03 MAY 2005 A DI RECTI ONAL BORI NG TOOL The present invention relates to a
boring assenbly wusing a jet of liquid under pressure which enables a

defl ected hole to be bored. 5 The technique known as "jet grouti consi sts
in rmaking colums of concrete in the ground by using a fluid mﬁ?@hHA¥,mm¢
delivered at high pressure to destructure the soil. This destructuring
operation is perfornmed froma nechanically bored hole on the axis of the
colum that is 10 to be Obtmd“%&ﬂébffbﬁhﬂwébRiﬁG'fbdfry i nportant for the
quality of the final structure tmat—tmesecorums e —properly positioned
and properly vertTeal Prpappfcanyenyiophaelefhe sf itvala Homictauras s&nkly per f orm
a sealing function. jEeroexamled uad%rrd%rrets%uq@ ¥ GOk LONY i nui ty of a
web that results fron1huxta posi ng_ col ums masses of concrete, it is
necessary f dtethechgdshate éPIDSfDPﬁédcolunns maki ng up the work to be
positiongd very BaggutatBhYquknkabéer also "Gefitr @Glouw@ihe™S ddhdgiasi 4 i oni ng and
in particular in vert calit directed .20 or|n technlques are used.in
order to corfEEtR¥ore H@OFa%étF8H§r8 St H& Mol Y iy Boted. The
technlque(ﬁwmﬁ¢@cieddbmﬂwagedebkesiqh mwessﬂygtemlha&ﬂﬂqpukﬁéxﬂhmg t he

posi ti oned q% the b@£§ trﬂgq3§§8§2gférat% %b&|l%é}A%é%&§ }&g bor ehol e

to be 25 def ed in eS|re Ion in or 0 correc error in
verticality, m@ﬂhmxeagémbalﬂey apler por tig adiirsectti ¢ine 'ﬁ@elktr@cmha:p,uess _
CO”“D”'yoUSGQa'Qe“@B@a§Rbbsan'tﬁls gasentiral Ly i %@?d%é%&ﬁ ol
well's, are based 30 on three principles: insertin In the too l'i ne;

usi ng contrOWW%théfPecFB?sfﬂﬁ?éhséﬁﬁF%uéelé@éﬁaﬁhﬁﬁﬁwﬁ9ﬂﬂ$%%meool and
changi ng the; ahgbe19f pbBekdenee @hdt becedlly &eGtical, particularly

when the final structure is to perform a sealing
function. For example, in order to obtain good

15 continuity of a web that results from juxtaposing columns
or masses of concrete, it is necessary for the axes of
all of the columns making up the work to be positioned
very accurately. In order to correct errors in
pOSLtlonlng and- in particular in vertlcallty, directed

20 borlng technlques are used in orcder to correct for
deviatdons of the axis of the hole beirngibored.

The technique of directed boring féliés on two
systems:: firstly detecting the positiod of"the borehole,
and secondly the ability to cause the boréhole to be

25 deflected in the desired direction in order to correct an
error in verticality, or more generally an error in
direction.

The techniques commonly used in hard soils, i.e.
essentially in the field of boring oil wells, are based

30 on three principles:
inserting a bend in the tool line;
- using controlled deflectors which apply a lateral
force on the tool; and
changing the angle of incidence of the tool, e.g.
35 by bending its axis.
Those three techniques are associated with the

continuous rotation cof the boring tool which is driven



35 by bending its axis. Those three techni ques are associated with the
continuous rotation of the boring tool which is driven 2 0 3 MAY ' 41005
either by a downhole notor or directly by the boring head via the bore
string. The boring tool is fitted solely, with nechani cal cuttinﬁ Q@ﬂﬁ
The purpose of establishing circulation of a liquid or a boring nud is
solely to lubricate the mechanical cutting menbers and to enable the debris

that 1s cut dyoming, oroundiio benofalsed Le-LNEL5URlags, LB GRYering soi ls,
ot her deflecte orl%g techni qués "are used. ey~ are base riving a
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of that borlfgg end must be stopped from rotating, and after being
oriented in a particular direction, the tool is driven

15 into the soil over several centimeters before restarting
rotation. This operation is repeated several times until
significant deflection is obtained suitable for
correcting the error of direction. To bore normally, the
tool is set into continuous rotation.

