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DESCRIPTTON

l0

METHOD AND APPARATUS FOR INVESTIGATING A BOREHOLE WITH A

CALIPER

Cross-Refe¡ence to Related Application

. The present application claims the benef,it of U.S. Provisional Patent Application

serial No. 60/751,361, filed December 76,2005, which is hereby incorporated by reference

herein in its entirety, including any figures, tables, or drawings

Backerourd of Invention

When formations such as boreholes a¡e drilled or otherwise created into earth, the

actual shape of the formation, including dimensions artdlor topolog¿ can be usefül

information to have prior to filling the formation. The formation can be filled with, for

example, conc¡ete and./or other mate¡ials to form a pile or other structu¡e. As such piles are

often used to form the foundations, of buildings or other large stnrctures, As such the piles

are often tested to determine the load-bearing capaciþr of the piie and the tests typically

involve the incorporatìon of a device for performing testing. The shape of the c¡oss-section

gf the pile in the region of the pile where the test device is positioned can enhance the

aðcriracy of thë itrt".pretution of the dat¿ from the test device. In addition, the shape of

formatìon can be useful to determine if there a¡e any major irregularities andlor determine the

potential interaction between the pier and the sides of the formation when a load is applied-

In addition, the accumulation of cross-sectional shapes can be used to calculate the volume of

the formation.

Techniques for providing information regaròing the shape of formations have

included lowering a sonar device in the formation and obtaining two of more vertical lines of

sonar readings along the walls of the formation. However, such lìmited informatìon can ¡niss

important inegularities in the sides of the formation- In additíon, data from regions of the

formation having dirty fluids can be difEcutt to accwately interprèt. In fact, the radial

diameters of fhe formations in regíons with dirty fÌuids can appear narrower than they

actually a-¡e due to the effects of the particulales in the fluid on the sonæ signals.

Accordingly, there is a need in the aft for a method and apparatus that can provide

accurate information regarding the dimensions and/or topology of a formation such as a
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1 DESCRIPTION    METHOD AND APPARATUS FOR INVESTIGATING
A BOREHOLE WITH A CALIPER S Cross-Reference to Related
Application         The present application claims the benefit of U.S.
Provisional Patent Application Serial No. 601751,361, filed December 16,
2005, which is hereby incorporated by reference herein in its entirety,
including any figures, tables, or drawings 10 Back_ground of Invention
When formations such as boreholes are drilled or otherwise created into
earth, the actual 'shape of the formation, including dimensions and/or
topology, can be useful information to have prior to filling the formation.
The formation can be filled with, for 15 example, concrete and/or other
materials to form a pile or other structure. As such piles are often used to
form the foundations, of buildings or other large structures. As such the
piles are often tested to determine the load-bearing capacity of the pile
and the tests typically involve the incorporation of a device for performing
testing. The shape of the cross-section of the pile in the region of the pile
where the test device is positioned can enhance the 0 accuracy of the
intezpretation of the data from the test device. In addition, the shape of
formation can be useful to determine if there are any major irregularities
and/or determine the potential interaction between the pier and the sides
of the formation when a load is applied. In addition, the accumulation of
cross-sectional shapes can be used to calculate the volume of the
formation. 25Techniques for providing information regarding the shape of
formations have 
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borehole, especially when the formation is frlled with opaque stabilizing fluids whose density

ótèn v"riei with de¡th.
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Brief Summarv

, Embodiments of the present invention relate to a caliper and method for mapping the

dimensions and topography of a formation such as the sidewall of a borehole- Examples of

formations in which embodiments of the invention can be used include, but are not limited to,

an oil, gas, pile borehole or barrette that has been drilled or excavated into the earth. Such

dimensional and topographic information can allow more accurãte interpretation of test

devices positioned in the pile created within the borehole and can allow an âccufate

áetermination of the volume of concrete needed to fill the pile. Such information can also

allow more accurate projections of the interaction of th€ side of the pile with the side of the

borehole, especially when the formation is filled wíth opaque stabilizing fluids whose density

often varies with depth'

Brief Description of the Drawings

FIG. 1 is a longitudinal cross-sectional view of a borehole wi-th an embodiment of a

caliper in accordance with the present invention in the bo¡ehole'

Detailed Disclosure of the Invention

. Embodiments of the present invention relate to a caliper and method for mapping the

dimensions and topography of a formation such as the sidewall of a borehole. Examples of

formations in which embodiments of the invention can be used include, but are not limited to,

an oil, gas, pile borehole or barrette that has been drilled or excavated into the earth. Such

dimensional and topographic information can allOw more accurate interpretation of test

devices positioned in the.pile created within the borehole and can allow an accurate

determination of the volume of concrete needed to fill the pile. Such information can also

allow more accùrate projections of the interaction of the side of the pile with the side of the

borehole.

