DOMNHOLE TOOL FI ELD OF THE I NVENTION This invention relates to a downhol e
tool, and to features of downhole tools. One enbodi nent of the invention
rel ates twoaoamsmaol e bypass tool for incorporation in acruBh@voosdioni ng and
whi ch may be used to allow fluid to flowdirectly fromthe string into a
surroundi ng annulus w thout having to pass t hrough a bottom hol e assenbly
(BHA). Other enbodinents of the invention relate to nethods of operating
downhol e tools. BACKGROUND OF THE I NVENTION In the oil and gas exploration
and production industry long strings of pipe sections or other tubulars may
be used to, for exanple, support and transmit force to a drill bit froma
surface rig. The "drill string" isPRVYHY&TOOLcarry drilling fluid punped
fromthe 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

fromthe tubEIFAD OF MHEINVENTION i nto the annul us, without having to pass
the fluid through the drill bit and other apparatus nounted on the end of

the drkl| string, THi§awentish felfes Ros HOwTuK RoB9RE W fedtutBdR owSld todld, | Ored
bypass nmay be desirable to, for exanple, provide a greater flow rate of

fluid to f aCé,JT,}%Jg\jﬁv{l%;t%fQHé i(ijxg%nf?én FHldtéd t,océz':ﬂlE)@VH%ﬁ% %ﬁa{& &b 8P Hebiporation iflsa or

Convent i onal ypass Ices, typically f-as circulating tools «
subs, 1 o2 il Wik 6 BROH o9 5,6 RGITARE A, MR, s B 0
pins normal ls)(lrr%tlxr?dslr?gs a;[‘ltli]lﬁuér lw?t‘ﬁ’out 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 j)ipe 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
annulus, 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 be 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
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ports. Wien it is desired for the drilling fluid to bypass the string bel ow
the sub a ball isdropped into the string and travels down through the
string tovbanar/wmsbop of the sleeve. This allows fluid precBwe/moiobe
applied to the sleeve, shearing the pins and noving the sl eeve downwards to
allow fl ow t hrough the side ports. Such tgols have been in use for many
years, and are relatively inexpensive and“reliable. However, once such a

devi ce has been acjuated, .fl ow canpot be re-established to the string bel ow
t he devi ce, Wapﬁqi@t%{hei%ﬂwg trayelsedopaithiough they ringteolprd pméopnef] the alsever eset
the device. There are a nunber of byPass tools currently avail abl e which
avoi d this dil8isdNlaws Alyid pressuraier be applied thethe sleevershedring shopind andchoivingi the f | ow
bel ow the tool re established. US Patent No 6,253,861 (Carm chael et al)

di scl oses anslagvealoymmands to allowifiow traigbdhesidhpotsl Suwhvteolsbateceeniy uspeforoved
to close or open a bypass port by dropping an actuating ball onto the valve
mermber. An emioyliyemstanidsre ecativebe thekpenvibe ahd zelbyRasHowever, driveishét b aAbive

cl osed, then opened, and then cl osed once nore, this process requiring the

use of stwo dhisfieeratiuytes, 260 cagiot 8t k@estdblibhedl to @RS SirinD DelHPRS HebRE L HdFhE
closed, the tool is arranged to provide a fluid bypass path around the

bal I's, whi chstfiggRisito Bk kétievddns rdndle thd BRlIGMAdePRB 4Rl €Nt appl i cati on
publ i cation No 8/ 00275 (Bode) describes a valve 1 n which side ports are
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droppi ng and punping a w per dart. scribes-a simfar o

seaence Lo SHAMGIEEn Shyche 398, 800 BB LU LAY B bBY BRN 180%™
and Bode des&&%ﬁgwhglatively sinple, single use tools, that is the
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 process requiring the
use of two differently sized actuation ball;. 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



tools offer an operator the opportunity to open and close the bypass ports
just once. Such tools are also generally reliable and relatively

i nexpensiwe.2ofeoa9are a nunber of other tools avail abl @CrGB2hocBmMobe
opened and closed a nunber of times. One of these tools is described in US
Pat ent No. 4,889,199 (Lee). Thistool utilises a plastic ball to open the
ports, and a smaller steel ball to close t3hfa por]ts and a![Iow thal I ar?eL
ball to be forced, downwardly through the valve sleeve into a ball catcher
provi ded in 9 Uisgsia Rlastic by tq pRen;the ports, and s spakies steehpall ®, &4, IBogorsRoder s
et al) a sleeve may be noved to open bypass ports by droppi ng an actuating
plug. If desiaHey thelargespalhig hedirced dawhwardiyuibraugh thet\alverrteee ith a dbil catgher 0
retrieve the actuating plug and to nove the sleeve back into its initial

osi tion, cl osdvidedtinéhelgwergmrtpdithestoolThe appl i cant has al so proposed vari ous
grrangerrents as described in US Patent Nos. 6820697 and 6378612 and

International Pat é&nUSfPatehi Nat 5,664550000 8013 @0al3 8 dleWDRBH B9 aved RESHRN b9HAsS

provi de the operator with the opportunity to open and cl ose the bypass

ports tSwo or p6ms By didppng drioiawting phieSH deSRdS atiRAfg! BolP&NTY l%w%f%??/ﬂt%i thé

than single use tools, and the rrsks of tool failure are genera greater.

SUMVARY OF Tl Ui felYiche GRS ggﬁgc}i]%ogﬁggdgﬁ% ASRERE Qlevk *bgflgiri@%‘%{‘st initial

invention there is provided a down conprising: a

transmtting,tdibi : j ninlet and first and second outlets; a
sl eeve defi npér’\g a’?o?loggﬁb%@%gslrbgggt ed in the body and initially closing the

The applicant has also proposed various arrangements as described in US Patent
Nos. 6820697 and 6378612 and International Patent publications WO00549900 and
10 W005049959.
These tools provide the operator with the opbortunity 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 invention 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



second outlet, the sleeve being axially noveable in one direction to open
the second outlet and then permanently cl ose the second outlet; and an

act uati ngvoevermsoadapt ed to [ and on the sleeve and causecCrhEB2sdc®¥@0t O
pernmanently close the second outlet and wherein, follow ng closure of the
second outlet, the actuating device is cogfigurable to permt flow between
the inlet and the first outletthrough the”“sleeve, said fl ow through the

sl eeve being substantially confined to said sleeve throughbore. According
to anot her ggﬁ@‘t‘ﬁ g‘F ﬁl?f‘é(e’pfaé‘g ﬁ%’i%&%t‘ihérﬁlqeﬁ%rbémgssubﬁft@ﬁla&écpoaﬂm Hoshidf

controlling flowin a downhole tubular conprising a tubular body having an
inlet and fi fleevedheougasnd outlets, the second outlet bei ng initially

cl osed by a sl eeve defining a throughbore, the nethod conprising:
translating the sheeardingito anoflier aspedii ofehd prosent mvention thdre isqmovidell ouiethet of
directing fluid fromthe body inlet through the second outlet; |ocating an

act uating devorgmlling fldve inodhywrthott toeaedompeising aseitirdoty baviREaminldl 3hd figkt
device with the sleeve; translating the sleeve in said first direction to

permaneént |y aidsecohbieotienorit sutbh@loutlat Beidlp rifihily$1ds6€ byl Mistkeld AHhAAE pody
inlet through the first outlet, the fluid passing through the sleeve~and

bei ng subst apdihbdreCBBkiclRE chbRpAghg S| eeve throughbore. As used herein,
the term"permanently closed” 1S uséd to indicate an arrangenment in which

e et ! ot SN 3 SR HGERMS ST 0L
flowis establis hc?lgecﬁﬁg 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 throughbo;e.

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



re-established between the inlet and the first outlet. This allows

enbodi nents of the invention to be of relatively sinple construction when
conpar ed wo 20ailaspgabe use tools, that is tools intended troThB20@a0emHand
then closed on two or nore occasions. Accordingly, enbodinent of the
invention may be relatively inexpensive agf the sinplicity of the tools
facilitates provision of nore reliable tools. Substantially confining the

flowto the s| eeye hr o Q{Ebo e offers a nunber of advantages and contrasts
with existind ar eé‘né’é?’r@ﬁt © shgeVinvalh on atpynd dhessleavpe Sushwi seepeotin flawimth by an
actuation bal] such that a serpentine ball bypass flow path nust beprovided
t hrough t he dikel3/e Tngpase die Rkt epsicRdo pREeoBihe Sl Hlimitime tireapplioationt ofusypat h
is likely to increase the risk of erosion to parts of the tool, limting
the appli cat iteHsoRqutiog useoef expensive exptirialsmpaisle oHopeating s kuch cBRAiEbAA! S
capabl e of operating in such conditions. The flow between the inlet and the

first outlet foll dhedpvcbetseeretefintehand erofidt outld: To116WMg REstRr FULD sLhG
actuating device. The sl eeve may define a substantially axial flow pat ﬁ

t hus r et ai ni ogtlétmeayedei thicuyh the adfueting d¥vige. and run tool s and devices through
the tool after the sleeve has closed the second outlet. The body inlet and

first outlet may IThe asévd thiy fingRebstaH? : |.Lgn .50 a .t hroughbore
ext endi ng t hrough t?le bodyg.’{y Typi ca s; ftaHe %‘85@‘?%’?@08@?@#@9‘& éhetﬂ’éﬁtgﬂ eve
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t hroughbore gf® 60a%! Al rud R6o1S ot X} end gener al
transversely oo? rﬁad?al Iy from tﬁﬁgﬂ%% tk’ﬁlélgg% %’8§ 3&”&%& SI%FV%IE%? ¢latedfhe be
arranged to gécﬁﬁfﬁutfelt“i d substantially perpendicular fromthe body, upwards
or downwards relative to the body, or tangentially relative to the

The body inlet and first outlet may be axially aligned, and may be aligned with a
10 throughbore exl%ending 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 aﬁanged to direct fluid substantially perpendicular
from the body, upwards or downwards relative 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



body. Only a single second outlet may be provided, but it is nore likely
tha%/ a pl ﬁralitygof second outlets will be provided in the body. The body
may have worenisianal pin and box end connections to al POWGHEe0dmEN0t 0 be
nounted in an otherw se conventional string. Alternatively, the tool may
conprise a main body section having box connections at both ends, for use

I n conjunction with a body section, whi ch6nay be in the formof a saver
sub, having pin (ionnections at both ends. This facilitat es'the accurate
machi ni ng of SPHEling pgangsmenhe Iirging endagimsat tdach seqonth @itleh ér pronided Tith a
second outlet may sinply be a bore or port in the body wall. Alternatively,

t he second odingsten parhidea@orileed or may i ncorporate a nozzle or other flow
restricting orcontrolling arrangenent. In one embodi ment, each second

outl et is provi de@heledveandyiegiatona ocabieiptts, mﬁazﬂﬁrm%ﬁori‘a'tﬁe\ﬁmﬁﬁ‘ym?@ th§ one
or nore parts, and if forned fromtwo or nore parts, the parts may be

axi al |y novephtsemag batakiatly trioveable 381860 oneofhdf.t opk fptan%f% S4EveRY, Q%

noveabl e to open the second outl et and another part of the s eeve
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relative to the body. The sl eeve may axi

the directio did flow through the body The sl eeve nay be
initially Ioglgfget(}j@?%wo{l%ody, or may be adapted to be passed into the
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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



Parts of the sleeve may be retained in initial positions by rel easable
retainers such as shear pins. The novenent of parts of the sleeve nay be
control | esoanoweestdpi cted by the provision of appropri at @CsheBbens400l edges
or the like, or by providing body-nounted pins to engage fornations on the
sl eeve parts or vice versa. In particul ar7enbod| nments the tool may be
adapted to permt the second outlet to be’subsequently reopened in selected

ci rcunst ances, i C n _circunstances which,are beyond the nornal
operating coﬁ'&‘?‘b%@ﬁs"aijo#r}i}i% Mék‘%t ‘én‘éYoH‘i‘ff‘E‘f‘éd{]“&ﬂl“ltﬁdheaﬁHW@;ﬂr ait susface andwhi ch
the tool is enployed, faor exa%e a drilling operation, which is the
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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-
clastomeric seals 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 body 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 herein, 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



The second outlet may be cl osed by the sleeve formng a seal between a
surface of the sleeve and an opposing surface of the body, or by providing
a seal bevoeewr/gpessbs of the sl eeve. The seal nay be provCuaB2046/004400
conventional sealing arrangenents such as el astonmer Orings or chevron
seals. Alternatively, netal-to-nmetal seals or other nonel astoneric seals
may be provided in which a seal is formed8by, for exanple, netal elenents
of sleeve parts or netal elenents of a sleeve part and the body being
brought i nt 02%ialk sraced frae the s¢dond outletiwlnstheraytldsds bpaned @dd arayi exednidrnesbst
the direction of relative novenent of the sealing parts or may be parall el
or per pendi cthiesutlet®nelogelthanutige of tapered or inclined surfaces is that, by
appropriate selection of taper angles, it may be possible to create a seal
which will resistImsepaimtmbolinénts,e sipevet gart Aty UsEss Aehetuting M&ideS’ §ich a
"metal -to-netal” is intended to enconpass sears formed between net al

surfaces prosleclegaitinidy, infdpor@es ATRIEresBichiot]) 16 B Altdtd gulﬁﬁiﬁé of {He\égee;v\éggﬁj @g—; or a

non-netallic low friction coating. O her non-elastoneri ¢ seal
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exanpl e, a BUFYE Paits cLhs Pravision of g nozglerallgns| the sleevsoparhtoebernumpediinto boreot her

enbodi pent s, i ) .
10 relatively quickly, as the hydraulic shock experienced when the nozzled sleeve lands is

less than that which would be experienced by an occluded sleeve or occluding ball. The
erode-able nozzle may be achieved by forming the nozzle from a relatively soft material,
and may simply take the form of a thick aluminium or aluminium alloy washer. Thus,
once the sercond 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 second 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.



the flowrestriction may only partially occlude the sleeve part, and may be
in the formof a nozzle, which nozzle may be adapted to be eroded by
subsequenvof2bamvesbdapough t he sl eeve part. The provisi on eCTaBromzl0et0al | ows
the sl eeve part to be punped into bore relatively quickly, as the hydraulic
shock experienced when the nozzl ed sleeve lands is | ess than that which
woul d be experienced by an occluded sl eev® or occluding ball. The
erode-abl e nozzl e may be achieved by form ng the nozzle froma relatively
soft materi af, fEshccHaling idepicy mask be tutidisddotamopén dhe kéookd ajutie midithedkecond

al um nium al | oy washer. Thus, once the second outlet has been cl osed, the
nozzle will asteatingsiguice triagthenite utidisedi tn slosé thelhecondoaie. wi | | present little
if any restriction to flow through the tool. The sl eeve may be adapted to

be retained in a Tecamttioydbeite obpbé amiigorkigwsalc Abid ACHIBE YR e Rpdy
may be configured such that differential pressure tends to réetain the
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is maintained in the closed configuration by friction or-interference
Ret ai nisng nmegdagfine d § j [ be pravided to
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be provided, j.n.such a.case the actuatin evices nmay take a simlar or
di ff erent fo@%gih‘lﬂ‘?}%khea%"tvﬂfa?t‘ivﬁ‘gca&%‘?/ﬁ‘fe#%ﬁmgéﬂwgh ithedevtics i9piBsreasse Brecond
outl et and th§ §eco d, act uaticgtgvdevi ce may then be utilised to close the
second out | I°Va#AR IG¥ICE fPa, dnclills; e elementy whichnisi digplacpabls oredismpbler byiad

fl ow t hrough %ge s|eeve to allow pressure to be built up across the sleeve,
and t hus red§ ‘ie@ﬂ'-‘éé preesuse, dar examplgaa burst disk or a plug or portion of material which

10 may be displaced from the sleeye. The actuating device may include a soluble 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.



actuating device may then be reconfigured to substantially reinstate the
flow path through the sl eeve. The actuating device may conprise an erodabl e
el enent, wochotdsed49f | ow of fluid through the device w | lpCTaaBeoddoetsonl ow
area through the device to increase. The actuating device nmay include an

el ement which is displaceable or disruptable by a selected fluid pressure,
for exanple a burst disk or a plug or por1 ion of material which nay be

di spl aced fromthe sleeve. The actuating _device may include a soluble

mat eri al whi ch i A dgdgetatingdayicsgpanke cogfigyrad typtdeast partialisheqoluds shectleavge it s
characteristics on exposure to selected fluids. The actuating device may be
a bal |l or soswshgh8ewffomnthettiody inlet ta dhepfirsicbutlet isgrevented deat least mstiietedj anel

di spl aced through the sl eeve. The actuating device nay be adapted to be
reconf i gur eda ¢ignifieinh ptopbrtionof fleivde digediddofironp dtetbodwp drelbtyto lthye sepgdi cuglet, on  of
fluid pressure thereto. Alternatively, the actuating device may be adapted

to be reconfi gur dgdwhlybéaspahe tombB&Rest.skilloh texathatmany bLiht ABSvedeitinal hive
devi ce. The actuating device nmay be adapted to travel towards the sl eeve
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configured to have a density greater than the fluird in which the device
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a significant proportion of flowis directed fromthe body inlet to the
second out | ¢10MPprising:

10 7 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 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

