TOOL FOR EXCAVATI NG AN OBJECT The present invention
relates to a tool for excavating an object, conprising
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receive a fluid and abrasive particles via an abrasive
particle inlet, and to inpinge the object to be
excavated with a jetted streamof fluid m xed with the

abrasive particles. Such a tool tan typically be
provided on a lower end of a drill string that is

depl oyed in a subtefééﬂu¥a§ %gﬁivﬂ?ﬁﬁG ﬂ%ﬂ%ﬁ%ﬁ%T uring

operation the fluid 1S punp e formof a
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wall. In order to av01d contlnuous circulation of the

abrasive particles through the drill string and the
annular space, US 6,510,907 proposes to provide the tool
with a recirculation system for separating the abrasive
particles from the return stream and re-inserting these
particles into the jetting system.

Another such tocl is described in International
publication WO 02/34653. The recirculation system is
based on a helical separator magnet that is
concentrically arranged within a support member. The
support member is formed by a cylindrical sleeve, of
which sleeve the outer surface forms a support surface on
which magnetic particles are retained by the magnetic
field generated by the helical separator magnet. The
separator magnet has a central longitudinal axis about
which the separator magnet is rotatable relative to the

sleeve.



When the separator nagnet is driven into axial
rotation, the magnetic particles experience a noving
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the helical groove, which the particles will follow
In this way the particles are transported over the
support surface back to the jet_t;b’n_g system for re-
insertion. Both prior art tools Tely on an efficient
transfer of the abrasive particles, fromthe separator
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fluid mxed wi.th the abrasive particles, the tool

furt hejrntceorr?pcrtllé)inﬁg a recirculation system arranged to

recircul atm@ovieeashe soaeiof sthreaabf asnveh par ttihe] edrasive

fron]abgé%fgf%sngga@% be separated normally also contains
excavation debris that may include rock grains bigger
than an access window of the abrasive particle inlet into
the jetting system. Such grains can block the abrasive
particle inlet of the jetting system, and thereby hamper
the recirculation process of abrasive particles.

In accordance with the present invention there is
provided a tool for excavating an object, the tool
comprising a jetting system having nozzle means arranged
to receive a fluid and abrasive particles via an abrasive
particle inlet, and arranged to impinge the object to be
excavated with a jetted stream of the fluid mixed with
the abrasive particles, the tool further comprising a
recirculation system arranged to recirculate at least
some of the abrasive particles from a return stream
downstream impingement of the jetted stream with the
object to be excavated back to the jetting system via the
abrasive particle inlet, the abrasive particle inlet

having an entrance window whereby filtering means are



downst ream i npi ngenent of the jetted streamw th the
object to be excavated back to the jetting systemvia
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i nl et having an entrance w ndow whereby filtering
means areprovided in a path fluidly connecting said
return streamw th the entrance w_ndow, which
filtering nmeans is passable for the abrasive
particl es, rew t bt artlcle inlket is
apt | PFOBLFFOrIDN SALS GOt ALY CGHE S I8%0PoLir GBF S ThaF=ean
t he sivzehothé hentanincanee ndbndovh it Ifalttleelalgrmsaxm is
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t ot al passab e area o I'ter” openi ng can
advantizgenwesi yybeneamgs‘r & ey ttibde - ofnt Hel etavanegen when

wi ndow of fh égf‘{i/&f{%etdo e 'SEESE PP & I more filter
\'

m ni mse any adverse ect that "the filtering means
may haperdmatshe thece r tel sitildn tobnsherabpesi v e through

partlc'§§%her opening or through a part of the opening that is
not blocked.

This can be achieved with a filter opening having a
relatively large aspect ratio such that the filter
opening is in one direction sized smaller than the
entrance window of the abrasive particle inlet and in
another direction larger.

The total passable area of the filter opening can
advantageously be larger than that of the entrance window
of the abrasive particle inlet so as to minimise any
adverse effect that the filtering means may have on the
recirculation of the abrasive particles.

In an advantageous embodiment, wherein the
recirculation system comprises a support surface to guide
the abrasive particles towards the abrasive particle
inlet, the filtering means are provided in the form of a
skirt creating a filter opening in the form of a slit

between the skirt and support surface.



I n an advant ageous enbodi nent, wherein the

recircul ation system conpri ses a support surface to
w@eiodeoiThe abrasi ve particles towards the abr aBCTEP2004/051404

particle inlet, the filtering neans are provided in

the formof a skirt creating a filter opening in the

formof a slit between the skirt,and support

surface. Such a skirt around the support surface guides

the flow of drilling fluidf he b |
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form efxampdki rtzitlFugafe’i:emo@r msstsecaa:mr@ianmlel\g dhramﬂg@
line A-A of the abrasive rti Ielnlet and the skirt;
Fig X&PLTSIPT 42eS PTG é’SEBBVe magnet surface
10 arrangememtigf ol & heorgidluddhali gectjiomruldrigy.lise( paBt sf part

ato%? an al native net _arr nement for use in
the t&dl 2 tF\’O:Lh °F i gtres % E p ggi]g carry identical
r ef er ence fygnekah svidtherfe, thlentbhé 66| Fiowi ng showing the

O or i hind SREECLAN A ALALKENCL A Sped] et he

di rection of transport 1s each e viewn
di rection Hing.r 8| at comss osa/vl‘hl@hnatlh@lﬁm’dﬁlgmwbr daneoA-Asof the

15 define Par t g‘;a]r@iéf’@l fore %gia‘éﬂfe 0g; AN, obj ect is

scherméilcasﬁve own 1h Tongitu secti'on in Fig. 1.
Fig. 4 a surface map of a possible magnet surface

arrangement for the tool of Fig. 1; and
Fig. 5 (parts a to c) an alternative magnet
arrangement for use in the tool.

20 In the figures, like parts carry identical reference
numerals. Where, in the following description, a
direction of rotation is specified, the direction of
transport is each time the viewing direction in relation
to which the rotary direction is defined.

25 Part of a tool for excavating an object is
schematically shown in longitudinal section in Fig. 1.
The tool can be connected to the lower end of a drill
string (not shown) extending into a borehole formed in an
object such as an earth formation. The tool is arranged

30 to jet a stream of drilling fluid mixed with abrasive
particles against the object to be excavated and to
recirculate at least part of the abrasive particles.

The tool is provided with a longitudinal drilling
fluid passage 1, which is at one end thereof in fluid

35 communication with a drilling fluid channel provided in



The tool can be connected to the lower end of a dril
string (not shown) extending into a borehole forned in
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arranged to jet a streamof drilling fluid mxed with
abrasive particles against the object to be excavated
and to recircul ate at | east part.of the abrasive
particles. The tool is provided wWith a |ongitudinal

drilli flul assage 1, which is at one end there
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relative traet inExm@gctHamhenaIZ disr pedv e dfwitthe adpilebengt
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other angles can be used. Preferably the inclination

angle is about 21°, which is optimal for abrasively
eroding the bottom of the bore hole by axially rotating
the complete tool inside the bore hole. The mixing
chamber 2 and mixing nozzle 5 are aligned with the outlet
nozzle under the same angle, in order to achieve optimal
acceleration of the abrasive particles.

