1 07 JUN 2004 A METHOD OF MONI TORI NG THE DI AMETER OF COLUWNS NMADE BY

| NJECTI ON The present invention relates to a method of nonitoring the

di aneter of colums nade by the technique 5 of injection under pressune004
known as "jet grouting”. That technique ¢onsists in drilling a
substantially «cylindrical vertical hole in the ground by using a tool

whi ch delivers one or nore jets of |liquid under pressure enabling the

ground i nstal hatiasb ter heowrepared, THE thr AMETER 0P| €ODUMEE NBADENBYhi s way
being filled with a grout or analogous material so as to obtain a colum
which is mﬁNﬂﬁ???Péﬁm&borehole. That technique is described in

particul ar in Frengh patenit Nonven706n 128latéswi bl absethdér efood t hat
during the operation of_, 15 "dr|II|n - e n f | i quid.
Under pres Ei?ﬁﬁ?%uﬁ%ﬁﬂd%ﬁ%n%?er é?ﬁuﬂ%%r% é?gﬁgaﬁhgapéghﬁlaﬁe

si gni fi Gant lof anxﬁyﬂnesmlwmddbpphe$smkgthng af thnet grﬁégﬂpﬁﬁltles

encountered in tr¥%i?HE§%A§S£QQ égﬁ?PéféI§H|é ggpﬁ%dhnguggtgﬁglggnylng

nat ure of the 20 ‘subsoi the columm obtained in this_way can
have si gni ficdnindeieal veexii ezl chebs of Bhansrernddeperding 8ntPRE depth

under consi gyl Ofk1 |l fspéﬁ@l8?1mb§ep?éﬁéC@falLMU§§V@ﬁﬁewhpmebheréepth of
the colum is ar ge, ich depth can,be as nmuch 15 netg %%t E
coMdft Gt a

cases, a sucdedsl b dFheadfse tBFbAhsa b 87 ﬁﬁd@e BT8E3E6
conti nuqys t}aﬂé ebpt i hde 1ﬂf@Hﬂd why beingedillibdt whioh thatrougperof

appllcatlon s particu oftan b o] tqr, the

di amet er %RR%P%%W H%a%?rﬁgi %?e%g é@p?ﬁga%o g 3?&5@5 g?gﬁrg that the

resultlng bamjl&éd|3nCDMé|h@m@hobeer That Eﬁthnthelghtdeﬂﬁrabﬁgeﬁﬂ t here

i s no met hod_of %Fﬁﬂépri gF%%§C¥d%ﬁgg£nggf ohygngo@Rde by jet grouting
e

once they h&e Fbeer e ue used consists in nmaking a_test
It will be understood that during the operatioh of

15 "drilling" the hole by means of jets of liguid. Under
pressure, the actual diameter of the borehole can vary
significantly at successive depths, depending on the
irregularities encountered in the subscoil, and in
particular depending on the varying nature of the

20 subsoil. As a result, the column obtained in this way
can have significant relative differences of diameter
depending on the depth under consideration. This problem
ig particularly severe when the depth of the column is
large, which depth can be as much as 15 meters.

25 In some cases, a succession of adjacent columns arxe
made so as to constitute a continuous barrier in the
ground. It is clear that for that type of application,
it is particularly important to be able to monitor the
diameter of each column at different depths so as to be

30 sure that the resulting barrier is continuous over its
entire height.

At present there is no method of monitoring the
diameter of columns made by jet grouting once they have
been made. The technique used consists in making a test

35 column whose top portion is unearthed so as to ingpect

its diameter visually. It will nevertheless be

understood that that technique is relatively burdensome




- 35 colum whose top portion is unearthed so as to inspect its dianeter
visually. It will neverthel ess be wunderstood that that technique
relatively burdensome 0 7 JUN 2004 2 to use and in any event doesﬂhowsz‘
enabl e the dianeter of the deeper portigns of the colum to be nonitored.
Techni ques are al so known for nmaking electrical mneasurenents in order to
det er m ne the nature of the 5 ground to a certain depth. In those

techni ques, ‘;a]nldcg'ﬂl):]ajn? eqhtSléﬁa(‘eesS% tffegutﬁé | y; shaced gpart

el ectrodes |s |nst ol e, an ectrodes serve both as
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injecting electr Iz@ctmlqlfég hQ thegnaid, fihe rﬁﬁl@ﬁ{g Oél?éctEP@Ealan ect
electric current create electric field lines in a cylindri vol une

sur r oundi ng "eEFEIEIIEARE 61 HFFathd DAASHATHINY TR e fred uFQﬁent s

performed agrdiuerenta depiths d Mddia borehalioanald ehihgued)d a probe
characteristics of the ground to be term na,rgt at drff rent gepths by
nmeasuri ng aSpAYS é‘tngnﬁ"grﬁutc&&egs%oé’pro Aty %fsgah%e atk?e"of the ground.

