigl leguresitentiied, agenssialibyet ukimaar | ower
connector 156 that is adapted to be threadedly received in the box end of

anot her tubgdar seidesaldf gdidssanv, Cenl gokhréoOWSf wipivECixd Jdifibikas a

radi ally expanded outer portion 158 that includes an 19

upper shoul der

and a | ower shoghélerd 16 ndbardre) drdse definesl anceaiter alrd | thaithek64.

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 1

wall ports 150. In the illustrated embodiment,

48 and side

valve: seat

152 is integral with' upper connector 146, however, valve

seat 152 could alternatively be coupled
connector 146 Dby threading or using other

techniques known to those skilled in the art.

with upper
connection

Mandrel 144

also includes an axially extending, generally tubular

intermediate member 154 that is threadedly and sealingly

coupled to the lower end of upper connector 14

6. 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

19

includes an
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[0036] Reverse out valve 100 further includes an axially extending,
general ly tubul ar val ve el enent assenbly 166 that is positioned within
central flow path 164 of mandrel 144. Valve el enent assenbly 166 includes a
val ve elenent 168 that is sealingly engageable with val ve seat 152 of
mandrel 144. Valve elenment 168 includes a fluid passageway 170. Valve
el enrent assenbly 166 also includes a flow tube 172, the interior of which
is in fluid communication: with fluid passageway 170. A netallic force
generator such as a spiral wound conpression spring 174 is positioned
around flow tube 172 and between a spring support nenmber 176 of upper
connect or 123ppex sh@frdetg 1BpENd arehdedr Istbulfderf 16w, t Mamdké2. 14@037] |t
shoul d be apparent to those skilled in the art that the use of directional
terms such agesghwse,a behoval fpperpadhowes, upward, downward and the like are
used in relation to the illustrative enbodinents as they are depicted in
the figures, [60®supwardvErs€CcbuONvIBIagldOVERITd hel hént D& drhexsgiaringspondi ng
figure and the downward direction being toward the bottom of the
correspondi ngxtdidiWeg. bénskemlyl kebnDiedvaheeevelendrtat abbensByenss out 20

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 wvalve 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 communicatiam with

fluid passageway 170. A metallic force generator such as a

spiral wound compression spring 174 is 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.

[0037] 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 in

relation to the illustrative embodiments as they are

depictéd 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 '



val ve of the present inventionis not limted to such orientation as it is
equal ly-well suited for use in inclined and horizontal orientations. [0038]
The operation of reverse out valve 100 will now be described with referring
to figures 2A-2G In figure 2A, reverse out valve 100 is in its circulating
position. Additionally, the circulating valve of conpletion string 102 is
inits circulating position wherein circulation ports 180 of circul ation
menber 104 are open to flow as sleeve 182 is in its |ower position. In the
circulating position of reverse out valve 100, a bypass passageway 184 is
fornmed as side wall ports 150 and side wall ports 148 are in fluid
conmmuni cat i oMa¥ve ®fpaske r @giesant30invaptiikps izombtgutEtited thersddre up to
three independent fluid paths through reverse out valve 100. Specifically,
if reverse outenNEuiEN 0@swers ndgededowniyadlly r ehatede for ool dmon
string 102, fluid could travel through bypass passageway 184, through
central flowipalinedangy hppyzegtal dniengpeiens- 168 of f val ve seat 152 and
through flow tube 172 via fluid passageway 170. In addition, if reverse out
val ve 100 wel@03®led Ubwarctieyatébat iofe regeroaplosti alyerilf§ wid2, ridwii d
could travel through bypass passageway 184 and

be described with referring to figures 23-2G. In figure

2A, reverse out valve 100 is in its circulating position.

Additionally, the circulating valve of completion string

102 is in its circulating position wherein circulation

ports 180 of circulation membexr 104 are open to flow as

sleeve 182 is in its lower position. In the c¢irculating

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. 1In 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, fluld could travel through bypass

passageway 184, through central flow path 164 by moving

valve element 168 off valve seat 152 and through flow tube

172 wvia fluid passageway 170. 1In 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



through flow tube 172 then fluid passageway 170 but not 21 through central
flow path 164 as valve elenent 168 will be seated on valve seat 152. In
this manner, novenent of reverse out valve 100 in its circulating position
either upwardly or dowwardly relative to conpletion string 102 wll not
cause swabbing of the formation. [0039] In figure 2B, reverse out valve 100
has been shifted fromits circulating position to its reverse position.
Additionally, the circulating valve of conpletion string 102 remains in its
circulating position wherein circulation ports 180 of circul ati on nenber
LO4- are open to flow as sleeve 182 is in its lower position. Reverse out
val ve 100 hagnhbeedh stedtird tfldwt patBverdeaspoale 081&yeOVIFE wiaMense out
val ve 100 upwardly relative to conpletion string 102. As illustrated,

shoul der 136sehted N@nCatdlv@ Coédet 1832 i SIh NtEOBt adhneiel h neR@ukder dfd4 of
hone bore nmenber 106. As sufficient dowward force is applied against

shoul der 136yeteksuli gati RA1GE! 180 132 bys shevhiefinklipeditione ooierenber
106, the radially inwardly projecting nmenbers 142 of positioning collet 140
are outwardiywik@Bg eyeracwnaukdey HaQaiviower capneeish L3&ing 102
will not cause swabbing of the formation.
[0039] In figure 2B, reverse out wvalve 100 has been
;hifted from its «circulating position to 1its reverse
position. Additionally, the c¢irculating ~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 in its lower position.
Reverse out valve 100 has been shifted to its reverse
position by moving reverse out valve 100 upyardly 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 138 of

lower connector 156, bypass passageway 184 is disable as
22



As radially inwardly projecting nenbers 142 slide downwardly over radially
expanded outer portion 158 of |ower connector 156, bypass passageway 184 is
disable as 22 side wall ports 150 and side wall ports 148 are in no |onger
in fluid communi cation via bypass region 130. In this configuration, there
are up to two independent fluid paths through reverse out val ve 100.
Specifically, if reverse out valve 100 were noved downwardly relative to
conpletion string 102, fluid could travel through central flow path 164 by
novi ng val ve el enent 168 off valve seat 152 and through flow tube 172 via
fluid passageway 170. In addition, if reverse out valve 100 were noved
upwardly rekabéverala opsidet 160 2hdi Ngiddd2wall updreoulidiat ravel int MHoOugh
flow tube 172 then fluid passageway 170. In this nanner, novenent of

reverse out vahyer 198 iMuiills daMehseat POSI ¥ignbephber rugves digoor dmwwardly
relative to conpletion string 102 will not cause swabbing of the

formation. [QR491-6akiexediile, rawafeseautuyatyetdd0:aaspdeddmyediuiypwardly

t hough hone bore nenber 106 in its reverse position.w thout swabbing the

formation aspgery ivhrbugHr reverse out valve 100. Specifically, if
reverse out valve 100 were moved dowﬁwardly relative to
completion string 102, fluid could travel through central
flow path 164 by moving wvalve 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 trawvel
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 bore member 106 in its 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



2C. Specifically, reverse out valve 100 has noved up to a point where the
radi ally expanded outer regions 134 of indicating collet 132 have engaged
with sliding sleeve 182. In this position, further upward novenent of
reverse out valve 100 relative to conpletion string 102 wll shift 23
sliding sleeve 182 upwardly relative to circulation ports 180 of

circul ation nenber 104 to prevent flow therethrough, as best seen in figure
2D. Further upward novenent of reverse out valve 100 relative to conpletion
string 102 wll release the radially expanded outer regions 134 of
indicating collet 132 fromsliding sleeve 182, as best seen in figure 2E.