The drilling fluld passage 1 is arranged to bypass a
transport device 6 for transporting magnetic particles
that is included in the tool as part of a recirculation
system for the magnetic abrasive particles, which can be
used if the abrasive particles contain a magnetic
material. The device 6 includes a support member in the
form of a slightly tapered sleeve 15 for providing a
support surface extending around an essentially
cylindrically shaped elongate separator magnet 7. The

separator magnet 7 generates a magnetic field for



accel eration of the abrasive particles. The drilling

fluid passage 1 is arranged to bypass a transport
waelewsoes765 f or transporting magnetic particl es POHEP2084/051404

included in the tool as part of a recirculation system

for the magnetic abrasive particles, which can be used

i f the abrasive particles contain a magnetic material .

TheI _de\t:i Ice 6 includes a support nenber in the form of

a sli t apered sl eeye 15 for providi a_support
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magnet i ¢ DAF (1t 6e B TTHACSHEPOTE® surFade“E8 Y TRET1ged
Srl |t Lir@gaﬁwédt@a&ﬁ@f geiphoirs Bluxesdy 9 rangeter aiathye
0 e support surface .15 and.the m xin hamber .

> The dFthaf“BEﬁ %r ut @éﬁd@glgﬁ%gaﬁ%ﬁﬁ% gnglagr ?afz'@‘@%lr end
near theaaheashygr pard iatlrasiinkepadticle itfietpresént the
enbodi nent the dri)li q:g fl ui d.ﬁgssa

Ljis forned, .
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ljn_ r)lrgﬁq@ufd:engdgm@@cin WHeh atxhalsdappectiqunfdeod ¥5dgghes in
rillin .d passage 1 .may. alternatiyvel e _arranged
fr e_estpé%&FH lf‘?oﬁ?‘ﬁfgﬁ%ﬁﬁg‘r ttﬁgu??%%%rti i %é;r?n%r'j &
10 si mi| &rilltiagt Babhidhoywsard Ideagr hbedrhat ivetler et kremahged

Publ i catl.on 10, 02/ 2480 i IDcbeler ence 10 B4 rhonor simitar.

_ ( _ n. e abrasive
parti ajce thakethdwh sahdodded idkedt he [owernanidrefl thelication

A tor T 1 RSt B e B Ty b e P 2
The cylfimdixicdl dsepat ddwr Hegréragivs parmedleofifleyr 4 is
15 Al fSFEE hOnb G2t THe Crh el hadbals. can al so be
used. EaclTheaguepo¥h, sTbfadk,loands7d hasichhrdtarsal |y
Oppos%&&ternatively, the support surface may be cylindrical.
The cylindrical separator magnet 7 is formed of four
smaller magnets 7a, 7b, 7c, and 7d stacked together. A
20 different number of the smaller magnets can also be used.
Fach magnet 7a, 7b, 7c, and 7d has diametrically opposed
N and S poles, and the magnets are stacked in a manner
that adjacent magnets have N-S directions azimuthally

rotated with respect to each other about the central

25 longitudinal axis 8 over an angle ¢ such that two
essentially helical diametrically opposing bands are each
formed by alternating N and S5 poles.

For the purpose of this specification, a magnetic
pole is an area on the magnet surface or on the support

30 surface where magnetic field lines cross the magnet
surface or the support surface thereby appearing as an
area of source or sink for magnetic field lines.

Due to the nature of a bipolar magnet, the magnetic
field strength in the regions between the N and S poles

35 in each of the smaller magnets 7a, 7b, 7c¢, and 7d is



N and S poles, and the magnets are stacked in a manner
t hat adj acent nagnets have N-S directions azinuthally
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| ongi tudi nal axis 8 over an angle f such that two
essentially helical dianetrically opposing bands are
each fornmed by alternating N apdys_poles. For the
pur pose of this specification, a nagnetic pole is an

area on the magnet surface or t.he support _surf
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t han .fﬁr{nﬁege%g‘énﬁ%ﬂi?%aﬁa AeaPigeet | %&he% (38 in'S2 imuth
glr Ogndu}thelréls@él@t S pales. é}h@ht-lﬂh_éld\?zyand h&nheﬂelt(&abn the
ands q tern ng, poles forma hi el d
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gr adi ente1zopanwhere the nmagnetic field strength

decreases fromthe increas [
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rragnetax?ishas addcent ratatlayig redenaleako sti8e aaicéelvs 15 and
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provided jn it e for ;m,of 4 AN, LRSS GafPhabantl&l ! 8k
provided in the form of an electric motor, which motor
may be controlled by a control system (not shown).

A short tapered section 11 is provided at the lower
end of magnet 7d. The sleeve 15 is provided with a
corresponding conical taper in a manner that the abrasive
particle inlet 4 provides fluid communication between the
support surface 15 surrounding the tapered section 11 and
the mixing chamber 2. The conical taper is best based on
the same angle as the above-discussed angle of the mixing
‘chamber 2 and mixing nozzle 5.

Fig. 2 provides a schematic view of the outside of
the tool. Visible are the conically shaped support
surface 15 housing the separator magnet 7, and the
ridge 41 housing the bypassing drilling fluid passage.

The dimensions correspond to those given in Table I.
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correspondi ng conical taper in a manner that the
abrasive particle inlet 4 provides fluid comruni cation
bet ween the support surface 15_sgr£ounding t he tapered
section 11 and the m xi ng chanmber 2 The coni ca

taper i s._best based on the sanme angle as the above -
discu§§§&eaﬁgle of the m xing chanber 2 and mi xing

nozzl epdrt s Z provi des a schemati C Vi §W8ErEREe [size
outside of the tool. Visible are the coni¢ally shaped
support surface 15 housing the separator w@&ﬁé?r7, and

the r|HgeaATI I RE 6B PYPSS SAABheH 11 TT g TTUMd™ 720 mm
passa The dinensions correspond to thase given i

Tabl e| Putrah| @langsgrt ofafePRet Ereddnstze ndnber Axi al29 mm

| engt MDA SEPATAT Ao JEEIBRTT oA 2 JPB LUt er [gisameter o371,
separptor _magnet 7 29 nmm D aneter 'in | owenp part of
suppof 8415282 mm surface Di amet er in.uppeH part of
SUpPo[ b1 dReBr WA SPFeACEa T Fes F SHIgBh AT e T8 Tty 16l oy
the aprasive particle inlet 4 (as depicted in Fig. 1)
is sh| 8PEERCDY a shield ' in the formof & skirt 43 A
gap i steft—open between the skiTt 43—and the support—
surface 15, through which gap the abrasive particle
inlet 4 i $hgcEegsPhlE vite Hlﬁaﬂhtﬁl@ﬁgthqn?hﬁﬂ§ﬂgﬁtpérthle
surfage1k?. 4Thespadhiduns ibhreyghia il fiefe 0RNIYT,LI Briecld -
the formof a slit 44 extendi ng between the skirt 43

and suppdhe $6rragé A5kt 433 BneaB &S ckss pest Pefiween the
al ong AriA+ae3i BiCek@€dsupport surface 15, through which gap

the abrasive particle inlet 4 is accessible via a pathA

along the support surface 15. The path runs through a
filter opening in the form of a slit 44 extending between
the skirt 43 and support surface 15.

