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TOOL FOR EXCAVATI NG AN OBJECT The present invention
relates to a tool for excavating an object. In

w@asosioerbar, the tool of the present inventi oNnPCT/EP2004/051428

conprises: - a jetting systemarranged to inpinge the
object to be excavated with a jetted streamof a
drilling fluid mxed wth abrasive particles, the
jetting system being provided wyth at |east a mxing
chanber with a drilling fluid inlet, a second inlet
for abrasive particles, and an outlet nozzle for

rel easing the dr i 1440 JARIEcHSdel Al Al asi ve

particles; a recirculation system arrange
recircul ate at | east sone of the abrasive particles.

Such a t@ﬁlesgegséry@iwé&ti%% l%@%'ggsdt@% 3%30‘1“%:6”(’

of a drill ring that is deployed In a subterranean

bor e S¥GPRFathASr @yORIAGhg operation the drilling fluid

i's punpednf pap suiface 4y eugh 8+l epgi prudingl |
in the erIF string to the tool and eséentla ﬁ%gggggon
to shf&EéSPAa return streamthrough an annul ar space

bet ween thgedtihy Sididdp A4nkhe QerfmﬁEﬂﬁﬁs%ﬂé Obé%gg to be

order to avoi d continuous circul ati on of e abra

par t iS¢°8Y 3t RAotighR thel artiqd séeepRgoand dnelldmsulfdid mixed
SPace tiSa8radOvEO0da ArQPRSES +he BEEY%Q?h% énp(ﬂei\f‘fgt h

a recircul ation systemfor.separatin abrasive
par t iFHo¥s 9pfoti Eheat ekqast st mdgdnanghpebenselrth g drilling

theseipart ighes, | At dodd XiN@rchapber L braugh whighs  ang
the main stream of drl||ln%é;:UId i s passed.

Emboditmeiitdebf "erele edtr difi l@risdnds 5e edy bt el isnfdgion md xed

separater thegastad vfe rEoNatdical;l y separating the
abrasive particles fromthe return stream which
abr asi ve 2paPELEFRLR B fRhd oFf a4 rARGRGt F@ FRtigiqudiatropt

t hat 1RWsR0SemANet e At di0Rl pagtdesesi bed in

| nt er nat i onal , ,
Such a tool can typically be provided on a lower end

of a drill string that is deployed in a subterranean bore
hole, whereby during operation the drilling fluid is
pumped frbm surface through a longitudinal channel in the
drill string to the tool and essentially back to surface
in a return stream through an annular space between the
drill string and the bore hole wall. '

In order to avoid continuous 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 a mixing chamber through which the main
stream of drilling f£luid is paséed. Embodiments of the
recirculation system are based on a separator magnet for
magnetically separating the abrasive particles from the
return stream, which abrasive particles are made of a

magnetic material for that purpose.
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publication WO 02/ 34653. The recircul ati on system of
that tool is based on a helical separator magnet that

w0 00800s7ent ri cal ly arranged within a support neODEP2004/051428

The support nmenber is formed by a cylindrical sleeve,
of which sleeve the outer surface forns a support
surface on which nagnetic particles are retai ned by
the magnetic field generated by the helical separator
magnet. The separator nagnet has a centra

| onal't uch il Xl ADoUL) W Gl 408 3EP3LAL L PRGNS

i.S
rotatable relative to the sl eeve. en t se anﬁQﬁl
magretblscalriare WO 92434%5 Al Thﬂzﬂeamrcuﬂhelnagag$t@m of that

part | e.a n
eI%gé ré%g%ﬁﬁxg?ﬁéndpgg¥%$9f%%%%l%%E %aggggrgga% is
mhlchom¢ﬁn¢quahﬂye@rm@hgedoWitNunIawaumpsrmamemher The
t
Pack T ene T S CE R Pl 4 B RAR MRS, o
m xm}gl@khammerve Boichopkeorsarfacodiermselay sugppant surface on

feIE)I &Eﬁé‘ﬁ A QNSRS Akt B egﬁ%ee%e a%tHe%%‘{;etRé%é&J%%?ic

e separator nagne m X1 ng-chamnber
entrélﬂh@rmemwnatadw@ystheahﬁticaﬁ|Sdpan§tbkumdgneh The

il ¢ é%ﬁé%t&@%ﬁgg} {2hge nuober, of t?o@{qiist'ut‘é?nﬁr L6l s *Shout

recirc per tTr e uni ansfer
be eWthhehmeosegﬂﬁa§0th$aabea31werqtﬂﬁahﬂeerehbetvent@ the
the pixipg chamber can be bl ocked by an excess of
magnetic particles arriving at the inlet. In order to
i nprove When ttknsfeparathe haveet i oh griceindésta esbhl

for fégﬂféﬁngt@rn%?n%gac bla?tiefésc gbl hRg: admpying

jetting system ar to 1 npinge t ect
excagasedenwk t o ana}gétette@ §ﬁ-eédn$brelw1‘dr|nemm@dﬂpuﬂdr to the

bm XeﬂeWU:Ql abrasiye pachl €heSpabPEci & NG $¥3HBM. 1n this

way the particles are transported over the support
surface back to the jetting system for re-insertion into
the mixing chamber.

Both prior art tools rely on an efficient transfer of
the magnetic abrasive particles from the separator magnet
into the mixing chamber for entrainment with the stream
of drilling fluid.

In particular when a large number of abrasive
particles must be recirculated per time unit, the
transfer must be efficient or else the abrasive particle
inlet into the mixing chamber can be blocked by an excess
of magnetic particles arriving at the inlet.

In order to improve the transfer, the invention
provides a tool for excavéting an object, the tool
comprising:

- a jetting system arranged to impinge the object to be
excavated with a jetted stream of a drilling fluid mixed
with abrasive particles, the jetting system being
provided with at least a mixing chamber with a drilling

fluid inlet, a second inlet for abrasive particles, and
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provided with at | east a m xing chanber with a
drilling fluid inlet, a second inlet for abrasive

w@aososioe37es, andan outl et nozzle for rel easi ng POEEP2004/051428

drilling fluid mxed with the abrasive particles; a
recircul ati on systemarranged to recircul ate at |east
sone of the abrasive particles, froma return stream
of the fluid mixed with the abrasive particles
downstream i npi ngenent of the jet with the object back

Lo 188 beLLLOONSYRL emoMen ey hhe, AL aS) e PAILLELCR i kea

conprise a nagnetic rmateria
syst edtbohpei slesammepmramg:ﬁeﬁmgnet for separating the

abrasi ve p§g£§ﬁ%ﬁ%? Mg %Egmr§%¥£Q Sérean1and ugate at

transpor fin N cI cond i etC
pi ecéeabtmagmet £ et extiralsivhaparsipley) dixtbr i aletufn

par 1 S5F e hngor £ SaloRarh B o e & el By s

part genérat
mag nellowmntoeamelmpmmnamamﬁe the Upele rw1’dﬁ |t edijektt beck to

sepa 0 e i_.rcu ste t.he
pi ec[et%tg l’]remtg@%g %]rta(%l# Jhl%%ekf/ kﬁ%g%@ 1776 % dartnlclﬁﬁge
pol eqmrﬂplrlbe ﬁomﬁ@rmetrc e epiiede @hluiagrmimumtmonalsystem

haVIQ% %@Qg%ltg Y ggégéQ.%{gg%Eh%o? é%%éfh% the abrasive

separator magnet
rragn@lalrctlnéEer Eapm $®gi1@te|twrh| eltdehmnersdvxfdnt toreosporting