Addi tional UpYBdLhdOYEIBAE 082 I BYRESELPUEel Mailvee dD0c1 phatdti@nt pdxaiEpl etion
string 102 can now be used to position the service tool for the reverse out

process. [09dd]oReyBF&A Q4bnVAkMBe 1000 £ 2, §lache FRYAdcnepurwRhdry, though
hone bore menber 106 in its reverse position, w thout swabbing the

formation as;se@ashkn Jddilr en 2Equspedinf.i cakl¥thE£VapRgraUo@h¥AL 14} has
noved down to a point where thé radially expanded outer regions 134 of

i ndi cating cplbelsd 33.have190092aR0 ikt Sld dEBO cBhBeue; 382 standlgShidyt ed

sliding sleeve 182 downwardly relative to |
will release the radially expanded outer regions 134 of
indicating collet 132 from sliding sleeve 182, as best seen
in figqure 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 its reverse
position without swabbing the formation as seen in figure
2F. Specifically, revexse 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 toi completion string. 102 will cause
reverse out valve 100 to be shifted frém its 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



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 shoul der 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 18@rcéBat @i ahbdoéAVarndly pray eshfnciByenswdd? Fokde upwardly
over radially expanded outer portion 158 of |ower connector 156, bypass

passagevay 18fpiSe®P8hetnss shdgrddd | 13P0LES ikl caEng d81nat! 1portsy 148 are
placed in flurd comunication via bypass region 130. As stated above.,; in

this configusgbhpdet her® argx URitreullBEe6n i NAGRRNden4f | UkHe PRAASa Lty ough
reverse out valve 100. Specifically, if reverse out valve 100 were noved

gow;\ggr dly rehabiyBy t frofddilff | miinsdrsl NO2l025 Hby ¢ sfawlgd ddiavwel {4y ough

P 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 is opened as side wall
ports 150 and side wall ports 148 are placed in fluid
communication wvia bypass region 130. As stated above,. in
this configuration there are up to three independent fluid
paths through reverse out valve 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 valve 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. 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



passageway 184, through central flow path 164 by noving valve elenment 168
of f valve 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
t hrough flow tube 172 then fluid passageway 170. I'n this manner, novenent
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 formation. 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 mepyeflatdewnwar dbicé hr eagdy onesdror evameader1 ¢h06.id 0043] t#se shoul d
be apparent to those skilled in the art, reverse out valve 100 can be noved

upwar dly t hr gugbul doih kA viRAbels Hebitec@Pehakeghf&®M G| Sr&dbddd akitg
position to its reverse position and downwardly t%rough hone bore nenber

106 to operaggi{E0mdd S cboyYar Sike PQeiki8fedt &d t Ehei I SutRIdeNJoPOSHETEN as

many tines as desired by the operator dependi ng upon the treatnent reginen.

I mportant |y, gqbiheatiMart 3ngndavReasskméapent 106 | | not
[0043]‘ As should be apparent to those skilled in the
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 in 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,

Q

bypass housing member 126, indicating collet 132 and
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cause swabbing of the formation as there are up to three independent fluid
pat hs through reverse out valve 100 in the circulating position and up to
two i ndependent fluid paths through reverse out valve 100 in the reverse
position. [0044] Referring nowto figures 3A-3B, therein are depicted
successi ve 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 porpbontiladdiddatoriadd Neso I he Bypxber heusohgambypéss 12€ginas 1.30.
Indicating collet 132 has one or nore radially expanded outer regions 134

each includipgiam ypprepasiedl defketn®l ansbraibawerzssheyhelerdetd8es Rasd tioning
collet 140 includes one or nore radially inwardly projecting nenbers 142.

Reverse out ¥aLyeidPlor ad Hydarel wdgsonangs el A dakahgCesPLIé ez LRNREY

connector 146, internedi ate nmenber 154 and | ower connector 156. Upper

connector 14gnéncéidafore firhalaseyi eihasideo¥@éd regions 134 each
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 wvalve 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 is 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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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 shoul der 160 and a | ower shoul der 162.
Mandrel 144 defines a central flow path 164 having a val ve el enent
assenbly 166 positioned therein. Valve elenent assenbly 166 includes a

val ve el enent 168 that is sealingly engageable with valve seat 152 and a
flow tube 172, the interior of whichis in fluid communication with fluid
passageway 170 of valve el enent 168. A spiral wound conpression spring 174
is positioned around flow tube 172 and between a spring support nenber 176

of upper conneei®y 122 andnreSPSANYrsveRSEt olENRANvA7800f {4 ownt ulte 172. 27
[0045] In figure 3A, reverse out valve 100 is in its circulating position.

Speci fical l'yci waeia@dd HedishBalY éﬁéecmr&qﬁﬂowea SCEYLLE $00iry NG uding
reverse out valve 100, the fluid slurry exits the cross over ports of the

service tooh,ahd EAl S 1da8+vaRBULYS] t tndNRIIGH §elvBEsOf ohbeva GAITPIRY,I ON
string via the circulation ports of the conpletion string. The fluid slurry

travel s in thgs apiy 41Ss1.80d d8AQSI hhel L3085 AURLy BpOMN e BaNnd: GARL ol
screens of
‘ 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 carxier will pass
through the sand control screens and into the iﬁteri@r;of
the completion sfring, 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 xegion 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 ovexr ports of
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the conpletion string. Some of the fluid carrier wll pass through the sand
control screens and into the interior, of the conpletion string. The fluid
carrier will then travel up the wash pipe of the service tool that is, in
fluid comunication with central flow path 164 of mandrel 144. The fluid
carrier then passes through bypass passageway 184 that is formed when side
wal | ports 150 and side wall ports 148 are in fluid comrunication via
bypass region 130. In addition, the fluid carrier nmay pass through the one
way valve created by valve elenent 168 and val ve seat 152 by overcom ng
the spring force of spring 174 to nove valve elenent 168 off seat. Further,

a portion of tfhe fd¥ide GHII ELnt@®Y tRASSarddH1Q4ghaddvdl drip@spagruay ££0 and
flow tube 172. This return fluid then exits the cross over ports of 28 the

service tool Lpkp, the Nyl ug.@bove the packer for return to the surface.
[0046] In figure 3B, reverse out valve 100 is in its reverse position.

Speci ficallygoulpen a finui £hdisrPusped redonbe t Baranrnukus 1o the sarvie tool

i ncluding reverse out valve 100, the fluid slurry enters the cross over

ports of the.$€ryd Ceok9Plon.The dddiiGitReny ! etuens 4 orihea SYLf ghandd
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 left behind in the
service tool and the work string. This fluid is
substantially prevented from flowing toward the formztion
down through reverse out valve 100. Specifically, the
bypass passageway 184 1is 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 thxrough
reverse out valve 100 via fluid passageway 170 and flow
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 minimal amount of fluid is
allowed to flow toward the formation. This fluid path

through reverse out valve 100 prevents swabbing of the

formation even 1if reverse out valve 100, in its reverse
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the work string carrying the gravel left behind in the service tool and the
work string. This fluid is substantially prevented fromflow ng toward the
formati on down through reverse out valve 100. Specifically, the bypass
passageway 184 is closed and the one way valve created by valve elenment 168
and valve seat 152 is in its sealed configuration due to the spring force
of spring 174 and the fluid pressure above valve elenent 168. Sone fluid

is allowed to flow toward the formati on down through reverse out valve 100
via fluid passageway 170 and flow tube 172. As the cross sectional area of
flow tube 172 is relatively small and the length of flow tube 172 is
relatively | ppgithevevears, mnoavydaupwacasy araattvef €6 uitthel Scomplesirdth to fl ow
toward the formation. This fluid path through reverse out valve 100
prevents swabbrigg Ofsthengf asnaheoraewenfi suehvabeenont &l Meid€indd) its
reverse 29 position, is noved upwardly relative to the conpletion string
as long as thelswte pfedutemibyeMiteshd l@mi Nt ai ned bel ow a predeterm ned

threshol d. 10047] Referring now to figures 4A-4B, therein are depicted

successi ve axpeh7pect iReFferefing rR¥®r S€o OUtiiilee 43-4B, therein are
depicted successive axial sections of a reverse out valve
200 in its circulating position and its reverse position,
respectively. Reverse out \‘ralve 200 includes outer housing
220 that comprises upper connector 222, upper adaptor 224,
' bypass housing member 226, indicating collet 232 and
positioning collet 240. Bypass housing member 226 has a
radially expanded internal plortion 228 that defines the
exterior of a bypass region 230. Indicating collet 232 has
one or more radially outwardly expanded outer regions 234
each including an upper shoulder 236 and a lower shouldex
238. Positioning collet 240 includes one or more radially
inwardly projecting members 242. Reverse out valve 200
also includes mandrel 244 that comprises upper connector
246, intermediate member 254 and 1lowexr connector 256.
Upper connector 246 includes 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 lowexr shoulder 262. Mandrel
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200 in its circulating position and its reverse position, respectively.
Reverse out val ve 200 includes outer housing 220 that conprises upper
connector 222, upper adaptor 224, bypass housi ng nmenber 226, indicating
collet 232 and positioning collet 240. Bypass housing nenber 226 has a
radi al | y expanded internal portion 228 that defines the exterior of a
bypass region 230. Indicating collet 232 has one or nore radially outwardly
expanded outer regions 234 each including an upper shoul der 236 and a | ower
shoul der 238. Positioning collet 240 includes one or nore radially