This physi ealecrt&gmetwdes Iihsr@istdd uted bqpﬁdtealesrmdvtmq etetheogeeund
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ground One 5§achy tbec Sed 1 ropean patent No. O
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is to ppovi de+a, iRt hed.gfqg monitoring the diameter of colums made in the
25 ground by Jet ing, which nmethod is not of the destructive type, and
enabl es noni tori rTg’let ¢Yectyadest Rt dveietthe kef i Hei GRETORTt AESEEFUM
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performed at different depths in the borehole enable the

15 characteristics of the ground to be determined at
different depths by measuring a physical magnitude
representative of the nature of the ground. This
physical magnitude is constituted by the resistivity of
the ground which, when determined, can be used to

20 evaluate the nature of the ground. One such technique is
described in detail in European patent No. 0 518 686, in
the name of the Applicant.

An object of the present invention is to provide a

method of monitoring the diameter of columns made in the

25 ground by jet grouting, which method is not of the
destructive type, and enables monitoring to be performed
over the full height of the column made.

To achieve this object, the invention provides a

method of monitoring the diameter of columns made in the

30 ground by jet grouting, the method being characterized in
that it comprises the following steps:

a measuring instrument is provided that is
constituted by a tubular element of length substantially
equal to that of the column, said tubular element being

35 fitted with a plurality of emission electrodes for
creating an electric field and with a plurality of

measurement electrodes for measuring potential




. a nmeasuring instrument is provided that is constituted by a tubular

el ement of length substantially equal to that of the colum, said tubular
el enment being 35 fitted with a plurality of em ssion el ectrodes mthszg
creating an electric field and with a plaurality of measurenment €leCtrodes
for measuring potential 3 0 7 JUN 2004 differences created by said electric
field, the electrodes being connected respectively to a source of

el ectricityqapdetenpeteptcak cAEa§UCEAG RRaR%ricA fFieflel enges borehol e is made
in the ground close 5 to the |ocatian where the colums are made, and said

measuring i RSEFLHBAESI BSpPAcEAPREE n TESPESES KX dge @ reasirenght s
represent atkyecetitheyphysi €al potbardellenestsinsimf rdwngr ound at different
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measur enments for s&i € ol e’ls e colum to
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voltages rephaseptatie ot e RBXSG@urharacharisidi ﬁﬁ"m ated whéh said
colum and wth the surrounding ground at different depths; and 20 said
actual neasUEéRBERNSCaPEIFHEEEsSO aFi 1 et S0 SR r%ﬁﬁ%%ﬁﬁﬁ@

nMeasur eFeNt ge8Quaemkc@birairn salidf Aemtisan representative of the diameter of
said colum at said dltfgrg%t ggqths. Lt wil]l, be understood h@é in this
method, a 25 ref ePEn@¥iBdr ORGEEHE HEA&FIHHEL it | %I%%guTﬁ %%e | ocati on
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reference bELERoLRaderORHALN e diShRRUI P W S Ho TR t udes

cor r espondi ‘
said measuring instrument is inserted into the

15 borehole made in said column and voltage measurements are
made corresponding to different depths, thus obtaining
actual measurements of voltages representative of a
physical characteristic associated with said column and
with the surrounding ground at different depths; and

20 . said actual measurements are processed with
reference to said reference measurements so as to obtain
information representative of the diameter of said column
at said different depths.

It will be understood that in this methed, a

25 reference borehole is made initially close to the
location where the columns are to be made. Electrical
measurements are taken in the reference borehole to
obtain the reference physical magnitudes corresponding to
different depths in the resulting borehole. The depth of

30 the borehole naturally corresponds to the depth of the
columns to be made.