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



It will be apparent to those of skill in the art that many of the above
features have utility separately of the particul ar aspects of the invention
i dent i fi estoabomsp44and nay i ndeed provi de separate and diPSTiGER2bocz®P@Ot s Of
the invention. These various features may al so be provided in conbination
with the further aspects of the invention set out below According to a
further aspect of the invention there islbrovi ded a downhol e t ool
conprising: a fluid transmitting tubular body having a first inlet and
first and secdvpdagsuhptciiuid flawing Qeer therpufacennil] fnd 40 Maintaincthe swrfacge clsawond
outlet; and a seal arrangenent operatively associated with the val ve nenber
and conpri sisuch fthats thearsdntgetingndufacsh i arg mwrd dikely el provide! therrdesitstesdat.om a
spaced apart non-sealing configuration to a contacting sealing

confi gur at i cConventidnalcélastiornedd bypmss crolseald etpieadip extend sactdss gmal raingdar papgns  of
the surfaces. The invention further relates to a nethod of controlling

fluid flow dpynibed setivBdmomgd cglihdHvdl surfdeedwithay ileagt eme port @i eadhOsuirfat&t Tand
second outlets, the method conprising: directing fluid fromthe body inlet
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second outlet and forma seal between first and second sealing surfaces of

a tough mat gj’o' O'ali The Y5, He ﬁleno(r@B Ms@'il:;i\‘éel%} iﬂftﬁ%@%i%%ﬁgﬁ. the

i nvention t rntthe sealing surtaces reduces t he
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protect 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 tungsten carbide coating 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



exposed | ocations, where the surfaces may be exposed to fluid flow. This
of fers thatadvantage that fluid flowi ng over the surfaces will tend to

mai nt ai n wheosusbages cl ean, such that the contacting seciamesoceonor e
likely to provide the desired seal. Conventional elastonmeric bypass tool
seal s typically extend across small annul ar gaps provided between hard
cylindrical surfaces with at |east one pok in each surface. To open the
ports one sleeve will slide inside the other and a port WI.|| cross a seal
until the pomhichds jogated o plakessia the teel, typicallyiblyl droppies drguiknpag the snenfter @@l SO
the ports do not align. The seal will only be exposed briefly as it noves
f r om bet weenthggesl, whigh clensdedmai tang oataest, profilese adskrictioh én the@bolwi | | normal |y
be arranged such that there is no flowin the gap. However, where the
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operations, it is not unusual for such gaps to fill with material over tine

or with use, suthicedinnmy sézﬁﬁxﬁfdoﬁﬁ%drﬁﬁ)n.s Uhﬁﬁq}fﬁ&ha{ﬁfééﬁ%ﬂﬁ?rﬂé RV 415e HentblE

tool resulting in an expensive tailure. The sealing surfades may forma
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Al ternatively, t eal'i ng surfaces ha
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configured to pergit translation of the valve member in response to a ui
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across a flowrestriction or by a fluid pressure differential between the
interior 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,



and exterior of the tool. In other enbodinents the tool nmay be confi gured
to operate in response to a nechanical force or a gravity-induced force. A
fl ow restwoevdmwo4day be provided in the tool. The restriPCriGB0060p4400r M an
integral part of the tool, or may be provided by a restriction nenber or
actuating nenberwhich is |ocated or placed in the tool, typically by

dr oppi ng or punping the menmber into the tldol, which menber may | and on a
seat, profile or restriction in the tool. The tool nay be configured to

| ock or ot hethgi susfaces anay breparallel torapetpendiomtat touthicadesction bheabeatrienter
configuration. Thus, in certain enbodinents, the valve nenber may

per manent | y wbeseent.he second outl et such that it will not reopen in normal
operating circunmstances. In other enbodi nents the val ve nenber may be

subsequent |y novdifieevdlve mpaberthey REia@ne of wiore parts) OfheS¥AMR! Arfhdes Gy beéh t he
pressure experienced by the tool. The novenent of the valve nenber may be
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val ve nenber may be biased towards one of the odpen or I gurations
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configured to provide a | ocking engagenent t ween. e sur S may
be configured to r I QL e e .t therebetween. The surfaces nmay
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confi gured h that th eal i ng surface be brought into contact wth a
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be produced at a relatively high speed to create
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magni tude force directly to the valve nmenber.
parts of the valve member.

10 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
a segl arrangement opgrati\{ely associated with the valve member and comprising
15 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
through a tubular body having a side port, the method comprising:
20 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 downhole
tool comprising:

25 a fluid-transmitting body; and



The sealing surfaces may be energised, that is nmaintained in sealing
contact, by any appropriate arrangenent, for exanple a spring, by applied
wei ght, owolwozzoepmghani cal force. In particul ar enbodi mMeoTrGHRE&EI®YWOe may be
utilised to energise the seal, for exanple by utilising a differenti al

pi ston. The val ve nenber may conprise a ?Ieeve. The first and second
surfaces may be inclined relative to the Yirection of novenent of the val ve
menber, which may be parallel to the body axis. Aternatively,the surfaces
may be parallel drtopeiungiion mgmher adgpied doractuation dm resporsg|to aépplicetien ofrfvidnent .
The val ve nenber nmay be in one or nore parts. The sealing surfaces nmay be
on co- oper atpresguisdendingstp cirndatefluidinrreneirsse dimictier.nat i vel y, one seal i ng
surface may be on the val ve nmenber and the other sealing surface on the
body or sone ot héthepaventiof atsheelaeslto a Tethodad|actuatingh slowhkale wod, the hethodor ns
of sealing arrangenent between parts of the valve nenber and other elenments

of the tool.cohiprisiageeritRosiiouiing fRiid6f MABEING @atversdHuidereysMei difetemed oen
parts of the valve nenber and the body, or between cooperating parts of the

val ve genberacuAeGré@ong to a still further aspect of the invention there is
provi ded a downhole tool conprising: a fluid transmtting tubul ar body

having a side porfy. @vyal Rid"piR&re (H?%{ g%u%??hedtc{]ogs \%Lpérgalhgﬁggégﬁtep%&ﬁ and

a seal arrangenent operatively assocl e and

conpri si ng friegtﬁétio?ln\séitﬁlﬁctgg%tr?neg‘?lvj/hqal Pl REE Hrovided! fele® et TRYER Foly QMR

spaced apart noh-seall ng

normal direction.
This aspect of the invention utilises reverse circulation of fluid, or creation of a
10 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 may be
15 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 between
20 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 operation of return springs,

25 which springs tend to be relatively weak in comparison to the hydraulic forces



configuration to a contacting sealing configuration in which a seal is
formed between contacting hard portions of the surfaces. The invention
further rwbavemecvada net hod of controlling fluid fl ow deemad2eoddonmagh a

t ubul ar body having a side port, the nmethod conmprising: directing fluid

t hrough the side port; and translating a yalve nenber to close the side
port fanfl formadseal between first and second sealing surfaces of a rigid
material. According to another aspect of the present.invention there. is
provi ded a @spwiearsd ol tednpihus; ghe gvent of the{SPERg (iling f?gre%ﬂ)?,mpgﬁéiath{:ool
function menber adapted for actuation in response to application of fluid
pressure teneblnglifal.circulate fluid in a reverse direction. The invention
also relates to a nmethod of actuating a downhole tool, the nethod

conpri si ng rever Embodinoantsadfi the irfventiah avoid mauyc pitless preklems by futilisiog prverssur e
differential, to actuate the tool. The reverse fluid pressure nmay act on or
across a parcircalbti®l of ottiet @ieehdnliaong be aetliods itocreatet hireversee petsure diffantritiah
restriction provides less restriction to flowin the normal direction. This

aspects of t RgnibHe@hictifferehtidl $SSrea8EPSEilfskd fodredié Madbiatinigfoide actingdnaat i on
of a reverse fluid pressure differential, to actuate a tool. In

convent i onalophhcdupelisht o darniiedis Lop! onvatioHal imo |6 abisaedodities

circulating rom surface down through a drill string or other hollow

menver, the Atclchld%gtlﬁ e o5t maf b goﬁt%uﬁ%ﬂr JuBf BhaY VatiakiBRs AN U normal usage do
not affect the tool configuration.

Reverse circulation may be achieved by reconfiguring fluid control valves at

10 surface and, cldsing 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



between the string and the surrounding bore wall, which may be forned by,
for exanple, an unlined bore, or by casing or liner. Actuation of such a
convent i onal2oaesb44omy be achi eved by | ocating a restri cPCorGB2006/does08t ri ng
bore, for exanple 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 co rife a dlfferenélal pi ston
[ area expp tq hi gher internal tool pressure and an opposing
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tools will cycle between different configurations every time the.fIU|d fl ow
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are switched on and off, as will occur many times in a typical downhol e
operation. Thad epeting eppmpate tvhlyss slilhallewt thi desderefliid ignhdiaeniliato fdversk 00!
is in the appropriate configuration, and the continual cycling of the tool
may induce weiculatado disphge theSightertfhod $n el strirfd. SPhilsy BieGRkh¥Ily GhdesRibIL ME.
operation of return springs, which springs tend to be relatively weak in
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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



surface and, closing the BOPs or otherw se sealing the annulus, such that
fluid fromthe surface punps is directed into the annulus rather than into
t he stri mygo 2a0mbebd4ai d may fl ow fromthe top of the stri mgT/di2o0adnme4ael | has
been cased off with netal casing, then reverse pressure differentials of
5000psi may be achieved, resulting in massive actuation pressure forces
bei ng available to actuate the tool. HowelMer, if the bore is at |east
partially unlined, and the formation is exposed, the reverse pressure

di fferenti al PEyaIe sbfferensial dreswesnethe canmulus oandi thedtmohgetriomy The wol ynay be
50-500psi, depending on the strength of the formation. It has previously
been proposegonfigurndetich that e odverse pressurs diredtlypctiatdshike ®ohod dlpart 9hihe fodl ORE S
typically rely on a differential piston effect between the outside and the
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set | ower down the bore, below the tool, to block off the annul us.
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with a conpletion or testing string, which is not subject to novenent in
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string i s suhj t ¢ ter Lvely, Ln.sonme cases_.the . presence of
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common in well-bore clean-quts,. sinply shutting down the circul ati ng punps
and openi ng %?8?5‘?’&[3? e \93|*%/8%“fﬁ“rqutamwﬂ% A ErefEsaVEErctian fodeyasse: fiew dhawul us
to reverse circulla te to displace the |ighter fluid in the string. Thus, the
normal |y und@&PRlaBPR. " Eprygrempls; e restrigliom anayt be newenllyclesed, oplighttyobiased
advantage. A simlar effect miy be created by draining fluid fromthe upper
end oft0t he dewprdg a ciaspd ongstrigied flomi eondgurpijor baewilhgpenfor open up in response to

normal flow, and thus not significantly restrict normal flow. The restriction may thus be
configured to create little if any pressure loss in normal flow, and to create little if any
restriction in the bore to the passage of tools or other devices from surface. However, the

7 restricition Will maintain or assume a restricted flow configuration in the absence of flow

15 or in response to reverse flow or pressure. In one embodiment the restriction may be a
lightly biased flapper valve, which opens in 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



fromthe sting bore and annulus, lifting the string fromthe bore

gﬁgsfﬁ;ﬁ cracki ng or Igosening the coupling between the two upper npst dLI|
pi pe starwe 20emlsoddbat the fluid in the uppernost stand may/cBadaoisoom t he
stand, and be caught in an appropriate mud bucket. The coupling is
re-tightened and the uppernost stand, MMIEQ is nowfilled with air, is [un
back into the bore. The resulting differente between the height of alco un?
of typical dr'ilin fluid withjn th strlng and the hei ght of the.co um o
drilling fl uith SR E’C‘Laeﬁ%ﬁ%é’ok’gm dldrpigh yroyid b@@nylr@d@dxegsmsmmera&ad 10
pressure differentigl between the annulus and the drill string of aroug5
to 80 psi, déﬁéﬁﬂ?tﬁg‘edﬂ"lt ad it iSq-‘lﬁ’Fﬁ?Qfed\éftStr?blg mm?égaw?wgire%ﬂ%?ggmglgat 15

[ iston will produce a force o - . 27-0. :
R " 5081 2D Bt bttt S SO
created sinply by draining fluid fromtwo pipe stands, or by running in the
string wit houliffererial pressune acrbswthaivalveiillgowddd b e Q@,iggﬁ@q&cgayhg%”ow#h
utilised to create a pressure differential of approxrimately 100 p5|235
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and so on. This nethod of obtaining a reverse pressure differenti sgure
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tool may conprise an actuation arrangenen r ) _

i I i i tuating force in
esponse to maretaf! AGkoRY Bole LGP Gt GrEbErhed ey Bachcbmect soply by
{ﬁfg??gf t$hgp£$ssi&§% Ie egﬁniaur d ?Fh that a reverse pressure directly
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bl ades10 cuttﬁ};dsros?arﬁc%resstsons or. exanpl

ure cteated 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 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.



reamer or a piston of a variable gauge stabiliser. In other enbodi nents the
reverse pressure may be utilised to configure the tool such that, on

equal i satworroawosbd4eedi ng of f pressure, the tool is actuaCEGBRWIADSONES a
desired operating configuration, or is configured such that a conventi onal
pressure differential will actuate the tqQqgl. As noted above, the
restriction is configured to provide a grlgater restriction to reverse flow
than normal flow. For exanple, the restriction may be normal |y closed, or
lightly biased tohkertgsl max w@fenlbfrcmﬁgmrﬁdm@doma@%&@ﬁﬁtiwaﬁgwmt,wrbuThew | |
open or open up in response to normal flow, and thus not significantly
restrict norteal nfaydw. activated dyt ariycappoepriatey menss foseexaomlé gurigml tfwne seditoe.
little if any pressure loss in normal flow, and to create little if any
restricti on Ahemativehgue attivatihg neateagay bt diapped oopungiddefror euifaedo hetbvte
surface. However, the restriction will maintain or assune a restricted flow

confi gurati ofeitsbl! g oRbERBIMENt of dI€8Ve Pumbed bESGDPFRIEfdm suENRHS) f2h@h Hie
pressure. In one enbodinent the restriction may be a lightly biased fl apper
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closed in no flow or reverse flow conditions, and the cl osed fl apper
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non-return va e used to simlar fect. The nobn-return val vé nmay
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retrieved fromthe s eturn valve nay be locate

as the tool s run in, or may be dr ed, or, punped, into,the tool. Th
fornmer arr an‘bgﬁgﬁl’:‘t 0,567 1)?’85’5?4?“% P@Qgt r‘?‘ﬁéjegcrr‘g%f 2BPYS, rthe | rRsiEction, ay “be
requiring top-filling as the string was run in fo the bore. The need for
top-filling CHIEeHE MNAFORPEHEP BYEHRassT i nagmal fipvechyt Frmain gloserhendossupt he
| i ke on the non-return val ve, howeverthis would increase the vol une of

f1 ui d1Ghi ch MoEsrensseto B iiopeer tayerse floy edbe flow resirigtioy 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



to actuate the tool, and it is considered desirable to m nimse the reverse
flow volume. Wth the provision of an arrangenent as descri bed above only a
smal | rewsp2e0dich44er enti al pressure across the val ve w PCT@B0cd®4400Very
significant force. This allows actuation of the tool with only a relatively
low reverse flow rate or pressure: in sofge situations, for exanple when
operating in an open or unlined bore, it2%my be deS|red to maintain the
pressure in the annulus at a relatively |owlevel, to avoid damagi ng the
formation. Aefinptwe Qibete,sets afipdrisci oy aligningiffegensriloys ppws itais prssibishioev ed
simply by draining fluid froma limted |length of the upper end of the
drill stri ngchigweldififierdni Sowgharhaerisyids. o Fontxiampibe, essset of portsanaychbemozeled. f 1 ui d
colums in the annulus and the string seeking to equalise to create the
reverse pressure Aticbfdigendt & gkt fubthenaipedt abthécpresthe iremtionOthereLisUsrovided we i s
provided in the string, the string may require top-filling as it is being
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the string once the string is in place. The tool nmay be a single use tool,
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the tool configuration may be cycled tinmes.
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of a fluid pressure actuating force. However, following actuation, continued pumping of
10 fluid through the restriction will cause the restriction to erode and ultimately substantially
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 relatively soft material, such as aluminium or
15 aluminium alloy, or may comprise a material which degrades in contact with selected
fluids.
It will be apparent 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;



shear pin or other releasable retainer. The tool nmay conprise a return
spring or other arrangenent configured to resist forces created by reverse
ci rcul at iwo 2007/d6ba4bd. The t ool may be initially configuredTigB2eosdioudsant or

i nactive configuration. The tool may be activated by any appropriate neans,
for exanple a signal fromsurface. Alternatively, an activating nenber may
be dropped or punped from surface to actdlvate the tool. In one enbodinent a
sl eeve punped or dropped fromsurface may |and on the tool and release

| ocki ng keys or drsgtng 3 hydipdatisanressvrs difforenial betweercthe fluid colpmmsidied  may
incorporate a flow restriction, for exanple the-nmenber may be a nozzled

sl eeve, a non-r eutilising the\ngdrostaiicpressage differentinl italaduataa downlwps tonl.dart, or a
ball which will land in the tool to create a non-return valve. As described
above, the restriTaé hpdrostatic fressaemhdydierteghek tn thp @fnudiis, QP& BatelP réverse peRaRsEe t 0
normal flow, but remain closed or close up in response to no flow or

reverse fl owffeléiRial. | Rtk Sinbb&itdeRts apBYitiP@preSiutd @fBRRhal nidbe¥suigd. € using a
wireline fishing tool. Alternatively, or In addition, the flowrestriction
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for exanple a ho open sl eeve may be punped into the string fetarn the
restricti on _open. The tool may conprise a body having a side port and a

val ve nenber configurable to close the side port. The side port may be
useful in providing fluid.b s,..that is.the tool ,may .he a bypass. suh. The
Valve menber may BEPRESTIN e g P b B85 pYENRE app BioR'S
circulation to qgpen or close the port,. In such an enpbodinent a restriction
may be proviigetit %Qrf’ﬂ’ethFd’(?Fe’ éib%’@“ég S‘ﬂ%‘dsé"% t%oPlfp.er Roﬁlﬁ?ﬁ-orfgﬁ‘h SHNgAfRdtheh

ot her flow control arrangenent may be provided below the part. Such an

ar r angenent lqwmgéhe 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 refgrence to the accompanying drawings, in which:
15 Figure 1 is a schematic sectional view of a bypass tool made in accordance. 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 invenfion;



utilised to prevent flow of fluid fromthe annulus or the string into the
string below the tool. This would be useful in preventing drill cuttings,

| ost ci rowbaverso4sat eri al (LCM and ot her material passiPog/GBI@/@4490t t om
hol e assenbly (BHA) and possi bly danmagi ng the assenbly. The val ve nenber
may define a flow port which is adapted ?? be aligned with a body side
port. In sonme enbodi nents, one or both of“the val ve nenber or body

maydefi ne two or re igtﬁ of Egrﬁﬁ By gll%gni n?,different flow ports it is
possi bl e to achi dV8UIES £P ditoHeh £6 JHPRE 2, BYRAST dqqf diy acqasdangg vl & yelofvgthetet  of
ports may be nozzled. According to a yet further aspect of the present

i nventi on t hepkodinensobiiepsesent inespties adapt ed for passing into a downhol e
tubul ar to engage a downhol e apparatus and permt the creation of an
actuating fluid priggsuré didughrinillusirate taheeverse icireuldtiéri mctngtedibypass deelain e
flow restriction. This aspect of the invention allows an operator to |ocate
a fluid-f| ovaccedandestithoa dlermtidoembalirers o dregiresent ivertion; exanpl e,
facilitate actuation of an apparatus by application of a fluid pressure

actuatsng force. HigweseshowDid Gidrp@ viSW YPin AlferndH8 kéaling drrivi¥RicRacebrdfdgui d
through the restriction will cause the restriction to erode and ultinmately

subst anti al |ty ah&HBNV@BodBn &R OF the PrdsBitinvEhtisn; the pressure |osses and bore
restriction created by the restriction are only tenporary. The device nay

conprise a sl eevq:,i%}g% 9 dnidGs rafisérﬁeirgﬁ‘d QBRI hRd, \§1tér9£tﬂ/et J%Elixféa MBemdle

restriction may conprise a relatively soft materli such as um-ni-um or
al um ni um al Ic Srdin%rto BN & LR L5880 FTRL S ak.vx/m ¢ch degrades in contact with

sel ected fl et embodimmen ¢ 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 Figﬁres 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 Figﬁre 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.