inwardly projecting nmenbers 242. Reverse out valve 200 also includes
mandr el 244 z4atdefanpsi acgenppel cbowmesdthr 2 24Ghaviniyernwdilaee etenbkat 254 and
| ower connector 256. Upper connector 246 includes a first series of side
wal | ports a¥Bndl¢ @ dérecodst Sieniedls teride walVhlper kieRbft WalsBeablyal ve
seat 252 positioned therebetween. Lower connector 256 has a radially
expanded outxé pamiciladed58at haktlvac| a@sentan 2ggperchsitoulider s2@Qiagdya | ower
shoul der 262. Mandrel 30 244 defines a central flow path 264 having a val ve

el ement  assagalgpaBb6 posh tvaned ddaar aisn. Val ¥pi £4 Enediinda somipile) s 1866

i ncludes a valve elenent 268 that is sealingly
spring 274 is positioned around valve element assembly 266
and between a spring support nember 276 of upper connector
222 and a spring support member 278 of ‘valve element
assembly 266,
[0048] In figure 4A, reverse out wvalve 200 is in its
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 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 Qith 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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engageabl e with valve seat 152. A spiral wound' conpression spring 274 is
positioned around val ve el enent assenbly 266 and between a spring support
menber 276 of upper connector 222 and a spring support nmenber 278 of val ve
el ement assenbly 266. [0048] In figure 4A, reverse out valve 200 is in its
circulating position. Specifically, when a fluid slurry is punped 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 conpletion string via the circulation ports of the conpletion
string. The fluid slurry travels in the annulus and deposits its gravel
around the s&AB éedAt isl fduidesomBEni¢del atorplatynR st riegdonSER® -of ¥the fluid
carrier will pass through the sand control screens and into the interior of
the conpl eti addstiomg. thiefiniddcaari¢er nay| Paskerrhroaghl thgp avige wash pi pe
of the service tool that is in fluid comunication with central flow path
264 of mandreblpdicredhed f byi daduer pdememen2pBssad MadyaglsebfpaSe gassageway
284 that is forned when side wall ports 250 and side wall ports 31 248 are
in fluid conmuerceningn vhe Isppass fegicon aX30spting 274 to move valve

element 268 off seat. This return fluid 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 its
reverse position. Specifically, when a fluid is pumped
down the annulus of the sgexvice tool including reverse: out
valve 200, the fluid slurry enters the ¢rogs over ports of
the service tocl. The fluid then returns to the surface up
the work string carxying 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 is
closed and the one way valve created by valve element 268
and valve seat 252 is 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 is moved upwardly relative to the

completion string.
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addition, the fluid carrier may pass through the one way valve created by
val ve el enent 268 and val ve seat 252 by overcom ng the spring force of
spring 274 to nove valve elenment 268 off seat. This return fluid 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
its reverse position. Specifically, when a fluid is punped down the
annul us 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 servieesdlool aedethengwrhowt ricg.fibuiresf| BAE5DS prieamsitred arer om
flowing toward the formati on down through reverse out valve 200.

Speci fi cal | ydepiterdoy passcepaivageway 1284 citsons! osed adeirBe @ne walweal ve
created by valve elenment 268 and valve seat 252 is in its sealed

configuratiogogluent @tst R@nSphi pgsieiee, oftspei Agulatdinancddiaibnyi dtpressure
above valve elenent 268. In the reverse position of reverse out valve 200,

some swabbi ngygdsd he cflgepat i ofbLiatilodh ocgHA i fitd eveeserost Vsdsse i) is

aned upwardly relative to the conpletion string.
respectively. Reverse out valve 300 includes an axially
extending, generally tubular outer housing 302. Outer
housing 302 includes a substantially tubular |upper
connector 304 adapted to threadedly receive the pin end of
another tubular membexr 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 is
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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32 [0050] Referring
axi al sections of a
circulating positio

now to figures SA-5D, therein are depicted successive
reverse out valve 300 in its run-in position, its
n, its bypass closed position and its reverse position,

respectively. Reverse out valve 300 includes an axially extending,
general |y tubul ar outer housing 302. Quter housing 302 includes a
substantially tubul ar upper connector 304 adapted to threadedly receive the

pin end of another
tool. Quter housing

t ubul ar menber of the service tool such as a cross over
302 al so includes a substantially tubular upper adaptor

306 that is threadedly and sealingly coupled to the upper end of an axially
extendi ng, ogsngriagly cbtubdddirtd nhecaippeg eall ef 308axialdiyc atdregdank| et 308
has one or nore radially expanded outer regions 310 each including an

upper shoul dgine¥h21
t hreadedl y and seal

general |y tuliat
t hreadedl y and seal

gndeasd lover pekaukegindleol lendi 824i ng calsiet o398gi S

ingly coupled to the upper end of an axially extending,
i3pser megh i sconmect obr 3laorknt efadedl aye danaeaior 316 is
ingly coupled to the upper end of an axially extending,

general |y t yndiectbypansmberisi 336 menbeter HahsiBypas: haeusi agcheadera318 has

a radially expanded
substant

ially 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 connectoxr 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 uppex

connectoxr 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 1s an azxially extending, generally

tubular

includes

intermediate member 340. Intermediate member 340

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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internal portion 320 that defines the exterior of a bypass

regi on 322.

Bypass housi ng nenber 318 is threadedly and 33 sealingly coupled to the

upper end of an axially extending,

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 of an axially extending, generally tubular |ower connector
extensi on 330. Lower connector extension 330 is threadedly and sealingly
coupled to the upper end of an axially extending, generally tubular slotted
housi ng memresmi:3?. 350051 LoRer emsmbeut ¥24 veandlides sa | pthualkestyanodxi al |y

ext endi ng,
ext endi ng,

general ly tubul ar positioning collet

general ly tubul ar mandrel 334. Mandrel 334 includes an axially
gendradllly dutwalrdlyuppeendiognnesi bs 336. t habwes wmwembadedlsy and

sealingly coupled to the |lower end of upper connector 304 of outer housing
302. upper toOnnektesdaBly | nehdideseal teyliyes edumiade wab| part axidld8y
Threadedly and sealingly coupled to the | ower end of upper connector
an axially extwndiing, oeerally dubwbar loveer nEshndict orerdsy S84 is
| nt er nedi at e menber 340

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 is 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 1is 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 fiqure 5A, reverse out valve 300 is in its

run-in position. Specifically, when reverse out valve 300
35
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i ncludes a valve seat 342, a series of side wall ports 344 and a radially
expanded outer portion 346 that includes an wupper shoul der 348 and a | ower
shoul der 350. Mandrel 334 also includes an axially extending, generally
tubul ar | ower 34 menber 354. Lower nenber 354 includes a plurality of
radially outwardly extending rails 356. Lower nmenber 354 is threadedly and
sealingly coupled to an axially extending, generally tubular | ower
connector 358 that is adapted to be threadedly received in the box end of
anot her tubul ar nmenber of the service tool. Mandrel 334 defines a central
fl ow path 360. [0052] Reverse out valve 300 further includes an axially

ext endi ng, geémermaln-int ubbit arweldlboeeel emenheassErilop 36@01t lead i glypositi oned
within central flow path 360 of mandrel 334. Valve el enent assenbly 362

i ncludes a valvkiel erhent coBpliethat issrsea) i jlow enpagesbl eewetrbevaduwe seat
342 of mandrel 334. Valve el enent 364 includes a fluid passageway 366, a
plurality of vpbpvés IBB gnkvenseal swehbeng 3hesudioragstian. o-ri by seals Val ve
el enent assenbly 362 also includes a flow tube 372, the interior of which
is in fluid cenfyunamEiongn M theddrntied quets sealemny3B66is Amoreddl Wpeafdice

