- 1- P 2 "Method and device for surveying soils and rocky
medi a" The present -i‘nvention relates to a nethod and apparatus for
suf veyi ng -soils and rocky nedi a. The efficient exploitation of
underground natural resources requires a precise eval uationy gfp Alre
resources which may be exploited. 5 Thie in the fields of’ hydﬁeggg}
and in-oil prospecting it is necessary to have avail able nore and nore
exact “how edge of the geol ogical, geonetrical and hydraulic .
characteristics of underground reservoirs.-This concern al so affects geo-
techni ci ans V\’ho"l\flt 2h re@hﬁt %Q‘?Lc*&’%qﬂ%‘ﬁwu ide 1A CHHd Qfo médlﬁk"
masses traverse et al
description of the geonetrical, hydraullc and mechani cal - paraneters.
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measur ement s al [B3W )
: . hydraulic and mechanical parameters. Other disciplines,

s

notably géothermics and storage of products such as
radicactive products in underground rock masses, of which
15 the development is recent, also require such information to

be able to set up working models.

Thus these differeht.disciplinep, because of their
. objectives and their technology, encounter at some stage
20 in their act1v1ty the same problems in determining the

—— parameters to be introduced lnto a working model.

Flows in a fissured medium, initially interpreéted by a
éiassical model of a pbfoﬁs medium characterised by the
25'“ distribution of porosity and permeability, are currently the
- ' subject of models in which the discontinuities are taken
into account. This description, known as analytical
description, considers the rocky medium as a homogeneous
.contlnuous material separated by dlscrete discontinuities

j'3(')' ' known as fissures or fractures.

Very d;fferent technlcal methods are available to the
technician to obtain 1nformat10n about the rocky medium to
be studied. Modern methods of structural geology

35 associated with geophysical measurements allow precise



-2- description of the goenetry of the nmedium Hydraulic pararfeters are,
determined in general by trials using punping or injection in.a téenporary

or pseudo pernmanent manner. 5 Met hods of geol ogical structural analysis ¥
cons f carrying out a systematic_sgurvey of fractures in the zones
affdcted by the flow which is studied. This survey is carried out from
obse i pns in bores, galleries or on 10 outcrops. Geophysical nethods
consi fibe applisatspnihe gesketof Lire ta@naledkunaWs uRdeisiaed from”

physi cs. By this method there are determ ned tlﬁe val,uels for, the rocky
mass st udi e nsmet ey fedper ARELEFEINESSAB LGN At B Yt &S LSalS 10 ectri cal

resi stance,pEmgives i 6rsiAageptadhl ihya tathpozatriyyiolry psemeied pernmsouedt, t her nal
conductivi':#/, etc.). By the interpretation of these paranmeters there may be
obt ai ned i nfY*PHBEt on on the medi um studied, such as the nature and position
of layers, 20 fractures, porosity, etc. ~~There are also known gravinetric

methods, electrigeMRLAQUSe FBORSELE TCLRRLS aRd1C mahH TN £1 JE WS,

mét hods using seiSm C prosp I ng, radioactive nethods and thernonetric
met hods.  esyik®oMtnet RA¥ASemAEige SHrVIOV ofn fFacHUr ash ihdhp Aones

" Geophysi qugr fppL bdUBS Bhk' BPYEWOLAGICA" i85 sthiMda, J. ITMASTIdR-(dasion 1967) :
Hydraul i ¢ met hods consi st essenti al | é of tri gl's usin u%pl nsg or injection
in bores wEFHEY BB FRER 8PSERVAREE™Ind paPEies 55%&‘51 Pt Pr R These
met hodsi@r eo@6spepat ed with test techni ques such as Lugeon trials, the use
of a probe known as a triple - :

‘Geophysical methods consist of the application to rocks\u/
of the general laws understood from physics. By this method
there are determined the values for the rocky mass studied

15 of the parameters associated with these laws (electrical
resistance, magnetic susceptébility, radioactivity, speed of
sound, thermal conductivity, étc,). By the interpretation
of these parameters there may be obtained information on the
medium stddied, such as the nature and position ofllayers,

20 fractures, porosity, etc. There are also known gravimetric

methods, electric methods, magnetic methods and electromagnetic

r

methods, methods using seismic prospecting, radioactive methods

and thermometric methods. These known methods are described
in detail in the book '"Geophysique appliquee a l'hydrologie"gvkj
25 by Mr. J.L.ASTIER (Masson 1967).