Fig. 3 shows a cross section along A-A as indicated
in Figs. 1 and 2, through the magnet 7d transverse to
axls 8 and through the mixing chamber 2 and the piece of
magnetic material 14. Said gap extends between the
skirt 43 and the sﬁpport surface 15. This gap is
accessible via slit 44.

It is remarked that the skirt 43 in the tool as
depicted in Figs. 2 and 3 is suitable for use in
combination with a clockwise rotatable separator magnet.
It will be clear that for a tool with a counter clockwise
rotatable separator the skirt must be provided on the
other side of the abrasive particle inlet.

If provided, the piece of magnetic material 14 on the
side opposite from the abrasive particle inlet 4 draws
part of the magnetic field generated by the separator
magnet into the mixing chamber 2. As a result, the

magnetic force attracting the magnetic particles 23 to
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skirt 43 and the support surface 15. This gap is
accessible via slit 44. It is remarked that the skirt

43 in the tool as depicted in Figs. 2 and 3 is

suitable for use in conmbination™wth a cl ockw se

rot at abl e separator ma ng% It. will be cl gar t hat f.or
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abrasive particle inlet. |If ovi ded, t?e pi ece of
magnetPt&at erd re%&"oﬁnttﬁ% ‘g]{o%‘eoﬁﬁggle &°f PR ThE

?_br lazba@tp@léé éﬂkﬁ:du@ﬁehb&agimmﬂcl@f ihhet rraﬁnettd Cche

ie gener at e t he separator_nmgnet into the

i xi NPLERBFHEIAEPEr &g 1§ ?E%ﬁf ftﬁ%ﬁ@ﬁ@ fc force

att][acti ngntdw?mgr&t,i Qh@a’fﬁbbphﬁﬁr}&?: atsotfbe.walpporrﬂi?q tool is
surface 15 is_less stron or magnetj ¢ .particles_that,

ent er PRBEFEE P d& IJrngiSr %\’%ﬁiv%igpaar riléﬁe Sis:ﬁllgg Hhat is
TﬂereﬁﬁsegﬂéﬁYfﬁﬂmtﬂhé ﬁ?@mebfci@bﬁaskx&eﬁ@ﬂéLCReSerring

t hrough abr asi ve rtic inlet _4.intat m, Xi 0
chamb@pasn; Eof@r‘iﬁg‘r' faac?'i%FFf“&t %E.d*ilzlldﬂ‘é‘r gr‘.”&sﬁ, l? pRuTped by
It00| \éofslgitQSléOd)dnqy\lS(.no'Ehethﬂ} 4t @offweetecditothedrilling
ower end of a drjll ri that _is inserted from.the
Sur fade Ay BHPHOE ol S Ak PRESGATT {S RGOy Pgesage
streamneb dnel hixnnd |aHathbies punpediny imiduiatlabueppogp the
(not shown) at surface, viia the drilling fl ui a .
of thét&f‘lﬁ?ﬁ l§tPF%&§ngerPd ey el %%%%earg%faf iO%t %Qt Elgﬂ‘s”e
M Xi ngpagharhes 2f.ndyHding maitkirahl psugh ngy stthee lssheainer

IS provi deld wi.th a | ow concentration of abrasive

parti A& of fagnet i ¢ material such as steel shot or

steel gritrtheThersamedimydd dwenf tbe hihelimi xitrgbelragbép Rhe

to th%dxing nozzle 5 and is jetted against the borehole

o=y

bottom. Simultaneously the drill string is rotated so
that the borehole bottom is evenly eroded. A return
stream, containing the fluid, the abrasive particles and
excavation debris, flows from the borehole bottom through
the borehole in a direction back to the surface. Thereby,
fhe return stream passes along the sleeve 15.
Simultaneously with pumping of the stream of drilling
fluid, the separator magnet 7 is rotated about its
axis 8, in a direction dictated by the sense of the
helical bands, which can be either clockwise or counter
clockwise. The separator magnet 7 induces a magnetic
field extending to and beyond the outer surface of the
sleeve 15. As the stream passes along the sleeve 15, the
abrasive particles in the stream are separated out from
the stream by the magnetic forces from the separator
magnet 7 which attract the particles onto the outer

surface of the sleeve 15.



m xi ng nozzle 5 and is jetted agai nst the borehol e
bottom Sinultaneously the drill string is rotated so
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stream containing the fluid, the abrasive particles
and excavation debris, flows fromthe borehole bottom
through the borehole in a directjon back to the
surface. Thereby, the return stréam passes al ong the
sl eeve 15. Sinul t anequsl the stream

w th punpj ng. of
of drillitReiithsgn Pﬁed§¥b£+%q o&%ng’fu?hi $Sr Pt ed
about sibstaxt faBly ifred dirbRCilbods dicmighdthy bhet Benss
of the_helical band whij ch. can be eith%r %hockmﬁse or
E AT 5

count &FCEF otk F, TTt paPat R FelgHE TP FRAURREP AT

magnetuerhtgl shextendi-ag rtal aned beyidht h@eodk@Ll string

surface of the sleeve 15. As.the stream passes al ong
the sPEEGE AFO¥He Figigélbgr??ﬁﬁﬁﬂgﬁ'n the stream

?re separ at etngdite filomcirhesstxentadycd b emagreki¢e particles
orces fromthe separator magnet 7 ich. attract.the_,

parti F8slBWEd %%éﬂﬁh€§W’§&?gﬁc%a%?Wﬁﬁﬁlépe%®§ &%93ﬁ%leld

st reamaahi. drhé ! highddid garvhithsi setomieslibst 8kl alipyort

free from abrasive naqggﬁic particles, flows gurther

t hr ouGHTERESHO? A H0I T FEERE POHPTH ifr P08 JRJINY the

r fe- ﬁihﬁgﬂb'@f:eﬂa@ﬁéﬁugffitd&a.dDhé| tstrétetiaft ef rtasoyabparator
of the dri cuttings. e magnetic forces exert to

t he aBF§§P$e7pé?t?d%%%?é;%?nlSaé?n?ﬁ e GWS Pﬁeﬁge fielical
band thadsi nthberdsgdrtivd ehddbaadd fiie greghienitc zone in
partig%gs retai ned on rt_surface 15 are .o

attra éaeFBMSFaﬁtt%é&%ggﬁ%ﬁgggﬁgm?%%g%Vbﬁ§§F FagRetPc?

fiel ddiRegttionr ptapéndi ofl drheosepar gtadiamEgremne? whiah has a

0L ecUL 20,30 Dok L5, 2o138,80, BB Dbl cal, s e

exert iflewce hellbel pgiwtiwarpambivehestin a direction

perpendiC%ga%hgopgpgiéﬁég“é?yivéogg’tM@iégEJEF%éiparticle
inlet 4, the stream of drilling fluid flowing into the
mixing chamber 2 again entrains the particles. Once
inside the mixing chamber 2, the particles interact with
the stream of drilling fluid passing through the mixing
chamber 2 from drilling fluid inlet 3 to mixing nozzle 5,
and thereby these particles will be entrained in this
stream.

