5 Janudry 2007 - 1 TOOL FOR EXCAVATI NG AN OBJECT The
present invention relates to a tool for excavating an
object. In particular, the tool of the present
invention conprises: 5 - a jetting system arrgﬁaré“gryt%m
i npi nge the object to be excavated with a jetted
streamof a drilling fluid mxed wth abrasive
particles, the jetting system being provided with at

| east a m xing chanber with adnikling fluid inlet, a
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are made Yt SR f&S EPRatEYS Aarfofl¢trat purpose. 5
January 20XZh a tool can typically be provided on a lower end.

15 of a drill string that is deployed in a subterranean bore
hole, whereby during operation the drilling fluid is
pumped from 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

20 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 tocl
with a recirculation system for separating the abrasive

25 particles from the return stream and re-inserting these
particles into a mixing chamber through which the main
stream of drilling fluid is passed Embodiments of the
recirculation system are based on a separator magnet for
magnetically separating the abrasive particles from the

30 return stream, which abrasive particles are made of a

magnetic material for that purpose.




2 Another such tool is described in International

publicati on WO 02/ 34653. The recircul ati on syst em of

that tool is based on a helical separator ng thaﬁ

is concentrically arranged within a support ngary 2007

The 5 support nmenber is fornmed by a cylindrical

sl eeve, of which sleeve the outer surface forns a

support surface on which magnetic particles are

retai ned by the magnetic fiekd2generated by the

hel i cal separator magnet. The separator magnet has a
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Both prior art tools rely on an efficlient transfer of
20 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
25 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 excavating an object, the tool
30 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

35 fluid inlet, a second inlet for abrasive particles, and



35 fluid inlet, a second inlet for abrasive particles,

and 5 January 2007 - 3 an outlet nozzle for
releasing the drilling fluid mixed wth the abrasi Ve, 007
particles; - a recirculati on system arranged t@3January

recircul ate at |east sone of the abrasive particles,
froma return 5 streamof the fluid mxed with the

abrasive particles downstream i npingenent of the jet
w th the object back to the jegting system whereby
the abrasive particles conprise a magnetic materi al,
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i Nto tRLqAAvd R0 aphafDEmalye pdbIPHAY80Ube formed in the piece
of magnetic material having opposite polarity from the

20 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 pilece of magnetic material, and thereby
part of the magnetic field generated by the separator

25 magnet is drawn intc 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,

30 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
35 drilling fluid flow path between the drilling fluid inlet



Preferably, a part of the magnetic field in the

m xi ng chanber is directed essentially transverse to a
35 drilling fluid flow path between the drilli f|UI9
inlet 5 January 2007 - 4 and the outlet nozzl®'anuary2007
Herewith it is achieved that the magnetic particles

are drawn into the m xing chanber in the form of

chains that run transverse to the flow direction of

the drilling fluid in the m xing chanber. 5 Herewith
the interaction between the drilling fluid and the
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to c) SCheI—'imtelw(i%Lml ¥ll§i@\ﬁ%nvgéié?ﬂ%ed 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.

20 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:

25 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;

30 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.



alternative separator magnet surface arrangenents in
accordance with the invention; and Fig. 5 shows a
schematic view of a tool for excavating an object. 5
January 2007 5 In the figures, like parts caF?%muszoo?
identical reference nunerals. Were, in the follow ng
description, a direction of rotation is specified,

the direction of transport is each tinme the view ng
direction in relation 5 to whicly the rotary direction

is defined. Part of a tool for excavating an object is
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opposi tigs fdrx@MLt Bering and at the other end thereof in fluid
communication with a jetting system that comprises a
20 mixing chamber 2 that is connected toc the drilling £luid
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

25 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 borehocle.

