1 Décénber 2006 1 A HEAD FOR | NJECTI NG A FLUI D UNDER PRESSURE TO BREAK UP
GROUND FROM A BOREHOLE The present invention rel ates  to 1eDématber 0006
injecting.a fluid under pressure, usually a liquid, mhlch._S head may be
fitted.to.a boring tool for boring an excdvation in the soil, and the
invention relates in particular to an i nj ection head fgr;rnplenen;r?g the
t echni que kno "] Joago. T t_agrouting techni que consists in
br eaki ng up %gHgﬁg §§%u%§9§§&ﬁggné gﬁUESJBﬁDEF Pﬁgﬁﬁuﬁgv?agB3gﬁ§ HPgh
ki neti c ener g¢ROHED FBOMeAiB@REHOLE a borehole the jet offfIU|dherod;ng
the soil in which e xcayat i oformthe jet, a
nozzle is used mhlgh ?gggéhEdg?%ngg E g i FPi R ?%% fo “Fhese rods
serving 15 boﬂﬁjﬁﬁtéﬁﬁvéyflhédfPnﬁﬁruDUesShrgh pﬁeakhyeatblqbed which

SR nozgl e(Erad A8Y- béOfﬂ@Médtbe BOB&L-Eng pE8819§§£V§%¥1h§t8nthe ground.
Mor e preC|seI t he nozz| e( s% i s/ are nmount on er_usually referred
to as a nDnlg%FaV%Fl%ﬂ i ERet PehlnedBd GWRechnventiqedrebatae Hottom end

of the 20 drphttstuiag,tsaird ﬂn@é&@iohtﬁééa possiibYeh@hOOngi tHed at its

own bottom en chanical drilling tool. As is known; the fluid
that i$ usual ?m%é%% SRR - %gs%ﬁo FHE " whi ch nakes it possible,

after borlng to ﬁ@kejatfgmmmkdm@nte¢hmﬁmmecﬁomxﬂﬁﬁﬁlL@a?rfékﬂ@@dgfsl2f25
h S t ur a

Plara, onsor 0 budd B dRa0 POE% NG Gk TR ndVAd ey idiber o

nmention is ne@ENRFLE @f@ﬁﬂéﬂy tb]mt i is steld teted urrdear sbimm:hdlat e speci al

cases, the 30¢fiuichcomdihe a@nstdittad ghidieanl I fari by 4 9g5. The

liquidis conveyed by the rods and it is ivered ron1 He” st face by a
pu?rp at  pressift eFI¥HHE T n thRe Fearmdhmealato sovsrzile ars ugedngapdscal s
(MPa). The insiflixel ar@etitie Gind hef roes ooy BERY iRdd Bds serving

15 both to convey the fluid under high pressure to the

i NOZZ1e{8)..and-to. move. the nozzle progressively. into.the

grdﬁhdl More pre01sely, the nozzle(s) is/are mounted on
a member usually referred to as a "monitor" or an
"injection head" which is fixed to the bottom end of the

20 drill string, said monitor itself possibly being fitted
at its own bottom end with a mechanical drilling tool.
As 1is known, the fluid that is usually used is a cement-
based grout which makes it possible, after boring, to
make a foundation element of cement that is molded in

25 | place in the ground. It is also possible to have a _

' plurality of jets of fluid, one of which may be a gas

such as air.
In the description below, mention is made of liquid,
but it should be understood that in special cases, the
30 fluid could be constituted at least in part by a gas.
| | The liquid is conveyed by the rods and it is
" delivered from the surface by a pump at pressures lying

in the range one to several tens of megapascals (MPa).

The inside diameter of the rods conveying the liguid

35  needs to be large enough to limit head losses in the

- rods. This diameter may typically be of the order Of
1,f20 millimeters (mm) to 50 mm. In_contrastr‘the nozzle .




35 needs to be large enough to Iimt head losses in the rods. This _ _
di aneter nay typically be of the order of 20 mllimeterisDédembet 20080 nm - | n
contrast, the nozzle 1 Decenber 2006 2'ogtlet di ameter needs to be small
enough to inpart sufficient speed to the“outgoing liquid jet to enable it
to erode the ground renotely. Typically, the outlet -dianeter of the nozzle.
lies as a general rule in the 5 range 2 nmtao 5 mm and the outl et speed of
the liquid. fcflbt?ﬂﬁth TEASF RSt tQ Revidrdil misndudofingardrs per
second (n1s).sdﬁfﬂﬁy§ﬁ$tgpaﬁﬁeﬁd1ﬁﬁ$ﬂqﬂtgbﬂﬁg11&4&%@ jétifg Gesiabl-e for

t he inside shape of. t nozzle faq be 0 optjm.zed.in qQrder tQ conserve as
hi gh a speedh:aog erp%isesit%ee %r(?ruqcilerqr?odiﬁ]]ﬂ’"j e}t;IlYé?sl & Yjrettife Yromthe
nozzl e goi ng dicwetds tdfe tdgreoumk e dsidso agnablgenietratlo ridreoder th@ ground as
much as BeSSiAuR o R Moy, MoH TR ARIAL ghekifneld rengly,; (Pt m zed
nozzl e 15 shapes that satisfy this requirement .are i'n W despré --use
However, everf5d™ FhsudpardLziiss oda tos Seyieralt handrelde jodt mgieaisl pelroses
effectivenessddardaermy of. its ability to erode the ground, such that

consi derabl e 20 amounts, of kinetic energy are required, so that when the
rods are noved inifr §F&EE TG ° h&s &8y Wpdétiynjetot 4t 88, the ground

i s eroded at desdaenbilderall ehdi sharicke shap® biethezabez1kokexanpl e at a

di st ance .of |__.decinmeters, (dm. The active radius of the jet of
liquid 25 ung’gx%%ngezggu?g gfleﬁ:ort:% %’nge%’feuﬁﬁ, égw[EoF‘uﬁﬁe%lcta@r, or a flat
el enent genepaisisjiblendions tiredilogued Hgitngsi nhehgetr dagarasf Ewosleehget ers to
1 or 2 neterg ) d i t i gpl e e nature of the
ground, and tr?e Sngggggugg"éf%?& Pﬁlegggg’gﬂ?oglgngrgggéegpﬁéﬁgf F‘gck‘?veness of
the jet, pr&F6Sal §hRageopaenagaavichi Aspressthlar whaleniusedgSeat es

minimum amount of kinetic energy. Optimized nozzle

15 shapes that satisfy this requirement are in widespread
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the jet quickly loses effectiveness in terms of its
ability to erode the ground; such that consideraﬁle