In a next cycle the abrasive particles are again
jetted against the borehole bottom and subsequently flow
through the annulus formed by the tool and the borehole,
iﬁ the direction to the surface. The cycle is then
repeated continuously. In this manner it is achieved the
drill string/pumping equipment is substantially free from
damage by the abrasive particles as these circulate
through the lower part of the drill string only, while
the drilling fluid circulates through the entire drill
string and pumping egquipment. In case a small fraction of

the particles flows through the borehole to surface, such



downwar d conponent, thereby forcing the particles to
follow a helically downward novenent. As the particles
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drilling fluid flowing into the m xing chanber 2 again
entrains the particles. Once inside the mxing chamber
2, the particles interact wwth,the streamof drilling

gluiﬁ passi ng through the m xi ng chanber 2 from

rilling fluid inlet 3 to mxing nozzle 5, and therehy.
hese AR IT) Gamp it 1BebS Haahated ac FS’ aFFeainoh i i
next £ystind heradgaside @arll gJtesngr.e again jetted

agai nst the horehol e bott, d sub tly f
A ough the mRIRESTFORIA by 24 JOT- GRa"EFelS > senerates

bor ehgl e;rdry thewdoreakidhidg $ihe dsdirbacehe Thex Dy ldhamber 2

is then {ggeated contiEuo sly. In.this manner it is
achie@%d_q &N nQFF'ﬁgyp NG eI BnBRE PR ST
subst aaki®ad d»a Iy emipboes danagel dw diheagheastvpearticles into

particles as. these circylate throu t he | ower _part. of
the dFlPﬂsz%JrI}%gé‘&ﬁ%?F g/hi e TS Haﬂeﬁﬁrf%i € MiXing
Ci erhakfﬁe}mr@mgﬂaxtenetelr]ai?ﬁimjiﬂg‘ SHiulidngnasd pomnpiag
equi pnent. In cas S raction of the rticles .

f 1 ows (PRFBRGH Fﬁ@gbgrégglgh?dm%ﬁ¥ﬁh5:Fmgﬁfh??af??% s in
;:«'r:]m agaeq%@e% r@’lﬁilr&ﬁeﬂlevﬂtaofh&r;ﬂlzﬁﬂjn' fafuitl ahd thewhagnetic
rou the dri string. A jet chani,sm | e .

i xi nEDFO3LTE B TOrRt SECRT AT ol T 100 OF RirP) IR e via
glu%ﬁabkaﬁiﬁhepdﬁbddﬂy dhapbet . 2The irdienscting hekzwéen the
. e_jet,punp,nnechani auxil i ary rt
f1 ow Sfljtﬁﬁﬂ;ﬁ%?i%%glﬁqgcl%glsnl n?llc])d?%lﬁeé %nuafé ngqghgﬁ%?e?cfs
Q I?{@ehtdiauEé@nxmﬁimhefﬁﬁxiagcwozﬁIﬁhésnaiwpaﬁedftpﬁgﬁicles
rilling fluid inlet nozzle (bet ' . n
nixin&rgWa %rsﬁﬁp?ﬁﬁuﬁqﬁga%ﬁ g eﬁﬁg?éhg%?%éﬁﬁﬁeﬁng er 2 as
drill wegif.luid and the nmagnetic abrasive particles

entering nto Lpe mMxing,Ghamer ,¥iidea to form slit 44
functions as a filtering means, whereby the slit 44
functions as a filter opening. The support surface 15 and
the inside surface of skirt 43 define a passage channel
connecting the abrasive particle inlet 4 with the bore
hole annulus. The skirt wall thus shields the abrasive
particle inlet 4 from the annulus such that the abrasive
particle inlet 4 is only accessible for fluid from the
bore hole annulus via a path along the support
surface 15.

The skirt arrangement avoids that rock grains larger
than the size of the access window of abrasive particle
inlet 4 enter the passage channel. The aspect ratio of
the slit opening is relatively large in that in the
radial direction {(transverse to the support surface) the
slit opening is smaller than the entrance window of the
abrasive particle inlet 4, whereas in the circumferential
direction along the support surface the slit opening is

larger than the entrance window. In this way, should a



abrasive particle inlet 4. The interaction between the
entrained drilling fluid and the nmagnetic particles

wa@omsniiyet es to the efficiency of the rel ease PET/EP2004/051404
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particles fromthe support surface 15 into the m xi ng
chanber 2 as well. Cenerally, the skirt 43 provided to
formslit 44 functions as a filfering neans, whereby

the slit 44 functions as a filter opening. The support

surface 15 an th | NSi surface of skirt 43 defin

A e B3ihone (St B, SoryEnbhatta b dotrgrain,
4 W tdndtebeaethelfetnansi s canlbe iski b wedll4ddues for
shi el ds the abrasive artlcle i nl et t he annul us

y a 40
such R¥HAGHhE TapPLer & 15 d%es Argt T4uid- only
accessi bl foraddaugdnbnomt tthdakarhoke answl gsidd=a the flow

path a the s ort .surface 15. skirt
arran%%n%%t ('ﬂ%llﬂa{f TBc eglbgrr?SLFEngpn'f}]%% fhdhe
si ze pixihe Acoess B, ndﬂ)@h@ftlﬁiﬂsﬁﬁip@etpankfabe 151I:et the
enter .t he passage channel.
STt SRR T Ok ahd: Rogt o1 At aR ot l EPFE Tadmrain
di reCéuﬁﬂuﬂié’rﬂﬂSﬂ:ﬁﬂS&nbOflﬂ:ﬁd S/m;tporttheSlﬂlbacei rheln@e;ﬂnld
opening is smaller th t,r.anc ndow
abras?%% Lg% AF Pcﬁ gr%ﬁf Cfﬁﬁhﬁgg e2hid M the pore
CIh r cm;n‘;eé eamima]lug|sme>|@udopraf@:mgozt>ﬂmo¢uppoetedsarrﬁ,ass:e
the slit ng is.larger than the entranc OW. . .
In thPET %@éﬁ ¥ﬂnﬂ4§l§688?50?{§#ﬁa%ﬁ%1Pﬁ&¥lgﬁocﬁ% d%% skirt
for iwslanece &he aolauwjrai aidanot her part of the slit
can still be avai,l abl e fo assage .
particl es RandPdiaicd. “FAP £d?rdH§ewe lg%? ?%hxgﬁ'h?ll
al so guhdes (fée ddwwenf cdpikiisg fotdtd ofor) ornst Beobor &0
hol e annul ys to the m xi al

?tl Jauft a2 alsrepre)é plg Ebmelze tﬁl%g &!ﬂ?ndrlcal

suppo drrect’on o
transportacénlmrmhwolhmdeﬁﬂaalnnstﬁélﬁﬂanﬁ odr ithei pgper. Thus

f|Uidv%% 1cabfy 1 Vgég J@%g@ﬁgiﬁeight of the separator magnet,
which is divided in smaller magnets 7a, 7b, 7¢, and 7d,
and horizontally the surface at all azimuths between 0
and 360° is visible. As can be seen, the angle ¢ in this
case is 90° in respect of every one of the smaller
magnets in the stack, ¢ being the azimuth angle
difference between the projected N-S directions in two
neighbouring smaller magnets. Alternatively, the angle ¢
can be varied along the magnet stack.

