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of characteristics of an acoustic field by means of accelerometers attached
to the tool is more ac- The invention relates to a logging device for
curate than that of the known acoustic logging tools detecting acoustic
waves travelling through a fluid  and moreover independent of the depth of
the tool inside a borehole penetrating subsurface earth for-   5   in a
borehole. mations.                                             In
accordance with the invention these objects Acoustic logging devices are
commonly used    are accomplished by a logging tool comprising a to
Identify at a downhole location characteristics of  support and an acoustic
sensor including at least the acoustic field emanating from a regular or
Irreg-  one accelerometer suspended from the support on ular sound source.
The characteristics of the  10  at least one string of flexible material,
wherein the acoustic field thus obtained may be used to deter-  support is
provided with means for obtaining a mine for example the propagation
velocity of sound  predetermined distance between the acoustic sen- in the
formation surrounding the borehole, the pres-  sor and the borehole wall.
ence of layers or fractures in the formation which   The Invention may be
carried Into practice in a reflect acoustic waves, or, if the acoustic
source is  is  number of ways but one specific embodiment will remote from
the borehole in which the logging     now be described by way of example
with refer- device is suspended, the location of the sound    ence to the
accompanying drawings, in which: source relative to the logging device.
Fig. 1. is a side view of an acoustic logging device Various types of
acoustic transducers are used  embodying the invention. in these logging
devices such as hydrophones,  20  Fig. 2. shows at an enlarged scale the
encirculated which basically measure the scalar magnitude of   portion of
Fig. 1. pressure waves caused by the acoustic waves and   Fig. 3. shows a
polar plot of acoustic intensity accelerometers which measure one or more
vector   distribution in the borehole fluid of a testhole mea- components
of the vibrations of the borehole fluid  sured with the logging tool of the
Invention. induced by acoustic waves.                   25  Fig. 4 shows a
polar plot of acoustic intensity A common problem encountered with acoustic
distribution measured under similar conditions with logging tools is that
only in a limited frequency  a prior art logging tool. range acoustic
decoupling can be obtained be-     Fig. 5A shows a polar plot of particle
displacement tween the acoustic transducer and the tool body   amplitudes
in the fluid near the borehole wall mea- carrying the transducer.
30  sured during a test with the logging tool of the It is known, for
example from European patent  invention, and application EP-A- 0138271 to
provide an acoustic  Fig. 5B shows a polar plot of calculated borehole
homing-in tool with a series of accelerometers that  particle displacement
amplitudes in the fluid near are embedded in bodies of visco-elastic
material.  the borehole wall. These bodies are mounted on arms that can be
35    In Figure 1, there Is shown the lower section of pivoted towards the
boreholewall so that the ac-  an acoustic logging device comprising an
oblong celerometers in the operative position thereof are  tool body 1
suspended from a conventional wireline held closely to or against the
boreholewall. Al-  2. The tool body 1 carries near the lower end though the
known arrangement of the accelero-     thereof an assembly of arms 3 that
can be pivoted meters provides satisfactory acoustic decoupling   40
simultaneously towards and from the wall of a between the accelerometers
and the tool body this  borehole (not shown) in which the logging device,
arrangement suffered from certain disadvantages.  when in operation, is
suspended. For example, acoustic dampening provided by the      Pivoting of
the arms 3 Is induced by a conven- visco-elastic material appeared to
decrease in re-  tional actuator mechanism 4. sponse to an increase of the
hydrostatic pressure  45  The arms 3 and the actuator mechanism 4 are of
the boreholefluid surrounding the tool. In particu-  together with a
protective tool nose 5 mounted on a lar in deep boreholes filled with
weighted drilling  common shaft 6 that can be rotated (see arrows l) muds
the decrease of acoustic dampening ham-      relative to the upper section
of the tool body 1. pered the accuracy of the measurement of char-    Each
arm 3 carries at the lower end thereof an acteristics of the acoustic field
considerably.  so  acoustic sensor 7 comprising one or more ac- A primary
object of the present invention is to  celerometers (not shown). provide an
acoustic logging tool of which the ac-    As Illustrated in detail in Fig.
2 each acoustic celerometers are attached to the tool body in such  sensor
7 is suspended from a terminal member 8 a manner that vibrations of the
tool body have only  of an arm 3 by means of a pair of substantially minor
impact on the measurements by the ac-  55  parallel flexible strings 9.