20 - amounts of kinetic energy are required, so that when the
rods are moved in translation, and possibly also in
rotation, the ground is eroded at a considerable distance
from the nozzle, for example at a distance of several
decimeters (dm). The active radius of the jet of'liquid

25 under pressure for forming a column, a column sector, or

. a flat element generally remains mediocre, lying in the
range a few decimeters to 1 or 2 meters (m) depending on
the method implemented, the nature of the ground, and the
energy used. _

30 In order to increase the effectiveness of the jet,
proposals have been made, in particular in United States
patent No. 5 228 809, for an embodiment of the injection

~ head or monitor that enables the quality of the jet to be
“improved.
35 Accompanying Figure 1 shows the injection head
~ described in that patent. The injection head 10

comprises a body 12 having a side wall 14 defining an




patent No. 5 228 809, for -an embodi nent of the injection head or.nonitor
that enables the quality of the jet to be inproved. 35 1Atsermpanygdoey Figure
1 shows the injection head described in that patent. The injection head 10
conprises a body 12 having a side wall 143defini ng an 1 Decenber 2006 3
internal cavity. A nozzle 16 for injecting liquid under pressure is =
mounted in the outside wal| 14 of the nonitor. In this figure, there-can
al so be seen EMHEMS CABLEGr cHUFPFALE t b6 ter sirdert oig rbdsiiahdindenent's
20 and 5 22 fﬁde@h!@%ii@ rh@:ﬁi@dpmsmi@@gstid&wﬁdzplw ﬁﬁ%ﬂ% gln ?RQ“' ar
air pipe extendi al o the, rods in order to eed sinmul taneously
nozzloepw'fth Ir?‘i‘ﬁﬁr%randn%h ‘gﬁ}ﬁjlg’rguﬂ%'zz’? K¢ 147 FLSARDHY SRS
patent, the rzier koupkided4 ridme t%mrni@fi@ﬁl;r:}dﬁl a{éicﬂ;éél(brﬂ@rﬁz% t232) th\hc?h
assage 24, yrede i . : ' o] and. t ube, 26. connegtin e
gnd 019 s:a}ugd ;A)zassage C{Bo&éhﬁle@méeg%%) R éessn%%é/edl AU, PR & 'ﬁos%&
constant sectdrohtlawd ofr i @xtending Wl w@e tods nit aidturdzance to
Lhe pressuri zetq IdGhid hrieer it didddidd,fafl 1ot No2g] &8 ihse! f-
15 Neverthel ess, as expl alined, “the dianeter o't he njection nozzl'e
i s-very- smal MRELEGEAY it h AHREAETS diofthte patent pithe wmasdliorl 6
conveyi ng t he press et Hd @aichalaneed N8 quiefiSipBe st eshni Yaedescr i bed
in that ove-nmentjoned ,United St a&gzi}pat ent iS therefore not completely
20 sati sfact &y M gat (G IME e ROSYor 20 dPYdist fEarben &s canRes&anidon.
Furt hernore, tiHe ecadl lof sedn tdeaisddee t@gsﬂr@ts an#& o e itr]_gﬁtzll@nggest -
relative to i d t i.pe .. Such a dispositiqgn |leads to
si gni fi cant %stg'ﬁlr %a%%eg%i r?f{]%eor%t&ﬁtofseﬁ q&d a&% e"F¥%ef t o the 25 tube
- 26, and thus durvelfaingosd @s Ibe dddiitti o stilrbamoe tor thes prickedrizethat
patent  does 19gl,ienaflcG e LIRCRBN1G3 L 00l LhRt .00k Be muynyed ,¢n the
nmonitor to be fed wth Iiquid under pressure. .
15 Nevertheless, as explained, the diameter of the injection

pipe used for conveying the pressurized liquid along the
rods. The technique described in that above-mentioned
United States patent is therefore not completely
20 satisfactory, in particular because of said differences
in section. Furthermore, it can be seen that the passage
24 forms right angles relative to the pipe 22 and the
pipe 26. Such a disposition leads to significant
disturbances in the flow of liquid at the inlet t6 the
25 tube 26, and thus in the nozzle.
| In addition, the monitor described in that patent
does not enable the mechanical tool that might be mounted
on the monitor to be fed with ligquid under pressure.
Unfortunately, it is necessary to feed the
30 mechanical tool with drilling liquid in order to
lubricate it, and above all in order to raise the
cuttings that result from the drillihg. |
It is therefore advantageous to be capable of having
a single monitor suitable both for feeding jet grouting
35 nozzlee under good conditions and also for feeding the
drilling tool at the bottom of the monitor. In order to

‘obtain optimum feed to the injection nozzle, it is




Unfortunately, it is necessary to feed the 30 nechanical tool with
drilling liquid in order to lubricate it, and above al il Ddtetihdepode0 rai se
the cuttings that result fromthe drilling. It is therefore advantageous
to be capable of having a single nonitor suitable both for feeding jet
grouting 35 nozzles under good conditions and also for feeding the '