30 Figure I shows one embodiment of caliper 10 suspended in borehole t2 by cable 14.

Borehole 12 penetrates earth formation 16. One or more guide oables 18 can also be

suspended down into borehole 12. In one embodiment, two guide cables l8 are parallel to
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included lowering a sonar device in the formation and obtaining two or
more vertical lines of sonar readings along the walls of the formation.
However, such limited information can miss important irregularities in the
sides of the formation. In addition, data from regions of the formation
having dirty fluids can be difficult to accurately interpret. In fact, the radial
30 diameters of the formations in regions with dirty fluids can appear
narrower than they actually are due to the effects of the particulates in the
fluid on the sonar signals.         Accordingly, there is a need in the art for a
method and apparatus that can provide accurate information regarding
the dimensions and/or topology of a formation such as a  2 borehole,
especially when the formation is filled with opaque stabilizing fluids whose
density often varies with depth. Brief Summary 5 Embodiments of the
present invention relate to a caliper and method for mapping the
dimensions and topography of a formation such as the sidewall of a
borehole. Examples of formations in which embodiments of the invention
can be used include, but are not limited to, an oil, gas, pile borehole or
barrette that has been drilled or excavated into the earth. Such
dimensional and topographic information can allow more accurate
interpretation of test 10  devices positioned in the pile created within the
borehole and can allow an accurate determination of the volume of
concrete needed to fill the pile. Such information can also allow more
accurate projections of the interaction of the side of the pile with the side
of the borehole, especially when the formation is filled with opaque
stabilizing fluids whose density often varies with depth. 15 Brief
Description of the Drawings        FIG. 1 is a longitudinal cross-sectional
view of a borehole with an embodiment of a caliper in accordance with the
present invention in the borehole. 20Detailed Disclosure of the Invention
. Embodiments of the present invention relate to a caliper and method for
mapping the dimensions and topography of a formation such as the
sidewall of a borehole. Examples of formations in which embodiments of
the invention can be used include, but are not limited to, an oil, gas, pile
borehole or barrette that has been drilled or excavated into the earth.
Such 25  dimensional and topographic information can allow more
accurate interpretation of test devices positioned in the pile created within
the borehole and can allow an accurate determination of the volume of
concrete needed to fill the pile. Such information can also allow more
accurate projections of the interaction of the side of the pile with the side
of the borehole. 30Figure 1 shows one embodiment of caliper 10
suspended in borehole 12 by cable 14. 
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each other and are weighted 42 to fall plumb into borehole 12. I¡r one embodiment, one or

more cables 14; 18 include a conductor for transmitting commands andlor power to caliper 10

. 4nd for receiving data back ftom caliper 10. Caliper 10 can be raised and lowered on cable

14 by draw works 20, moving slidably along guide cables 18. Guide cables 18 are raised and

5 lowered independently of cable 14, by draw works 22. In one embodiment, all guide cables

18 are coordinated by being raised and lowered by a single draw wo¡k assembly 22. D¡aw

works 20, 22 canbe of any type knolr.n in the art, including pulley systems. Draw works 20,

.2.2 are typically installed at ground Ievel 24. In an emboáiment, draw works 20 and.22 are

cor¡¡rected to a common frame st¡ucture. In further embodiments, draw works 20 and 22 can

10 be such that the raising and lowering of a pluralily of cables 18 is in r¡nison.

In one embodiment, guide cables 18 are suspended independently of cable 14, which

carries caliper 10. This arra-ngement allows for greater positional controi ofguide cables 18.