The areas 16 schematically indicate the gradient
zones, where the magnetic field strength decreases most
steeply from the increased value in the high-field band
to the value in the low-field band.

Depending on both ¢ and the axial height of the
smaller magnets, each of the two high-field bands

stretches in a direction making an angle 8 with respect

to the plane perpendicular to the central longitudinal



particles, the velocity of the drilling fluid in the
bore hol e annul us shoul d preferably not exceed 3 ru/s.
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wal | on the annul ar side. A separator magnet 7 with a
right - handed helical sense (for counter clockw se
rotation) is shown in Fig. 4 , jn a representation

wherein the cylindrical surface is unrolled flat in

the plane of the paper. Thus vertically is set out the

hei lglhaxm ashd.ssépdiaebed vayrfde. whi dhei anglwibean yary

sma t , and 7d, and horizontal

the SESJF {Eg&get %\gﬁﬁeggpnﬁi%k'betv\een 0 and 360 is d

vis bl e. Magnetde bersielgs tiaadngdeon fhetpiRPHsSYrgace by
I n_Iespec f . e Smbke OB} Ss 13

t he s‘f%%ké,)eeggrbacehoﬁg%tgh}e{eggf%p% hgdz;%gl e g!ef Fgggnce S 1k

bepMﬁghom¢&tqwqﬁa$@§edlﬁpqSad%%ﬁﬁﬂﬁéh@aﬁh fapn one pole to

nei ghbour i ng smel ] gr o] ALt kel t ANl

f can @_e va% egfgooﬁgg?heﬁég%ln% Eg{lggtﬁftyfhghgr%g% 16 ¢

schenmtpuatly patdi cat sheheppFetitaie yoRyd Indhbfal tHerface

nagnegggwééﬁl§“§Qﬁ§%%%htdﬁgr§§§3§1ﬂ9§;l%E@%@szfﬁiﬁﬁin one

the increased val 1 the high-field band to the
val uehight fieeldwpand,i éndipared Peperiti fgPdndpbtadritir 2 18
:ug ﬁ§B§L§Q$:%$%1Q§m§Qﬁo§gﬁg£e§aﬁ?gﬁ§%%s edehappréffmately

. i bands stretches in a direction pmaking
an angheigduichl respece betvhen pt Bt Per gerdicapar) tiPcation
the cept Eﬁgt'ﬁf tadinakaxisaag e inliated-bB1Ei gs—gole)

. Theangle q can vary along the nagnetic stac

k
Magnetliccapapni &h eznatdtedi héahoRiehe RighorthUsur Fgempgnetic

the separateLsMponet N4 ot @odhl angathemelovesnens in
el ongate chains along a nmagnetic path from qgne pole to
t he nedrigomepsl 8ot dPPcsite Spol %?T“E{y.F%éeé%&e?‘ggt dotted

magnet;i;¢ Paph ;1 Qn; HHec AR oxiviBbet e Cydhadidwrall esuthaae
dotted line 9 and it can be seen that this dotted line 10
is too short to bridge the distance from the N pole in
the high-field band to the nearest S pole outside the
band crossing the gradient zone 16.

The relevant distances are determined on the support
surface, since that is approximately the distance over
which the chains of particles would grow.

In each of the separator magnets 7 described above,
the high- and low-field bands were formed by virtue of
the field distribution of bipolar cylindrical magnets.
This results in bands of increased magnetic field
strength. Magnetic particles retained on the support
surface react most directly to the advancement of the
gradient zone if the change in the magnetic field in the
gradient zone is large. To achieve this, the low-field
band preferably corresponds to a region of reduced
magnetic permeability of the magnet and/or a gap between

the separator magnet and the support surface. Herewith a



between two adjacent N- and S-pole locations within
one high-field band, indicated in Fig. 4 by dotted

wo 20ws/085765 s shorter than the shortest path acr PGEFEP1ve4/051404
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approximately cylindrical surface between a S-pole (or
-pole) location in that high - field band and the
nearest N-pole (S- pole) location in another high-
field band. Thus, the rragnetl C ]pd;rtl cles will tend to
forma chain alongllne i , .

hi gh- 9% @BARAE. IFRILRY &Oéﬁcget 8??2%1%'4‘@% Yiog-field

| ngl q%&ﬁs h%vbegléhg?]sanehpat h length as dotted line 9
and it can be _seen that this tted line 10 is to
short to%ﬂd&esb%sd‘i‘%taa]ﬁieé“@%c}f‘ﬁet ﬁ%p"f\i:?atocfrenlal‘?“t e

hi gh arfdRjhdd@ndat 8ot her nearesir Slbekﬁlséﬂﬁbﬂktﬂdma whereby
band crossing the grad_lé(gnt zone 16. The

di st arkednagEtdet &r P néd Oh ki u6ﬁ8rfegﬁ‘?cfeacgg>y divics as

t hat ﬁ\&%?%{;@?@‘c@abﬁhﬁ hbe: s s{aarfcah@vakla\hucéngﬂw of those
chai ns particles woul d, grow. each of th

separ®@@retmgifets 7dde§%‘?‘+rb'ecﬁ ETep HWF%?’F Ohfiponets

| ow f gl %@aem:iﬁo\y@ae frae mes byt & it uzaeofnlﬁdmeefaleé tstacked in
di stribution bi pol ar c%/lllndrlcal

rooul VSSTHY i SRS, ABFOSRCTY HeEve TF el be oTF SHgH, Potes

'\/Hgnfété (t&agé Ircdle_lssaﬂebanaedmmddp&am&ppowtt}sutmac&parator
react nos rectly t e advancenent o he gradi ent
zone PPOERe tHangedin t’hgh‘ﬁa@?ﬁe Oufriltzzllgd{\]i_{ﬂl ?Wg 8% Phre
gr adi ephbZeAELd1Es lsakgeselidoakdi e vhishaptteih ovedifetrity
band prefer ably corresponds to a r

| on of q" egue
magneti-EN pelrareibiiGaty aéffaflﬂ%m%bnef e ‘gﬁﬁggver'
bet V\Eﬁ\aghbelée@m@ @h mgneépanﬂtdmena@tm}amofbrsadflaxcethe

Herewi t h anor br upt adi_ent. zone bhe gh.z
| ow fir&FH BY %d@ Ogcrg%ﬁlgvgl&?iﬁﬁ.f nstt\(ljé’[ev\ggaﬁhg stalfre
al ter %ﬂlbmlérselﬁ)atﬂ’&i artavkgngt dareangemamsn ahsomfppetic poles

gguggiélgkoc m%éﬁ?rOgg%g%ngfmpﬁéeggpggg%&ya%ﬁghét7aTﬂgs has

the advantage that the magnetlc path from the top most or
the bottom most magnetic pole in the high-field band can
find its nearest magnetic pole of opposite polarity in
the same high-flied band. The first and last magnets in
the stack may even have a smaller axial height than the
other magnets in the stack.