. drilling tool at the bottomof the nonito In order to obtain optinmum

feed to the injection nozzle, it is 1 Decenber 2006 4 necessary in sone
cases to be able to |nterrurﬁ)t t he feed he drilling tool so that the

entire flow™SI*FIWE & F™a Grout Eﬂd@? APPSR ﬁPe§§E?§ruP§ G&ed fref
f eedi ng the td rqlmctdmm}nglteooB do Anhabj ehe ehtea\férrbn@weadﬂmﬁlm&ats of the

present inventjo Lectian head ar l.ar for
i npl-enent i ngenjéet = g(froulﬁé)ng, %%gﬁeévess}%er nﬁ?o%eﬂoﬁg }f F‘é’aﬁgﬁy t he
qual ity of tinggaiigupptiale by the nozzl e(s) of the inj ectl on head nounted

~at the Bpttom endwoboler diri bkark S tdibdaimdhis &akne PRIIAG EhvBOSSPLE

with the sanme injection head to feed the nechanical drilling t
Accor di ng t coapraspieanofiniértion baredonin tdeetéchkar goovidebrentéad far

i nj ecting agﬁma@dmmmg q;cbrﬂagsrwegrrn@y@dsiéﬂﬂfﬁcgﬁewotﬁe sai d

head bei ng nou at tg’(f S%Xend f. of rods or tubes, said stri ngr
i ncl udi nga P e1L 6’ s?pfo JéExi R %a*F esPPFRLE6F) rofisther  feeding |

fluid under 1}mr3mwcm, reaidd rdmantecbrmrltﬂnmgocatib@dyendmadf ngha #epiend for

connectizon trin r tubes, a bottom wall
f or m)tl:.ILntln%%rtlgl ‘mec 12.% cal drlaltl{l%r%sltt g‘?’ncﬁ’% Jg&é tflé%ds%‘i“f)e and an -
outer wall, 1@ﬁ@¢t§é@§ﬂ Wdﬁ@catfele@asﬁh%rme¢mremabrﬂmlzim tooht ed therein

with an inlet di agebediegued 4 dhpnst d¥ @3RNE hREnANAXT Shetk -1 aNd.
duct-forming means for connecting the liquid feed pi pe to t éinlet of .
said 25 noz@ﬂf@Vléaﬁdalhff@étﬁQin imggetiaong Ehaidctrder grdssureatto break

up ground from a borehole, sald head being mounted at the

‘“IS““”end“of“amstrlngmofmrodsmormtubes,msald”strlngmlncludlng_ammr:::m;:

_pipe disposed coaxially with said string of rods for
feeding fluid under pressure, said head comprising a body
having a top end for connection to the bottom end of the
string Of'rods'or'tubes, a bottom wall for mounting a

20  mechanical drilling tool including a feed pipe, and an
outer wall, the body having at least one injection nozzle
mounted therein with an inlet diameter equal to 4 and
presenting an axis xx!', and duct¥forming means for
7 connecting the liquid feed pipe to the inlet of said
25  nozzle, said injection head being characterized in that
said duct-forming means present a mean line having a
first end connected to the bottom end of the liquid feed
pipe and having a second end connected tangenﬁially td
the axis xx' of the nozzle, said mean line being'defined
30 by at least one curved portion presenting a radius of .
curvature that varies contihuously, the right section of
said duct—forﬁiﬁg means decreasing regularly over at
~ least half. of its length from its first end to its second
o end and in that it further comprlses '
‘ 35'.'3"‘ -'at least one feed channel for feeding said
'E‘méchanical tool with fluid under pressure, said chahnel'

being'connected firstly to ;he,first-end of the duct-




said duct-formng neans present a mean |ine having a first end connected
to the bottomend of the liquid feed p| pe and havi ng a19R&enrbheeNhs
connected tangentially to the axis xx' of the nozzle, said nean |ine being
defined 30 by at. | east one curved porti on5pr esenting a radius of.

curvature that varies continuously, the right section of. said duct-form ng
means decreasing regularly over at least half of its length fromits first
end to its sdepmingemmeansd and tﬂmoridlyfmqraercl'mﬂqmi SHgp@ied 'atattHeeast one
feed channel Bt said g nBehan }{?gf th fluid under pressure,
sai d channel being ceonnected f| rstly to t |rst end of the duct 1 .

Decenmber 2006 5 f0ﬁmQQ?QﬁQ%%ﬁQ%ﬁT%%b6hdm$eﬁ@0§e@h&ﬁ&ﬂeQﬁsﬁ%@%d at the
bott om end ofcisaitdd RireCttinen digad;fantee@ e Rbl @l hkhe alave dgher posed
bet ween id chagt%t &?ﬁ? t he e for f edl n sai d mschanl cal tool. 5 It
"will be uhderstoo dﬂﬁ% nqFoagh ¢ r 8oEildYorhéBeet produced
by the nozzl éiaret isngwiff |t¢mnt;|ley: |pm:rcmm b@cahéen@fzzmée apfeogr essi ve and
regul ar redugf i of th ct- or mi_ng . nean for
SHo raRabtl R slalloe: 3, EHEL prpBRoR oAt or

exanple a tube; =~ over -at
connection t Fedwdat geducséen Girpélhetjgugihlty SbC(t}UlDd cprﬁdehepldwtur e, toits
end for = connegti;ol Fn@ah@e 'fra)IIEtex%prl' cq ‘Bfub heo’v@ke%tt' ‘i@a’% Zﬁﬁgf ofhi's

characteristic conbined with the fact tha é mean |ine .
duct - f ortfi ng 1ﬁ§aﬁ§n§F5‘s§ﬁP§‘ étﬁa@iﬁﬁis Lo S?Q-’flé@fai?é@t}r Eot hhe \fé#llléls feegul arl vy,

makes it posgibkke Geuall ”ﬂﬂq&hEEuhH%rd %bggﬁéecetboltgeehBOWbe liquidin
said tube and thu et W tE maxi gum energy and of erosive

power that i SOREF ﬁ?épﬁeg mEfuRtdiicsne tﬁﬁa}“ﬂ?&ﬁﬂ?ﬁenﬁéﬁﬁe in the
ground. 20 | ﬁ'haddbhhmactélﬁéslnfﬁm t@mmbasWuthpaaal bhet sahectheemgaho feed
the nozzle(s) Qe b [REIRAELN b0RingORELRES)-80dnE D0, MBEAGYLCEE driltling