The mixing chamber is provided with a piece of
magnetic material 14 on the side opposite from the

30 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

35 angle is about 21°, which is optimal for abrasively



30 abrasive particle inlet 4. The m xing nozzle 5 is
arranged inclined relative to the |ongitudinal
direction of the drilling tool at an |ncI|nat|an 2007
angle of 15-30 relative to vertical, but other dRG&S
can be used. Preferably the inclination 35 angle is
about 21, which is optimal for abrasively 5 January

2007 6 eroding the bottom of the bore hole by

axially rotating the conplete toel inside the bore

hol e. The m xing chanber 2 and m xi ng nozzle 5 are
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wi th réﬁéﬂﬁé}CQ.tfhéqd}ilﬂi£8€%fﬂﬂ& pQEsédE 3Nhas a lower end
29 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
25 freestanding from the support surface in a manner similar
to that shown and described in Internaticnal Publication
WO 02/34653 with reference to Fig. 4 therein, or in an
off-axial direction. The second inlet 4 for abrasive
particles 1s located at the lower end of the ridge.
30 The support surface 15 has a conical shape.
Alternatively, the support surface may ke cylindrical.
The cylindrical separator magnet 7 is formed of four
smaller magnets 7a, 7b, 7¢, and 7d stacked together. A

different number of the smaller magnets can also be used.

35 Each separator magnet 7a, 7b, 7¢, and 7d has




of f-axial direction. The second inlet 4 for abrasive
particles is |located at the | ower end of the ridge. 30
The support surface 15 has a conical shape.
Alternatively, the support surface may be cyl i nurdnggp 2007
The cylindrical separator magnet 7 is forned of four
smal |l er magnets 7a, 7b, 7c, and 7d stacked together. A

di fferent number of the smaller magnets can al so be

used. 35 Each separator magnet 774, 7b, 7c, and 7d has
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ongi t udi nal
J forming low-field band displaced by about 920° in azimuth

20 with respect to that high-field band. In between the
high-~ and low-field bands, there 1s 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.

25 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

30 clockwise rotation as dictated by the sense of the
helical pand. The drive means may advantageocusly be
provided in the form of an electric motor, which motor
may be contreclled by a control system {not shown).

A short tapered section 11 is provided at the lower

35 end of magnet 7d. The sleeve 15 is provided with a



axis 8 and is rotatable relative to the sleeve 15 and
about the central |ongitudinal axis B. Drive neans are
provi ded (not shown) to drive axis 8 and thereb

rotate the separator magnet 7 into either cl oc{\ﬁ nygry 2007
or counter 30 clockwi se rotation as dictated by the
sense of the helical band. The drive neans nay

advant ageously be provided in the formof an electric
notor, which notor nay be contBokHl ed by a control
system (not shown). A short tapered section 11 is
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comunigati Qe Rat ¥eani dnh el sappatle suk{ %h&éber 2. The
surroundi n the tapered section 11 and the gLX|n
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chanber AN m xing nozzle S. Fig. 2 shows a cross
secti on afong ‘A-A as indicated in Figs. 1 and 5,
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nagnetlc mat eri al The geonetry’is. suitable for

counteFr%T§ﬁﬂ6ﬁesE°r%ﬁ%ﬁ| oﬁngftqqﬂ¥g§eb%ﬁzﬁ%ﬁlngnﬁ@ﬁﬂﬁer 2 and
The nmaghetpiedd el dnsgretngt fatsrigilven. f the yabhausy is
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on MagngtadthnLhrORROSIHL sREDA Y Ir£1BE 1 €5Cmehns of a
magneti ¢ material 14, on the side opposite fromthe

153br asi §ESPzital@-e inlet 4 20 (conpare Fig. 1), causes
a portion mfpdriteofibgnatneCnbydtlic lfiiaea Limdsyncbs omidme

| ower ndl of the se tor net to this |ece f
ragnet LEOREIAT PP 0 SRS | £ PLAPEer ped s 7P ol
are anoéxg@gﬁa;ugfpglﬂﬁmﬂyr|@gg-plece of magnetic material 14,
on the side opposite from the abrasive particle inlet 4
20 {(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.
25 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
30 connected to the lower end of a drill string that is
inserted from the surface into a borehole. A stream of
driliing 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.

35 During initial pumping, the stream is provided with a low



i0

20

30

35

formng magnetic field Iines. 25 Also visible in Fig.