In a second step, after the column has been made by
jet grouting, an axial borehole is made in the resulting
column and the same measuring apparatus is used to take

35 measurements at different depths of the borehole, and
thus of the column. The measurements taken in this way

serve to obtain, for each depth, a physical parameter




different depths in the resulting borehole. The depth of 30 the borehole
‘naturally corresponds to the depth of the colums to be nade. In a second
step, after the colunm has been made by jet grouting, an axial Hbfdudpmsis
made in the resulting colum and the same measuring apparatus is used to
take 35 neasurenents at different depths of the borehole, and thus of the
colum. The neasurenents taken in this way serve to obtain, for each

depth, a phygiéenl 1§a§§36£:%t@d7fdyutzg)oéléhw/lﬁh@hdu%n@&%qmoeﬁ addirstly with

the dianeter of the at . sai nd secondly wth th surroundlng
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e
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15 the infornati on representative of colum diameter for the different

depths is coReEePEJOWi 8k LRaShePprEfasars MRABRLNAS SERRERSH &GS, In

this iqgproved {8pkspenhat kanthiet ddkhkrbe tﬁ@@@bstood that account is taken
of any inclination of _.20_the gorehole made

h coILnnE r|orl§
installing the msr £ AGSEnd PP AEAPE2BAPEr ﬁ&& et th 3 f er ent
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|nplenentat|%n Ssaid aX|a bor
so as to obtain a series of inclination measurements, and

15 the information representative of column diameter for the
different depths is corrected with the help of said
inclination measurements.

In this improved implementation, it will be
understood that account is taken of any inclination of

20 the borehole made in the column prior to installing the
measuring instrument. Determining inclination at
different measurement depths enables the actual
measurements to be corrected and thus enables diameter
measurements to be corrected.

25 In a first implementation, said axial borehole is
made when the material for making said column has not yet
set.

In a second implementation, said axial borehole is
made when the material constituting said column has set,

30 at least partially.

Preferably, the physical magnitude is the
resistivity of the ground or of the material constituting
the column, and in order to process said actual
measurements with the help of said reference

35 measurements, special software is used for providing a
three-dimensional interpretation of the reference

resistivity measurements and of the actual resistivity




made when the material for nmaking said colum has not yet set. In a second
“i.npl enmentation, said axial borehole is nmade when the material constituting
said colum has set, 30 at |least partially. Preferably, the physt¢alUN 2004

magnitude is the resistivity of the ground or of the material constituting
the colum, and in order to process sai.d actual neasurenents with the help
of said reference 35 neasurenents, special software is used for providing a

thr ee-di mengbQBakeBhEEPLRN ALY Hotthe d efiRr elehe resiShé VEdYurRasHgenent s
and of the actual resistivity 077 JUN 2004 5 1 neasurenents relating both
to the shapkCoFbeh&uEsPuRAlisfd 95¥ e surroundi ng ground. Ot her

characteristics gpHeadvaptragesrdfsttite drtventiartaddd appeie better on
reading the.following .5_description of different embodi s of the

i nventi on gFQEﬁnﬁéOﬁoﬁ}i#nFFFﬁ61é§§ﬁﬁfﬁéF”#ﬁ35§;ﬂﬁ{%h?oﬂgﬁ%?%%gg to the
acconpanyi ngektgtipes oni B EWdiiEfer dritgendedifeara d roShdve t hevemf fenent st eps
of the nethod of neasuring.calum di aneter; 10 | . sho I rst
inplenentat?ﬁHerthgonﬁéégH%éﬁghﬁﬁ%ﬂﬁgéf'an < |%ﬁ#%§%ﬁ%ﬁ%mgégg§%cond

i npl enent at tontbk theompenlyddgoff itherasmvent iWwdriciWth reference initially to

Figures 1A to in, %@gggesléh'@@'fﬂM%q;§*¥ﬁHi&%ﬂfﬁkéﬁtté%%ﬁ@t&fetﬂﬁthOd of

nmeasuring the diane of "colums nade by jet grouting, and doing so at
di ff erent poehbsdabéngerisarigiogmolermn KEamstdHy. In the first step shown in

Figure;dA a cylingigeale hehRwl? Offilhangtindidseidtied b0 the ground 10,
which 20 length is équal to the | ength of the colums that are to be nade.
An el ect ri cBPEREESTLBeACENRS @sht 14 is

Figure 3 shows a second implementation of the
method of the invention.
With reference initially to Figures 1A to 1D, there
15" follows a description of the entire method of measuring
the diameter of columns made by jet grouting, and doing
so at different points along the height of the column.
In the first step shown in Figure 1A, a cylindrical
hole 12 of length L is drilled in the ground 10, which
20 length is equal to the length of the columns that are to
be made. An electrical measurement instrument 14 is
inserted into the borehcle 12, which assembly comprises a
tubular element 16 containing a set of probes 18 disposed
at intervals and essentially constituted by electrodes
25 each connected to electrical conductors 22. The
electrical conductors 22 are connected electrical devices
symbolized by reference 24 which essentially comprises
current generators and devices for measuring potential
differences. BAs described in greater detail in European
30 patent No. 0 585 686, which should be considered as
forming an integral portion of the present patent
application, some of the electrodes are current injection
electrodes for setting up electric field lines defining
an electric cylinder 26 in the ground, which is a
35 function of the position of the injection electrodes.