15 curvature that varies regularly, makes it possible to

tube and thus to obtain a jet with maximum energy and of
erosive power that is maintained at a maximum distance
‘away from the nozzle in the ground. “

20 In addition, the monitor makes it possible
selectively to feed the nozzle(s) or to feed_both the
nozzle(s) and the mechanical drilling tool. It is thus
possible to perform two types of operation without
changing the tool that is fixed to the end of theldrill

25 string. This option makes it possible to shorten the

 time required for drilling very significantly.

In a preferred embodiment, said duct-forming means
comprise a first fraction that is substantially
rectilinear extending along the longitudinal axis of said

30 injection head and extending the feed pipe of the string
of rods, a second fraction having a mean line that '

‘presents a point of inflection, and é third fraction
whose mean line presents curvature of constant sign.

Other characteristics and advantages of the

35  invention appear better on reading the following

‘description of various embodiments of the invention given

minimize the-disturbance to-the flow of liguid-in said . .- . ..




possible to performtwo types of operation without changing the tool. that
is fixed to the end of ‘the drill 25 string. This option {rmdRmbet 2008sSi bl e
to shorten the tine required for drilling very significantly. In a :
preferred embodi ment, said duct-forming n$ans conprise a first fraction
. that is substantially rectilinear extending along the |ongitudinal axis of
- said 30 injection head and extending the feed pi pe of the string of rods,
a second frac@$onohaWngtangeanaMPheSthaThepdesennﬁtaopor@fené toftleetion,
and a third f S | i pts curvature of constant sign.
Q her char act%‘?‘%‘?ﬁ%@ ang gé@?ﬁtgg' egﬁo&fﬁﬁ 35 invention appear better on
readlng t he foIIomﬁnﬁlgﬂégcirp@?%ﬁrb$e@a@b@ﬁ% elbodi vent scaf sdetiomwention
gi ven 1 Decerppsw 200Boufhas ﬁ@ﬂoflﬂﬁlfhgjéé@ﬂ@ﬁeﬁea&-he description refers
to the conpanyi ng_fi gures which; -_ Figure 1, described above, is a
verti cal ‘a]’gectl on w%?n?‘?ﬁ?o%g:hs pY‘?’é'Fl%‘f‘} ?%?'é%‘?ﬁlo‘ﬁl‘ﬁ‘éa‘ahr@lghﬁgure 2 is
a vertical sed:tlblnmgemodbhra)ﬂgémlalydﬁf | the10i heoht 86 egibyn Ghoddead nysent i on
shown. nount ed o) dr|II strlng Figure 3 is a vertica
section view 1?&&&{'&%%}6 |on% Yure 4 is a fragmentary :
vertical section vi eW@lmreISonBSIa/\rettoifceH gsm@tﬁon-vféxgwﬂ the s a
hori zontal segGl{Of ¥beWQfgline V-V of Figure 4; - Figure 6 is a
hori zontal section view on line VI- 15 VI of Figure 4; Figure 7 is a detai
view of Fgure 4 -= EWFRY ho? a Heragfentann ozl eal seaplamteicy amd -
Figure 8 is a{fdagment@arys v leg Figure 3 showing a preferred enbodi nent
of the valve for fe%giqgrthe nglhanlcal drilling tool.

- Figure 1s a horizontal section view on line V-V

of Figure 4;
- Figure 6 is a horizontal section view on line VI-

15 VI of Figure 4;

the 1njectlon nozzle is 1mplanted; and

- Figure 8 is a fragmentary view of Figure 3 showing

a preferréd embodiment of the valve for feeding the
20 mechanlcal drilling tool.

The drllllng tocl is described 1n1t1ally with
reference to Figure 2. The tool is essentially
constituted by an injection head or monitor 30 which, as
explained in greater detail below, serves to deli&er a

25 jet of liquid under pressure, or more generally a jet of
fluid under pressure, which is delivered via a nozzle to
break up the wall of a borehole. The liquid under
pressure is typically a grout or an analogous filled
ligquid. The top end 30a of the monitor 30 is connected

30 © to drill strings such as 32 in order to lower the tool
and set it in rotation. The string of drill rods 32 is
preferably fitted with an inner coaxial pipe 34 gerving

to convey the liquid under pressure for feeding the
injection nozzle and the mechanical drilling tool. At

35 = the bottom end 30b of the monitor 30 there is mounted an

intermediate part 36, itself serving for mounting the
mechanical drilling tool 38 or bottom tool.