2 1is askirt 43 and a gap 44 extendinghbetmpFP Lhe

skirt 43 and the support surface 15. This w e
further explai ned ngOow with reference to Fig.OJ§nuan2007
operation, the tool works as follows. The tool is 30
connected to the lower end of a drill string that is
inserted fromthe surface into a borehole. A stream of
drilling fluid is punped by a-suditable punp (not

shown) at surface, via the drilling fluid channel of
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surfac Thereby, 10 the return streampas
the sl & &etgrn ﬁrﬁ&mtaﬁ%%ﬁfs@ylommthqom&peng - t he
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be ond t he outer surface eeve
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parti cliedd eBxtdreilidyl €8N ®e$8RAM MLGuPHE £t Qg the
strearg]%\év\% %nq}%n%l%cs{%éces fromtt;e separ at or 5, the
nmagnet t HBPEFET SLOBAt Bh? el sieet
sur f acdbrgbivheraitéeles 15 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
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 nmagnetic particles in a

direction perpendicular to the gradient zone, which has a




5

10

20

25

30

35

The streamof drilling fluid, which is now

substantially free from abrasi ve magnetic particles
flows further through the bore hole to the punp at
surface and is re-circulated through the drill %#¥Wﬂ@2007
after renoval of the drill cuttings. The magnetic

forces exerted to the abrasive particles are lower in
the lowfield band than in the high-field band. The
magnetic particles retained on ithe support 30 surface

15 are attracted towards the band having the highest
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nhand _
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t ool aiektdde abaimdioltbe 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
repaated 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 equipment. 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 embedied 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



20 in the direction to the surface. The cycle is then
repeated continuously. In this manner it is achieved
the drill string/punping equipnment is substanthﬁ z% 2007
free from damage by the abrasive particles as X Y

circulate through the lower part of the drill string
only, while 25 the drilling fluid circulates through
the entire drill string and punping equi prment. In
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stretches in a direction making an angle 0 with respect
to the plane perpendicular to the central longitudinal

20 axis as is indicated in Fig. 3. The angle 6 can vary
along the magnetic stack.

Magnetic particles retained on the support surxface by
the separator magnet tend to arrange themselves in
elongate chains along a magnetic path from one pole to

25 the nearest pole of opposite polarity. The shortest
magnetic path on the approximately cylindrical surface
between two adjacent N- and S-pele locations within one
high-field band, indicated in Fig. 3 by dotted line 9, is
shorter than the shortest path across the approximately

30 cylindrical surface between a S-pole (or N-pole) leocation
in that high-field band and the nearest N-pole (S5-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




stretches in a direction making an angle O with

respect to the plane perpendicular to the central
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W th thetﬁea§r%e ical arrangement of the band. Moreover,

20 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 cor

2
w

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.

30 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

35 the less magnet material that fills up the recesses (a



magnet 7 of Fig. 1, the neighbouring NNN and S-S pol e
conbi nations are pseudo-helically shaped in conformty
with the helical arrangenent of the band. Mreo e g 7
magneti c pol es on the separator magnet fornmed b%// iy 200
first and last of the smaller nmagnets in the stack are
smaller in the stacking direction than the magnetic
poles in the mddle portion of the separator nagnet.
This has the advantage that t-ha3magnetic path from

the top nost or 25 the bottom npbst magnetic pole in
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the cirsekakt LOMRREeSeMMtdthdnNerhigh-doitgkd sbands @h the
i ncreased magnetic field strength. In Fig. 4b a

schemat$@@e| BRYidudPnBiIvidwThe prova Qedf Bte thﬁéwal recess
separ at;qr sgagnet, whereby the slanted lines indicate

t he tranS|t| on between the circular contours and
Preferably, the recess reaches a depth with respect

20 to the cylindrical circumference of the separator magnet
that is similar as or greater than the distance betwesen
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

25 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 piece of magnetic material in or close
to the mixing chamber is also advantageous in

30 recirculation tools that carry a different magnet
arrangement than the preferred separator magnet
arrangements described zbove, examples of which are
provided in WO 02/34653 and in US 6,510,%07.

Suitable magnets for the described recirculation

35 system can be made from any highly magnetisable material,



15 the essentially straight contours. Fig. 4c provides

a schematic representation of the entire surface in

the same way as in Fig. 3. The angle 0 of the §@|0a5007
recess is 53. Preferably, the recess reaches a

with respect 20 to the cylindrical circunference of

the separator nagnet that is simlar as or greater

than the distance between the gap between the

magneti c surface in the high-f+i étd band and the

support surface. It wll be clear that the separator
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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

20 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

25 surface 15 housing the separator magnet, and the ridge 41
housing the bypassing drilling filuid passage. The

dimensions correspond teo those giwven in Table I.