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. 1In addition, some fl‘uid 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. 1In this configuration, weight is set
down on lower connector 358 which causes lower member 354
io 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 wvalve seat 342. Now, when a fluid
slurrxy 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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generator 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] In
figure 5A, 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
and placed wthin the conpletion string, flow through reverse out valve
300 prevents swabbing the formation. In this configuration, if reverse out
val ve 300 is noved upwardly or dowwardly relative to the conpletion
string, fluid travels at |east through bypass passageway 380 forned
bet ween si decompletpinsrt sst33Mhgand ThedElwad | shortys t344elbainbypassnmelgison 322.
In addition, sone fluid flowis allowed through flow tube 372 via fluid
passageway 3&fAdatdppeits itO8yraledoarvumd thei dafiiowonayobesatdemse b hr ough
central flow path 360. (0054] In figure 5B, reverse out valve 300 is inits
circul ati ng phei tomplediord Hteiagnfi gomatdHnshareilghid carseér @OV pisd ower
connector 358 which causes | ower nmenber 354 to nove upwardly relative to
sl otted houskAgotgbeke 382nd control screens and into the interior of

the completion string. The £luid carrier will then travel

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 wvalve seat 3242 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 Ilower

connector 358 by upward movement of revexse out wvalve 300,

reverse out valve 300 shifts from its <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 bypass 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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with rails 356 noving within the slots of slotted housing nenber 332. In
addition, this causes valve elenent 364 to nove upwardly relative to valve
seat 342 which fully opens a flow path through valve 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 wll pass through the sand
control screbisictdngnicolise 308 &by &f Douldee eoNphethdme Bdddghembe fl ui d
carrier will then travel up the wash pipe of the service tool that is in
fluid commugmicat | QcwiddlyCeitigeal rfaldewl pat in@8LaDf s Rlingd3dembeie fl Ui d
carrier then passes through bypass passageway 380, through the flow path

t hrough val véxseadr 340 sind ontihgough1isow 32be 87k fdnsud deassagewayr366 and
ports 368. This return fluid then exits the cross over ports of the
service tool;ijitdmeldiatanmahdsrabave thes pagkes1foridwirdy Jdjlheinyr face.
Once the weight is renoved from | ower

members 326 slide downwardly over radially expanded outer
portion 346 of intermediate member 340, bypass passageway
380 is disable as side wall ports 338 and side wall ports
344 are in no longex in fluid communication via bypass
region 322. In this configuration, 1f 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 wvalve 300 is in its
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 wvalve element
364 relative to valve seat 342 compresses spring. 374, In

this configuration, the fluid pumped down the annulus of
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connector 358 by upward novenent of reverse out valve 300, reverse out
val ve 300 shifts fromits 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 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 shoul der
312 of 37 indicating collet 308 by a shoul der of the hone bore nenber
whi ch outwardly urges radially inwardly projecting nenbers 326 of
posi tioni ng e¢bkl ser@Xl oyl sheldudéng 3dévearse iautevadoaeadel nembers 34k As
radially inwardly projecting mnenbers 326 slide downwardly over radially
expanded out erospoptveon @G sof of ntthenediratieenerdedr, 3ddwnWapdys sfasSageway
380 is disable as side wall ports 338 and side wall ports 344 are in no
| onger in fl gallveostmmentaticdn reilatbypass valeag aral2342| and htstwad itgur at i on,
if reverse out valve 300 is noved upwardly or downwardly relative to. the
conpl eti on sthéen@urthued upl ovhd swatk owedihir @aghyih@wthaberravel left

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 flaw:

into fluid passageway 366 and flow tube 372. Once the

fluid pressure is 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 upwardly or downwardly relative to the

completion string, fluid flow is allowed through flow tube

372 via fluid passageway 366 and ports 368. TIn 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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372 via fluid passageway 366 and ports 368. In addition, sonme fluid flow
may be all owed through central flow path 360. [0056] In figure 5D, reverse
out valve 300 is in its reverse position. Reverse out valve 300 is operated
from its bypass closed configuration to its reverse configuration by

i ncreasing the pressure above valve elenment 364 which urges val ve el enent
364 downwardly relative to valve seat 342 pl acing seal nenber 370 within
val ve seat 342. This downward novenent of valve elenent 364 relative to

val ve seat 342 conpresses spring. 374. In this configuration, the fluid
punped down the annulus of 38 the service tool including reverse out valve

300 enters theo €f038s0vdircpat Sn®f pbhetisar varce 1160| revgarasal iyt ishi, ft s
val ve el enment 364 relative to valve seat 342 and returns to the surface up

the work striegpearirgilpg t hReggrael ohef albehisnd iincligesenvi cailaaqly and t he
work string. This fluid is prevented fromflow ng toward the formati on down

through revegsénditg,vab¥eddlly Speuiacalditerbypassimpsaagenay oxder i s

cl osed, the one way val ve created by valve el enment 364 and val ve seat 342

is inits sepbesimpnfiagpratinenuadd pertsSsubstantially tubular upper
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 should;r 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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368 are behind seal nenber 370 which disables fluid flew into fluid
passageway 366 and flow tube 372. Once the fluid pressure is renoved from
above seal elenent 364, spring 374 urges valve el enment 364 upwardly
relative to valve seat 342, which returns reverse out. valve 300 to its
bypass cl osed configuration as depicted in figure 5a. As state above, in
this configuration, if reverse out valve 300 is noved upwardly or
downwardly relative to the conpletion string, fluid flowis allowed through
flow tube 372 via fluid passageway 366 and ports 368. In addition, sone
fluid flow may be allowed through central flow path 360. [00571 Referring
now to figurass6rhs8, at Rewer nsheeldelepd2d ed Bypzessiawsind alempegt i4%%s of a
reverse out valve 39 400 in its circulating position and its reverse
position, resptiotéanddly Revderssaldnglyatvep @D tncihedeyprar andaldfy an
extendi ng, generally tubul ar outer housing 402. Quter housing 402 includes
a substanti abkiyaYlubuxaendppes gemmrsddiyotudQiaadgptied houshneatl®ill y recei ve
the pin end of another tubular nenber of the service tool such as a cross
over tool. Opo@3shousiReyed62 auso valcteudes0 aadabstianiindeésyan axially
extending, generally tubular mandrel 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 outwaxdly expanded
region 438. Threadedly and sealingly coupled to the. lower
end of upper connector 436 1is 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 is adapted to be
threadedly received in 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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t ubul ar upper adaptor 406 that is threadedly and sealingly coupled to the
upper end of an axially extending, generally tubular indicating collet 408.
I ndi cating collet 408 has: one or nore radially expanded outer regions 410
each including an upper shoulder 412 and a | ower shoul der 414. Indicating
collet 408 is threadedly and sealingly coupled to the upper end of an
axially extending, generally tubular internmediate connector 416.
I nt er medi at e connector 416 is threadedly and sealingly coupled to the upper
end of an axially extending, generally tubular positioning collet 418.
Positioning collet 418 includes one or nore radially expanded nenbers 420.
Posi tioni ng gehkehtdd 8dérsi ctmidplacd at apithe womed emprefssabnaspalhy €54 endi ng,
general ly tubul ar bypass housi ng nenber 422. Bypass housi ng nmenber 422 has
a radially aspapsettidiedr nakopod t itk 42dwéhatpodefibAesot hantexhediHte of a
bypass region 426. Bypass housi ng nenber 422 40 al so has a | ower shoul der
428. Bypass hembenganenber 422 is threadedly and sealingly coupled to the
upper end of an axially extending, generally tubular spring housing 430.
[ 0056] Rever g@088] valme #0§upd S6A) Nnakudesecanuaxiwvilvwe £xdendi ng, peneral ly
tubul ar mandrel 434. Mandrel 434

circulating position. In this configuration, when a fluid

slurry is 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 via the circulation ports of the

completion string. The fluid slurry travels in the anpulus:

and deposits its gravel around the sand control screens of

the completion string. Some of the fluid carrier will pass

through the sand contrxol 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 passageway 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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i ncludes an axially extending, generally tubular upper connector 436 that
is threadedly and sealingly coupled to the |ower 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 | ower end of
upper connector 436 is an axially extending, generally tubular internediate
menber 440. Internediate nenber 440 includes a radially reduced region 442,
a first series of side wall ports 444 and a second series of side wall
ports 446. Internedi ate nmenber 440 is threadedly and sealingly coupled to
an axially extending, generally tubular |ower connector 448 that is adapted
to be threab¥pidss r RAsA@¢WRH t A&8 bowhitld dfreysdtHer syalpRing qfentide of the
service tool. Mandrel 434 defines a first <central flow path 450 and a
second centr&prmawigmpath 452 that are separated by a fluid flow control

el ement depicted as a solid nmenber 454 positioned axially between side wall
ports 444 anfioeéel walllb pbraureq44éB, Aneusres | gut ovedve4 B0fened aibr idepi ct ed
as a spiral wound conpression spring 456 is positioned around the | ower
portion of ineeenssliresitimonberRepEyse out valve 400 is operated from

its circulating configuration to its xeverse 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 glide 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 game time, energy is stored
in spring 456 due to the compression of spring 456. When
the 1lower end of upper adaptex 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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[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
i ncluding 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
conpletion 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 of the conpletion string. Sone of the fluid carrier wll
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 wodth ohat apgther fand dnaighmimedcani suchi ehgegenendl Yv.oviqrat h 452
of mandrel 434. The fluid carrier then passes through bypass passageway 458
created by sedewmkd] iy hongqhongdnayiter wél Ehpoeenpletd oni strbypass regi on
426. This return fluid then exits the cross over ports of the service tool
into the annliP@€lhbovdn hets paekersé oposdtiem, t bhe hdladdf quepedn ddvins
configuration, if reverse out valve 400 is noved upwardly or downwardly
relative to the awmplwt iah t3ter isegviteutdol r avelslinigr seybrsd 2oy pesisre
passageway 458 whi ch prevents swabbing of the