The, drilling tool is described initially with reference to Figure 2. The.
tool -is essentially  constituted by an i-njection head or mayahites 2865 whi ch,
as explained in greater detail below, serves to deliver a 25 jet of liquid
under pressure, or nore generally a jet off fluid under pressure, which is
delivered via a nozzle to break up the wall of a borehole. The |iquid
under pressure is typically a grout: or an anal ogous filled |I|iquid. The
top end 30a. of t heTloninpect3lon sheahneet edndfi sas i ibddpthd sy saieh as 32
in order to | t o) of ati he stri of dr|II
rods 32 is pér)'ye\?éer a‘ﬁﬁif%t%%%éﬁaﬂ%’ ir %@a&‘?% Ea}?e 34 “Serving

convey the | it eFirRMeFELES FD foF Bessihly theolirgledhi arf rncmzéce:mrd the
mechani cal dridddngs | ond /a¥ RRAEs hﬁé@én@é‘%ﬁ@%ﬁt&ﬁ‘eer{@%@r %310 there

is nounted an_ internediate part 36, itself serving for mounting t
mechani cal dri}F iTRPYGH - 385G AT EMddols commratimsbitoiie feaheipe
i nj ection heah 34F ctthrdﬁe]ﬂ &'cm)cm Rad g @.&s@l&rﬁnﬁ@ la AR fingangral ly

cylindrical ection nozzle 42, or possibly a plurality of
i nj ection n?gogﬁgise a?“'lé4 Uit SPTRITED R 158t 36m et S3Gthasned ¢ he

moni t or. The 4foZ@se Mzsecs:mnrﬁelctmérictlo ntme.ref@eeklpjgmﬁly%neflltehe thard | rod
32 via a fi rs_l}.t %f%%e?i%%l 440 eth% %e_,l?ﬁ I%é%t r;r&,\éﬁgl ng portion

&
46. The chann 44 as sectl i's verysli 'l er than
the sectlion hamelpidde 34 angls ﬁelb&ﬁalﬂthadde/ aﬂwgl@h@hdmmlgllmmle»atlends

subst anti al | E@Is,oa;ggst Iag |thlégln{ol1I1q_ltla)§J 308X13S, XX'5 10f 3t s
line with the3 pi pe pi pe 50 of shad'e théLt |é1 %escr?]bttgl %qbpr eater

detai | bel ow>$er vés Hlé’ecor’ﬁn&:ft ShR@en &3 Ate 162 degcribedr gt PreRé®T channel

portion 44. Beeafiilr welemd ss_eareef tbheohneRitp@ h20 nbg zeanaecked ke the bottom
end 44a of t e its.,secon is connected .to_ the

h
inlet 42a F%C%é%ﬁgfez nnfer]i Pﬁ’ﬁ&P@r éréredTg‘ﬁbg&FﬁEnFnEleéé’ﬁ péd the

15 pipe 50 is connected to the bottom end 44a of the channel
44 -while-its second-end 50b-is-connected to the inlet-42a .. .

of the nozzle 42. 1In the preferred embodiment described,
the injection nozzle 42 has an axis xx' which is
substantially horizontal. |

20 At its first end 50a, the pipe 50 has a section S'1i
equal to the section S1 of the channel 44, and at its
second end 50b, it has a section s'l equal to the inlet
section sl of the nozzle 42. The pipe 50 presents a mean
line L and the sections of the pipe 50 that extend

25 orthogonally to the mean line I, may be circles, ellipses,
or oval shapes. According to an essential characteristic
of the invention, the right section of the pipe 50
decreases regularly from its maximum value S'1 to its

. minimum value s'1. .

30 In addition, the mean line L of the pipe 50 presents
a special shape so as to obtain flow lines all the way to
the nozzle 42 that are as regular as possible; The mean
line L has a first portion Ll extending from the top end
A to an intermediate point B having a vertical tangent,

35 and a second portion L2 extending from the point B to_the

‘_second end C for connection with the injection nozzle 42.
At its end A, the mean line L1 connects tangentially with




the injection nozzle 42 has an axis xx' which is substantially horizontal.
20 'At its first end 50a, the pipe 50 has a section S 1 1q9Htambbp2ddae
section .Si of the channel 44, and at its second end 50b, it has a section
s'l equal to the inlet section si of the8nozzle 42. The pipe 50 presents a
mean line L and the sections of the pipe 50 that extend 25 orthogonally to
the nean line L may be circles, ellipses, or oval shapes. According to an
essenti al chatectedisstixe off tHe dhuandli am,. t he frria@ittloi‘f!@fi aRea@f 1tihe pipe

50 dect Iy |- 11 t I

201 50" T ERgg, o 2t IO SR e bt P TR
shape so as CHIYBTCAINS blfowdnﬂt@’ltalmgrh@nda)a B&cotﬁepmtzﬂoel 422t hat are as
regular as poseldiingna @@@ﬁléf'yaéid@aéfacykggkug%f%EO%obét%ékeEg pgfrom

the top end A to .an internédiate poilnt cal tangen

a second Yor TGk ES é%@eﬁ’@@ﬁ@lftreorﬁft W@ep@loﬁﬂ'-ant &1lihe T@@@@nd‘ﬂf@nd C for

connecti on Wigottibesi &erthleOﬂae@@ialleLe‘l% arg! nht8raldyAigthe cERaBckipe Ll
connects tan%pntlallé %n % Qﬁcenber 2006_ 8 the axis XX of the channel
44. A fractionf REaRN P S5teSBntls a?f FRSPRFofERGR IO Idi €h a regul ar
radi us of cuewat dieeol odnSh@np1$Eg5oa@&eaeﬁEQOQdraa&hboafL&QrﬁéEQEétIng a
regul ar radi f ture, §f ant sign. 5 th is the o e of the
bortion Li1. “5alcytiLe BeBuTardOrehdtt B0k nrny  Eh, Baind; arar 5

i nt er codfect &8¢ vy érpmlnpl@t Bnftledtisornt. CA second fraction L2 of "nean

e ol e PRES PEERER! Beo chadbys 0hl CURXBLULEL SR ED YAE ERpLeot! @)Y

whil e retaining the sane sign al Rd C. As
a result of PRe $pePF8FeBhREpe FiobS ﬁGCFh@anbéChSOGCrﬁapﬁéséﬂgslarlyght

section whi clirércieaseadr ggubarky ehaom | haqendsAntOnl §§n@n_grgseﬁf'€ sts
-mean |ine presents a_Succes l,on %f radii of curvature_ that are |ikew se
. Sucdcession o 1i oI curvature that are likewise
i5 regular all the way from its end C to its end A. It will

characteristics makes it possible to define regular flow
lines between the channel 44 and the inlet 42a of the
nozzle 42 for the liguid under pressure flowing along the

20 pipe 50. This regular flow makes it possible to obtain a
jet of ligquid under pressure at the outlet from the
nozzle 42 that is of optimum shape and thus presents
maximum ability for drilling into the wall of the
borehole. : '

25 It should also be emphasized that because of the
special shape of the pipe 50, it is possible to connect
the axial channel 44 to the nozzle 42 via a pipe whose
radius of curvature varies regularly.