It will be apparent to those of skill in the art that many of the features
i dentified and descri bed above have utility separately of the various
aspect s obotb@/demsent i on. | ndeed, nany of these featureCrEB2I@VMU400

i ndi vi dual , separate and distinct aspects of the invention. These various
features may al so be provided in conbination with aspects of the invention
other than the particular aspect which tB% features follow. According to a
still further aspect of the present invention there is provided a nmethod of
actuating a BBRAHSR DESORIPTIEN @kt Hild DReWINGP ng: providing a fluid col um
in a string; providing a fluid colum in an annulus surrounding the string;
creating a hydroReferenceqds et made th Figarednifitled driveings evhichBlustratesch byplassnosl, and
utilising the hydrostatic pressure differential to actuate a downhol e tool.

The hydrost &30 in gecadsiceavitiyn babbdigleal of the pFserminwdntion. tThe Godl Befetturcg\uer S
pressure differential. In other enbodi nents a positive pressure

di fferenti al geBlIP Qubilae Bb@ 32 AorkRM Lof WMo Béctiohe af uppétdmaiRse®foni 34 AfRthgdxh
| ower density fluid, such as water, brine, or air. An upper portion of the

stringsnmay benhdckibRdaWott erdb 5‘&&)¥ 1dvitr S48 sl seIRRET6 WRTh 'g?a trﬁé pih REnktidddd

fromthe bore, draining |iqui romthe upper portion e string, and
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the string fqrgglarg a ici)n{’)r essed g r sotglr ce BRI EF DESCRI PTI ON OF THE DRAW NGS
These and ot AR LYY SeGHOY A& o tigrendy ot on wi |1 now be described, by

vay of example Wbl §Gheayas et b apras ot S8 Whit eomhatnicsies with a et Srllet
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.



Figure 1 is a schematic sectional view of a bypass tool nmade in accordance
with an enbodi nent of the present invention; Figures 2 through 7 are

enl ar ged wocvirmmwed49vi ews of the bypass tool of Figure 1PCH/GBZNIGNNSI00

di fferent configurations, and show ng sl eeve-form actuati ng nenbers;
Figures 8 through 11 are enl arged sectioggl views of the tool of Figure 1
I n various configurations, and show ng ac¢tfuating devices in the form of

balls; Figures 1 3.and 14 sh a bypass tool in accordance with a
further e?rbodi rreﬁ[?(’téfﬂeteﬁ%s %%é%e&ﬁ\%rﬁerﬂ/é‘ﬁg]? dpernpd srat tawvards thelgippar ends, the

illustrate a bypass tool in accordance with a still further enbodi nent of
the present PHoEeet Grbamgrfrsighthosmallepdigmetzsthan thesipper wat/3oypass' t ool in
accordance with a yet further enbodi nent of the present invention; Figures
27 through 30 il IThstaparaiomof the taob 80 wiill vow &t deseribert with sderbyeadw ety made
accordance with an alternative enbodi nent of the present invention; Figure
31 shows an terfligurge@ thfomgh Gf T apdretionadf the teelad( will iest dregdusvribedaia et N

t o anot her enbodi nent of the present invention; Figure 32 shows an enl arged

view of a fublibwed by & bradetailed desetiptign. ar r angement accordi ng to anot her
enbodi mrent of the present invention; Figure 33 shows an enlarged view of a

further alternatienci@PAboNs FgfrdNIRENMhe 3661303 B inithal RBRE RSdicRedbdBpt  of

the present invention; Figures 34 and 35 illustrate a reverse circulation

act uated bypasigd be %coiﬁ&rﬁ&? o dang %trmgt ik tR9 %Elﬁﬁéurﬁm.o qf, % Ql;ly ?)Einrt Gﬁru?gr fzent

I nventi on;
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 and
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 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 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. If it is
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 préssure 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



[ nd 37 illustrate a reverse circulation actuated bypass tool in
ZL%E;Sang 3A?h anot her enbodi nent of the present invention; Figures 38 and
39 il ustweteorzepawer se circul ati on actuated bypass toolPCirrGEo@aogdance with
anot her enbodi nent of the present invention; Figures 40 to 44 illustrate a
reverse pressure actuated bypass tool inuﬁgcordance with a further
enbodi nent of the present inventlop; FL% ?zoﬁSO?ngigSrglagst;ﬁéeF?Sure .

[ ' anrangenent for e. 10;, | (
s & ohert 6 o iRy abiBRAEHT Sher Bt thpsa Vi ¢ dmenoneda
| . further enbodi ment of the presen ‘
?ﬁSSLf' ?gﬁeo\gfwﬁlﬁtys‘%‘é&h% Bevent e m‘élm dlcthe et definjog iadanding prafidel 88 t 0

Figure 1 of the drawings, which illustrates a bypass pool 30 in accordance
with an embodimgnsiongd tq ad OR dheseat 7y Ehe body, TTrisefifealowitiB@ 16w albnsigshad, the
general ly tubular body 32 formed of two sections, an upper main sectlon_Sﬁ
havi ng box cHPRiEEnd ehthe dodpbring elnstd byrecthin Walive arscathe lovdilend Béihj; @Rs@Pryi C
features pin connections at both ends. This particular configuration
facilitoates plastid misegieoé 82.ne internal diameter of the main body section 34
fromeither end. The tool body 32 defines an upper inlet 38 which
conmuni cat es Wi t hThe idtuzsing Glebveet 16 adblatitity loWVRIsiEy) Qn@ﬁsﬂ%d&ﬁ i?@a@}{_x( ﬁémg%dace 4

Furthernore, the body wall 42 defines a nunber of Circunterentia
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ports wth adrilfhg i fh@ot@'ﬂdth@@l'iﬁ strihgP L:ﬁ&ﬁlgba}/ p%s?u@'blxil&hpr %lcrlog)s t?lg'sleeve 54,
which ultimately results in the pin 58 shearing. When this occurs, the sleeve 54 may
10 move downwards within the body 32 to rest on the upper end of the saver sub 36, as
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 the 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



The body 32 accommpdates a val ve sleeve 52 fornmed of two parts, which wll
hereinafter be referred to as the | ower sleeve 54 and the upper sleeve 56.
The sl eewso 28eh/06B@9are initially retained relative to treTiGBR2DOOEIN032 by
respective shear pins 58, 59. These pins 58, 59 extend through the body 32
and engage respective circunferential grogves 60, 61. The upper sleeve 56
further co-operates with a mot i on- cont r ol49 ng pin 62 which extends through

t he body 32 to e e an axjally extending circunf erenti al recess 64 on t he
sl eeve %6. T O'égr}ﬁgfgggmngsqngég@géﬁ@sa ﬁ[‘]‘@ Sﬁgad?fi maeventbe aysplatsdtoat yf therhebt ed

shal | ow taper faces 66, 67 which are initially separated by a small extent.
Fur t her nor e, Thf comfiguration; ofithe: toel BQat this reint is ke illustuated st Bivee £4ndif fuidss
across the ports 44, with sets of seals 68, 69 on the sleeve 54 |ocated
above and bebwmpechdovpothreughdthe singisome o ghe fldve vall ipassrdugh Wheporfs! 44i @ the om
t he body through the ports 44. A single set of seals 70 is provided on the

upper sl eeveswfuBding asheles,end fHe rebinder ofthe oS MRl catrytdd dbdin HAREh HRGSITS
their upper ends, the lower seat 72 being of slightly smaller diraneter than
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reference also being made to Figures 2 throug e operation o e tool
30 wi Il firstirdehstAess] kieampleie Hﬁflinﬁfaqaﬁeq)é’@ﬂ?_ll@@h%re{%é% ASH A rlec%gfetd. in the
description. As noted above,  Figure shows t edt 00 ! InI antl Uk I hi
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device,, in the formof a
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Pressure nayd(;[vwr/]net?lrough 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 noted 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 having 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
20 to 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



be applied across the sleeves 74, 54, to nove the sleeve 54 downwardly and
open and ports 44, as illustrated in Figure 3. In this configuration the
tool 30 pwowvnaesou00% bypass, that is all of the fluid fPCowiBgocowvot he
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 restore the axial flom/hgkh t hrough the sl eeve 54 as
illustrated in Figure 4, In this configuratjon, fluijd being,Punped from
surface may Usssside slepvsudfhto imagbin the glosethposiop- Aheordingly, st thesealdaces he
string below the tool 30. If it is desired to close the ports 44, a second
act uating sl6éefedomotileckgogatiest, etdhmsletves arermpirgiddads with less aqutseserlofatesnideitoplt he
upper sleeve 56, as illustrated in Figure 5. This allows a differenti al
pressure to 30ewdppérmatn iacthe sdosetieconfigwration, 78d &6 suchaumiynlgp torsideresletoe b6 t 0
nove downwardly and close the ports 44, as illustrated in Figure 6.

Appl i cat i on pafmdnefiflinelosaar 195 therdpefatt O rHdvgves as hhebsdnagital, T6the dlovedinadiahe t he
axial flow path through the sleeve 56, as illustrated in Figure 7. The

oper at§ on ofwdshevdreal ;&Odﬂffekéntialgwstbﬂ SHRARE bé halsddntodbpat e @6l F donsiBatgr ence
is first made in particular to Figure 2, which shows the actuating sl eeve

74 aft it g(d%g the | I 54. Th I 74 [

cyl ?nd(raircial ng%éi/éﬁ 0 léé)dlj?'gh?me?\é\ﬁ[ frat?:\r/?al , sucﬁ Zsegrﬁm' ni ﬁ(r)nnglr: 3?.5 'zli'he
bodv 77 is di . 2 ST _ e q
of The body defi 2y i tarpé ihrbesB i latould bl ke e SR Seithing Bk 7B bET P
72. The body, 77 jis filled wt . d j fluid he . .of th
12, e bbb i eGP Bt b o SRl Sl

8 Lﬁgf It >C, ngigf I edgqewﬁgzq Sl;rgzglg qu égtgéj Iﬂ:gg@% lpgret;;/ 24 Zr4e isho?e?teci1 frEn%lt é (\)/A; t’\ﬂrolugm)ore

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.



t hrough any angle of hole. On | anding on the sleeve 54, the sleeve 74

bl ocks the flow of drilling fluid through the drill string, causing a

pr essur e Woi2barasps4acr oss the sl eeve 54, which ul ti mat el pCraB2bac0ou400t he pin
58 shearing. When this occurs, the sleeve 54 may nove downwards within the
body 32 to rest on the upper end of the %ﬁaver sub 36, as illustrated in
Figure 3. As the sleeve 54 noves downwar@ly the set of seals 68 which were

originally above _the ts. 44 will nove acrpss, the rts 44. There is a
strong |ikeli o od Horesdt HiEin o vl ABprepife e dreiogs e rodiet s Jlystrated s
will result in damage to the seals 68, which damage may render the seals

i nef f ect i ve.in dge &y pravides osibisgntially, %}ﬁaroamqlﬁh@uglaﬁpx% dpigimiging dhe grostvei s
such that this does not inpact on the effectiveness of the tool, as will be
descri bed. Iagtietho§ delingnfihid onf thg deelt 3band Alowing| wistingjdcpesa dhwoogle thet toohs a
100% bypass tool, that is all of the flow of fluid fromsurface through the
drill stri nduwheimdoe tht toel 3¢edill dtovuthle phiveggof tadlssleevas dartsomid tBOliké Whichemai n
in this configuration while the flow of fluid into the string remains at a

relatiyel y Intay Hearitised ot other tooldBD lotowd ihahestiisg belowelasted] 30hi s wi | |
create a pressure drop across the nozzles 46, and a differential pressure

wi Il also be cre®epdereiPicw hit@e @&Fg@?és!sgthﬂugﬁ\a@ of fhe dtb@itRs avREEIRIsR4E1 ned
flowrate, this pressure will be sufficient to rupture the thin wall 80 at

the upper engl @er&ti&ﬂ of 'tl%% asé4ool '36‘18%?&?&%91 aﬁ?ﬁin‘gﬁilebicgsoinrth'@f‘dt‘ﬁl?ﬁib'rﬂtlshﬁ‘e

pl asti c nosepi ece 82 an e light flurd wt e sleeve 74 w al so be

washed away. EF%[% noss 'g(&gea%ala%%gleé\;egsﬁlmdovmthrough the string until
u]tll er suﬁ‘l,a or nmay eve {

caught in a n be circul ated out of the hole. The
confl g at o of (e kSRl S B B o PO AL,

thr Ongt)h the og%e;[ éseat4 %2 1In0th;[> H)%ver sleeve 54, and fluid pressure has been applied 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 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.



surroundi ng annul us, and the remai nder of the floww !l carry on down

through the drill string towards the drill bit. This particular
conf i gur avpanoomm4be useful in a nunber of circunstanceecTiGB20@AMPDE | f
drilling a tapered hole where nore flowis required in the annul us towards

t he upper end of the hole than the Iowerzind of the hole. If it is then

w shed to close the ports 44, the second®“actuating sleeve 76 is punped down
through the string. The sleeye 76 is simlar in formto t jrst actuating
Sleeve 7 but . hadtavih faion) 50 aMgR ECEieR by e oEhe YEORS (alo(e 19 bve 70
will land on the seat 73 in the upper sleeve 56, as shown in Figure 5. As

with the fi rastuatgdbyamdangokthe balls 99492 allowsihe tagb 30 fobenoafigured topsavide 4 H9o

actuating sleeve 76 will place an increasing |oad on the shear pin 59, and
when the pi byp&sfaaiillsstiated indiigure §| patial Bypawd & illvetrated, dFigwies?, |apd dbemntbar ds
to assune the position as illustrated in Figure 6 of the drawings. It wll
be not ed t haglorts i toobe pemmendy tloseds vady @r&tding substasialiyl unbbstiwotetisacddss and
the shal |l ow taper faces 66, 67 of the sleeves 54, 56 having engaged. The

angl e of t hehbagethe 8ol 36,lasiiBush@led ¢t Eiguiedl 1I0e | ess than 20, such that the
faces will be wedged together, and may now only be separated by application

of very significamt phiid 6692 FyDe hidted FGRY skibablrhaeRAIMMIEHRITHNEE bARSo T hat
of a netal -to-nmetal seal between the sl eeves 54, 56 and also as a lock to

4
prevent the sleeves géésuréﬁ}rpee{hg&gé%?sﬁ%ﬁ{ @fﬂfcgk%lszﬁ&lj&l v:bﬂle”t?atllﬁ@ot b3t tbPeSeal

difference i s seal rea define e sea and e netal -td-neta

created acr SSQRnEpgfy SoeTBi o Voot TS f kol RS AL RAEF Bk,

created acroSs eve ow Situa
(s WU 1 uig heing puTed 1R AUEERGH SIEUN LIRS NSkl f Bl 0
10 movement of the balls through strings located in deviated holes. The balls 90, 92 may be
of a solid construction of a material such as nylon, or may, for example, be formed as
hollow spheres filled with a low-density fluid. Such spheres may be constructed such
that they will 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,



the higher fluid pressure within the string, and thus also within the tool

30, will tend tourge the sleeve 56 to remain in the closed position.