The other electrodes are potential difference measuring

electrodes enabling the potential difference between two




inserted into the borehole 12, which assenbly conprises a tubular el enent
16 containing a set of probes 18 disposed at intervals and essenti al
constituted by el ectrodes 25 each connected to el ectri cal conduct ols/ 2004
The electrical conductors 22 are connecked el ectrical devices synbolized
by reference 24 which essentially conprises current generators and devices
for measuring potential differences. As described in greater detail in
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potential dMEEdEhEENREINRT Yy Hiecirodead enfingc t heepdt enfbapill

differemce batveeRAMLdY THHINROIUL R M) i etcP9s S bAitBecborehol e to be
neasured, said paotential difference depending sinmultaneously on the
created el edPPECHIR FLEFF G HSHEHERH FLBING HBUCHREF U concer ned by

the creat Edp‘%!t%@itri}a(l fdi?ﬂﬂialjéﬂcél\l:rﬂéaéilﬁfnétm@driﬁ Q@ﬂf?@ﬁénbﬂ@@é@éi ngt
successive pairs of.. .injectjon el ectrodes an erform ng. sucgcessi ve
potential dRPf PSP IRAE RN & WH 1% ROV of €7 ELT 5 Bo8ST bl 6 1o
draw up a napeofdigrfmmeht edEmttlis/idowrf arthe therehdIerenht dept bkedown t he

bor ehol,g 12 t [.cul qu‘ . dnder . consy t] : ee

di sti n(:l{?J |£’§I§?§L c?felatjrgrerggalr"#!ﬁ% Lﬁﬁe%n &ﬁ are %%?’erénﬂ%%e% &ggF%éggondi ng to
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with the deplhseGdEsRPNA NG 41 diNe didd %ﬁn,t_d@’,era%@_rp?oﬁ,t Ofigfsén a 15
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colum and ther@rspsrliitfy el nhe different layers are stored in a
15 memory 30.

In the following step, the jet grouting technigue is
used to make a first column 32 in the ground 10, with the
interface between the column and the ground 10 being
given reference 34. At each depth x, it will be

20 understood that the grout constituting the column 32
presents an associated diameter that varies depending on
the nature of the ground.

In the following step, shown in Figure 1C, an axial
borehole 36 is made in the column 32. This borehole 36

25 can be made either before the grout has set, in which
case the borehole 36 consists in an axial zone in which
the grout has reduced mechanical strength. Otherwise the
borehole 36 is made after the grout has set at least to
some extent, in which case the borehole 36 does indeed

30 constitute an axial hole.

In the following step, shown in Figure 1D, the
above-described measuring instrument 14 that is
egsentially constituted by its tubular element and by its
current injection electrodes and potential difference

35 measuring electrodes 18 is put into place in the axial

borehole 36. By powering the injection electrodes

successively and performing successive measurements using




given reference 34. At each depth x, it wll be 20 understood that

~grout constituting the colum 32 presents an associated di aneter thﬂNZWﬂ
vari es depending on the nature of the ground. In the follow ng step, shown
in Figure 1C, an axial borehole 36 is nade in the colum 32. This borehole
36 25 can be nade either before the grout has set, in which case the
borehol e 36 consists in an axial zone in which the grout has reduced

mechani cal ﬁhéemgtahur@&ﬂwmél@dmdetmrm@aﬁvi@m@s@fémntbeageout has

set at least. to ext i whi t-he_ borehole 36 d i ndeed 30
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el ectrodes, “resistivi ty neasurenments are feren

of the col unfi wher surrisasslimnanamsht s B evbbl flog neaderaeRofesPati bt y
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quantity of groGt involved in the otenti al fference qgasu enent, and on
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using the coepuberhd nMEfdferdd treqiacesstideseod) fd@2 endndresisinvity
neasurenent px as ction of dept x. 10 u5| h ce
resistivitl bigopa %dfllﬂﬁj?ﬁﬁpﬁ%l rﬁ l%é??? lé g?aﬁ%ﬁﬁggit i s possible

to deduce themeﬁmmmluﬁﬁﬁnlrn&arﬁtmmiuxﬁst¢k@tc©mresppﬂddsspéE}Yt@O t he
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resistivity neasurenment 1S repreé%ntatlve 15 of "the diameter of the col um
at the deptﬁepﬁhngstfﬁhps resistivity measurement is representative