Finally, because of this shape for the pipe 50, the

30 or each nozzle 42 can have an axis xx' lying in a plane
orthogonal to the longitudinal axis XX' of the monitor,

. 1.e. can have a horizontal axis. The jet produced by the
- nozzle thus lies in a plane that is orthogonal to the
wall that is to be drilled.

35 There follows a description of the portion of the

~monitor that is used for feeding the mechanical drilling
tool 38 with liquid under pressure. 1In the preferred




15 regular all the way fromits end Cto its end A It will be understood
that the conbination of these two characteristics nmakeg pdeeRBss2dtlce t O
define regular flow Iines between the channel 44 and the inlet 42a of the
nozzle 42 for the liquid under pressure floow ng al ong the 20 pipe 50. This
regular flow makes it possible to obtain a - jet of liquid under pressure at
the outlet fromthe nozzle 42 that is of optinmm shape and thus presents
maxi mum abi | | ¢ybddiment | deagribed, thhlwafée@flé hpro@pd@@%wp twd pip éQ0U| d

I b h t hat eC| sha e it is
goggl bleee{nc)) ?%%ﬁ%g g?h%ggéﬁgfgghénneflig §§|?§§4 € @h% pi pe whose
radi us of curvarilfervaspeh h@@mgrﬁyregpmtive bex:atusmrotfop hersd shzpe for
the pipe 50, ¢he o 1%911915 ge86h I':Q@&'@h?zréé@l fnclﬂﬁ%éei(xﬁlﬁ’éf'g ina

pl ane orthogonal t he | ongl tudi nal axis noni t or i.e. can
have a ho?i zoreedingiLiayHd VRichrfReddroy amd cadz Aavingsa [hektom a

]Lol ﬁne t hat dl Ser@dtM%halcs%lﬁ éﬂﬁ@n%ﬂ@%uﬁ haded Sart qx??eﬂgahi ![&gamﬁétégftfre

ol l ows a description .o e portio moni t or at_is us

f eedi ng the ,}é}%‘gﬁ%% UrTFFT AETE o%'r %‘é%ltlh Figins firthd 1hafssti®s 1n the

preferred 1 DRecertbera20O6XX 9 @ﬁb&i@brﬁ&rﬂjedﬁsmhlm t)Fg(me fltengxﬁezfrﬂ?ajprOV|t ded by .

two pipes 5 4 te r t.o the I S noni t or,

eachphgw ng gc%ée%tf%e %1%{}195@@ @op éhd’ BoK ﬁg ‘?#)njd-l SUt"TYRFS he

rectili ndar dHamedvisied it S-hedditipn iend e anrrEISmHéqodsynoB(e.ach havi ng
d 54b can

a bottom en e SADLAPEY NELR; 4 0 AL 1 UL HRRPRL Wouddl

be seen nore clearly in Figure 8 and | 1"es
i nj ection hedd® Haftiahy Mannehdibdhediqueing t@d \Mhﬁf@&)waﬂwr@nﬂ)unt ed

in a housi ng £l G deg, atTl’Ié"Qvél(I[ tamand 1f & TR e LK, 3Qe The

dy 62 nount ed
valve 58 corrprlag:esﬂa U Adrd ol body, “operating with a moving shutter

15 member 66. The shutter member 66 is fixed to the end of

cmrrmanvalverod 68vslidably mountedrincancaxialrhole: 70 dmooinmiiii s

the bottom wall 72 of the valve body. A nut 74 is
screwed onto the outside end of the rod &8,. and
constitutes an outside shoulder therefor. This shoulder

20 defines a rest position for the shutter member 66. The
shutter member 66 is held in this rest position as shown
in Figure 8 by a return spring 76 interposed between the
shutter member 66 and the bottom end 72 of the valve
body.

25. The shutter member 66 has a top face 66a placed in
the chamber 58 and which is therefore subjected to the
pressure of the liquid under pressure that arrives via
the pipes 52 and 54. When the pressure of the liquid in
the chamber 66 exceeds a predetermined value, the flow of

30 © liquid establishes suction beneath the shutter member 66.
The action of this pressure on the top face 66a co-
operating with the suction that is created causes the
return spring 76 to become compressed and the shutter

, member 66 moves downwards until it comes into contact

35 with the valve seat 64. In this position, the flow of

"liquid under pressure from the plpes 52~ and 54 to the
~axial outlet 78 of the valve




in | eaktight manner in the housing 60, thereby extending the chanber 56.
The wal | 62 of the valve defines a valve seat 64 suitallmsckaibeegagegper ating
with a noving shutter- 15 nenber 66. The shutter nmenber 66 is fixed to the
end of a valve rod 68 slidably nounted ihtan -axial hole 70 in the bottom
wal |72 of ‘the valve body. A nut 74 is. screwed onto the outside end of the
rod 68, and constitutes an outside shoulder therefor. This shoul der 20
defines a rest poshsishoWormbhe shastky ptrRnbesub6. 3 Thehesbuttier menber 66