Hydraulic methods consist éssentially of trials using .
pumping or injection ih bores which may be lined or unlined
and partially ;bturated. '

- 30 _ _

These methods_aré associated with fést.fechniques such
as Lugebn trials, the use of a probe known as a tripig
hydraulic machine or use of a piezofor or piézopermeometer.
and methods of interpretation which are describéd in a

35 report published by The Internafional Society for Rock
Mechanics in August 1977, and entitled “Suggested Method for
Deterhining Hlydraulic Parameters and Characteristics of rdck

Masses". These methods of interpretation may be classed as
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thrauLic machi ne or use of a piezofor or piezopernmeoneter, and nethods of
I nterpretation which are described in a 35 report published by The
I nternational Society for Rock Mechanics in August 1977, and entitled

"Suggest ed Method for Determ ning Hydraulic Paranmeters and Characteristie
of rock N asses". These nethods of ipgerpretation may be classed as
-3- permanent or pseudo-per manent nodel s"which allow determ n- ation o :
overalt or local perneability and as transitory nodel s which all ow

interpretation of nmeasurenents.in the fissureq pedium of sinple geonetry
Lnd oF v ch BHERAAGEE| o ope eRRe TpeLHpReRF Lmealr HRLRD, aliok: deBsPRIngyope
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the fissures or fractures is a paraneter ich Is es eC|aIFy S aArPPrcirt

to estimte. WM $F¥#Aknt invention suggests a nmethod and a device for
surveying rocky nmedia and soils allow ng provision of spectral signatures

of the zones expl orgd dalJowng,b 0 ypterpr tion . of the results
obt ai ned both qualif%&$£% gﬂée %f?¥a€¥vtﬁﬁéPeP§%%§fFﬁﬁ pethads, spRRiver s
of the nedi a Hformaitiespeltich| i/st stilll neasyoancertainsinesissaeeadirsgiio
one aspect,f I nv [ t | vid nmet hod .of surveyi ng
soll s ;and ygéﬁ%nﬁﬁaia?ﬂ+ﬁegﬁ?cﬁﬁ%ﬁe¥§f$§m$ég?%tgg §x§633’8F B?gge?§¥ﬁFnBH
he#@hi i n an @xp|determination of herltocalcperweabilitiydwhinh ds diiéficult

to relate to an analytical parameter of the extent of the

fissures of the medium. For:eiample the extent of the

' f;ssures-or fractures is a parameter which is especially
15 difficu;t to estimate.

The present invention suggests a method and a device
for'surveying rocky media and soils allowing provision of
spectral signatures of the zones explored and allowing by

20 interpretation of the results obtained both qualitative and
quantitative determination.of the parameters of  the media
studied, especidlly the dimensions of fissures.

According to one aspect of the inventioﬁ, there is
25 provided a method of surveying soils and rocky media, in
- which there is isolated a zone of predetermined height in
an exploration shaft, there is caused in said zone of the
shaft an alternating flow of fluid in the shaft and the
surrounding medium according to a predetermined fﬁnction,
30 preferably sinusoidal, the static pressure in said zone is
equilibrated with the pressure outside the zome, the
frequency of said function is caused to vary through a
range of values, there is detected for each of said frequ-
ency values the dynamic back pressure generated in said
35 zone of the shaft by said alternating flow of fluid and
there is compared with reference models, which may be
mathematical models, the vgriations as a function 6f said_



-shaft an alternating flow of fluid in the shaft and the sur r oundi ng nmedi.um .°

acgording to a predetermned function, 30 preferably sinusbidal, t'he static

mat hemat i
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fluid and there is conpared with reference nodels, which may be

ttean, theymagnityde o, %akd;r e and

magni t udedghamie blaek pﬁmntﬂjmgutd) tdreo infegn iotapbe toHf tHdef Lowent | on,
device for carrying out such a method conpri ses a probe capabl e of being
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mgpgurement, said probe comprising means for causing from

its peripheral surface an alternating flow of fluid in

15

20

the shaft and the surrounding medium, a counter-pressure
mechanism_ for equilibrating and compensating the static
pressure in the zone of measurement, a pressure detector in
the zone of measurement of the shaft and means for
connecting the prdbe to the surface for feeding operating
fluids thereto and transmitting to the surface of
information provided by the pressure detector.

?he method according to the invention thus consists

on

of studying a system which in the case of a trial for water

in a fissured medium may be considered as being a mediuﬁ

- having two phases, solid and water, in which is mounted in

25

30

35

place a trial device. There is caused in this system an
excitation or input signal, which in the present case is an
alternating flow, the response of the system being provided
by detection and measurement of the dynamic pressdre

caused by this excitation. The dynamic pressure may be,
after éstéhlishment of a statiomary regime, a sinusoidal
function like the function of the exciting floq..-

The method according to the invention allows
provision of spectral signatures of the zones studied, these
spectral signatures being variations in a function of the
frequency of the modulus of the transfer function of the
system, a good approximatioﬁ to this modulus of the
transfer function being given by the ratio between the
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of studying a systemwhich in the case of a trial for water in a fissured
medi um may be considered as being a nedium having two phases, solid a
water, in-which is mounted in 25 place a trial device. There is causegyfn
this systeman excitation or input signal, which in the present case qs
alternating flow, the response of the system being provided by detecti'on
and ngasurement of the dynamic pressure calrsed by this excitation. Th
dynanie’ pressure may be, 30 after establishment of a stationary regine, a
si nusoi dal functi,o I%?e& he fungt,ion of ,the exciting flow The nethod
enti

d e, fuREEion, Atsithe sfynamis preasunre gpnarated

according to t @Y
zones st udi ed, andesf 3hespdctieraa tiing fllowe DH iy flaiididrodstéd, a functions
of the frequency of the nodulus of the transfer function of the system a
good approxinmation to this nodulus of the transfer function being given by
the ratio between thdt ispsesarkablienhe asumwitlilobefseadne bigdowi cthatessur e