Accor di ngwvg,2oevem4pf t he seal faces 66, 61 do not | ock tProgaiHrers/00et0t he

sl eeves are provided with |l ess acute seal faces, the tool 30 will remain in

t he cl osed configuration, and as such na% be considered to be permanently

cl osed by the operator. However, as has @en noted, if the flow direction

was reversed, the differential piston could be utilised to open the tool if

consi der ed necesddeputsr serdareroihesleepe @4 alko faaturéscthree sets efisalsi H4pt s 4 16,0

wi || cause the second actuating sleeve 76 to be blown through, to reinstate

the axial flapdthaloWvetrhososeth of kamlst dd| 115%imitiallly sehddid 8@ ports FOGUTRe sledfe 1t0Ae

drawings. It will be noted that the ports 44 are isolated fromthe body

t hroughbor e dlsp defifesepisoftiles 108 Ivakd bytwebethestal 119118t al seal formed by

the tapered faces 66, 67. No reliance is placed upon the potentially

damaged seal s 69.ThEUnfehRI SERe dilke Lok 1ALRRGRSIHS t&;?éf&fiseé@ﬁm??z bHd” e
y be

that the sleeves 54, 56 are permanently fixed together, may on

a
separ aed byeyy z@ﬁoca}%lerb@w éh%%tegqglg, ag@a%ygﬁtgflgﬁep&%?151%%@98@94 g@c}%ﬁbeen

removed fromthe dri string an elngr I'n a wor IS

Tbodi ; = e h
ol ooves bg, BEhGe 1180 ThE R 1aF a3 O QLo Al LBRERTRR sehef 1oPcl? g
fluid fl ow ar or mal ch that there is no novenent of the sleeves 54,

|
56 fromthe %‘Ee}ﬁﬁog%‘feﬂﬁ%l?sﬁglgrai“?‘f'ustrat ed in Figure 7. If considered

necessary or desifrahle, however, it uld be possible to incorporate a | ock
such as a snap-rhtf@ i§depifpd fo Rpen; 'il?etq\;@ 108 aﬁ?‘@etw throughy the oyt el 46 an

there was no possibili tfl of upward axial novenment of the sleeve 54.
Downwar d axicitudablechtinkZ20s pumged Bequgh the €epe telend v theslomes seat d2Q dFwyher

10 pressure will cause the pin 108 to shear 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 close 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



engagenent of the end of the |lower sleeve 54 wth the upper end of the
saver sub 36 ensuring that the seals 70 do not traverse the ports 44.
Upwar d nowerresiocof49t he | ocked sl eeves 54, 56 is restrictret/dBrotdmedfpon 62,
whi ch ensures that the | ower seals 68 do not traverse the ports 44, and the
ports 44 remain isolated fromthe body t?{oughbore.Those of skill in the
art will appreciate that the tools 30, configured as illustrated in Figure

7, provides supst.anti al |y, cl ear axi t hr ough bor m._ni,ng Sin he

erosi ve act itg‘?‘\re ‘Cé?’f P'ieF%bydr‘?Yﬁat a’t“ﬂ&? et“ﬁ;aﬁe gﬁ a%?ﬁd’?gﬁ gt :ﬁ@“@@ai%bbﬁr%h
access through the tool. Furthernore, the tool 30 wll allow the passage of
bal I's, sleevBesleys1Pd and the Iike which may be utilised to actuate ot her
tools 30 located in the string below the tool 30. Reference is now nmade to
Fi gures 8 t hr ougReferense i3 pew apadaite figuresrs dhropgh L2 of thedraiagopbichdilusiraist t he
bypass tool 30 but in which actuating devices in the formof balls are
utilised, ratbyassioah2@hwhixbtisainitey te theehpass7iool @) deEctjbedeatdvehowafor the t ool
configuration after a snmaller actuating ball 90 has | anded on the seat 72

i n thes| owerprevisiew ef bt intarnal grboved2(ira sisppehersl dibtha skppd 200 Tie ®bE200 ishe
pin 58 and expose the ports 44. Operationally, the tool configuration

i I'lustrated jhifialty gpened th 4 SimilBEifmagish it/ e @syl 100, thitds BPPihpiup ah efudabletsllr at ed
in Figure 3, that is as a 100% bypass tool. However, to reinstate the axial

fllow path thhoyg thie1etR0204PRMNGén thd RWRE SRS 220 Yehdal BRRIdsD 16! bchitha
fluid flow rate, and thus pressure across the ball 90, will deform and push

the ball 90 p(?%r i agﬁb{t eﬂtiﬁs@& tg lsﬁ@d\‘?hééin 2hRCarl E&%hatﬁ?lgle@@é 5%4990‘“??’??@8% b

travel down 't string to be taught 1 n a ball catcher,

or may even be ¢ircul . f.k Q Lyl ¢ ow pass through the
tool 30 tom&?&gﬁ}eﬁlg}%?g?g’lnﬁgé\%ﬁﬁsjt?)ﬁégs}ll‘r?s;trﬁgflq%gl a lség t hrough the ports 44

'nto M] e annul us’I—Io%vSevérl, lt#eszggtl?gtﬁg sllenevcla: LY r(Igiggr'e: 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 sleeve 124, the sleeve 224 featuring flexible fins 230 and an
internal rupture disc 232 to allow the sleeve 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 A
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 sealing 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 the groove 201 in the sleeve 204.



To close the ports 44 once nore a larger ball 92 is punped through the
string to land on the seat 73, allowing fluid pressure to act on the sl eeve
56 to cl osewimepawts 44, as illustrated in Figure 10. ARCGR2b@voolbwnl d- up
of pressure above the ball 92 will extrude the ball 92 fromthe seat 73 and
then through the sleeves 56, 54, to reinsgtate the open axial through bore.
O course, as the ball 92 is extruded thtrough the sl eeve 56 the axial force

experienced by the sleeve 56 will ensu that a | in d. seal jinqg force
is applied to thétflﬂiﬁ%%ﬂqvé%%u@ége@?.{ w%lp%@%gﬁl@@owﬁﬁy Q‘&?’H&“?ed by
means of the sleeves 74, 76, the tool 30 actuated b ans. of the balls 90,
92 al | ows t Hisc232 hoggvergny furthenincipaseia peessye sl B@Stl%e Sﬁ?g%ss as
illustrated in Figure 8, partial bypass as illustrated in Figure 9, and
then the ports 4Zhe todbeonfiguration raftey the|busse disaABP bapbeshiremayedsiavs ilkustratad | v
unobstructed access through the tool 30, as illustrated in Figure 11. The
bal I s 90, 9% Fipyrd€9,foiteneit voill tensees dhat alied axiateflesy path thiouighh thel sleans 20Adabal | s
to maintain a pressure force thereacross, but which will also allowthe

bal I's 90, 9BedifrehBtaBidhedided t hrough the sleeves 54, 56 when subject to a
greater force. As with the sleeves 74, 76, it is also desirable that the

ball's 90, 92 arep@ferdhct ¥ RSW WRIY tb PYBURGNR) though @6f fiichiilladtRieDBgpmREtoodf the
ball s through strings located in deviated holes. The balls 90, 92 may be of

a_sol i d conslh oLl giale FlTRLEH fifher RIS YE A8 prbndTYentbAr TR &G0 be

formed as hol'T ow spheres th a lowdensity uid. Such spheres may
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10 sleeve 306 differs from the sleeve 54 described above in that the sleeve seat 310 is
provided on an inner sleeve 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 ére 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



Ref erence is now made to Figures 12 through 14 of the draw ngs, which
illustrate a bypass tool 100 in accordance with a further enbodi ment of the
present iwoentimwm49This tool 100 features a tool body 1@2TwdB206%/(0$400
substantially the same as the tool body 32 of the first described

enbodi nent. However, the tool 100 is initially only provided wwth a single
sl eeve 104 for closing the side ports 1083 As illustrated in Figure 12, the
sleeve 104 is initially restrained to close the ports 106 by a shear pin
108, whil e @witaBOkoGivenrihe sleaseaf pr¢sewrecthe Gprings3 I8omillrretuirethie Is¢at sletva 31eto pi n
110 whi ch engages an axially extending slot 112 in the outer surface of the
sl eeve 104. Ttsénital psitiony dsdthestrafed iEigatee®ve 104 al so features three sets of
seals 114, 115, 116, and the | owernost sets of seals 114, 115 initially

straddl e the por(T® AéR.thd pertss3caey furth@dactil stinglidddve 834 @& Mmifed fownothe StrihhS
| ocat ed between the seals 115, 116. The internal surface of the sleeve 104

features twaowaREIRUoS1300,Sthd A0eve 324 beifp ANRRALd 2R chSipad £6kabTI W the %ﬁ l'es
118, and a slightly larger seat 121 berng provi ded above the hol es 8. The

internal di apeiesodh ﬁi%ﬁg §§|e?}f<l,e%lg'$/§ 3gﬁjjf@aﬁﬁ§piw FﬁﬁseﬁSSana%Quﬁ)taﬁ%%%cs%%ﬁned

to a very tight toleranc esired to open the too o all ow

N . ' h h
L o My U0 AREtod B bR ARRLE Ebpd LB R D,

100 Lo Sheat. oyouh R, L, SLEGHe,A0 0 ouT ALY oyt g, and Lo.ol Fon
bei ng- punped s ERE A 146 SULtn N ey podb Decuaubere when e
desired to %kgaﬁx%nglsaknﬁeéggé3gg actuating sleeve 124 is punped down
10 The sleeve 324 also features 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, allowing the upper sleeve to
15 move downwardly into engagement with the lower sleeve 306, as illustrated in Figure 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 314, 315. This

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



the string fromsurface, at relatively high speed, to |and on the seats
120, 121, with the sleeve 124 straddling the holes 118 and ports 106. A

nmet al -t o-wotad7/weqd i s provi ded between the outer di anetrer/GHotde4®beeve
124 and the inner dianeter of the sleeve 104 at the seats 120, 121 and at
surfaces 126, 127 directly below the seats. The surfaces 126, 127 are

di mensi oned such that the actuating sl eetb 124 forms an interference fit
with the val ve sl eeve 104, effecting a seal and ensuring that the sleeve
124 renmains fi xedogprdingly,tsheuffrierbviacredsg in Pessurst widk ¢avse Secupper npture discudes
an internal nozzle 128 to facilitate punping of the sleeve 124 through the
string and i330do éngsggmniindtrawidt in Rignere 26 e dibe fhid prasaweabove thhdoal392liendR8 i s
formed of a soft netal, and so is washed away in due course to mnimn sethe
restriction aptigssnéssdhdfirst Audtinglsleaved3 t6andiitirpgieh tHegeatrstaveB 12 dvrawdrdlly f1 ow
path through the sl eeve 104. Reference is now nmade to Figures 15 through 19

of the drawonfsth¥bhdillddrs 5205 BL BbRceandty.PORThd SHUIREB20M8 Tiherlghgif tHel jRésshre t he
bypass tool 100 descri bed above, but for the provision of an 1nternal

gr00ves 201 3 oldifd BRI B L'38 BRnSLRY EnPltine IRafiiolodRdiLs it al Y
opened in a simlar manner to the tool” 100, that 1s punpi ng an

trudabl e ball 222 j .Sl , .
Caneatn 1 e nol 2 DI Bl LFSYF: A0fLOAREvoR SRer IR SRR |,

beneat h the hol es ressure nmay be U

208, and push.the.sleeve 204 do dly to,gli t.he holes 218 w t.he
ports 206, 20 R vidad s B Fovrr P e mbel Ca R, UFowiRE iRkt e spend LE TS
(Figure 17), as. utilised in this enbodjnent, differs_in a nunber of
respects frGKiephONSs Sye S.Pfh.tﬂqtﬁhfsé?fﬁ ol aimes, thegfopfgwasion aj dlustrated in
significantly |l onger than the sleeve 124, the sleeve 224 featuring flexible
fins 230 andige 26. -

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-



internal rupture disc 232 to allow the sleeve 224 to be punped through the
string at any hole angle. The sleeve 224 also features two pairs of

external weabe/ @84y 235 and a lock ring 236. Figure 17 showB20dwisioeeve 224
at the point where the |Iower end of the sleeve 224 engages the actuating
ball 222. At this point the first of the 3sarger set of seals 235a has nmated
with a correspondi ng sealing surface 238 on the inner surface of the sleeve

204, such t hgdousteld fRppdrNA2 MRS Yo ardP Blel &&e@?@éﬁﬁoﬁ.h@lﬂe@&\é ?ﬁﬁ?e@agﬁ{lgus

all of the resulting pressure force acting on the sleeve hpus ] ghon
the ball 222 a gt 141324 de), t hr t he
seat 220, ondete S opatF Syl Ra o kDR 1135 odﬁqheﬁze%@faﬁl%"t% fafmq‘iﬁ*ﬁfw
sl eeve 224 er. &o inta.the,sl eeve 204, as illustrated in
Figure 18. W?L@gﬁec%ﬁﬁdgﬂ%%ﬂfu%m ngflﬂ:'%ué? %fof seal s 234, 235 are sgat _ed,h
preventing flowt he ports .206,. and the | ock ring 236 has engaged wt
the groove 201 i nﬁtth‘é "élﬁéll(’e‘if’é‘ﬁﬁbr&?‘%’ it Wilgbes”lp%@mf fhatyaridpienigh ﬂ%thrw][l ﬂﬂ)ﬁ
and sleeve 204 is still blocked by the burst disc 232, however any further
i ncrease in [RE&XVEI have no pifect on thedopl copfigusptionrpthier tan tenenithp flappbiHi2af t er
the burst disc 232 has been renpved is as illustrated in Figure 19, where
it will be seen thuppemidepertai40f bodisactiont ofrfbiid irculation icthe bad4is rewrisden
re-established. Reference is now nade to Figures 20 through 26, which
il lustrate aThypadhidisgumped intn tixcamubiaseeowiding the yeingfin mthidy the ndad d0ognt  of
t he present invention. The tool 300 conprises a tubular body 302 defining
radi al fl ow jnoorperad4ndhilotvedie flowiupwatdly timlugh etk Hising Soseflow | vaERaiRAM
whi ch operates in conjunction with an upper sleeve 308. The | ower
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 cause the sleeve 406 to be 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 sleeve 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 configuration,
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 slot 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



sl eeve 306 differs fromthe sleeve 54 described above in that the sleeve
seat 310 is provided on an inner sleeve part 312 which is spring-nounted to
t he | owerwel2zeenve0l96. Furt hernore, rather than provi di ngcragsenodmens 66,

67, the sleeves 306, 308 feature parallel interference fit faces 314, 315.
It wll also be noted that the flow ports 304 are not nozzl ed and are of
relatively large cross-sectional area, t%ﬁnininise the pressure drop in
fluid passing through the ports 304. To first en the ports 304, a neutral
wei ght act udhatisg operatey mag.ifer exammbatshut off smdlrastatt o PHEDS Méthoetronaem Tha thees
dropped into the string and punped through the string to | and on the sprung
seat sl eeve tpalr maglfovd to tthealopgn cohfigaticn. s|Adewethpatopl 39 2husi hot bubjevbvted
downwar dl y, under the influence of fluid pressure acting across the

activating sinaes¢ssadldrtivitipneandothe sl topaehis)@ick A8saalst will ngteapéritgcshueder s
320, 321 on the sleeve parts 306, 312 engage, as illustrated in Figure 21.

A further i RedagaFarthétmdreas Yod? adlubtio BER R ré e Ipr&visiel Of aseatibidiowRicR 322
and al |l ow the upper end of the |ower sleeve 306 to nove clear of the ports

304. This r&lilg¥ERdd Qx?a&ﬁﬁﬁ%%?ceQqusﬂ)ng@ ©fnoki8l fikidicdv, |tﬁ’é‘¥e idhe Tréslff?ct1§ﬁr | ng

i s now bei ng bypassed through theports 304. G ven the release of pressure,

the spring IR8eih ind 60l ydify E8bSURRY ot by hiuld Meddlidib@s POS! ti on, - as

illustrated gure ose t por activating
s eeve 224 1 PUREH 0 R S wgwe%% B>
e 2 T PSR R e e M ek L% 228 SR B LR L 2 1 26,300 o
angle. It Wsclaallmgearrangement 420 is suitable for, for example, sealing the ports 404 of the bypass
10 tool 400 shown in Figure 27.
The sealing arrangement 420 comprises a tough insert 422 in two parts; a first
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 in;side 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



noted fromFigure 23 that the sleeve 324 has a tapered nose profile 332

whi ch engages with the sl eeve seat profile 326 and thus effectively seals

t he body wbnroamgtiodaer e when the sl eeve 324 | ands on the sCeamBI@0B4400he

sl eeve 324 also features a hard ceramc plate 334 at the sl eeve upper end.
The plate 334 defines six holes which are spaced at 60 intervals around the
centre of the plate. Applying pressure aBbve the sleeve 324 creates a
pressure force on the sleeve 308 which is sufficient to shear the

sl eeve-r et aiinventjopi Mhd3&rangemewi ingubstantialhp ¢he sinweascthe seatrarmngementat2dl of i nt o
engagenment with the | ower sleeve 306, as illustrated in Figure 24. The
pressur e forfigurefp) ioeveinthie casalaw additieeal @-r3pGchiyi4Qiis proeided. Theopingsesice of
the actuating sleeve 324 being in sealing engagenent with the sl eeve 308
results in t4ae sepleahe dtekficeViRtweeheh 8a308ecevd UD6Nadi the tbslgesdyes0M Bo@n
interference fit, which both seals and | ocks the two sl eeves 306, 308

together. HoeMedns, that [sNPhAPHEPeQsRt it REhePrsiag-thOafbedod MR ot§idd o8 %&g o

there would be a possibility that pressure could be | ocked between t

act uatg ng s\ERYCShAAE thig i LRI NE dRRLRiaPRRoN BB HARE Rl b seafilbhiydelli S 1 1

mnd, 1t wl e note e trave e spring onger an the

axi al extent, 0 t .314, 315, This.allows all..o ubstantially
all, of thetﬂber xe/e‘s%%?lg&gecﬁ%%&gﬁg t Seef}tadf: ug{’?nn esqué(i\%es\sﬁﬁ "}Sé)deesliggr%?&f c& and
energi se the sgar b%@Mﬁeg the faces 314, 315 Jhi rrangenent al so all ows
al | of the SFEEEhan the,tyid prsssire QUsigr dswievigpshydescipetn e di'sc

330. Accordingly, a_sufficient jncrease in pressure will cause the upper

rupture di sc 330Relring aow tos Fiaure, 3¢y therg iy shewny gneerdargedryievs (ofij ) fythessur e
above the tool 300 is now acting across the first actuating sleeve 316 and

will push t pHergatiye gqaﬁ@g,@rrgqgn@gﬂ,\,ﬂ%,am(yding to another embodiment of the present

10 invention. In this arrangement, the insert dove-tail seal 462 is considerably larger 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 venoug'h to resist compression and prevent the

15 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-

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



onto the shoul ders 320, 321 once nore. On the shoul ders 320, 321 engagi ng
the pressure is exerted on the burst disc 338 at the upper end of the
activati nyobeases4816. A further increase in pressure wpChr/di20wm08400 he
burst disc 338 and the plastic bung 340 provided at the |lower end of the

sl eeve 316, follow ng which the spring 318 will extend once nore, such that
the tool 300 assunes the configuration asdi|lustrated in Fi gulre 26. a4

Al though the apertured plate 334 provided in the activating sleeve

r emai ng in pPla§@$ spUife s @dight saringnsush $iat thedflappen 1@ willaapen BBeespanseledartnal n
that it creates a pressure force to maintain the sleeves 306, 308 in the

cl osed posi-t flew thrangh basenl 880.t hat the netal -tonmetal seal provided by t he
faces 314, 315 is retained. O course, |like the other enbodi ments descri bed

above, the flow ofhd éperationrufahegtoot 500 isllagelst tho@ime340fot Soot 200, ia8 Akchifed i
t hroughbore defined by the sleeves 306, 308. Reference is now made to

Figures 27 tenBectioh witle Fibuessi 2708, 300t Shll 36 @i08@C hbwaRE, MAGHS vilke WRLTREIdT 2
reverse circul ation actuated bypass tool 400 in accordance with an

al terngtive iapleeh HEdHd JirtidhS200cEB8Bta flow 5}5@&!.\9@522Thtﬁ’ht319@et4?§ts 554 E&dfp nl0 De

incorporated in a drill string, but other enbodi nents o I's aspect of the

. : ; ; _ . i strings,, such as
Strings of | casheuwRif igiad, thepifite 923 sHALRARRE oRY BEledSIGPRE metitis: o)

100 comr | =suSab ke B ORISR SRR AR S 04 U o 2 noral
o oyr T ace of Wit B PRHe SO G ded QYT Al 35, 2SHeer? 3 piicon 520
has disengaged from the saver sub 524 and flow through the tool 500 can pass through
10 the flow aperture 522.