OVET {hic0 a&*ﬂ?cEQ{s t(?ﬂtlf{:%e%%’?@r %?é gragnet to the

[ nduceg i'ece of nhgnetic material,
and ther ebplpaﬁtOEfmetz_:heama:gN@ttemaietlda‘gexmr;atcsddbyl in or

the SEPRLAl 91 BROG o} Sl QWA AN BuLhECPI X0 LhAIDEL S,

The nagnetic € na n rasive
par t irclrés odx pbei Eﬂgeetlsc thierlef gesekoned b:ocia’rhde yeaprreter

VI ci nj é’%\}ﬁg lrnlgg £ﬁ!eez¥m§1 rﬁt I‘%?I ¥e particles than it

is els ere € VI CI he separator nmagnet.
For thi sUmelasomnfih@mw anfsfténe ekprepepcymadngthein the

?Erea%e\fﬁr%%{:ﬂalt%ﬁs ?é@éﬁlt Ngd §GleUbat hO0n SYSL 8MddMLA1 will
magnetize and an image pole will be formed in the piece
of magnetic material having opposite polarity from the
pole on the separator magnet being exposed to the piece
of magnetic material. Magnetic field lines will cross
over from the pole on the separator magnet to the induced
image pole in the piece of magnetic material, and thereby
part of the magnetic field generated by the separator
magnet is drawn into the mixing chamber. The magnetic
field gradient that the magnetic abrasive particles
experience is therefore lower locally in the vicinity of
the inlet for abrasive particles than it is elsewhere in
the vicinity of the separator magnet. For this reason,
the transfer efficiency of the abrasive particles from
the recirculation system into the mixing chamber is
improved.

Preferably, a part of the magnetic field in the
mixing chamber is directed essentially transverse to a

drilling fluid flow path between the drilling fluid inlet



i nproved. Preferably, a part of the magnetic field in
the m xing chanber is directed essentially transverse

wo 0008/005768 | i ng fluid flow path between the driP¢T/RB2004/051428
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fluid inletand the outlet nozzle. Herewith it is

achi eved that the nmagnetic particles are drawn into

the m xi ng chanber in the formof chains that run
transverse to the flow direction of the drilling fluid
in the mxing chanber. Herewith the interaction

between t.he dri.llin i d,and the .gbr.asiv

o RS e N Shabeehe: abfRer e’ il o reh i BIRE e cne
up kinaghaéici @ nesrgiyi adietsh alrraxdmmm efﬁhmlt@mmxhnganhamber in

e”bogianeft wher el H%%Eg%‘%ﬁ 40! @M GROPEL 565
a support®slrt ace 0 gui e abrasive parti cres
tomdﬂsed:tmrsem:@rtdle alrefl lingshleldl icarthee npmomgdeﬂaxaber

2 hEHEPEEn NS SuRRON L pSUILAC &A1Y 1850801 ana

|eI e su surtace
f or nthg abpm:hvé rmm‘dﬂméeseuarmaximnewd ts» ttlhletsehenelbraswe

inlet _alo thesupr L f [ an be
gui aBa*- % T et u?{nugt #égfgng nto %rre%{} seconglaglﬁ‘ ‘?

therebyltuemdmer supportl ng the passage of the abrasive
particles_through nd_inl it n
chanber . fp}’h C{ R ﬁFr%oI\?v glléei%cﬁsl%’{r&gtae )&8 g%atem
of exaﬁpkﬁsewamwmjcmterwefaoet he @@b@ﬂrﬁarwlamgfa@naw ng
wherei n, Fi (o S acr 1.0

of pgﬁct ,.gies %%‘TI% or r%xc%%atlﬁ EIgljr{:@%’b s%S"Lsel'—]' %taé Be
shomravmapdoéttduedlmgama (frbmetuel :smrson’rn snmf@@e leaving a

section through | Defy o a'ng tﬁeSQWﬂ Célﬁﬁsc%h%reby

surfggg n% a separato net s ace arrangenent

in aéemmdagce path fimm|th@emp¢gnn stream to the second inlet
along the support surface.

Herewith fluid can be guided from the return stream
into the second inlet, thereby further supporting the
passage of the abrasive particles through the second
inlet into the mixing chamber.

The invention will now be illustrated by way of
example, with reference to the accompanying drawing
wherein

Fig. 1. schematically shows a cross section of part
of a tool for excavating an object;

Fig. 2 shows a map of the magnetic field lines in
cross section through line A-A;

Fig. 3 schematically shows a surface map of a
separator magnet surface arrangement in accordance with
the invention;

Fig. 4 (parts a to c) schematically shows various
alternative separator magnet surface arrangements in
accordance with the invention; and

Fig. 5 shows a schematic view of a tool for

excavating an object.
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Fig. 4 (parts a to c) schematically shows various
al ternative separator nagnet surface arrangenents in

wacesnoeEmee With the invention; and Fig. 5 shomsT/aP2004/051428

schematic view of a tool for excavating an object.In

the figures, like parts carry identical reference
nunmerals. Were, in the foll ow ng description, a

direction of rotation is speci_f'segl, the direction of
transport is each time the viewmng direction in
relation;fo [ the rqt.ary direction is, def,ined.

Part of ggtg%? ]?%grurexsda\(/ié'?ﬁe%gagnso%‘i‘%ﬂ Jl'dsen%‘cx"(i reference
schematecal by Wiheowe, iim [torgifoldbnahg séeddOmpdinnki g 1

. The; .can_be ected to_the. | r. end of a

ari | S EEEAERTR0 RN &5 ehabAg pht oo b drsen of

f or médtanapant ob§ exdcls ucimeashanvéanihg farmedtiam iftheelation
tool .i.s_atran ' tre of drillipg fluid

m xe&OvmwﬁEEgb?g%i%%Ap@r toﬁgfegglgg]a%%sge#%%e%bj ect to be
excavat efaahdof & rtewilr dWratecavat tagtapardieaft tike

abr asj 1 S... . IThe .abrasiv artjcl es .nust, be,
mmanet eaBPabs ST Al ddr A B ERe L i ee e 2

a | offgiet adbhataunrhe | copefdteidd tpasbageodgr i hofi & alrill

id.communi cati on Wt

one end.t her 1.0 flui af i drilling,

f1 ui 5@%ﬁéﬁnéﬁgér%lww&gd S ilpfos? e zftorfnﬁg 10 an
ot hepbgrdtt heckods ian fdaritth commmbicat i Te Widdl as arranged
jetting.syste C r.i.ses _a.m xing. chanber 2.t hat

i's cg%né%%e ?ﬁ?%é %t?i g e Swal%axgjs’éegi Vflletvk} gbgasive

dri | lpamgitlesdagalmst Xhe T emitxtngbe hantreraizd sral so

in flu i cati ith.a se dinlet_4 for, .
wbr adesdrSATEEY) S8 s SR b RS s cipg s he
W t h ebrmisiivagpraokizd kes thet g angoeatlistblemaforshows) tool.

arranged o Lel, & stoeam el dibhl LngofLUGiand orating
abrasi ve particles agal nst the eart Fation during
dri | Ifilngdwpehsepe Hriwhialy itsoelt bnet ded boretad . iiTHd uid

m XiQQm&HﬁEESEi5§ @{@Wié“ﬁlf@ﬂi%gafEhfgecﬁgnnel provided in
the drill string and at the other end thereof in fluid
communication with a jetting system that comprises a
mixing chamber 2 that is connected to the drilling fluid
passage 1 via a drilling fluid inlet 3.

The mixing chamber 2 is also in fluid communication
with a second inlet 4 for abrasive particles (an abrasive
particle inlet) and with a mixing nozzle 5 having an
outlet (not shown} arranged to jet a stream of drilling
fluid and abrasive particles against the earth formation
during drilling with the drilling tool in the borehole.