generated agd efskhpeainCan@oichy Hedtudl velavids ivi i %ﬂ%&% Igo 1S
remar kabl e,"as wil | be seen beldw, that a 5 fissure 1n. & rocky nedi um
behaves with r@¥sigatdopxa@ist & FEsoRatecdhmr@sonance ERgaurncy rhindicy

bei ng charact eeharaetekibha cepite thedlexitont! oS Wife fhldadrnl ation of a zone
of nmeasurenent may be carried 10 out advantageously in a manner known as

such, by the use of inflatable obturators or "packers", operated
hydraulically from t fTaesisbdatiofn ofl acizonid PF MeAsGichtint Iy Y carried

advant ageouys! y rnatin | spl acenent s Qf rane,
not’%lla/l;y i n‘@heopgr#ﬁg?ﬁggggto%ll?cgglelql E)"\ﬁ/s'g'feor §n‘191r?éma aﬁaﬁ“‘%\" Metg% Ay 0t _
tubttar wal |l otnflptabdei pbtusdatod s oro "paskers, operateal thyirarlically
enbodi nent t heggahhetRal kRFLFRRENENT S '

An alternating sinusoidal flow may ad#ﬁntageously be

15 caused by alternating displacements of a membrane, notably
in the form of a ﬁetallic bellows formihg a part 6£ the

.external tubular wall of a probe introduced into the shaft.

In a particular'embodiment the alternating movements
20 of this membrane may be senerated by the alternating to
and fro movement in a chamber of a piston integral with a
shaft driven in rotation cdntinuously, especially from a

k\‘/ - turbine.

25 _ This embodiment is especially advantageous when the
‘measurement or the modulus of the function of the flow is
thus, for a ﬁiston of determihed characteristiés. directly
proportional to the frequency of rotation of a tﬁrbine
which is easy to measure. By measurement of this

30 frequency of rotation and by an appropriate calibration
there is directly known the modulus of the flow function,
that is to say in fact, the average amplitude of the flow
generated in the fluid in a stationary sinusoidal mode.



20 of this menbrane may be generated by the alternating to and fro anenent'
in a chanber of a piston integral with a shaft driven in rotation

conti nuou , especially froma turbine. 25 Thi s enbodi nent ks *
especiall/§L vant ageous when the neasyrenent or the nodulus of the function
of the f oﬁ;} thus, for a piston of determ ned characteristics, directly

pr oportiion o the frequency of rotation of a turbine which is easy toe
nmeasur e. measurenent of this 30 frequency of rotation and by an
appropriate calibration there is directly known the nodul us of the fl ow
function, that.is to say in fact, the average anplitude of the flow
generated in the fluid in a stationary sinusoi dal node. The devi ce
according to the invention may conprise a probe capable of being | owered
into explorationrﬂaﬂaérfﬁetd&bdruhng o {thae ninventilon métyscompbise

conpri sing inflatable rs, ca e of being a ‘the
wal | s of t e PERRYS AR ?r? fEu-W t °Y@¥ﬁé 5&0 F%QSL*ggﬁg h%ﬂégF ace and
defi ni ng batwadre tdmincth a strtaie e ored s m:hsupewbﬁtgomm!lpiobe conpri si ng
reans 1or SRty Bdur ﬁ@f@su,ya@fea&f%aeﬁgngp{amaoggskus@ in the

shaft betmee ter and t rroundl n l'um espéecially a
chamber 5i n b siells afy fhe shafh and ??b"ﬁnf?’én"&tbl §Y€ﬁa“§aFdf§P§Fon

- being i nt egia)n WHd duliad@idndl deinin r@éa&éeﬁ the ant UsbiACedsai d
chanber being in communi cation with a chanber, of which the external wal |

is an annuﬁanﬁnaﬁmﬂﬁﬂ?“ﬁﬂﬂﬁQﬁE&ﬁ%ﬁrﬁf%ﬁ?lE°EBrb§?P§mEeaPﬁe BFobe -
conpri si ng Jaudiliy ﬁmmlmipﬁemuﬁulpemaumgt plegquoli praita and \../
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10 medium, especially a chamber in which is movable in to

and fro motion a piston, said piston being integral'with
the shaft driven in rotatzon from a turbine, said chamber
being in communication with a chamber, of which the
external wall is an annular membrane, preferably metallic
15 bellows, the probe comprising further a mechanism for
- counter pressure to equilibrate and compensate the
stat;c pressure in the zone to be measured, a pressure
detector in the zone of measurement of the shaft and
means for connecting the pnohe to the surface to channel
20 the different operating fluids and transmit to the
surface the information provided by the pressure '\.r)

measurement device.