An alternative arrangement which permits 100% bypass through the flow ports is
shown in Figures 36 and 37, which are sectional views illustrating a reverse circulation
actuated bypass tool 600 in accordance with an alternative embodiment of the present
invention. The tool 600 is similar to the tool 500 of Figures 34 and 35 and similar

15 components have been given the same reference numeral with the addition of 100.

In this case the valve sleeve 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 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



novenent of the sleeve 406 relative to the body 402. The sl eeve 406

i ncl udes a springnmounted flapper 412 biased towards the cl osed position.
However, wbeodlmmper-cl osing spring is a light spring, ®0TtlcE2bh@00t4ve
flapper 412 will open in response to normal flow through the tool 400, as
illustrated in Figure 27. In this initiag configuration, it will be
apparent that variations in flow through fhe tool 400 will have no effect
on the tool configuration, other than to open the flapper 412. To open the
ports 404, tqikeryisedwtgitsHlagd thrqugh the ﬁ@wgd&eﬁahthenmph@(g(ﬂné potentialle phgRr That
is, fluid is punped into the annul us surrounding the string in which the

t ool 400 is dameee geyiices belonrttie tol 60d to fl ow upwardly though the string.
Such flow will maintain the flapper 412 closed and create a significant
fluid pressure fdWie, thaflowmrisiass dosed (Biguer3dathednteynal bellak 4@ hay didkhgagedual s
the internal area defined by the bore internal dianeter. This force wll

cause the slfagyehedflig 604 perniittdg ot theoughwbe aifertute6420aM drbendoBE isiled Bt theas
illustrated in Figure 28. If the punps are then shut off, and pressure bled
off fromthgy) |l us, the spring 414 will nove the sleeve 406 downward,
however the cam sl ot 408 configuration is such that dowward novenent of

the sleeve 406 i\ afigs Eﬁé}g&ﬁf\?ﬁrﬁm%%gen? LA Ep iR ﬁ@@%%@ﬁ% ﬁmfb%]gﬂgﬁé fio#0%:

as illustrated in Figure 29. sl eeve 406 in thi osi ton, nor nal

25 R A At 5 SIS DR LG,
nave no 1 mpatEBiT et RO dE Reitehis Hith da sl mrwoRoneht pLGE Se
pi ns 410"l Gpgotiievetioe s, BebHE & piht i ool pilsf Fiies Phond 38550 1

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
through 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 pin 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



Figure 30. Wen the punps are shut off, and pressure bled off fromthe
annulus, the spring 414 will return the sleeve 406 to the cl osed position.
It will beoappasesay that the tool configuration does noPCTlag®/G0MODESPONSE
to variations in fluid flow through the string when fluid is being
circulated normally, suchthat an operator may, for exanple, shut off and
restart the punps without concern that tH& tool nay nove to the open
configuration. Also, the tool is thus not subject to unnecessary
activation, cimumfenentinbsgal vithpposeah768 defined tysthe saves subi7Rf andtl08%plsmasnise
undue wear. Furthernore, as tool actuation does not require provision of a
restricti on establisheditirbughrtive/flohe parts 204.uat i ng force in response to nor nal
fluid flow, there is no restriction present in the tool that would

otherwi se limt fihiwaahsherat ldedr@gatdirae shap Sktow Rk epsrts JonoWolveveri Gl €
31, there is shown an enlarged view of an alternative sealing arrangenent

420 accor di RgrahSenRplofess @A oPbin WABbsERE throuBN Adkd When Hhe MaFRr1 NY
arrangenent 420" is suitable for, Tor exanple, sealing the ports 404 of the

bypasss t ool V{&R% éﬂé%\%"h.i n Figure 27. The sealing arrangenment 420 conprises a
tough 1 nsert 4 % in‘two parts; a first insert part 424 and a second insert

Braéltvi dos | 2 el Oﬁg?fégﬁﬁ{i%léﬁ e %‘ﬁaﬁﬁﬂ%&%ﬁgﬁtﬁ% t?%!?%*‘%%@‘%ﬁ@é?‘%ﬁ%“” 5% e
. JSoal BEtieEn Thd" iser (2. . |
ot ans, " iBventih SiiBed Rerfint & Pty RSBt O e Yeriops: BpsReat i BRFE

hi gher pressure  insi t he, tool 400 than outside it, ess .an end surface
432 of the VAYPHOR |aéf§§'@t %@uag&szﬁ%gceﬂ%éné RpTaYRmepsaY b Fads sherskq witgout

formng the primary seal. The dove-tail seal 430 al so seals against the end
surface 432 depasting Hpm the peeseridrvepsion.e dor exenyde aeferanre banbeanoprimasiy made hi s

10 herein to bypass tools. However, many features of the invention have application in other
tools, for example spotting tools or bore cleaning tools.

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 ltubular 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 string 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



enbodi nent rather than, for exanple, an o-ring because the dove-tail sea
430 w Il be retained securely in place when not in contact with the val ve
sl eeve 4080 20d7/a6ba9pr essure on the outside of the tool 200/dRogrm@atoer than
the pressure inside it, neither the differential piston effect nor the
dove-tail seal 430 wll prevent fluid pas?ing t hrough the ports 404 from

the annulus and into the tool 400. Refer i ng now to Figure 32, there is

shown an enl ar %gél Vi ew of aﬁLurt rer, alternative sealing arrangenment 440
accordi ng t o"tls6¢ nar flevpepntil mppligatiopss #de g8t HiilisenteVerse Pressyreata anepdent
is substantially the sane as the seal arrangenent 420 of Figure 31, however
in this caseadyatigadsanirehen acgvationgpf ey idownbwole soahop deviess . Refbrenes isinowy wedd 442
seals the interface between the val ve sl eeve 406 and the tool body 402 in
bot h di rect itonggureh 40 to 44 whthe drineings,exlsich dlussathiaghearsd pressiee adeatédobypaddO
than outside or vice versa. Should this seal 442 fail, the differential

pi st on ef f ectoolg0dl itl accardinee avithenfurthertenstddinidi@ of thle\pEesehtcifvmtidn).6 Rafegerich &
insert 422 when the fluid pressure inside the tool 400 is greater than the

fluid pressupRiafiytidddero Agurd4OY vRieh! iNudRESthd @bl 868 iR ardondamOimtb, Owlth By €
33, there is shown an enlarged view of a further alternative sealing

arrangenent g5foaeaed dAMdsit&e %GQQ%Bdiﬁggaf}gg@ﬂtseﬂfngﬁas sBs6F E&Its %(?11;{:? 4pOn-

In this arrangenent, the insert dove-t eal 46271s considera arger

the equival gpty,sea| bo%}?yaﬁf 802, eehpﬁ%r I%JS% s GRYRALS il%fth% [abﬁeir nélgﬁr é(h 4 i s

surface 434. In this angenen osi ng second dove-
L T e S e
e S e IoN et Sl EOTRLES LoB S LS 15 AP R
10 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 provides for three differént downward positions for the sleeve 806,
as will be described. 7Figure 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 étring and annulus, and changes in
pressure in the string and annulus, will have no impact on the tool 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



Turning now to Figures 34 and 35, which are sectional views illustrating a
reverse circul ation actuated bypass tool 500 in accordance with an

al t er nat iwe 2e0mwadi4oent of the present invention. The to@®CTEX0M@0U40DeNnded
to be incorporated in a drill string, but other enbodi nents of this aspect
of the invention may be provided in clean-out strings and other strings.
The tool 500 conprises a tubular body 5042defining side ports 504 which are
normal |y closed by a spring-biased valve sl eeve 506. A cam slot 508 forned
in the out erthgtnol 80& asfillustreted lineBigure516 Ehrededstinty emibofithe diverdr| Sdddandsiimehe5 10
cooperate to control axial novenment of the sleeve 506 relative to the body
502. The sl estobelxify 880 budiimitially afiows Juidtocontidue ap Aot thrbdghn e 1811800 kb ted
towards the closed position. However, the flapperclosing spring is a light

spring, suchpottiut oftthestfih@pEew tﬁé@ol’%dO' viaRRNfl6W Ipﬁ § B@Z‘ﬁﬁh& Qatélfé'i BRb ahd O
t hrough the tool 500. The operation of the tool 500 is | argely the sane as

for tool 40Q1de3s$otg'8§63ﬂ§§ﬁﬂ)ula9 pGnQi'BH%ﬁHe%véM& '84Emwheﬁlo%7%&19 to Bow lh@%h' be

not ed, however, that the val ve sl eeve I ncl udes an en portlon

definigag a ft@“’%‘g@‘ﬁ Ellg{éaeggég%h%pg@gg he ports 504 are open, as shown in

Figure 34, S pressed agai nst, and seal ed cl osed by, t he

b 524, th h.th When
e oren oaq aia%;ﬁ%@mesa@rﬁ S dd T B L
h di th b 524 d fl t h the tool 500 can
Dot oochi Ao E St s LR b b i

permts 100% ass, through the f|low ports is shown in Figures 36 and 37,
which are se’(‘?g}’ gh%ﬂ ‘S\?B o) angagerths ﬁlﬁﬁyeanﬁee%#@eeer pelawhe prefile 806a. The

NRYV body 812a defines a flow passage 812d which is normally closed by 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 812¢
is pushed downwards to open the passage 812d. In the absence of flow the ball 812¢ 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



actuat ed bypass tool 600 in accordance with an alternative enbodi nent of
the present invention. The tool 600 is simlar to the tool 500 of Figures
34 and 35wendo7gicpddbar conponents have been given the sameTraf2esanemonuner al
with the addition of 100. In this case the valve sleeve 606 is provided
with an internal collar 640 which defines a flow aperture 642 (nost clearly
seen on Figure 37). The tool further i nctldes an aperture plug 644. \Wen
the flow ports 604 are open (as_shown in Figure 36), 100% bypass through
the ports 60gnsideredsapnspprigtedr desireble, it ool WYECtResHbIEfor theiapgratasdp sitcigtet he
aperture plug 644. This enbodi nent also offers the advantage that aperture
pl ug 644 el ifhiihthramghtthe stsingfobe peried: wighqub dtiinghiocdnsire thatéseainulus atlfaeertool
500. This is particularly advantageous when the tool 600 is used in an
appl i cat i on thexdrithbi¢ I3 substintially €reb af tcudtingsahé vihat ddpkisM) i s passed through the
ports 604. Wen the ports 604 are subsequently closed and normal fluid
circulation rei nghat&@rselpicreinsaiMaing tiEbalfin b6dtidiotdlossard RRVSIIWh&EthBe
circulated through the string below the tool 600, and potentially plug or

damages devi GewrRelrihileheifrdQlveP B willie Breh 38 thd R RREhS BaRet! BS Ribvédingur €
37) the internal "collar 640 has di sengaged fromthe plug 644 permtting

Lt LRSS S RAE Qe R0l 06 BeAEl,

further alternative arr ypass throu
ports is shown .

n_Fi gur 8 , iLch, are ctional, views illustratin
a reverse citcRIFSRC %?eggﬁyuﬁ}ee@ﬁgy%ﬁ?s?mh% Pleg¥sn8 6303 B reathve W?IL s )
alternative enbodi nt of the present inventi.on. The tool 700 is sjmlar to
the tool 50@TEFUIE MY PEY G2 YR sighilieagt B’l’eﬁ%“F%for%% eﬂ?eé’et‘?ggea%‘esé’ﬁi’ Ela&en

the sanme reference nuneral with the addi } i on of 200.
jamming or sticking of the sleeve is unlikely. The upward movement of the sleeve 806

10 also rotates the sleeve 806, due to the interaction between the cam slot 808 and the
follower pins 810.

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.



In this arrangenent, the valve sleeve 706 includes a further flapper valve
760, which is spring biased to the tool throughbore 762 open position shown
i n Fi gur ew®2007aso44be configurati on shown in Figure 39, the/dB20e/pawds 704
are closed and fluid flow ng through the tool 700 passes through the

fl apper valve 760, as well as the normally, closed flapper valve 780. To
open the ports 704, a reverse pressure is applied to the tool 700 and acts

i : . d the cl | ve, 780.
Thus. the valve. rane diag thid BnientSeat B8 Rud W 1SS ' HacBeogh ong
: i i d off . f h |us, and as
breseur e equitd NEY 312458 R aREURS anulss Ve elignef Rores 056 hn ehanses im0

pressure equa
i nteraction rmis the sleeve 706 to _nove fully_ downwards towards the
saver sub 7240MREE o PUBREFessuF vAll nghatiart fhe deel canigyamtions ebioriimptmebe WRE
engages the er, sub 724. The engagenent deflects the fl apper valve 760

t owards the éﬁ\‘?’é” @P&W%@@Ft‘ﬁ%.o‘ﬁonti nued nmovement of the valve sleeve
706 towards the saver sub 724 opens the ports 704 (Figure 38). In this
configdration, thAsitheperts 84hs) §4tepigwide Gbretutisely amnbsirmteidr fuwrbsthe hilgh uig eal
with a seat 768 defined by the saver sub 724 and 100% bypass is established
through the flovwatesr ars F@dibleThiliclararamngsfabit bdresleai-0at BpatatidiiP P@IOWNE he
ports 704, however the arrangement offers the advantage of an unobstructed
through bor epweivemionhsf fldvabpondviak wesl $00¢ afd et abEBIRREOOf sirkth Heldwh tielorR!
wi Il recognise that the particul ar enbodi nents of the invention described

herein are neiakdsythie¥6ifiuadtionGleal AR d¥B¥raES.CASREGE Bofdf the present
i nvention, and that various nodifications and i nprovenents nmay be nade

thereto wi thout To change the configuration of the tool 800 once more, a reverse pressure is

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 retained between 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¢c 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



departing fromthe present invention. For exanple, reference has been
primarily nmade herein to bypass tools. However, many features of the

i nvent i orwbave/@mpabi cation in other tools, for exanpl e ®poidB20¢/Me®HS Or
bore cleaning tools. Furthernore, in the enbodi nents of the reverse flow or
pressure actuated tool, for exanple as shown in Figures 27 to 30, it nay be
desirable to permt the tubular to which the reverse actuated bypass tool

(5 11ted Lot b b ki kool B ANPULIBILoros, FUBrLth bR 0 o

To facilitate |ona Sl eev € provi ed to

fl apper valy 0, t he ty ul ar

Thi ' add ¢ oﬁgv‘%feééw@@ BriF 8 it Pt Hfes Pt R BURet B sdIENe 8 CEF‘&?:S‘S
valve by the init Wof fl in the tgo nts of .th

i nvention also r a?lgset € {R9EF §05{md%%v dyovgh t ?‘ﬁrstt)r\‘ﬂ%j@’d?{?ms 15 ﬂ?’ﬁ?eﬂyﬁé%‘éerseFor
exanple, a tool simlar to the tool 700 may be provided w {hout bypass
ports 704, dWePswsyis HePkisdeand PEEssIse ds wepobaé?@é?fi hefween) Hgcanny Ss,wlltha stridgough
bore, or control flow through other devices or tools, such as notors or MAD
appar al us. $oeh suaothat theylegns masemave vpwvards and ther dewmwards endoestuynite thedpstabove
the tool to, for exanple, test the integrity of a string of jointed pipe,

or to activaiownmani‘;bmitimool or device. Indeed, tools in accordance with

ot her enbodi nents of the present invention need not necessarily beutilised

in flow control amgliooRt800NS,thandapable uf iadbptingr & veelested pores 8l itiereé Ovdikingi de
actuation, control or activation of any downhole tool or device. Reference

i's now made coffigliridmes 4R §oﬁ1e4ép fcafidi theavperstos ny ehlyl WishStd aftiisa thaver se
pressure actuated bypass tool 0 in accordance with a further enbodi nent

o e B e e e o o s o
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 912c,
912d, the upper seat 912¢ being flexible such that an elevated pressure will push the ball
912b past the seat 912¢ to land on the lower seat 912d. Flow slots 912e 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, in the

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



spring-bi ased val ve sl eeve 806 extending across and sealing two sets of
ports 804a, 804b in the tool body wall 802. The upper ports 804a are

nozzl ed, wibi2b@/dsz9] ower ports 804b define a rel ativel yPCaGB0@V©8400
unobstructed flow path. This arrangenent allows the nozzles in the ports
804a to be replaced wi thout dismantling %%e tool 800, but in other

enbodi nents two sets of ports could be provided in the sleeve 806 and a
single set of ports provided igﬁtge body. The axi al venent qf tgﬁ)valve
sl eeve 806 iugperchall Rt oy AtRRYHY SPAH P yRseHRERNENWY &%ﬁ?@?ﬁ sleyveftlodpg
interacting with body-nmounted cam pins 810. The cam arrangenent provides
for three dimigveripmardsooktaneng cydisgiof diestoplb$00; prd sgleckiye opaing efthqiflow pots
described. Figure 40 illustrates the sleeve 806 in the first downward
position, iM80dpbch the ports 804a, 804b are closed. The | ower end of the
tool 800 includes a catcher ring 880 with additional flow paths 882 around
the | arge centralA tdngepugverdzopress8RdwillTéxgrutiothe BADI12b past thadlediblo upyer seat
incorporated in a tubular string and is run into a bore with the string in

the dog mant 9o faliewinmtinhihdefedirbyarttoiduiaton I rkdugrede AdRrmatively fisoted above,
configuration, changes in fluid flow through the string and annul us, and

changes in pregReLoi2d ddiebal 02 niah heafighat Uom Whe kod1 08, fifs kBB 3REvi@RAgt he
tool 800. Thus, during run in and ih subsequent operations the operators

may effecti VY c 0 i 0t ' nit

isydesired gﬁh%gﬁgggﬁgg&? éﬂégﬁﬁﬁ% %Qﬁe%gﬁb§%?6%?€g§?ﬁ%n@@£§%?gagé?gggte:

844 and a nan rﬁturl%&\gﬂh\égoél:g . 812 are dropped or punped down the string
, 1 1ITus

to land int RREEIG trated in Figure 41. The | eading end of the
G verter B4a | ange L LR SR B 27 bl RSP [hhe 1o

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 In 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



portion of the string below the tool 800, via the flow paths 882 in the
catcher ring and via side slots 886 in a tubular portion of the diverter
844 whi chwel2bamesbd4ai d to flow into and through the cent palr/GBw@uyiobor e
884. The NRV 812 features a tapered body 812a having radially extending
keys 812b adapted to engage with a sleev% profile 806a. A circunferential
seal nenber 812c on the body 812a is adap?ed to engage the sl eeve internal
di anet er bel he profjle 806a., The NRV bpody 812a defines a fl ow passage
8150 whi ch i Ssopg PyrtionfLdhe sing lsb)rvreﬁf‘gf BH e b the st colme illingy 't he
presence of a pressure differential across the NRV 812 as_induced by nornal
flow, that i#8uifighe penuleyi9cresdisnn & higberghydrotaticr pressyre inhthe panulug10W i s
pushed downwards to open the passage 812d. In the absence of flow the bal
812e wil | cl shasenththe tpalstiife Thedresawrd imbelanceniniRes\iluid floppfreml thy animtlst and
a reverse pressure of up to 5000 psi. Both the NRV 812 and the fl ow

di vert er 8441MHHdentoethe isairgbl @4 dndrthexelogek ehaivalve 4008) whicle hiaitgaindthetrederse
fishing tools, if considered necessary or desirable. On the bore containing
t he st6ing beessgresdiffprenifiall 0 a reverse pressure, that is the pressure in the
annul us surrounding the string being higher than the pressure within the

string, the tool B0 rdverse§rehideHiffeentiad aboDnPAE idifrREntBS pistdntit thebEitladi ,
Figure 42. In a drill string, the reverse pressure nay Be comuni cat ed vi a,

for exanpl 91aﬁaggeﬂméﬁ}lbéti?tor}%@&{fﬁgreﬂﬂettoU?l(ﬂ')’bi Il bit. Thus, at this stage, the

pressure integrfty o e stri is retained. Also, there is no danger of

Or 11 oot ings and bl 8ol LOHLRSl A1 BUScb00b P URREL 5el 0300

string above tool's an es sensi
damage by CLB[otré P@l%, g]ﬂfi 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 annulus 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.



| arger particul ates, such as MAD tools. Also, only a very small vol une of
fluid need pass fromthe annulus into the drill string to effect actuation
of the towb280Me044bconsi dered appropriate or desirabl e, PcT/dRO@ 00¢mar se
possi ble for the operator to circulate fluid through the string for a

period without drilling, to ensure that %Qe annul us adj acent the drill bit
is substantially free of cuttings and other debris. The reverse pressure
mai ntains the ball in position to close the NRV 812, and the reverse

pressure, acting over the whole area of the tool internal diameter D, noves
t he val ve sl eeve 806 upwardly, against the action of the spring 806b. Due
to the large area of the piston created by the NRV 812 and the sl eeve 806,
only arelatively small reverse pressure will provide a very significant
pressure for€bAMSt he sl eeve 806, and such that janmmi ng or sticking of the
sl eeve is unlikely. The upward novenment of the sleeve 806 also rotates the
sl eeve 806, due to the interaction between the cam slot 808 and the

foll ower pins 810. Wen the pressure between the annulus and the string
interiagr is dqual Asmehod hed shetivg & podl ng Bd6wnimis eeng, ke shetkad c8@prising
downwar ds. The cam sl ot 808 and foll ower pins 810 are now configured such
that the sl egy@if308 WY red@icboh WHidh gemiends rédridtion wefwiddlaownwar sormal
position, to open the ports 804b, as illustrated in Figure 43. As the

openi ng of t hg.cA0K tSin@R4 aQE6HESHNN BRshE difeRMEAIE pmieadtadtion®d trabslss t he
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
correspondi ng erosion of the areas around the ports or tendency for seals

to be washed,out.,The sl eeve .defin f .ports 806¢c positioned to be
al i gned wit h2't he ”Blgd'g}etﬁ?cggva anlmei, ffeer c!)lgg\flsﬁl%

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.
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

air-filled upper portion of the string into the bore.

6. The method of claims 1, 2, 3, 4 or 5, comprising pumping fluid into an annulus

25 surrounding the string.



ports 804b when the sleeve 806 is in the second downward position. In this
position the | ower end of the sleeve 806 al so extends over the flow

di vert er 804pomisbei cl oses the end of the sleeve 806, tiras/gnessantdong fl uid
passage fromthe tool 800 into the string below the tool 800.1f the

drilling fluid punps are restarted, fluid will flowinto the tool 800,
through the NRV 812, and then into the dttulus via the aligned ports 806c,
804b. Changes in flowrate or punp pressure will not affect the tool

configuration, other than that the NRV 812 will close when there is no
flow. As the ports 806c, 804b provide a relatively unobstructed fl ow pat h,
hi gh fluid f/l ow Ta¢ artindefpag of blagns Wb 6hconipeisingespplyirigna eyemse prassure tug
operations. Also, the prevention of flow beyond the tool 800, and the

absence of Jiffihtiab Qi tali&ptEd It SapplipleaSadtiniting Clonde Grurrasponse itelealprdseure
delivering LCIVI to the bore. To change the configuration of the tool 800

once nore, faFﬁ‘etQéé?ﬁﬁé‘&ﬁhu‘l@ &l 86l inRA6r.t he pressure then equalised.
Thi s noves t s eeve 6 upwards and then downwards, under the control of

the c sl ot 808 and p| ns 810, to the third downward position, as
illustrated in Figure 44. 1t wll be noted that in the third downward

position the sleeye 806 .i s not Sltl g n .t econd
downwar d pogiti oﬁ.}l’ gﬁg‘ gnosffﬂ&ﬂfl‘f a"lnsé ret ar %ﬁ%‘f%{eﬁ %@ﬁ‘@@hgiu&%ﬂ t'l%}%te?nal

di ameter |ower end of the sleeve 806 and the upper end of the flow diverter
844. Thus, Qa‘FPEW%]QWe?tE‘CtI‘%‘Hfoafpﬁg’(?lthr ough the tool 800. It will also be
noted that in this configuration the sleeve ports 806c are aligned with the
nozzl ed body flow ports 804a. Wien the punps are restarted on surface,

fluid will flow downwardly throu?h t he
9. The method of any of claims 1 to 8, comprising removing at least a part of the

10 flow restriction from the tool.

10.  The method of any of claims 1 to 9 , comprising providing a non-return valve in

the tool.

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

pressure differential.

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

different configurations.

20

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

control movement of elements of the tool.

14.  The method of any of claims 1 to 13 , comprising releasably retaining the tool in

25 an initial configuration.



string, and on reaching the tool 800 a proportion of the flowwll| be
diverted through the flow ports 804a, the remainder of the flow passing

i nto the wonoemgpebabow t he tool 800. This tool configurarcorGBrags/doetodet ect ed
fromsurface by nonitoring the back pressure of the drilling fluid; this
will be greater than the back pressure prﬁduced by the sleeve in the second
downward position. In drilling applicatig s this configuration is thus
useful situations in which it is desired that a proportion of the fluid
bei ng punped into the string bypasses the BHA, and passes directly into the
annulus. The division of flow w || varydepending on a nunber of factors,

i ncl udi ng t hiS-degFheemethod phanyreflaimelited4pcompidng bipsing elamenis afshe oot e
ports 804a, and the flow area of the nozzles may be selected as desired. To
cl ose the porsidie8lydasistifbioes ¢rhatedihraverse pressurgy and tool is stopped, a
reverse pressure is applied, and pressure is then bal anced between the
annul us and the string bore, such that the sl eeve may nove upwards and then
downwards and return to the first downward position. The tool 800 is thus
capabl ¢ of apppt iTHe Methéd 6CGDIRNEMST td 5 ©ConBiding @ity fcofigitng@hStool th SOME
applications the operator may only wish to utilise two configurations, and
in this case, §dimaff @aALLSLHSAY be cycled twi ce such that there is no
conventional flow while the tool 800 is in an internedi ate configuration.
Ref erence is now made to Figures 45 and 46 of the draw ngs, which
illustrate an alternative actuation arrangenent for the tool 800 of Figure
40. I n partigul ary these, fdqures . ill ust.rate.a I tive non-retugn. val ve
(NRV) 912, chpri Hedieiasd o et RepsomtRyng Wil b4t BRLLUT BbeehEint Pllid

e 28 g R oA S50 AR  HERBRIL B b

10
18.  The method of any of claims 1 to 17, comprising configuring a valve member to
open a side port in the tool body.
19.  The method of claim 18, comprising opening the side port following equalisation
15 of the fluid pressure differential.
20.  The method of any of claims 1 to 19, comprising configuring a valve member to
close a side port in the tool body.
20 21.  The method of any of claims 18, 19 or 20, comprising actuating the valve member

by application of reverse pressure.

22.  The method of any of claims 18 to 21, comprising controlling flow of fluid into
the string below the side port.

25



the tool is run into the bore. However, the sleeve 912a features a fishing
profile, to allow the sleeve 912a to be utilised to nove the sleeve 806 to
act uat e twe 20ewl60890, and to allow the sleeve 912a to becrarwedoi4om t he
sl eeve 806 if necessary. To activate the tool 800, a ball 912b is punped

down the string to land in the sleeve 912g, as illustrated in Figure 45.
The sl eeve 912a conprises two ball seats 912c, 912d, the upper seat 912c
bei ng flexible such that an el evated pressure will push the ball 912b past

the seat 912c to land on the | ower seat 912d. Flow slots 912e are provided

bet ween the geats,_912c,d, such that. flu y £l ow th . in
the conventi ofral HERAENAS; (Btuhathcéth%gxms gilgqna?’ncoﬁrfpanééngv\%eﬁdggel% %gngggé@gﬂélza.
However, in the event of reverse cifpcul ation, thef.b Ild9 2b is lifted into
contact wi t hvalkie meger 1 acESioPeR HENPEERTLI ORBat Mt 2ide T Bppes, a1 M fa |
reverse pressure wll cause the sleeve 806 to nove upwards, allow ng
cycling of t brsopdepenspofiguationsielopen # CoBhEAVIGSHBESt he flow ports 804a, b. A
| arger reverse pressure will extrude the ball 912b past the flexible upper
seat 98B2c, allow ng unhindered reverse circulation if required.

Al ternatively, as noted above, the sleeve 912a and ball 912b may be fished
from the toob4.800Th¢ Iieshoal sfoanyr afvéldinmsg! & tth 2 hoemedisingcensgativel vt #reodatingnige

bel ow the tool 800 to permt, for exanple, fishing operations bel ow the

t ool 800. Re{/gvenfbed withva MewecohntroFagangemént tofcontrel foawifrigsd inhitodstring
illustrates a reverse circul ation actuated tool 1000. The tool 1000
conprises a fliyivdnd fodnsm tting body 1002 incorporated in a drill string
1004. Mounted wthin the body 1002 are an actuation arrangenent 1006 and a
flow restriction in the formof a non-return valve 1008, | ocated

10 25.  The method of claim 25, comprising flowing fluid through a first side flow

passage 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

_flow passage and simultaneously flowing fluid into the string beyond the tool.

15
27.  The method of any of claims 1 to 26, comprising preventing flow of fluid into a
string below the tool.
28.  The method of any of claims 1 to 27, comprising opening a side flow passage in
20 the tool to provide fluid bypass.

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

the tool to permit delivery of fluid to a selected portion of a bore.



just above a drill bit 1010. The actuation arrangenment 1006 includes a
differential piston. In normal drilling operations drilling fluid is punped
from sur fwoeottwsogh t he string bore 1012, exiting the PCTiGRROM6/M4408t 1t I Ng
nozzles in the bit 1010. The fluid then passes to the surface via the
annul us 1014 between the string 1004 and the surrounding bore wall 1016.
Wth this conventional fluid circulatiory the fluid pressure within the
string 1004 is higher than the fluid pressure in the annul s.lgéf. The

di fferenti &0. pi Sthemeétbodofdrygefraiaims ddf 20hsompeising opening a vaive it fig 0gho ends
to mintain the tool 1000 in a first configuration. To reconfigure the tool
t he oper at Qerhig Yiaids@feutatien fresghuhestding.f erenti al bet ween the string 1004 and
the annulus 1014. This nmay be achi eved by stopping the punps on surface
such that the pressure equalises, then draining drilling fluid fromthe
upper end of the string as descri bed above. Wien the airfilled upper
portion of 4ihe Siddignéof MY eHind @ 30N ahbelhe biing il drél sting.umm - of
drilling fluid in the annulds 1014 results in a higher hydrostatic pressure
in thg annul us 1014 adj acent the tool 1000. The pressure inbal ance induces
fluid“flow fromthe annulus 1014 into the string 1004 and thus cl oses the
val ve 1008, . whi ch maintai.n i end iféd locdkldnSinreever se
pressure di3r?reré&t"i"mnﬂ%lc?tt%aofﬁp?‘rﬁ’éﬁﬁ‘?‘g?g‘éfﬁ‘?ﬁfﬁ‘ legj% (g)tfflﬁlén t he actuating
arrangenent. 1006, to reconfjqure.the 00. St 04 immid hen
top-filled dae %‘iﬂ’é%%rtée ilgteﬂawf itii‘édst"g'g% m%‘gngt?%‘lé‘f"é‘{@?%g&'@gfrag ‘?fglig‘, R the

annul us 101c40'mmunication and whereby fluid may flow from the interior of the string into the

annulus, the tool comprising:
10 a fluid-transmitting body; and

a tool function assembly including an actuation arrangement adapted for actuation
in response to application of fluid pressure tending to circulate fluid in a reverse direction

and a flow restriction which provides less restriction to fluid flow in the normal direction.

15 33.  The tool of claim 32, wherein flow restriction substantially prevents flow in the

reverse direction.

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

flow in the normal direction do not affect the tool configuration.

20

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

spaced from the actuation arrangement.

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

25 associated with the actuation arrangement.



It wll be noted that in this enbodi nent there is no nechanical |inkage
bet ween the val ve 1008 and the actuating arrangenent 1006, the val ve 1008
servi ng owmbyoarebddack reverse flow and thus all ow mai nt ecamgso@ioosdve
reverse pressure differential. In another enbodi nent, the bl ow out
preventer (BOP) at surface could be clos to seal the annulus which could
then be pressurised. This nethod would be particularly well suited for use
ina fully-cased well, where pressure nay be applied without the risk of
damagi ng the formation. CLAIMS L A nethod of actuating a tool in a downhole

string, the nethod conprising utiljsi a flowrestriction which provides

| ess restri &i on The teql of any pbelaims %%%%OWH%{F‘H\C%? ) atr@ngmxgéncgm@%@er se
fluid pressure differential to permt actuatjon of the tool. 2. The nethod
of claim 2, differeniial pigemradeptad: toprRRIY ANNACHHAINEY fICE AN LIFFPANSE tiRe? JXFSFWG:;
providing a fluid colum in an annulus surrounding the string;, creating a
hydr ost at i ¢ diffessiat betdieérf the @anuled arlddhesoehintesier.f | ui d col ums; and utilising
the hydrostatic pressure differential to actuate the tool. 3. The nethod of
claim#2, conprising filling a portion of the string with |ower density
fluid. 4. The method of claim3, conprising filling an upper portion of the
string withsir. fhe 1oe dreidiodr efaitb @82mMo337r wherelnoder agtuatipnr avaigergernisupper
portion of the string fromthe bore, draining liquid fromthe upper portion

.OftthtehStLi NQnfigiich 028 Tk MVt RPrdsiifte diréctlyl dchaghs denesl. por tion of the string
I nto e Dbore.

39. The tool of any of claims 32 to 38, wherein the actuation arrangement is

10 configured such that a reverse pressure reconfigures the tool.

40.  The tool of claim 39, wherein the actuation arrangement is adapted such that,
following reconfiguring of the tool, a reduction of the reverse pressure allows the tool be

actuated or assume a desired operating configuration.

15
41.  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
20 to reverse flow.

43.  The tool of any of claims 32 to 42, wherein the flow restriction tends towards an

open configuration in response to normal flow.



6. The nethod of clainms 1, 2, 3, 4 or 5, conprising punping fluid into an
annul us surrounding the string.7. The nethod of any of clains 1 to 6,

conpri si nyoapplosd4ag a reverse pressure to a differenti alPCpiGR2000/mdapt ed to
apply an actuating force in response to a pressure differential between the
annulus and the tool interior. 8. The m% thod of any of clains 1 to 7,

conpri sing dropping or punping at | east 4 part of the flow restricti on into

the tool. 9. The nethod of any of clains ris

| east a parf4.of Thestop) @f/\ﬂl?)’e%fi‘ﬁ?‘&’csl Prtor 430y Wé‘”t“é)é‘? ogg'bconltn@rar‘i’@f’h%'ﬁ any
of claimse 1 to 9 , conprising oviding a non-return valve in the tool. 11.
The net hod wtriction proydes wocmmitgnongh bup-filling the string to equalise the
fluid pressure differential. 12. The nethod of any of clains 1 to 11,
conprising cycling the tool between different configurations. 13. The

met hod of any of clainms 1 to 12, conprising utilising a cam arrangenent to
control novgsent T tcdl %mn%fofcﬂlaitdseﬂl woli4, WHereiliithe flowh oxdtristiomepmpfises| @i ms 1
to 13 , conprising releasably retaining the tool in an initial

configurati ﬁQpthSvalWe met hod of any of clains 1 to 14 , conprising biasing
el enents of e tool to resiliently resist forces created by reverse
pressure. 16. The nmethod of any of clains 1 to 15, conprising initially
configuring the tool in a dormant configuration.