20 When boring for the purpose of constructing columns
by means of jet grouting, the boring must necessarily be
taking place in soil that is capable of being destroyed
by a jet under high pressure, i.e. in soil that 1is
relatively loose.

25 A boring technique that is used in alluvial soil
with little cohesion consists in destructuring the ground
by means of a high pressure jet of fluid that is directed
towards the front of the tool. That technique is known
as jetting. It is very widely used in sandy ground that

30 is not very compact. The main drawback of that boring
technique is that it ceases to operate as soon as it
encounters an obstacle that is a little harder.

An object of the invention is to provide an assembly
for boring in the ground by injecting fluid under

35 pressure and making it possible, during certain stages of
boring, to deflect a borehole so as to correct for an

error 1in the direction of the borehole.



technique is that it ceases to operate as soon as it encounters an obstacle
that is alittle harder. An object of the invention is to provide an
assenbly for boring in the ground by injecting fluid under 35 pressure and
making it possible, during certain stages pf boring, to deflect & BoMAho}N85
so as to correct for an error in the direction of the borehole. 3 0 3 MAY
2005 To achieve this object, the assenbly for boring in the ground by

injecting fluid unﬁgraeﬁﬁéégr@hgengggéE% Ltpd BsucAbiLy <o 1LBLek rgoq%ﬁcted

boring rods including nmeans formn E or a ressure
sai d rods forﬁ¢%ggéo%@¢eb¥t#Pagctlagbé HAg Héﬁérféﬁeééﬁﬁﬁoppmﬁglﬁﬁé ‘novenent

of said bore Strlngalﬁlﬁ@é@&t?noanQnt@rESBhbéﬂbdtb@@ih@tk@as a boring tool
fixed to the bottomend of said bore string, sai ;ﬁool havi ng a body

presenting a +%ﬁb??hﬂgnﬁ?aniofﬁfméngx?eﬁaPﬁgf?ﬁe axir818f YPHEThore string, a
bott om ensd prpﬂéﬁedrm4tbaadpkudalEbymangfachbtengtﬁﬁﬁbers and neans for

creating a jet of fluid under, pressure p..th ans
coupling the pipe- forn?%rlﬂ%ahga?o%gfh nt{o #lgﬁ n%gﬁ andogggﬁ§4(n

imparting a deanelstdlsgrnburDOﬁtﬂonsahd petvehancaé n@angﬂaﬁepmlcal about
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pi pe-form ng neans under pressure that is sufficient for the jet that i's
produced act®%¥+?gtosﬁﬁéakoab hRE1HP0oBNECIZOPERSERE L PBedeAPngpEcicdhingdt i on,

the termg rreamlé%xt@ﬁ@@h ngha JaQE.sOf)ff kHedpuRdestRE agSUREhOkS oS @G 0 nean
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about its |0n9ﬁé“g£8@Ld?X%§a8§nf8§ EBuE?@B&”HR%SpEBE@%EQBing means to
the jet-creation means, and means for imparting a mean

15 distribution to said jet that is not symmetrical about
said longitudinal axis of said tool; and

- means for feeding said pipe-forming means under a
pressure that is sufficient for the jet that is produced
actually to break up the ground.

20 In the present specification, the term "means for
creating a jet of fluid under pressure"” is used to mean
means enabling an outlet of fluid under pressure to be
created at the bottom end of the boring tool, so as to
establish a single jet or a plurality of jets.

25 In addition, since the motion of the boring tool
about its longitudinal axis can be in continuous rotation
or else in alternation, the term "asymmetrical mean
distribution” about the longitudinal axis refers not only
to the distribution of the jet in the static state {(i.e.

30 in the absence of rotation) but also in the dynamic
state, (i.e. the set of positions occupied by the jet(s)
during a complete cycle of the tool in its motion about
its axis).