Tn the embodiment of Fig. 5, the region of reduced
magnetic permeability is provided in the form of a
helical recess 26 in the outer surface of the separator
magnet 7 adjacent to the high-field band. Due to the
higher magnetic permeability of the magnet material than
the less magnet material that fills up the recesses (a
gas, a fluid, or a solid) the internal magnetic field
lines predominantly follow the material of the magnet
rather than the material contained in the recess. This
makes the high~field band of increased magnetic field
strength, adjacent the recess 26, more pronounced.

Fig. ba shows a cross section of the separator magnet,



many magnets each having half the axial height of
those magnets 7a to 7d. Again, a different nunber of
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stacked in NNSSNN or SSNNSS sequence, whereby all the
adj acent poles are on a helical band In conparison
W th the separator magnet 7 of {% t he
nei ghbouring NN and S- S pole ﬁblnatlons are pseudo
- helically shaped in conformty with the helica

ar r afJErBntSerM st ReT SRk IBYEOVEr 24nagnetd cHipplEemghrically
the sapM A rfa;r pragnet chamdmtdpt Beskht 841 8904 @sitgraf

the snall er nets in the stack are smaller in the

st acngt%nSe@ iroRRE hahr 3 HE Ik RECHE SpBPERe§RPhr1th the

i ddl g0y i200 8 the sepaiaiOicomenet. with sthasitdiefield
advant age that. the nagnetic path fromthe top nost or

the DRISMAoINCHRYAS u&awfelq i iefe ﬁF@ﬁnqtlh el d band

can find it siReasesh BRGARI i PONGi@HAQARDSFi& is provided
polarity in the sane high-flied band. The_first ang

| ast agr ssqwrtaﬁ@rsma%e%wf@r@mhébg alanksq eyines

aX'a'1£@ﬂ&ﬁﬁetﬂﬁ%ntkﬁﬁ89thﬁﬁ EEEN&ﬁﬁSth@ thecsti @acksodtburs and
the enmbodi ment of Fig t he regi on of redgced

magnefie ?ﬁﬁ?ﬂiﬁﬂhlﬂt?tF§l%?%v?QRﬁ?Wﬁ? -t B&9f or RfOFdes a
hel i cathéRoEess rprieRehher osth e5f AN ageiek bheface in the
separator magnet 7 adjacent to the high - field band.

Due t®amtiewdy giferinmddget fe Pes msediel Pt 9fofhe hee Wegfetrecess
materialz{han the |l ess magnet material that fills up

the recesses (a gas, a fluid, or a solid) the interna
magneti c FI@ﬁQﬁdhhﬂestbﬁeﬁ@ﬁ¢$§uﬁﬂ%FHﬁﬂ Bofephle whtkerjggpect

of th%o"@QQQ%ﬂ CH%L ahhar rEEﬁfé@gﬂ%é Qﬁ'%ﬁ@tgbﬁggaték magnet

t he recess es the high - field band
|ncreabed nagﬁ@!lk?ﬁla§l@rSEF@¢@ﬁ¢1thﬁﬂ 5@@nﬁlﬁﬁén?%cQ%ﬁﬂee“

gggn@&m t%legmaéaeﬁbe%@faqeo% 866t hoghOfield
the separ net , whi ch“shows circul ar contours 24

arounéaﬂﬁea@@ahﬁﬁrSQEEQF& 6pp63FRg pol es, connected by
essential by $i1RINtc1ear that the separator magnets shown in

Figs. 4 and 5 for counter clockwise rotation can alsoc be
prepared for clockwise rotation by inverting the sense of
the helical bands from right- to left-handed.

Suitable magnets for the device for transporting
particles of a magnetic material and for the described
recirculation system can be made from any highly
magnetisable material, including NdFeB, SmCo and
AlNiCo-5, or a combination thereof.

Preferably the separator magnet also has a magnetic
energy content of at least 140 kJ/m3 at room temperature,

preferably more than 300 kJ/m3 at room temperature such
as is the case with NdFeB-based magnets. A high energy
content allows for shorter axial contact length of the
support surface with the return stream, and consequently
a stronger taper of the support surface which is

advantageous for the axial transport rate. Also, less



contours 25. The straight contours correspond with the
recess 26 and the circular contours with the high -
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Fig. 5b a schematic |ongitudinal viewis provided of
t he separator magnet, whereby the slanted |ines
indicate the transition betwee he circul ar contours
and the essentially straight _cglnﬁ{ ours. Fig. 5c¢

provi des a schematic representation of %h entire
sur f ®Wern iehsequieedaiprashenrefgtion © Tﬁg‘eaﬁGPératBF
the Relderl. recess is 53. Preferably, the recess

reaches a depth with respect to the cylindyrical
ci r cunf ed&fcE188VE hed féﬁgﬁ%‘teofirﬁﬁgh’%‘i ’Hd’bi‘t‘{ PYPEFHi Lafre
gstoﬁuﬁﬁ?ﬁhgﬁnkﬁénpfhﬁrd?ﬁhﬁ@@%tbﬁtMEfﬁkidmi qaRey are

et ween, e magnetic surface in.t high - field band .
and tHE EIYoPECRtR AT 14T i |S|lnggeclj>g% e tc}étethtehg‘aterlal
separg} Yrd@Bgret sSpsaDMup il hechanidad dioferealint Super
cl ockwi se rotation can also be pggpared for cl ockw

. s
rot atdloP¥sy iIAFEREHRY RHE EFsLd Fﬂﬁrﬂ%ﬁ%diesﬂﬁﬁ&él% non=
g romd tic tha -tef %11@%1,deitd}cll$ldiiih§bbﬁe negnetndear thise name
evice Tor transporting particles of a netic
mat er Fagonsid 6 ofndt g r { Hed YEE LEEPZ\?%%& &5 %8m
can be;nede; f4xaRp anythbod] youmgnekitsahbes nedrerbealysed
i ncl udi nP NdFeB, SnCo and Al Ni Co-5, or a conbination

t her ebFCIHei%Eahly the separator magnet also has a
magnet i ¢ 1@l Bkceateny ofbate Iledst ib46nkdamiatfomenion,

{ ook i F & S 56 s 1B DLk T RaFaE ey ToLe

magnehsnufudi ghoenrer gy chatiente aldlewsafldr asiorierexcavating

et ur HOSHF GBY TR CBASEHUGRRT Y o Ot PRGN Fapbr GrCity of

t he spppostosusfacaiwhech Tlse reach of the magnetic field
into the bore hole annulus should exert a pulling force
on the particles sufficiently strong to pull them to the
support surface before they have passed the device. At
the same time, the magnetic force pulling the particles
onto the housing should be as low as possible in order to
minimise friction forces and power requirements for
rotating the separator magnet. The most suitable magnet
is one that has an as high as possible coefficient for
the lowest dominant radial polar moment, which is
typically a magnet having a dominant dipole behaviour
over a quadrupole behaviour for a certain energy content.