Each string 9 is fixed at celerometers.
the upper end thereof to the terminal member 8 A further object of the
invention is to provide  and at the lower end thereof to a connector stud
10 an acoustic logging tool of which the measurement  forming part of the
acoustic sensor. The flexible 2  
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consist of metal springs, strings of  (the Netherlands). During the tests
the device was an elastomeric material, like rubber, or of any other
lowered at various depths inside the borehole while suitable flexible
material.                        the acoustic sensors measured
characteristics of The main objective of the suspension of the     sound
waves emanating from a sound source lo- acoustic sensor 7 at the strings 9
is to suspend the   5   cated in a nearby second borehole. The spacing
sensor inside the borehole fluid at a location re-  between the two
boreholes was about 20 m while mote from the arms 3 so that the acoustic
sensor   the sound source was arranged at a depth of 142.3 Is able to
follow in an accurate manner oscillations  in the target well and emanated
random acoustic of particles of the borehole fluid surrounding the  noise
with a centre frequency of 2000 Hz. sensor due to acoustic waves travelling
thereth   10   Both boreholes were filled with water. On the rough while
the motions of the sensor are indepen-  basis of known formula's for
transmission of acous- dent from vibrations of the tool body 1 and the
tic waves through subsurface earth formations a arms 3 either in response
to acoustic waves or due  calculation was made of the theoretically
occurring to movement of the logging device through the      particle
displacement       at      the borehole while log measurements are taken.
To   15  boreholewall/boreholefluid interface of the testhole further
optimize the sensitivity of the acoustic sen-  in response to the acoustic
field generated by the sor the density of the sensor is matched to the
sound source. A polar plot Of of the thus calculated density of the
borehole liquid. Since the density of  theoretical acoustic intensity
distribution in the fluid usually applied borehole liquids, or drilling
muds,  near the borehole wall of the test hole is shown in lies between
1000 and 3000 [err] the density of  20  figure 3. Figure 4 shows a polar
plot CW of the the sensor is selected within this range as well. If
calculated acoustic intensity distribution in the desired the sensor may be
provided with adjust-    earth formation near the borehole wall. able
buoyancy or weight means (not shown) so that     In figures 3 and 4 arrow T
represents the the density of the sensor can be matched to the    direction
of the second borehole. densities of borehole fluids of different
composition.  25  Fig. 3 further shows results of measurements To ensure a
constant sensor to borehole wall    [err] and [err] obtained with the
suspended accelero- spacing each arm 3 is provided with a spacer
meters while the tool was located in the test hole at element 11.. The
thickness of the blocks ois selected  a depth of 145.7 m, and Fig. 4 shows
the results of such that when the blocks are clamped to the        similar
measurements [err] obtained with the con- borehole wall said spacing is
between 0 and 2 cm.   30  ventional wall clamped accelerometer. As can be
It Is observed that instead of mounting the     seen In these figures the
energy distribution mea- arms 3 carrying the sensor 7 near the lower end of
sured in the fluid by the suspended accelerometers the tool body 1 as
illustrated in Fig. 1 the arms   shows less scatter and better agreement
with the- may be mounted at other locations as well. Further-  ory than
that obtained with the wall clamped ac- more the tool may be provided with
only a single  35  celerometer. Similar results were obtained at four arm
carrying one or more acoustic sensors. If de-  other depth positions,
indicating the much higher sired, the acoustic sensor or sensors may be
sus-  reproducability and reliability of measurements car- pended inside
the borehole fluid by means of var-  ried out with the suspended
accelerometers. Only ious tensioned flexible strings oriented in opposite
at one location did the distributions from both sen- or various different
directions.               40  sor types disagree with the expected pattern
and fail to indicate the proper target direction. The vector components in
radial, tangential and FIELD TEST
axial direction [err] and [err] measured by the three axes of the suspended
acoustic sensor are plotted To assess the impact of the suspended ar-  45
in Fig. 5A. Excellent agreement was found with the rangement of acoustic
sensors on measurements      corresponding calculated distributions (Fig.