15 of the diameter of the column at the depth in question.
This processing of the resistivity measurements obtained
in the reference borehole and of the resistivity
measurements performed at different depths in the column
is performed by implementing special software for

20 interpreting the measured apparent resistivities. This
software makes use of propagation laws for electric
current in the ground (reference} and in both the ground
and the column (measurements performed) in three
dimensions while taking account of the parameters that

25 relate to the ground and to the material constituting the
column (layers in the ground, thicknesses of the layers,
resistivities of the layers, resistivity of the cclumn
material, ...). In the above-mentioned patent, the
principle on which this processing as applied to the

30 ground is explained.

In an improved implementation, when the axial
borehole 36 is made, any inclination of the borehole is
also measured. For this purpcose, the boring tool is
fitted, for example, with an inclinometer. When the

35 depth L of the column is large, it is difficult to ensure

that the axial borehole 36 is accurately vertical. It

will be understood that by correcting the useful




This processing of the resistivity neasurenents obtained in the reference
~borehole and of the resistivity nmeasurements perforned at different depths
in the colum is perforned by inplenmentjng special software for 89 JUN 2004
interpreting the nmeasured apparent resis%ivities. This software nakes use
of propagation laws for electric current in the ground (reference) and in
both the ground and the colum (nmeasurenents perforned) in three
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| cknesses_ o0 ayers, resistivities of t ayers, . resistjyvity of the
col urm  mat BPrg ,o‘i.e.'. N b ﬂ?@sﬁé\%-%ﬁ%%ﬂ tg%ﬁ ame far ?)fl hefpie on
whi ch this QFQ@Q&SBQQ ads tappldidd drertheledi gy oundiits @xqiaeéned. I n an

i mproved i ement ati on, when the axial . borehole 36 is d

i ncl i _nagi oggSFuFﬁgybor GRS UL, SIS Fat %sorg%r%%sg\?gt he boring
tool is fittidderfeort exyaad, e aswishovwn newgddatoinetler . ivheothes 35 drpt h L of
the col um }38 large, it is difficult to ensure that the axial borehole 36
is accurately vertical. It wll be understood that by correcting the
useful 8 07 JUN2G®Y Fiasirst i2ui thhey dlules ags edamat el Hreveeasinghna

coef ficient ;a330¢RkRd (Wt dtdd MRt Qb dheePOELNOER, plbst Scs
possible to obtain_the diameter of the  colunn 32 at the different depths x
wi th grlat efas exdedr 40 WhRtd fF&s R GURE et IR B BnEC 0P St 1B
?LLLle(;crangl gﬁe@%t%,ié?s% igmﬁu;;rxﬁﬁq@_@ﬁeimel?f isnil?u'tag_mre951e?n@x_ﬂd. 3.ptrob&sguse 2, the
perforated BrEstSEF jT?attjﬁ gl%iﬁjﬁieg%ﬁ“%r}ét Icti C%ﬁ%%tﬁ%ggngﬁg%g? ﬁZrOfso as
to : obtai n altedndiaralelcemehtctafrss B2 .ablThd dngithom Frdbes4d8 iareleseded in
the tUbU|arb?'%ﬁ%ﬂh@}%@gth%%\@éélfﬂggﬂé installing the tubular
15 element in the axial borehole and to prevent particles
from penetrating into the tubular element via the
perforations, it is possible to put a "sock" of
engineering fabric or "geotextile" around the tubes 40.
The probes can be installed inside the tubes 40 before
20 the instrument is inserted in the axial borehole of the
column.
The probes 18 can also be installed in the tubes 40
after they have been placed in the axial borehole.
Naturally, an electrically conductive liguid must be
25 introduced into the perforated tubular element so as to
provide electrical continuity between the probes 18 and
the material constituting the column 32.
In Figure 3, the tubular element of the measuring
instrument is constituted by insulating tubes 50
30 interconnected by conductive sleeves 52 which constitute
the electrodes. A set of electrical conductors 54
connects the different conducive sleeves 52 to the
electrical eguipment disposed on the surface. The bottom
tube 50a is fitted with a plug 56.
35 Such a measuring instrument is described in detail

in European patent application EP 0 863 412 in the name

of the Applicant.