Positional cont¡ol of guide cables 18 is desirable for preventing contact between caliper 10

and interior wall 26 of borehole i2 as caliper 10 descends and ascends, guided by guide

15 oables 18. Positioning guide cables 18 in borehole 12 and then lowering caliper 10 as caliper

1O ís guided by guide cable 18 can allow a more accurate determination of the position of
caliper 10. In an altematíve embodiment, cable L4 oan be removed and caliper 10 can

incorporate means for moving caliper 10 to propel itseif up and down by gripping on cables

18. Means for propelling up and dou'ri a cable are known in the.art and can be incorporated

20 in caliper I0 for this purpose. In additional embodiments" caliper 10 can be fixably attached

to one ol more cables 18 arid the caliper l0 lowered by lowering cable 18 to which the caliper

is fixably attached and,/or enablíng caliper 10 to travel with respect to one or more cable 18 to

which the caliper 10 is not fixably attached. In another embodiment, caliper 10 can

incorporate a gyroscopic stabilizer and an intemal compass to allow the .caliper 10 to be

25 raised and lowered without the use ofguide cables 18.

Caliper l0 is insertable into opening 28 ofbo¡ehole L2 and can include sona¡ head 30

for transmitting acoustical energy toward interior wall 26 of bo¡ehoie 12. S/hen the acoustic

energy reaches inte¡ior wall 26 the acoustic wâves are reflected by interior wall 26 back to

sonar head 30. Sonar head 30 detects the acousfic waves and measures the elapsed time

30 between t¡ansmission of the acoustical energy and detection of the acoustic waves. From

elapsed time measurements, the distance ûom the sonar head to the interior wall and back in

a certain direction can be determined, allowing determination of the location of interior u/all

Borehole 12 penetrates earth formation 16. One or more guide cables 18
can also be suspended down into borehole 12. In one embodiment, two
guide cables 18 are parallel to  3 each other and are weighted 42 to fall
plumb into borehole 12. In one embodiment, one or more cables 14, 18
include a conductor for transmitting commands and/or power to caliper 10
and for receiving data back from caliper 10. Caliper 10 can be raised and
lowered on cable 14 by draw works 20, moving slidably along guide
cables 18. Guide cables 18 are raised and 5 lowered independently of
cable 14, by draw works 22. In one embodiment, all guide cables 18 are
coordinated by being raised and lowered by a single draw work assembly
22. Draw works 20, 22 can be of any type known in the art, including
pulley systems. Draw works 20, 22 are typically installed at ground level
24. In an embodiment, draw works 20 and 22 are connected to a common
frame structure. In further embodiments, draw works 20 and 22 can 10be
such that the raising and lowering of a plurality of cables 18 is in unison.
In one embodiment, guide cables 18 are suspended independently of
cable 14, which carries caliper 10. This arrangement allows for greater
positional control of guide cables 18. Positional control of guide cables 18
is desirable for preventing contact between caliper 10 and interior wall 26
of borehole 12 as caliper 10 descends and ascends, guided by guide 15
cables 18. Positioning guide cables 18 in borehole 12 and then lowering
caliper 10 as caliper 10 is guided by guide cable 18 can allow a more
accurate determination of the position of caliper 10. In an alternative
embodiment, cable 14 can be removed and caliper 10 can incorporate
means for moving caliper 10 to propel itself up and down by gripping on
cables 18. Means for propelling up and down a cable are known in the.art
and can be incorporated 20 in caliper 10 for this purpose. In additional
embodiments, caliper 10 can be fixably attached to one or more cables 18
and the caliper 10 lowered by lowering cable 18 to which the caliper is
fixably attached and/or enabling caliper 10 to travel with respect to one or
more cable 18 to which the caliper 10 is not fixably attached. In another
embodiment, caliper 10 can incorporate a gyroscopic stabilizer and an
internal compass to allow the caliper 10 to be 25raised and lowered
without the use of guide cables 18. Caliper 10 is insertable into opening
28 of borehole 12 and can include sonar head 30 for transmitting
acoustical energy toward interior wall 26 of borehole 12. When the
acoustic energy reaches interior wall 26 the acoustic waves are reflected
by interior wall 26 back to sonar head 30. Sonar head 30 detects the
acoustic waves and measures the elapsed time 30 between transmission
of the acoustical energy and detection of the acoustic waves. From 
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26 relative to sonar head 30. Additional embodiments can incorporate a light source, such as

á lãser sou¡Ce. ThiS laSei source c¿ìn bé uSed instead ofthe sônar heâd 30 or in conjrurction

with sonar head 30. The laser source can transmit a light beam toward interior wall 26 that

can be reflected by interior wall 26 and deteóted by caliper 10. Again, by measuring the

elapsed time between transmission and detection of the light, the distance from the laser

source to the interior wall 26 in a cefain direction can be determined, allowing determination

of the location of the interior wall26.