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

return valve.

10 47.  The tool of any of claims 32 to 46, wherein the actuation arrangement is adapted

to define a piston area responsive to reverse pressure.

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

of the tool body.

15

49.  The tool of any of claims 32 to 48, wherein the flow restriction is adapted to be

configurable to a non-operative configuration.

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

20 restriction is removable.

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

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



17. The method of claim 16, conprising utilising at | east one cycle of a
reverse fluid pressure differential followed an equalised fluid pressure

di f f er entwel2oameoetbuat e the tool. 18. The method of anypofr/aiaeam44doto 17,
conprising configuring a valve nmenber to open a side port in the tool body.
19. The nmet hod of claim 18, conprising §Eeni ng the side port follow ng
equalisation of the fluid pressure différential. 20. The nethod of any of

claims 1 to_19, conprising cagnfigurj.n val ve er . ' port
in the tool 5%odyTherzTE°.°1 ?ﬁé‘“%é’?r?ﬁ?d‘%&g’zaﬁyﬁof%ﬂ{‘ Eﬁe”%?? lglgd%’lrte%gﬁ’, ﬁ’é@h‘g% si ng
actuating the valve nmenber by application of reverse pressure. 22. The

met hod of aagpuafonslelenrs 18 to 21, conprising controlling flow of fluid into
the string below the side port.23. The nethod of any of clains 18 to 22,
conprising selectively configuring the valve nenber in a first open
configuration to open a first side flow passage and in a second open
configurati 831 t oThe®ol of cetmditgwheérein thatwhiyedaptad totesyeled pidgasbiwigay of
clainms 18 to 23, conprising operatively associating the valve nenber with a
fl ow gontrol arrangenent to control flow of fluid into the string bel ow the
tool. 25. The method of claim25, conprising flowing fluid through a first

side flow pggsagenapd] si Bldint 390PYS) doniprRiRN édng nfetipinisaf addpteddoicontolithe
string beyond the tool. 26. The nethod of claim 24 or 25, conprising

fl ow ng f'“.%v&ﬁ%ﬁ%@ghgwﬁﬁ%?ﬂgt&hge fl ow passage and si nul taneously fl ow ng
fluid into e string beyond the tool.

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

10 follows a cam slot.

56.  The tool of any of claims 32 to 55, wherein an element of the tool function

assembly is releasably retained in an initial configuration.

15 57.  The tool of any of claims 32 to 56, wherein the tool function assembly comprises

a return arrangement adapted to act in opposition to reverse pressure.

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

20

59.  The tool of any of claims 32 to 58, wherein the tool is adapted to be initially

configured in a dormant configuration and subsequently activated.

60.  The tool of any of claims 32 to 59, wherein the body has a side port and a valve

25 member configurable to close the side port.



27. The nethod of any of clains 1 to 26, conprising preventing flow of
fluid into a string below the tool. 28. The nethod of any of clains 1 to
27, conprweizng/mwpani ng a side flow passage in the tool troTmBécd®440bui d
bypass. 29. The nethod of any of clains 1 to 28, conprising opening a side
fl ow passage in the tool to permt delixgéy of fluid to a selected portion
of a bore.30. The nethod of any of clai 1 to 29 , conprising opening a
valve in the tool to permt fluid circulation through the string. 31. The
met hod of any of clains 1 to 30, wherein the string is a drill string. 32.
A downhol e tool for munting on a tulul ar support string and for | ocation
in a bore M@rebﬁmﬁ@lioﬁﬁ@}mé&a ergim Eneside; nogt 1s matiallyflgsedundi ng annul us are
in fluid comuni cation and whereby fluid may flow fromthe interior of the
string into the annulus, the tool conprising: a fluid-transmtting body;
and a tool function assenbly including an actuation arrangenent adapted for
act uation i r62r esdegeoltaf cigipl G0cat6lgrwheteif ithe hlyr memberds adaptidig bemctiatedul at e
fluid in a reverse direction and a flow restriction which provides |ess
restrigtion HyGeddrsd gledsi@w i n the normal direction. 33. The tool of claim
32, wherein flow restriction substantially prevents flowin the reverse
direction. 34. The tool of claim32 or 33, wherein the tool is configurable
such that variations in flowin the normal direction do not affect the tool

configuratiqa. 3gye [HA JreRim @D, Gllj@j @9, FheredBthe Mo restYiBESLis Prdvideds dbove the

restriction 1s provided bel ow an
side port.

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

provided below the side port.

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

flow of fluid into a string below the tool.

15
66.  The tool of claim 64 or 65, wherein the flow control arrangement is retrievable.
67.  The tool of claim 64, 65 or 66, wherein the flow control arrangement is adapted to
be dropped or pumped into the tool.

20

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

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

69.  The tool of any of claims 60 to 68, wherein the valve member comprises a sleeve.

25



spaced fromthe actuation arrangenent. 36. The tool of any of clainms 32 to
35, wherein the flowrestriction is operatively associated with the

act uat i oowenrnemgesent . 37. The tool of any of clains 32 ProT&R208deuenn t he
actuation arrangenent includes a differential piston adapted to apply an
actuating force in response to a pressurg differential between the annul us
and the tool interior. 38. The tool of aﬁy of clains 32 to 37, wherein the
actuation arrangenent is configured such_ that reverse pressure directly
act uat es t h#d.t odThe t8¢l. of By of d@gﬂiﬁo torf, whergint i%as% st %‘dﬁ?m\ﬁﬁé‘{eé?oﬁts e
actuation arrangenent is configured such that a reverse pressure ,

r econf i gur eprovided troat leastOoneTokethe dokly ahd dheavaive onenbice ead he walve gember &
arrangenent is adapted such that, follow ng reconfiguring of the tool, a
reducti on ofonfigrableViflashrspopastondigatation open the first tsedeaporianded sesondigpeine a
desired operating configuration. 41. The tool of any of clainms 32 to 40,
wher ei n theanlﬁ%Wafi&?EJd;{éhitliH‘seE&lcfmf\ﬁTPért.y closed. 42. The tool of any of
claims 32 to 4I, wherein the flowrestriction closes in response to reverse
flow 43. The tool of any of clainms 32 to 42, wherein the flow restriction
tends“towards an open configuration in response to normal flow 44. The t ool

of any of CJ7 glr g&r}geztogpoﬂ%aimw R&ﬁlieﬂairhfhg fidd af?cz gé?:oili_&ﬁ Sk Poft 8RR difdtent floww

restriction esS an open throug ore. e tool of any of clains 32

to 44, whergriegls the flow restriction conprises a flapper valve.

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

10 with a flow control arrangement.

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

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

15 74.  The tool of claim 73, wherein with the valve member in the first open

configuration the flow control arrangement prevents flow beyond the tool.

75.  The tool of claim 73 or 74, wherein with the valve member in the second open
configuration the flow control arrangement permits flow beyond the tool.
20
76. 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

25 utilising the hydrostatic pressure differential to actuate a downhole tool.



46. The tool of any of clains 32 to 45, wherein the flow restriction
conprises a non return valve. 47. The tool of any of clainms 32 to 46,
wher ei n tWe 2a@toased4von arrangenment is adapted to defi ne &CpiGH2000/m10a
responsive to reverse pressure. 48. The tool of claim47, wherein the

pi ston area corresponds to an internal dianeter of the tool body. 49. The
tool of any of clains 32 to 48, wherein38he flow restriction is adapted to
be configurable to a non-operative configuration. 50. The tool of any of
claims 32 to 49, wherein at |least an elenent of the flowrestriction is
renovable. 51. The tool of any of clains 32 to 50, wherein at |east an

el enent of #he fTiwnethsd 6f t4inoT6, whemitatht bpdrogatiseprassyreois digher igihpamulust o t he
tool.52. The tool of any of clains 32 to 51, wherein the tool is adapted to
foll ow an qydggéQﬂwgﬁ§bﬁwﬁﬁhﬁﬂhﬁﬁﬂool of claimb52, wherein the tool is
adapted to be cycled at |l east twice. 54. The tool of claimb52 or 53,
conprising a cam nechani sm adapted to control the novenent of el enents of
the tool. 55. The tool of claimb54, wherein the tool function assenbly
conprisses a,pin which Ig,}gﬁ? C ; re@te i9Thighey indthe Girink 32
to 55? wher &n éﬁngpgﬁégf%o ?g’?g% h?&%% igﬁﬁgggenbly isf’ﬂlraeleasabl;lgns

retained in an initiat% confi% Ef?tLu?ﬂ 57. The tool of any of clains 32 to
56, wher ei nf%HeAE BPSERIYTEN ASEENDTy conpri ses

2

79.  The method of any of claims 76 to 78, comprising filling a portion of the string

with lower density fluid.

10
80.  The method of claim 79, comprising filling an upper portion of the string with air.
81. The method of claim 80, comprising raising an upper portion of the string,
draining liquid from the upper portion of the string, and then lowering the air-filled upper
15 portion of the string into the bore.
82,  The method of claim 79, comprising directing compressed air into the string.
83. A downhole tool comprising:
20 a fluid-transmitting body and a valve member, one of the body and the valve

member defining first and second side ports,

the valve member being configurable in a first open configuration to open the

first side port and a second open configuration to open the second flow port.



a return arrangenent adapted to act in opposition to reverse pressure. 58.
The tool of claim57, wherein the tool function assenbly conprises a return
spring. 580 200mebael of any of clains 32 to 58, wherei nPCsR20@/00480adapt ed
to be initially configured in a dormant configuration and subsequently
activated. 60. The tool of any of clai g, 32 to 59, wherein the body has a
side port and a val ve nenber confi gurablg to close the side port.61. The
tool of claim®60, wherein the side port is injtiall Jé’ ed. 62. T@gltool
of claim6084r 6A1ldevigghadapted fordosasiondnmaApwRhgle © lﬂé t de?%‘g?)ea devidleq by
reverse pressure. 63. The tool of claim®60, 6 1 or &\é\&ereln %he fl ow
restricti onapmratusosridipaimitithe creptien of A aguating fuid PW'?@"F ergitialy the dewge 61,
62 or 63, wherein a flow control arrangenent is provided bel ow the side
port. 65. Thefidiapin @bdshlde fflo@4estridtnei n t he fl ow control arrangenent is
adapted to prevent flow of fluid into a string below the tool. 66. The tool
of claim®64 or 65, wherein the flow control arrangenent is retrievable. 67.
The tool of claim64, 65 or 66, wherein the flow control arrangenent is
adapted to Re dr gppedente BEBRAA 4)twheldi® thodbvicd® adpeedt fool pasing listd rthé4,

65, 66 or 67, wherein the flow control arrangenment is adapted to initially
perm t ro dbﬂa? the string below the tool. 69. The tool of any of clains
60 to wﬁerel n the val ve nmenber conprises a sleeve.70. The tool of any
of clalms 60 to 69, wherein at least first and second side ports are

86. The device of claim 84 or 85, wherein the device comprises a sleeve, with the

restriction provided within the sleeve.

10
87.  The device of claim 84, 85 or 86, wherein the restriction comprises at least one of
a relatively soft material and a material which degrades in contact with selected fluids.
88.  The device of claim 87, wherein the restriction comprises aluminium.
15
89. A downbhole 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
second outlet, the sleeve being axially moveable in one direction to open the second
20 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

through the sleeve, said flow through the sleeve being substantially confined to said

25 sleeve throughbore.



provided in at |east one of the body and the val ve nenber and the val ve
menber is configurable in a first open configuration to open the first side
port and wogecmwo4open configuration to open the secondpCir@mB2pavios4061l. The
tool of claim 70, wherein the first and second side ports define different
flow areas. 72. The tool of clains 70 or,7 1 , wherein the valve nenber is
operatively associated with a fl ow cont Pgl arrangenent. 73. The tool of
claim 72, wherein the valve nenber is adapted to cooperate with the flow
control arrangenent to control flow of fluid into the string bel ow the
tool. 74. The tool of claim73, wherein wwth the valv n%er in the first
open confi gl at i Bre tohleof ¢laim 8 rwhesgin gﬁ@ﬁbl@r@ﬁﬁg'ﬁtﬁ@\?‘éﬁ‘tg&f BROBTBHEER he
tool. 75. The tool of claim73 or 74, wherein with the val ve r‘rﬁnbe in the
second openthe diléti adrthe ifiost outlet Hllowing slosuis| ofdhe sasgadravlethdirsriadst NUS{A/“H’eyo nd
the tool. 76. A nmethod of actuating a downhole tool, the nethod conprising:
provi di ng aadulatihg dedtéirm in a string; providing a fluid colum in an

annul us surrounding the string; creating a hydrostatic pressure
diffegzential between the fluid colums; and utilising the hydrostatic
pressure differential to actuate a downhole tool.77. The method of claim
76, wherei ngf he ' 550! M'"eherdin MheDdl@dvei defihdben Arbstahtislly dxialdlosat e a
reverse pre%%uremﬁdﬁoggégﬂ%?na??%?g.’ The net hod of claim 76, wherein the
hydrostatic pfessure is higher in the string, to create a positive pressure
di fferenti aPa™

92.  The tool of claim 89, 90 or 91, wherein the body inlet and first outlet are axially

10 aligned.

93.  The tool of any of claims 89 to 92, wherein the body inlet and first outlet are

aligned with a throughbore extending through the body.

15 94.  The tool of claim 93, wherein the body throughbore and the sleeve throughbore

are coaxial.

95.  The tool of any of claims 89 to 94, wherein the second outlet extends generally
transversely of a body through bore.

20

96.  The tool of any of claims 89 to 95, comprising a main body section having box

connections at both ends.

97.  The tool of any of claims 89 to 96, wherein the sleeve comprises two relatively

25 axially moveable parts.



79. The nethod of any of clains 76 to 78, conprising filling a portion of
the string with I ower density fluid. 80. The nethod of claim79, conprising
filling amoup@earoqerti on of the string with air. 81. ThecmsHwoeh/ mid00l ai m
80, conprising raising an upper portion of the string, draining liquid from
t he upper portion of the string, and theg, lowering the air-filled upper
portion of the string into the bore. 82. The nmethod of claim 79, conprising
directing conpressed air into the string. 83. A downhole tool conprising: a
fluid-transmtting body and a val ve nenber, one of the body and the val ve
menber defining first and second Ei d,ed{)orts,?’é e val ve nenber being

confi gurabl &8 n dhejtpel ofpgjain dAnVheEIRAne R aﬁeﬂeeﬁ’ﬁés Mavesble foyapgote and
a second open configuration to open the second flow port.84. A device

adapt ed for seeswdwondet and apothenperaif herslasuie Brmevsakla daelesethe sssandpetlehppar at us
and permt the creation of an actuating fluid pressure differential, the
devi ce defining an erode-able flow restriction. 85. The device of claim 84,
wherein the device is adapted for passing into the tubular. 86. The device
of clagm 84 99r 8Fhewhsirofiany tofielaitayBL & 28)mirereie sheaslsdve dy axially mbvabie in the
restriction provided within the sleeve. 87. The device of claim84, 85 or
86, wher ei n dild&idn@FnbikilifRid fewiiroe@sthébodyeast one of a relatively soft
material and a material which degrades in contact with selected fluids. 88.
The device of claim87, wherein the restriction conprises alum nium

100. The tool of any of claims 89 to 99, wherein at least part of the sleeve is initially

located in the body.
10
101. The tool of any of claims 89 to 100, wherein at least part of the sleeve is adapted
to be passed into the body.
102. The tool of any of claims 89 to 107, wherein at least a part of the sleeve is
15 retained in a initial position.
103. The tool of any of claims 89 to 102, wherein movement of parts of the sleeve is
controlled by provision of appropriate engaging parts.
20 104. The tool of any of claims 89 to 103, wherein the tool is adapted to permit the

second outlet to be subsequently reopened in circumstances outwith the normal operating

conditions or parameters encountered during an operation in which the tool is employed.

105. The tool of claim 104, wherein the valve member is adapted to reopen the second

25 outlet in response to a selected reverse differential pressure.



89. A downhol e tool conprising: a fluid transmtting tubular body having an
inlet and first and second outlets; a sleeve defining a throughbore |ocated
in the boasp aemhed4avti al |y cl osing the second outl et, thecslcee/dogiong

axi ally noveable in one direction to open the second outlet and then
permanently cl ose the second outlet; angzan actuating device adapted to

| and on the sleeve and cause the sleeve to permanently cl ose the second
outl et and wherein, follow ng closure of the second outlet, the actuating
device is configurable to permt flow between the inlet and the first

outl et through the sleeve, said flow through .t sl eeye bei.n tiall
confined tdo06ai dheltedvaf ankirod lims S8 19305, “PBE'%’ o) i 4/8\‘%‘%5%%?“’5&1%2@%‘?‘% t he Y
tool is configured such that the flow between the jnlet and the fi ﬁ}

outl et fol lsasvedoradims arsealdietwérn & swdied afithe Seevededt BBPISHIEIGACS ﬂ{e ©
actuating device. 91. The tool of claim89 or 90, wherein the sleeve
defines a q“ﬂﬁlantially axial flow path. 92. The tool of claim89, 90 or

91, wherein the body inlet and first outlet are axially aligned. 93. The
tool of any of clainms 89 to 92, wherein the body inlet and first outlet are
aligned with a throughbore extendi ng through the body. 94. The tool of

cl ai m 93, i eih! ey Body bhicuagbiz0r® F wtis Heeweondoatighisaiased
coaxial. 95. 'The to of any of clains 89 to 94, wherein the second outl et

extends gen per[)%ld{“)é a seal between parts of the sleeve.

108. The tool of any of claims 89 to 107 , wherein at least some of the sealing surfaces

10 of sealing parts of the tool are tapered or inclined to the direction of relative movement of

the sealing parts.

109. The tool of any of claims 89 to 108, wherein at Jeast some of the sealing surfaces

of sealing parts of the tool are parallel or perpendicular to the direction of relative

15 movement of the sealing parts.

110. The tool of any of claims 89 to 109, wherein the sleeve defines at least one port
adapted to be selectively aligned with the second outlet to open the outlet, and which port

is adapted to be misaligned with the second outlet to close the outlet.