In a first embodiment, the tool is characterized in

35 that the means for creating a jet of fluid under pressure
comprise g injection nozzles distributed generally

symmetrically about the longitudinal axis of said tool,



or else in alternation, the term"asymretrical nean distribution” about the
| ongitudinal axis refers not only to the distribution of the jet in the
static state (i.e. 30 in the absence of rotation) but also in the dynamc
state, (i.e. the set of positions occupied by the jet(s) during &&WI 2ris
cycle of the tool inits notion about its axis). In a first enbodi nent, the
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the jet of fluid Uﬂée&lmeggunﬁdeﬁ:gageasthqltstlw byt isorF jabeute Ry @xd st of the
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characterized,in_that _said ans _for creating,a jet .of .15 fluid under

pressure conﬁ?f%%rﬁg Eb??l3§EPgrtEﬁj8§%Foﬁfu%8§rkﬁpéssﬁwgi said g nozzles
bei ng di $0ri bsyedetnicgénendl kiieagptmesr modk fiednerrgloautr itlhe lorgr t udi nal
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feeding said nozz si nul t aneous In this seco enbo the jet
of fluid undekhepiessyed firesftPRuously asymetrical about the axis of the

tool body, and thusndyrisgodaf bRebHORBEAJ@Se directional boring tool
is characterized in that said means for creating a jet of

15 fluid under pressure comprise g nozzles for injection
under pressure, said g nozzles being distributed in
generally asymmetrical manner about the longitudinal axis
of said tool, and in that the assembly further comprises
means for feeding said nozzles simultaneously.

20 In this second embodiment, the jet of fluid under
pressure is continuously asymmetrical about the axis of
the tool body, and thus during deflection stages
deflection is obtained. In contrast, outside deflection
stages, the tool is caused to rotate continuocusly in

25 order to ensure that the mean distribution of the jet of
fluid under pressure to become symmetrical over each
rotation of the tool.

Other characteristics and advantages of the
invention will appear better on reading the following

30 description of various embodiments of the invention given
as non-limiting examples. The description refers to the
accompanying figures, in which:

Figure 1 is an elevation view of an assembly for
boring by means of a jet under pressure;

35 + Figure 2A is a longitudinal section view of a
boring tool constituting a first embodiment of the

invention;



deflection is obtained. In contrast, outside deflection stages, the tool is
caused to rotate continuously in 25 order to ensure that the nean
distribution of the jet of fluid under pressure to becone symetrical over
each rotation of the tool. Qher charactei stics and advant ages q& tgi "
invention will appear better on reading the follow ng 30 descripti 3 Y 2005
various enbodi nents of the invention given as non-limting exanples. The
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el evation view of an assenbly for oring et under pressure;
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string moving lt in translation. The bore string 22 has a

boring tool 24 mounted at its bottom end 22a. The boring

tool 24 is of the type that is capable of creating jets

15 of fluid under pressure.

Pressure feed is implemented from a source 26 of
fluid under pressure, preferably a liquid, which source
feeds a pipe (not shown) placed inside the boring string
22, said pipe possibly being constituted by the rods

20 making up the string and connected to the string by a
hose 28 and a rotary joint 30. By way of example,
vertical displacements of the boring head 20 are
controlled by means of a cable or chain system 32 driven
by a motor (not shown), while rotation of the bore string

25 is achieved by means of a motor 34, for example.