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 from flowing toward the formation
down through reverse out valve 400. Specifically, bypass

passageway 458 1is closed and solid member 454 pfewemts4
fluid flow from first central flow path 450 to second
central flow path 452.° Once 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 gkilled in the

art that reverse out valve 400 could alternatively

incorporate additional features into the fluid flow control
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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 that a sufficient
downward force is applied against shoul der 412 of indicating collet 408 by
a shoul der of the hone bore nenber. As radially expanded nenbers 420 slide
downwardly over internedi ate nenber, 44.0', bypass passageway 458 is.

di sable as side wall ports 444 and side wall ports 446 are in no |longer in
fluid conmuni cation via-bypass region 426. At the sane tinme, energy is
stored in splengnds56odwedtioet he edipiestse orthofrsyt il sbhbiNgn Ede | ower
end of upper adapter 406 contacts radial outwardly expanded regi on 438,
radi al | y expardagdlapnberfduid?2@asadgavdy retldcbs intbudedli tlhdty pasiseed
region 442. As |long as radially expanded nenbers 420 remain in this
retacted posithironghuséhiei reenkalr fddeneMhisf finmidrpmdiageeaynenbed Halde

rel ative to bypass housing nenber 422 is prevented, as such, radially
expanded nenaerse2Qvang smatlér nedisat esemiioanl44@eactarals anraxaaivébek when
engaged 43
long length, similar to the flow tube described below in

figures 7A-7B. Alternatively, the passageway could
incorporate one of the wvalve seats described above in
figures 2A-5D. In this embodiment, one of the valve
elements and flow tube combinations describéd above in
figures 2A-5D or below in 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 bypass 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 its circulating position and its reverse posgition,
respectively. Reverse out wvalve 500 includes an axially
ex¥tending, generally tubular outer housing 502. Outex
housing 502 includes a substantially tubular upper
connector 504 adapted to threadedly receive the pin end of

another tubular member of the service tool such as a cross
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wi th one another and mai ntained in such engagenent by, for exanple, the
hone bore nmenber 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 fromfl ow ng
toward the formati on down through reverse out val ve 400. Specifically,
bypass passageway 458 is closed and solid nenber 454 prevents fluid flow
fromfirst central flow path 450 to second central flow path 452. Once
radi al | y expandedto@nbercutdiO hoarséngo502ngkso hielod udieshian subdt bt ya lgduced
region 442, the energy stored in spring 456 upwardly urges bypass housing
menber 422 rehphiye tpdmtatdmdiratsoemrimaer i44@hrehdedly r efdir §sa1MARSE Out
valve 400 to its circulating position as depicted in figure 6A. As such,

the only tinmeoupladi€h tHeeppee eutl val ¥@ 40{hITHY exteatiefgp GavedlHING I i sk is
during the period in which reverse out valve 400 is in its reverse

position. [066Rh1df Sh@id«tibkg widaest gos by those kil I@dle tshe st that
reverse out valve 400 could alternatively

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 is
threadedly and sealingly coupled to the upper end of an
axially extending, generélly 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 threa‘dedly 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 valve 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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incorporate additional features into the fluid flow control 44 elenent to
reduce or elimnate the risk of swabbing. For exanple, a fluid passageway
coul d be included that passes through solid nenber 454. This fluid
passageway could have a relatively small cross sectional area and a
relatively long length, simlar to the flow tube described below in
figures 7A-7B. Alternatively, the passageway could incorporate one of the
val ve seats described above in figures 2A-5D. In this enbodi nent, one of
the valve elenments and flow tube conbi nati ons descri bed above in figures
2A-5D or below in figures BA-8B could also be incorporated into reverse out
val ve 400 such that reverse _out valve 400 can have_the advantage of using a
spring forcEPPYF oﬁ@ﬂn%ﬁfh‘%ss‘pgséaﬁé‘&\%‘%ﬁ 488 5581GR| Pfasiffe wag&vg‘?ﬂ%g"es of
mul tiple indegendent fluid paths to_prevent swabbing. [0063] Referring now
to figures 739, TREFRASAIY ARdGelBal ELERRELEcranihy S0 (sl OFF a

reverse out valve 500 in its circulating position and its reverse position,
respect i vel yUPRRY e COBNEGECT al AP 586 | #R| FdedLlal SEHNY " Iext EMRALERYLY

general |y tubul ar outer housing 502. CQuter
tubular intermediate member 540. Intermediate member 540

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 1is threadedly and sealingly coupled to an
axially extending, g¢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, generally tubular plug element assembly 562 that
is positioned within centrxal 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 isgs in fluid
communication with fluid passageway 566.

[0066] In figure ‘7A, reverse out valve 500 is in its

circulating position. In this configquration, if reverse
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housi ng 502 includes a substantially tubul ar upper

t hreadedly receive the pin end of another tubular nenber of the service

tool such as a
substantially
coupled to the
i ndi cating coll
expanded outer
shoul der 514.

cross 45 over tool. Quter housing 502 also includes a

t ubul ar upper adaptor 506 that is threadedly and sealingly

upper end of an axially extending, generally tubular
et 508. Indicating collet 508 has one or nore radially

connector 504 adapted to

regions 510 each including an upper shoul der 512 and a | ower

Indicating collet 508 is threadedly and sealingly coupled

t he upper end of an axially extending, generally tubular internediate

connector 516.
coupled to t
housi ng memnber

i nternal porti®nc52ple

Bypass housi ng

Positioning collet 524 includes one or nore radially jnwa%%gy prgjecting
. n

menbers 526.2nd

518. _Bypass housi ng nenper 518 has a radially expanded
%g?n defit@d  t heleld eritévedf a2by  r &GFBHIB22.

to

| nt.er nedi ate connector 518 i s Hﬂéﬁadealy ang sealingly
W o ofS dROVeLk WAF Bt STdi HYRWGEREY aFFy2ttbal 5P bypass

menber 518 is threadedly and sealingly coupled to_the upper
end of an ak¥A3Sy BaHIFEHEY FOneroamey tRffiesn & i ngPebte er3824.

side wall ports 544 via bypass région

addition, some fluid flow 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 1is in fluid

communication with central flow path 560 of mandrel 534.