is held in thj esi jilon,as_s iR Figure 8.b retyrn_spring 76
i nt er posed befagén&%?ngg)&is Wt .%rfﬁe%%%%jn%%da% TheHdt oﬁ?’é‘ﬁdgézf%gm?@e |
val ve body. B Uhe bhuereediehbepatt has adlhepoduees@6hspiaceadiwmitivhe
chanber 58 ang whigh %&1%—@%@?Orﬁiﬁéﬂi’l}??t@q%gﬁ%%%e%%piﬁéﬁ'ée of the liquid

under pressure that arrives via _the plpes en the pressure of
the liquid i mPEHE"RPEAPRPH6" ek cbsehl prierdtlayenR dthal eeck iea¥tow of 30

l'iquid establgshes shetaoiabedest hed Neoshtdd @Indeiem&Snanbg action of
this pressure OQH%he tqgiaqg 66a co- qggrat'n with the suction that is
created caused tHet"9 et %‘ri n@"emdﬂ% e’é%fr?éé TSR BRE Y e S hut t er
menber - 66 novesedawn v Ul ing | 11dquidofmsm | fiewoontisodk 3mwd tthd heipad ve

seat 64. Int ; pOsiftd flow of liquid under pressure fromthe |,
pi pes 52 and 10 tstlhe qgl?(rll% outlet 78 of the valve. 1 Decenber 2006 10

As shownl@ore cl edfty GommEiefin el3iliing dundletoprratfeme heoMabwee. 78 is
extended by an;aisl fordegd ol e d medi t .The bore
oo TarT Ly TG s OF N g5eng’ nla%qflyé, TR B P i Y

i nt er nedi at e PaMeHE Y She MR BB GHd 1Rl GfeckhabressBrafi Hdeaxi al

duct 84 for faedinchdg h_LQ'Lq”(Ei@aﬂicﬁvBi'n% Hldrd e @alpe3B .34l chegk gl ve 82

serves merel . fo, prayenly dril i) QT oo Tou g B St fHe pipes

15 liquid under pressure delivered by the nozzle 42 is not

via the open valve 58, as shown in Figure 8. In
contrast, when it is desired to proceed with a jet
grouting step, i.e. when it is desired to use the jet
20 produced by the nozzle 42 to perform drilling, then the
pressure of the‘liquid in the above-specified pipes is
raised. As explained above, this pressure causes the
shutter member 66 of the valve 58 to move downwards,
thereby shutting off the feed to the mechanical drilling
25 tool 36, Under such conditions, the entire flow of
liquid arriving via the pipes 34 .in the drilling rods is
used for feeding the injection nozzle 42 which then
operates at maximum effectiveness. '
When the pressure of the liquid is lowered to
30 beneath the predetermined value, the shutter member 66
lifts off its seat and the mechanical drilling tool is
again fed with liquid. '
In a variant, the monitor 30 may also have an
auxiliary pipe 90 for feeding the jet-forming nozzle 42.
35 L‘This pipe 90 is fed directly from the annular space 35
that is present between the outer Wall of the rod 32 and
- its inner pipe 34. The bottom end 90a of the pipe 90




inside the nonitor. 10 The conplete drilling tool operates as follows.
During stages of use where it is desired nerely to drill pdeenimeapsorf t he
mechani cal tool 38, the pressure of - the: drilling liquid flow ng along the
pi pes 34, 44, 50, 52, 54, and 78 is relatively low. As a result the jet of
- 15 liquid under pressure delivered by the nozzle 42 is not very effective.
and the mechanical drilling tool 38 is fed via the open valve 58, as shown -
in Figure 8. servesntoasSéedwarnahhulsr deshe€dot OsRFp6€RE:I M tPha betlet
grouting step,-i. when it is sired to use the jet_20 produced by the-
nozzle 42 to %%r?%?n?%??%?i%%; t hst%%XI£+%§¥u£%e fofhglv%%U? $h the
above-speci f irdepspes ¢xeatas sau. amisubap| penestiabowed 1 tdni sheressmrfeicauses
the shutter f her eby shutting
e AT 0 B Ry S TR et B

off the feed to the nechanical di I ng Such'zondt ti ons,
the entire e dAvalitief aflre \iely sreated By peke 3goimle 2 dri | | ing rods

is used for feeding whEl ik agdOFstWEE | €hd2 WP fdaidedr R oS

maxi nrum ef f ecti veness. Wen th%jpressure of the liquid i1s [owered to 30

beneath the (t rif A Wt ue g n ISR I BRADER (B 43 i9as ki ffed s seat

| ?Ed_t he. [rechgmtdalquuid Lmtgié@qiré&qlia@aiﬂdé_ﬁcbd%% ft%dﬂd%ﬂid:dqd,n tfhhé&.%rﬂyant, |
e nonitor S ve_ an...auxiliary pipe or feedjn e |

j et-formng nangz )e/maglzl.lg)g 3% ﬁﬁsss%aﬁpee et c?%t‘?p BT 3?% Snnul ar

space 354 hatgasl mikurtitsteareniuheoutter negul afithhef athe32iandd its

_inner pipe 34, he ot Ocr%egrtglﬁ%?%cpf LR F?Ao?neirlgqore%ngafciestnb%rerzvge% 11 serves

to feed an annul ar space oundi ng" t he ou t &5507A &%2. This
auxiliary fedfsst FhaineihmmEcalphafdiane taadat3ss wirkladngudd juetdesur r oundi ng

the main jet pridieed idhdfie RAAlIGAZRANGLSANVSES Ji0 iy Lher Jguewy 5 the
qual ity of.thejeﬁt createdbzythe nozzl e 42. ,
by ‘the nozzle 42. 1In addition, because of the presence

15 of the valve 58, all of the ligquid under pressure can be

Tused. for making the jet; should that appear -to-be .o
necessary.




