WO 2007/060449PCT/G132006/004400 DOWNTIOLE TOOL FIELD OF THE INVENTION 5This
invention {g*g%ﬁ%@%gwnhole tool, and to features of downhole tools. One e@bodiment of the
invention relates to a downhole bypass tool for incorporation in a tubular slfﬁr% gﬁ&“&fﬂ%ﬁ%ay be used
to allow fluid to flow directly from the string into a surrounding annulus without having to pass through
a bottom hole assembly (BHA). Other embodiments of the invention relate to methods of operating
downhole tools. 10 BACKGROUND OF THE INVENTION In the oil and gas exploration and
production industry long strings of pipe sections or other tubulars may be used to, for example, support
and transmit force to a drill bit from a surface rig. The "drill string" is also used to carry drilling fluid
pumped from the 15 rig to jetting nozzles in mﬂ%qﬁ(&ﬁing the nozzles, the fluid passes back
to surface via the annulus between the string and the bore wall. However, there are occasions when it
is desirable to pass fluid from the tubular string directly into the annulus, without having to pass the

fluid through tlﬂ’?ﬁ‘ﬂg 8 g&% tus mounted on the end of the drill string, known as the
bottom hole assem IyﬁfL Su uid bypass may be desirable to, for example, provide a

greateg rovv_ rate of f_IJIL'dstongae%itlggateefel&%r'g%gfo \% qugttin s from the annulus. onv n_tional flow
bypass devices, typica {y KRG as cwculla_ltlng too%‘s ortgﬁ%gflé;%?téggtg?ﬁB#I‘i?"ﬂgﬁg%oﬁ%‘mgwporated
D A AL IS A AR R B R,
the sub a ball {§yular string and which may be used to allow fluid to flow directly from the string into a
surrounding annulus without having to pass through a bottom hole assembly (BHA).
Other embodiments of the invention relate to methods of operating downhole tools,
10
BACKGROUND OF THE INVENTION
In the oil and gas exploration and production industry long strings of pipe sections
or other tubulars may be used to, for example, support and transmit force to a drill bit
from a surface rig. The "drill string" is also used to carry drilling fluid pumped from the
15 rig to jetting nozzles in the drill bit. On exiting the nozzles, the fluid passes back to
surface via the annulus between the string and the bore wall. However, there are
occasions when it is desirable to pass fluid from the tubular string directly into the
énnulus, without having to pass the fluid through the drill bit and other apparatus
mounted on the end of the drill string, known as the bottom hole assembly (BHA). Such a
20 fluid bypass may bé desirable to, for example, provide a greater flow rate of fluid to
facilitate clearing of drill cuttings from the annulus.
Conventional flow bypass devices, typically known as circulating toois or subs,
feature a tubular body to be incorporated in the string and defining one or more radial

flow ports. A sleeve held in place by one or more shear pins normally closes the flow

25 ports. When it is desired for the drilling fluid to bypass the string below the sub a ball is



WO 2007/060449Pe1/GB2006/0044110 2 dropped into the string and travels down through the string
to land on top of the sleeve. This allows fluid pressure to be applied to the sleeve, shearing the pins
and moviMPtRYYREHE downwards to allow flow through the side ports. SHER/fRI8&044pben in use
for many years, and are relatively inexpensive and reliable. However, once such a device 5 has been
actuated, flow cannot be re-established to the string below the device, and the string has to be
retrieved to remove the ball and reset the device. There are a number of bypass tools currently

available whictirenywid iis s attmgtagetrivaiaiowe tidsipbrihaayibe ©osed angfuddiowdelow the
tool reestablished. 10US Patent No 6,253,861 (Carmichael et al) discloses an arrangement in which a

sleeve-shapedbisivlawerfibist pnegsive tadvesbtdiefosetior sipeveadiypang Nerphy dranangmniactuating
ball onto the valve member. An embodiment is described in which a bypass port is initially closed, then
opened, and tBiépveldewawrIes tacikothibopr tomsghdbe vide theusBurhtwols iffare biln Siz@geaptuation
balls. Once the bypass ports are closed, the tool is 15arranged to provide a fluid bypass path around

the balls, whicHa®higiRrwithth arenelatively inesnsasivaaindarehilzpplidatienapyblicatiochNodew@R8/00275
(Bode) describes a valve in which side ports are opened by dropping a ball, and the ports are then
subsequently BRSRSELICHHUBRiLEn eap R in i £5AbEsledrtoBbestdag drihes theideitiveopadatiag
sequence to Carmichael et al and also provides for a flow path around the ball 20and wiper dart once
the bypass po?FWﬁé?‘B%@rPEI@E‘GYBd g mATEHke el andigssbiie dedstibe relatively simple, single use

tools, that is the toolg. offer an (g)eratOche Qpportunity to open and close the bypass ports just once.
Such tools are also égﬁfﬁaﬂgﬁ idBIEPER PEIPERS ifR3SeRurvently availapleorwhich fvRithtbisof other

tools available yg%gh an be ope d ang closﬁed a 25nu beé of times. One of these tools is described
in US Patent IQO. 1 é,ngén(Lee{;. gide port may be close and fluid flow below the tool re-

established.

10 US Patent No 6,253,861 (Carmichael et al) discloses an arrangement in which a
sleeve-shaped valve member may be moved to élose or open a bypass port by dropping
an actuatin‘g ball onto the valve member. An embodiment is described in which a bypass
port is initially closed, then opened, and then closed once more, this prdcess requiring the

- use of two differently sized actuation ball_s. ane the bypass ports are closed, the tool is

15 arranged to provide a fluid bypass path around the balls, which remain within the tool.

International patent application publication No WO88/00275 (Bode) describes a
valve in which side ports are opened by dropping a ball, and the ports are then
subsequently closed by dropping and pumping a wiper dart. Bode describes a similar
operating sequence to Carmichael et al and also provides for a flow path around the ball

20 and wiper dart once the bypass port has been closed.

Carmichael et al and Bode describe relatively simple, single use tools, that is the
tools offer an operator the opportunity to open and close the bypass ports just once. Such
tools are also generally reliable and relatively inexpensive.

There are a number of other tools available which can be opened and closed a

25 number of times. One of these tools is described in US Patent No. 4,889,199 (Lee). This



WO 2007/060449PCT/GB2006/004400 3 tool utilises a plastic ball to open the ports, and a smaller

steel ball {9&%9/5@& Rprts and allow the larger ball to be forced downwa?gé)%’gr g/tge valve sleeve
into a ball catcher provided in the lower part of the tool. In US Paten } ci)%li\i:9 8 %%)0 (Rogers et

al) a sleeve may be moved to open bypass 5ports by dropping an actuating plug. If desired, a fishing
tool can be lowered into the drill string to retrieve the agtuating plug and to move the sleeve back into
its initial position, closing the bypass ports. The applicant has also proposed various
arrangements ROHEUHRIUS tlimeresshe gposomdrdsarligsticel hall iceshatdhapBatent

publications WQ 5499(;10 and 10W005049959.  These tools provide the operator with the
opportunity to 3PS BB R p e ntroush die Miwrvlesythiate tdulé tetabieto be

more expensive thaﬁ%ging[ka ise tools, ?‘géhe risks of tool failure are generally greater. 15SUMMARY
OF THE INVERTION® "™ AR (PG th A Fisto®lpect of the present invention there is provided a

oo cetming S P A Bmen i s s
5 ports by dropping an actuating plug. If desired, a fishing tool can be lowered into the
drill string to retrieve the actuating plug and to move the sleeve back into its initial
position, closing the bypass ports.
The applicant has also proposed various arrangements as described in US Patent
Nos. 6820697 and 6378612 and International Patent publications WQ00549900 and
10 W005049959.
These tools provide the operator with the opi:ortunity to open and close the
bypass ports two or more times. However, these tools tend to be more expensive than

single use tools, and the risks of tool failure are generally greater.

15 SUMMARY OF THE INVENTION
According to a first aspect of the present inventidn there is provided a downhole
tool comprising:
a ﬂuid transmitting tubular body having an inlet and first and second outlets;
a sleeve defining a throughbore located in the body and initially closing the
20 second outlet, the sleeve being axially moveable in one direction to open the second
outlet and then permanently close the second outlet; and
an actuating device adapted to land on the sleeve and cause the sleeve to
permanently close the second outlet and wherein, following closure of the second outlet,

the actuating device is configurable to permit flow between the inlet and the first outlet



90second outlet, the sleeve being axially moveable in one direction to open the second outlet and then
permanently close the second outlet; and an actuating device adapted to land on the sleeve and
cause th&" L& EErmanently close the second outlet and wherein, folfSWSB 804489 the second
outlet, the actuating device is configurable to permit flow between the inlet and the first outlet WO
2007/060449PC17GB2006/004400 4 through the sleeye, said flow through the sleeve being
substantially confined to said sleeve throughbore.  According to another aspect of the present
invention therdhiopgbvibie dleemsetirid fbeotitroliigly fiavsiscacdbuinheldtinutancepmrising A dupular
body having an inlet and first 5and second outlets, the second outlet being initially closed by a sleeve
defining a throtggtsdheowigbhersthod comprising: translating the sleeve in a first direction to open the
second outlet; directing fluid from the body inlet through the second outlet; locating an
actuating device in tHeCRRIgyIEr e ano8retinaslgoh o dotapinseth énsettiatinbeiO g ive duith thetsbaare;
controlling flow in a downhole tubular comprising a tubular body having an inlet and first
5 and second outlets, the second outlet being initially closed by a sleeve defining a
throughbore, the method comprising:
translating the sleeve in a first direction to open the second outlet;
directing fluid from the body inlet through the second outlet;
locating an actuating device in the body and operatively associating the actuating
10 device with the sleeve;
translating the sleeve in said first direction to permanently close the second outlet;
and
directing the fluid from the body inlet through the first outlet, the fluid passing
through the sleeve and being substantially confined to said sleeve throughbore.

15 As used herein, the term "permanently closed" is used to indicate an arrangement
in which the sleeve is arranged such that it is not normally possible or intended to re-open
the second outlet once the outlet has been closed by the sleeve and flow is established or
re-established between the inlet and the first outlet. This allows embodiments of the
invention to be of relatively simple construction when compared to multiple use tools,

20 that is tools intended to be opened and then closed on two or more occasions.
Accordingly, embodiment of the invention may be relatively inexpensive and the
simplicity of the tools facilitates provision of more reliable tools,

Substantially confining the flow to the sleeve throughbore offers a number of

advantages and contrasts with existing arrangements in which a valve sleeve remains

25 obstructed by an actuation ball such that a serpentine ball bypass flow path must be



translating the sleeve in said first direction to permanently close the second outlet; and directing

the fluid froiy 1hesRegydnlet through the first outlet, the fluid passing throqu&)}t)(eﬁszl&%\/&m %JI being
substantially confined to said sleeve throughbore. 15 As used herein, the term "permanently closed" is

used to indicate an arrangement in which the sleeve is arranged such that it is not normally possible or
intended to re-open the second outlet once the outlet has been closed by the sleeve and flow is

established or rer-%sl%aglitz"hedﬁae%yeiqr%the inlet and the first outlet. This allows embodiments of the
invention to be B TETEHVERPBRASIE SETEE bR WHENE hpaletreo Huttiplesagerttnts{laR0 pag is tools

intended to be ngeinetd ﬁ‘]nd the closgdfon two or more occasions. Accordingly, embodiment of the
invention may be rgla?ive‘ff/elarf’g)%b%rxi%S &A°IAR GRpiRief Brateotobimitingitetespieatisionoékuohre
reliable tools. .. 0§¥Q%%Qtiallll confining the flow to the sleeve throughbore offers a number of
advantages and Contrasts with exis iSO arPAN BINEHAS SaRthis of opsretiam bveuebrpeidéinbobstructed by
an actuation ball suc tine,ball bypass flow. path must be WO

2007/060449PCT/G %&%ﬁ&%@ %?8&%%% %ﬁ%ﬁ%& Wkist daljan mesinsnis wicthresseonsuch a
serpengne ﬂOV\bﬁ’@éhr}?a%%%‘i%&@ﬁrﬁ@%%&ﬂ%{gbe% eerosion to parts of the tool, limiting the applications
of such tools or requiring use of expensive m teriars ‘capable of operating in such conditions. The flow

et B B S T o
drop, pump andeégn sasi and davisen Uieuabites IRACHIGSIEEYS 185 G584 e, ced the
second outlet.

The body inlet and first outlet may be axially aligned, and may be aligned with a

10 throughbore exfending through the body. Typically, the body throughbore and the sleeve
throughbore are coaxial.

The second outlet may extend generally transversely or radially from the body
through bore, and if desired may be arranged to direct fluid substantially perpendicular
from the body, upwards or downwards ;elative to the body, or tangentially relative to the

15 body. Only a single second outlet may be provided, but it is more likely that a plurality
of second outlets will be provided in the body.

The body may have conventional pin and box end connections to allow the body
to be mounted in an otherwise conventional string. Alternatively, the tool may comprise
a main body section having box connections at both ends, for use in conjunction with a

20 body section, which may be in the form of a saver sub, having pin connections at both
ends. This facilitates the accurate machining of the inside of the main body section from
either end.

The second outlet may simply be a bore or port in the body wall. Alternatively,

the second outlet may be lined or may incorporate a nozzle or other flow restricting or



second outlet. The body inlet and first outlet may be axially aligned, and may be aligned with
a 10throughbore extending through the body. Typically, the body throughbore and the sleeve
throughb8YE APE7¢A%A. The second outlet may extend generally traRS¥&eSaRPeP&tithlly from the
body through bore, and if desired may be arranged to direct fluid substantially perpendicular from the
body, upwards or downwards relative to the body, or tangentially relative to the 15body. Only a single
second outlet may be provided, but it is more likely that a plurality of second outlets will be provided in

the body.  Tostiotithyraayhayesa0nvBNHAn PR ERRHOSRA0ELRNE RIS 19 S@B%%éﬁe higdy to be

mounted in an otherwise conventional string. Alternatively, the tool may comprise a main body section

having box commestemnsdi dobloehels, for use in conjunction with a 20body section, which may be in
the form of a saver sub, having pin connections at both ends. This facilitates the accurate machining of

the inside of the mailThoslgeseation ficoim @ithermo. parts THrl SEEANEOBERN MRYosIRY Deia figre or
port in the body wall. Alternatively, the second outlet may be lined or may incorporate a nozzle or other
flow restrictingrers\way 28076844 0P@bIO 8260640046t @0another. One part of the sleeve may be
5 moveable to open the second outlet and another part of the sleeve may be moveable to
close the second outlet.
The sleeve may be axially movable relative to the body. The sleeve may be
adapted to be axially movable in the direction of normal fluid flow through the body.
The sleeve may be initially located in the body, or may be adapted to be passed

10 into the body. In certain embodiments, one or more parts of the sleeve may be initially
provided within the body, and then one or more other parts of the sleeve may be moved
into the body, for example by pumping or dropping from surface.

Parts of the sleeve may be.retained in initial positions by releasable retainers such
as shear pins.

15 The movement of parts of the sleeve may be controlled or restricted by the
provision of appropriate shoulders, ledges or the like, or by providing body-mounted pins
to engage formations on the sleeve parts or vice versa.

In particular embodiments the tool may be adapted to permit the second outlet to
be subsequently reopened in selected circumstances, typically in circumstances which are

20 beyond the normal operating conditions or parameters encountered during an operation in
which the tool is employed, for example a drilling operation, which is the application for
a preferred embodiment of the invention. In one embodiment, the valve member may be
adapted to reopen the second outlet in response to a selected reverse differential pressure,

that is, when the pressure in the annulus surrounding the string containing the tool is

25 higher than the pressure within the tool. This effect may be achieved by reverse



6 controlling arrangement. In one embodiment, each second outlet is provided with a tungsten carbide
nozzle. WB%@L@&\A%may bg in one or more parts, and if formed from '[V\‘)%% oor&%%gtspthe parts
may be axially moveable relative to one another. One part of the sleeve may be MoveaBle to open
the second outlet and another part of the sleeve may be moveable to close the second outlet.  The
sleeve may be axially movable relative to the body. The sleeve may be adapted to be axially movable
in the direction of normal fluid, fll,ow through the body. The sleeve may be initially located in the body, or
may be adapted 18 B&Pa éﬂl 8 itidndiabiy. b permine fwddirerihs, ammibsmomagartsaat the

sleeve may be initially proviged within the body, and then one or more other parts of the sleeve may
be moved into %ﬁ%“%‘é}é‘g, t%r%%ér%%’ié’%yepﬁ?gﬁ% B drippnRen direEMeseperat@amdloictaatieeve

may be retainggl in initial.positions by releasahle retainers such as shear pins. 15The movement of
parts of the s|§é&v£a£a5§%%%§8rﬁ¥8ﬁ8§%?°ré§m EEBHORHE BrSYhIGFIBE Ghfermtnb alsrsrsedges or

the like, or by prayiding body-mounted pins to engage formations on the sleeve parts or vice versa.
In particular emﬂ%&?&%ﬁt@%ﬁe&gg lﬁ%}gygggr%éf)a{lﬁtedl &%&Wﬁ%i%&%ﬁ%ﬁ&%ﬁ@é H@éd@s‘@ﬁm@ntly
reopened in selected.giEGIME [ in_circumstances whijch are 20 beyond the normal
operating conditions or param%}epr@%r%gl?r%t%ggj ﬁu()rrln%oé:ﬁ'%es?gﬁ N FrCHIHRIA e 1801t RIRETHYed, for
example a drilipg,oREFrSHR NDIED IS R6 icati [ ferred empodiment of the invention. In
one embodimengothe valve member maya?)%pglgz%?gﬁg ?grr%é%%gé%%ﬁé’ ggcgﬁglgﬁﬁéﬁﬂ‘?egﬁﬁggto a

selected reverapelifiorapraispsiventian i il pessiiedRdREANRRiUs SuTpRadog the string
C ea y

containing the tool is 25higher than the pressure within the tool. This e may
reverse normal operations with drilling and other fluids being circulated in the hole in the

conventional manner, the operator may treat the second outlet as permanently closed.

10 The second outlet may be closed by the sleeve forming a seal between a surface
of the sleeve and an opposing surface of the body, or by providing a seal between parts of
the sleeve. The seal may be provided by conventional sealing arrangements such as
elastomer O-rings or chevron seals. Alternatively, metal-to-metal seals or other non-
elastomeric segls may be provided in which a seal is formed by, for example, metal

15 elements of sleeve parts or metal elements of a sleeve part and the vbody being brought
into contact. The sealing surfaces may be tapered or inclined to the direction of relative
movement of the sealing parts or may be parallel or perpendicular. One advantage of
tapered or inclined surfaces is that, by appropriate selection of taper angles, it may be
possible to create a seal which will resist separation of the parts. As used heréin, the term

20 "metal-to-metal" is intended to encompass seals formed between metal surfaces provided
with, for example, a non-metallic protective coating or a non-metallic low friction
coating. Other non-elastomeric seals include seals of ceramic materials,

The sleeve may define one or more ports or holes which may be aligned with the
second outlet to open the outlet, and which ports may be misaligned with the second

25 outlet to close the outlet. Alternatively, or in addition, a sleeve or sleeve part may be



WO 2007/060449PC DC B2006/004400 7 circulation of drilling fluid, that is, by pumping fluid into the
annulus at surface and circulating the fluid out of the hole via the drill string. However, operators will
normally YRS HWT/4¢%f8ble measures to avoid creation of a reverse presstreldiRAaMis 48t reverse
circulation, during drilling operations, due to the risk of drill cuttings and the like being circulated into
the string and damaging or blocking sensitive equipmgnt, and to protect exposed formations from
elevated fluid pressure. However, as described below, a further aspect of the present invention seeks
to overcome [oihlbf shesel froblehesssBbub odtlsingtiarmal aRRiGEIApeILANG agd.aihgrdlids being
circulated in the hole in the conventional manner, the operator may treat the second outlet as
permanently dhssewtlet©® Theesbeantlautlet may be closed by the sleeve forming a seal between a
surface of the sleeve and an opposing surface of the body, or by providing a seal between parts of the
sleeve. The seal majneepirbviemtddjnumtyentibest seatingarmengementssiiel aswlastomes §-rings or
chevron seals. Alternatively, metal-to-metal seals or other nonelastome,ric seals may be provided in
which a seal i??SYﬁ%TW?}’dﬂ@Q@ﬁTB%,arﬂ@mteﬁsi@lemwﬂ‘aaifiwwm@mmmﬁ%laéﬁqmemﬁaOf a
sleeve part and the body being brought into contact. The sealing surfaces may be tapered or inclined
to the-directiofoPPetivVENfBowNfesHigan anes simuapbeieky ocehale ieepdvavie pariperpengitidafoOne
advantage of tapered or inclined surfaces is that, by appropriate selection of taper angles, it may be
possible to ch’ég@ SeaPWrichisq/ar erlue of sxtatishlsianheopibis matise dihetbin, dinb déimen2g)
"metal-to-met&l" is intended to encompass seals formed between metal surfaces provided with, for
example, a noOR-mMEPaffERroRL iR &L Ssrlvdedbrisipnernatorndondn deditibe fomelfistomeric
seals include sealgzl%f %vekg%mic mfi\terials The sleeve may define one or more ports or holes

| I%hréogégowayohﬁeﬁdf’é’tt?ﬂeﬁ‘? e goded Bndaubrsenssbflomayroeehitwligned

which may beaaﬂféned W

with the seco t lose the outlet. Alternatjvely, or in addition,a sleeve or sleeve part may be
WO 2007/0605!1?4?5%9% Gé?ﬁ%g%'ﬁ)vd%%oo %&%%Fyesali% é, P qﬁ‘?&%@%ﬁa BE RRRE R beitiet is

opengd and ACrOSs. t close the outlet. In certain embodiments, a sleeve part
may act as a%%tﬁﬂéa}gr?g 8@55%55 éhl;%cﬁyg% g%vsé‘?‘ﬁ%t T ?ﬁ%%cgl%g}é% @?IWF{[\%‘%F&%‘W, piscifitate

pumping of thesslggKameskie wallg BodpdiRdlalesicianaa.compielely acelude the seeve

part and may be, for example, a burst disc’or a plug of extru or soiubI8S

embodimentseriiae-How KesHicHan BaRRbPaYialacclude, iisisles eapr"é‘tftti%fj T3y, De in he form of
a nozzle, which nozzle may be adapted to be éroded by subsequent flow through the sleeve’part. The
provision of andzzkg sitapls thice HeeRRMII AQEPHIRELIAGOM hinium alloy washer. Thus,
once the sepond outlet has been closed, the nozzle will erode such that the remains of the
15 sleeve will present little if any restriction to flow through the tool.
The sleeve may be adapted to be retained in a sécond outlet-closing configuration.
The sleeve and body may be configured such that differential pressure tends to retain the
sleeve closed. Surfaces of the sleeve may be arranged such that the sleeve is maintained
in the closed configuration by friction or interference fit. Retaining members, such as
20 sprung pins or snap rings, may be provided to lock the sleeve in the closed configuration.
The actuating device may take any appropriate form, including a plug, ball,
sleeve, dart or the like.