The mixing chamber is provided with a piece of
magnetic material 14 on the side opposite from the
abrasive particle inlet 4.

The mixing nozzle 5 is arranged inclined relative to

the longitudinal direction of the drilling tool at an

inclination angle of 15-30° relative to vertical, but

other angles can be used. Preferably the inclination

angle is about 21°, which is optimal for abrasively
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magnetic material 14 on the side opposite fromthe

abrasive particle inlet 4. The m xing nozzle 5 is
waeooangas i ncl i ned relative to the | ongitudi naPCT/EP2004/051428

direction of the drilling tool at an inclination angle

of 15- 30 relative to vertical, but other angles can

be used. Preferably the inclination angle is about 21,

which is optimal for abrasivelygroding the bottom of

the bore hole by axially rotating the conplete too

inSigfo%ﬂg 29{ ok @n zEetﬂéxﬁﬁganﬁ%p%glgxgg l§1¥é£§k1ng

nozzle |gne w th an et nozZZl €"un
sanethagtemrlietcortded tosadhi ehve loptd melleacthbenakion

of L g ARLAY U PRELLRLRorTOE Ardld INGhL! 1 PRSSA08 1ot

1 is arranged to bypas evi ce ranspor
magneekelpatnday et ﬁamei snghel utted:nd«rxt ffe foblews optimal

part 50f e fe £ AG 4C WAk ¥§E§g% Iﬁ‘i i;hg Jgagneti c

abrasive particles can d it the abrasive
parti cl eBheghtidiling ﬁégmétp@sa@m@ﬁham dThendedi te Bypass a

| ol Hdosod SURROLLBRIBEE LY. SDENLOrMal BSLEOBRLY 5

t aper ed provi di ng t sur
ext ehdt hgded oundhan tesdensi Rty @is;/I a n@qw&pﬂytshapemstem

el ongat.e, sen ;Lcm%g %'%  pd: iéfé?%ﬁ%ﬁ PBANEL fsed if
gener ates a nmm netl C (JZ] ?O? retail ni ng t he rragnetl C
part kbkesbomsite pwpb;p@:ﬂtessgpﬂa@én 15 naPnetdei mekagial. The

fl ui a t
SuppaEyESS P St i O BoBEE SAGRC Brf e bn B
dril lsﬂ-mghthm‘@am@é—erma%afmmomw Bafgegonbar
th

S B L AR Ale dn et icony

present e 1 ng pa sa
f or meiapadi gdeongatialgeraratihs arbaet di + ddrd espaiachr

ri dgﬁ\agﬁe{ém p(?]&liécﬁéldzié}g ac%bﬂ‘é LW %Defci]efo%:u%(& t11r11ng the

surfac ling f passage
al t emAgREVef yPaet il ged tfﬂﬁe €3PRpeEL n%jﬂfﬂacﬂﬁ tlive

support sHEface i hA dRARehaskahbal 19 #halqighaweaagdy
described I n International Publication
relative to the support surface 15 and the mixing

chamber 2. The drilling fluid passage 1 has a lower end
arranged near the second inlet 4 for abrasive particles.
In the present embodiment the drilling fluid passage 1 is
formed inside a ridge in the axial direction which ridge
is in protruding contact with the support surface 15. The
drilling fluid passage 1 may alternatively be arranged
freestanding from the support surface in a manner similar
to that shown and described in International Publication
WO 02/34653 with reference to Fig. 4 therein, or in an
off-axial direction. The second inlet 4 for abrasive
particles is located at the lower end of the ridge.

The support surface 15 has a conical shape.
Alternatively, 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
different number of the smaller magnets can also be used.

Bach separator magnet 7a, 7b, 7¢, and 7d has
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WD 02/ 34653 with reference to Fig. 4 therein, or in an
off- axial direction. The second inlet 4 for abrasive

w@aososioe37es i s | ocated at the | ower end of the PCTER2004/051428

The support surface 15 has a conical shape.

Al ternatively, the support surface may be cylindrical.
The cylindrical separator magnet 7 is forned of four
smal | er magnets 7a, 7b, 7c, and; 7d stacked together. A
di fferent nunber of the smaller magnets can al so be

L OSSP TRO 8 S L oI s e
nagn%t@cb¢@lgtéck@dnEﬁ bhﬁﬁn$@ﬂannﬂ:madpatenhaWQQM€$s
naveqlh St ML eiANenaz PUEDALoq LALA! GLBLER £6508E other

to eac r about t ongi t udi axi s
over aa@uantgiee densuah 1 bagitwdiessendiisalsl y5vb§3| hﬁaéngle o)

di anetrjc posi ng, bands are, each .forume
o Corhah B SRh 2R R S R £ R B eBe R S e 8Ty sopposing
specbhhgat 409, e NNEGRBEHCHPOL Bt & BN AL R BaaBl Ehgoles.

magnet suyrface or on the_support surface,where
magnet i c* ??eﬁiflﬁuﬁ8883r8§s gﬁ CeliiPReedofaghetic

SUpppbleSUs fﬁceaﬂdéeb@byhapﬂ@@ﬁéﬂgs@xsfa@é afreanothsogtiSBort

or sink_for net c field |1 th t f
o by BOF A MeR el EnBE PRSI SrRaRgERe, FoPhEs

regi ensfb@émr’cﬁ&%u&dpamd Supohes ﬁﬁéx%ﬂyh apbetbéng as an
smal | er net s [

7a, 7b, 7c. and 7d m@y ghan in
t he 8§§@n? aF Py HFel9 rc5HP§ gPFgﬂ%%P?Qﬁﬁ $1gr §4R85the N
ar? S pobes. i?nﬂkhgstway ofhe h£¢¢laﬁ My@méslotge gag?etic
al ternati,n a forma
e Eageh "ttt ST 2 cPAThE Ph iy vbR B BB gobores
for mln%ebowOfitﬁiej simndedlhslpbaeeﬁ ’Dey, &litquﬂcQOamd 7d is
azi myth wi to t -
ot et hEaR o e e rerS Bahte h aid Sngtn regions

gr adiegbindotiee ihexrel theolegnethcthielwhst rigreghirlical bands

decrease fron1the ncre sed.,val i n the hi h -, fiel,d
band oo SLREE ORI th e B3 Farh anp edera bhfiCos

increased magnetlc field strength relative to regions
forming low-field band displaced by about 90° in azimuth
with respect to that high-field band. In between the
high~ and low-field bands, there is a gradient zone where
the magnetic field strength decreases from the increased
value in the high-field band to the value in the low-
field band.