20

111. The tool of any of claims 89 to 110, wherein a sleeve part is axially spaced from

the second outlet when the outlet is opened and extends across the outlet to close the

outlet.



transversely of a body through bore. 96. The tool of any of clainms 89 to
95, conprising a main body section having box connections at both ends. 97.
The tool wbD a0mo6ef49cl ai ns 89 to 96, wherein the sl eeve @OTEE20@&004400
relatively axially noveable parts.98. The tool of claim 97, wherein one
part of the sleeve is noveable to open tge second outl et and anot her part
of the sleeve is moveable to close the &cond outlet. 99. The tool of any
of clainms 89 to 98, wherein the sleeve i.s vable .in the erectlon
of normal f1i% d Fheotnok of BUf dla@siidp. 1o, ePPHba%é'(‘fSYe B 5?%/ a3 A0 APUPHRE 59 't o
99, wherein at least part of the sleeve is initially located in the body.
101. The toddvieef any of clains 89 to 100, wherein at |east part of the

sl eeve is adapted to be passed into the body. 102. The tool of any of
clainms 89 to 107, wherein at least a part of the sleeve is retained in a
initial position. 103. The tool of any of clains 89 to 102, wherein
movenent of | par tsheédfool Hclgilre EME wheretio thersidel e gdarb yncprpovates a)ﬂowfrestpptmp £¢ at e
engagi ng parts. 104. The tool of any of clainms 89 to 103, wherein the tool
I's adgpted Le;ReE Phh lhgﬁfﬁle%@e@bwlhﬁithéeod;e subsequent |y reopened in

ci rcunst ances outmnt% he normal operating conditions or paraneters
encountered during an operation in which the tool is enployed. 105. The
tool of claim 104, wherein the valve nenber is adapted to reopen the second

outlet in repponsg, £9) & dfhCHBSHNERNHS Hof AR doRipldtEl§ Teutude HGleve

part.

10 115. The tool of claim 113, wherein the flow restriction partially occludes the sleeve

part.

116. The tool of any of claims 113 to 115, wherein the flow restriction is a nozzle

adapted to be eroded by subsequent flow through the sleeve part.

15
117. The tool of any of claims 89 to 116, wherein the sleeve is adapted to be retained
in a second outlet-closing configuration.
118. The tool of any of claims 89 to 117, wherein the sleeve and body are configured
20 such that differential pressure tends to retain the sleeve closed.

119. The tool of any of claims 89 to 118, wherein surfaces of the sleeve are arranged
such that the sleeve is maintained in the closed configuration by friction or interference
fit.

25



62 106. The tool of any of clains 89 to 105, wherein the second outlet is
closed by the sleeve formng a seal between a surface of the sleeve and an
opposi ng wonhemsoab t he body. 107. The tool of any of clrarmeB28&/gMme40805,
wherein the second outlet is closed by providing a seal between parts of
the sl eeve. 108. The tool of any of clains 89 to 107 , wherein at |east
sone of the sealing surfaces of sealing %hrts of the tool are tapered or
inclined to the direction of relative novenent of the sealing parts. 109.
The tool of 130y The tdchiofrenBof elaims(RY towHEy wherein refaining msBparsie prvideddpi ng
surfaces of sealing parts of the tool are parallel or perpendicular to the
di recti on olockehagléave imtheehnsed coffighhtoseal i ng parts. 110. The tool of any
of clains 89 to 109, wherein the sleeve defines at | east one port adapted
to be selectively aligned with the second outlet to open the outlet, and
whi ch port is adapted to be msaligned wth the second outlet to close the

outlet. 111jpTheTho@lol OF aR¥f Slhinfs! 89 105128 dwherethlDpluriliey 6f atnaitiff Aevigedaet i s
axially spaced fromthe second outlet when the outlet is opened and extends

acrosss the £l to close the outlet.112. The tool of any of claims 89 to
111, wherein a sleeve part acts as an actuating device. 113. The tool of
claim 112, wherein the sleeve part incorporates a flowrestriction, to
facilitate punping of the sleeve part into the body.

122. The tool of claim 121, wherein a first actuating device is utilised to open the

second outlet and s second actuating device is then utilised to close the second outlet.

10 123.  The tool of any of claims 89 to 122, wherein the actuating device is configured to
restrict fluid flow through the sleeve to allow pressure to be built up across the sleeve,

and thus reconfigure the sleeve.

124. The tool of any of claims 89 to 123, wherein the ag:tuating device is

15 reconfigurable to substantially reinstate the flow path through the sleeve.

125. The tool of any of claims 89 to 124, wherein the actuating device comprise an
erodable element, such that flow of fluid through the device will cause the flow area
through the device to increase.

20
126. The tool of any of claims 89 to 125, wherein the actuating device includes an

element which is displaceable or disruptable by a selected fluid pressure.

127. The tool of any of claims 89 to 126, wherein the actuating device is an

25 extrudeable ball.



114. The tool of claim 113, wherein the flow restriction conpletely occl ude
the sl eeve part. 115. The tool of claim 113, wherein the flow restriction
parti al | ywocodugestot he sl eeve part. 116. The tool of anpcofGBRb@ioe40dl3 to
115, wherein the flow restriction is a nozzle adapted to be er.oded by
subsequent flow through the sleeve part.g;117. The tool of any of clains 89
to 116, wherein the sleeve is adapted to be retained in a second
outlet-closing configuration. 118. The tool of any of clains 89 to 117,
wherein the sleeve and body are configured such that differential pressure
tends to retain the sleeve closed, 119 _ The topl aof any, of ¢l a o]
118, wher ei R2&urThagtos! @ﬁa“b’ﬁ)éckai”é%g%toi&g’ gB?rgwgaaéﬁgwgt%&ce%%da@ %go\gllééi s

mai ntai ned in the closed configuration by friction or_ interference fit.120.
The tool of reaonfiguied: tonieimsta® thepsleevs flaxp gath; merelyt By ﬁpﬂgcaﬂﬁﬁrﬁés’gl‘ilP@SW%vi ded
to lock the sleeve in the closed configuration. 121 . The tool of any of
clainms 89 tthek®®), wherein a plurality of actuating devices are provided.
122. The tool of claim 121, wherein a first actuating device is utilised to
open tshe second outlet and s second actuating device is then utilised to

cl ose the second outlet. 123. The tool of any of clains 89 to 122, wherein

the actuati pgp deyhERol 6t G 128)e@reirnthe @stntingf devioeiisladdptad tb fhe cesghfigured
sleeve to allow pressure to be built up across the sleeve, and thus

reconfigur epd BotfdreEfver.

130. The tool of any of claims 89 to 129, wherein the density of the actuating device is

10 selected to be similar or the same as the surrounding downhole fluid.

131. The tool of any of claims 89 to 130, wherein a first actuating device is configured
to at least partially occlude the sleeve, such that flow from the body inlet to the first outlet
is prevented or at least restricted, and a significant proportion of flow is directed from the

15 body inlet to the second outlet.

132. A method of controlling flow in a downhole tubular comprising a tubular body
having an inlet and first and second outlets, the second outlet being initially closed by a
sleeve defining a throughbore, the method comprising:
20 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
device with the sleeve;

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

25 and



124. The tool of any of clains 89 to 123, wherein the actuating device is
reconfigurable to substantially reinstate the flow path through the sl eeve.
125. The woabo7aico4py of clainms 89 to 124, wherein the aeCwaiB2ngs/@eDce
conprise an erodabl e el enment, such that flow of fluid through the device
wi |l cause the flow area through the dexhce to increase. 126. The tool of
any of clains 89 to 125, wherein the acttating device includes an el enent
which is displaceable or disruptable by a selected fluid pres 7. The
tool of any of cisgrting e fuid from t ¥i’5‘1‘eﬁi‘éou§ it %ﬁirs}lié)ug%tmt eeﬁﬁé%g%ﬂ?g
extrudeabl e ball.128. The tool of any of c¢lainms 89 to 127, wherein the
actuating diwiugh theslezsie padsbeingsubstaptisly soniadda spig sleeyehfonehbite 5| eeve f1ow
path nerely by application of fluid pressure thereto. 129. The tool of
claim 128, wherein the actuating device is adapted to be reconfigured by
anot her nenber. 130. The tool of any of clains 89 to 129, wherein the
density of {4 arfeuabthod ofleMins @32, swisetie theefiow betvees it inket and theHistsauilgt as

t he surroundi ng downhole fluid. 131. The tool of any of clainms 89 to 130,
wher eicn a f jjistyiRGldsid dahd@¢bieoitkt Bantitgbiheshghahaictiating deyiee.t i al | y
occlude the sleeve, such that flow fromthe body inlet to the first outlet
is prevented or at |least restricted, and a significant proportion of flow
is directed fromthe body inlet to the second outlet. 132. A method of
controlling, f)owin a . byl QY dirsd in Yl eHrolddhe RREVg an
inlet and f#‘gt l?ﬁedmgtggg\#zrlgdﬁ Ife#s‘?} IEl?{lg'iaesecoérll gﬂ%clﬁg being initially

closed by aalong a substantially axial flow path.

10 135. The method of claim 132, 133 or 134, comprising reopening the second outlet in

response to a reverse differential pressure.

136. The method of any of claims 132 to 135, comprising providing an erodeable flow
restriction; creating a pressure differential across the flow restriction, and then flowing

15 fluid through the restriction following the closing of the second outlet to erode the

restriction.

137. The method of any of claims 132 to 136, cpmprising configuring a first actuating
device to at least partially occlude the sleeve, such that flow from the body inlet to the
20 first outlet is prevented or at least restricted, and a significant proportion of flow is

directed from the body inlet to the second outlet.

138. A downhole tool comprising:

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

25 a valve member configurable to close the second outlet; and



sl eeve defining a throughbore, the nmethod conprising: translating the
sleeve in a first direction to open the second outlet; directing fluid from
t he body wol2e47/a6b49ugh t he second outl et; |ocati ng an aeCuwaiB2ogp/esnce in

t he body and operatively associating the actuating device with the sl eeve;
translating the sleeve in said first digection to permanently close the
second outlet; anddirecting the fluid fpgmthe body inlet through the first

outlet, the fluid passing through the sl eeve, bei ng subst ant |

confined to sai c sekuteagement 9gEBHYLY a%@@?teéh’@&ﬂg? KA e lﬁeéf"}f{]‘i%‘@risy er ei n
the flow between the inlet and the first outlet follow ng closure of the
second out | first asd géoond tsealinghsusiaegs relabivelyt lnanbrngfalé’v? SRaceqd Apartfipl-S§iNe, g of
claim 132 or 133, conprising directing fluid through the sleeve along a
subst ant i al donfiguratibn 1 ewoptatting $8bng Tordigueationdn d’f’hl& aiSﬁillllssz"*l%bb%We%m,
conprising reopening the second outlet in response to a reverse

di f f er ent i ajonPicARSHArE poidhs oflthe surbtcbod of any of clainms 132 to 135,
conprising providing an erodeable flow restriction; creating a pressure
diffegential across the flow restriction, and then flowi ng fluid through
the restriction followng the closing of the second outlet to erode the
restrictionysql 37y g GRG0 198 AYeiRfat adt dife oFdfe hardlfitiomasmioimallygbe
configuring @ first actuating device to at |east partially occlude the

sl eeve, such th u; &gﬁg&on1the body inlet to the first outlet is prevented
or at |east“PEIPAHET ©"%and a significant proportion of flowis

140. The tool of claim 138 or 139, wherein the sealing surfaces form a metal-to-metal

10 seal.

141. The tool of claim 140, wherein the sealing surfaces are formed of tungsten

carbide.

15 142. The tool of claim 138, 139, 140 or 141, wherein the sealing surfaces comprise at

least one of a ceramic material, an elastomeric material, or a combination of different

materials.

143. The tool of any of claims 138 to 142, wherein the sealing surfaces are formed of

20 rigid materials.

144. The tool of any of claims 138 to 143, wherein the tool is configured to permit

translation of the valve member in response to a fluid pressure-induced force.



directed fromthe body inlet to the second outlet. 138. A downhol e tool
conprising: a fluid transmtting tubular body having a first inlet and
first andweecomdomat| ets; a val ve nmenber confi gurabl e t @cticeoddoesosecond
outl et; anda seal arrangenent operatively associated with the val ve nenber
and conprising first and second sealing6§urfaces relatively novable froma
spaced apart non-sealing configuration to a contacting sealing

configuration in which _a seal .is r bet wee j . Lons of
the surfaceld 13he t??l‘é)fta%f’&g‘l‘m’éllég rtt‘?nﬁ‘g% ,W?\?ﬁg} t@le gﬁ)%tfl&ﬁeéggl?d %%felg%gﬁfa}tﬁéeé)har d
portions is nornmally be exposed to fluid flow, 140. The tool of claim 138
or 139, whewerenfigneddearevids algpking egapepeRt iRl ®Po- et al seal . 141. The
tool of claim 140, wherein the sealing surfaces are formed of tungsten
carbide. 142. The tool of claim 138, 139, 140 or 141, wherein the sealing
surfaces conprise at | east one of a ceramc material, an _elastoneric
material, or46a chidtooladfictaimd#sdivlidrein dret sunfacesraraganfigured to fasm andaterfgrenegy of
claims 138 to 142, wherein the sealing surfaces are formed of rigid
mat er kal s. fidflercBdiweédol of any of clainms 138 to 143, wherein the tool is
configured to permt translation of the valve nenber in response to a fluid
pressure-induced force.145. The tool of any of clains 138 to 144, wherein
the first and second sealing surfaces are configured to provide a | ocking

engagement {her epel WEESt-claim 145, wherein the surfaces define locking profiles.

148. The tool of claim 145, 146 or 147, wherein the tool is configured such that the

10 sealing surface are brought into contact with a force sufficient to provide locking

engagement therebetween.

149. The tool of any of claims 138 to 148, wherein the sealing surfaces are energised to

maintain sealing contact.

15
150. The tool of claim 149, wherein the tool is configured such that the sealing
surfaces are adapted to be energised by fluid pressure.
151. The tool of claim 150, wherein the sealing surfaces are adapted to be energised by
20 the action of a differential piston.

152. The tool of any of claims 138 to 151, the valve member comprises a sleeve.

153. The tool of any of claims 138 to 152, wherein the first and second surfaces are

25 inclined relative to the direction of movement of the valve member.



146. The tool of claim 145, wherein the surfaces are configured to form an
interference fit therebetween. 147. The tool of claim 145, wherein the

sur f aces wef2omehaagki ng profiles. 148. The tool of clai mCTARB200A04400 147
wherein the tool is configured such that the sealing surface are brought
into contact wwth a force sufficient to69rovide | ocki ng engagenent

t herebetween. 149. The tool of any of clains 138 to 148, wherein the
sealing surfaces are energised to naintain sealing contact. 150. The t ool

of claim 149, wherein the tool is configured such that the sealing surfaces
are adapted to be energised by fluid pressure.. 151.. The tool .of c|aim 150,
wher ei n t hel¥eal Thrytool pF aseet %{'f“glsa](}g&e‘g twhﬂgl%tﬁ%ﬁéﬁ{sagg sggpnfiﬁgrfg%etsia& of a
differential piston. 152. The tool of any of clains 138 to 151, the valve
menber conpparslés tathgdirestion of 3alve membepwpvemeniny of claims 138 to 152,
wherein the first and second surfaces are inclined relative to the
direction of novenent of the valve nenber.154. The tool of any of clains
138 to 152, wherein the first and second surfaces are parallel to the

di recti on ofs53/al v toRNbBEEnyoNelatemt 13816552, Tvberemothe dirstzang sefond| suifaees 288 t o
152, wherein the first and second surfaces are perpendicular to the
direction Ofaerpa{dwmmrdi@amrm%mh&&beﬁmvéMt. of any of clainms 138 to
155, wherein the sealing surfaces are provided on co-operating parts of the
val ve nenber. 157. The tool of any of clains 138 to 156, wherein one
sealing surface is provided on

156. The tool of any of claims 138 to 155, wherein the sealing surfaces are provided on

co-operating parts of the valve member.

10
157. The tool of any of claims 138 to 156, wherein one sealing surface is provided on
the valve member and the other sealing surface is provided on another part of the tool.
158. A method of controlling fluid flow downhole through a tubular body having an
15 inlet and first and second outlets, the method comprising:
directing fluid from the body inlet through the second outlet; and
translating a valve member to close the second outlet and form a seal between
first and second sealing surfaces of a tough material.
20 159. A downhole tool comprising:

a fluid transmitting tubular body having a side port;
a valve member configurable to close the side port; and
a seal arrangement operatively associated with the valve member and comprising

first and second sealing surfaces relatively movable from a spaced apart non-sealing



t he val ve nenber and the other sealing surface is provided on another part
of the tool. 158. A nethod of controlling fluid fl ow downhol e through a

t ubul ar bwoyodrasd4ag an inlet and first and second out | esT/GHre0MRI4v0d
conprising: directing fluid fromthe body inlet through the second outlet;
and translating a val ve nenber to cl ose tfpe second outlet and forma seal
between first and second sealing surfaces of a tough material. 159. A

downhol e t 0qly,60MRfidstd'g ]icoﬁtact/tl i&aﬁﬁf‘%@f%ﬁ%ﬂ ih WRHIRE sBAdY fHadNGErRecti de

port; a valve er configurable to e side port; and a seal

arr angemnent C%B'%r&lﬁsély%ﬁoﬁﬁﬁso -tﬁ‘éﬁﬂfa‘é%éh t he val ve nenber and conpri sing
first and second al | g surtaces relatively novable froma spaced apart
non- seal i ngconfiguration to a contacting sealing configuration in which a
seal is formed between contacting hard portions of the surfaces. 160. A

met hod of control]ling flujd flow downhol e through a tubular ho havi ng a
side port, t¥8 met %?fp‘l’qnérf’ﬁﬁ‘g ‘?2@‘1 ﬁ‘gW‘fl}ohlﬁ g‘r?%t”oau u[aﬁg’og%’l&é“ﬁ%rat;
and translating a valve nenber to close the side port and forma seal

bet weeh fi r stdesit, fedeipdseomprisggsur f aces of a rigid material .

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.