Advantageously the piston has a cyiindrical shape of
25 which the surfaces at the end are inclined and is guided in
said chamber in such a manner that the continuous movement



means for connecting the probe to the surface to channel 20 the different
operating fluids:and transmt to the surface the informtion provi deg
the pressure neasurenent device. Advantageously the piston has a ;&

cylindrical shape of 25 which the surfacep at the end are incli
guided in said chanber in such a manner that the continuous nov

rotatig] of the shaft of the turbine is transfornmed into an alternating to
and fre/ nmovement_ of .the piston. The speed.of rofation of the shaft Y.
advant ageous! y %% B5& dé’E‘ré’cfpbfgf‘f% b ecth? cé‘fr’é%’rfée art aﬁﬁ%ﬁ’?%”f‘%g into
probe. The counineraljireassatritn gretchaarids i oo M veeen tidovfint kg eplistgnat t he | ower
part of the probe a reservoir of conpressed gas at a pressure at |east

equal to the static pressure at the 10 - maxi num depth to which the probe
will be |owered and Toe ondedef ratatiowet pthe sHafhempy obdvasbrgecdsliyom
the reservair Ry ghedluifed %f@ld:{@wefwn%m&a.b@&gr%%xadﬂ PRbVEEObe.

said valve "and a point on the periphery of the probe in the zone of
“nmeasurenment between the inflatable obturators. 15 A device according to one

enbodi ment of the i meNtddinthd |preds dice dRECHARDES o B H&s CXAVRh Cabblisly
reference to the a cog&?’n%ri r}%c%r)a})\éu]n S in vyglch: 20 . Fl‘ggre 1 shgws
very schemati c&Y y 1%Fe PRFCor 'ré}?(PY?1ei%vﬁﬁﬂ?fﬁ?hﬁuﬁ P RTpFage #AS
an expl orati on azhaf tpressmrefdat fJogds tofedurel fiqutive séivat g phessypperapatheof
t he devi ce whi o ed tq..t:he, | r I h Lp the
ri ght par {1 5’%5‘?‘."‘3‘5?3&%&% g‘u*%‘}?‘ Zag\% lg&fatér e‘p%lr a:}ﬁ% gﬁ%%ﬁg g%@c%gal
si gnatures of firdduces isf tdi¢ flawen RAMEMS offte probe isolated from the

reservoir by a valve, a capillary connection being provided

between said valve and a point on the periphery of the probe

in the zone of measurement between the inflatable obturators.

A device according to one embodiment of the invention
will now be described by way of example with, reference to the

accompanying drawings in which:

20 - Figure 1 shows very schematically a device according to
the invention mounted in place in an exploration shaft, the
left part of.the'figure showing the upper part of the device
which is connected to the lower part of the latter shown in

. the right part of the figure, ' '

Figures 2 and 3 are graphs showing spectral signatures

of fissures of different dimensions.

The device shown in Figure 1 is an elongated probe for -
30 use: in an underground shaft fixed to the lower end of a
train of rods 1 comprising lines for hydraulic and electrical
connections to provide the different energy sources necessary
for tﬁe functioning of the probe, and to transmit to the
surface the information recovered.
35 | |
Thg probe comprises an upper inflatable obturator 2 and
a lower inflatable obturator 3 known as "packers" and

capable of being inflated from the surface by a feed of



The. devi ce shown in Figure 1 is an el ongated probe for 30 use in an

round shaft fixed to the lower end of a train of rods 1- conprising

s fory hydraulic and el ectrical connections to provide the different -
/ rces necessary for the functﬁbning of the probe, and to transmt
rface the informati on recovered. 35 The probe conprises an upper

I nflatabl e obturator 2 and a |ower inflatable obturator 3 known as 7

" packers” afl% pahlee fafyikrigy d9fdAtnst e Nag ki 6dir 4@sindy théecedlds
hydraulic fldid so as ,to beconme applied against the walls of the shaft 4.
After -i nfl atb@n sty totkeur at ors thus define between them5 an insul ated
zone for neasurenent inside which there is shown schematically a fissure or
fracture 5. The devi ce conpr,.ses t ur,bi p ' apl.|
drilling of whi cAHHREF M%ﬁﬁ°§ f"g?aed ?nglfnlga?%,o %0&‘5; e(?r%g%ggt h?gﬂégaa%glﬁve _
7 exterisor faa tileulpperd iz ettt enedsur ement 2inghdeowhpeh thare 8sof this
turbine 6 is, connect r LS . i aees 10 inclined at an
angl e mhichsfgwnlﬁgbééhﬁfééﬁﬁy %:ﬁ?%ﬁ%ﬁ%r€gdfg€%?§gé gfope bei ng of the
order ‘of 45[err]. The piston 9, because of the novenent in rotation of
the shaft 8, is disPlAREEd b Pmioi P-4 1 ourbYREESt o¥eht Lypkl Msied fhe
chanber 11, which is filled with_ oil, The.gistgn ig,?uideg ig]tgisschanber
and its di spyscendits drid Bing 9f high phh e pRErr ARl of8PIc EMF8dd® Above
the chagber YehoWll ivhicUBRING CRdive P bkt éhtopi tootheheppart énfllagmblies a
chanber 12 of which the peripheral wall is formed by a nenbrane in the form
of metal belAEaPODHE2  The alternating movenent of the-piston 9 in the\;y
chanber 11 :

The output shaft 8 of this turbine 6 is connected to a
piston 9 hafing end surfaces 10 inclined at an angle which
15 may reach 600, the preferred average sldpe being of thg order
of 450. The piston 9, because of the movement in rotation
of the shaft 8, is displaced in a to and -fro movement
vertn:.cally in the chamber 11, which is filled with oil.
. The piston is guided in this chamber and its displacements are

20 limited by upper and lower cam rods.