The separator magnet 7 has a central longitudinal
axis 8 and is rotatable relative to the sleeve 15 and
about the central longitudinal axis 8. Drive means are
provided (not shown) to drive axis 8 and thereby rotate
the separator magnet 7 into either clockwise or counter
clockwise rotation as dictated by the sense of the
helical band. The drive means may advantageously be
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



10

15

20

30

35

The separator magnet 7 has a central |ongitudinal axis
8 and is rotatable relative to the sl eeve 15 and about

wo b@soe3768 al | ongi tudi nal axis 8. Drive nmeans BCEEP2004/051428

provi ded (not shown) to drive axis 8 and thereby
rotate the separator magnet 7 into either clockw se or
counter clockw se rotation as dictated by the sense of
the helical band. The drive meads-nmay advant ageously
be provided in the formof an electric notor, which

MOt OEoHRY s BENEOHYG I i@A1DY aBeGONA T O MWL MNROk he second
shown) . A short tapered section 11 is provided at the

| onerinNéRl 8f fRhFiiasidoe PRETiFEeTePIViaesidvided wit h

acor ceapandtRgi GOWaRlechaRBe slpBoBNEEFfdd2at st BErrounding
second inlet 4 for abrasive particles provides fluid

commithPc 5EPBACHeiSReP™t He SPpbPe Bikingehpyber 2. The
surrewrdcAd thget anenRGtSeekb@NoAlt ROMsde dHlieNds the
chanmber 2 . The conical taper is best based on the o
sane 2RRYReda8Cr P AIFRNE-Cd iPdc GE8eB 1 AkyY eclvmaate 2nipRPngixing
chanber, z2.agd m xi ng nozzle 5 . Fig. 2 shows a cross
section along A-A as indicated in Figs. 1 and 5r

runni ng FREoUGhSHME FagterS78eCEafRBveta thy PaRiss 18daRated

t hr oygh ﬁi?@.mixﬁam Thanbeli nd %ﬁgohgﬁ PheGRapletmagnetic
material 1I4. The geonetry is suitable for, counter
cl ockiPSEVESEEt Fore®dis thenseshrateh kagretxinghghamber 2 and

magnetieC pfi kebdo stiLRGth d Sa@erenlf 0 . Valkd Qibsonlcagst i1@ns
around,tﬁe support surface 15 hy neans of a grey -

scal €11k3pafrt f8R oPURIRE ﬁ&&ﬁéﬁﬂéefFeFﬂt+?%é§g‘?%ﬁ separator
whi ChhalgnRes 28eah@gidt @xaTRI1e, stiBnhehWeeny PAIreE AN various
magnet 7d  of og805|éelgglarity. The _pi ece of magnetic

mat ericg2 18NSR PR STitfe THRGET §UFFBRTt e RbrEsNFe of 2
part iftlesy-isklaek .4 (conpare Fig. 1), causes a portion of

the magnetic field lines to run fromthe, | ower_end 11

of the sépRPALOPT nAlgndte MBI piteEed of LRyt which
mat erniidesl40 Meenghi&xample, run between poles on magnet 7d

of opposite polarity. The piece of magnetic material 14,
on the side opposite from the abrasive particle inlet 4
(compare Fig. 1), causes a portion of the magnetic field
lines to run from the lower end 11 of the separator
magnet to this piece of magnetic material 14. Magnetic
field lines 21 and 22 are an example of such bridge-
forming magnetic field lines.

Also visible in Fig. 2 is a skirt 43 and a gap 44
extending between the skirt 43 and the support
surface 15. This will be further explained below with
reference to Fig. 5.

In operation, the tool works as follows. The tool is
connected to the lower end of a drill string that is
inserted from the surface into a borehole. A stream of
drilling fluid is pumped by a suitable pump (not shown)
at surface, via the drilling fluid channel of the drill
string and the fluid passage 1 into the mixing chamber 2.

During initial pumping, the stream is provided with a low



field lines 21 and 22 are an exanple of such bridge -
formng nmagnetic field lines. Also visible in Fig. 2

WO 2008/08%68t 43 and a gap 44 extendi ng bet ween POEEB04/051428
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43 and the support surface 15. This will be further

expl ai ned below with reference to Fig. 5. In

operation, the tool wrks as follows. The tool is
connected to the |lower end of -agdrill string that is
inserted fromthe surface into a borehole. A stream of
drilldoRgehkbbdids SuUERLd apa ¥ i '
shown) at Eg?f%a%e,wvi a tr?le%gr Plgfwlc%gpdfafu(fwdq%?g%%glc gl?terlal
t he &Mchl 28t preRyt atftett v FitgPd BasSage 1 into the

m xi ng chagbef r&am #@HﬁsﬂgrbﬁiEh@!mpyfﬂgrﬂhadﬂg% $t L8afhe

is provided with a | owconcentration of” abrasive

par t FéFd8dofcratmet i ddtedrhltcduapaiasstids beshode

st eelpo@ibhy. Iheustdeamdilowel Hom § her M xd NG chambey 2o
to the mxing nozzle 5 and is jetted against the

bor eféR¢ BbEL BAT e Hulettesudpy evaeldr¢Tedad « ifhgetyrn

rot atedc34, t Bahtd e RpreRolre uhal t oAL 1 o eyveRtey RI@d8des and
A return stream containing the fluid, the abrasive

par t iSicey 24AaN ed@iet A drl HSbIEES™ FewsoFehmhg fettom through
bor ehglee ooEhoMe 1 QU e iBer 8Reker b Nife U SCIION Thereby,

back to the surface. Thereby, the return stream passes
al ong-hen&edpsayet1eam faffssaResns| Yhai sepiaping of

t he str e%%ﬁﬁtgﬁééxhéﬂg vfi'tl}‘ﬂ' %umbﬁﬁgs_@?aﬂ?é Oft YERGNefr erilling
is rotated about its axis 8, in a direction dictated

by tHe idéhs&hsf SEPRIHEY dRINSAnds IswhPERt AR feilitiFer

cl oClkgniise 8Qr 180NN £F e & RGK Wi ot ERELFEPRE A D sdTRENet 7
i nduces a magnetic field extending to and beyond the
out e&ljrdcBapfst e ke gipd P5 © hFﬁeC%?‘F}é"é%’ﬁepa%rsé?é’unter

al ong: tdreu8lseeVvend Ssed e @y asighetpar thah€ss 1 ddifietic
stream are separated out fromthe streamby t

: : y the
magnetisel ¥ GFEEBILRNT S NS &pacRo L hRagRERE AW 3de of the
attr agtedRe 18ar hsCt BS St R Q¥ehlong 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.

The stream of drilling fluid, which is now
substantially free from abrasive magnetic particles,
flows further through the bore hole to the pump at

surface and is re-circulated through the drill string

[sH}

after removal of the drill cuttings.

The magnetic forces exerted to the abrasive particles
are lower in the low-field band than in the high-field
band. The magnetic particles retained on the support
surface 15 are attracted towards the band having the
highest magnetic field. Due to rotation of the separator
magnet 7 in a direction against the sense of the helical
bands, the respective bands and the gradient zone in
between exert a force to the magnetic particles in a

direction perpendicular to the gradient zone, which has a



surface of the sleeve 15. The streamof drilling

fluid, which is now substantially free from abrasive
wor@sebizes particles, flows further through thePODER2004/051428

hole to the punp at surface and is re- circul ated

through the drill string after renoval of the dril

cuttings. The magnetic forces exerted to the abrasive

particles are lower in the | ewiofi-eld band than in the

high - field band. The magnetic particles retained on

the 8UPROALASHRGRNED aherabyr astethd awar ¢ kheiban
havi ng_t he hi ghest é%gnetlg f%el DJ% to ?%faﬁloggo?

t he §@$éPHt%rh?ﬁkﬁﬁﬁly7dPW“Haéﬂr%%Y$@ﬁP§ﬂym nst the

sense of Agh@h@eﬂa&qlclia@nq§rltf@ea£ e@rpeecstéc\e%dbaﬁ%ta@d the
t he gradl ent zone in between exert a force to the

magnétireapapf i ¢rigdling £14ifdeélPvingelpendibGumiring t he

gr adi:gBhngeng, a%mlrf: kerhtas jadownuap dr-companent , thereby
forcing the particles to follow a helically dowward

novenent ASA3 ¥Eldaafi fhesraefevel dragnnt isemghgrinletd, the

4, tH@gﬁ%f?@nffgldhgﬂédl%%tf|Uhglﬁigméimkﬂéﬂd%n%a%y of grey-
m Xi ng chamnber 2 ain entrains the particles.