With reference initially to Figures 2A and 2B, there
follows a description of a first embodiment of the boring
tool which is referenced 24a. This tool comprises a body
40 having a bottom end 42 with cutting members of

30 conventional type (such as the members 44) mounted
thereon. In the bottom face 42, there are also provided
nozzles such as 46 that are capable of creating
respective jets of liquid under pressure that are
directed substantially along the longitudinal axis X-X'

35 of the body 40 of the tool. The body 40 of the tool has
a second end 48 provided with a thread 50 for connection

to the bore string 22. There can also be seen a pipe 52



22, said pipe possibly being constituted by the rods 20 maki ng up the string
and connected to the string by a hose 28 and a rotary joint 30. Bngiaﬁ f ans
exanpl e, wvertical displacenents of the boring head 20 are contro d %f; 2005
means of a cable or chain system 32 driven dy a notor (not shown), while
rotation of the bore string 25 is achieved by neans of a notor 34, for
exanple. Wth reference initially to Figures 2A and 2B, there follows a
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the nozzles are sposed in a nmanner t is generally symretrical about
the axis X-X of théttesll Pe WnPPrB&c@AdERStobdePh&hewWneOT 2tlies mozlfed are

fed with |iquidcyndegupaessyee, ptbBesnezz! ese46B2 2486, 4and 4%E, o iquwpusly
create respectéggtgggghg%gdc gg%eoiegbggklbe localized jets of liquid,

15 whereas the nozzle 46a creates such a jet or creates no
such jet depending on the state of its interrupter 56.

By way of example, the interrupter 56 can be controlled
by a bistable system whose state depends on applying a
temporary pressure surge.

20 It will be understood that while the tool 24a is not
being rotated and the nozzle 46a is closed, then the
overall jet of liquid under pressure created by the
nozzles 46b, 46c, and 46d is asymmetrical and will enable
the trajectory of the tool in the ground to be deflected.

25 In contrast, 1f the nozzle 46a is also fed, then the
overall jet is symmetrical and no such deflection occurs.

It is possible during the deflection stage to
combine the effect of the jets under pressure with the
mechanical action of the cutting members 44 in order to

30 obtain the borehole. To maintain the deflection effect,
it suffices to cause the tool to rotate in alternation
through an angle of 90°, for example, thus not
interfering with the asymmetry of the jet but enabling
the various cutting tools to act over 360°. More

35 generally, if the tool has n cutting members 40, then
alternating rotation should be performed through an angle

of not less than 360/n degrees but less than 360° in



15 whereas the nozzle 46a creates such a jet or creates no such jet

depending on the state of its interrupter 56. By way of exanple, the
interrupter 56 can be controlled by a bistable system whose state djgeﬂﬁﬁw, "
on applying a tenporary pressure surge. 2071t will be understood th 2505
the tool 24a is not being rotated and the nozzle 46a is closed, then the
overall jet of liquid under pressure created by the nozzles 46b, 46¢c, and
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30 obtain the boreh To maintain the deflection effect, it suffices to
cause the ﬁooIbPélﬁ@tEP@llHhéFPe#ﬁaﬁﬁéﬁrePﬁﬁ@u@Hbaﬁa§n§h§Qﬁ B t ¥y
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t he vari ous cuttlngFtoo 360. More generally, if the too

ct aqver
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nozzl es. The nﬁ?or 34 Pntﬁ %8%?%9 hgéd carjl'¥jb%e g “FF§|| &ﬁggtgrdlngly In
t he enbodifrent pshoinei a Fpg&re§V3Aga@dlgBonﬁh@OZElbor|ﬁg twgdil Wt ch is

referenced 24b has threg eWhti REenMeRRELS §Q AR NNNiGE fAQZZ)i8% 6281 $H2b, and
62c for injecting liquid under pressure. Thé injection nozzles 62a and 62c

are cl osed contPABBUBF§SHHIPe {hE ﬁ@f?ﬂélﬁgbove§a&&eﬁe6oﬁﬂ|ﬁhﬂﬁﬂ%ﬂt4@ woul d
be equal |y possthte,t9.20 phevi daeatbeal ikawiotg rerlaytiorg nezzle. It will be

asymmetrical about the axis X-X' of the boring tool.