5B). It taken by a homing-in device operating as de-        should be
noted, however, that this comparison is scribed in Applicant's European
patent application  only qualitatively valid since root-mean-square val-
No. 84201436.7 (publication No. 0138271) a field    ues of random noise in
the frequency band 1500- test was carried out. The device was equipped with
so  2500 Hz were measured, whereas Fig. 5B shows three pivotable arms. Two
of these arms were        amplitudes calculated for an indicent compres-
provided with suspended sensors consisting of tri-  sional (sine) wave of
2000 Hz, the centre frequency axial accelerometers as shown in Figures 1
and 2.  of the spectrum applied during the experiments. For comparison the
third arm of the device was     Shear waves were not taken into account.
Further- equipped with a tri-axial accelerometer embedded   55  more, the
calculated curve holds for the solid/fluid in a mass of visco-elastic
material.               interface whereas the suspended accelerometers The
field test was carried out in a test hole   were actually placed one
centimetre away from that traversing a chalk formation in the region of
Beek  interface. 
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results prove the applicability of pas-    of each arm in such a manner
that when the sive acoustic direction determination in a borehole.    arm
is clamped against the borehole wall upon The results further indicate that
reliability and accu-  pivoting the arm towards the borehole wall, the racy
are substantialy improved by suspending the       distance from  the
acoustic sensor to the accelerometers in the fluid near the borehole wall
5  borehole wall is less than 2 cm. rather than by clamping them against
the forma- tion. This is also an operational simplification since  9. The
logging device of anyone of claims 1-8, the device is no longer required to
have wall-         wherein the device is a homing-in tool for clamped
sensors, hence the device can be op-           determining the position of
a well adjacent to erated more safely and even when moving at a low   10
the borehole, in which the tool is suspended, logging speed rather than in
a stationary position.     on the basis of acoustic waves emanating from an
acoustic source inside said adjacent well. Claims
15   Revendlcatfons 1. Acoustic logging device for measuring particle   1.
Dspositif de diagraphie acoustique pour mesu- motion related to acoustic
waves travelling         rer le mouvement de particules en relation through
a borehole fluid, the device comprising     avec des ondes acoustiques se
d4plagant a a support and an acoustic sensor (7), including   2o  travers
un fluide dans un trou de sonde, le at least one accelerometer, suspended
from          dispositif comprenant un support et un d6tec- the support on
at least one string of flexible     teur acoustique (7), comprenant au
moins un material (9), said support further being pro-       acc6ldrometre,
suspendu au support par au vided with means (1 1) for obtaining a predeter-
moins un lien de matibre flexible (9), le support mined distance between
the acoustic sensor   2s     6tant pourvu en outre de moyens. (11) pour and
the borehole wall.                              maintenir une distance
pred6termin6e entre le d~tecteur acoustique et la paroi du trou de 2. The
logging device of claim 1, wherein the          sonde. mass density of the
acoustic sensor is be- tween 1000 and 3000 kg/iM3.                3o  2.
Dispositif de diagraphie selon la revendication 1, dans lequel la masse
volumique du detec- 3. The logging device of claims 1 or 2, wherein
teur acoustique est comprise entre 1000 et the acoustic sensor comprises a
tri-axial ac-       3000 kg/m3. celerometer. 35  3. Dispositif de
diagraphie salon la revendication 4. The logging device of any one of
claims 1-3,         1 ou 2, dans lequel le detecteur acoustique wherein the
string of flexible material consists    comprend un acceldrombtre
tri-axial. of a helical metal spring. 4. Dispositif de diagraphle selon
l'une quelconque 5. The logging device of any one of claims 1-3,  40    des
revendications 1-3, dans lequel le lien en wherein the string of flexible
material consists    matibre flexible consiste en un ressort metalli- of an
elastomeric material.                         que helicordal. 6. The
logging device of any one of claims 1-5,     5. Dispositif de diagraphie
selon l'une quelconque wherein the accelerometer is suspended from   45