Above the chamber 11 and in communication with the oil .
of the latter there is a chamber 12 of which the peripheral o

" wall is formed by a membrane in the form of metal bellows 12‘;/

25 The alternating movement of the piston 9 in the chamber 11
under the action of rotation of the turbine 6, thus causes
alternating pulsating displacements of the membrane 13
causing displacements of the fluid surrounding the probe in
the insulated zone for measurement and, for each pulse,

30 causing altern#tely a feed of fluid in the shaft towards the’
fissure 5 then reflex of fluid from the fissure 5 again into
the shaft in the zone of measurement. The arrangement of
the piston and the membrane is preferably such that the feed

function thus generated has a sinusoidal form.

In a particular embodiment there is used a piston having
a cross-section of 78.5 cm2, and a path of travel of 10 cm
which for each half turn of the shaft and thus of the path



under the action of rotation of the turbine 6, thus causes alternating _
pul sating displ acenménts of the menbrane 13 causi ng di spl acements of t
fIliid surrounding the probe in the insulated zone for measurement an
each pul se, 30 causing alternately #Afeed of fluid in the shaft to
the fissure 5 then reflex of fluid fromthe fissure 5 again into the Shaft

i n thazone of neasurenent. The arrangenent of the piston and the '
membrae is preferably such.that the feed function thus g@nerated has a 4
si nusoi dal ff nthepiftenpagives arfendoef nfhnidhincthe fiisguneppst 385 cm
having a crqsér segdien of 78.5 cm, and a path of travel of 10 cm which for
each half. turn-of the shaft and thus of the path of -the piston, gives a
feed of fluid in the fissure of 785 cnferr] pér cycle. At its lower part

t he device conpri&bsiﬁscbmmnerpaﬁtptnesaétiaecb?mpﬁﬂsahlﬁm&ggneegpenaﬁplﬁn
and equi l ibratd |.C e LLing at e depth _at . whic

t he p?obe%ﬂé%#ﬂ%&é§i+§F% a%%# _é8€%# t%$@€¥§§§t ggn%ﬁﬁaﬁﬂ?ﬁ?ﬁ%ﬁﬁ%?g%s
essential | y f Tthe exbrtis rppesgixe Iprevapl ingedtt bha deghhpatssbich the
cor respondi rdtde A mPuPtéd | i Phc s maxi mum depth to which the probe is
to be lowered, for exanple 200 bars, this application of pressure being
carried out at the surface. The mechanismconprises at its |ower part a

val ve 15. outsi deTHé cdunter wresstreémechiisfl tbinsPidbs esdesfPhiipry 17

ensures a C ect]on beiween e valve 15 and an orifice 18 opening into
the shaft9 %[}F eex];‘}z"o:"nx('a v %%S{J*]e‘f’%?ﬁr%ﬁ%e °tﬁ2h+§$lﬁfaﬁ?‘ér8bt urators. 20

twill be swretppdlingttasthat prebeiling aatethe nmakitmioféptyd €A whidNt
maa¥tfrema_nt_stﬂg‘l ﬂéﬁérﬂ‘tté%@%&m&?. | for example 200 bars, this
' application of pressure being carried out at the surface.
The mechanism comprises at its lower part a valve 15 outside

15 which there is an output orifice 16. A capillary 17 ensures
a connection between the valve 15 and an orifice 18 opening
"into the shaft in the zone of measurement between the
'in'flatable obturators.

20 It will be understood that as the probe is raised in the
shaft to carry out measurements in different zones, there is
" produced a progressive escape of compressed gas from the
reservoir 14. The pressure of the reservoir is thus
\_/ corist'antly in equilibrium with the exterior static pressure
‘25 in the shaft at the level considered.

The device comprises also a pressure detector 19 possibly
. associated with the temperature detector.

| 30 The dynamic back pressure measured by the detector 19 in the
form of a sinusoidal signél after establishment of a static
regime at a predetermined frecjuency corresponding to the
rotation of the turbine is transmitted towards the surface,
preferably in the form of a train of waves of variable
frequency (the VCO system).

The device further éomprises means for measuring the
speed of rotation of the shaft 8 at the output of the



produgced_a progressive escape of conpressed gas fromthe reservoir 14. .

yre of the reservoir is thus constantly in equilibriumw th the
gtatic pressure 25 in the shaft at the | evel considered. Thée >
pri ses-al so a pressure dgtoect or 19 possibly associated with the
re detector. 30 ‘The dynam c back pressure neasured by the
detector 19 in the formof a sinusoidal signal after establishnent Of'%ﬁ;
static reginme at a predeterm ned frequency corresponding to the rotati of
the turbitlerbines apbawnt sghepasigaliyeinythec £oTH ofc@aBhP toRLERETAG m of a
train of wgygsqo@f variable frequency (the VCO systen). The device further
conpri ses neans for neasuring the speed of rotation of the shaft 8 at the
out put of the t urbi ne, shown schematically in the formof a

phot oel ectri c Mehsufemehtasfir ¢henfrefueheyf ofquortation odt dhieoshaiftt he