resulSCase FREUPIERS dFroRadhet PEPRaFeriwtare 1{5héowards the

magnehisgqbi 6k dr g aghi-anlg CriagbBl-eoasethfe dansid %tQBng, such
grey - scal e sequences) fromthe support surface

t onaitd#gtt RBErHsPHE ST Maw@ ekl A ereﬁaﬁ%d?arzlb?é@@né@ through

I ess ;g eng, 1§H&fkﬂé"ﬁlﬁﬁ%brEhﬁkbébeznPQrﬁgdﬁifﬁ%%%%'Ve
particles 23 through inlet 4 into the m Xing chanber 2

i s facil PhaEetns Bt ENndiiddnghehmiReh? cHfb @R L iclRe

par tisghesakht fLacted td ddag Sher aéﬂwin@l rfidldlqaafsls%%
passi ng throug the m xing chanber 2 frominlet 3t
5,

i Xi ﬁ@rﬁ&gﬁ NS MERNG (hAERP L ﬁe§é°’6ai=?]rectf ob g mies

entraidiede B, t Bhe SHdRHY thesd Baxtigy&s asile ADATIeEned
particles ar e again jetted agai nst the borehol e bottom

and stbsdFeftF§2TR1 ow

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,
in 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 eguipment. In case a small fraction of
the particles flows through the borehole to surface, such
fraction can again be replaced via the stream of fluid
flowing through the drill string.

The body of magnetic material can also be embodied in
the form of a pellet located in a cavity provided behind
the mixing chamber 2 on the side opposite from the
abrasive particle inlet 4.

A separator magnet 7 with a right-handed helical

sense (for use in counter clockwise rotation) is shown in
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t hrough the annulus fornmed by the tool and the
borehole, in the direction to the surface. The cycle

WO 20065/083768 epeat ed continuously. In this manner PCT/EPR04/051428

achieved the drill string/punping equipnent is
substantially free from damage by the abrasive
particles as these circulate through the |ower part of
the drill string only, while thetdsilling fluid
circul ates through the entire drill string and punping

equi peNt 3,1 AnCaseefr&s@ida diiAC iin@Reh E}k@hcf?l 1A Hli85, 1
r

flows through the borehole to surface, suc action

can a?d&fr?oﬁellse]émé%%be@lfal%themsttﬂ?éaﬁﬂéﬂewifu@ﬁImerxg Thus
throughdike1dii bk sé€ing: thhe HRadyobs n@lg@eééﬁéraﬁcir magnet,

mat eri al can al so be enbodied in“the form of
| ocat'8th G 1& avidsd pkvvired e Riaaet el #i x1ing T,Q}arﬂmir 7d,

2 on dihe 1irdecapResy tend ramdhne abrasive, PRy
inlet 4. A segarat ojr/ magnet 7 with a ri gzht- %an(}%&ween 0

hel i caild §é5rﬁ)§el$f@rsmks'l@ | Ascoant be s¢ackvitse angtlat poth this
i's shown i nFi representati on wherein the

cyl i fdS% s Qgrfﬁé:erei@e@ﬁr G| 8HSFY a87% P& HdpIsEae Lok

t he sThys r ly i f t ei ht of

t he se%]ar at OEHWE}{%e%{Q% bfefh& tl91 J|t&ﬁu€hrrla
nagneiEfﬁQrenEb bétweamdtﬁ@hpnnyédﬁeﬁiKeﬂtaii@bﬁimhs in two
surface all azimuths between 0 and 360 is visible.

A's CHit Oélééﬁg PRl el BRGNS S -t BildeERdRIVRI VO e angle ¢

respegdn ofe Q¥@AKA0RELQS e drelcap@nets in the
stack, f being the azinmuth angle difference between

the proj cie8§ NOSSEPPBEE: GhslY nndisangi BhdoliFadigent zones,

smal |yefe iRgMRt faghbt 88 Nald Vel shrdRR haBGEBeds€aMPR steeply
vari ed al ong the ma%net stack. Areas 16 schematically

i ndi i tth‘@ gradrantd st hdhe Ph@hnﬁbhje‘ﬁlkéaffq é%QJI the

st rengdidecr easesonosiesd eeply. fromthe increased
value in the high- field band to the value in the | ow

fiel d baereDdpaadpngborh botand tdred akhal akébdhthedfyhthe
of trgﬁaller magnets, each of the two high-field bands
stretches in a direction making an angle 0 with respect

to the plane perpendicular to the central longitudinal

axis as is indicated in Fig. 3. The angle 0 can vary
along the magnetic stack.

Magnetic particles retained on the support surface by
the separator magnet tend to arrange themselves in
elongate chains along a magnetic path from one pole to
the nearest pole of opposite polarity. The shortest
magnetic path on the approximately cylindrical surface
between two adjacent N- and S-pole locations within one
high-field band, indicated in Fig. 3 by dotted line 9, is
shorter than the shortest path across the approximately
cylindrical surface between a S-pole (or N-pole) location
in that high-field band and the nearest N-pole (S-pole)
location in another high-field band. Thus, the magnetic
particles will tend to form a chain along line 9 in

alignment with a high-field band. For reference, dotted
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smal | er magnets, each of the two high - field bands
stretches in a direction nmaking an angle g with

w0 e@pmai76g 0 t he pl ane perpendicul ar to the cenPCEEP2004/051428

| ongitudinal axis as is indicated in Fig. 3. The angle
g can vary along the magnetic stack. Magnetic
particles retained on the support surface by the
separator nagnet tend to arrange thenselves in

el ongate chains along a magnetic path fromone pole to

t he XS] I ' ok gLl T test
naakest POl en@f cARRPHLE nBOLAL Eimed%ﬁﬁggﬁﬁéﬁﬁ%as

magnetic path on the approximtely cyli ace
bet we& teflo L 4BF aB e3d NT 19 Beperen| blealt itWHss widtiied line 10
one hisghoo Ehekd Hand.: dpdicgat adsifnbl gfﬂén B, AR ggﬁge in

line 9, is shorter than the shortest path across
appr ¢hiemat ehyfEGI{ leAnd d1o $lef acerpat veerrke Sutsdide the

(or MN=pel ekokbeeadi O idkddi@hthi,ghe-16i el d band and the
nearest N- pole (S-pole) location in another

hi gh- f i elBebanpbevanruslistraceagasei departinddeonithe support
tend 49 AeEM 8 fbal thAl A0 o Ink e 8 fsttddt Buer

high - field band, For referéence, dottedline
i ndi ¢RLEH KA A ime shmaidicAesengehdagredtted line 9

and it C@@gpe4s§ﬁghéigﬂ éﬂﬂé%ngQﬁbgdsé§£¥%éékiﬁ%dﬁ%%
short to bridge the distance fromthe N pole In the
hi gh-Lreéngepant: t dlthel egiasites popekvitsideatiomamtiereby

Crossimg nhlBegEadh end zongr 4. The rel pyait bl §,ANGA%e as
are determ ned on the support "surface, since that iIs
appr &dYaferpet hecar R tei el fwkhehaxhel g ¢ff those

part i@ twoubdegrog. Aifhn,4 SkQWS3Bnal LERERE | 4€ nagnets
separator magnet arrangenent, also for counter .
cl ocRiYs @ SRRLPBAL - wHE SO S ARghBE s 7e0l® axe gftacked in

Fi g. i@ 6@Pk8RRgs bye i i , asnERBYy MRUNet$e 886 hcent poles
havi ng hal f the_axi al height of those magnets 7a to

7d. AgE A1 2 BREEEREntAinbEr OFPREGRERSYHEY e separator

enpl gyefhetTheomBeNgt s1) g Ni@dbarang §iacked 415 pole

NNSSNN or, SSNNSS sequence, whereby all the adjacent

po|e§xmminations are pseudo-helically shaped in conformity
with the helical arrangement of the band. Moreover,
magnetic poles on the separator magnet formed by the
first and last of the smaller magnets in the stack are
smaller in the stacking direction than the magnetic poles
in the middle portion of the separator magnet. This has
the advantage that the magnetic 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.