In one embodiment, caliper 10 includes a motor (not shown), In one embodimenl,

caliper L0 incÌudes gears and shafts for enabling the motor to rotate sonar head 30. In va¡ious

embodiments, caliper 10 can include one o¡ more of the following, Cyroscope stabilizer 32,

intemal inclinometer 34, intemal compass 36, and pressure measuring device. A pressure

' measuring device ca¡r measure the pressure of the caliper's environment in the fluid in the

formation, where the pressure is a function of the depth and density of the fluid and can, for

example, be used to provide lhe density of the fluid when the depth is known. In one

embodiment, as caliper 10 is raised or lowered in borehole 12, current is supplied to the

motor via cable 14 which connects caliper 10 to a generator (not shown) on ground level 24,

. Other electrical signals can travel down cable 14 and/or cable 18. In one etnbodiment, sonar

head 30 is rotated by the motor as caliper 1O advances along borehole axis 38. Acoustic

pulses emitted from sonar head 30 along borehole radius 40 can scan borehole wall surfaces

26 with such pulses emitted either as the caliper f0 u'ith sonar head 3O is continuously raised

or lowered, or at muitiple fixed depths of the borehole that the sonar head 30 is sequentially

raised or lowered to. By rotating sonar head 30 as the caliper 10 is raising or lowering, a

spiral or helicai pattem of measurements can be accomplished, while allowing continuous

movement ofthe caliper 10 and the sona¡ head.

The speed of the caliper 10 raising or lowering can be va¡ied with time w.hen, for

exa-mpìe, it is desired to have more or fewe¡ measurements of a certain portion of the

borehole. Likewise, tìe rotation speed of the caliper head 10 oan vary with time if, for

example, it is desi¡ed to have more or fewer measu¡ements of a certain portion of ihe

borehole. A portion of the energy from each acoustic pulse, or laser pulse, is reflected by

wall surface 26 of borehole 12 along ¡adius 40. back toward sonar head 30, which detects the

reflected energy. The reflections contain information relating to the topographic features a¡d

contours of walls 26 of borehole 12, The nurnber of measurements per unit a¡ea ofbore hole

30

elapsed time measurements, the distance from the sonar head to the
interior wall and back in a certain direction can be determined, allowing
determination of the location of interior wall  4 26 relative to sonar head
30. Additional embodiments can incorporate a light source, such as a
laser source. This laser source can be used instead of the sonar head 30
or in conjunction with sonar head 30. The laser source can transmit a light
beam toward interior wall 26 that can be reflected by interior wall 26 and
detected by caliper 10. Again, by measuring the 5  elapsed time between
transmission and detection of the light, the distance from the laser source
to the interior wall 26 in a certain direction can be determined, allowing
determination of the location of the interior wall 26.        In one
embodiment, caliper 10 includes a motor (not shown). In one
embodiment, caliper 10 includes gears and shafts for enabling the motor
to rotate sonar head 30. In various 10 embodiments, caliper 10 can
include one or more of the following; gyroscope stabilizer 32, internal
inclinometer 34, internal compass 36, and pressure measuring device. A
pressure measuring device can measure the pressure of the caliper's
environment in the fluid in the formation, where the pressure is a function
of the depth and density of the fluid and can, for example, be used to
provide the density of the fluid when the depth is known. In one 15
embodiment, as caliper 10 is raised or lowered in borehole 12, current is
supplied to the motor via cable 14 which connects caliper 10 to a
generator (not shown) on ground level 24. Other electrical signals can
travel down cable 14 and/or cable 18. In one embodiment, sonar head 30
is rotated by the motor as caliper 10 advances along borehole axis 38.
Acoustic pulses emitted from sonar head 30 along borehole radius 40 can
scan borehole wall surfaces 20 26 with such pulses emitted either as the
caliper 10 with sonar head 30 is continuously raised or lowered, or at
multiple fixed depths of the borehole that the sonar head 30 is
sequentially raised or lowered to. By rotating sonar head 30 as the caliper
10 is raising or lowering, a spiral or helical pattern of measurements can
be accomplished, while allowing continuous movement of the caliper 10
and the sonar head. 25The speed of the caliper 10 raising or lowering can
be varied with time when, for example, it is desired to have more or fewer
measurements of a certain portion of the borehole. Likewise, the rotation
speed of the caliper head 10 can vary with time if, for example, it is
desired to have more or fewer measurements of a certain portion of the
borehole. A portion of the energy from each acoustic pulse, or laser pulse,
is reflected by 30 wall surface 26 of borehole 12 along radius 40. back
toward sonar head 30, which detects the 
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wall 26 can be controlled by controlling the speed of raising and/or lowering sonar head 30