The sleeve 15 and the drilling fluid bypass 1 are
normal |y made of a non-magnetic material. They are 15
suitably machi ned out of a single piece of theSJarluar 2907
material in order to obtain optiml nechanical y
strength. Super alloys, including high-strength
corrosion resistant non- nmagnetic N -Cr all oys,

i ncl udi ng one sold under the nane |Inconel 718 or
Al'lvac 718, have been found to B& 20 particularly
suitable. OQther materials can be used including BeCu.
Fig. STSbéasIa schenatic view of a tool for

excava P etct—tnetudi-ng—a recir%é%;*igg st-e
as desc Beé above Visible are the ccnlcaF?y 1§béﬁ
support 25 surface 15 housing the separ@mmbenagnat,_
and th~A£ié119qeﬁgth@fJ%e@>graa&r EgAeE My uT T Ng “zeW
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passage diimensions _correspond to lt hose given
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magnetj 7 120 mm CQuter di aneter sep4qr at or naghet 7
29 mm | BrE%r in 1 ower part of support 15 34 m
surfacanihmﬂﬁareﬁnlﬁpgmnp@arpabf Qppsdppqric IS5 57 B2 mm
surface_T F reglon in the vicinity of the second]inl et
4 (as %ﬁed in Fig. 1) is shielded]|by shield|in

t he forn1of a skirt 43. A gap is left open between

the skirt ?ﬁ 1ohh§n&HQpQﬁE;§F%§?ﬁ@tﬁé’séﬁ&ﬂwgglet 4 (as

whi ch gap e aprasive
access{dPaci A B Fadh 5]dﬁgSpﬁﬁld%%ﬁﬁbPPl%U?FébéhESform of
The patahskips 430 eughpai § ildfer cp@pdthgeh Ntidakfigt M dfand

surt acd s SRRERY Hiadaed Sin 5hEoud dhachied rRiBBesive

Surfaceagticle inlet 4 is accessible via a path along the

m
Lmn

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

10 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.

15 This arrangement of the skirt 43 also gquides 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

20 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

25 annular side.




10 skirt 43 define a passage channel connecting the
second inlet 4 wwth the bore hole annulus. This skirt
functions as a filter to avoid rock grains Iar%; 2007
than the size of the access wi ndow of second ihf&taY
entering the passage channel. 15 This arrangenent of
the skirt 43 also guides the flow of drilling fluid
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entrai ng ch}llnftles §° ]%?Jl fefrlﬁl the’ ﬁ%e%gl EE]pearstl gf ggarticles
contri Bapesthe ﬁupeoetfanmf@lq:syl@fnttwethelreagenq)fchamber 2 as
particlgsy.

20 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

25 into the bore hole annulus should exert a pulling force
on the particles sufficiently strong toc pull them to the
support surface before they have passed the device. At
the same time, the magnetic force pulling the particles
onte the housing should be as low as possible in order to

30 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




fromthe support surface 15 into the m xi ng chanber 2

as well. 20 Wien excavating a bore hole in an earth
formation, the return streamof drilling quic%Jn thgoo7
bore hole annulus (fornmed by the bore hole wald+%}

the excavating tool) may pass the recircul ation
systemat a velocity of 2 m's or even higher. The
reach of the nmagnetic field 25 into the bore hole

annul us shoul d exert a pulling fbrce on the particles
sufficiently strong to pull themto the support

sur f aceelafione they hawedpassied behevilew der At ceittdn
same tg@l E@glgetic force pulling the particles

ont o t%e B}UIs%i%Hg shoul d be as | ow as possible in order
to 30 mi nilm seder it iaghieve cde dedt poariuneeqif  cimmoysof

for r Qﬁ@tﬂé&ﬂ:ﬁﬁaﬁf&firs%%m ﬂ%@egepm&dp%gﬁyt taple
separator na is one that has an as hi

Spossi bPEef m cPeted of the a}%sFewﬁ ﬁénfh? x| hole.