Depending upon the tool functionality, more than one actuating device may be

provided, and in such a case the actuating devices may take a similar or different form.



10 relatively quickly, as the hydraulic shock experienced when the nozzled sleeve lands is less than
that Whicwggogwerienced by an occluded sleeve or occluding ball. The erode-able nozzle may
be achieved by forming the nozzle from a relatively soft material, and ma)’) g%%ﬁg?gﬂgoﬁgﬁform of a
thick aluminium or aluminium alloy washer. Thus, once the second outlet has been closed, the nozzle
will erode such that the remains of the 15sleeve will pesent little if any restriction to flow through the
tool. The sleeve may be adapted to be retained in a second outlet-closing configuration. The
sleeve and bodly fisly #iussintgdeeireunhyttiat viffisehtial gressiliee denmid teursaintherRleyg posed.
Surfaces of the sleeve may be arranged such that the sleeve is maintained in the closed configuration
by friction or iftEHEIBAAS Ficerasittion inuiisedsonliese s 20sprdngthins or snap rings, may be
provided to lock the sleeve in the closed configuration. The actuating device may take any
appropriate form, inclfifigtabRgdBvfe sz e confimreddditestrict fdabdoditigapaniheléect to
functionality, mgre than one actuating device may be provided, and in such a case the actuating
devices may tAk&"4 gfﬁﬁ‘éﬁﬁo’fgd%‘?eﬁ’@ﬁf fa%rﬁ?f%?d%@oémsommw@@m@anm&em firgieactuating
device:may beactétiliged ﬁo open the second outlet and the second actuating device may then be utilised

hd Sutley e map dhenbr arsandisticd inayisiantaliy trisateseristAorfipathftovsbough the

to close the secon

sleeve to alloy.pr e t@ be huilt.up across the sleeve, and thus reconfigure the sleeve. The 5
i gég%h 5 acma%"f%ﬁ?é’& t e AHITAR AR iFodak)erlemsntp sghit iiheu flowhefsleeve.

actuating device may then be recon

The actuatingfgﬁgi%mgx %%T}peqﬁe an.t?rodablt% elgment, such that flow of fluid through the device will

cause the flow area through the device to merease. ?Weagﬁ?tﬁgfﬁﬁ’@laé@‘?céem&?‘iﬁém% eldment

which is displaggahle, o digru I selected fluid pressure, for example a burst disk or a plug or
portion of material which 10 r%tia%/?t?ég J%%a%egﬁ rrgﬁrﬁhvé%sfée\%.dﬁﬁiaﬁ?ﬁﬁ]ﬁtiﬁb disweebimypindude a

soluble materiglahichis AgARE TSNS rate or otherwise change its characteristics on
exposure to selected quidsg The actuating eeic:zﬂ%%%cﬁgega{) f)glnglr%Sﬁ’Pé)gfﬂ%Pfo‘??ﬁthW%cgdapted to

be extuded angyhierdissiais@aear i oueR therlee e devidle actuating device may be adapted to
be reconfigured to reinstate the sleeve - ing devIQHRSH AN LR material

which is adapted to dissolve, disintegrate or otherwise change its characteristics on
exposure to selected fluids. The actuating device may be a ball or some other form which
is adapted to be extruded or otherwise displaced through the sleeve.
The actuating device may be adapted to be reconfigured to reinstate the sleeve
15 flow path merely by application of fluid pressure thereto. Alternatively, the actuating
device may be adapted to be reconfigured by another member, for example, a further
actuating device,
The actuating device may be adapted to travel towards the sleeve under the
influence of gravity, that is the actuating device may be configured to have a density
20 greater than the fluid in which the device will operate. Alternatively, the density of the
actuating device may be selected to be closer to the surrounding fluid. This requires the

actuating device to be pumped through the string, but facilitates negotiation of inclined,

- horizontal or uphill bore sections.



15flow path merely by application of fluid pressure thereto. Alternatively, the actuating device may be
adapted to be reconfigured by another member, for example, a fiirther actuating device. The
actuating%%\;i%(g/ﬁ?g?/%e adapted to travel towards the sleeve under the iffid ?ﬁw&y, that is the
actuating device may be configured to have a density 20 greater than the fluid in which the device will
operate. Altematively, the density of the actuating deMice may be selected to be closer to the
surrounding fluid. This requires the actuating device to be pumped through the string, but facilitates
negotiation of inclinetl finsriztritah o dephil hayd s eotifipsre O 2 014G HOYABPs 1 B 8056044110 10
A first actuating device may be configured to at least partially occlude the sleeve, such that flow from
the body inletsushibat e wdtenithplevinieldtop siddist sutittidsautenaded signilieantdstapedjandf flow is
directed from the body inlet to the second outlet. It will be apparent to those of skill in the art that
many of the absigdifisanyennatienefifiovejsatiestypdbfenethabididnizspetts sbtnd tntkention identified
above, and may indeed provide separate and distinct aspects of the invention. These various features
may also be provided Wilt&pranpatssh withegseofuitibindhp aetdhst enywéithio aboxt deatiretobaye
According to a further aspect of the invention there is provided a downhole tool comprising: 10a fluid
transmitting tHGr SERRFREL G therirartinules sanmas A dhse Beyrniden ddensifiedvebavenassh wenfigurable
to close the second outlet; and  a seal arrangement oge[atively associated with the valve member

and comprisifiCAFSRIRY Setehttptanth g Stpcl csReET AR BR ARYSULBR: o asians dayar AsH-sealing

configuration t? a.contactin .sealirbql configuration {n \ﬁ/hich a seal is formed between
also be provided’in combination with the turther aspects of the invention set out below.

According to a further aspect of the invention there is provided a downhole tool
comprising:

10 _ a fluid transmitting tubular body having a first inlet and first and second outlets;

a valve member configurable to close the second outlet; and

a seal arrangement operatively associéted with the valve member and comprising
first and second sealing surfaces relatively movable from a spaced apart non-sealing
conﬁguratiqn to a rcontacting sealing configuration in which a seal is formed between

15 contacting hard portions of the surfaces.

The invention further relates to a method of controlling fluid flow downhole
through a tubular body having an inlet and first and second outlets, the method
comprising:

directing fluid from the body inlet through the second outlet; and

20 translating a valve member to close the second outlet and form a seal between
first and second sealing surfaces of a tough material.

The use of hard or tough materials in embodiments of the invention to form the
sealing surfaces reduces the likelihood of the sealing surfaces suffering damage, wear or
erosion. Thus, the hard or tough sealing surfaces may, if desired, be provided in more

25 exposed locations, where the surfaces may be exposed to fluid flow. This offers that



15contacting hard portions of the surfaces.  The invention further relates to a method of controlling

fluid flow gyl dhyeugh a tubular body having an inlet and first and S%%H(d’&%géfg %}%‘8 method

comprising: directing fluid from the body inlet through the second outlet; a tran ng a valve
member to close the second outlet and form a seal between first and second sealing surfaces of a
tough material. The use of hard or tough materials inlémbodiments of the invention to form the sealing
surfaces reduces the likelihood of the sealing surfaces suffering damage, wear or erosion. Thus,
the hard or toRfjfitieatinbetdiitdovriag, overothresnrbressraxiilidenth thsreinsiaxfosed fueatdems, where
the surfaces may be exposed to fluid flow. This offers that WO 2007/060449PCT/GB2006/004400 11
advantage thé?‘fﬁli&hﬁ&vm?g EORREHB S LTHAERSES WA e iaES riRltaitithRrQuidacekeciderireducivainat the
contacting surfaces are more likely.to provide the desired seal. Conventional elastomeric bypass tool
seals typicall QQY?HB‘)&‘ETO aSLOMATIS RYiRESs JapS SR BB HEY AL AASS iFmAk AR e with at
least one port in eac rface. To, 5 gpen the ports one sleeve will slide inside the other and a port will
cross a seal lfﬁﬁﬂ%eeglp%ﬁgegﬂgl?ﬁ“{’oc .‘éﬁg@ ‘,Cflﬁes%g?f%lw %\%ﬁgkoél&é?%ttﬂ’e?égl LBa%e pdits do not
align. .The seal will only be expased briefly.as it moves from between o and closed. TQ protect the
seals the tool Wil %ﬂgrgé)a%?yﬂggo%raﬁgﬁg%gls%c AL %‘Feol o't gl\\//‘?‘/ iy %g@gﬁof—f&\ﬁé\?@?‘ﬁ}% the

working fud GORLANfS "8l RAE GHIAKS: A1 G RR% WL A HE Goad S OREIAMS L B g usual for

such gaps to aterial over time or with use, which' may restric seque

parts of the topldesuition bap 6XReBaNE UG s 1T HbGRAGSHEIRRES Tiak D quglapio-metal
seal, for example the surfaces may feature a tungsten carbide coating which has been ground and
polished. The @il the seals, the tool will normally be arranged such that there is no flow in the gap.
However, where the working fluid contains small particulates, as is the case with drilling
10 operations, it is not unusual for such gaps to fill with material over time or with use,
which may restrict the subsequent movement of parts of the tool resulting in an expensive
failure.
| The sealing surfaces may form a metal-to-metal seal, for example the surfaces
may feature a ’Fur'xgsten carbide cpating Which has been ground and polished. The metal
15 surfaces may feature a coating of non-metallic material, such as PTFE or a ceramic.
Alternatively, the sealing surfaces may be formed of ceramic material, an elastomeric
material, or a combination of different materials.
The sealing surfaces may be formed of rigid materials.
Preferably, the tool is configured to permit translation of the valve member in
20 response to a fluid pressure-induced force. The force may be induced by a pressure
differential across a flow restriction or by a fluid pressure differential between the interior
and exterior of the tool. In other embodiments the tool may be configured to operate in
response to a mechanical force or a gravity-induced force.

A flow restriction may be provided in the tool. The restriction may form an

25 integral part of the tool, or may be provided by a restriction member or actuating member



15 surfaces may feature a coating of non-metallic material, such as PTFE or a ceramic. Alternatively,
the sealing surfaces may be formed of ceramic material, an elastomeric material, or a combination of
different rﬁ'&féﬁ%@ﬁ?‘ﬁ’é’ sealing surfaces may be formed of rigid materialsPOFefa2{9K/08k9900! is
configured to permit translation of the valve member in 20 response to a fluid pressure-induced force.
The force may be induced by a pressure differential agyoss a flow restriction or by a fluid pressure
differential between the interior and exterior of the tool. In other embodiments the tool may be

figured i - i ity . A
configured to ot llﬁwé@%%-ﬁﬂa@@xm%h@m?@ﬁfyﬁ?yq{yad%ﬁég}l‘%ﬂéﬁéﬁg?‘[ﬁgﬁwg% 8?F%ror\r/1vay

restriction may be provided in the tool. The restriction may for

be provided byha teslyietitsh menthermerasidasing HAMPERIVYCRA0HOS ARG T/G 82006/004400 12
which is located or placed in the tool, typically by dropping or pumping the member into the tool, which

member may land orifas¢ad] prafildocopsigiatdntt 1ekteel other e tRRIMAY:PEGORfIgUIEd g lock or
otherwise retain the first and second surfaces in the sealing configuration. Thus, in certain

embodiments stitéseshvie thersrabingscndigmatioaneritiy claseiam secansasiist %%fb@ﬁﬁ%)éfgkpm

reopen in normal operating circumstances. In other embodiments the valve member may
subsegjuently FvapIB 0 astertibe decordmlitet cfauekahaple willoueleegdein rmp@épﬁ(ﬁ%nced by

the tool. The movement of the valve member may be controlled by an indexing arrangement, for
example a caffi'&riSensHerimpideyavbadismbiertheabe hiasbertowptdsdfene-aflihaspen @ closed
configurations by a spring or other arrangement.
opén the second outlet, for example by cycling the pressure experienced by the tool.
The movement of the valve member may be controlled by an indexing
arrangement, for example a cam and follower. The valve member may be biased towards
10 one of the open or closed configurations by a spring or other arrangement.
The first and second surfaces may be configured to provide a locking engagement
therebetween. The surfaces may be configured to form an interference fit therebetween.
The surfaces may define locking profiles, for example ratchet threads.
The tool may be configured such that the sealing surface may be brought into
15 contact with a force sufficient to provide locking engagement therebetween. The force
may be produced by moving the valve member at a relatively high speed to create
sufficient momentum to provide the locking engagement or by applying a high magnitude
force directly to the valve member.
The sealing surfaces may be energised, that is maintained in sealing contact, by
20 any appropriate arrangement, for example a spring, by applied weight, or by a mechanical
force. In particular embodiments pressure may be utilised to energise the seal, for
example by utilising a differential piston.
The valve member may comprise a sleeve.

The first and second surfaces may be inclined relative to the direction of

25 movement of the valve member, which may be parallel to the body axis. Alternatively,



The first and second surfaces may be configured to provide a locking engagement therebetween. The
surfaces may be configured to form an interference fit therebetween. The surfaces may define locking
profiles, for example ratchet threads. The tool may be configured such that the sealing surface may be
brought into 15 contact with a force sufficient to provide locking engagement therebetween. The force
may be produced by moving the valve member at a rglatively high speed to create sufficient
momentum to provide the locking engagement or by applying a high magnitude force directly to the
valve membehe surfaces Theipeiadingagiiiéces praychédiariergisethehdiréstinaintéinelvin wealirmy contact,
by 20any appropriate arrangement, for example a spring, by applied weight, or by a mechanical
force.In parti@ﬂﬁ&?@ﬁ%odiments pressure may be utilised to energise the seal, for example by utilising
a differential piston. Thevuhlvenmaebetanay comprise@sigevs, The sealifipeufifstesiasdevmd surfaces
may be inclined relative to trQe diirt ction of 25mgvem/§lrtlé of

the body axisC.OA%eﬁ%W 5 gl yakve member rnﬁ{ﬂ/%lya%@e@%r%gﬁ %u%&hﬂ?%p%lpara”e' to

rfaces'may bé parallel or perpen ar to the difection of valve
member snovémentyd hembkeambthbertimaycbbinip emsaor nrotbepbety Theoseaesspedcdsthiay be on

tool.

The tool may also feature other forms of sealing arrangement between parts of
the valve member and other elements of the tool. In some embodiments elastomer seals
may be provided between parts of the valve member and the body, or between

10 cooperating parts of the valve member.

According to a still further aspect of the invention there is provided a downhole
tool comprising:

a fluid transmitting tubular body having a side port;

a valve member configurable to close the side port; and

15 a seal arrangement operatively associated with the valve member and
comprising first and second sealing surfaces relatively movable from a spaced apart
non-sealing configuration to a contacting sealing configuration in which a seal is
formed between contacting hard portions of the surfaces.

The invention further relates to a method of controlling fluid flow downhole

20  through a tubular body having a side port, the method comprising:

directing fluid through the side port; and

translating a valve member to close the side port and form a seal between first
and second sealing surfaces of a rigid material.

According to another aspect of the present invention there is provided a

25  downhole tool for mounting on a tubular support string and for location in a bore
whereby the interior of the string and a surrounding annulus are in fluid communication
and whereby fluid may flow in a first direction from the interior of the string into the
annulus, the tool comprising:

a fluid-transmitting body; and

30 a tool function member including an actuation arrangement adapted for actuation in
response to selective application of a positive differential pressure between the annulus

and the string,



co-operating parts of the valve member. Alternatively, one sealing surface may be on 5 the valve
member and the other sealing surface on the body or some other part of the tool. The tool may
also feature other forms of sealing arrangement between parts of the valve member and other
elements of the tool. In some embodiments elastomer seals may be provided between parts of the
valve member and the body, or between 10cooperatiag parts of the valve member. According to a
still further aspect of the invention there is provided a dovvnhole toot comprising: a fluid transmitting
tubular body having @i pastia vValvptate rbavtonfighrableddoalosectbe tidepdrthanidgl bacseal

arrangement operatively assocjated with.the valye member.and c rising, first and second sealing
surfaces relatiYBREHEISBIEFrEHFR et 565?[1\{9{0 Qgg&ﬁnﬁlctgﬁf%%gaﬁsl raeOr and ﬁ%egeerlzling

. N . ) on 1o a contac
configuration ipypighteoseatis fatsiedibetivedivaodiaating hhad fedions-eftitdisiedadedowing  The

invention further relates tq a method of cantrolling fluid flow downhole 20through a tubular body having
a side port, P RHER0R 826%@89?&1%‘&%%%8%@?3) fﬁ?%‘ﬂrﬁh the side port; and translating a valve

member to close theTsidenpentiandhfarreatsead betveden firstandisecandosealindosufatestoha rigid
material. Acc?ﬁglr&&)oan%g%giglsr%egﬁ 1£iglge£ ow %gt]r\{c %ir? r?ntfgle 8\/|vsng(g(l)é/ '&%ﬂ{g‘ string, which
restriction provides less restriction to fluid flow from the string and into the surrounding
annulus than to fluid flow from the annulus into the string, to selectively induce a
positive fluid pressure differential between the annulus and the string to permit
10  actuation of the tool.

The reverse fluid pressure may act on or across a partial or complete flow
restriction within the string, which restriction provides less restriction to flow in the
normal direction.

This aspect of the invention utilises reverse circulation of fluid, or creation ofa

15  reverse fluid pressure differential, to actuate a tool. In conventional fluid-actuated
downhole tools, actuation is achieved by circulating fluid from surface down through a
drill string or other hollow member, the fluid then returning to surface via the annulus
between the string and the surrounding bore wall, which may be formed by, for
example, an unlined bore, or by casing or liner. Actuation of such a conventional tool

20 may be achieved by locating a restriction in the string bore, for example an occluding
ball or dart, or a nozzle, such that a differential pressure may be created across the
restriction. Alternatively, a conventional fluid-actuated tool may comprise a differential
piston having an area exposed to higher internal tool pressure and an opposing area
exposed to lower annulus pressure. Many conventional fluid-actuated tools will cycle

25  between different configurations every time the fluid flow in the string is cycled,
typically every time the fluid pumps on surface are switched on and off, as will occur
many times in a typical downhole operation. The operator must thus always take care
to ensure that the tool is in the appropriate configuration, and the continual cycling of
the tool may induce wear and damage. Such tools will also typically rely on the

30  operation of return springs, which springs tend to be relatively weak in comparison to

the hydraulic forces



25 downhole tool for mounting on a tubular support string and for location in a bore whereby the

interior of\e sisMR@RS a surrounding annulus are in fluid communicatiorl)eg%\g&%gﬁgﬁjﬁid may flow
u

in a first direction from the interior of the string into the annulus, the tool comprising: a fluid-transmitting
body; and 30a tool function member including an actuation arrangement adapted for actuation in
response to selective application of a positive differehtial pressure between the annulus and the string,
14 the tool being adapted to follow an actuation cycle, the tool hayving one configuration in when

fluid is initialyPHRRUFGSA BYethedralreddwts dRdhs Gl‘ff’@?é?fttéér?ﬁ’é%fﬁjh%t@r o PRPREFNGt tfre ction

has been re-es?blifhe following application of said positive differential pressure. 5The invention also
relates to a m8hdY Bf ctuating a tool in a downhote string, the method comprising utilising a flow

restriction in a downhole tubing stri which.restriction provides less restriction to. fluid flow from the
string and into the gﬁ%&ﬁﬁjﬁ?ﬁﬁ%ﬁﬁa SRRl ﬁﬁ’f&i"’f?%e‘r o‘?ﬁ%weée rr?l‘ﬁﬁg]fn&?éf Hzig@ﬂﬁwbe,vﬁ%electively
induce a positive

e[ presse diferential petwecn the annulys and the, sting (o permit Agactuation of
the tool.  TRETeverse fldid pressure may ct’on or acroSs 2 partial or compiets i etietion

e osine o agiNELIERHSHOn AR KPRl ieslitlion o gy ke aaIACECion g aspect

of the invention u €s reverse circulation o or creation of a 1sreversefluid pres

to actuate a taghdthopeRtanaldl-itACkalRchBynhalR dpalhA sl Belived Rygligulating

fluid from surface down through a drill string or other hollow member, the fluid then returning to surface

via the annulygBetwean te SiEingAneetbs eirRdnAnoRar e MaloNE IR R dOHMES Ay ador

example, an unlined bore, or by casing or liner. Actuation of such a conventional tool
not affect the tool configuration.