It wll be understood that by neans of the nmonitor of the invention, the
injection nozzle(s) 42 can be fed wth liquid under pregIfdembeNsRG good
conditions, thereby also making it possible to obtain a pressurized jet of
10 good effectlveness due to the regularity of the liquid streanms in the
pi pe 50. The nonitor 30 also serves to feed the nechanical bottomtool 38
with liquid under pressure without spoiflléng the quality of the jet
produced by the nozzle 42. In addition, because of the presence 15 of the
valve 58, all _of the liquid under pressure can be wused for meking the jet,
shoul d t hat app¥&™% 0 be necessary. 1 December 2006 12 CLAIMS 1. A head

for injectingia AIh&dﬂlﬁUkHiﬁ@@Q&&%@eatleﬁ@ahndéﬁ ﬁﬁé&%ﬁkérﬂHnB%é%&reh0|e

sai d head bei nted at the n rin or t bes sai d
string |nclugg ganglgEO%lspd%%%lqbdxﬁgpﬁb ghgséPa %?V?B%go? s for

- feedi ng fIU|§ndn§§rap$@%8u?eﬁfsaw@ headubeapr$§ndmﬁuxﬂm@dynchadung a top end
for connectlgm teodmeoéwtéwﬁ@qlgf WiRR s8141 89 0l 19 Qs tfu es, a bottom

wal | for gg chanical drilling tool 1ncluding a afe pi pe, and an
out er mall Bly™hatA P dRT IR Wite iR EchPaf ﬁ%%EFéSl%%u%ﬂeﬂhthereln
with an inl ehaduageaetoleqetai if0)'s d:cﬁﬂ(éctmbelseﬂt ERg BOtBX¥hSexX' of aiih

duct -Tor M nNgsPRaRs {LrrofOUIeCiIAL ! he %e ordhdy L ePdeBE PR LA LA 4 1 et of
said nozzle, sal ection “CharaCterized I'h that® %aid

duct - fornlngmﬁéﬁﬁ%l%$£s%%ﬁl%%HﬁuQQQL ﬁ@céuﬁlhavﬁnée%ﬁ Hipst sl agonnected to

the bottom esdtef wdel) iwHa %Jcﬁﬁ%avﬁh@eaenﬂegﬁﬁ"&ge a reRcand eRd ceanect ed
tangentlally to . the .axis. xx' 9% t he H ﬁzle, sai d nean, | i ne bei ng defined

by at |east on%nE%?v%QF ort i déaWEB?ﬁse%¥al€H?¢§ﬁUF% t hat
varies contlnu@aemylnqr&nraxmﬁ>eeotmmm dhctsaodmdm@tméam$nfqgneane
decreasing 1 eghhact nPUHe A1 BBl p8l cht enk gty fpridp first end

to its second end )
nozzle, said injection head being characterized in that

.said. duct formlng means present a mean line (L) havinga

first end connected to the bottom end of the liquid feed
pipe and having a second end connected tangentially to
the axis xx’ of the nozzle, said mean line being defined
by at least one curved portion presenting a radius of
curvature that varies continuously, the right section of
said duct-forming means decreasing regularly over at least
half of its length from its first end to its second end,
and in that it further comprises:

- at least one feed channel for feeding said
mechanical tool with fluid under pressure, said channel
being connected firstly to the first end of the duct-
forming means and secondly to a chamber disposed at the
bottom end of said injection head; and

' - a controllable valve interposed between said

 chamber and the pipe for feeding said mechanical tool.

2. An injection head according to claim 1, characterized
in that said duct-forming means comprise a first fraction

that is-substantially rectilinear extending




and in that it further conprises: - at |east one feed channel for feeding
said nechanical tool wth fluid under pressure, said chamuembePgioad
connected firstly to the first end of the duct- form ng neans and secondly
to a chanber disposed at the bottomend of said injection head; and - a
control | abl e val ve interposed between said chanber and the pipe for
feeding said nmechanical tool. 2. An injection head according to claim1,
characterized in that said duct-form ng nmeans conprise a first fraction
that is substantially rectilinear extendithg 1 Decenber 2006 13 along the

| ongi tudi nal axis (XX') of said injection head and extending the feed pipe
of the string of rods, a second fraction (LI) having a nean |ine that
presents a péioag &hei APREEERGNgY Jaxisnd XX’ § hpEdsdidctiimet(ilc?) hahdse nean
l'ine present singUekabsden®ftONaNbiBLIBE the AbthgChEORdead; according to
claim11 or claim é ch%r.actzri fEd in that the axis of said nozzle or of
said nozzl e$9CEE FRAGTHPENELO! t FOGHIAIR tHAThe iEnPEtdPREFSNEXiS (XX ) of
sai d injecti @eiptadf 4nflactigrectlilonahelad abteddingctioorcl@iom Rhose

char act er i zegheh1t halptdsdiicl udegatupe feed-fines d gt feeding said

mechani cal tool, a first end of said pirpe belng connécted to the first
fraction of said duct-form ng neans. 5. An injection head according to

claim 4, chagackerizpsttion thad sabdranherfal cchanberd ¢idigposed on the

| ongi tudi nal .axis_.of .said.injectipn head. 6. An jnjection head according to
any one of c'flg"’l‘rn%cﬁertloze‘jg,lncllrig?épg%‘?iaz}é]ds i9F tsl‘?;itCf &8?638&&%5&661% val ve
conpri ses a Reztlemd i@smivi rg pdhoet erthegbeal whosthe posidiitoriinalcontrol | ed
by the flow of:digyid fJowang ihheeroh,saig val ve.

4. An injection head according to claim 2, characterized

in that it includes two feed pipes for feeding said

“mechanical tool; a first end of said pipe being connected

to the first fraction of said duct-forming means.

5. An injection head according to claim 4, characterized
in that said internal chamber is disposed on the
longitudinal axis of said injection head.

6. An injection head according to any one of claims. 1 to
S5, characterized in that said controllable valve
comprises a seat and a moving shutter member whose
position is controlled by the flow of ligquid flowing
through said valve.