and/or cont¡olling tñe rotation speed of sonar head 30. In an embodiment, sonat head 30

rotates one firll ¡otation between advancement intervals of caliper 10 along borehole axis 38.

In this case, information is gathered in planar fields at discrete locations along axis 38'

In one embodiment, electroníc modules (not shorrun) on ground level 24 üansmit

operating commands down borehole f.2 and in retum, reoeives data back that may be

reco¡ded on a sto age medium of any desired type for concurrent ot latet manual o¡

automated processing. Data processor means, such as a suitable computer, may be provided

for performing data analysis in the field in ¡eal time. In addition or in the altemative, the

recorded data may be sent to a processing center for post processirrg of tie data.

Because borehole 12 may contain a fluid that changes in density with changes in

depth or other position, caliper 10 can be calib¡ated to take these changes into efflect. In one

embodiment, because the distance between sonar head 3O and each guide cable 18 is known

and constant during a particular operation, a pulse can be directed at a guide cable 18 and the

time lapse betrreen transmission and detection measured. Changes in 
. 
retum speed at

different positions along axis 38 oan be used to calibrate caliper 10 to take fluid properties

into account to improve the accuracy of the measurement of the distance from the sonar head

30 to the 'walls 26. In a¡ embodimen! a pulse can be reflected from cable 18 for each

rotation of the sonar head 30 to provide calibration of the speed of sound and./or light in the

surrounding material for that depth- In another embodiment, a sonar pulse and a laser pulse

can be reflected from a known location on or near the walls26 and the difle¡bnce in the speÞd

of sound and the speed of light ìn the su¡¡ounding material can be used to calibrate the

measurement results for the surrouading material.

In one embodiment, multiple excitation frequencies are available from which the

25) operator can choose, depending on factors such as the fype and properties of fluid in bo¡ehole

\2. The choice of excitation frequency is a compromise between the need for signal

peneüation tluough the borehole fluid using a longer-wavelength, lower frequency pulse,

¡ more acoustic energy (the borehole fluid ca¡ have r:ndesirably attenuating effects at higher

', pulse frequencies) and the need for spatial resolution that is achievabie using shorter

3 . wavelengths albeit at the expense of hìgher signal transmission iosses. Embodìments can

utilize multiple frequencies during the same measuremenÍ. A specific embodiment of the

invention peúains 1o measuring the physical cha¡acteristics of a borehole having a diameter