Reverse circulation may be achieved by reconfiguring fluid control valves at

10 surface and, clbsing the BOPs or otherwise sealing the annulus, such that fluid from the
surface pumps is directed into the annulus rather than into the string, and fluid may flow

from the top of the string. If the well has been cased off with metal casing, then reverse

pressure differentials of 5000psi may be achieved, resulting in massive actuation pressure

forces being available to actuate the tool. However, if the bore is at least partially unlined,

15 and the formation is exposed, the reverse pressure differential available before the
formation is damaged may be only 50-500psi, depending on the strength of the
formation. It has previously been pfoposed to operate tools by pressuring up the annulus,

which tools typically rely on a differential piston effect between the outside and the

inside of the pipe or tubing. However, such tools require a packer to be set lower down

20 the bore, below the tool, to block off the annulus. Accordingly, such arrangements are
" normally only provided in combination with a completion or testing string, which is not

subject to movement in the well. Clearly, such arrangements would not be suitable for

use in combination with a drill string or well-bore clean-out string, were the string is

subject to movement. Alternatively, in some cases the presence of different fluids in

25 different parts of the bore may be utilised to achieve a similar effect. For example, if the



20may be achieved by locating a restriction in the string bore, for example an occluding ball or dart, or
a nozzle, such that a differential pressure may be created across the restriction. Alternatively, a
conventioh I i 5t ated tool may comprise a differential piston havingpﬂ/zﬁﬁ%t"%(?)%gﬁl to higher
internal tool pressure and an opposing area exposed to lower annulus pressure. Many conventional
fluid-actuated tools will cycle 25between different configurations every time the fluid flow in the string is
cycled, typically every time the fluid pumps on surface are switched on and off, as will occur many

times in a typiéanubwiBlisbpétationyTieleperdtilimubiit) us divessiiake Garede eNEUL thag the tool
is in the appropriate configuration, and the continual cycling of the tool may induce wear and damage.

Such tools will"&153: i &Ryrredn din Wed-Bompdratienief satydy spuitigs dowicthspitegmiRRg B
relatively weak in comparison to the hydraulic forces WO 2007/060449PCT/G B2006/004400 15
experienced b¥theRewdine ARApridE dokiss oFithakpnnddditayito fatidrinptioparyytie toekviikdail,
Embodiments qf the invention avoid many of these problems by utilising reverse circulation or other
mechanisms SHAHERRHS dRiassdhs Hebis8rclstie ehfegerTansstithichmassurdesifidlertial can

readily. be utilised fo create an actuating force acting in an opposite direction to that created by

conventional i34 of HFESER: begitissd RibsemstHptihadumtagay Besiioiaiueifed: sunh tbatemethtions in

flow in normal usage do rﬁot cﬁfectt e tool configuration.
by draining fluid from the upper end of the string. This may be achieved by bleeding-off

pressure from the sting bore and annulus, lifting the string from the bore and then
cracking or loosening the coupling between the two uppermost drill pipe stands such that
the fluid in the uppermost stand may drain from the stand, and be caught in an
10 appropriate mud bucket. The coupling is re-tightened and the uppermost stand, which is
now filled with air, is run back into the bore. The resulting difference between the height
of a column of typipal drilling fluid within the string and the height of the column of
drilling fluid iﬁ the annulus (approximately 95 feet) creates a reverse pressure differential
between the annulus and the drill string of around 40 to 80 psi, depending on the liquid
15 density. This pressure acting on a 15 square inch piston will produce a force of 600-1200
Ibs or 0.27-0.55 tons. A larger reverse pressure differential, of the order of 100 psi, can
be created simply by draining fluid from two pipe stands, or by running in the string
without top-filling; two air-filled drill pipe stands may be utilised to create a pressure
differential of approximately 100 psi with regular drilling “mud” and three stands would
20 create 150 psi, four 200 psi and so on. This method of obtaining a reverse pressure
differential also offers the advantage that the annulus only experiences hydrostatic
pressure and does not exert any extra pressure on the formation.
The tool-actuating flow restriction may be provided below the tool or within the
tool. The tool may comprise an actuation arrangement or mechanism. The arrangement

25 may include a differential piston adapted to apply an actuating force in response to a



Reverse circulation may be achieved by reconfiguring fluid control valves at 10 surface and, closing
the BOPsv%%ng@ggsealing lthe annulug, such that fluid from the surfaq)ecﬁz}&'%?(? iéog!‘re%ﬁed into the
annulus rather than into the string, and fluid may flow from the top of the string. he Wl has been
cased off with metal casing, then reverse pressure differentials of 5000psi may be achieved, resulting
in massive actuation pressure forces being available & actuate the tool. However, if the bore is at least
partially unlined, 15 and the formation is exposed, the reverse pressure differential available before the
formation is d&¥EER H&lFisetéPeusmoy, eupdntingdoththecsirengthonf thetormetionylt Hias
previously been f[oposed to operate tools by pressuring up the annulus, which tools typically rely on a
differential pisfé)?? LGHERS SUERABR tEsvRiesi BECSHEP tiscRi s oRtbretipedratubingt biveves], Sueh tools
require a packer to ?e set lower down 20 the bore, below the tool, to block off the annulus.
Accordingly, sUeH Rl EHRaTSrE Blafsr o rovi dtietonse donisivatiple withticommietiafeor testing
string, which is_not suol?j%ct to movement.in the well. Clearly, such arrangements would not be suitable

for use in combmation wittt SRS ANG IR FAYSFe ERDHRRut Srinthewereburkinsritsgtis stlvjat to

movengent. Aljernatively, in some cases the presence of different fluids in 25different parts of the bore
may be utiliseg?tg%%éﬁg%rges}lﬁl %?8; e%‘%?gé)‘}rﬁiﬁ?n - HiAk theoorormelietianPCiFiedzeos04400

16 annulus isfilled witt heavy or dense drilling fluid, and the. string in the bore is filled with water, as is
common in nglt-bore’clegn?gﬁi[sfssiarlﬁ%ﬁ%ﬁmgt’iinﬁs&r)nv% the BHEHaBREF A peoafigwspiiennPappropriate

valves will allyy ier fluid in s to reversg. circulate.to displace the lighter fluid in the
string. Thus, the %r%ﬁ%%é%%i %a%%%%%@{%l k%ﬁsesﬁrgcg?r%%ﬁ?’bt aﬁfﬂf@%&%ﬁ&‘ﬁﬁ%ﬁ’&tdﬁ BRfodntage. A

similar effect mydamseatas-hydrainipgvid fro per end of the, string. This may be achieved
by bleeding-off pressure from the sting b%%e and %?nnu Gysg ﬁﬁ?raﬁge HeS Fﬁ%&“fr%’rﬁefﬁésﬁg}g"éﬁ}&a%en

cracking or lopsgrangitie. cauplinthheivegn ibetwaHrRsymast drill pipe stands such that.the fluid in
the uppermost stand may drain from the stand, and be c%ug tﬁ%ﬁﬁkpocgﬁﬁgbﬁﬁafé%}%%(i(et. The

couplifig is rettighténediasstitberonpeli IriwwiRndMchisHnew;fillssl with gic, is run back into the bore.
The resulting difference between the height of a column of typical%%lling ?%I(Igg \ﬁﬁtﬁr}rﬁf?eoﬁﬁrﬁ% and the

height of the coturahffvdlritfidglsiaon siariAcmasoaner asimaleln g5 feehcraates %E?"tﬁbﬁ%gresswe
the li

differential between the annulus and the drill string of around 40 to 80 psi, depending on quid 15

density. This prefigureddotiongasn BUS iSquanerénairlsteriibiraraes Adeies ofGR0R0% s or
0.27-0.55 tons. A larger reverse pressure differential, of the order of 100 psi, can be created’simply by

draining fluid Teefictien pipbeshartde, be byssagnirfgdnlshe sthiagiwiiberf-topsiling. tmewirsilleddrill pipe
stands may be utilised to create a pressure differential of approximately 100 psi with regular drilling
"mud" and thFEEEHARSHbmanCrs assuIBRSkifisted2BOvpspafigusation i Iis abethesl ¢ @bkaining a
reverse pressure differential also offers the advantage that the annulus only experiences hydrostatic
presdtire andAdRSSBPREELIP ARPERHIP Pres stes e tHa formembadiment tithessottt@atuatingeflow
restriction may gﬁ?pa?vid(g%below the tool or within the tool. The tool may comprise an actuation
arrangement e A HaRmE é’ﬁlgﬁggmglhtopens n response to normal flow. However, the

flapper remains closed in no flow or reverse flow conditions, and the closed flapper
provides a large area piston. In other embodiments other/forms of non-return valves may
be used to similar effect. The non-return valve may be configured such that the valve
20 may be blown out or otherwise removed or retrieved from the string. The non-return
valve may be located in the tool as the tool is run in, or may be dropped or pumped into
the tool. The former arrangement would prevent the string from self-filling, thus
requiring top-filling as the string was run in to the bore. The need for top-filling could be

alleviated by providing a bleed hole or valve or the like on the non-return valve, however



25may include a differential piston adapted to apply an actuating force in response to a WO
2007/060449PCT/G82006/004400 17 pressure differential between the annulus and the tool interior.
The tool MRBY/¥Mfigured such that a reverse pressure directly actuatdESHERBIGIE498rt of the tool,
for example to retract or extend blades, cutters or pistons, for example a cutter on an under reamer or
a piston of a variable gauge stabiliser. In other embodigents the reverse pressure may be utilised to
configure the tool such that, on equalisation or bleeding off pressure, the tool is actuated or assumes a
desired operatihif comfid ingthose teiy donfigof éhislwhithaveutd Byealienal RessiuRJifgren %ldwill
actuate the tool. As noted above, the restriction is configured to provide a greater restriction to reverse
flow than normf@l #&eiFbe Eelnpikitthevesidutidniesizabanarmmiveiasosy Qedightv biased 10
towards a closed or restricted flow configuration, but will open or open up in response to normal flow,
and thus not significalttifréirigetisianapflew.amiae gestic tiordmayiibd abe/sanfigwashin creals little if
any pressure Lgés& in normal flow, and to create little if any restriction in the bore to the passage of tools
or other devicéS SRR RERSUIS GRSt salstidticpravitiermirainsipnEtsunird e StHEtAM Jlaw
configlération in tthe abseﬁ e of flow 15 or in response to reverse flow or pressure. In one embodiment
the restriction Ay BE e fidhtyBiaRid mabpartelatiuekyhoen sperss ifioesponse penorealflgymslowever,
the flapper rergﬁltilrg?mcrlosiad in no flow or reverse flow conditions, and the closed flapper provides a
large area piston. T othat SHBOPERTE SHFEIBRIR &t ABTIL et r iuall bermay ey Usedetirainailar effect.
The non-retur be configured such that the valve 20 may be blown out or otherwise
removed or re%ﬁge%%éznprﬂtﬁér/} eessgtrr?n%‘. t?ﬁeaﬁgwlf%tﬁtrﬁ VElAVEI% 09 Istatetbinvbid Wdohaspeiteool is run

in, or may be gtapped or p ed into the tool. The former arrangement would prevent the string from
self-filling, thus requiring to%%ﬁdgag%\/t & s%?%ﬁ%??%@ﬁ%&fﬁ@%ré?%@r@é&hﬁ ity could be

alleviated by pfQvisiocia;b! ve or the like on the nan-return valve, however WO
2007/060449PCT/G%20696%0%%8@%%3%”%§u g %%rlgjzfseé W Q%F&ﬁq%r Bt Aiiae#nentilining B required

to beleverse giigiaated fReaaiale s to0ansliis sonsidered desirable to minimise the reverse flow
volume.  With the provision of an arr%%gemenz% g%(fgeg%rll §1 51‘88\“/@% the stengseeiing drferential

pressure acroaglﬁn'@ex@lu@eyygkgg@y{ggsgﬂggyﬁgg(ﬂqm{igﬂrce. This allows

As noted above, where a non-return valve is provided in the string, the string may
require top-filling as it is being run into the bore, Alternatively, the valve may be
lowered or pumped into the string once the string is in place.

15 The tool may be a single use tool, or the tool may be capable of multiple
actuations such that, for example, the tool configuration may be cycled or modified a
number of times. This may be achieved simply by raising and lowering the string to
provide a u-tube effect, as described above.

The tool may comprise a cam mechanism that controls the movement of elements

20 of the tool, for example the tool function member may comprise a pin which follows a
cam slot in a tool body element, or vice versa. |

The tool may be releasably retained in an initial configuration, for example by a

shear pin or other releasable retainer.

The tool may comprise a return spring or other arrangement configured to resist

25 forces created by reverse circulation of fluid.



5 actuation of the tool with only a relatively low reverse flow rate or pressure: in some situations, for

ol ﬁ)rﬁz?g%'ugq in an open or unlined bore, it may be desired to maintain the pressure in the
y

example \W&r} ;{)
annulus at a réelatively Tow level, to avoid damaging the formation. As noteBEHEF%/80HiMent

actuating pressure may be achieved simply by draining fluid from a limited length of the upper end of
the drill string, and utilising the 10hydrostatic pressurd £reated by the fluid columns in the annulus and
the string seeking to equalise to create the reverse pressure differential. As noted above, where a
non-return valve is prbded! imatidsthitip thestfiggradain redoineatopfiliagias ddatheingisyn inte the
bore. Alternatively, the valve may be lowered or pumped into the string once the string is in place.
15The tool malpPleraasilgletisatasobvrthe apploprathencapaldie ckemitiple dghaatians sughdhat, for
example, the tool configuration may be cycled or modified a number of times. This may be achieved
simply by raisifd{eRatiowe Mg esHEasinm sembrsviry dudiebpedifsuampebfombeurlteve activate The tool
may comprise a cam mechanism that controls the movement of elements 200f the tool, for example
the tool functic}ﬁe‘lﬁ%‘?hbg} PRE P RBRERSEL 2 slRexmiRR TR Wi dicne distinsarfoet bugyleidmetiic or vice
versa. The tOJ)| mﬁﬁ\éﬁf)e releaks,abl retained in an initial configuration, for example by a shear pin or
other réleasable tetithigease lockingijeys gr dogs. o harether cinodisim Breoratvatingrgenhent

configured to resist 25forces created b .re.versfe circulatjon of fluid. WO
2007/(160449 BT JEPIRSER 6Pk 6e & etion. Tor example the member may be a nozzled sleove, a

non-return valve, which may be provided in a drop-in dart, or a ball which will land in

the tool to create a non-return valve. As described above, the restriction may be
configured to open or open up in response to normal flow, but remain closed or close up
10 in response to no flow or reverse flow. The flow restriction may be retrievable, for
example using a wireline fishing tool. Alternatively, or in addition, the flow restriction
may be selectively configured to remain in an open or fully open position, for example a
hold-open sleeve may be pumped into the string and retain the restriction open.
The tool may comprise a body having a side port and a valve member
15 configurable to close the side port. The side port may be useful in providing ﬂﬁid bypass,
that is the tool may be a bypass sub. The valve member may be adapted to be actuated by
reverse pressure or circulation to open or close the port. In such an embodiment a
restriction may be provided in the tool above the side port. A non-return valve or other
flow control arrangement may be provided below the port. Such an arrangement may be
20 utilised to prevent flow of fluid from the annulus or the string into the string below the
tool. This would be useful in preventing drill cuttings, lost circulation material (LCM)
and other material passing into a bottom hole assembly (BHA) and possibly damaging
the assembly. |
The valve member may define a flow port which is adapted to be aligned with a

25 body side port. In some embodiments, one or both of the valve member or body may



The tool may be initially configured in a dormant or inactive configuration. The tool may be activated by
any appropriate means, for example a signal from surface. Alternatively, an activating member may be
dropped r%ﬁ%ﬁ%‘%‘i‘ﬁgm surface to activate the tool. In one embodimentpapgllgéi?@“ﬁ 84 or dropped
from surface may land on the 5 tool and release locking keys or dogs. In another embodiment the
activating member may incorporate a flow restrictiorpgor example the member may be a nozzled
sleeve, a non-return valve, which may be provided in a drop-in dart, or a ball which will land in the tool
to create a nelkfistuwo/alvendks setsaibpatabovBythigitalidifforenaylbe eonfigitrad Jesementer open up
in response to normal flow, but remain closed or close up 10 in response to no flow or reverse flow.
The flow resteichioverdiffetmt vie chbtastbristemnite asingla, wireaofiphitngmiaplbaiierratyvely, or in
addition, the flow restriction may be selectively configured to remain in an open or fully open position,
for example a hold-dgeardiagvie maypthBsbenpepeictiofibespingesinthvetsiontteere sivigiovideden. The tool
may comprise a body having a side port and a valve member 15 configurable to close the side port.
The side portdg¥aserslapieduiannsssingingoriuidepipbats tuhuleistthengagk rmdy wehalbypasssuanthe valve
member may be adapted to be actuated by reverse pressure or circulation to open or close the port. In
such 3in embBeiRiERS recatien myweabRs, e inrasarsofifesvsiahetbrideyive, defiomgetarn valve
or other flow control arrangement may be provided below the port. Such an arrangement may be 20
utilised to pretBATABIE BPRURFHSHPte annulus or the string into the string below the tool. This would

be useful in preventing drill cutct?? S,.lost Qirc%!ﬁtion material (LCM) and other material passing into a
bottom hole assemg%qf@ﬁmfta JRY BB A aABCLECE fodRpate a fluid-faw yegéctiosriber may

or both of e ST ABEF St Py U 2B ko SERTPICR €L e AUBRTARA0 DB GRHR o or
more ses o gorsRalaniagdliererklow pessuls Barabie o pehiove dierentTow chargoteriscs

For example, one set of ports may beé nozzled. Recordin aye

invepyion thegg,ig provides &, d81ss.Adanted. R RaRinginio.a downho %1%‘8(%{?{ 9 Eg@gﬁglg‘evice

downhole apparatus and 5permit the creation or an actuating fluid pressure en

defining an remove the restriction. Thus, the pressure losses and bore restriction created by the

restriction are only temporary.
The device may comprise a sleeve, with the restriction provided within the sleeve.
The restriction may comprise a relativeiy soft material, such as aluminium or
15 aluminium alloy, or may comprise a material which degrades in contact with selected
fluids.
It will be apf)arent to those of skill in the art that many of the features identified
and described above have utility separately of the various aspects of the invention.
Indeed, many of these features may form individual, separate and distinct aspects of the
20 invention. These various features may also be provided in combination with aspects of
the invention other than the particular aspect which the features follow.
According to a still further aspect of the present invention there is provided a
method of actuating a downhole tool, the method comprising:
providing a fluid column in a string;

25 providing a fluid column in an annulus surrounding the string;



erode-able flow restriction. This aspect of the invention allows an operator to locate a fluid-flow

restrictiong e apparatus to, for example, facilitate actuation of application
MW AINAGY ALORRAIRLI BYPOT

of a fluid pressure actuating force. However, following actuation, continued pumping o fluid
through the restriction will cause the restriction to erode and ultimately substantially remove the
restriction. Thus, the pressure losses and bore restrigtion created by the restriction are only temporary.
The device may comprise a sleeve, with the restriction provided within the sleeve. The restriction may
comprise a relativelytsafingateripséihpaesaitmdidiorenselissiveniniunlaitbyolomma psdmprise a
material which degrades in contact with selected fluids. It will be apparent to those of skill in the art
that many of the featitiising ininpdrestatia psssmeditiaoatishte astiaie sedsavabely tsfahe various aspects
of the invention. Indeed, many of these features may form individual, separate and distinct aspects of
the 20invention. Thed¥ Wﬁm@?&&{ﬁ%rﬁxﬁv%@ohk%‘ﬁé}vﬁéaﬁﬁ%wmﬁéﬁ%%ﬁ?ﬁé@a@‘éﬂgm the

invention other than the particular aspect which the features follow.  According to a still further
aspect of thegdfg%@m%v%hﬂ rtﬁ’@ﬁ@%%%@iﬁ@&%%?ﬁ%ﬁ%? Sitfsantipraebasetatedol, the method

ising: viding a fluid column in a string; oviding a fluid column in an annulus surroundin
compg!smg Pro zgportlilon 0 t&lle strlm ma b% fﬁ?ep w\{tg p)%ver (%Jensit Huid such as water, brine J
the stfing; g may ¥ Huid, ’ »

or air.