shaft 5 ai the output of. .the [.ne isdes, ﬁ%ﬁy iladt
calibrgtiﬂﬁ %g?r%% ﬁﬁ%iﬁg f%utﬁgyg?hgnggéﬁéfgﬁd fﬁggggt ofggﬁgbgf of the
pi ston, thelibratioh chrrespending' tehdhe dimemsdonsn and) the patihefjeyice
al so compgigggy bP the garsttoﬁqr RV VRTRY olf0 thd meRRAUY JIEAHY TR , a
val ve 21 In .comunication by neans of hydraulic fluid with the surface and
al | owi ng, fRReBE®Rred, carrying out of a nodification of the opening of the
fissures and the hydraulic cracking of the rock-medium 15 Finally, it is
advant ageous to prqvide at .the |ower, part .of .the chamber 11 saf e
nmechat®sm shovﬁ‘hﬁe 8VAFLey a2 5 IRI 1S pr it r?'té’% a\f%s ang a draf'é‘t %o )
menbr ane £Hei 2oaecbfnmeasdresentii @ NelyenXlessedommunication by k.)
means of hydraulic fluid with the surface and allowing, if

desired, carrying out of a modification of the opening of

the fissures and the hydraulic cracking of the rock medium.

15 :
Finally, it is advantageous to provide at the lower part
- of the chamber 11 a safety mechanism shown generally by 22
and comprising valves 23 and a metal membrane 24 in a chamber
25 containing compressed air.
20

This safety mechanism allows avoidance of damage to the.
_assembiy of piston 9 and menmbrane 13 at the surface during
refilling of the reservoir 14 and is also effective for -

assuring the same protection in the case of accidental excess \_;/

25 pressure during use.

To use the method accordihg to the invention, in a zone
of measurement, there is varied according to a predetermined
set of values the frequency of rotation of the turbine and

30 for each of the frequencies there is recovered the signal
correspanding to the function of the dynamic back pressure
generated by the alternating sinusoidal flow caused in the

surrounding environment.

35 The curves obtained, repréSenting the ratio between the
modulus (magnitude) of the d&namic back pressure and the
modulus (magnitude) of the flow as a function of frequency,
are compared with curfes obtained from mathematical or



20 This safety nechanlsn1allom5 avoi dance of danage to the. assenbly
plston 9 and nenbrane 13 at the surface during refilling of the re
14" and is -al so effective for assuring the same protection in the cas
accidental excess 35 pressure during use. To use the nethod accor N
the invention, in a zone of neasurenent, ythere is varied according to a .
predeet m ned set of val ues the frequency of rotation of the turbine and 30
for eaeh of the frequencies. there is recovered the signal corresponding to
the function of ¥Renimental jaedels cand ehiehcprachdcoprespondt to ndef iged
si.nusoi dal f| ow riseek éri 4 i $ Ut O NEe £1YE I PREBRALUP® of soilfE CUrves
obt ai ned, representing the ratio between the nodul us (magni tude) of the
dynam c back pressure and the nodul us (magnitude) of the flow as a function
of frequency, are coffarseg. mgth-wrzlemwbjarﬂedeiéﬂmmﬁe@@iveal OrIn -

experi nment al C ond t defin aracte |st|cs of
fissures or t ure o‘ﬂ%&gﬂ s ™ 18?1 2 3n%P%°€%#e§’e$F
curves. In 5 Iﬁmﬁé@m%&ﬁ&ﬁ*t&:mwdu headirest ofll Bmgnafnomstlﬁer

fissures of an Gaatsial Kok ¥ 4wl LALLM 1P 618 dm NSl hE'akd S ©

t hi cknesses of 0.5 nm 2 mmand 3m. The pea resonance ctorrespondi'ng to
a frequency 10 of 2.84 hertz is characteristic of the extension of the

fissure. Figure 3 shawe tﬂﬁEWﬂQ&Mﬂw%Jﬁegﬁmlﬁzg £8Vd ng,.@qagﬁgyness

of 1 mm and te ectjvel 0 m th a frequency o
resonance of%z é’gsﬁg@*z %%52’5’ rﬁl%/ﬁxf %e¥£%%n%f¥)ﬂ?ﬁ° r"e’%‘b?%?l’c‘e“o?fS“'f%
heriz/, The thi rd:‘ip@jre;hovm I n. Figure 3 corresponds to the second

Figure 3 shows the curves obtained for fissures
‘having a thickness of 1 mm and extensions respectively
15 of 175 m, with a frequency of resonance of 4.86 hertz,and
225 m with a frequency of resonance of 3.78 hertz. The
third peak shown in Figure 3 corresponds to the second
frequency of resonance for the fissure of 225 m.

20 ' In practice, there will be available catalogues of
spectral signatures and the comparison of the values
obtained by using the method according to the invention
with the theoretical curves will provide: the desired

N information. '

25 : .

The example described shows the use of the invention
for the quantitative determznatlon of dimensions of
fissures in rocky media.