In the embodiment of Fig. 4, 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



are on a helical band. In conparison with the
separator magnet 7 of Fig. 1, the neighbouring N N
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shaped in conformty with the helical arrangenent of
the band. Moreover, magnetic poles on the separator
magnet fornmed by the first and | ast of the smaller
magnets in the stack are snmallerzi-n the stacking
direction than the magnetic poles in the mddle

por tiqys 0fa ttheiagparai oo rgnaine Tht8rfas hdgnetic field
advant age that_ the %fnetl c. path fromthe tog nost or
I

the bOttTmMPFSSPTBERELY cEPOIY ither RatRrghl f Pl thdarapnet

can fﬂéﬁhért%h@ﬁaﬁﬁétmé@@EE§1‘bdﬁydin@ﬁ 9ﬁp9§ét§écess his
polarity in_the sane hl%h- flibd band. The first anci[‘

| ast e RighatiehE K O3Re Qfy éRCKSPECE BRERekc field

axi al stheirgith, t Ba a&@@toﬁm@rréﬁﬁﬁ@eb% 'ﬂoEer§5ﬁ6ﬁhcéd1
t he enbodlnent of Fig. 4, the reglon of reduced

magnetit [Jér FBAHEI Rt §EPES pFAIREd ofn thReSeRR AR BPL anagnet,

hel i cali dreG@Sws26iFBulide é&ﬁﬁﬂhﬁ%uQﬁa§§09£dt{ﬁ% diametrically
separator nagnet 7 adjacent to el d ban

Due tWPRIFE Qﬁé?sna‘@?\%‘??%t%rhfegﬁlslepgyaéiﬂ ﬁ%r#a@*ﬁét
mat erdésdt duian 2bhethesst ARONG BeNiral cbbabshbhd Syl the

the recesses (agas a fluid, or a solid) the internal
magnet3ETS @bd 2PAnEES pFLEGM Harftan) oLsF| Btk heheeltigh=iield

of thearmRgnat ﬂn@&eggeahaggﬁév&a&tl%rmalstgeﬂgahned in
the recess. This makes the high-fi

i ncr eased égAet FE #i %‘Fléle%éi'ﬁfjéhg]{or‘i‘glé&jjé@éhtv%%‘é Fedugyided

26, Bf ecHY GRQUREEHr h V\%ne‘é,a Blws 2 t6E08Sa 8864 | PIh&S
t he iHP$rator magnet , ch shows circul ar contours 24

ar ount CHE G e FERAPH) L Oppottig Pphes CLEBRMRE @RRRMrs and

essenthaldgsesitial ght sE08 O ScAroulRe $tHal Btprovides a
contours carrespond with the recess 26 ;and t he

ci r cuf Ao P RPERTE hEohi Yh W& S84 BaREtaFe in the
i ncreased JRORGL kG FhﬁldBStTﬁgwﬂﬂblé 8 Efgthébhéﬁlcal recess

schemati c I ongi tudi nal view is provided of the
separa$ dF3°magnet, whereby the slanted |ines

Preferably, the recess reaches a depth with respect
to the cylindrical circumference of the separator magnet
that is similar as or greater than the distance between
the gap between the magnetic surface in the high-field
band and the support surface.

It will be clear that the separator magnets shown in
Figs. 3 and 4 for counter clockwise rotation can also be
prepared for clockwise rotation by inverting the sense of
the helical bands from right- to left-handed.

Provision of a pilece of magnetic material in or close
to the mixing chamber is also advantageous in
recirculation tools that carry a different magnet
arrangement than the preferred separator magnet
arrangements described above, examples of which are
provided in WO 02/34653 and in US 6,510,907.

Suitable magnets for the described recirculation

system can be made from any highly magnetisable material,



indicate the transition between the circul ar contours
and the essentially straight contours. Fig. 4c

W@r@3i00kTss a schemati c representati on of the enPCT/P2004/051428

10

15

20

25

surface in the sane way as in Fig. 3 . The angle q of
the helical recess is 53. Preferably, the recess
reaches a depth with respect to the cylindrical
circunference of the separato+r Imagnet that is simlar
as or greater than the di stance between the gap

bet waer 1LhengegaRss ¢ s ag@ hIntbs-H) Ay -5 fdgld hand,
and the support surface. It will be clear that the

separ _6leolfragne_ts shown in Figs. 3 and 4 for counter
cl ockwi sereetaibDp e Rips@aRkerPhefAteh iR HHlOeKWaS8etic

rotation by inverting the sense of the helical bands
f r omanieghy- cootérf tof dtardedt PAOvkSimh of moqu ecepefrature,
magneti ¢ material in or close to3the m xi ng chanber is

i al
al so PIGFEREAGEOTRTS nEhadti 39Ky S n3 E obP ™ tifatP ey eg such

di ff eren’s RRENEAsArw R AERIB-LRaBRdt hegRsed 8N e gh energy
separ ator nmagnet arrangenents descri bed above,

exanmplCeSeBt GhLeYS at¥F pHRATEEd BRha WO A6 SE e jof the

US 6,bpo207subhéabl e imagnretethen theedlesdrdebnsequently
recircul ati on system can be nade from any hi

ghly
nmagnét iS$ERPESFat &P Fal O Hdieu duRg ORE FEB: gt fdt AN Co
- 5, Mvaategebusatdéoncidenacfl. tPaakgsabl ¥adde Also, less
separator nmagnet al so has a magneti c energy content of

at | ERLET146 kI 529 riomthenpgeratarR, Opridiersanaratore
t han m3QRiek]/ NB at room tenperature such as is the case

i NTTeEbased anels, A ghcneray content. oot

surf acarmaillh hbeer&f Ui met-neafetatdms D8SESUENIHSY &re

Ly oSt oger ol e SUPROTL SULLRCe MICTL e raserian

powerin Sudequicbedntointher ingdlateehanl chhessepagiat Orsuper
alloys, including high-strength corrosion resistant non-
magnetic Ni-Cr alloys, including one sold under the name
Inconel 718 or Allvac 718, have been found to be
particularly suitable. Other materials can be used
including BeCu.

Fig. 5 shows a schematic view of a tool for
excavating an object, including a recirculation system as
described above. Visible are the conically shaped support
surface 15 housing the separator magnet, and the ridge 41
housing the bypassing drilling fluid passage. The

dimensions correspond to those given in Table I.