The

and

fluid carrier then passes through bypass passageway 580

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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[ 0064] 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 wupper 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 | ower shou 50. _I nternedi nmenber 540 _is thre dly and sealingly
coupl ed to akggé al | yPe Jéﬁ&ﬁn3?§5e58Y3f?? PHbul"d VFO&Q) c%%né8t635558
that is adapted to be threadedly received in thesg)x end of another tubul ar
menber of t hESERFIA RO Marftf &1 5534 uefalvss X% erit reHAER d&OF 560.
[ 0065] Reverse out val ve 500 f%tther includes an axially e tendir}%iIP

i n

] |
general |y t ubbf af L pFigt Bireneit* 4 9E8EAbF YR 58S thit TV & HOsFETR ohdy 3k

contral Tl o path 560 of,TEndr el 534, A SLITE"oFo s 5% ag! udes 2

completion string such that a sufficient downward force is
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 shouldexr 548 of intermediate member 540.
As radially inwardly ©projecting members 526 - slkide
downwardly over radially expanded outer portion 546 of
intermediate member 540, bypass passageway 580 is 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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is threadably and sealingly engageable wth plug seat 542 of nmandrel 534.
Plug el enment 542 includes a fluid passageway 566. Plug el enent assenbly 562
also includes a flow tube 572, the interior of , which is in fluid

comuni cation with fluid passageway 566. [0066] In figure 7A reverse out
valve 500. is inits 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 through bypass passageway 580
formed between side wall ports 538 and side wall ports 544 via bypass
region 522. In addition, sone fluid flowis allowed through flow tube 572

via fluid passagevey 566 Wien afd uigd,) urgy s pumed; dowy the servi ce

tool including reverse out va , the slurry exits e Cross over

ports of the Jt"aincte.{atl??Lgr%."}@n‘ﬁg&e.rf%o&g%l%(b% “tscﬁ'&éegr hecpngFJJm%rti%B theT

conpl etion 2 rng via circulation ports o conpleti‘on string. he
o 5! o1 VbR el MO0l 05,0t 05005t | ! SpaipYELy oiagt e sanc
pass through ¢ 0e o SANd.GRNLE0585C 18608804, | NESnd NELIY &' U1 1QheliNgo

flow toward the formation down through reverse out valve

500 via fluid passageway 566 and flow tube 572. As the

cross sectional area of flow tube 572 is rxelatively small

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

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

toward the formation. This fluid path through reverse: out

valve 500 prevents swabbing of the formation even if

reverse out valve 500, in its reverse position, is moved

upwardly relative to the completion string as long as the

rate of such movement is maintained below a predetermined

threshold.

[0069] Referring now to figures E€A-8B, therein are

depicted successive axial sections of a reverse out valve

600 in its circulating position and its reversé position,

respectively. Reverse out valve 600 includes outer ﬁousing

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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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 annul us
above the packer for return to the surface. 48 [0067] In figure 7B, reverse
out valve 500 is in its reverse position. Reverse out valve 500 is operated
from its circulating configuration to its reverse configuration by upward
novenment of reverse out valve 500 relative to the conpletion string such

et i S e e s oS B
over shoul daP Bagthy Tteer FoHEst LY iR, "60sgt | HRIoh3", B, A" >

proj ecting nmenhers.526_w d o] I r dially ex d ou portion
546 of | 1ntenheara R naipdbreoiTlie BHEE MiNe SRR P e

wall ports 5%%5?@9031&53\%%flegor%§054§ng{§aé§]rg%e or more radially

inwardly projecting members 642. Reverse out valve 600
also includes mandrel 644 that comprises upper connector
646, intermediate member 654 and lower connector 656.
Upper connector 646 includes a first series of side wall
ports 648 and a gecond 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 shouldex 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 wvalve seat 652 and a flow tube 672, the
interior of which 1is in fluid communication with fluid
passageway 670 of valve element 668. A spiral wound
compression spring 674 is 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 is a pressure relief

element 680 such as a rupture disk that selectively allows
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| onger in fluid comuni cation via bypass region 522. In this configuration,
if reverse out valve 500 is noved upwardly or downwardly relative to the
conpletion string, fluid flowis allowed through flow tube 572 via fluid
passageway 566. [0068] In its reverse position, when a fluid is punped down
t he annul us 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. Specificall the b S ssageway .5 i s, clased. fluwd.is
allowed to ?P%V\%FSVV%.II}%S tﬁgg#%rﬁg 4 oﬁhru%v%h '?tr%}eongrhterr ver se out”'va u\?’ee 500
via fluid pa§§$gemay 566 and flow tube 572. As the cross sectional area of

flow tube 57 5 relatively small and the Iength of flow tube 572 is
relatively | however .. onl m nimal _amunt of fluid is al.lowed to flow
toward the fgpﬂ%91on. ingWﬁ¥dE%atﬁe?ﬁF%%gﬁu eyg}gg‘%ﬁh R afde 500
prevents Smggég\?lggir}gh%ofsgrtr{g%i.Onsggglf:{cfally, 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 poi‘ts of the
completion string. The fluid slurry travels in the annu'lus
and deposits its gravel around the sand control screens.of
the completion string. Some of the fluid carxiexr 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 pagsageway 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 foxrce of spring 674 to move valve

element 668 off seat. The fluid carrier is selectively

prevented from passing through fluid passageway 670 and
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reverse out valve 500, in its reverse position, is noved upwardly relative
to the conpletion string as long as the rate of such novenent is maintained
bel ow a predeterm ned threshold. [00691 Referring now to figures 8A-8B,
therein are depicted successive axial sections of a reverse out valve 600
inits circulating position and its reverse position, respectively. Reverse
out val ve 600 includes outer housing 620 that conprises upper connector

622, upper adaptor 624, bypass housi ng nenber 626, indicating collet 632
and positioning collet 640. Bypass housing nmenber 626 has a radially
expanded internal portion 628 that defines the 50 exterior of a bypass

regi on 630. di cating llet 632 has one nore radiglly expanded outer
regi ons 634 %Q%"ﬁ Cphg | L?g n&’yarpfﬁﬁjsé’lresh%‘{hf r BT o%//\%r lgﬂgula&er 638.
Posi tioning collet 640 i.ncludes one qr re radially 1inwardly projecting
menbers 642. PERRVBISe WUt SFal&EM686 6§|OS aisn&‘ﬂ}d&eer?arfd’lpéf‘reg4dflﬁaté°¢orrpri ses
upper connector 646, internedi ate n%nber 654 anqﬂéomer connect or 656.

Upper connect®F ®38Hfel Fd&Fes suresit §§rF§§e8?ss Mt RISSSUr648%and a

second series of side wall ports 6%? wth a_ . ,
pressure relief element 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 annulus above the packer
for return to the surface.
[0071] In figure 8B, reverse out valve 600 is in its
reverse posgition. Specifically, when a fluid is pumnped
down the annulus of the service tool including reverse. out
valve 600, the fluid slurry enters the cross over ports of
the sexvice tool. The fluid then returns to the suxface up
the work string carrying the gravel 1left 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 is closed and the
one way valve created by wvalve element 668 and valve seat
652 1is 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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val ve seat 652 positioned therebetween. Lower connector 656 has a radially
expanded outer portion 658 that includes an upper shoul der 660 and a | ower
shoul der 662. Mandrel 644 defines a central flow path 664 having a val ve

el enent assenbly 666 positioned therein. Valve el enent assenbly 666

i ncludes a valve elenent 668 that is sealingly engageable wth valve seat
652 and a flow tube 672, the interior of which is in fluid conmunication
with fluid passageway 670 of valve el enent 668. A spiral wound conpression
spring 674 is positioned around flow tube 672 and between a spring support
menber 676. of upper connector 622 and a spring support nenber 678 of flow

tube 672. - Pagpli oo %h' I aEUDeL P72 1 SR ressite fedlSlcedl arent 650

such as a rupture sk t ective reven idflow

through the LoLgr of ol '{me g Mo 00102 Cal@ﬂa'egureqm R4y 3f ut val ve

600 is in it8 CCrreula i'ng p |oﬁ eci when a urry is

punped down S‘g_ﬁg&V%S&etfﬂhd “ﬂ “Piél? t %errds%n%”tfo‘é fo %own ti‘:‘?x&{#{e

sl urry exits e Cross over por servi ce enters
annul us to tQSV&%éerlaE %glgge 600 wvia fluid passageway 670 and flow

tube 672. It is noted, however, the cross sectional area
of flow tube 672 is relatively small and the length of flow
tube 672 is ;elatively long, such that only a minimal
amount of fluid is allowed to flow toward the formation.

[0072] While this invention has been described with
reference to illustrative embodiments, this descriptieon 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 be 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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conpletion 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 of the conpletion string. Some of the fluid carrier wll
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 conmuni cation via bypass region 630. In addition, the fluid carrier
may pass through &Qq:ﬁﬂﬁﬁgpxﬂ,valve created by valve el enent 668 and val ve
seat 652 by overcomng e spring force of spring 674 to nove val ve

el ement 668 of f seat. Z;I’t}%vfelrgiedo‘ggr%;lq;e ic%g\ggﬁ%\éyely prevented from
70 "and 0

passi ng through fTuid passageway tube 672 by pressure
relief elenent 689 %ﬁnkﬂn%oﬁﬁin ressure relief element 680 has not been
ruptured due to, Tor exanpl e; a’pressure that exceeds the burst pressure of

iR i I ERIETE S e R
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; and

a valve element positioned in the central flow path,
the valve element and the valve seat having a2 one way valve
configuration wherein fluid flow in a first direction
relative to the  central flow path 1is 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 rxelative 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 isg

prevented.
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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.
[0071] In figure 8B, reverse out valve 600 is in its reverse position.
Specifically, when a fluid is punped 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 fromfl ow ng
toward the formation down through reverse out valve 600. Specifically, the

bypass passagevay, 684 qns CcLogeds@ndjtheys phe way ¥§£¥@e&rqﬂt ed1 by val ve
el ement 668 and valve seat 652 is in its sealed configuration due to the

spring forceungheprLAO BI¢eANtoLuen] | it RELSURE: AR ey ol ey ElerpEN  COB.