el ectrical conductors 22. The bottomtube 40a is closed by a plug 42. To
facilitate installing the tubular 15 elenent in the axial borehole and to
prevent particles frompenetrating into the tubular elenment via tyfejuN 2004
perforations, it is possible to put a "sbck" of engineering fabric or
"geotextile" around the tubes 40. The probes can be installed inside the
tubes 40 before 20 the instrunment is inserted in the axial borehole of the
col um. Thecprabmss 18 can also be installed in the tubes 40 after they
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a reference borehole is made in the ground close
15 to the location where the columns are made, and said
measuring instrument is placed therein to take voltage
measurements representative of the physical
characteristics of the ground at different depths of the
reference borehole so as to obtain a series of reference
20 measurements for said depths;
an axial borehole is bored in the column to be
tested, with the diameter of the axial borehole being
much smaller than the diameter of said column;
said measuring instrument is inserted into the
25 borehole made in said column and voltage measurements are
made corresponding to different depths, thus obtaining
actual measurements of voltages representative of a
physical characteristic associated with said column and
with the surrounding ground at different depths; and
30 - said actual measurements are processed with
reference to said reference measurements so as to obtain
information representative of the diameter of said column

at said different depths.

35 2/ A method according to claim 1, characterized in that

while boring the axial borehole in said column, any

inclination of said borehole relative to the vertical is




10 neasurenent el ectrodes for measuring potential differences created by
~said electric field, the electrodes being connected respectively t

source of electricity and to potential neasuring neans; a referen§g~mﬂzmh
borehole is made in the ground close 15do0 the |ocation where the col unms
are made, and said nmneasuring instrunent is placed therein to take voltage
measurenents representative of the physical characteristics of the ground
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characteristic associated with said columm and wth the surroundi ng ground
at different depths; and 30 said actual neasurenents are processed with
reference ta/sm(mauﬁaﬂeammnrdﬁngnmﬂmnﬁanmola@rtb,o@harﬁctEn#eﬁﬁa@ﬂon
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2/ A net hod accor clarm aracterlze inthat while boring the
axi al bor ehola&iing swidl cobwmn bﬁﬁ/n@ﬁuY¢¢mﬁ¢%n of said borehole relative
to thegertical is o7 J N 2004 10 neasured at different depths so as to
obtain a series of inclination measurenents, and the in or na
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claiml or 2. SNAAGHEI 288 oot B $2L G 8L PRLEDP! Bak8 134G when the
15 5/ A method according to any one of claims 1 to 4,
characterized in that the tubular element of said
measuring instrument is constituted by a plurality of
interconnected perforated tubes, said electrodes being
placed inside said tubular element, and in that said
20 tubular element is filled with an electrically-conductive

liquid.

6/ A method according to any one of claims 1 to 4,
characterized in that said tubular element of the

25 measuring instrument is constituted by a plurality of
assembled-together tubes made of insulating material,
said tubes being provided on their outside faces with
annular conductive zones forming said electrodes, and in
that the electrical conductors are disposed inside said

30 tubular element to connect said conductive annular zones
to said electrical power supply and to said voltage

measuring means.

7/ A method according tc any one of claims 1 to 6,
35 characterized in that said physical characteristic is

resistivity.




maki ng said colum has not yet set. 10 4/ A nethod according to claim1 or
2, characterized in that said axial borehole is nade when the materi al
constituting said colum has set, at least partially. 15 5/ A netho THUNZWﬂ
according to any one of clainms 1 to 4, Icharacterized in that the tubular

el ement of said neasuring instrunment is constituted by a plurality of

i nterconnected perforated tubes, said el ectrodes being placed inside said
tubul ar el engnty mthdd at&'lﬁférdiﬂhgj 1.2@ &ltbik‘ha’ﬁ' eteaeAttesikieldl a6 whbl an

el ectrically-conductive i d accordlngtto agg %@F of cl ains
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to said vol tage = mneasuri ng nean od according to any one of
clains 1 to tEhe 3B okt avteri @ ethe nseheeuRdigd payeledl characteristic is
resistivity. 11 0 7 JUN 2004 8/ A nethod according to claim7,
characterized in that 1in order to process said actual neasurenents with
the help of said reference neasurenents, special software is used for
providing a three-dinensional interpretation of 5 the reference resistivity
measurenents and of the actual resistivity neasurenents relating both to
the shape of the colum and to the surroundi ng ground.
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