magnet . The sleeve 15 and the drilling fluid bypass 1
are normally nade of a non -nagnetic material. They

wae@sm076@bl y machi ned out of a single piece oPCT/BB2004/051428
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material in order to obtain optiml mechanical
strength. Super alloys, including high - strength
corrosion resistant non magnetic N - Cr alloys,

i ncl udi ng one sold under the nang 4 nconel 718 or
Al | vac 718, have been found to be particularly
suitalpe @ her materials can be used including BeCu.
Fig. shows a schematic view of a tool for excavating
an opjpéé‘tl,nﬁlh%l uding a recircul ati on syRedmrasce | size
desctibed above. Visible are the conicdl]y,shaped
suppart surface 15 housing the separatar magnet, jand

t he rRdgalslergisiafy segpargypassaanetril|ling fluid 120 mm

pPassSagEt ey G &k THT ong o those—gver—4
Tabl ¢ i ?Ta fe.éflﬁg;rc%f %aar?e%lr%?grg% ijl(;éicasi z?nurrber ,%3 ar
| engt Rishetepatmtlowamepaet f120pporiCutiérS di anet dr3oHfmm
sepal @E?% gggnet 7 29 mm Di aneter in |lgwer part of
support 534 nm surface Dianeter in upper part qf
suppopbtiathét&? i ppdragarthefr egpport n {tihse vi ci ni{t32 ofm
t he ‘528?39&%”' et 4 (as depicted in Fig.] 1) is shilel ded
by sﬂne in the formof a skirt 43. Ajgap is |efft
open between the skirt 43 and the support surface 15,
t hr ough i_ch the abrasive .parti.c inlet 4 ]
accessi bﬁ‘glevrrggggﬁa%rﬁ a %n‘@l%lﬁé%guﬁgolrcgesﬁeﬁ% < Jlrgl.et 4 (as
The p¥igiateds inhFogghla 1 | dterelojpenbygshheldeid orlme oform of
gqug%éﬂ§§ﬁ¥ﬁ%ﬂdh”8a861¥w%%ké'B%éﬂ‘h%kwéénaPﬁeS¥£T¥¥t43 and
the support surface 15, through which gap the abrasive

(D

particle inlet 4 is accessible via a path 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.

The support surface 15 and the inside surface of
skirt 43 define a passage channel connecting the second
inlet 4 with the bore hole annulus. This skirt functions
as a filter to avoid rock grains larger than the size of
the access window of second inlet 4 entering the passage
channel.

This arrangement of the skirt 43 also guides the flow
of drilling fluid from the bore hole annulus to the
mixing chamber 2, along the support surface 15 in the
direction of the desired transport. The recirculation of
the abrasive particles back into the mixing chamber 2 is
thereby further supported. In order to entrain sufficient
drilling fluid with the flow of magnetic particles, the
velocity of the drilling fluid in the bore hole annulus
should preferably not exceed 3 m/s. Optionally,
additional slots are provided in the skirt wall on the

annular side.
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The support surface 15 and the inside surface of skirt
43 define a passage channel connecting the second

WO nbosostes t h the bore hol e annulus . Thi s ski PET/EP2004/051428

functions as a filter to avoid rock grains larger than
the size of the access w ndow of second inlet 4
entering the passage channel. This arrangenent of the
skirt 43 also guides the flowofedrilling fluid from
the bore hole annulus to the m xi ng chanber 2, al ong

the suppenk suffaces 1bs idhdie idi FegLi on %dt@elsd%%]t%%le

transport. The recjrcul ation of thé abrasive partic
back Gt #SEhdPnFIRRLRRHEREH B2 Ps CPHBERBYCIRR e rotatable

SUpp@ydRGatbl A ﬁétIOI@nAt.ﬂQl BeSkhEhei €At dféﬁ'al ol with a
fluid with the flow of magnetic particles,

vel o&H3F flsfeh‘éOH?F?}PJr‘ﬁgsefHalﬁacTolrntflﬁesbb%% Thléﬁ*e be provided

annuldass taRouvkdepr ef @5 abt e Otap2%eeed BabtScle inlet.
Optional Ly, additional slots are provided in the skirt

wal | on fheSanRUPRrMRGRANAR 18k the BBXIRT SHw#Le P generates

Fi gs.a ZtalegS tswsyEt @bl Bl £y ﬂ%ﬂid‘@r@ﬁnQHQQ£i£thMéﬂémber 2
a counter clockw se rotatable separator nagnet

wi |l G5k tee B XL Rt 1PBFLa Yodinewilelk RUBP gBRWRERIST

r ot atﬁﬁl&l&%@@ﬁ/agﬁﬁﬁéf‘@s SkHd tflwsbfbﬁaﬁﬁé’ﬂicge&amctl@% into
ot her side of the rasive particle in Ajet punp

mechdhits MFAPEnePARERg? ndy g 95 Tgeherates af s*tl?&bﬁ@mng
Ilh oW rfz 2dre sl lcegpﬁié@u%]cﬁ ra)raﬁlnqlmgthmglgh@Hp@E ode

e Xing nozzle e mechani sm
auxi ﬂbfrtﬂ%fnsﬂrﬁbﬁﬁé P #h%\ﬁ%%ﬁﬁ@?‘?%rp@ﬁ%’rﬁs in
i Nt 0 dcdeeyuivel @@t@ﬁ@ﬁxﬁ@rﬁt 2t drihanger rduagesed ©fe th®metic
m Xi ng nozzle 5 oggaredtoadrlllln fluid inlet

nozzI At Re AT AFLES SRMRF e 1MtRi e chafbey Hamber via
resuldisrdgl vadeguat elenif B nENtThef idekbkhengoh | bé€hand the

e TRaTele ST (S PR U les, enlerimg tnto the .

i nt ercanitdrabubesweenthies emidaimad odr khei pg1ébsd banthrticles

the q%%pe h% %%%%BELesurface 15 into the mixing chamber 2 as
well.

When excavating a bore hole in an earth formation,
the return stream of drilling fluid in the bore hole
annulus (formed by the bore hole wall and the excavating
tool) may pass the recirculation system at a velocity of
2 m/s or even higher. The reach of the magnetic field
into the bore hele 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
separator 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



contributes to the efficiency of the rel ease of
particles fromthe support surface 15 into the m xi ng
waeb@sioes7e® as well . Wien excavating a bore hoP€T/EP20a#051428
earth formation, the return streamof drilling fluid
in the bore hole annulus (forned by the bore hol e wal
and the excavating tool) nmay pass the recircul ation
systemat a velocity of 2 m's an even higher. The
reach of the magnetic field into the bore hol e annul us
shoubgh8¥£8tr aowed 1d Qﬁaﬁ@ﬁ%@l@%é}t@vjﬁﬁfﬂ €8 certain
sufficiently strong to pull themto the support
sur f 8BRTHEf R ™Hey have passed the device. At the

same tinep &heMBENeldns her €8s b i Nohdthe- Pkt ch 8Scy of
onto the housing should be as | ow as possible in order

to nERENFSEIFFHAt I FyisEEs: ahle pRARAT FEFuRRERESt $5f or

5 rotaprBget el pen AR iRREABt axTHE MtrsS Wit aBChore hole.
separator nagnet is one that has_an as high

as
possitBl 8 E¥RFFILiRGNHE folerné FBYkSt2Hoh stagifapp to 15%

pol apFMPABNE aMdit &h d5 thiePb&abt ¥t PoMBENEl RAWRGpRable. The
dom nant di pol ebehavi our_over a quadrupol e behavi our

for SURERLEER cHIGY icbritlEnt O RS RIS I Qdffisefeofhkhe

best sepRt-HESr ehddifd €NOhtRfinkheakesi 1 Ul BN t3¥SL8Pbort
the separator nagnet is preferably located in the

10 axi aPugéatpel ofot e horr REPECXERAEETY pf ddt fisdr @ hareeted

a smabl maxiahmefdsetof pet o 15% of the di ameter of
the excavation tool is acceptable. The enbadi nent

shown i n2fi g BLHRERafnl axiter bPEseY ! trdtie s asarsesrr
rr?ggm?gﬁ@ei; atnedoaxd Al clijsém'?ert%irdfeft bee syﬂwdtdc&t; grfa@e@tland
0 9 Or approxinmate mm.for .a targe mm
i anshEr JBBES ROTBEToe T Aot SPAAHEVES Tor o ffgh be made to
15 cylinddueal wsepanat fsadiBgNelxiallhReoyhel Tharei=an «af magnets
t he separat or magnet and t he inneg di anet er_of  the
C

i nsi d&°Mal'P188 EhR $RPIEICT §2F8s és\l\??%e%%ég"i%ge of a
axi alfrhekghbnidhe sh@bd edo MRGAEHSa tapered shape of the

separator magnet. The gap between the separator magnet
and the inside wall of the support sleeve may also

20 decrease, as well as the wall thickness of the support
sleeve.