730 It should however be understood that the invention is
not limited to such a type of ground and finds application
in numerous fields, notably hydrogeology and study of water
resources, not only in fissured rocks but also in porous or
Karstic rocks and in soi;s, in the field of geothermics of

35 wet rock for studying geothermal resources and in the oil-
fields whatever the nature of the storage rocks are. The



frequency of resonance for the fissure of 225 m 20 In practice, .
there~wiJl | be avail abl e catal ogues of spectral signatures and:the :
CONpH an of the val ues obtained by using the nmethod according to the *
inve with the theoretical curves will provide the desired information.
anpl e descri bed shows the useaof the invention for the
ati ve determ nation of dinensions of fissures in rocky nedia. 3%

h a

It shoul d however be understood that the invention is not limted to s
type of ground and finds appligcation.in.n rous f.ields, natably.. .

hydr ogeol ogS2HhdiRY gfior Yeger 4g8dr &gsfég%otd%"ﬁlly iogsfglesogd‘raegrdp{lrcobck%t but

al so in porgrsadrdptat £6rr aels ranitsi,ntooigles t eictnriolio oy sl rgd qedtdrer mi cs

of 35 wet rock for studying_geother U g ik theQid cedi Sl 88
what ever th?ﬁ%tﬁ?%i%faxf‘ﬁgss?%r ggegr%lgg Eﬁgr etfi%%e {Eerr] s.arreei nvent on
nmay be usedof nathedilowntn. bk geedt fernistoragegodatasdit MF AT iy rocks, to -
geot echnol o ' NE 8% o HRE S vEX HlaRledliladN% t0lgdh tlafttiglati on of the
char act ggr)i s?ig%gé%ggé9nea?uﬁwto. E)'e ugeg fgr storsage of waste material, 5
especially radi oactive material at great depths.  CLAIMS: . 1. A nethod of
surveying soils and rocky nedia, in which there is isolated a zone of
predeterm ned height in an exploration shaft, there is caused in said zone
of the shaft an alternating flow of fluid in the shaft and the



5 5urround|ng nedlun1accord|ng to a predeterm ned function, the static
pressure in said zone is equilibrated with the pressure outS|de the zone,
t He frequency of said function is caused to vary through a ran
there is detected for each of said frequency val ues the dynamn
pressure generated in said zone of the shadt by said alternat
fIU|d,and there is conpared with reference nodels, the variati
functixen of s guency of the ratio between t he magni t ude of said
dynanm c back préssure and the magnitude of the flow 15 2. A nethod .
according to claim1, in which said predeternined function is a sinusoidal

function. 3. A nethqgd aqpq{&um tﬁ» qtﬁl‘mr}iﬁ 2011&1 AW o S8y dnedi & £F £f ence

model s are mat hematical nodels. 4. according to any precedln

claim in whi dpish &%"t’er‘rﬁ’at’i’rﬂ}ﬂ‘qﬁﬂmq sz%% W%ﬂﬁ%?%dﬁight n
di spl acenent s a9 expTOHNtAUh JHALE X Hed¥iIis Walidéd citi cdaEd 2oné Ll e val |

%i 2h_p[ ﬁge_n%nt 5o&i!ced | .rjt 0 th shafqtle‘beqfﬁurg c‘é:}c‘)rd%&q# ﬁ%‘%g%‘[‘n 4, in

according tg dmuh@né,mediuﬁmﬂcdmﬁ.nt ttey nmt pned et ephiwedefune tiosai d
membr ane are ‘i:%‘is‘i‘i a&%ﬁﬁ#&&:ﬂ‘g’ IE Yond % 4NE J{ﬁﬂ{h@e& rtr?é the
egr t dri -

probe of a piston in ven Tn I'nuous rota
measur ement ofPnEssunee akrddeofthezaneon WYie tﬂ#ww oS hesid d%wm#ﬂqn ng

said modul us gfg Uiﬁzsfdd)\%d‘lvlﬁt Yhrokigh' ol Iraride 10€ Mﬂéélléﬂéalel@s C

L M S device for carrying out a et h
accordi ng-to detected for ‘each of said frequency values the dynam;c back

10 pressure generated in said zone of the shaft by said
alternating flow of fluid and there is compared with
reference models, the variations as a function of said

' frequency of the ratio between the magn;tude of said dynamic
back pressure and the magnitude of the flow.
15 ' .
2. A method ‘according to claim 1, in which said
predetermined function is a sinusoidal function.

3. A method according to claim 1 or 2, in which said
20 reference models are mathematical models.

K\_/ : 4, A method according to'any.preceding claim, in
' which said alternating flow is caused by alternating
displacements of a membrane, forming a part of the external
25 tubular wall of a probe introduced into the shaft.

5. A method according to claim 4, ‘in which the
membrane - comprises metallic bellows.

30 6. A method according to claim & or 5, in which the
alternating displacements of said membrane are caused by
alternating movements to and fro in a chamber of the probe
of a piston integraliiith a shaft driven in continuous
rotation, measurement of the frequency of rotation of the

35 said shaft determining said modulus of the flow function.