An upper portion of the string may be filled with air by raising an upper portion of
the string from the bore, draining liquid from the upper portion of the string, and then
lowering the air-filled upper portion of the string into the bore. Alternatively, air may be

10 pumped into the string, or air may be supplied to the string from a compressed air source.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other aspects of the present invention will now be described, by way of
example with reference to the accompanying drawings, in which:
15 Figure 1 is a schematic sectional view of a bypass tool made in accordanceA with
an embodiment of the present invention;
Figures 2 through 7 are enlarged sectional views of the bypass tool of Figure 1 in
various different configurations, and showing sleeve-form actuating members;
Figures 8 through 11 are enlarged sectional views of the tool of Figure 1 in
20 various configurations, and showing actuating devices in the form of balls;
Figures 12, 13 and 14 show a bypass tool in accordance with a further
embodiment of the present invention;
Figures 15 through 19 illustrate a bypass tool in accordance with a still further

embodiment of the present inven’ﬁon;



WO 2007/060449PCT/G R2006/004400 21 creating a hydrostatic pressure differential between the
fluid columns; and utilising the hydrostatic pressure differential to actuate a downhole tool. The
hydrostat® Prdedi¢84ay be higher in the annulus, to create a reverse prBSIFBHIMEPBHMI. In other
embodiments a positive pressure differential may be created. 5A portion of the string may be filled with
lower density fluid, such as water, brine, or air. ArRupper portion of the string may be filled with air
by raising an upper portion of the string from the bore, draining liquid from the upper portion of the
string, and then lowdiigigeh @ Qitkiiteghupp ditysorior dfythesstony intectoedbnse wilte ingativalythair may be
10pumped into the string, or air may be supplied to the string from a compressed air source. BRIEF
DESCRIPTIOMDHEMar piRepines invetipsse and other aspects of the present invention will now be
described, by way of example with reference to the accompanying drawings, in which; 15Figure 1 is a
schematic sectional Kigwest &/biipasshotf iidieais aceorersncemidatim ervtbedinbypest thwbiesent
invention; Figures 2 through 7 are enlarged sectional views of the bypass tool of Figure 1 in
various differé\‘iﬁ%@ﬁﬂ%?ﬁﬁbﬁ%,aﬁﬁﬁﬁhﬁﬂﬁ%@@é@@-ﬂfﬁhﬁﬁmmhgwﬁémbms;
5 Figure 31 shows an enlarged view of an alternative sealing arrangement according
to another embodiment of the present invention;
Figure 32 shows an enlarged view of a further alternative sealing arrangement
according to another embodiment of the present invention;
Figure 33 shows an enlarged view of a further alternative sealing arrangement
10 according to another embodiment of the present invention;
Figures 34 and 35 illustrate a reverse circulation actuated bypass tool in
accordance with another embodiment of the present invention;
Figures 36 and 37 illustrate a reverse circulation actuated bypass tool in
accordance with another embodiment of the present invention;
15 Figt'lresv 38 and 39 illustrate a reverse circulation actuated bypass tool in
accordance with another embodiment of the present invention;
Figures 40 to 44 illustrate a reverse pressure actuated bypass tool in accordance
with a further embodiment of the present invention;
Figures 45 and 46 illustrate an alternative actuation arrangement for the tool of
20 Figure 40; and

Figure 47 is a schematic illustration of a reverse circulation actuated tool in

accordance with a still further embodiment of the present invention.



Figures 8 through 11 are enlarged sectional views of the tool of Figure 1 in 20various configurations,

and showjpg asivatngevices in the form of balls; Figures 12, 13 andd,%g%?%&%x{)%.ss tool in

accordance with a further embodiment of the present invention; Figures rough 19 illustrate a
bypass tool in accordance with a still further embodiment of the present invention; WO
2007/060449PCT/G B2006/1104400 Figures 20 thtdugh 26 illustrate a bypass tool in accordance
with a yet further embodiment of the present invention; Figures 27 through 30 illustrate a reverse
circulation actEEABTARERSRIE BLeDr @ EER/BRAVERKFfative embodiment of the present
invention;  Figure 31 shows an enlarged view of an alternative sealing arrangement according to
another embodimentiSEarE s issBiT medntioRisured pirhadranings shishdlyscidentypasiurtbier

alternative se%\ls'gn% arrangement, %\fcordin'g to another embodiment of the present invention;
Figure 33 shows' rf“é‘?‘ﬂ'é?@’k—‘ffa Wiy BY e entrh Hin R A igYartiTg e lentopd 26ckatingste another

embodiment of th%ﬂyesgjnw entigs%; Figures 34 and 35 illustrate a reverse circulation actuated

bypass tool inSREETGARERIRPOLY ot PR S e TSRS PR SBRES aiRttsktion Hdwdszeoand 37

illustrate a reverse circulation actuated bypass tool in gccordance wijth another embodiment of the
3 R i

present invention ThPigres (Y Y Pl SRR ReALHEes BYbSLRIEsHORS

at both ends. This particular configuration facilitates machining of the internal diameter
of the main body section 34 from either end. |

The tool body 32 defines an upper inlet 38 which communicates with a first outlet
40 at the lower end of the body 32. Furthermore, the body wall 42 defines a number of

10 circumferentially spaced radial second outlets ports 44. In this embodiment, the ports 44
are provided with interchangeable tungsten carbide nozzles 46, sealed in the ports with an
O-ring 48 and held in place by a small circlip 50.

The body 32 accommodates a valve sleeve 52 formed of two parts, which will
hereinafter be referred to as the lower sleeve 54 and the upper sleeve 56. The sleeves 54,

15 56 are initially retained relative to the tool body 32 by respective shear pins 58, 59.
These pins 58, 59 extend through the body 32 and engage respective circumferential
grooves 60, 61. The upper sleeve 56 further co-operates with a motion-controlling pin 62
which extends through the body 32 to engage an axially extending circumferential recess
64 on the sleeve 56.

20 The adjacent sleeve ends are provided with oppositely directed shallow taper
faces 66, 67 which are initially separated by a small extent. Furthermore, in the initial
configuration, the lower sleeve 54 extends across the ports 44, with sets of seals 68, 69 on
the sleeve 54 located above and below the ports 44 ensuring that there is no flow of fluid
from the body through the ports 44, A single set of seals 70 is provided on the upper

25 sleeve 56,



accordance with another embodiment of the present invention;  Figures 40 to 44 illustrate a reverse
pressure actuated bypass tool in accordance with a further embodiment of the present invention;
Figures 45 and 46 illustrate an alternative actuation arrangement for the tool of 20Figure 40; and
Figure 47 is a schematic illustration of a reverse circulation actuated tool in accordance with a still
further embodiment of the present invention. WO 200{7/060449PCT/GB2006/004400 23 DETAILED
DESCRIPTION OF THE DRAWINGS Reference is first made to Figure | of the drawings, which
illustrates a bypasspeel 3@ #vacsadance fvithamedibadimentefttheydsetheinvemiorentibetbeol 30
features a generally tubular body 32 formed of two sections, an upper main section 34 having box 5
connections ket armishant afolighitbaverniebdection 8awthichfpatueas?¥in connections at both
ends. This particular configuration facilitates machining of the internal diameter of the main body
section 34 from eithBlieengtration bettecobddy 82 defines desuppet nlét B&vehichatonbmogicates with a
first outlet 40 at the lower end of the body 32. Furthermore, the body wall 42 defines a number of 10
circumferentiallyigpesed tadiagsetontheutiptsapontA4hdrichls Embobifitenbethlessotisd#h dragbrovided
with interchangeable tungsten carbide nozzles 46, sealed in the ports with an 0-ring 48 and held in
place by a swlbaiedlipy50more d¢teioldieS32iatoommodates a valve sleeve 52 formed of two parts,
which will hereinafter be referred to as the lower sleeve 54 and the upper sleeve 56. The sleeves 54,
15 56 are initially retaimectdedative, tBithectdolloodyti32thyl s peetivieithbeedigers8oB9thT esle3Pins 58,
59 extend through the body 32 and engage respective circumferential grooves 60, 61. The upper
sleeve 56 furtherl¢bopexatesatithia mdtidhstomgrollitis pionGZyvhich Xt nd sulirooigh dweitpie 32 to
engage an axially extending circumferential recess 64 on the sleeve 56.

drilling operation, it is desired to open the ports 44, a first actuating device, in the form of

a sleeve 74, is pumped into the string to land on the lower sleeve 54. Pressure may then
10 be applied across the sleeves 74, 54, to move the sleeve 54 downwardly and open the
ports 44, as illustrated in Figure 3. In this configuration the tool 30 provides 100%
bypass, that is all of the fluid flowing down the string is directed fhrough the ports 44.
Provision of an over pressure in the fluid in the string above the tool 30 results in the
sleeve 74 being reconfigured to restore the axial flow path through the sleeve 54 as
15 illustrated in Figure 4. In this configuration, fluid being pumped from surface may pass
through the ports 44 and may also pass down through the string below the tool 30. Ifitis
desired to close the ports 44, a second actuating sleeve 76 is pumped down the string
from surface to land in the upper sleeve 56, as illustrated in Figure 5. This allows a
differential pressure to be applied across the sleeves 76, 56, causing the sleeve 56 to
20 move downwardly and close the ports 44, as illustrated in Figure 6. Application of
further pressure reconfigures the sleeve 76 to reinstate the axial flow path through the
sleeve 56, as illustrated in Figure 7.
The operation of the tool 30 will now be described in greater detail.
Reference is first made in particular to Figure 2, which shows the actuating sleeve

25 74 after it has landed on the lower sleeve 54. The sleeve 74 comprises a cylindrical body



20The adjacent sleeve ends are provided with oppositely directed shallow taper faces 66, 67 which
are initial%a%%%%qu a small extent. Furthermore, in the initial configuration, the lower sleeve 54
extends across the ports 44, with sets of seals 68, 69 on the sleeve 54 Ioggtjé(&}%%o(?%)%ﬁg)below the

ports 44 ensuring that there is no flow of fluid from the body through the ports 44. A single set of seals
70 is provided on the upper 25sleeve 56, 24 BotH-8leeves 54, 56 define a small internal seat

towards their er ends, the lower seat 72 being of slightly smaller diameter than the upper seat 73.
The operationu?%feat%%lﬁ% | sig R SheltAbaliminurereiencd htsboteiiy imdidetoibigdnesi2 through

7. The operatiggu e.tool 30 will first be described in brief, Sfollowed by a more detailed description.
As noted above, I%%L]‘?/el%%%r%%vgf?ﬁ\éetégi 95 iﬁaélr’l"i%iﬁ%ﬁ rifgretivdefining 6l Bodin et dfile 78

incorporated inyg,drilk st '@g in this configuratign. If, at any point during the drilling operation it is desired
to open the ports 44, a fgl rsth?:attfljgst?rrllgt%ﬁe%\ﬁ%?e??n tik%eféﬂﬁyo&\ i51didlpd withis deinpeesintdithe, steng to
land on the lowgh&leYS P RIRRSKLE May.then 10 be applied across the sleeves 74, 54, to move the
sleeve 54 downsvasardly and gpéﬁf}e %gr%zgieﬁ%%?llt&é?rﬁi%%%ﬂ #iguihe Ve ¢nd bsimgtleatidihitiee tool 30
provides 100%1bm§§3g%3§ @l of the fluid flowing down the string is directed through the ports 44.
Provision of an over pressure in the fluid in the string above the tool 30 results in the sleeve 74 being

reconfigured to restoradhraxiglauenat oyl the.sleeve 54 as 15 illustrated in Figure 4. In this
configuration, fluid being pumpe%l from surface mggﬂgﬁégot rgﬁrbsﬁ%fh%nsgftg% ésn%af’”ﬁ}”el’l%eﬁass

down throughtthreugtiingyoeliow Sradenl @Q.%gij%q,%sgﬁgcglg%&éoss[g Ihe ports élfhf%aegc%nd actuating
,as

sleeve 76 is pumped down the string from surface to land in the 'upper sleeve ?u@?r‘%{t% in

Figure 5. Thisdailtng fudiffdrential taecssurasda e anmied @g@gﬁé%%@&gé@%@s %66 A%:%%géng Aghe f
. Application o

sleeve 56 to 20 move downwardly and close the ports 44, as illustrated ih Figure P

further pressudicicolifigands theuteayen? Giio seiRkEaimEne wHal flgw 9@6&@[9@%@%’? §Lfeeve 56, as
. . . . . - ) AL, 4 May
illustrated in Figure 7. The operation of the tool 30 will now be described in greater detalil.

Refeténce is feyaimieinadstividainttiigute 22 whiek shows Wispactuatinorsleaue. 2544 aftel it has
landed on the lower sleeve 54. The sleeve 74 comprises a cylindrical body
illustrated in Figure 3. As the sleeve 54 moves downwardly the set of seals 68 which
were originally above the ports 44 will move across the ports 44. There is a strong
likelihood that the movement of the seals 68 across the ports 44 will result in damage to
the seals 68, which damage may render the seals ineffective. However, the configuration
15 of this particular embodiment is such that this does not impact on the effectiveness of the
tool, as will be described.

In this second configuration the tool 30 will now operate as a 100% bypass tool,
that is all of the flow of fluid from surface through the drill string will be diverted
through the ports 44. The tool 30 will remain in this configuration while tﬁe flow of fluid

20 into the string remains at a relatively low level. However, if the flow rate is increased
this will create a pressure drop across the nozzles 46, and a differential pressure will also
be created across the actuating sleeve 74. Above a predetermined flow rate, this pressure
will be sufficient to rupture the thin wall 80 at the upper end of the sleeve 74.

Immediately the wall 80 ruptures, the plastic nosepiece 82 and the light fluid

25 within the sleeve 74 will also be washed away. The nosepiece 82 will travel down



WO 2007/060449PCT/GB2006/004400 25 77 of a lightweight material, such as aluminium alloy. The
body 77 is dimensioned to fit snugly within the sleeve 54, the trailing end of the body defining a landing
profile 78 dimensioned to land on the seat 72. The body 77 is filled with a low density fluid, the upper
end of the body being closed by a thin wall 80 and the lower end being closed by a 5plastic nose piece
82. The actuating sleeve 74 has a relativity low désity, and as such is easily pumped through any
angle of hole. On landing on the sleeve 54, the sleeve 74 blocks the flow of drilling fluid through the
drill string, catisingla theessing boiileapghernss flieskadyerSdawhich bitiniatelytedsoltsdf theehpln. 58
shearing. When this occurs, the sleeve 54 may 10 move downwards within the body 32 to rest on the
upper end of e sau€igsiids,cdlibustohtsd anthigped, iAssthidustedve Bvihwve st davdnif/dindly ithe set
of seals 68 which were originally above the ports 44 will move across the ports 44. There is a strong
likelihood thaptimepeiodeme titrofittietbe alsifg senessitie ponts wilvpilssetuitighddmagdstd 4he deals 68,
which damage may render the seals ineffective. However, the configuration 150f this particular
embodiment 8isuchdina thisutioe smbtlimpantiodethel ¢ffe ciove vadscafithenabl yastvituigh thesdribbed.

In this second configuration the tool 30 will now operate as a 100% bypass tool, that is all of the flow of
fluid ffom surfaceghrovaghstieedditiibtring Wilisbeadiveledehfawght e gortsc4aseTileinoo @i eEmain in
this configuration while the flow of fluid 20 into the string remains at a relatively low level. However, if
the flow rate isiicioredseg thfomiiaredte hdprdissadapapdaeeds svtiteenvpziel o8 i andiai tiffenchtial
pressure will also be created across the actuating sleeve 74. Above a predetermined flow rate, this
pressure will bensliffi¢iornds thptuppcthenthid thalhgo tiahéhe hpeercand of the bideve 74. Immediately the

wall 80 ruptures, the plastic nosepiece 82 and the light fluid
If it is then wished to close the ports 44, the second actuating sleeve 76 is pumped

down through the string. The sleeve 76 is similar in form to the first actuating sleeve 74
10 but has a slightly larger outer diameter, such that the sleeve 76 will land on the seat 73 in
the upper sleeve 56, as shown in Figure 5. As with the first actuating sleeve 74, an
increase in pressure above the actuating sleeve 76 will place an increasing load on the
shear pin 59, and when the pin 59 fails the upper sleeve 56 will be moved axially
downwards to assume the position as illustrated in Figure 6 of the drawings. It will be
15 nqted that the lower end of the sleeve 56 has crossed the ports 44, and the shallow taper
faces 66, 67 of the sleeves 54, 56 have engaged. The angle of the faces 66, 67 is selected
to be less than 20°, such that the faces will be wedged together, and may now only be
separated by application of very significant force. Thus, the faces 66, 67 serve two
functions, that of a metal-to-metal seal between the sleeves 54, 56 and also as a lock to
20 prevent the sleeves 54, 56 being separated.

It should be noted that the difference is seal area defined by the seals 70 and the
metal-to-metal seal between the faces 66, 67 is such that a differential piston effect is
created across the closed sleeve 56. Thus, in normal flow situations, that is with fluid
being pumped from surface through the string and returning to surface via the annulus,

25 the higher fluid pressure within the string, and thus also within the tool 30, will tend to



25within the sleeve 74 will also be washed away. The nosepiece 82 will travel down 26 through the
string unti,caugitip,a,filter sub, or may even be circulated out of the hole, The configuration of the tool
30 at this point is as i?lustrated in Figure 4, and if fluid is pumped down thr%ﬁgﬁ’ﬁ%go Pl%éogome of the
flow will pass through the ports 44 to the surrounding annulus, and the remainder of the flow will carry
on down through the drill 5 string towards the drill bit27his particular configuration can be useful in a

number of circumstances, for example if drilling a tapered hole where more flow is required in the
annulus towaIgeHee i5E SR ERBIRGIR eapl eprd | parian dAstaprdingle, evenfift theetheah favshed to

close the ports 44, the second actuating sleeve 76 is pumped down through the string. The sleeve 76
is similar in fo?fh 8 frenpidpdletogsingrsdbe see 1es s AYidediniiy leasqerisuienl dispacts tanich that
the sleeve 76 will | pd on the seat 73 in the upper sleeve 56, as shown in Figure 5. As with the first
actuating sleele ‘?’ﬁ, afﬁ%eg’sé%ﬁ plssdurotBaing 204, dingishavayr bsvippridesedn tihdieasing

load on the shear pin 59, gnd when the pin 59 fajls the upper sleeve 56 will be moved axially
downwards td’ 8% %t%g}ﬁ%gi\;%ntg% ‘ﬂi%gﬂ;ﬁrie ﬂvﬁﬁ'ﬁfregj% tﬁgeﬁ‘r&ﬂ%é.f hsiflave diseriiad that the

lower e£nd of the sleeve 56 has cressed the orts(% nd t sd[‘JaIIow taper faces 66, 67 0of the sleeves
54, 56 have engagec .rsle}%é g‘ﬁgﬁ%{ ?ﬂetel a }982086? algbgeV lﬁsee tf)ob‘épfé‘sétma{ﬁgd? SQeridRstthe faces
will be wedgeglrogether, @E%%Q%y now only be separated by application of very significant force. Thus,
the faces 66, 67 serve two functions, that of a metal-to-metal seal between the sleeves 54, 56 and also

as a lock t0 20preveRtihp HERYEA Gdya PRINGENAISH:. e LoShapEhe poter dathg liference i

seal area defined by the seals 70 and the metal-to-metal seal between the tacés 66, 67 is such that a

differential pi%ﬁﬁ&%%x?%@@%@@é% HRBIGRSE a%lﬁﬁ;\l&ugﬁ-tﬁé%%xi%@ﬁ[ﬂ%ﬁ%&%ﬁ@é’?& that is

with fluid being pumped from surface through the string and feturning to surface via the®annulus, 25the

higher fluid pesraser@awihin. thewiling s dustalssorithin.thedaal30wul dRnshiy, WQiehbore
2007/060449PCT/GB2006/004400 27

10 by the seals 68, 70, and by the metal-to-metal seal formed by the tapered faces 66, 67.
No reliance is placed upon the potentially damaged seals 69. Furthermore, the lock
between the faces, 66, 67 ensures that the sleeves 54, 56 are permanently fixed together,
and may only be separated by us of appropriate tools on surface, once the tool 30 has
been removed from the drill string and is being re-set in a workshop.

15 In this embodiment there is no specific provision of an arrangement to lock the
sleeves 54, 56 relative to the tool body 32. However, seal friction and fluid flow are
normally such that there is no movement of the sleeves 54, 56 from the configuration as
illustrated in Figure 7. If considered necessary or desirable, however, it would be
possible to incorporate a lock such as a snap-ring or the like in the lower sleeve 54, to

20 ensure that there was no possibility of upward axial movement of the sleeve 54.

Downward axial movement of the locked sleeve 54, 56 is restricted‘ by
engagement of the end of the lower sleeve 54 with the upper end of the saver sub 36
ensuring that the seals 70 do not traverse the ports 44. Upward movement of the locked

sleeves 54, 56 is restricted by the pin 62, which ensures that the lower seals 68 do not

25 traverse the ports 44, and the ports 44 remain isolated from the body throughbore.



urge the sleeve 56 to remain in the closed position. Accordingly, even if the seal faces 66, 67 do not
lock togeth Yol the sleeves are provided with less acute seal faces, the tool 30 will remain in the
closed c%ﬁgl?rog{fggﬁfnd as such may be considered to be permanently Bﬁy&};ﬁ@?ﬂ‘ﬂ@"ﬂﬁ%rator.
However, as has been noted, if the flow direction 5was reversed, the differential piston could be
utilised to open the tool if considered necessary or d&irable. A still further increase in pressure will
cause the second actuating sleeve 76 to be blown through, to reinstate the axial flow path through the
tool, as illustrated inTiRfgre! o tivethi ainal. apnviitiste tmbtheiapthdheaslipmas dlastdtécdm the
body throughbore 10 by the seals 68, 70, and by the metal-to-metal seal formed by the tapered faces
66, 67. No reliahces plaBeryidss s b patsiatiy glertntaipd densh dpreuminimisng, the sosiiieetween
the faces, 66, 67 ensures that the sleeves 54, 56 are permanently fixed together, and may only be
separated by*GUSF 9psrdibngdtisbirrothe drelcdl arde alievting soiplirerrssasrethtvel fsniapk dril
string and is gei g re-set 1it%z;at?\gfrksho . 15In this embodiment there is no specific provision of an

arrangement 8 TORIEIRE 0, v 2EpshivReBaFnags of Bats sscvssvrstisrand herdikaonhistd fluid
flow are normally such that there is ng move of the sleeves 54, 56 frath the configuration as
llustrted in E‘@%Pee ?‘&H%%rﬁ%i%%?&%f 8%%?5&88@%1%&%&&%%8%86@& ﬂ%%ﬁl&”ﬁ@ﬁossible to
oseiolty of upwerd e B TR LB AU T e b M P ke
sleeve 54, 56 e nt,af.the end of the lower sleeve.54, with the er end of the
saver sub 36? g%éﬁ%r%ﬁ%? tilillg %%%%égen%t}g\%%gé t%%“%%ﬁ% ﬁ’lﬁsb\}\?ﬁrh r%gg\?e?neﬁlso? the locked

sleeves 54, SfiisLastigiediy the m&%c%@%ieﬁuﬁs that the lower seals 68 do not 25traverse the
ports 44, and the ports 44 remain isolated from the body throughbore. WO

2007/060449PCT/GBZAOH IR4A0hE%00! coiiastAloskilhin the.attawill apareciate dhakiedgals 30,

configured as illustrated in Figure 7, provides a substantially clear axial through bore, minimising the

erosige actioppfiriding fuicirnthrienlese w,daﬁﬂqmiaqaﬂalﬁ%hi@%%%ﬁgm g phyrthermore,

the tool 30 will allow the passage of balls, sleeves, darts and the like whic
58 and expose the ports 44. Operationally, the tool configuration illustrated in Figure 8 is

thus equivalent to the configuration illustrated in Figure 3, that is as a 100% bypass tool.
However, to reinstate the axial flow path through the tool body 32, the necessary increase
in drilling fluid flow rate, and thus pressure across the ball 90, will deform and push the
15 ball 90 down through the sleeve 54. The displaced ball 90 may tﬁen travel down through
the string to be caught in a ball catcher, filter sub, or may even be circulated out of the
hole. Fluid may now pass through the tool 30 towards the distal end of the string, and
also through the ports 44 into the annulus, as illustrated in Figure 9.
To close the ports 44 once more a larger ball 92 is pumped through the string to
20 land on the seat 73, allowing fluid pressure to act on the sleeve 56 to close the ports 44,
as illustrated in Figure 10. A further build-up of pressure above the ball 92 will extrude
the ball 92 from the seat 73 and then through the sleeves 56, 54, to reinstate the open
axial through bore. Of course, as the ball 92 is extruded through the sleeve 56 the axial
force experienced by the sleeve 56 will ensure that a locking and sealing force is applied

25 to the tapered faces 66, 67.