The drilling fluid in the mixing nozzle 5, or in the

abrasive jet, may contain a concentration of typically up
to 10% by volume of magnetic abrasive particles. A

2 typical concentration of magnetic abrasive particles that
is supplied via the bypass conduit 1 lies between 0.1 and
1% by volume. The separator magnet is typically driven at

a rotational frequency of between 10 and 40 Hz.
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and the inside wall of the support sleeve nmay 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 contai nga-concentration of
typically up to 10% by vol unme of magnetic abrasive
particles. A typical concentration of magnetic

abrasive particles that is supphiedi \g a the bypass
conduit 1 lies between 0.1 and 1% by vol une. The
separator nmagnet is typically driven at a rotationa
frequéencylofl betmexcai@tang &40 dizjeCt, Ahke Mo8llecod®Plsing:

for excavatj . obj ect, _the tool canprising;, a . .
jetting saséiéelcgcrhl}%ras gsggmt %r{wehcgétqc ﬁg%c}ﬁjgécgh?of’%be"t to be
excaveteavaiad val jretat gdtsed esmrefm aME Idriing ihUESuid mixed
m xe 1.t h..abrasive particles, the jetting system
bei ngw%ef%val‘bdrea W I?agg%lf:ggit theilg n@hégfﬁélemv\lp?hn%

dri | Ipngvided dvitil ett, laasecandt tiMetcHaibeabihashve drilling

parti and .an outlet nozzle for releasing the

dril |.f%‘§f<% Ilur?‘rhuetrﬁ Zed oGP i”hée*ab{"d%ia\?éaﬁéﬂei Ppekiches, and
reci rewl @it oot systzdm dorangbehding etier atliatlengt £l €a8tmixed
sone abrasive partjicles, froma return stream

of thei?l{lun?n na1rbf<lr§ Wit ﬁafjﬁjecgebé’asi ve particles

downst r eam Herpimydaenbnod y s ten jedratidda tthe r@bjig@hlf)@@ kat

to the jetting system ereby the ,abrasive partic|es
corrpr?%éé&a grroangene%t?ét%r?af’lg??%wé/v%rgﬂqagﬁ’r &GPt poheturn

syst esttceamprd s eshen fSepdr at ed negriett Heolabs@pakat pbagt { diees

abr asi ticles .fr i d.retur.n_ streamand for

tr ans%%ﬁ%e%ngel% alﬁgf%g{] ég b T Jseéccé’r}%%i ﬁﬁ& ?L%eCt back to
pi ecetlod Trigrietd cywdtey | ahetdlay tile plovisded barofcies

t he V&&h&fé’e OJ ﬂ%emiél qutgpl ,erWhSi%%h raesc’:ltr%uggngor? system

comprises a separator magnet for separating the abrasive

particles from said return stream and for transporting
the particles to the second inlet:;

- a piece of magnetic material that is provided in or
in the vicinity of the mixing chamber such as to draw a
part of the magnetic field generated by the separator
magnet into the mixing chamber.

2. The teol of claim 1, wherein said part of the
magnetic field in the mixing chamber is directed
essentially transverse to a drilling fluid flow path
between the drilling fluid inlet and the outlet nozzle.
3. The toeol of claim 1 or 2, wherein the piece of
magnetic material is located on the side of the mixing
chamber opposite from the second inlet.

4. The tool of any one of claims 1 to 3, wherein the
recirculation system comprises a support surface to guide

the abrasive particles towards the second inlet, and
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part of the magnetic field generated by the separator
magnet into the m xing chanber. 2 . The tool of claim

wo poostoas7es n sai d part of the magnetic field i npeh@P2004/051428

m xi ng chanber is directed essentially transverse to a
drilling fluid flow path between the drilling fluid
inlet and the outlet nozzle. 3 . The tool of claim1l
or 2, wherein the piece of nagneti-c material is

| ocated on the side of the m xi ng chanber opposite

fromyhaeepgcandni®l @tis broviBedt 88l 2 0fii &Y A& the
claims 1 to 3, wherein the recircul ation system
conpPiiPESTs SUBPBFE Ri'Hade 2t §2gubaEvePR Hie &iivdd and the

part iseh@s ritowak dscd NensREANG oAl 8L, 2 3pgeF &Y Be return

shield is provided at a distance fromthe support

sur f #CE<PBaFPn§ha TREPBLEREST ehenghile suwrprtheurface.

supper.t suef asg1theraby dner giengi1aipatd €4 oM tHe J8hLULRe
streamto the second inlet along the support surface.

5 . PREALFSPToRAERST dife o ﬁeﬁﬁﬁﬁuiaﬁéoﬂ,smiiﬁ PRet of a
SeparakelsptRaNgbvofe LAY QGINEEYIrat hgnt 8y SILMd S PYablrticles
of a transport device for transporting the abrasive .
part it¢] &s Sedested| et iy dOMrgASt blkar B-CeE YeEdnd which

i nl ety r 2RIl tt Hansper tuded cecbgrt Bes; conprises: - a
support nenber having a support surface for supporting

the abrasi PEPPAEEi BEBET R 18GpPortPBOFE aver idaeddirng

in theselechededir 86td Oive Waghaby ckherBEPAIAU Ot surface
magnet is arranged relative to the support surface

) d
such & G igenéPat Be aStrerfitetd Aifeeldofor "hetehnit§ t he

par t igdRs-akrt hagaepPDs tasiidRee rehateby, t& hendagngid:e
field on the suEport surface Iis arranged to have a
d

g :
hi gh sughiagey SyERd2S at? FRPFSdSd 2 BRAPC ARG %l%%nféﬁ c
fiel dazadiient the gagtddi@ntorzane keppeen satfhdd Ghhereby,
and low - field bands whereby the nagnetic field

str eﬁdten H}a@nﬁrréchif@ﬁld % I FIRBOTS ﬁP@ﬁé?et%rﬁl%I}?é’tged to
in thesdow HiigdldibBaddoand, a low-field band, and a magnetic

field gradient in a gradient zone between said high- and
low-field bands whereby the magnetic field strength in
the high-field band is higher than that in the low-field
band;

- means for advancing the high- and low-field bands
relative to the support surface in a direction having a
component in the direction of the magnetic field gradient
on the support surface, whereby the high-field band is
followed by the low-field band.

6. The tool of claim 5, whereby along said high-field
band at least a first magnetic pole and a second magnetic
pole of opposite polarity are arranged such that a first
magnetic path on the support surface from the first
magnetic pole to the second magnetic pole is shorter than
a 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.



means for advancing the high - and |low field bands

relative to the support surface in a direction having
wa2asnpsTeent in the direction of the magneti c PCEER2004/051428

gradi ent on the support surface, whereby the

high-field band is followed by the lowfield band. 6 .

The tool of claimb5, whereby along said high - field

band at |east a first nagneti< Jiol-e and a second

magneti c pol e of opposite polarity are arranged such

that a first magnetic path on the support surface from

t he fli.r stheagoel i ef poleent 6 bhebtsewbare agitet igkapdkati Sone

short.er n second magnetic .path on the support

surfggeh%?gggi%é ?%éﬂé¥§gF§ﬁPngoﬁ%ef?%ﬁﬁ??ﬁ?qiﬂ%%?et'

magneti c pole to any other nearest nagnetic pole of

opposite polarity.7 . The tool of claim5 or 6,

wherein the gradient zone is helically arranged around

t he separator magnet.