15 This makes it possible to cause the tool to be deflected
as shown in Figure 3B. To enable the various cutting
members 60 to enter into action, the tool can be caused
to rotate in alternation F through an angle equal to
120°. This rotation enables the cutting members to act

20 over 360° but does not interfere with the mean asymmetry
of the overall jet of liquid under pressure produced by
the nozzle 62b. More generally, if the tool has n
cutting members 40, the alternating rotation should
correspond to an angle of not less than 360/n degrees in

25 order to ensure that cutting takes place over 360°. The
angle of alternating rotation must comply with the
condition that the mean distribution of the jet(s) of
liquid under pressure must remain asymmetrical. This
angle is therefore necessarily less than 360°

30 In contrast, whenever the tool is not being
deflected, it can be caused to rotate continuously under
the control of the boring head 20. On average, the
single jet produced by the nozzle 62b occupies all
possible angular positions around the axis X-X' during

35 one complete revolution. It is also possible to cause
the tool to rotate in alternation through plus or minus
360°



under stood that when the boring tool is fed with fluid wunder pressure, the
resulting overall jet in the static state, i.e. when the tool is not

rotating, is asynmetrical about the axis X-X of the boring tool. 13%5@*@% 2085
makes it possible to cause the tool to be geflected as shown in Fi .4
To enabl e the various cutting nenbers 60 to enter into action, the tool can
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must remai n agygRet shgal axiRi.S angle is therefore necessarily | ess than
360'. 30 In contrast, whenever the tool is not being deflected, it can be
caused to rotate continuously under the control of the boring head 20. On
average, the single jet produced by the nozzle 62b occupies all possible
angul ar positions around the axis X-X during 35 one conplete revolution. It
is al so possible to cause the tool to rotate in alternation through plus or
mnus 3600 . a 0 3 MAY 2005 Naturally, the nunmber of active nozzles
injecting liquid into the borehole can be other than one. It suffices that
the nunber of active nozzles and the angul ar disposition thereof about the
| ongitudinal 5 axis of the tool ensures that the jets are asymetri cal
about said axis.



g 0 3 MAY 2905 CLAIMS 1/ An assenbly for boring in the ground by injecting
fluid under preessure and allowi ng the performance of deflection stages,

the assenbly conprising: a plurality of interconnected boring rods (22)

i ncluding nmeans formng a pipe for a flud under pressure (28, 30) 0 Sﬁiﬁg 805
rods formng a bore string; a boring head (20) for controlling the ngv nz
of said bore string in rotation and in vertical translation; a boring tool
(24) fixed to the bottomend of said bore string, said tool having a body
(40) presentl 2\% a longitudinal axis extending the axis of the bore string,

a bottom end® )‘ rovided with a plurality n of cutting nmenbers and neans
for creating 1/apjretas@fenf}dw damderri @szsun:élet grivueak byp itheogriognd, neans

for coupling %L e form g means to J et - . re%tl,on Jreans, Tand nmeans
during the dé S Pages “Horth Owﬁé’ga REak “ditSTFIBGE 67 to said j et
that is not ﬁyérfTIEd’Ul(Zﬂi salm_t}ﬁs saj}da |ongintlyi m@inpraxiisig:of said tool when the
tool is rotated by controlli &l Rroduc ] creat i on neans
so that said jet i & ﬁ)ot s:L g callrl S6ut ﬁe‘ggx%r F\%t r%Ejst o(o and by

control li ng thelnetiatg cmaam‘s therrtiond ;2 arigge. fweanrs flovidf eedierg said
pi pe-formng un@esr a fr esawr e fhat do%nﬁkkgfl LiMs farvltp@e jet that 1is
0

produced act gal y to bredk “up 't he' groun ring assenbly according to
claim1, characteriz&®riing Hi@tadc h@%éﬁ’g’ f?é’ﬁ-épé&tllnﬁ?g t&sj et of fluid under

pressure CONRlchffhehd ra=ecsta!1an Bz | 851 A8 dovlaid il echagemeral Iy _
symmetrical |y abaout the ﬁ itudinal axis of said tool, and in that it

i ncl udes rreaﬁ@r("‘?@)a orr the feed to some of said nozzles to be
i nterrupted tenporard [Bprnimgsuetvla (24) fixed to the bottom end of

said bore string, said tool having a body: (40)
presenting a longitudinal axis extending the axis of
the bore string, a bottom end (42) provided with a
plurality n of cutting members and means for creating
a jet of fluid under pressure to break up the ground,
means for coupling the pipe-forming means to the jet-
‘creation means, and means during the deflection
stages, for imparting a mean distribution to said jet
that is not éymmetriéal.about said longitudinal axis
of said tool when the tool is rotated by controlling
the jet produced by the jet creation means so that
sald jet is not symmetrical about the axis of the
tool and by controlling the rotation of the tool; and
- means for feeding said pipe-forming mezans
under a pressure that is sufficient for the jet that

is produced actually to break up the ground.