5may be utilised to actuate other tools 30 located in the string below the tool 30. Reference is now
made to F\.@Hrﬁ%ﬁo ‘r&ygh 11 of the drawings, which illustrate the operation of the b@/ ass tool 30 but
in which actuating devices in the form of balls are utilised, rather than the%ﬂiﬁ%ﬁﬁ@ s 74, 76.
Figure 8 shows the tool configuration after a smaller actuating ball 90 has landed 10 on the seat 72 in
the lower sleeve 54, and fluid pressure has been appifed to shear the pin 58 and expose the ports 44.

Operationally, the tool configuration illustrated in Figure 8 is thus equivalent to the configuration
illustrated in Figure Hatithstbe waloddshppasimetd biomewes, ab theirsbtavestid, sGaliowopiadd through
the tool body 32, the necessary increase in drilling fluid flow rate, and thus pressure across the ball 90,
will deform arfFiasd tiemeans af e bril9onPBLrlio wdhnidevic3940 Preatifiplued thipathdderhagthen travel
down through the string to be caught in a ball catcher, filter sub, or may even be circulated out of the
hole. Fluid may st a8 eHpsRihHIthietse B owich i me wdtusnrdnmBiswng, and tiso theough the
ports 44 into the anzg[ﬁlus as illustrated in Figure 9, To close the ports 44 once more a larger ball

92 is pumpediffSi Tt?]é’%tﬂﬁﬁn?d’?& 3 Sipifie 2dulerrroyiding suhsiantiadys ynobstastash areesiceve 56

to cloge the pgrts 44, as illysirated.in Figure 10, A further build-up of pressure above the ball 92 will
extrude the bt OEH &% § %ségaﬁsfguggaqfﬁéﬂ #8lfgh the sleeves 56, 54, to reinstate the open axial

hrough bore. Of 1921 ded through the sleeve 5 ial f ienced

by the sleeve 56 wil s (it 2 eGSR LA TAELLe ST SONS A S PHIGGE 66, 6.

WO 2007106 | 10044 ith 130 d f th
il b fREO IR B0 Roross W{}Bhétﬁ'?éeégﬁgagso}’é}ﬁé‘vﬁ?tﬁtﬁ%&%&a” of the

sleeves 74, 76, the tool 30 actuated by means 6f the a g100 'R igured to

provide 100vkyaase e llysiraleddntion s ariablvonss srllustaled IhaN g 8uaadhen he

ports 44 to be permanently closed while providing sub unobstructed access sthrough the tool

30, as illustrated 78, Figskesd desirabThalis QQI@%Wa@JPé”?QQﬁ%W@‘H%%&r&aE%Eifﬁt&’hiCh
allow the pDa

allows the balls to maintain a pressure force thereaeross, but which will also S 50, 92 to

be extruded thioughcthe Slieevess AR RR-s IBisRlim ASreate Hinkse Ths Nit 9@?@%&{%‘]?%5 4,76, it

is also desirable that the balls 90, 92 are of a relatively low density, to facilitate 10 moverhent of the

balls through sfringsitbcateshictide\idteehhries, sk halisi9n, 92 M3y ke @ia‘fiﬁl%@%ﬁﬁ@&tw of a
lie

material such as nylon, or may, for example, be formed as hollow spheres with a low-density

fluid. Such spivdtes sphyibe Ghebtwitted suctetiiy tiiajdwilini spherébedaglisehaingfersad trough the
sleeves 54, 56, with the result that the extruded balls will be free to pass through other smaller
restrictions lotateilidy Wil burst on the balls being forced through the sleeves 54, 56, with the result

that the extruded balls will be free to pass through other smaller restrictions located in the
15 string below the tool 30.
Reference is now made to Figures 12 through 14 of the drawings, which illustrate
a bypass tool 100 in accordance with a further embodiment of the present invention. This
tool 100 features a tool body 102 which is substantially the same as the tool body 32 of
the first described embodiment. However, the tool 100 is initially only provided with a
20 single sleeve 104 for closing the side ports 106. As illustrated in Figure 12, the sleeve
104 is initially restrained to close the ports 106 by a shear pin 108, while axial movement
of the sleeve 104 is controlled by a further pin 110 which engages an axially extending

slot 112 in the outer surface of the sleeve 104.



15string below the tool 30. Reference is now made to Figures 12 through 14 of the drawings,
which illustrate a bypass tool 100 in accordance with a further embodiment of the present invention.
This tool Y634 tool body 102 which is substantially the same astREeBIH6E)4IN0f the first
described embodiment. However, the tool 100 is initially only provided with a 20 single sleeve 104 for
closing the side ports 106. As illustrated in Figure 1jhe sleeve 104 is initially restrained to close the
ports 106 by a shear pin 108, while axial movement of the sleeve 104 is controlled by a further pin 110

which engages an arirlyuetiending siahd tRdvethesouier mhiace Rk sIEeYa L4 WR 116
2007/060449PCT/GB2006/004400 30 The outer surface of the sleeve 104 also teatures three sets

of seals 114, &ithhi 16wantohedowsssistisals o sewmisll drbikh initiglyistiagdiedba narts ¢96. The
sleeve 104 also defines a pair of holes 118 located between the seals 115, 116. The internal surface

of the sleeve dfdefiesephirnfiptesd SRRt Beh2denahe sBa5eat 42Q docated below the holes 118,
and a slightly larger seat 121 being provided above the holes 118. The internal diameter of the sleeve

104 adjacent the se@ts 1202 sisthomnefitte alvery tightitalarenceo tapsfitisedasiresl toopearsthe tool
100, to allow flow through the ports 106, an extrudable ball 122 is pumped through the string to land
on the lower &esitl 20 docatpehlerione thedssiasd Viillavdsdittiel pilabeB santstiobciflgwiovidbe sbeeve 104 to
move axially downwards and to align the holes 118 with the ports 106, as illustrated in Figure 13. In
this configurafierheies thbt.-10Bhprivriesl Hiogsteyphsks tetve d0bhthectnidtoeingpunopad info the
string passes through the ports 106. When it is desired to close the ports 106, an actuating sleeve 124
is pumped ddiified B th¥esk gt iiemsnemce, at relatively high speed, to land on the seats 120, 121,
with the sleeve 124 straddling.the holes 118 and ports 106. A metal-to-metal seal is provided between

the outer diameter of HhdSsRsSHed 39 qRenthe itpir Wenieteleriiowdbrenginhst parssdats 200, 121

and at surfaces 1(?‘1)%5 15’7@!2%[[)/ below the seats, The surfaces 126, 127 are dimensioned such that
the actuatingZIE&IRPEDR 15 PYRB R FRrLig LG e Wolpad enstbe e seaiidinguthenl and

ensyigng thatptr%gsﬁrlee W5 Ilgad'ug%rqﬁlen%i%xﬁ%wghIglear allowing the sleeve 104 to move axially

downwards and to align the holes 118 with the ports 106, as illustrated in Figure 13. In
this configuration the tool 100 provides 100% bypass, that is all of the fluid being
pumped into the string passes through the ports 106.
When it is desired to clqse the ports 106, an actuating sleeve 124 is pumped down
15 the string from surface, at relatively high speed, to land on the seats 120, 121, with the
sleeve 124 straddling the holes 118 and ports 106. A metal-to-metal seal is provided
between the outer diameter of the sleeve 124 and the inner diameter of the sleeve 104 at
the seats 120, 121 and at surfaces 126, 127 directly below the seats. The surfaces 126,
127 are dimensioned such that the actuating sleeve 124 forms an interference fit with the
20 valve sleeve 104, effecting a seal and ensuring that the sleeve 124 remains fixed within
the sleeve 104.
The actuating sleeve 124 includes an internal nozzle 128 to facilitate pumping of
the sleeve 124 through the string and into engagement with the sleeve 104. However, the

nozzle 128 is formed of a soft metal, and so is washed away in due course to minimise



the sleeve 104. The actuating sleeve 124 includes an internal nozzle 128 to facilitate pumping of
the sleevev&gzzlo% rgg(ﬁggthe string and into engagement with the sleeve 104. However, the nozzle 128
is formed Of a’soft metal, and so is washed away in due course to minimide- f§2006/004400
2007/1360449PVT/032006/004400 31 the restriction presented by the tool and to enlarge the area of
the axial flow path through the sleeve 104. Referéice is now made to Figures 15 through 19 of the
drawings which illustrate a bypass tool 200 which is similar to the bypass tool 100 described above,

but for the prolASisataetaT ipteseed Rothe bl andite enper Siiastaled beevial2iay Phth thod@B0 is

initially opened in a similar manner to the tool 100, that is by pumping an extrudable ball 222 into the
sleeve 204 to Bh&HE840wer seat 220 beneath the holes 218, such that pressure may be utilised to
shear the pin 208, and Push the sleeve 204 downwardly to align the holes 218 with the ports 206, as
illustrated in Figure T8 i@%%wwmédgéﬁjgﬂﬂﬁ‘?léé\}é@%@( ToRk&he Pragdngs wbighnilMprate
embodiment, differs inﬁ?ﬂér@?er of respect? from the sleeve 1 articular, the sleeve 224 is

In parti
significantly lohgéP3fa eBlieh 35 sl da b W@ﬁtﬁ’r‘?ﬁ (?Q-? hed shevanhusdonibenal
ture disc 232 to allow.the. s| 224 t dth h tri | le, The sl
23 a0 foat NN RS (e AT S e o 3 R A SRl G 53 200 Loty ot the
| 224 at | ' doft 2 th tuati 22. At thi
it the firet SR R B e L e S8 b3 on

the inner surfase qfine,sloeus. 20 aehihal alkofihe Ruessye ARBIRCAPRYEInA slogye g2¢, and

thus all of the resulting 20pressure force acting on the sleeve 224, Is pushing on .Ata

given pressurgdfigballg2%wlliedatcesibraughinpeeal i md RN balbazg AR Een

dislodged from the seat 220, the sleeve 224 may move furthér down into the sleeve 2 llustrated
in Figure 18. Igiigtsteaviiraonddath peis 2bseasiktadArgaralgd, preventing flow to the ports

206, and the lock ring 236 25has engaged with the groove 201 in the sleeve 204.

10 However, the actuating sleeve 224 (Figure 17), as utilised in this embodiment,
differs in a number of respects from the sleeve 124. In particular, the sleeve 224 is
significantly longer than the sleevé 124, the sleeve 224 featuring flexible fins 230 and an
internal rupture disc 232 to allow the slee\}e 224 to be pumped through the string at any
hole angle. The sleeve 224 also features two pairs of external seals 234, 235 and a lock

15 ring 236. | |

Figure 17 shows the sleeve 224 at the point where the lower end of the sleeve 224
engages the actuating ball 222. At this point the first of the larger set of seals 235a has
mated with a corresponding éealing surface 238 on the inner surface of the sleeve 204,
such that all of the pressure applied above the sleeve 224, and thus all of the resulting

20 pressure force acting on the sleeve 224, is pushing on the ball 222. At a given pressure,
the ball 222 will be forced through the seat 220.

Once the ball 222 has been dislodged from the seat 220, the sleeve 224 may move
further down into the sleeve 204, as illustrated in Figure 18. In this configuration both
sets of seals 234, 235 are seated, preventing flow to the ports 206, and the lock ring 236

25 has engaged with thek groove 201 in the sleeve 204,



WO 2007/060449PCT/GB2006/004400 32 At this stage flow through the tool 200 and sleeve 204
is still blocked by the burst disc 232, however any further increase in pressure will burst the disc 232.
The tool CORRIrA YA fter the burst disc 232 has been removed is as illVRGBIEBZHPEI§EHI 19, where it
will be seen that the axial flow path through the sleeve 204 has 5been re-established. Reference is
now made to Figures 20 through 26, which illustrate3® bypass tool 300 in accordance with a yet further
embodiment of the present invention. The tool 300 comprises a tubular body 302 defining radial flow
ports 304 which are Anitlall ytete oy bgivdisteel/208 G ddieemeciiEr &t et linbboukiethbsiciewittstan upper
sleeve 308. The lower 10sleeve 306 differs from the sleeve 54 described above in that the sleeve seat
310 is providdisoR3anlinnevesl ey fupther 31antich jwepuiagvilidunstthealisr2dver sleeve 306.
Furthermore, rather than providing taper faces 66, 67, the sleeves 306, 308 feature parallel
interference fit facesB¢ 40@®nfiguratipmalftetsbepbunstdisaRat thes frsangeree Bolines Howstatedled and
are of relatively 15large cross-sectional area, to minimise the pressure drop in fluid passing through

the ports 304in Figpeefit8: viers dheviplbios seen thafelhearigdifnvapatininguabdbe seevesdfiebinat similar

to the sleeves 74, 76, is dropped into the string and pumped through the string to land on the sprung
seat Sleeve plé‘?ﬁ%iez?ffﬁ‘ﬁ%fiﬁdthe seat sleeve part 312 will be moved 20 downwardly, under the

influence of fluid pressure acting across the agtivating sleeve 316, t%,c%rﬂgess the spring 318 until
opposing shoulders 891859 i§oNe Lrds, & Jagerenél e %éev,v Shy HSstte bERgstdot

300 in accordance with a yet further embodiment of the present invention. The tool 300
comprises a tubular body 302 defining radial flow ports 304 which are initially closed by
a lower sleeve 306 which operates in conjunction with an upper sleeve 308. The lower
10 sleeve 306 differs from the sleeve 54 described above in that the sleeve seat 310 is
provided on an inner éleeve part 312 which is spring-mounted to the lower sleeve 306.

Furthermore, rather than providing taper faces 66, 67, the sleeves 306, 308 feature
parallel interference fit faces 314, 315.

It will also be noted that the flow ports 304 4are not nozzled and are of relatively

15 large cross-sectionial area, to minimise the pressure drop in fluid passing through the ports
304.

To first open the ports 304, a neutral weight actuating sleeve 316, somewhat
similar to the sleeves 74, 76, is dropped into the string and pumped through the string to
land on the sprung seat sleeve part 312. Initially, the seat sleeve part 312 will be moved

20 downwardly, under the influence of fluid pressure acting across the activating sleeve 316,
to compress the spring 318 until opposing shoulders 320, 321 on the sleeve parts 306,
312 engage, as illustrated in Figure 21.

A further increase in pressure will shear a lower sleeve retaining pin 322 and

allow the upper end of the lower sleeve 306 to move clear of the ports 304. This relieves

25 the pressure and 100% of the fluid flow into the string is now being bypassed through the



A farther increase in pressure will shear a lower sleeve retaining pin 322 and allow the upper end of
the lower sleeve 306 to move clear of the ports 304. This relieves 25the pressure and 1 00% of the
fluid flow iNtS 198 &#H3%is now being bypassed through the WO 2007/060R4BIEB29960p444906/004400
33 ports 304. Given the release of pressure, the spring 318 will return the seat sleeve 312 to its initial
position, as illustrated in Figure 22. To close the ggrts 304 a further activating sleeve 324 is
pumped down the string towards the tool 300, the sleeve 324 being illustrated as it engages a seat

326 on the uppeits3elecuty3PtinrHigssaLicifiecsibevprdnd featuBsineming 328 andsa ypture disc
330 to facilitate pumping of the sleeve 324 through the string in holes of any angle. It will be noted

from Figure 23dhnitiiesitbue S24lhaaadapBiadanse profile 332 which engages with the sleeve seat
profile 326 and thus effectively seals the body through bore when the sleeve 324 lands on the sleeve

308. 10The sleeve 324 alow fibatpoels AMardurtamaini phaiies33deas 41 sieRuRpdPRRIENthe [HiguRlate 334
defines six holes which are spaced at 60 intervals around the centre of the plate. Applying
pressure abovewkelsibevecd 20k tbatdesvepizbbeinsiiicsrotedne ilesyea08samisddosifiaippéto shear
the sleeve-retaining pin 336, allowing the upper sleeve to 15move downwardly into engagement with
the lower sleeVee308084n Fistadd. il mglaeyed24 feathirs prigws fresfdt8eabpliepttestiBoadiesleeve
308 by virtue of the presence of the actuating sleeve 324 being in sealing engagement with the sleeve
308 results in %Wﬁ%@%@%ﬂ@lé@@é@ BB isoezi tinsftivgeithbolasthizamine dlerefceilit bavhich
both seals and Iock{sﬁthe two sleeves 306, 308 together. However, in the absence of the spring-loaded

20 lower seat™$1#f {Fie MBIk BethrhHesirkp thit presstrecealinptsensdiled betwiich eheages

actuating sleev%gt 161324 once tgﬁ‘#%rrr%s 304 were closed-off. With this in mind, it will be noted that
the travel of the Sphng 318 fEIHREY fd ths FERRIYEDF tRalnthadode duaneh bprs wher thiows all,

or substantiall e%utb %;ﬂ% ﬁsess%rlgﬁgé%%i}g the actuating sleeve 324 to exert force and energise the
seal between the taces , , This

10 The sleeve 324 also feature;s a hard ceramic plate 334 at the sleeve upper end.
The plate 334 defines six holes which are spaced at 60° intervals around the centre of the
plate.

Applying pressure above the sleeve 324 creates a pressure force on the sleeve 308
which is sufficient to shear the sleeve-retaining pin 336, alléwing the upper sleeve to

15 move downwardly into engagement with the lower sleeve 306, as illustrated in F igure 24.

The pressure force applied to the valve sleeve 308 by virtue of the presence of the
actuating sleeve 324 being in sealing engagement with the sleeve 308 results in the upper
and lower sleeves 308, 306 mating together with an interference fit, which both seals and
locks the two sleeves 306, 308 together. However, in the absence of the spring-loaded

20 lower seat 310, there would be a possibility that pressure could be locked between the
two actuating sleeves 316, 324 once the ports 304 were closed-off. With this in mind, it
will be noted that the travel of the spring 318 is longer than the axial extent of the metal
faces 314, 315. This allows all, or substantially all, of the pressure acting on the
actuating sleeve 324 to exert force and energise the seal between the faces 3 14, 315, This

25 arrangement also allows all of the pressure to be exerted on the upper rupture disc 330.



25arrangement also allows all of the pressure to be exerted on the upper rupture disc 330. WO
2007/060449PCT/GB2006/004400 34 Accordingly, a sufficient increase in pressure will cause the

upper rupttPEUEES4E o burst, as illustrated in Figure 25. The fluid presRfr&/&B3RS 4480l 300 is

now acting across the first actuating sleeve 316 and will push the seat sleeve 312 downwardly onto
the shoulders 320, 321 once more, On the shoulderg$20, 321 engaging the pressure 5is exerted on
the burst disc 338 at the upper end of the activating sleeve 316. A further increase in pressure will

blowout the burst digee38iagl thespifisitnbingea40iprpwsiRsatiedawe angptingslaevs316,

following which the spring 318 will extend once more, such that the tool 300 assumes the configuration

as illustrated 33(Figubarp a3 GiitheighithSigperdfcdipta®uiBdresavid el tthe: astvatindssiggye 324
remains in place, the restriction provided by the plate 334 is useful in that it creates a pressure force to

maintain the siénesR36 {BOBH thmangedeposiithamhd tinsuie shthedathdesretal Jaivetalsaa provided
by the faces 314, 315 is retained. Of course, like the other embodiments described above, the flow of
fluid through téodies lebtddt 3020 TbnfinednGeo e theshghkiere 3R Myptemsltevass3nG, 308.
Reference is now made to Figures 27 to 30 of the drawings, which are sectional views illustrating a
reverde circulafisariectoatde byisadiseot Muotinumpes eidruiivitvtiratite sietied énbodiment of the
present invention. The tool is intended to be incorporated in a drill string, but other embodiments of this
aspect of the invent®drithsr Becresd de BRI tIe L iHasony tharuistitiscsib gad shehlagtisthings of
casing, or indeed coiled tubing or other tubing forms. The tool 400 comprises a tubular body 402
defining side PEHE" Mwh%ﬁ‘gsréoﬁ@m?&ﬁwaggealw% Hingliexdag vhish Secrsing§ 1A wikh slot 408
formed in the outer surface of the sleeve 406 and body-mounted follower pins 410 cooperate to control

axial movem&RIBFtRBG BOF ubEC o R 500y Aassmen the sevBarmsipcriddsistthin wo
2007/060449&31-{1[936?.’2006/0044110

10 Although the apertured plate 334 provided in the activating sleeve 324 remains in
place, the restriction provided by the plate 334 is useful in that it creates a pressure force
to maintain the sleeves 306, 308 in the closed position, and ensures that the metal-to-
metal seal provided by the faces 314, 315 is retained. Of course, like the other
embodiments described above, the ﬂow of ﬂuid through the closed tool 300 is confined

15 | to the throughbore defined by the Sleeves. 306, 308.