A AR A




~any one of the preceding clainms, which conprises a probe capaf)l e of being -
| onered i nt6—am exptoratiom staft at the end of a train of rods, this probe
t

conprising i tors capabl e of being applied against-the
\A/al!s_of t he | ﬁﬂ HiEed with hydraulic fluid fromthe surface and
def bet 3 ted zoma,of measurement, said probe

i\ng means for causing fromits peripheral surface an alternatings
luid in the 10 shaft and the surroundi ng nmedi um a -
COUNt pressure ctlan' gr'&qu&é} LNSuéNd & sakkpgdiihe. tbatic
pressw/e in the Zg‘r?\e ofd%eg'aésur%rrent,' ?ﬁé%_sgﬁrggde?gﬁgrakﬁg?ﬁ% gong of
neasur enentanyf qnﬁgqﬂu#heeﬂkﬁ¢ﬁ§#ﬁ8f%}§%@ﬂneﬂb¥ﬁ§_Fﬁepﬁﬁaﬁé foPFRResur f ace
for feedi ng;ag,%%aéd 'g}g bleidg Uiset b8 BhEo 28 bkpISFatibAYsharthatshkeace of

i nformation oVl by the pressure detector. 8. A device cording t
a7, | enshiah & 4TRRAE TORS raHRE AGPEADE) COPRELFIRS) ABMIBEPRE d
CQ”PFISG$}%%ﬁkﬁ%ﬁﬁﬁ%?qéﬁ&&ﬁd &ft?eihgidpplﬂedhhghihstnwhabkelﬂe afid fro a
pi ston, sali i sto ei | it egral Wi L dr 7 t gt f

tur bi ne an-&qééi’é%rﬂfé‘rqb%#]% ﬁd-c%im%mg é?lg%%l\%l ?éagdsgg(%%dq;clegnnbe:og} :
mhlchd;he @Mmﬁdﬁé amd | defiming ceetweannthem annisgdetedszgne gfgevice
according to c I n k CL ' (o] hae! 4 . 10.
A devi ce ac'%:eoarsdx?rlnégn otbl %1% S&(S{’QS E}Jﬁﬁﬁggﬁ%gﬂé ??d?&qﬂ‘%rl‘#’hgs‘p gl,Joqy\s

cyl i ndri calithaperinhiexak surtacef aphaligygasingn&lomwsodn 414 481 ithéd and
gui ded .i {f SRk € NP Ctné NsdrFSuRd IRBNARALAA, GORLURtRYS pFewmR | N _
rotation of the shaft_of the turbine is transfornmed i.nto_an alternating Kg)
and fro rovesshanism for jpepilibnating and compensating ﬁg‘e[ Sta?n%?c

_ _ _ one of
claims 8 tgprAdssise Wk Cthé h2ofipeot mbasairainent,ofa presswmid detemagured by

in the zone of measurement of the shaft and means for

s

connecting the probe to the surface for feeding operating
15 fluids thereto and transmitting to the surface of
information provided by the pressure detector.

8. A device according to claim 7, in which said
means for causing an alternating flow of fluid comprises
20 a chamber filled with fluid, in which is movable to and
fro a piston, said'piston Being integral with a shaft
driven in rotation from a turbine and said chamber being in
communication with a. second chamber of which the external \;,J
wail comprises an annular membrane. -
25 o
9. A device_aécprdins to ciaim 8, in which the
membrane éomprises.métallic bellows.

10. A device according to claim 8 or 9, in which
30 said piston has a cylindrical shape and the faces of the
ends of the piston are inclined and guided in said chamber
in such a manner that continuous movement in rotation of
the shaft of the turbine is transformed info an alternating -
to and fro_movemenf of the piston.
35 | | L |
| - 11. A device according to any one;of_claims 8 to 10,
in which thé speéd of.rotgtion of the shaft is measured by
photoelectric meané in the probe. '



-
- -

phot oel ectric means in the probe. 12. A device according to any one of
clains 7 to 11, -in which the counter-pressure mechani smconprises at the=:
| Swer part of the probe a reservoir of conpressed gas at a pressure at
| east equal to the static pressure at the %rraxi mum depth to which th
probe is to be | owered, an orif.ice at the YBwer part of the probe isolate
fromddie reservoir by a valve and a capillary connection between said
and a‘point at the periphery of the probe in the zone of neasurenent
bet ween the inflatabt@s obh A8YIFe 2aggonding fia; ABY BResafyE)prApsséi te ddd
rocky nedia, sibsiiénathy esulitéri-pbessurednschahfdm\cbhipribescatethe the
acconpanyi ng aw ngs. &5 14.. A device for sErveéinﬁ soils andtrocky
nedi a, substa ?%ﬁstﬂﬁ Het cFRBPEPRe (ASEPPBEYCHF t RE  SPRPEREZSH SPfA2T 2
acconpanyi ng cezessupse adticleast ejualetepthef staticonphrassurenatepheduced by -
phot ocopyi t [ i Qi e i pt I ' aig_.a few
anendnent s iéﬁ?éﬁ%&dﬁ?ﬁ%%u?é ?%E?%egxg ﬁﬁébgrfaiﬁg|£fggé¥§?9%f ggntaing

t hese anmendnemmifige bat i thpcleweropartcofr thespsobe imelpiednfromf the

1111111111111 1 ddedddild By ld Haive ahd a bapillhry Sonnection between said
valve and a point at the periphery of the probe in the zone

ve

of measurement between the inflatable obturators.

10
va - - 13. A method of surveying soils and rocky media,
- substantially as hereinbefore described with reference to
the accompanying drawings.
15 : 14. A device.for surveying soils and rocky media,

- substantially as hereinbefore described with reference to .

the accompanying drawings.
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