In addition so long as pressure re el enent not been ruptured

fluid is not cghigwedchtag fg%bs@r%ugg]reéétéimehub ofd@- i teppatvely, if

the pressure has exceed a predeterm ned threshold, pressure relief el ement

680 will al Loy, SO/, fdihebQel! et AURES T e SOHRL £9Ds HO¥0s FIYQUED,
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.

3. 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.

4, 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 second direction.

5. The reverse out wvalve as recited in claim 1
wherein, in the one way valve configuration, a spring uxges

the valve element in the second direction.
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reverse out valve 600 via fluid passageway 670 and flow tube 672. It is
not ed, however, the cross sectional area of flow tube 672 is relatively
small and the length of flow tube 672 is relatively long, such that only a
m nimal amount of fluid is allowed to flow toward the formation. [0072]

While this invention has been described wwth reference to illustrative
enbodi nents, this description, is not intended to be construed in a
limting sense. Various nodifications and conbinations of the illustrative

enbodi nents as well as other enbodi ments of the invention, wll be apparent
to persons skilled in the art upon reference to the description. It is,

t her ef ore, |ntenq§dan§% ?@egﬁﬁegwgd ?éf& nCQQPfé%jaE¥ SUEM 1

nodi fications or e alned reverse out val ve

it . "o, SR SN SRR T e
central fIOM/gat % égkve sqgt:§05|thgpggtlthereln and first and second
on

side wal | poF | ir0 st

7. 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.

8. The reverse out valve as recited in claim. 7
wherein, in the one way valve configuration, fluid flow is
allowed in the first direction and the second through the

flow tube.

9. The reverse out valve as recited in claim 7
further comprising a pressure relief element disposed

within the flow tube that selectively prevents fluid flow

through the flow tube.
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opposite sides of the valve seat; and a valve el enent positioned in the
central flow path, the valve elenent and the val ve seat having a one way
valve 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 relative to the central flow path; wherein the mandrel is axially
novabl e relative to the outer housing between first and second positions,
inthe first position, a bypass passageway is formed between the first and
second side wall ports via the bypass region thereby allow ng bypass f| ow

around t he val ve led em;\nt%‘g‘g}_gqsj Eg%Tx%!e\é%tiﬂ t éanq,ev'gpeé heouscecgg gostioti on,

bypass flow is prevented. . reverse out v e as recited in claim1

wherei n the SULELNOUshag: [yrsbel AommEises Al idkeal Logor coldet that

allows a préﬁe ermne orcé in the "drrection to operate the nmandrel
LTt | o BOSEEKS, oh NS 3FEC OB AL Tkl et 0
fluid flow 1in a first direction and at 1least 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 1least two independent flow paths for
fluid flow 1in the first direction and at least three
independent flow paths for fluid flow in the second
direction through the reverse out valve in a circulating
configuration of the revérse out valve; 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.

11. A method as recited in claim 10 further
comprising providing at least three independent flow paths
for fluid flow in the second direction through the reverse

out valve in the run in configuration of the reverse out

valve.
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,operate the mandrel fromthe second position to the first position. 3. The
reverse out valve as recited in claim 1 wherein the outer housing further
conprises a positioning collet that selectively prevents axially novabl e of
the mandrel relative to the outer housing. 4, The reverse out valve as
recited in claim1l wherein the valve elenent and the val ve seat have a

val ve open configuration wherein a spring urges the valve elenent in the
second direction. 5. The reverse out valve as recited in claim1l wherein,
in the one way val ve configuration, a spring urges the valve elenent in the
second direction. 56 6. The reverse out valve as recited in claim1l

wherein, in the ong, VAL MEFONFL gULRLE Py 24 ﬁprlaiglwgq% tAgr Madve
elenent in the first direction. 7. The reverse out valve as recited in claim

1 further cogpglsing apié)&l% r}qbeaw%gsen%%' ra&dg%eaaahﬁalflow Qudqak h and

in fluid communi cation wth a passageway through the val ve el enent.
8. The rever g, 0pi ¥@! ¥EodSif eChd eleddh!@iffctidn through the reverse

out valve in the reverse configuration of the reverse out
valve.

13. A method as recited in <claim 10 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.

‘14, A method as recited in claim 10 fuxther
comprising providing no flow paths for fluid flow in the
first direction through the reverse out valve in the

reverse configuration of the reverse out valve.
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wherein, in the one way val ve configuration, fluid flowis allowed in the
first direction and the second through the flow tube. 9. The reverse out
valve as recited in claim7 further conprising a pressure relief el enment

di sposed wthin the flow tube that selectively prevents fluid flow through
the flow tube. 57 10. A nethod of operating a reverse out valve to mnimze
swabbi ng of a formation, the nethod conprising: providing at |east two

i ndependent flow paths for fluid flowin a first direction and at |east two
i ndependent flow paths for fluid flowin a second direction through a
reverse out valve in a run in configuration of the reverse out valve;
providing at |eaststwy ipdepsndert &g é}\/gtggghsafqlévef_.ggl bfd ovaipet e first
direction and at |least three independent flow paths for fluid flowin the

second direglh o JIRHBB1 hHSoF &Y BcimalYbn Y A WE nle'th%dc'csﬁykféi

configuration of the reverse out valve; and providing at 1east one flow path

for fluid flow in thenesegondAikectdan LRiguoldRBAEVef e s0utyyaliye in a

rever se
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

w

reverse out wvalve with the reverse out wvalve in
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 wvalve while providing no more than one flow
path for fluid flow in the downhole direction through the

reverse out valve.
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configuration of the reverse out valve. 11. A nethod as recited in claim 10
further conprising providing at |east three independent flow paths for
fluid flowin the second direction through the reverse out valve in the run
in configuration of the reverse out valve. 58 12. A nethod as recited in
claim 10 further conprising providing at |east two i ndependent flow paths
for fluid flowin the second direction through the reverse out valve in the
reverse configuration of the reverse out valve. 13. A nethod as recited in
claim10 further conprising providing at | east one flow path for fluid flow
in the first direction through the reverse out valve in the reverse

configuration of the revRh&eseUbuYadyBre HbmphiBBhgod as recited in claim 10
further conprising providing no flow paths for fluid flowin the first

direction throughaghghgéwekﬁglgﬁt valve in the reverse configuration of the
reverse out valve. 59 15 od of operating a reverse out valve to

a mandrel slidably disposed within the outex housing
and forrming 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
and operably associated with the valve seat to control
fluid flow therebetween, the valve element having a- fluid
passageway; and

a flow tube positioned in the central flow path and in
fluid communication with the fluid passageway of the wvalve
element:;

wherein the first and second side wall ports and the
bypass region form a first fluid path through the reverse
out valve,

wherein the valve element and the valve seat form a
second fluid path  through the reverse out valve,

wherein the flow tube and the fluid passageway form a
third fluid path through the reverse out valve and

wherein the first, second and third fluid paths are

independent of one another.
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m nimze swabbing of a formation, the nethod conprising: running a reverse
out valve downhole in a run in configuration while providing at |east two

i ndependent flow paths for fluid flow in an uphole direction through the
reverse out valve; punping a first fluid into an annulus 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
uphol e direction through the reverse out valve; retrieving the reverse out
val ve partially uphole while providing at |east two i ndependent flow paths
for fluid flowin a dowhole direction through the reverse out valve in

the circulating copfi gyeat i Ofsrdet bheVi Niddeheas eurr3gequtivakygihartder
uphole to operate the reverse out valve fromthe circulating configuration

to a reverse,qopf{guraki oMy ANdr DPI BALR SQCOPThEdd dabpdpsdie gony us

around the reverse out valve while providing no nore than one flow path

for fluid flgwehodhe davhgle didieg i Qpitiahoush 4 he; rJeverse-«Quh &l ve. 60
an indicating collet of the outer housing and wherein the
first fluid path 1s opened responsive to a predetermined
force being applied in a second direction to the indicating

collet,

18. The reverse out valve as recited in claim 16
wherein the second fluid path is opened responsive: to
relative axial movement of the mandrel and the outer

housing.