Sol ar Dﬁ)rﬁi‘_rﬁypln.cﬂgllg?chre Slouyglc)%;ﬁrda)llilgﬁmlﬁffbaw &8 b to 15%
om nan | pol,e an - havi our ov

quadr (b b S EpREE 4o by Baavatadh ot F SR en he
order embatimcareshdin basFigapt e ehfaxianeoffebt dhehe
rec'rcyéﬁgf%¥%ba¥é < é&ﬁ@a§ﬁ¥%@%&5§&lgfgﬂgﬂ '%h s%?port

prefera In the axial cent
10hol e. %Fet w5i ehl 1Bor erhaprroxdmehaly ’la)gqng|f05fqa51@rg@ﬂ:ed

up to 159{% inatnaeegllm ab1ef the excavation tool is
acceptabl e, The S

axi ol of {98 Bt 2L RETLdNE, Eoer AmGHLr i egerator

axi al | yagmst ,déheheusappiamet@r sify thecesdprmit ot Ofgmet and
approx&ﬂ@tﬁl&élr AL Ly %ffo@BQ%r{%qde79aﬂ“3%! %Efﬁt BE L to

hol e ternative r the cylindrical ar at or
Limagnet red¥Re giter dareannion afiahdiedghbr dths Sﬁ"& Het maggets

the I NAEsm Cirasat eﬁeosf,e;m@tbasmacge]e\&ahb 355@meaecmdﬁ of a
to reduce wi.th_decr glPam aI [ l.er

o anet EES NIRRT SanaP T agRere] ShaBeoTE U

can besepammtor 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

25 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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frustoconi cal shape to obtain a tapered shape of the
separator magnet. The gap between the separator magnet
and the inside wall of the support sleeve may %g%o 20 007
decrease, as well as the wall thickness of the G5y
sl eeve. The drilling fluid in the m xing nozzle 5, or
in the abrasive jet, may téntain a concentration of
typically up to 10% by vol une of nmgnetic abrasive
particles. A 25 typical concentration of magnetic
abrasive particles that is .supplied via the bypass
conduit 1 lies between 0.1 an S}@bby vol unme. The
separator nmagnet is typi fven at - arotationa
frequency of between 10 and 40 Hz. 5 Jilr;léary 2007 -g.
18 C Lam Al 1 - Tool o ctex adnea t SNgELEHnY
JLheTPSéIfBBn%§%%§%%%n%.?gt?i$3 ?2 stem ankranged J& to be
t-ne. ! g &%‘E’ VHENYEA
i npingecthagobystemt arpendek e ated Wih a jetted B
streamof a drilli t@geﬁl Ui fofh X6 a vidillabrasiidd mixe
pagaviadiess Withe 2 4Pt Rg System bej n{; 5 1_[ovilgile(e;'ﬂ.l ith at
| 635118 JHiMleNPpaghdnhes, wEbh aehrin i?ﬁ#)?wwu |4ﬂ et, a
¥eton Inlet for abr%siav%ml Pieﬂmﬁﬁbeﬁmﬁ.tlarﬁcﬂlﬂtibllng
poarided ori thelddadi®Ag t Re érlf‘ ing flyid mxed,withyng
%?eigb{@ﬂe/'e Parddoricesinlatr Eorr 8BFAFTYER BjSrem
Yanged to recircul at g atg; ek aoRel phgt Hbubdrasked
aﬁroﬁtl@%,nq?%ﬁﬁzfqﬁn 1o o10 st ream of the fluid m xed
W.Lh Lhe abrasive marticles downstream of the
PAipl ngenment sur f ace ofsﬁp d8tangelihtbheecabipetatpask
to t herpeirFta syt &t Whereby. the abrasive ceturn
135 i gLAS 6eMBRE SEbra sgnardrt ifdtSri 4 ° WA CR %use@r
irculation systemcg r S eha=alice magiac
sepanat PAg ERENEL BB AV S8 phr T T

Vé particles fro i doretuiily th
: zjgjr e%?ze%?\d offOkhkr angpogenent t e iRGS ic;:lclj 2@% get%hgh% ©
¢hainl e

t; characterized

; d., L fed Nafnddenyt adle abrasive
 opyEGtsdRck % E8%of Shagn tl%gmateri a that is .
‘gé¥@5¥¥gg'bdﬂprise a magnetic material, whic

for
recirculation system comprises a separator magnet

' i stream
eparating the abrasive particles from sald return
s : :

i inlet;
and for transporting the particles to the second 1in
characterized in that the too; comprises ' .

i i o
piéce of magnetic material that 1s provided in
- a
i draw a
in the vicinity of the mixing qhamber such as to

: tor
part of the magnetic field generated by the separa
magnet int6 the mixing chamber.