Reference is now made to Figures 27 to 30 of the drawings, which are sectional
views illustrating a reverse circulation actuated bypass tool 400 in accordance with an
alternative embodiment of the present invention. The tool is intended to be incorporated
in a drill string, but other embodiments of this aspect of the invention may be provided in

20 clean-out strings and other strings, such as strings of casing, or indeed coiled tubing or
other tubing forms.

The tool 400 comprises a tubular body 402 defining side ports 404 which are
normally closed by a spring-biased valve sleeve 406. A cam slot 408 formed in the outer
surface of the sleeve 406 and body-mounted follower pins 410 cooperate to control axial

25 movement of the sleeve 406 relative to the body 402. The sleeve 406 includes a spring-



35 mounted flapper 412 biased towards the closed position. However, the flapper-closing spring is a

light springvé. 55‘7%555‘6‘ flapper 412 will open in response to normal flow through the tool 400, as
illustrated in Iglgure 27. In this initial configuration, it will be apparent that \)ﬁq{gﬁ"(%@WW6WQhrough the

5tool 400 will have no effect on the tool configuration, %ther than to open the flapper 412. To open
the ports 404, the direction of fluid circulation in the bgre is reversed. That is, fluid is pumped into the

hough the Stng. Seeh To s s e Terne 13 SRt i RS BB ACH pre

though the string. Such flow will maintain the f ?é}léressure

force, as the pigigfcarea e I Is the internal area defined by the bore
internal diameter. This fo&c%wwﬁfggﬁ?g%eéﬁ?gggef%éée‘fg ltf)g ?rvg%%?ﬁéd“uﬁ‘”v&%?&%‘? {8 8pEPAHPHorts 404,

as illustrated inbré@ghetSool 400the mg{ggpge@rﬁ@ neshyt off, and pressure bled off from the annulus,
the spring 414 will move the sleeve 406 downward, however the cam slot 408 configuration is such 15

that downward movelenisahilet slage A8 RS SO hplRcR iR IERNAI%, caR clpss he ports 404,

as illustrated in Figure 29. With the sleeve 406 in this position, normal tlow may be re-es Shed, with

a propbrtion otcthb@@\mﬁbhagaiﬁieef&dtdjﬁ&ﬁwd@t%hﬁg&?ﬂiﬂﬁ?eﬁﬂ&tt'ﬂ%n%%@r?f% ﬁ94 &3as the
case with the initial tool configuration, variations in flow in the normal direction wi a@% no impact on

the tool configurationTo2ep3i togertietpartaetBitesavarse flaw isransamarertiizgd fo maye jhe sleeve
406 upwards, and advance the pins 410 along the slot 408, to the position as illustrated in Figure 30.

When the punipiiaiee Bhid isfhrambressdre wiedffsironutidinanhe sisathe SphE dE4ilagiyn the
sleeve 406 to the closed position. It will be apparent that the tool configuration does not

change in respifseoigiod vad aitseeth tiulle Wow wadig thonetstiingivihen Suig isdeingCirsilated
normally, such
the flapper 412 closed and create a significant fluid pressure force, as the piston area
10 created by the flapper 412. equals the internal area defined by the bore internal diameter.
This force will caﬁse the sleeve 406 to bé translated upwards, to open the ports 404, as
illustrated in Figure 28.
If the pumps are then shut off, and pressure bled off from the annulus, the spring
414 will move the sleeve 406 downward, however the cam slot 408 configuration is such
15 that downward movement of the sleeve 406 is arrested before the éleeve 406 can close
the ports 404, as illustrated in Figure 29. With the sleeve 406 in this position, normal
flow may be re-established, with a proportion of the flow being directed directly into the
annulus, via the open ports 404, As was the case with the initial tool conﬁgglration,
variations in flow in the normal direction will have no impact on the tool configuration.
20 To close the ports 404, reverse flow is once more utilised to move the sleeve 406
upwards, and advance the pins 410 along the siot 408, to the position as illustrated in
Figure 30. When the pumps are shut off, and pressure bled off from the annulus, the
spring 414 will return the sleeve 406 to the closed position.

It will be apparent that the tool configuration does not change in response to

25 variations in fluid flow through the string when fluid is being circulated normally, such



WO 201)7/060449PCT/GB2006/004400 36 that an operator may, for example, shut off and restart the

pumps without concern that the tool may move to the open configuration. Also, the tool is thus not
subject t0'UhAEPELLAE) activation, and the tool components, such as seaRCHABSPEUMANce undue

wear. Furthermore, as tool actuation does not require provision of a restriction which 5will provide an
actuating force in response to normal fluid flow, therggs no restriction present in the tool that would
otherwise limit flow and induce pressure losses, Referring now to Figure 31, there is shown an

enlarged viewhef anaitertnativey skalngmapia gemnefiadad feaenidi pgipanethai eothedimanief the

present invention. The sealing arrangement 420 is suitable for, for example, sealing the ports 404 of
the bypass 10toblm@0 siwwntin iR Zconfighhatisealinglarr aheeenizt ZBusonapr sgsed tepigh insert
422 in two parts; a first insert part 424 and a second insert part 426. The tough insert 422 incorporates
an o-ring sealEgesohitlagintidesaadtial thetwempdaheninserthi@eals bl toel dpdyieta2 uadsea dovetail
seal 430, which is held in position by the first and second insert parts 424, 426. 15 The differential
piston effect Wirin Roririmase withonlgsuasierssiaes insidedhicetpoigionhehaonesidteiin prash an end
surface 432 of the valve sleeve 406 against the surface 434 of the insert 422 forming the primary seal.
The dove-tai"éblapiesidsan aetping dinee thereaparagrtaceonsal Buidiflevs theeecls mo sesitickiatove-tail
seal is used in this embodiment rather than, for example, an o-ring because the dove-tail seal 430 will
be 20 retain8E&tiinhEifrpl 4 WA Aberviss et fiotw ard pdnre sresveralbssesthe pressure on the
outside of the tool 4Q0 s greater than,the pressure inside it, neither the differential piston effect nor the

dove-tail seal 430 m\?&’[‘?fﬁiaopg@ﬁ‘?gzthr&?jﬁ thehsers Hoantrserdndemmilas alkermatythe tool

400. Referrin r%)nw to F%%%re 3t2 ere is shqown an enlaﬁ%e view of a further 25alternative sealing

arrangement A0 S A GRS E5 O AP EHSOIT ARSI SHEP eI o e MEBRe P HINeatiamg dhtent is

substantially the.same as the seal.arran ent 420 of Figure 31, however in this case an additional

o-ring seal 4235;1%“ r%%‘&&f‘?ﬁ%e%f’ rll?]auégéieg 4R s85%xﬁ1“é%rﬁ15? g@é@?\ﬁgéﬁ ﬁ&é Qil@g B¥Ras% 406 and

the topl body, ' ifeetions ~that is when the pressure is higher inside the tool 400 than outside
P t 8}?4%?&{)% [E%Egjlﬂé%fz‘f‘

or vice versa. Sho iS sea ail, the differential on effect would create a seat between the valve

sleeve 406 and the fgert 477 when e fuitBressasidsdhe faalA99)s gteaisinan the fuid
pressure outside, as previously described.
insert part 424 and a second insert part 426. The tough insert 422 incorporates an o-ring
seal 428, which provides a seal between the insert 422 and the tool body 402, and a dove-
’ tail seal 430, which is held in position by the first and second insert parts 424, 426.

15 The differential piston effect will, in normal use with higher pressure inéide the
tool 400 than outside it, press an end surface 432 of the valve sleeve 406 against the
surface 434 of the insert 422 forming the primary seal. The dove-tail seal 430 also seals
against the end surface 432, but this is‘a back up seal. A dove-tail seal is used in this
embodiment rather than, for example, an o-ring because the dove-tail seal 430 will be

20 retained securely in place when not in contact with the valve sleeve 406. If the pressure
on the outside of the tool 400 is greater than the pressure inside it, neither the differential
piston effect nor the dove-tail seal 430 will prevent fluid passing through the ports 404
from the annulus and into the tool 400.

Referring now to Figure 32, there is shown an enlarged view of a further

25 alternative sealing arrangement 440 according to another embodiment of the present



Referrin.g now to Figure 33, there is shown an enlarged view of a further alternative sealing .
arrangement 460 according to another embodiment of the present 10 invention. In this arrangement,
the insert dove-tail seal 462 is considerably larger than the equivalent seal 430 of Figure 31 and
extends proud of the insert surface 434. In this arrangement, an opposing second dove-tail seal 464 is
provided in the valve sleeve end face 432 and extends proud of the face 432. The dove tail seals 462,
464 are made from an elastomerie material which is hard enough to resist compression and prevent

the 1.50pposing sustacesh#32rdddincehingundertie diftekentiabpigtoneffestanged Mning ngw to
Figures 34 and 35, which are sectional views illustrating a reverse circulation actuated bypass tool 500 .

in accordanciigith 2N hitetnative wishasimentofitbepresentiavention ihedao! 590 isintended to be
incorporated in a drill string, but other embodiments of this aspect of the invention may he provided in

clean-out strigs snth Bothershingsetween Hie:toal R0 eamprises:a tHutabbedyba3dafining side
ports 504 which are normally closed by a spring-biased valve sleeve 506. A cam slot 508 formed in the
outer surfaceloé¢hersleéne 506andthodyessauniechfghawiariginshb ko oopenate to.cantrok axial
movement of the sleeve 506 relative to the body 502. The sleeve 506 includes a spring-mounted
flapper 512 noemaallykbiddebisowards$ el Glosed fiositidd . fhowesfésc the flappeate W al between
2007/060449PCT/GB2006/004400 38 closing spring is a light spring, such that the flapper 512 will
open in respdrseayanoleead #OW tnbigh tretodP50¢hen tHEnBup erationofihiddant 5061 igdargely the
same as for tool 400, as discussed in connection with Figures 27 to 30! It will be noted, however, that
the valve slegiret80éa8 thellididspassand poitidn B20rdefinihgdefloibeaperture 522. When the ports 504
are open, as shown in Figure 34, the aperture 522 is pressed against, and sealed closed by, the saver
sub 524, therefore Prviding 10094byipassehidudghetheipoitsBddan enlary¢lenithe poris Gaare
closed, as shown in Figure 35, the sleeve end portion 520 has disengaged from the saver sub 524 and
flow throughafmesy 500atas pasngsoegh 4A0the flowizpéotueBR2. embodiment of the present

10 invention. In this arrangement, the insert dove-tail seal 462 is considerably larger than
the equivalent seal 430 of Figure 31 and extends proud of the insert surface 434. In this
arrangement, an opposing second dove-tail seal 464 is provided in the valve sleeve end
face 432 and extends proud of the face 432. The dove tail seals 462, 464 are made from
an elastomeric material which is hard enough to resist compression and prevent the

(5 opposing surfaces 432, 434 touching under the differential piston effect.

Turning now to Figures 34 and 35, which are sectional views illustrating a reverse
circulation actuated bypass tool 500 in accordance with an alternative embodiment of the
present invention. The tool 500 is intended to be incorporated in a drill string, but other
embodiments of this aspect of the invention may be provided in clean-out strings and

20 other strings.

The tool 500 comprises a tubular body 502 defining side ports 504 which are
normally closed by a spring-biased valve sleeve 506. A cam slot 508 formed in the outer
surface of the sleeve 506 and body-mounted follower pins 510 cooperate to control axial
movement of the sleeve 506 relative to the body 502. The sleeve 506 includes a spring-

\5 mounted flapper 512 normally-biased towards the closed position. However, the flapper-



An alternative arrangement which permits 100% bypass through the flow ports is shown in Figures 36

and 37, W%Wﬁ?(ﬁ lonal views illustrating a reverse circulation actuat; ~P 3 8&1 0in
accordance with an alternative embodiment of the present invention. The %d%g Fésu‘r‘]%l%r to the tool

500 of Figures 34 and 35 and similar 15components have been given the same reference numeral
with the addition of 100. In this case the valve slé@ve 606 is provided with an internal collar 640
which defines a flow aperture 642 (most clearly seen on Figure 37). The tool further includes an
aperture plugSengVRERE Heaishbeminsondrthabie Bappeoflz iwiligpes BRkspOO% bypasmthrough
the ports 604 js established by the flow aperture 642 being sealed by the 20 aperture plug 644. This
embodiment A1%¥ Brrevelibe480h8ge that aperture plug 644 eliminates the sump below the ports
which is present in the tool 500. This is particularly advantageous when the tool 600 is used in an

t
application in which g?t‘ﬁ??éﬁﬁ%?fﬂ’&t%l%&?ﬁ/l a8 dbe Pame ag fothe P otes.coalivwhesadtie ports
604 are subsequently closed and naormal fluid circylation reinstated, there is no sump of LCM which
would WO 2885‘}8%;&1’4@’&%%}@1@0%}8(%405 ?@llllo%}'?e‘mfé% bBavesiatidhad th ol tlecsaindfbelow the
tool 6§0, andiH te tia}alrly I(lilrg c%{.da %evices elow the togl 600.  When the flow ports are
closed (Figure ghff{%ﬁe mef%r Al égﬂarg%%%‘ eSS mhe Pllignahe prsfmilhaacRethrough the
aperture 642 &gy q,lt%g,ésijq?% %f éheert5%%§ 44. A further altgrn tive arrangement which
permits 100% bypass through thé ﬁovvp ports'is Sﬁg\ﬁ,‘ﬁﬁﬁeﬁfﬁﬁ}&%@ ﬁaaaﬁ,‘ikﬂsr%bgré@eﬁ%ﬁal views
illustrating a r, ir i Y, 00.in,accordance with an alternative
embodiment ﬁﬁ?g%%i%ﬁﬁ%ﬁﬁ%ﬂgﬂ%e {ggﬁ%gg ?é%ﬁ‘ﬁ}}g??(}) &rg%c?o‘soo of Figures 34 and 35 and

Losimiar componeri g el SHPRSSNS/EISEREANNEE W IS cOdignor o0 In i

arrangement, the valve sleeve 706 includes a further flapper , WhICh IS'S the

tool throughbhse #&h@nRa Resiligie Shewip 5Fiaugid.w i ranituwsigpshawn.n Figure, 39, the
flow ports 704 are closed and fluid flowing through the tool 70(1%233% tgwougi%] %ﬁ%a#aﬁhgglrl%halve 760,

as well as thehadiomallycetesesbils flapper valve 780. To open the ports 704, a reverse pressure is
applied to the tool 700 and acts on the piston area formed by the valve sleeve 706 and the closed

valve 780. Thus, thewvailtersisievertaiptsmaaves stpyends anddh ey #Aduancen #lopadhe cam
profile 708. When pressure is bled off from the annulus, and as pressure equalises across the valve
780, the camseufilér7Brams HinatidBihtetdchiarepeoiisathesisavRstABAe M@Verse circulation
actuated bypass tool 600 in accordance with an alternative embodiment of the present
invention. VThe- tool 600 is similar to the tool 500 of Figures 34 and 35 and similar
15 components have been given the same feference numeral with the addition of 100.
In this case the valve sleevg 606 is provided with an internal collar 640 which
defines a flow aperture 642 (most clearly seen on Figure 37). Tﬁe tool further includes
an aperture plug 644. When the flow ports 604 are open (as shown in Figure 36), 100%
bypass through the ports 604 is established by the flow aperture 642 being sealed by the
20 aperture plug 644. This embodiment also offers the advantage that aperture plug 644
eliminates the sump below the ports which is present in the tool 500. This is particularly
advantageous when the tool 600 is used in an application in which lost circulation

material (LCM) is passed through the ports 604. When the ports 604 are subsequently

closed and normal fluid circulation reinstated, there is no sump of LCM which would



20 fully downwards towards the saver sub 724. The flapper valve 760 includes a chamfered edge 766

which en er sub 724. The engagement deflects the flapper valve 760 towards the valve
closed pggggﬁ}.é%ﬁgggntinued movement of the valve sleeve 706 towardS fiE GBI D4 opens

the ports 704 (Figure 38). In this configuration, the flapper valve edge 766 has formed a WO
2007/060449PCT/G B2006/004400 40 circumferentidbseal with a seat 768 defined by the saver sub
724 and 100% bypass is established through the flow ports 704. This arrangement does create a
sump below tREPAYiE g cieweidr threugirathgetmiast ifers the ads0tgndherunalsileies through

bore when the flapper Svalves are open. Those of skill in the art will recognise that the particular
embodiments BIAE ifRERtOPelEhp &P hed8in are merely exemplary of the various aspects of the
present invention, and that various modifications and improvements may be made thereto without
departing from the pleahiiRiam d1oris Gresansp i parerdActhn i dod repltin 64y hamdiech fpexein to

bypass tools. ver, many features of the invention have application in other tools, for example
Bk

ow res
spotting tools 5?%(’3?8 B psoRiting BonHErAvSleths RerBRtRiRmehmonhéresidesefitve or

pressure actuaﬁued(sggpl, for example as shown in Figures 27 to 30, it may be desirable to permit the
tubular to whith the reverse actuated bypass tool is fitted to self-fill as the tool and the tubular are

run-in 15 to the hoIc;x o a%”idtﬁ‘t?n% ﬁ/ an additional sleeve could be provided to hold the flapper valve
in the open position as the TUBUTAF and tha Toor A RN, RRIRILq Hoh Bvensevhreseidthe Bevictivated

from restrictings e apnep al\ie e i g, gf fluicIn e tool. Emboiments of the invention
circulation actuated bypass tool 700 in accordance with an alternative embodiment of the
present invention. The tool 700 is similar to the tool 500 of Figures 34 and 35 and
10 similar components have been given the same reference numeral with the addition of 200.
In this arrangement, the valve sleeve 706 includes a further flapper valve 760,
which is spring biased to the tool throughbore 762 open position shown in Figure 39. In
the configuration shown in Figure 39, the flow ports 704 are closed and fluid flowing
thrgugh the tool 700 passes through the flapper valve 760, as well as the normally closed
15 flapper valve 780. To open the ports 704, a reverse pressure is applied to the tool 700
and acts on the piston area formed by the valve sleeve 706 and the closed valve 780.
Thus, the valve sleeve 706 is moved upwards and the pin 710 advances along the cam
profile 708. When pressure is bled off from the annulus, and as pressure equalises across
the valve 780, the cam profile 708 and pih 710 interaction permits the sleeve 706 to move
20 fully downwards towards the saver sub 724. The flapper valve 760 includes a chamfered
edge 766 which engages the saver sub 724. The engagement deflects the flapper valve
760 towards the valve closed position.