19. The reverse out valve as recited in claim 16
wherein the second fluid path is opened responsive to a
differential pressure and wherein the second fluid path 1is

closed responsive to a spring urging the valve element.
20. The reverse out valve as recited in claim 16

wherein the third fluid path 1is closed responsive to a

differential pressure.
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16, 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 valve seat; a valve elenent positioned in the central flow path and
operably associated with the valve seat to control fluid flow therebetween,
the val ve el enent having a fluid passageway; and a flow tube positioned in
the central flow path and in fluid communication with the fluid passageway
of the valve elenent; wherein the first and second side wall ports and the

bypass region forsm a figest pbbahigh Pt tdHI1RMIN L he @Y RESE L Ol a YAl ViS5
wherein the valve elenment and the valve seat forma second fluid path

through the [gupEse QI crakuer1Whersidh tihe Jfl,ops taghe and the fluid
passageway forma third fluid path through the reverse out valve and

wherein the first, second and third fluid paths are

22. The reverse out valve as recited in claim 16
wherein the third fluid path is selectively closed via a
pressure relief element until the differential pressure

thereacross exceeds a predetermined threshold.



i ndependent of one another. 61 17. The reverse out valve as recited in claim
16 wherein the first fluid path is closed responsive to a predeterm ned
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
predeterm ned force being applied in a second direction to the indicating
collet. 18. The reverse out valve as recited in claim16 wherein the second
fluid path is opened responsive,. to relative axial nmovenent of the mandrel
and the outer housing. 19. The reverse out valve as recited in claim16
wherein the second fluid path is opened responsive to a differenti al

pressure and whergi n- the 986080 f¢ W vRakBmpsislfsed responsive to a spring
urging the valve elenent. 20. The reverse out valve as recited in claim16

wherein the thirdfI4itd PabAsiSsc! 0sed responsive to a differential
pressure. 62 21. The reverse out valve as recited in claim 16

a mandrel slidably disposed within the outer housing
and forming a bypass region therebetween, the mandrel
having a central flow path with a fluid flow control
element positioned therein and first and second side wall
ports positioned on opposite sides of the fluid flow
control element, 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 fluid flow control
element and, in the second position, bypass flow is
prevented;

an axial force generator positioned between the outer
housing and the mandrel urging the mandrel toward the first
position when the mandrel is in the second position; and

an axial lock that 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.
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wherein the third fluid path is always open. 22. The reverse out valve as
recited in claim16 wherein the third fluid path is selectively closed via
a pressure relief elenment until the differential pressure thereacross
exceeds a predeterm ned threshold. 63 23. A reverse out valve conprising:
an outer housing; a mandrel slidably disposed within the outer housing and
formng a bypass region therebetween, the mandrel having a central flow
path with a fluid flow control elenent positioned therein and first and
second side wall ports positioned on opposite sides of the fluid flow
control elenment, the mandrel is axially novable relative to the outer

housi ng between f24st med seeoOrgk postt ivlse i &s thReitiedstiposibian,2a bypass
passageway is formed between the first and second side wall ports via the

bypass regi opnet&eh ebte abliowk ngobypags rhi-onear eomsr 14w fadni dndiexe aontrol
el ement and, in the second position, bypass flowis prevented; an axi al

force generateripesidHa@nedl beiyeen phedotdeiinddousbige ang: t haeMefdi«ed urgi ng
the mandrel toward the first
direction to operate the mandrel from the first position to

the second position.

25. The reverse out valve as recited in claim 23
wherein the outer housing further comprises a positioning
collet and the mandrel further comprises a radially reduced
region and wherein the positioning collet and the radially
reduced region form the axial lock when the mandrel is in
the second position and the positioning collet engages the
radially reduced region thereby preventing axially movable

of the mandrel relative to the outer housing.

26. The reverse out valve as recited in claim 23
wherein the axial force generator shifts the mandrel from
the second position to the first position when the axial

lock 1s disengaged.
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posi tion when the mandrel is in the second position; and an axial |ock that
prevents relative axial novenent of the outer housing and the mandrel when
the mandrel is in the second position and the axial |lock is engaged. 64 24.
The reverse out valve as recited in claim23 wherein the outer housing
further conprises an indicating collet that allows a predetermned force in
the first direction to operate the mandrel fromthe first position to the
second position. 25. The reverse out valve as recited in claim?23 wherein
the outer housing further conprises a positioning collet and the mandrel
further conprises a radially reduced region and wherein the positioning
collet and the radial ithe resined regt ovafllgem dide raxiebd! agk vhemt ke mandrel
isin the second position and the positioning collet engages the radially

reduced regi gfeddier ebye PaRVENt EBgc@Xyahbyat®vabbea Qprig rEMadr elrgesl ative
to the outer housing. 26. The reverse out valve as recited in claim23

wherein the ayd ahaddf&lr GAREIAIGIe Shiddes 3 vTeadndlenf KO rdiregcqrd
position to the first position when the axial |ock is disengaged.

in the second position.

28. The reverse out valve as recited in claim 23
wherein the fluid flow control element further comprises a

flow tube.

29. The reverse out valve as recited in clafm:. 23
wherein the fluid flow control element further comprises a

valve seat and a valve element.

30. The reverse out valve as recited in claim 23
wherein the fluid flow control element further comprises a

valve seat, a valve element and a flow tube.

31. The reverse out valve as recited in claim 23
wherein the fluid flow control element Ffurther comprises a
valve seat, a valve element, a flow tube and a pressure

relief element.
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65 27. The reverse out valve as recited in claim?23 wherein the axial force
generator is a spring that urges the mandrel toward the first position when
the mandrel is in the second position. 28. The reverse out valve as recited
in claim23 wherein the fluid flow control elenent further conprises a
flow tube. 29. The reverse out valve as recited in claim. 23 wherein the
fluid flow control elenment further conprises a valve seat and a val ve

el enent. 30. The reverse out valve as recited in claim23 wherein the fluid
flow control element further conprises a valve seat, a valve elenent and a
flow tube. 3l. The reverse out valve as recited in claim23 wherein the

fluid flow controf, el agent  Lytddier oGPMAISes 25 YAlYPeaealn Buyghvo el ement,

a flow tube and a pressure relief elenent. 66 3 he reverse out val ve as

recited in clalmad (MNSGI1Y 1N It bl oM SR Hafl £TBY SRS Phiqe way

val ve configuration
configuration.

33. The reverse out wvalve as recited in claim 23

wherein the fluid flow control element has a wvalve open

configuration.
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33. The reverse out valve as recited in claim23 wherein the fluid fl ow
control elenent has a valve open configuration. 67 34. A reverse out valve
conprising: an outer housing;, and a mandrel slidably disposed within the
outer housing, the mandrel and the outer housing having a circul ating
configuration and a reverse configuration relative to one another, in the
circulating configuration, the reverse out valve having two i ndependent
flow paths for fluid flowin a first direction and three independent flow
paths for fluid flowin a second direction, in the reverse configuration,

t he reverse out val ve having one flow path for fluid flow in the first

direction and twozj ndependenke f4oW pALRS bRprididy.d flow in the second
direction. 68 35. A reverse out valve conprising:” an outer housing; and a

mandrel slidably §H§§ﬂ§gdhgh%fg§5tggacnnew housi ng, the mandrel and the
outer housing having a circulating configuration and a reverse

configuration relﬁlﬁyﬁﬁféi(§¥adably 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
valve having two independent flow paths for fluid flow in a
first direction and three independent flow paths for fluid
flow in a second direction, in the reyerse configuration,
the reverse out valve having one flow path for fluid .filow
in the first direction and two independent flow paths for

fluid flow in the second direction.
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another, in the circulating configuration, the reverse out valve having at

| east two independent fluid 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 valve having no flow paths for
fluid flowin the first direction and one flow path-, for fluid flowin the
second direction. 69

35. A reverse out valve comprising:

an outer housing: and

a mandrel slidably disposed within the outer housing,
the mandrel and the outer hogsing having a circulating
configuration and a reverse configuration relative to one
another, in the c¢irculating configuration, the reverse out
valve having 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 having no flow .paths
for fluid flow in the first direction and one flow path: for

fluid flow in the second direction.
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