2/ A boring assembly according to claim 1,
characterized in that the means for creating a jet of
fluid under pressure comprise g injection nozzles
(4€) cdistributed generellyv symmetriczally about the
lengitudinal axis of szid toel, and in that it
includes means (56) for causing the feed to some of
sald nozzles to be interrupted tempeorarily in such a
manner that said r nozzles that are being fed produce

a distributicn that is net symmetrical about the



manner that said r nozzles that are being fed produce _a distribution that

is not symmetrical about the |longitudinal axis of said tool. ) o 0 3 MAY
20x5 3/ A boring assenbly according to claim1l1, characterized in tb '%
nmeans for creating a jet of fluid ru_nde} pressure conprise a nozzle aéd%v {1
for injection under pressure, said g nozzles being distributed in
generally asymmetrical nanner about the longitudinal axis of said tool, and
in that the assenbly further conprises neans for feeding said nozzles

si nul t aneousl y. 4P/Aﬁ ESTEME VARG RGOS UG 172 Gfeiérl“b&r'i ng in the

ground by inj ecti pgagabluiyd Aualan RISISERe khansaTeMne Naing a jet
characterized in that _said boring tool (24a) has n cutting ngqaﬁg§§(44),
and in that during% G&HLEcHNGESPIGESUIENCP P IF S S FAT2A%s ron,
are fed with flui dnyaeeropr essise pardsilte beriidg g meadt lE)bdincontrol I ed so
as to cause the bqgre _string to rotate.i,n alternation.in one direction and
in the other throBdRtEACHTE e 10 ITOEPELY ARYA™3&G T ludiress &FH%ss t han
360. 5/ An assenbtysateerditngine lclkaiim 3ff eaikbortiond i mridhdn giheumndhzy
injecting fluid upder pressure, the assembly being characi.erized jn that
sai d boring tool aé%ﬁﬂ%ﬁ%és“ﬁ @ﬁfifﬁﬁgﬁés‘grﬁﬁﬁgﬁ)% Le%%%ﬁhfg faéﬁ% in that
t he boring head isoceAtsolligd lttancause yt.he bore string to rotate
continuously in a single direction or to rotate in alternation through plus
or minus 360 during stages of boring without deflection, and in that said
boring head i s coffrahl é¢seabdausecordingote stailg 2t & arotberd nign i ttéenat i on
in one direction EBQanb&h%nBEQ%&thQOQQGi@ﬂu%&ﬁ&epQ%s%%&eLe%%ethan 360/ n

degrees and | ess ?han 360 "dur.i'n efl ecti gn _stages.
g assembly beinggc%aractergzed ingt%at said boring tool

(24a) has n cutting members (44), and in that during
deflection stages, only ¥ of gsaid nozzles, where r £
n, are fed with fluid under pressure and the boring
head (20) is controlled so as to cause the bore
string to rotate in alternation in one direction and
in the other through an angle of not less chan

360/n degrees and less than 360°.

S/ An assembly according to claim 3 for boring in the
ground by injecting fluid under pressure, the
assembly beling characterized in that said boring tool
comprises n cutting members (60) where n 2 g, and in
that the boring head is controlled to cause the bore
string to rotate continuously in a single direction
or to rotate in alternation through plus or minus
360° during stages of boring without deflection, and
in that said boring hesad is controlled to cause the
bore string to rotate in alternation in one direction
and in the other through an angle of not less than
360/n degrees and less than 360° during deflection

stages.