Continued movement of the valve sleeve 706 towards the saver sub 724 opens the

ports 704 (Figure 38). In this configuration, the flapper valve edge 766 has formed a



20 bypass. For example, a tool similar to the tool 700 may be provided without bypass ports 704, and
may be operated solely to open and close the string through bore, or control flow through other
devices 0%83@,7%%%3 motors or MWD apparatus. Such tools may be F&ef({FE348eitt Yressure to
be built up above the tool to, for example, test the integrity of a string of jointed pipe, or to activate
another tool or device. Indeed, tools in 25accordancggwith other embodiments of the present invention
need not necessarily be WO 2007/060449PCT/GB2006/004400 41 utilised in flow control

applications, aicuinayaitiisedaVRIBLEEaSIES RV auuationseontal plastyatisp.afanpy
downliole tool or device. Reference is now made to Figures 40 to 44 of the drawings, which illustrate a

reverse pressistebéishadthdonyhaiss floal Béis indaccordance with a further embodiment of the present
invention. Reference is initially made to Figure 40, which illustrates the tool 800 in a dormant state,
with the spring-biasdtisakreasireumBabaxtendingacmap drdosealirg ponssatg4of pes,&04ms 804b in
the tool body wall 802. The upper ports 804a are nozzled, while the lower ports 804b define a
relatively largerzaregaoenbeffenstabkflady pasge Tifisarmoysmetst atlomsthdnezalkmintibeipgsts 804a to
be replaced without dismantling the tool 800, but in other 10 embodiments two sets of ports could be
provided in tHetllesdte 8P8and a single set of ports provided in the body. The axial movement of the
valve sleeve 806 is controlled by the interaction between a cam or j-slot 808 interacting with
body-mounted cam pieseaed skillelie She atariibirsaspissyitieisthsr pardeuttifferabediovwnivartithositions
for the sleeve 806, as will be described. Figure 40 illustrates the sleeve 806 in the first downward
position, 15inWSREPhEssEiReSdeeinGus BatiogsemplaryTofethswerions smemstobltBorinsiides a
catcher ring 880 with addjtional flow paths 882 around the large central through bore 884. The tool
800 is intend &8 B3 18 AEO BT SEELH B HIREY Gt ARCHAPTE YRR AE therginghaune

dormant configuration as illystrated in Figure 40. In this 20Q configuration, changes in fluid flow through
the string and)% %ﬁﬂ%&%’dﬂgﬁgﬁe&&ti b%&%‘gﬂreé TSRy AT SR UIAS DA REDRAHE ifmfsct on the

tool §90. Thug, dyring (41 304 1B subseauient gesrations fhe gperators may affectively gnore the

presence of the tool 800 in the string. enitisdesi #ady for

actuation, a fkgwlsd%@régg&%%%%%#g%%gég g‘&%ﬁ%@'\@ 3) 812 are dropped or pumped down the

string to land in° WO 2007
Furthermore, in the embodiments of the reverse flow or pressure actuated tool, for

example as shown in Figures 27 to 30, it may be desirable to permit the ;tubular to which
the reverse actuated bypass tool is fitted to self-fill as the tool and the tubular are run-in
15 to the hole. To facilitate this, an additional sleeve could be provided to hold the flapper
valve in the open position as the tubular and the tool are run in. This additional sleeve
could be deactivated from restricting the flapper valve by the initial flow of fluid in the
tool.
Embodiments of the invention also relate to tools which do not provide for fluid
20 bypass. For example, a tool similar to the tool 700 may be provided without bypass ports
704, and may be operated solely to open and close the string through bore, or control
flow through other devices or tools, such as motors or MWD apparatus. Such tools may
be useful to permit pressure to be built up above the tool to, for example, test the integrity
of a siring of jointed pipe, or to activate another tool or device. Indeed, tools in

25 accordance with other embodiments of the present invention need not necessarily be



42 the tool 800, as illustrated in Figure 41. The leading end of the diverter 844 lands in the catcher ring

880, and i 'Bai%,?]ug(}/x%ﬂuid to continue to flow through the tool 800 to the portion of the string below
the tool 800, Via the flow paths 882 in the catcher ring and via side slots 888 & i4#48brtion of the
diverter 344 which allow fluid to flow into and 5through the central through bore 884. The NRV 812
features a tapered body 812a having radially extendirg keys 812b adapted to engage with a sleeve
profile 806a, A circumferential seal member 812c on the body 8l12a is adapted to engage the sleeve
internal diametéHisefovintidoprotnatBd sappiisativmsy bodymsi2aididineevariovppassages hasi wbich is
normally closed by a spring-biased 10 ball 812e. However, in the presence of a pressure differential
across the NRAFEI94s sogtebarRtistianIofcwy tHewrhfidebor devisee Refereteoglothesdsng, the
ball 812e is pushed downwards to open the passage 812d. In the absence of flow the ball 812e will
close that pasSade28iS b ity eh s daings Yhiehilusreistanevarreessuseassuredbypats 5000
psi. 15Both th 12 and the flow diverter 844 are retrievable, for example utilising wireline
mounted fishir?%o’\t&cF)%ﬁg? i 88%(&%@ft§dNﬁ@c%£‘§$}|‘§rcﬁ“&*&‘#%ﬁ.°f thepreprabisreridenaiRiegrinsstsing
b_eing §ubject %)igari?v%ggep{ge%sure, Iéat i}s}#gletjﬁéessure in the annulus surrounding the string being

higher than the pressure within tastring’ sgatristhe tBAk§Pelt b deEmssintirasifushated in

nossios on tha TEEeT Tl HOEEoR B E SR e T RS BN AT, e o
Cevicesmnich s B e 400 P e, M P prooRra bt ch oo
effect actuation o the o B8 IO 00 Rt DR 16036 obva LR 5L ALRRE dBpropriate

or desirable, ihig-absqnrae peasiBlRionthe RREIAANGIS ' ugh, the string for a period
without drilling, to ensure th%l@t the annulus adjacent the driltlﬂt%ﬁghlse{% té%t%l?j@oz SP gﬂ?tl%%‘gand

othendebris. embodiments two sets of ports could be provided in the sleeve 806 and a single set of
ports provided in the body. The axial movement of the valve sleeve 806 is controlled by
the interaction between a cam or j-slot 808 interacting with body-mounted cam pins 810.
The cam arrangement jarovides for three differént downward positions for the sleeve 806,
as will be described. »Figure 40 illustrates the sleeve 806 in the first downward position,
15 in which the ports 804a, 804b are closed.
The lower end of the tool 800 includes a catcher ring 880 with additional flow
paths 882 around the large central through bore 884.
The tool 800 is intended to be incorporated in a tubular string and is run into a
bore with the string in the dormant configuration as illustrated in Figure 40. In this
20 configuration, changes in fluid flow through the sfring and annulus, and changes in
pressure in the string and annulus, will have no impact on the too] 800. Thus, during run
in and in subsequent operations the operators may effectively ignore the presence of the
tool 800 in the string.
When it is desired to configure the tool 800 ready for actuation, a flow diverter

25 844 and a non return valve (NRV) 812 are dropped or pumped down the string to land in



The reverse pressure maintains the ball in position to close the NRV 812, and the 5 reverse pressure,

acting over the whole area of the tool internal diameter D, moves the valve sleeve 806 upwardly,
against tHEQ&A6HHe spring 8066. Due to the large area of the piston &ekBB2BY5PE4RY 812 and

the sleeve 806, only a relatively small reverse pressure will provide a very significant pressure force on
the sleeve 806, and such that jamming or sticking of fhe sleeve is unlikely. The upward movement of
the sleeve 806 10also rotates the sleeve 806, due to the interaction between the cam slot 808 and the

follower pins &i&0tool 8Y¥heNitharRiessHE: Aabvaenthe RAMHLSANG e SHineinteriersqq Rlised, the

sleeve spring 806b pushes the sleeve 806 downwards. The cam slot 808 and follower pins 810 are

now configured:shiatina s yoe aleave A0Camaysmaue i lrdannwates B e ESeRRI s Rward
position, to open the ports 804b, as illustrated in Figure 43. As the opening of the ports 804 occurs

when the prepsttieri®ethealitied beioesshtmdbe0body, Hrenes paene s of tiduRp el theports 804, as

tends to be the case with conventional fluid pressure actuated tools. Thus, there is no corresponding
erosion of thesidreslstar®Rfih theipulets mrtendeitby fivaealSid bevaalled auid20 Thevsigeva defines

flow ports 806¢ positioned to be aligned with the body flow ports 804b when the sleeve 806 is in the
secorid downieraghdkitiesntial thisysbdivon &8 lower end of the sleeve 806 also extends over the flow
diverter 844, which closes the end of the sleeve 806, thus preventing fluid passage from the tool 800
into the string below! oY $06. faarmezoriasoad SPOTI RGO G4dial idxtendifiphicegsillirgp fluid
pumps are restarted, fluid will flow into the tool 800, through the NRV 812, and then into the annulus
via the aligne¥fpiRd BoveagoithareryePintiled0eae dropemplpretinissalitherobaffdocthe tool
configuration, other than that the NRV 812 will close when there is no flow. 5As the ports 806¢, 804b
provide a rel iy LifolsAraried A sRe8RhRigReTSNtRIR L diemates belssishe wofth 896ausBhal in bore
clean-out operations. Agso tge reveption of flow beyond the tool 800, and the absence of a sump
below the po?\tsg,%%%&'s htd Sﬁ%ﬁﬁﬁ%ﬁ%ﬁgﬁg’?&%iW@fﬁb’iW{%}%@%?eby a spring-biased
10 ball 812e. However, in the presence of a pressure differential across the NRV 812 as
induced by normal flow, that is flow from surface down through the string, the ball §12¢
is pushed downwards to open the passage 812d. In the absence of flow the ball 812e will
close that passage 812d, and such an NRV will typically withstand a reverse pressure of
up to 5000 psi.
15 Both the NRV 812 and the flow diverter 844 are retrievable, for example utilising
wireline mounted fishing tools, if considered necessary or desirable,
On the bore containing the string being subject to a reverse pressure, that is the
pressure in the annulus surrounding the string being higher than the pressure within the
string, the tool 800 is reconfigured to the position as illustrated in Figure 42. In a drill
20 string, the reverse pressure may be communicated via, for example, the jetting nozzles on
the drill bit. Thus, at this stage, the pressure integrity of the string is retained. Also, there
is no danger of drill cuttings and the like flowing into the tool 800 and thus into the string
above tools and devices which may be sensitive to blockage and damage by cuttings and

larger particulates, such as MWD tools. Also, only a very small volume of fluid need

25 pass from the annulus into the drill string to effect actuation of the tool 800. If



To change the configuration of the tool 800 once more, a reverse pressure is 10 created, and the
. This moves the sleeve 806 upwards and then downwards, under the control

pressure j
of the cam's otsgggﬁl g??(? pins 810, to the third downward position, as iIIustr%?értﬂqﬁzlﬁ?éW%ﬁ. it will be

noted that in the third downward position the sleeve 806 is not positioned as far downwards as in the
second downward position, and an annulus is retaindd between the larger internal diameter lower end
of the sleeve 15 806 and the upper end of the flow diverter 844. Thus, a flow path is maintained
through the to¥siBBBrad witbelptdse erodedithize;int thiotomiigarptiotblb e eey oppitsra0asraialigned
with the nozzled body flow ports 804a. When the pumps are restarted on surface, fluid will flow
downwardly tiigidghrenatsthngiringifon agathihy ithetbdtidog atprapartahaotibenftorusvilijaeegiverted
through the 20 flow ports 804a, the remainder of the flow passing into the string below the tool 800.
This tool confl§ediiibRivinsubasntitbtdien efrutinasandypthertierniis the back pressure of the drilling
fluid; this will be greater than the back pressure produced by the sleeve in the second downward
position. In drilling apPRdSYEHE PRRSSSEhmtRgieh the trikingerition atess itheNRN 813, dedithd that a
propogtion of the fluid being pumped into the string 25bypasses the BHA, and passes directly into the
annultgjs. The SXASBRGFTIEH AliRASY BB naEas5Pkeriess dniperabdisomies Bependingon a

number of fac‘;g{g é?clud' the degree of flog restriction provided by the nozzles in the ports 804a,
and the flow aréa of the 1o if@?’?ﬁcg%t?@@gfé &A% asHhssPTing’PEh, SRup & gbetse sscaiofy through

the string and tQql.is stopped, a reve ressure . is applied, pressure is then balanced between
the annulus gtrl?g 1£é%os r?ﬁ%%gregys%&grﬁ%at g?eg saféde\%/}éerﬁgﬁv&gagu%mg%ﬁ%ﬁh’emﬁmﬁs and

return to the first. dowpw %Qz?c?éti n, .The.tool 800 is thus ca a%e of adopting a selected one of

three workinggconfiguratﬁj%qs. In sé;r‘r,]eer}éf)l .(% %nr‘{'sv f 35‘883?’5 o ‘r%‘a DRRFURSH B FliSECRBat

confiurations e st e ALSssUie e VS i, Sich et hers s o J0ggoventiona

flow while the tool 800 is in an intermediate configuration. erence’is now ma res 45

and 46 of theyaudngs: Weichllsieate aaea%em@tixg@eaeﬁtie@t@g%pa?g@g@gfgﬁ%@%&%&’eof Figure

40. In particular, these figures illustrate an alternative non-return valve , comprising a valve
body in the folsnceia sieeye912a, which sleeve 912a is pinned to the sleeve 806, and also

When the pressure between the annulus and the string interior is equalised, the
sleeve spring 806b pushes the sleeve 806 downwards. The cam slot 808 and follower
pins 810 are now conﬁgured such that the sleeve 806 may move fully downwards to the

15 second downward position, to open the ports 804b, as illustrated in Figure 43. As the
opening of the ports 804 occurs when the pressure is equalised across the tool body, there
is no rush of fluid through the ports 804, as tends to be the case with conventional fluid
pressure actuated tools. Thus, there is no corresponding erosion of the areas around the
ports or tendency for seals to be washed out.

20 The sleeve defines flow ports 806¢ positioned to be aligned with the body flow
ports 804b when the sleeve 806 is in the second downward position. In this position the
lower end of the sleeve 806 also extends over the flow diverter 844, which closes the end

of the sleeve 806, thus preventing fluid passage from the tool 800 into the string below

the tool 800.



15 supported by a sleeve shoulder 806f. Thus, the sleeve 912a is present in the tool 800 as the tool is
run into the bore. However, the sleeve 912a features a fishing profile, to allow the sleeve 912a to be
utilised to"fof H&%%f8eve 806 to actuate the tool 800, and to allow the sRES/EBADE BB removed
from the sleeve 806 if necessary. To activate the tool 800, a ball 912b is pumped down the string to
land in the 20 sleeve 912a, as illustrated in Figure 454%he sleeve 912a comprises two ball seats 912c,
912d, the upper seat 912c being flexible such that an elevated pressure will push the ball 912b past
the seat 912e to landbieitbing fLidpumps amanstsised Sisid widl Soviteal thetweb RO algoals 912¢,d,
such that fluid mag(?% through the 800 tool in the conventional manner with the ball 9126 in place
within the sleelf¥ SHdnbings dite tBe denubE e tae HignadmonstBeasaB GURb Ghiified into
contact with thg lower face of the WO 2007/060449PCT/G1320061004400 46 upper ball seat 912c. A
relatively smalf FovETSeohRAEEP RS Ub Pl Siect vhedion ! epRtRrEationsanther Alowin thechiRyof the

tool 800, and %q ctiﬁ%l%ggwngﬁ the,flowgl%;)rts 804a,b. A larger reverse pressure will extrude the ball
912b past the exible upper seat 8150 SWwing unhindered reverse circulation if required.

Alternatively, as note ve, th e 12a and ball 912b may be fished from the tool 800, this also

provid%g unhinderedgé g?:@gs%dtrcgsteﬁg%ré\%% 5%’%‘?&5%@%%‘%“{38 firectsH dlemnpré. fikigih dloiderations

below the tool : erence | w made to Figure 47 of the drawings, which illustrates a reverse 10
0. B (5?.0‘%1{%?6’ ngoare it 4 hﬁfa t?LeﬁQh‘?Hfin‘lf%‘&%ﬂfoozqiﬁéor@érated in

circulation actuated tool 100 e too comprises

a aril sring 1 Rd-MentcInELIR PRy AO0R G AR AAIER ARt 00 B

restriction in the form of a non-return valve 1008, located just above g

arrangement 1QedmelisaTigdiffriential pistenn Lo al drlling operations drilling fluid is pumped
from surface through the stri%ﬁbore 1012, exitifwg t#\% strer?g vié%é%lfr?g nozzles in the bit 1010. The fluid

;[,C;T fgfges to the sUdagrnde Uhe BRINSA8LbPehvashtResing :1190(%%, apg.the.s u}gxtgs%ﬂldei 9 bore
10 created, and the pressure then equalised. This moves the sleeve 806 upwards and then
downwards, under the control of the cam slot 808 and pins 810, to the third downward
position, as illustrated in Figure 44. It will be noted that in the third downward position
the sleeve 806 is not positioned as far downwards as in the second downward position,
and an annulus is rf;tained b¢Meen the larger intérnal diameter lower end of the sleeve
15 806 and the upper end of the flow diverter 844. Thus, a flow path is maintained through
the tool 800. It will also be noted that in this configuration the sleeve ports 806¢ are
aligned with the nozzled body flow ports 804a.
When the pumps are restarted on surface, fluid will flow downwardly through the
string, and on reaching the tool 800 a proportion of the flow will be diverted through the
20 flow ports 804a, the remainder of the flow passing into the string below the tool 800.
This tool configuration may be detected from surface by monitoring the back pressure of
the drilling fluid; this will be greater than the back pressure produced by the sleeve in the
second downward position. In drilling applications this configuration is thus useful
situations in which it is desired that a proportion of the fluid being pumped into the string

25 bypasses the BHA, and passes directly into the annulus, The division of flow will vary



With this conventional fluid circulation, the fluid pressure within the string 1004 20is higher than the
fluid pres | ulus 1014. The differential piston is-configured such that normal fluid
circulatiorﬁé%@ti%%rﬁaqﬁtain the tool 1000 in a first configuration. To recorftfglifEPd18%86t4#e operator

reverses the pressure differential between the string 1004 and the annulus 1014. This may be
achieved by stopping the pumps on surface such thafthe pressure equalises, then 25draining drilling

fluid from the upper end of the strin described above. When the gir WO | .
2007/060449égﬁef@gﬁo‘&%ﬁ)Bﬂﬂi’gozi?ﬁ?%’u‘ﬂﬁ%ﬁﬂb‘%ﬁl}ﬁ dratse erﬁ%“fsr fStistion intevidedobye, the
taller column iling. fluid,in th ulus 1014 results in a higher hydrostatic pressure in the annulus
1014 adjacen(t?gtlrﬁ?e{l Jt)g%)%ibrb .eﬁ?g Ssgé%%’uar%&;r% a3?1”0%?%8@%%%@%%9%%%%%%%I@&s‘i@M into the
string 1004 and thus-gloses.the.v. , which maintajns the reverse 5Spressure differential.

This reverse pressurﬁd%%?%?ﬁ%ﬁé}é% %)Br?f%ﬁﬁv di f@rjé%lf%}f %i?setgttﬁlprgtﬁ%%;&%?a e} WP E g TRYAESE 006 to

reconfigure th?r@ﬁlr%qgoapplieﬁf %ﬁgfi?%‘&g% #Iﬁbég%%&?gé[f'llggt wﬁ% rpl&ggsureuil% Se% !lﬁg[fgtijgttﬁleggween the

string bore 1012, and the annufus 1014. 101t will be noted that in this embodimen

mechanical Iim@g,espaxm%@gé@@%@%@@ng«grag%mr@@wmm&?%%}#?OVQ%'V%%POS

serving only to block reverse flow and thus allow maintenance of the reverse pressure differéntial.
In another embsiment phistiglpw-out preventcr (BOP) at surface could be closed to seal the annulus
which could then be pressurised. This method would be particularly

The tool 800 is thus capable of adopting a selected one of three working
configurations. In some applications the operator may only wish to utilise two
configurations, and in this case the pressure may be cycled twice 'such that there is no

10 conventional flow while the tool 800 is in an intermediate configuration.

Reference is now made to Figures 45 and 46 of the drawings, which illustrate an
alternative actuation arrangement for the tool 800 of Figure 40. In particular, these
figures illustrate an alternative non-return valve (NRV) 912, comprising a valve body in
the form of a sleeve 912a, which sleeve 912a is pinned to the sleeve 806, and also

15 supported by a sleeve shoulder 806f. Thus, the sleeve 912a is present in the tool 800 as
the tool is run into the bore. However, the sleeve 912a features a fishing profile, to allow
the sleeve 912a to be utilised to move the sleeve 806 to actuate the tool 800, and to allow
the sleeve 912a to be removed from the sleeve 806 if necessary.

To activate the tool 800, a ball 912b is pumped down the string to land in the

20 sleeve 912a, as illustrated in Figure 45. The sleeve 912a comprises two ball seats 912¢,
912d, the upper seat 912¢ being flexible such that an elevated pressure will push the ball
912b past the seat 912¢c to land on the lower seat 912d. Flow slots 912¢ are provided
between the seats 912c,d, such that fluid may flow through the 800 tool in the
conventional manner with the ball 912b in place within the sleeve 912a. However, bin the

25 event of reverse circulation, the ball 912b is lifted into contact with the lower face of the



15well suited for use in a fully-cased well, where pressure may be applied without the risk of damaging
the formation. MCS1LP 48 CLAIMS 1. A method of actuating a tool in a downholc string, the method
comprisin A8 % 4w restriction in a downhole tubing stringwhich resBGGHERIA6HG80ess 5
restriction to fluid flow from the string and into a surrounding annulus than to fluid flow from the
annulus into the string, to selectively induce a positivg fluid pressure differential between the annulus
and the string to permit actuation of the tool. 2. The method of claim 1, further comprising: 10providing
a fluid colummppdheadirieg; providiagreldtivalyaiualh igvaneaprashusesuitd undinthiheaivingpereating a
hydrostatic pressure differential between the fluid columns; and utilising the hydrostatic pressure
differential toractwatpwhaeitpellditidgltielingthbthoftatdi®d @, andnaglksing fitlierdng pbitiodloftherstring with
lower density fluid than the existing fluid in the string and annulus to create said hydrostatic pressure
differential. 804a,b.

A larger reverse pressure will extrude the ball 912b past the flexible upper seat

5 912¢, allowing unhindered reverse circulation if required. Alternatively, as noted above,
the sleeve 912a and ball 912b may be fished from the tool 800, this also providing
unhindered access to the string below the tool 800 to permit, for example, fishing
operations below the tool 800.

Reference is now made to Figure 47 of the drawings, which illustrates a reverse

10 circulation actuated tool 1000. The tool 1000 comprises a fluid transmitting body 1002
incorporated in a drill string 1004. Mounted within the body 1002 are an actuation
arrangement 1006 and a flow restriction in the form of a non-return valve 1008, located
just above a drill bit 1010. The actuation arrangement 1006 includes a differential
piston.

15 Inr normal drilling operations drilling fluid is pumped from surface through the
string bore 1012, exiting the string via jetting nozzles in the bit 1010. The fluid then
passes to the surface via the annulus 1014 between the string 1004 and the surrounding
bore wall 1016.

With this conventional fluid circulation, the fluid pressure within the string 1004

20 is higher than the fluid pressure in the annulus 1014.