In order to achieve the best capture efficiency of

the recirculation system, the separator magnet is

preferably located in the axial centre of the bore hole.

In a typical bore hole, a small axial offset of up to 15%
of the diameter of the excavation tool is acceptable. The
embodiment shown in Fig. 2 has an axial offset of the

magnet contained axially inside the support surface 15 of



advant ageous for the axial transport rate. Also,
| esspower is required for the rotation of the

waepanei’es magnet . The sl eeve 15 and the dri |l PCTYEP2004/051404
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fluid bypass 1 are normally made of a non-magnetic
material. They are suitably machi ned out of a single

pi ece of the material in order obt ai n opti mal

nmechani cal strength. Super al roﬁ “including

hi gh- st Jengt h corrosion_resistant non magnetic N -Cr

al I oys0%i Y FRNFGZoRateLY d/ utdon Re tAaARt pACHhEIN Zi@meter
or Alpyae noh&, have been found to be particularly
suitable. Cther materials can be used incl udi ng BeCu.

When excdVatdh@l&epBreinel &5 fFhen codinArierhatsraratcre

ret urfaghdeanamf oditik! bngméddn &hteh%eegwt@@'r@agnet and
annul us (forned by the bore hole wall and

excavii$ n’g‘lrtedbloblaﬁﬁ?eﬁagg e Jrré%dlecwlaéﬁ-l %ﬁ §§’%t@nf‘tﬁde to

a vel p&dliye Ofith Meer@hs NG Aheleighhe TRACENOT1dNGagnets
nagnetlc field into the bore hole annul us shoul d exert

a pul Freg orde tHs ERB2PAFRT dlasedufisi esefrbledieande of a

to pufi:uémmﬂlqzatlh%hapep@étowlfracae t@?@@é@ LheYe W e e
passed the device. At the sanme tine he magnetic

for ceSPRAYIRY (HEGart FEP SRR RS 58S ?ﬁ@agm‘b% duasEet

as | oyh@stposiFidile WA10rderti® JigHdRtS81EELEthON also
forceg?and power requirenents for raqtating the

separ QEoF S Hfgnéts “f ﬁﬁs?h%u"l’%]alblté‘%@ﬁéfs P B tupmort
has agléasvd] gh as possible coeffl cient for the Iowest

dom nant adl ql ar which i.s typic
magnet havi ﬁ&&gngﬂo %I@%%P@u 05%? , or in the

quadr a}p@;ﬁ@l\b@m@u Otlayf @bnBaCerd aidho%ﬁﬁﬁ:g}tlﬁﬁnbﬁnﬁypld’hlly up
order to ? g{h;ave t he b st ca ture effi.ci enc%; of _th
reci r&ol &Y hBAERpEr AR AFegRe P2 ElCles

pref ecapl yal Qﬁc&tc@ltlrrat&bﬁ aznaégrceem:f abebsthe }b@f@lcles that

Eg|$6i%2@§péf%géx%lab%ae E?égés con ult ?Xhleso égﬁgeéﬁo 1 and
1% by volume. The separator magnet is typically driven at
a rotational frequency of between 10 and 40 Hz.

Filtering means like shown above, in particular
comprising a skirt, can be applied in recirculation
systems for magnetic particles in general, in particular
to recirculation systems having other types of separator
magnet arrangements than that of the recirculation system
described above, examples of which are provided in
WO 02/34653 and in US 6,510,907.

As explained above, the slit 44 formed between the
skirt 43 and the support surface 15 has a large aspect
ratio so that part of the slit 44 can remain open even if
another part is blocked by a rock grain.

It is alternatively possible to provide a number of
filter openings each being smaller than the entrance
window of the inlet opening 4, at least in one direction,
but being spaced apart over a distance larger than the

size of the entrance window of the inlet opening 4.



of the dianeter of the excavation tool is acceptable.
The enbodi nent shown in Fig. 2 has an axial offset of
WO b@soeggeet cont ai ned axially inside the suppoPCT/EP2004/051404
surface 15 of 10% or approximately 7 mmfor a targeted
70 mm di aneter bore hole. As an alternative for the
cylindrical separator nagnet, the outer dianeter of
t he separat or magnet and t he T tiei di aneter of the
i nside wall 35 can be nade to reduce w th decreasin
axi al heilgheitie wayl lthe Aumnbisive AASHAPLR fRea of the
separalon, MRGNE! ¢ & ASXPANL ARG Cath B Olaser than that of
frust&oni ca Shape to obtaln a tapered shape_of the
separakoeniragnet . wiliiowy e Borastye tPrrEidisr dfértnfignet
and the inside wall of the support sleeve may al so
decrease, as well as the wall thickness of the support
sleeve . The drilling fluid in the m xing nozzle 5, or
in the abrasive jet, may contain a concentration of
typically up to 10% by vol unme of magnetic abrasive
particles. A typical concentration of magnetic
abrasive particles that is supplied via the bypass
conduit 1 lies between 0.1 and 1% by vol une. The
separator nmagnet is typically driven at a rotationa
frequency of between 10 and 40 Hz. Filtering neans
| i ke shown above, in particular conprising a skirt,
can be applied in recircul ation systens for nagnetic
particles in general, in particular to recirculation
systens havi ng other types of separator nagnet
arrangenents than that of the recirculation system
descri bed above, exanples of which are provided in WO
02/ 34653 and in US 6,510,907. As expl ai ned above, the
slit 44 fornmed between the skirt 43 and the support
surface 15 has a |l arge aspect ratio so that part of
the slit 44 can remain open even if
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anot her part is blocked by a rock grain. It is
alternatively possible to provide a nunber of filter

wWop@siontyss each bei ng snall er than the entranceP@i/REI4/051404

of the inlet opening 4, at |east in one direction, but

bei ng spaced apart over a distance | arger than the

size of the entrance wi ndow of the inlet opening 4 .In

ei ther way, the cumul ative pasddbre area of the one or

nore filter openings can be larger than that of the

entrance wi ndow of abrasive TEmarti cleinlet .CLAI M

S 1 . Tool for excavating antdhi®edt S the tool

conprising a jetting system having nozzl e neans

arranged to receive a fluid and abrasiye particles via

an abrastoe! pait i@ VARERY , 2RnPIETandB8 801 npPRfeising a

the gbiechgtoybarereavaetdodbld edrttl bedasheaam ofeddi®e a
id mxed wth the abrasive particles e tool

fluid t
furt BEPLE AR | FHAF A S BEFFEGIGT i B SYsPERRaLrangREt e
reci hgukal eadd d4:9a9lgesion® oOhpife: alHeaasibecpatbi bt eSxcavated

froma return stream downstream i npi ngement of the ,
j ett HATSE Reafi i 5 HRETOBE oERS tbLbE aRasabadn BAEkeRERS1ve

the patthBUesystRMpbca tthetnbr asdme-iRan 6l @ebhk@tlation
the abrasive particle inlet having an entrance w_ndow

wher 85 LR REFIMHF hedn SeEPECPH BVE difd isesh pabR PRutley

con Sé@kiafﬁgv§ ﬁtg’b&irﬂieiwsﬂ f&bglearr_w\mfh tsft_&eléﬂlt,_r alﬁﬁﬁs‘?ream

W ndqQw, T or eepl t he rasli ve art.l e ln t ree

{1 om.BBiBEEEERT qhd a6 teP oS bFen it thinOPRECE b b

of theacaphtanceadindavthehiebtind tordtagh MRansheSabrasive
r the abrasiv articles.