des revendications 1-3, dans 1equel le lien en the support by means of a
plurality of substan-     matikre flexible consiste en une matibre 4lasto-
tially parallel strings of flexible material.       mbre. 7. The logging
device of any one of claims 1-6,     6. Dispositif de diagraphie selon
lPune quelconque wherein the support consists of a wireline sup-   6o  des
revendications 1-5, dans 1equel l'acc6lero- ported tool body provided with
a plurality of       metre est suspendu au support au moyen de arms which
can be pivoted simultaneously with       plusleurs liens en matibre
flexible substantielle- the lower ends thereof towards and from the
ment paralIles. borehole wall, each arm carrying at the lower end thereof
an acoustic sensor.            s5  7. Dispositif de diagraphle selon l'une
quelconque des revendications 1-6, dans lequel le support 8. The logging
device of claim 7, wherein each          consists en un corps d'outil
supports par un acoustic sensor is mounted near the lower end       cable
metallique avec une multiplicitc de bras 4   
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prove the applicability of pas-   of each arm in such a manner that when
the sive acoustic direction determination in a borehole.  arm is clamped
against the borehole wall upon The results further indicate that
reliability and accu-  pivoting the arm towards the borehole wall, the racy
are substantialy improved by suspending the      distance from  the
acoustic sensor to the accelerometers in the fluid near the borehole wall
5  borehole wall is less than 2 cm. rather than by clamping them against
the forma- tion. This is also an operational simplification since  9. The
logging device of anyone of claims 1-8, the device is no longer required to
have wall-        wherein the device is a homing-in tool for clamped
sensors, hence the device can be op-          determining the position of a
well adjacent to erated more safely and even when moving at a low   10  the
borehole, in which the tool is suspended, logging speed rather than in a
stationary position.   on the basis of acoustic waves emanating from an
acoustic source inside said adjacent well. Claims
15  Revendicatlons 1. Acoustic logging device for measuring particle  1.
Dispositif de diagraphie acoustique pour mesu- motion related to acoustic
waves travelling       rer le mouvernent de particules en relation through
a borehole fluid, the device comprising   avec des ondes acoustiques so
deplagant A a support and an acoustic sensor (7),including   20  travers un
flulde dans un trou de sonde, le at least one accelerometer, suspended from
dispositif comprenant un support et un d6tec- the support on at least one
string of flexible    tour acoustique (7), comprenant au moins un material
(9), said support further being pro-     acc~ldromatre, suspendu au support
par au vided with means (11) for obtaining a predeter-   moins un lien de
matibre flexible (9), le support mined distance between the acoustic sensor
25    6tant pourvu en outre de moyens (11) pour and the borehole wall.
maintenir une distance prndctermin6e entre le d4tecteur acoustique et la
parol du trou de 2. The logging device of claim 1. wherein the
sonde. mass density of the acoustic sensor is be- tween 1000 and 3000 [err]
3o  2. Dispositif de diagraphle selon la revendication 1, dans lequel la
masse volumique du d~tec- 3. The logging device of claims 1 or 2, wherein
tour acoustique est comprise entre 1000 et the acoustic sensor comprises a
tri-axial ac-     3000 kg/M3. celerometer. 35  3. Dispositif de diagraphie
selon la revendication 4. The logging device of any one of claims 1-3,
1 ou 2, dans lequel le d6tecteur acoustique wherein the string of flexible
material consists  comprend un acc6lkromrtre tri-axial. of a helical metal
spring. 4. Disposltif de diagraphle selon lNune quelconque 6. The logging
device of any one of claims 1-3,  40   des revendications 1-3, dans lequel
le lien en wherein the string of flexible material consists  matibre
flexible consiste en un ressort metalli- of an elastomeric material.
quo hdlicoTdal. 6. The logging device of any one of claims 1-5,   S.
Dlspositif de diagraphie selon l'une quelconque wherein the accelerometer
is suspended from   4s  des revendlcations 1-3, dans loquel le lien en the
support by means of a plurality of substan-   matibre flexible consiste en
une matibre 6lasto- tially parallel strings of flexible material.     mbre.