The differential piston is configured such that normal fluid circulation tends to
maintain the tool 1000 in a first configuration. To reconfigure the tool the operator
reverses the pressure differential between the string 1004 and the annulus 1014. This
may be achieved by stopping the pumps on surface such that the pressure equalises, then

25 draining drilling fluid from the upper end of the string as described above. When the air



4. The method of claim 3, comprising filling an upper portion of the string with air. 20 5. The method of
claim 3 orvf} o) Q Ing raising an upper portion of the string from the bore, draining liquid from the
upper portion oﬁ e%l#?ng, and then lowering the lower density fluid-filled }L)J?)B&B%?%@ﬁ“&”}he string
into the bore. MCSLLP 49 6. The method of claims 1, 2, 3, 4 or 5, comprising pumping fluid into an
annulus surrounding the string. 7. The method of an$f claims 1 to 6, comprising applying a reverse
pressure to a Sdifferential piston adapted to apply an actuating force in response to a positive pressure
differential betE8n PR aRPIGIOR ahdeatdngny. laverei infetHid stanfrotalainesiiom 7oL drilpriging one
of dropping ang Egmping at least a part of the flow restriction into the string. 10 9. The method of any
of claims 1 to 8" mahgiﬁgm&mow% derulisdn pdrebeiiviRanate resondrominasmig. 1014The
method of any qf claims 1 to 9 rising providing a non-return valve in
yagjacent tﬁe tool 18(())(5rl P T engessure r%r%balance induces fluid flow from the annulus
1014 into the string 1004 and thus closes the valve 1008, which maintains the reverse
5 pressure differential.
This reverse pressure differential acts on the differential piston in the actuating
arrangement 1006 to reconfigure the tool 1000.
If the string 1004 is then top-filled the pressure is equalised between the string
bore 1012, and the annulus 1014.
10 It will be noted that in this embodiment there is no mechanical linkage between
the valve 1008 and the actuating arrangement 1006, the valve 1008 serving only to block
reverse flow and thus allow maintenance of the reverse pressure differential.
In another embodiment, the blow-out preventer (BOP) at surface could be closed
to seal the armulus which could then be pressurised. This method would be particularly

15 well suited for use in a fully-cased well, where pressure may be applied without the risk

of damaging the formation.



15the tool. 11. The method of claim 10, comprising top-filling the string to equalise the fluid pressure
differential. 2012.The method of any of claims 1 to 11, comprising cycling the tool between C!iffergnt
configurations. 13.The method of any of claims | to 12, comprising utilising a earn arrang
control movement of elements of the tool. MCSLLP 50 14. The method of any of claims 1 to 13,
comprising releasably retaining the tool in an initial cargfiguration. 15. The method of any of claims 1 to
14, comprising biasing elements of the tool to 5resiliently resist forces created by a positive fluid
pressure differeppaMeetween the annulus and the string. 16. The method of any of claims Ito 15,
comprising initially configuring the tool in a dormant configuration.

1. A method of actuating a tool in a downhole string, the method comprising

utilising a flow restriction in a downhole tubing string, which restriction provides less

5 restriction to fluid flow from the string and into a surrounding annulus than to fluid flow

from the annulus into the string, to selectively induce a positive fluid pressure

differential between the annulus and the string to permit actuation of the tool.

2. The method of claim 1, further comprising:
10 providing a fluid column in the string;
providing a fluid column in an annulus surrounding the string;
creating a hydrostatic pressure differential between the fluid columns; and

utilising the hydrostatic pressure differential to actuate the tool.

15 3. The method of claim 2, comprising filling a portion of the string with lower
density fluid than the existing fluid in the string and annulus to create said hydrostatic

pressure differential.

4, The method of claim 3, comprising filling an upper portion of the string with air.
20

5. The method of claim 3 or 4, comprising raising an upper portion of the string

from the bore, draining liquid from the upper portion of the string, and then lowering

the lower density fluid-filled upper portion of the string into the bore.



10 17. The method of claim 16, comprising utilising at least one cycle of a positive fluid pressure
differential between the annulus and string followed by an equalised fluid pressure differential to
actuate the toot. 1518.The method of any of claims 1 to 17, comprising configuring a valvé fidhBer to
open a side port in the string. 19. The method of claim 18, comprising opening the side port following
equalisation of the fluid pressure differential. 20 20. 4%he method of any of claims 1 to 19, comprising
configuring a valve member to close a side port in the string. M C E; L1,1) 51 21.The method of any of
claims 18, 19¢0r 20, Teénpegiog ectlitingladalye mefnbemeeistnglngnppenihg dindctosingwia side
port in the string by application of a positive fluid pressure differential between the annulus and the
string. 522. Themeatma.aharytdiclaims 18 to 21, comprising controlling flow of fluid into the string

below a valved side port.
7. The method of any of claims 1 to 6, comprising applying a reverse pressure to a
5  differential piston adapted to apply an actuating force in response to a positive pressure

differential between the annulus and the string.

8. The method of any of claims 1 to 7, comprising one of dropping and pumping at

least a part of the flow restriction into the string.

10
9. The method of any of claims 1 to 8, comprising removing at least a part of the
flow restriction from the string.
10.  The method of any of claims 1 to 9, comprising providing a non-return valve in
15  the tool.

11.  The method of claim 10, comprising top-filling the string to equalise the fluid

pressure differential.

20 12.  The method of any of claims 1 to 11, comprising cycling the tool between

different configurations.

13.  The method of any of claims 1 to 12, comprising utilising a cam arrangement to

control movement of elements of the tool.



23. The method of any of claims 18 to 22, comprising selectively configuring a valve member in a first
open configuration to open a first side flow passage and in a 10second open configuration to open a
second flow passage. 24. The method of any of claims 18 to 23, comprising operatively a$§ogidtihg a
valve member controlling opening and closing of a side port in the string with a flow control
arrangement to control flow of fluid into the string befdw the tool. 15 25. The method of claim 24,
comprising flowing fluid through a first side port and simultaneously preventing flow of fluid into the
string beyond the todh2teTHd nfsthpdbfleiaim129 ¢ B8 25 reprisprisiete fisallng dainitgrdeged gecond
side 20port and simultaneously flowing fluid into the string beyond the tool. 27. The method of any of
claims 1 to 2Gndomplrising pravienting flow of fluid into a string below the tool. MCSLIP 5? 28. The
method of any of claims 1 to 27, comprising opening a side flow passage in the tool to provide fluid
bypass. 29. The method of any of claims 1 to 28, comprising opening a side flow passage in 5the tool

and delivering fluid to a selected portion of a bore. 30. The method of any of claims | to 29, wherein the
string is a drill §tringThe method of any of claims 1 to 14, comprising biasing elements of the tool to

5  resiliently resist forces created by a positive fluid pressure differential between the

annulus and the string.

16.  The method of any of claims 1 to 15, comprising initially configuring the tool in
a dormant configuration.

10
17.  The method of claim 16, comprising utilising at least one cycle of a positive
fluid pressure differential between the annulus and string followed by an equalised fluid

pressure differential to actuate the tool.

15 18.  The method of any of claims 1 to 17, comprising configuring a valve member to

open a side port in the string.

19.  The method of claim 18, comprising opening the side port following
equalisation of the fluid pressure differential.

20
20. The method of any of claims 1 to 19, comprising configuring a valve member to

close a side port in the string.



31. A downhole tool for mounting on a tubular support string and for location in a 10 bore whereby the
interior of the string and a surrounding annulus are in fluid communication and whereby fluid may flow
in a first direction from the interior of the string into the annulus, the tool comprising: a fluithir&nisinitting
body; and a tool function assembly including an actuation arrangement adapted for 15actuation in
response to selective application of a positive differehttial pressure between the annulus and the string;
the tool being adapted to follow an actuation cycle, the tool having one configuration when fluid is
initially flowinglin thd fiestdihedtivhran betiitfasert. dorfigiitationrisendleoiustitiediveh@immetidshas been
re-established following 20application of said positive differential pressure. 32. The tool of claim 31,
wherein the toohtiulictipnsseaiy iHokide b Fleverestiivtidrevihiol broeldisaties edstrpaidiveo fluid
flow from the string into a surrounding annulus than to fluid flow from the annulus into the string. M CS
LIP 53 33.Th8uobpuhstairdifRrential bisiiesn thepitibpssuldsiameiaingprevents flow from the annulus
into the string. 34The tool of claim 32 or 33, wherein the tool is configurable such that variations

5 22.  The method of any of claims 18 to 21, comprising controlling flow of fluid into

the string below a valved side port.

23.  The method of any of claims 18 to 22, comprising selectively configuring a
valve member in a first open configuration to open a first side flow passage and in a

10 second open configuration to open a second flow passage.

24.  The method of any of claims 18 to 23, comprising operatively associating a
valve member controlling opening and closing of a side port in the string with a flow
control arrangement to control flow of fluid into the string below the tool.

15
25.  The method of claim 24, comprising flowing fluid through a first side port and

simultaneously preventing flow of fluid into the string beyond the tool.

26.  The method of claim 24 or 25, comprising flowing fluid through a second side

20  port and simultaneously flowing fluid into the string beyond the tool.

27.  The method of any of claims 1 to 26, comprising preventing flow of fluid into a

string below the tool.



5in flow in the first direction do not affect the tool configuration. 35.The tool of claim 32, 33 or 34,
wherein the flow restriction is provided below and spaced from the actuation arrangement. 1036.The
tool of any of claims 32 to 35, wherein the flow restriction is operatively associated with thd @etudtion
arrangement. 37. The tool of any of claims 31 to 36, wherein the actuation arrangement includes a
differential piston adapted to apply an actuating forcé2n response to a pressure 15differential between
the annulus and the string. 38. The tool of any of claims 31 to 37, wherein the actuation arrangement
is configured &ich thakanekedsef piesstikdaitite dthy AGtuatestisetpobeRdR% Fide thovafassgeoficlaims 31
to 38, wherein the actuation arrangement is configured such that a positive differential pressure
between the d@rnohis@apohthdéedlinhtrgesafigures the tool. MCSLLP 54 40. The tool of claim 39,
wherein the actuation arrangement is adapted such that, following reconfiguring of the tool, a reduction

of the pressure differential allows the tool be at least one of actuated and assume a desired operating
configuration.

29.  The method of any of claims 1 to 28, comprising opening a side flow passage in

5  the tool and delivering fluid to a selected portion of a bore.

30.  The method of any of claims 1 to 29, wherein the string is a drill string.

31. A downhole tool for mounting on a tubular support string and for location in a
10  bore whereby the interior of the string and a surrounding annulus are in fluid
communication and whereby fluid may flow in a first direction from the interior of the
string into the annulus, the tool comprising:
a fluid-transmitting body; and
a tool function assembly including an actuation arrangement adapted for
15  actuation in response to selective application of a positive differential pressure between
the annulus and the string,
the tool being adapted to follow an actuation cycle, the tool having one
configuration when fluid is initially flowing in the first direction and a different
configuration after flow in the first direction has been re-established following

20  application of said positive differential pressure.

32.  The tool of claim 31, wherein the tool function assembly includes a flow
restriction which provides less restriction to fluid flow from the string into a

surrounding annulus than to fluid flow from the annulus into the string.



41. The tool of any of claims 32 to 40, wherein the flow restriction is normally closed. 42. The tool of
any o(_: claims 32 to 41, wherein the flow restriction closes in response to flow from the anndfs.into
the ;trlng. 10 43. The tool of any of claims 32 to 42, wherein the flow restriction tends towards an open
conf!guration in response to normal flow. 44. The tool of any of claims 32 to 43, wherein, in an open
configuration, the flow 15restriction provides an opetiXhrough bore. 45. The tool of any of claims 32 to
44, wherein the flow restriction comprises a flapper valve. 2046.The tool of any of claims 32 to 45,
wherein the flpw restiietionicomiises s norrdiatdivw adveic B SURBRIATYTbre toulsofl awyivhtlaims 31
to 46, wherein the actuation arrangement is adapted to define a piston area responsive to a positive
differential prggsangubetiveehthe@nnulus and the string.

34.  The tool of claim 32 or 33, wherein the tool is configurable such that variations

5  in flow in the first direction do not affect the tool configuration.

35. The tool of claim 32, 33 or 34, wherein the flow restriction is provided below

and spaced from the actuation arrangement.

10 36. The tool of any of claims 32 to 35, wherein the flow restriction is operatively

associated with the actuation arrangement.

37.  The tool of any of claims 31 to 36, wherein the actuation arrangement includes a
differential piston adapted to apply an actuating force in response to a pressure

15  differential between the annulus and the string.

38. The tool of any of claims 31 to 37, wherein the actuation arrangement is

configured such that a reverse pressure directly actuates the tool.

20 39. The tool of any of claims 31 to 38, wherein the actuation arrangement is
configured such that a positive differential pressure between the annulus and the string

reconfigures the tool.



548.The tool of claim 47, wherein the piston area corresponds to an internal diameter of the tool body.
49.The tool_ of any of claims 32 to 48, wherein the flow restriction is adapted to be configurable to a
non-operative configuration. 10 50. The tool of any of claims 32 to 49, wherein at least a&lektéht of
the flow restriction is removable. 51. The tool of any of claims 32 to 50, wherein at least an element of
the flow 15restriction is adapted to be dropped or pusaped into the tool. 52. The tool of any of claims
31 to 51, v_vherein the tool is adapted to be cycled at least twice. 2053.The tool of any of claims 31 to
52, comprisingya canmeshasisniadaptediadantiol thaanovemeng ofaleisentspifdradtbdhasd. The
tool of claim 53, wherein the tool function assembly comprises a pin which follows a cam slot.
following reconfiguring of the tool, a reduction of the pressure differential allows the

tool be at least one of actuated and assume a desired operating configuration.

5 4l The tool of any of claims 32 to 40, wherein the flow restriction is normally
closed.
42, The tool of any of claims 32 to 41, wherein the flow restriction closes in

response to flow from the annulus into the string.
10
43, The tool of any of claims 32 to 42, wherein the flow restriction tends towards an

open configuration in response to normal flow.

44, The tool of any of claims 32 to 43, wherein, in an open configuration, the flow

15  restriction provides an open through bore.

45.  The tool of any of claims 32 to 44, wherein the flow restriction comprises a

flapper valve.

20 46.  The tool of any of claims 32 to 45, wherein the flow restriction comprises a non-

return valve.



MC SLIP 56 55. The tool of any of claims 31 to 54, wherein an element of the tool function assembly
is releasably retained in an initial configuration. 56. The tool of any of claims 31 to 55, wherein the tool
function assembly 5comprises a return arrangement adapted to act in opposition to a positiv S1L.P
differential pressure between the annulus and the string. 57. The tool of claim 56, wherein the tool
function assembly comprises a return spring. 10 5853 he tool of ally of claims 31 to 57, wherein the
tool is adapted to be initially configured in a dormant configuration and subsequently activated. 59. The
tool of any of glaims1gik to A \ahe i olthe HdHyohEs alsidenpint artdati valeanSenembisradepiidurable to
close the side port. 60. The tool of claim 59, wherein the side port is initially closed. 61. The tool of
claim 59 or 6@, witeteinhRenaive mepobeivistadapisd to didfarcnizbpk@Gbyed positivahdifferahsal
pressure between the annulus and the string.

and the string.

5 48.  The tool of claim 47, wherein the piston area corresponds to an internal diameter

of the tool body.

49.  The tool of any of claims 32 to 48, wherein the flow restriction is adapted to be
configurable to a non-operative configuration.

10
50.  The tool of any of claims 32 to 49, wherein at least an element of the flow

restriction is removable.

51.  The tool of any of claims 32 to 50, wherein at least an element of the flow

15  restriction is adapted to be dropped or pumped into the tool.

52.  The tool of any of claims 31 to 51, wherein the tool is adapted to be cycled at

least twice.

20 53.  The tool of any of claims 31 to 52, comprising a cam mechanism adapted to

control the movement of elements of the tool.

54.  The tool of claim 53, wherein the tool function assembly comprises a pin which

follows a cam slot.



62. The tool of claim 59, 60 or 61, wherein the tool function assembly includes a flow restriction which
provides less restriction to fluid flow from the string into a MC™ P 57 surrounding annulus than to fluid
flow from the annulus into the string and the flow restriction is provided above the side poit.C8B8l.Hhe
tool of claim 59, 60, 61 or 62, wherein a flow control arrangement is 5provided below the side port. 64.
The tool of claim 63, wherein the flow control arrang&ment is adapted to prevent flow or fluid into a
string below the tool. 1065.The tool of claim 63 or 64, wherein the flow control arrangement is
retrievable. 665The e efallaiMma6g, &4 aai6ss, Nherein, thédiem conshnaenandetime htat Adefited to be
one of dropped and pumped into the tool. 1567.'he tool of claim 63, 64, 65 or 66, wherein the flow

control arrangeynablyissadrptet]forinitiady permitifielcimbgivaisonng below- the tool. 68. The tool of any
of claims 59 to 67, wherein the valve member comprises a sleeve.

56.  The tool of any of claims 31 to 55, wherein the tool function assembly
5  comprises a return arrangement adapted to act in opposition to a positive differential

pressure between the annulus and the string.

57.  The tool of claim 56, wherein the tool function assembly comprises a return
spring.

10
58.  The tool of any of claims 31 to 57, wherein the tool is adapted to be initially

configured in a dormant configuration and subsequently activated.

59.  The tool of any of claims 31 to 58, wherein the body has a side port and a valve

15  member configurable to close the side port.

60.  The tool of claim 59, wherein the side port is initially closed.

61.  The tool of claim 59 or 60, wherein the valve member is adapted to be actuated

20 by a positive differential pressure between the annulus and the string.

62.  The tool of claim 59, 60 or 61, wherein the tool function assembly includes a

flow restriction which provides less restriction to fluid flow from the string into a



20 69. The tool of any of claims 59 to 68, wherein at least first and second side ports are provided in at
Ieas'F one of the body and the valve member and the valve member is configurable in a first open
configuration to open the first side port and a second open configuration to open the second flow port.
MCSUP 58 70. The tool of claim 69, wherein the first and second side ports define differeMQI%Wﬂg
areas. 71. The tool of claims 69 or 70, wherein the \&8lve member is operatively associated 5with a
flqw control arrangement. 72. The tool of claim 71, wherein the valve member is adapted to cooperate
with the flow gepitabiatsangemanttianconfreidGevotiftuidtintatinalstringdbdiowtthg toed. he780Fhe tool of
claim 72, wherein with the valve member in the first open configuration the flow control arrangement
prevents flowdheyans hetooldddadhe thelsafectmim 72 or 73, wherein with the valve member in the
second open configuration the flow control arrangement permits flow beyond the tool. IS

63. The tool of claim 59, 60, 61 or 62, wherein a flow control arrangement is

5 provided below the side port.

64.  The tool of claim 63, wherein the flow control arrangement is adapted to prevent

flow of fluid into a string below the tool.
10 65.  The tool of claim 63 or 64, wherein the flow control arrangement is retrievable.

66. The tool of claim 63, 64 or 65, wherein the flow control arrangement is adapted

to be one of dropped and pumped into the tool.

15  67. The tool of claim 63, 64, 65 or 66, wherein the flow control arrangement is

adapted to initially permit flow into the string below the tool.

68.  The tool of any of claims 59 to 67, wherein the valve member comprises a
sleeve.

20
69.  The tool of any of claims 59 to 68, wherein at least first and second side ports
are provided in at least one of the body and the valve member and the valve member is
configurable in a first open configuration to open the first side port and a second open

configuration to open the second flow port.



75. A r_nethod of actuating a downhole tool, the method comprising: providing a fluid column in a string;
p_rowdlng a fluid column in an annulus surrounding the string; creating a hydrostatiojresstire ’
differential between the fluid columns; and 20utilising the hydrostatic pressure differential to a:cti]ate a
downhole tool. 76. The method of claim 75, wherein the hydrostatic pressure is higher in the annulus
to create a reverse pressure differential. MULLED 58 77,The method of any of claims 75 or 76 ,
comprising filling a portion of the string with lower density fluid. 78. The method of claim 77 cor’nprising
filling an uppen portipR:obteostelagnwih, Salrerzd. Teefimethodl sfcokdnyide, rsutnpleding @éﬁ@ﬁ‘fé‘an upper
pqrtlon of the string, draining liquid from the upper portion of the string such that the upper portion fills
with air, and thepdrwering the air-tilled upper portion of the string into the bore, 10

71, The tool of claims 69 or 70, wherein the valve member is operatively associated

5  with a flow control arrangement.

72, The tool of claim 71, wherein the valve member is adapted to cooperate with the

flow control arrangement to control flow of fluid into the string below the tool.

10 73. The tool of claim 72, wherein with the valve member in the first open

configuration the flow control arrangement prevents flow beyond the tool.

74, The tool of claim 72 or 73, wherein with the valve member in the second open

configuration the flow control arrangement permits flow beyond the tool.

15
75. A method of actuating a downhole tool, the method comprising:
providing a fluid column in a string;
providing a fluid column in an annulus surrounding the string;
creating a hydrostatic pressure differential between the fluid columns; and
20 utilising the hydrostatic pressure differential to actuate a downhole tool.

76.  The method of claim 75, wherein the hydrostatic pressure is higher in the

annulus, to create a reverse pressure differential.



80. The method of claim 78, comprising directing compressed gas into the string.

59

MCSLLP

77. The method of any of claims 75 or 76, comprising filling a portion of the string

with lower density fluid.

78. The method of claim 77, comprising filling an upper portion of the string with

5 air.

79.  The method of claim 78, comprising raising an upper portion of the string,

draining liquid from the upper portion of the string such that the upper portion fills with

air, and then lowering the air-filled upper portion of the string into the bore.

10

80. The method of claim 78, comprising directing compressed gas into the string.