BecoPaFRioED B L £ WREPRRRYE T It (g SholAELPE a0

pr ovietledtanit hw Dingow rwhaedyf £l eer Dpenicags shappdoofded in a

o0 a0ged 3yghyt ol the Ll SRS deats s LpRSaROLE:

shapenasahhe ehtdanceond ndewing the alradiveeppartttéeinlet

If In: tetgrraere]d f%gmt o] ej eSc rrse oti:J %esggrlplet gf‘zte tolﬂlre l%r}:%eq:r tHgBethe
size of the entrance window, which filtering means is
passable for the abrasive particles.
2. Tool according to claim 1, wherein the filtering
means is provided withlone or more filter openings shaped
or arranged such that the filtering means is impassable
for a particle having the same projected size and shape
as the entrance window of the abrasive particle inlet and
at the same time such that the one or more filter
openings cannot be fully blocked by one such a particle.
3. Tool according to claim 2, wherein at least one
filter opening is provided with a relatively large aspect
ratio, which filter opening is in one direction sized
smaller than the entrance window of the abrasive particle

inlet and in another direction larger than said entrance

window.



openi ngs cannot be fully bl ocked by one such a
particle. 3 . Tool according to claim2, wherein at

wo e@swooee filter opening is provided with a reCHEPWeYS1404
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| arge aspect ratio, which filter opening is in one
direction sized smaller than the entrance w ndow of
the abrasive particle inlet and_in another direction

| arger than said entrance wi ndo#® 4. Tool according to
any one of the clains 1 to 3, wherein the filtering
meanst i s THodvirgear@ing e pnit &t pfothei ¢iaimaygerdiongs,

each [filtern openisAg: el fg r&;@{g % ;pgte@laas eky WAurality

wi ndow of the abrasive particle | east 1 n one
di r ecef ofi Ytare o@Eni BI6 hee Pt tfllé}l%“ epRBARGt PENT jdMadder

openi?ﬂasn el ertRaned @Paddy Q%erth% %%@QG@ éé‘f@f‘r{le inlet,

t han sl ze of the entrance wi ndow of the abrasive

par t i @t el¢afitetiropasi dgrestiomdgitea@dortdi hetpahy itk

of the,Ps&MioUs ¢iakps, oﬁﬂ@ﬁfr?dé“ dhe g %95&8&!' g@m over a
syst emconprises a su&gort surface to gul de t

abr as@vet 3zee i \@reert shardshe Hel ahodsithe EQFF@%¢%‘W1ndOW of

i nl etu?émaefsﬁo@weh%afﬂth&@élp&é@mna&ﬁ provided in the
formof a skirt creatin lter ening in the form

of a 8}itToel \ﬁé‘@@rtdﬁégsgi) ranarmiss pipdhe BUPYARES @Laims,
Tool @ﬁ@ﬁ%f&rﬁhé(%é31§bﬂhgt1¥%“§§g%éﬂIE% kiEEsi § support

arranged to guide fluid fromthe return streaminto
sai d &bFE3FS e PHHIcE Ehpnplarasivey Rt CAPEn§OTHEdS “the

SUPPOLEr S AGSrtik1e 100kt ACHOLANI the 2AY+eRenGfndi® are
previ ous cl ains, wherein the recircul ation system

conprP§@§l%¢@ﬁ§h§§6¥ﬁ°é@vP§eaf%#1$?éﬁ@ﬁ&ﬂ?ﬂn@ fhter opening

abr asi yerpartheh st i saisebeeh&sh dinecidion hawasgdspdhe
abrasive particle inlet, the abrasive particles

cont aPHFAGCA: magnetic material, and the transport
devi cg, conpsi SddWbrding to claim 5, whereby the skirt is

arranged to guide fluid from the return stream into said
abrasive particle inlet in a path along the support
surface.

7. Tool according to any one of the previous claims,
wherein the recirculation system comprises a transport
device for transporting the abrasive particles in a
selected direction towards the abrasive particle inlet,
the abrasive particles containing a magnetic material,
and the transport device comprising:

- a support member having a support surface for
supporting the abrasive particles, the support surface
extending in the selected direction;

~ a separator magnet arranged to generate a magnetic
field for retaining the particles on the support surface
whereby the magnetic field on the support surface is
arranged to have a high-field band, a low-field band, and
a magnetic field gradient in a gradient zone between said

high- and low-field bands whereby the magnetic field



a support nenber having a support surface for
supporting the abrasive particles, the support surface

we@z2a0s/005768) i n the sel ected direction; a separ aPOT/EP2004/051404
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magnet arranged to generate a magnetic field for
retaining the particles on the support surface whereby
the magnetic field on the support surface is arranged
to have a high- field band, a |oWw field band, and a
magnetic field gradient in a gradient zone between

said high - and | ow. field bands ere t he net i ,
fiel d%’il?eewg% 0y tﬁﬁehh%-rflﬁﬁ%aegﬁasi gyﬁ‘%‘fle‘%@%g’h%‘a% in
that {m@tj&mJﬁmgiaiahddband; means for advancing the
hi gh- and | owfj el d bands r%g?tlve to_the sup

n

or.t
surface iTPHESYEPECEREAREA fg S iedhpons tl?%lﬁﬁﬁgd bands
di r ect& 08 Ofe tthe thagBebbSrt | @l vk gieadneat dbnedtion having a
support surface, ereby the high-field bapd is, .
ol PoRRISBY T ha odE FELPELTRnGT S0 FAERERSF Sreld Amadient
7, wherebye i rsasdrbagh; Whielabypand alghefbsdld band is
first net Le and a.s nd gnetic pole of
opposfggg‘f)"b?éaﬁ?f&hgr O%{thﬁgﬁggoaﬂfgﬁ that a first
magnegi c Ted heol tlfecsdpporf whefedge afibom shed fhigt-field
magneti c .pol e to the _second nmagnetic .pole .i hort er .
t han Qaggc%Ed“ﬁﬁﬁhgtF&rﬁgtﬂa%% e Bdp e éu? %%%?ngnetlc
Crosspplect be @smdiient ppoaeity omrd herfangstl saghethat a first
pol e to _any, ot her, nearest nagneti I f._ap
pol ar "E§ReHLE H$%7{6bF%8fSBP§?§%j§B§%§% : ggegﬁétté?St

gr adi eatnzdhe psleeald takl geaondngerhericupdlehés shorter than
separat or

second magnetic path on the support surface crossing
the gradient zone from the first magnetic pole to any
other nearest magnetic pole of opposite polarity.

9, The tool of claim 7 or 8, wherein the gradient zone

is helically arranged around the separator.