2. The tool of claim 1, wherein said part of the

1] L] o d
magnetic field in the mixing chamber is directe

illing - ath
-essentially transverse to a drilling fluid flow p X
' e.
between the drilling fluid inlet and the outlet nozz

. . £
3 The tool of claim 1 or 2, whereln the piece ©

! mixin
magnetic material is located on the side of the g

chamber opposite from the second inlet.
4 The tool of any one of claims 1 to 3, wherein the

i and
the aprasive particles towards the second inlet,



20 in the vicinity of the m xing chanber such as to
draw a part of the magnetic field generated by the
separator rmagnet into the m xing chanber. thpf t ool

of claim1, wherein said part of the magnetl c aé‘f’%fymo_"
in the mxing chanber is directed essentially
transverse to a drilling "fluid flow path 25 between
the drilling fluid inlet and the outlet nozzle. 3.

The tool. of claim1l or 2, wherebn-the piece of

magnetic material is |ocated on the side of the m xing
chanbewhepgosid ehfiebin tshereetdsdl dtnhetli sthncBhExbalheof
any on ' t rein the 3 .

r eci rchgé?%%%sd;g é?n Jgeoa?{n%rn }rglg%sg P E§58F% qﬂ?r FREEL] snd the
gui de supposbraagifaee piaTemebVeémtm dspétle fvemohble return

inlet, ;epdap JARYAT Yo lnle’%galo%eEﬁ@ys%l??:?teggrfasce

provided at a distance fromt
3 eaving-a Béfb t&@tlmeérﬁ%engh?%w&aaﬁa %h*éo Lupperein the

sur f aceephesedy nﬂ‘a@hatngf Ethpatévclfzrdmmatlﬂ@n r it 1§t5;5&@§:mof a
to the ,second . n] et aé)c‘g he support aﬁrface
The t oSFRBFPELy 8Né°%f W AFARSHOTG Y, thhcEes v Reparticles

separ atlor a neglettedf ditertieni towd@ats ahesyst@ Laleay twhich

of a &QH%}P@H Q@e&%ﬁgﬁéeywrg ,0g the abrasive

parti cl n a se Irection towards the second
1G nl et, ~whi 2 hsuppeahsperrerd oy ey fasupepre cryniasesfon -

a SUppt@,bprFf@rﬁ‘g’ thavamlgasaveugmltcleerfas@ d@¥port surface
supporti

e particles, ort ur ace
SRR 1 IRER AR ML M T I
separ atepanagmetmaigsetir isangednged atdlveeive thehsuppordrt

surfacg, §H§Ee Audnla ge{lgrgae%gfﬁtw%%gntgtié 641%1010'1'50%5

retalnlng e partlcles on e su
13zher ebyetainengrddigeppet ¥qleisdon ntlteh euenpper&urs‘-er:ﬁ agkeyedy,

arrangeget ﬁagﬁ\@e&% elswhmf *tﬁledsmt eukpézvsé‘ 1@l drbatbd to

and a magnetic ggadl ent_in gra i ent zone
bet weeh2d8i Y Wﬂ%ﬂf 13 and, a low- fle d band, and a magnetic

field gradient in a gradient zone between said high- and
low-field bands whereby the magnetic field strength in
20 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
25 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
30 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 tec any

other nearest magnetic pole of opposite polarity.



| ow-field bands whereby the magnetic field strength in
20 the high-field band is higher than that in the
lowfield band; - means for advancing the hig -Jand 2007
low-field bands relative to the support surfackd'H*4
direction having a conponent in the direction of the
magnetic field gradient 25 on the support surface,
whereby the high-field band is followed by the
|owfield band. 6. The tool of eébatm 5, whereby al ong
said high-field band at least a first magnetic pole

and a second magnetic _ pole of opposite polarity are
arrangéd sthRs toeat of 9hais 5 @D Gragherpin gdtehgoadiens zone
suppor tsshef 868 1" eprddiRdl hESindBGREEEEaRAE haghde
second nmagnetic pole is shorter than a second

magneti c path on the support surface crossing the

gradi ent zone fromthe first nagnetic pole to any

ot her nearest nmagnetic pole of opposite polarity. 5
January 2007 - 20 7. The tool of claim5 or 6,

wherein the gradient zone 1is helically arranged

around t he separator magnet.