7. The logging device of any one of claims 1-6,   6. Dispositif de
diagraphie selon l'une quelconque wherein the support consists of a
wireline sup-  so  des revendications 1-5, dans loquel l'accdldro- ported
tool body provided with a plurality of     mbtre est suspendu au support au
moyen de arms which can be pivoted simultaneously with     plusiours liens
en matibre flexible substantielle- the lower ends thereof towards and from
the       ment parallbles. borehole wall, each arm carrying at the lower
end thereof an acoustic sensor.           65  7. Dlspositif de diagraphie
selon l'une quelconque des revendications 1-6. dans loquel le support &
The logging device of claim 7, wherein each        consists en un corps
d'outll supports par un acoustic sensor is mounted near the lower end
cable metallique avec une multiplicity de bras 4    7                 EP 0
224 285 B1                    8 que Pon peut faire pivoter simultandment de
an der AbstUtzung mittels einer Vielzahl von im 



fagon que leurs extremites inferieures so rap-     wesentlichen parallelen
Strangen flexiblen Ma- prochent et s'ecartent de la pardl du trou de
terials aufgehlngt ist. sonde, chaque bras portant a son extremite
inferieure un detecteur acoustique.        6   7. Bohrloch-MeBgerat nach
einem der AnsprOche 1 bis 6, be! dem die Abstttzung aus einem an 8.
Dispositif de diagraphle selon la revendication    elnem Kabel befOstigten
Gehause eines Bohr- 7, dans lequel chaque detecteur acoustique est
lochwerkzeuges besteht, das mit elner Vielzahl monte pres de lrextremit6
infdrleure de chaque     von Armen versehen Ist, deren untere Enden bras de
manibre que quand le bras est serre  to    gemeinsam zur und von der
Bohrlochwand go- contre la parol du trou de sonde lors du pivote-
schwenkt werden k6nnen und wobel jeder Arm ment du bras vers la parol du
trou de sonde, la    an seinem  unteren Ende elnen Schallsensor distance
entre le detecteur acoustique et la      tragt. parol du trou de sonde solt
Inferieure A 2 cm. J5  8  Bohrloch-Meogerrt nach Anspruch 7, bel dem 9.
Dispositif de diagraphie selon l'une quelconque    jeder Schallsensor nahe
dem  unteren Ende des revendications 1-8, dans loquel le disposil-   eines
jeden Arms in solcher Weise befestigt tif est un outil chercheur pour
determiner la     ist, daB, wenn der Arm durch Schwenken in position d'un
puits adjacent au trou de sonde,     Richtung auf die Bohrlochwand mit
dieser ver- dans lequel l'outll est suspendu, sur la base   20  spannt
wird, der Abstand des Schallsensors d'ondes acoustiques provenant d'une
source         zur Bohrlochwand weniger als 2 cm betrdgt. acoustique situee
& l'interieur du puits adja- cent.
9. Bohrloch-Meogerit nach einem der AnsprOche 1 bis 8, wobel das Gerat ein
Zielgerit zur 26      Positlonsbestimmung oiner dem Bohrloch, in AnsprUche
dem das Gerdt aufgeh~ngt Ist, benachbarten Bohrung iet, und zwar auf der
Basis von 1. Akustisches Bohrloch-MeOgerdt zur Messung
Schailwellen, die von einer Schaliquelle Inner- von Partkelbewegungen, die
auf sich durch          halb der benachbarten Bohrung ausgehen. elne
Bohrlochfl[ssigkelt bewegende Schallwel-  3o len zur(ckgehen, mit eoner
AbstUtzung und oi- nem Schallsensor (7), der zumindest olnen Be-
schleunigungsmesser umfalt, der an der Ab- stktzung mit zumindest einem
Strang aus flexi- blem Material (9) aufgeh~ngt ist und wobei die  9s
Abstfltzung mit einem Abstandshalter (11) ver- sehen ist, ur einen
vorbestimmten Abstand zwischen dem Schallsensor und der Bohrloch- K)
wand zu gew~hrlelsten. 40 2. Bohrloch-Meolgerlt nach Anspruch 1, be! dem
die Massendichte des Schallsensors zwischen 1000 und 3000 kg/m3 liegt. 3.
Bohrloch-Me~gerat nach Anspruch 1 oder 2,  46 bel dem der Schallsensor
eonen drelachsigen Beschleunigungsmesser umfalt. 4. Bohrloch-MeIgerlt nach
elnem der Anspr~che 1 bis 3. be! dem der Strang flexiblen Materials  so aus
elner Metallschraubenfeder besteht. 5  Bohrloch-Mefgerit nach olnem der
Anspriche 1 bis 3, be! demn der Strang flexiblen Materials aus einem
Elastomermaterial besteht.       5 6. Bohrloch-MeBgerat nach elnem der
Ansprilche 1 bis 5, be! dem der Beschleunigungsmesser 5    