l5i
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reflected energy. The reflections contain information relating to the
topographic features and contours of walls 26 of borehole 12. The number
of measurements per unit area of bore hole  5 wall 26 can be controlled
by controlling the speed of raising and/or lowering sonar head 30 and/or
controlling the rotation speed of sonar head 30. In an embodiment, sonar
head 30 rotates one full rotation between advancement intervals of caliper
10 along borehole axis 38. In this case, information is gathered in planar
fields at discrete locations along axis 38.  5   In one embodiment,
electronic modules (not shown) on ground level 24 transmit operating
commands down borehole 12 and in return, receives data back that may
be recorded on a storage medium of any desired type for concurrent or
later manual or automated processing. Data processor means, such as a
suitable computer, may be provided for performing data analysis in the
field in real time. In addition or in the alternative, the 101 recorded data
may be sent to a processing center for post processing of the data  1
Because borehole 12 may contain a fluid that changes in density with
changes in depth or other position, caliper 10 can be calibrated to take
these changes into effect. In one embodiment, because the distance
between sonar head 30 and each guide cable 18 is known and constant
during a particular operation, a pulse can be directed at a guide cable 18
and the 15. time lapse between transmission and detection measured.
Changes in. return speed at different positions along axis 38 can be used
to calibrate caliper 10 to take fluid properties into account to improve the
accuracy of the measurement of the distance from the sonar head 30 to
the walls 26. In an embodiment, a pulse can be reflected from cable 18 for
each rotation of the sonar head 30 to provide calibration of the speed of
sound and/or light in the surrounding material for that depth. In another
embodiment, a sonar pulse and a laser pulse can be reflected from a
known location on or near the walls 26 and the difference in the speed of
sound and the speed of light in the surrounding material can be used to
calibrate the measurement results for the surrounding material. In one
embodiment, multiple excitation frequencies are available from which the
operator can choose, depending on factors such as the type and
properties of fluid in borehole 12. The choice of excitation frequency is a
compromise between the need for signal penetration through the borehole
fluid using a longer-wavelength, lower frequency pulse, more acoustic
energy (the borehole fluid can have undesirably attenuating effects at
higher pulse frequencies) and the need for spatial resolution that is
achievable using shorter 316 wavelengths albeit at the expense of higher
signal transmission losses. Embodiments can 
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between 1.5 feet and 20 feet, and in another embodiment between 3 feet and 12 feet. In one

specific embodÍment, an excitation ftequency in the range 50 kllz-300 kllz is used; in

another specific embodiment, an excitation frequency in the range 500 kHz-800 kHz is used;

and in a fufher specific embodiment, an excitation frequency in the range 1.0 MHz-1.5 MHz

is used.

In ene embodiment, an inclinometer 42, can be attached to the end, or other location,

of cable 18, rather than merely weights. Thus, if guide cables 18 are not able to hang freely,

inclinometers 42 can provide an óutput signal indicative of the orientation of the end of each

guide cable 18 in the borehole 12. This situation may be encou¡tered where borehole 12 is

not sufFrciently vertrcaT, with respect to gravity, for example.

All patents, patent âpplications, provisional applications, and publications referred to

oi cited herein are incorporated by reference in their entirety, including all figures and tables,

to the extent they are not inconsistent with the explicit teachings of this specification.

It should be understood that the examples and embodiments described herein a¡e for

illustrative purposes only and that various modifications or changes in light thereof will be

suggested to a person skilled in the art and are to be included within the spirit and purview of
this application. For example, while the use of sonar energy has been described, it is

contemplated that the apparatus and method can be adapted to use lase¡ energy, for example.

t)

utilize multiple frequencies during the same measurement. A specific
embodiment of the invention pertains to measuring the physical
characteristics of a borehole having a diameter  6 between 1.5 feet and 20
feet, and in another embodiment between 3 feet and 12 feet. In one
specific embodiment, an excitation frequency in the range 50 kHz-300
kHz is used, in another specific embodiment, an excitation frequency in
the range 500 kHz-800 kHz is used; and in a further specific embodiment,
an excitation frequency in the range 1.0 MHz-1.5 MHz 5is used.        In
one embodiment, an inclinometer 42, can be attached to the end, or other
location, of cable 18, rather than merely weights. Thus, if guide cables 18
are not able to hang freely, inclinometers 42 can provide an output signal
indicative of the orientation of the end of each guide cable 18 in the
borehole 12. This situation may be encountered where borehole 12 is
10not sufficiently vertical, with respect to gravity, for ekample.        All
patents, patent applications, provisional applications, and publications
referred to or cited herein are incorporated by reference in their entirety,
including all figures and tables, to the extent they are not inconsistent with
the explicit teachings of this specification. It should be understood that the
examples and embodiments described herein are for 15 illustrative
purposes only and that various modifications or changes in light thereof
will be suggested to a person skilled in the art and are to be included
within the spirit and purview of this application. For example, while the use
of sonar energy has been described, it is contemplated that the apparatus
and method can be adapted to use laser energy, for example.  7 CLAIMS
1. An apparatus for investigating a formation, comprising:           a caliper
adapted to be suspended into a formation such that an axis of the caliper
is 
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1 . An apparatus for investigating a formation, comprising:

a caliper adapted to be suspended into a formation such that an axis of the caliper is

substantially parallel with the longitudinal axis ofthe formation, wherein the caliper comprises:

a transmitter for transmitting a transmitted pulse signal;

a detector for detecting a reflected pulse signal, wherein the reflected pulse signal is the

transmitted pulse signal reflected from a target location on a surface ofthe formation onto which

the transmitted pulse signal is incident;

a means for determining the time interval between the transmission of the transmitted

pulse signal and the detection of the reflected pulse signal, wherein the distance from the

transmitter to the target location on the surface of the formation and back to the detector is the

time interval between the transmission of the transmitted pulse signal and the detection of the

reflected pulse signal times the speed ofthe first pulse signal;

a means for rotating the transmitter and the detector \¡/ith respect to the axis ofthe caliper,

wherein rotation of the transmitter and the detector causes the target location on the surface of

the formation onto which the transmitted pulse signal is incident to rotate with respect to the axis

ofthe caliper, wherein the transmitter comprises a sonar head, wherein the sonar head transmits

in the range 50 kHz-300 kHz.

2. The apparatus according to claim I , wherein the formation is a borehole.

3. The apparatus according to claim 1, further comprising:

a means for raising and lowering the caliper in the formation, wherein raising and

lowering the caliper in the formation causes the target location on the surlace of the formation to

raise and lower, respectively.

4. The apparatus according to claim 3, further comprising:

a means for controlling the rotation of the transmitter and detector and the raising and

lowering ofthe caliper such that the first pulse signal is incident on a plurality oftarget locations30

5substantially parallel with the longitudinal axis of the formation, wherein
the caliper comprises: a transmitter for transmitting a transmitted pulse
signal;       a detector for detecting a reflected pulse signal, wherein the
reflected pulse signal is the transmitted pulse signal reflected from a
target location on a surface of the formation onto which the transmitted
pulse signal is incident; 10a means for determining the time interval
between the transmission of the transmitted pulse signal and the detection
of the reflected pulse signal, wherein the distance from the transmitter to
the target location on the surface of the formation and back to the detector
is the time interval between the transmission of the transmitted pulse
signal and the detection of the reflected pulse signal times the speed of
the first pulse signal; 15a means for rotating the transmitter and the
detector with respect to the axis of the caliper, wherein rotation of the
transmitter and the detector causes the target location on the surface of
the formation onto which the transmitted pulse signal is incident to rotate
with respect to the axis of the caliper, wherein the transmitter comprises a
sonar head, wherein the sonar head transmits in the range 50 kHz-300
kHz. 20 2. The apparatus according to claim 1, wherein the formation is a
borehole. 3. The apparatus according to claim 1, further comprising:
a means for raising and lowering the caliper in the formation, wherein
raising and 25lowering the caliper in the formation causes the target
location on the surface of the formation to raise and lower, respectively. 4.
The apparatus according to claim 3, further comprising:            a means
for controlling the rotation of the transmitter and detector and the raising
and 30lowering of the caliper such that the first pulse signal is incident on
a plurality of target locations 
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on the surface of the formation, and a means for producing a representation of a portion of the

formation corresponding to the plurality of target locations on the surface ofthe formation onto

which the transmitter signal is incident.

5 5. The apparatus according to claim l, wherein the caliper further comprises a compass.

6. The apparatus according to claim 1, wherein the caliper fufiher comprises a gyroscopic

stabilizer.

l0 7. The apparatus according to claim 1, further comprising a means for determining the

. speed ofthe transmitted pulse signal.

8. The apparatus according to claìm 7, wherein the means for determining the speed of

the transmitted pulse signal comprises an object a known distance from the transmitter wherein

15 the speed of the transmitted pulse signal is the distance from the transmitter to the object and

back to the detector divided by the time interval between the transmission of the transmitted

pulse signal and the detection of the reflected pulse signal from the object.

9. The apparatus according to claim l, further comprising a means for determining the

20 density ofa fluid the transmitted pulse signal travels into the target location.

10.'fhe apparatus according to cìaim 9, wherein the means for determining the density of

the fluid the transmitted pulse signal travels in comprises a pressure measuring device.

25 11. The apparatus according to claim l, wherein the calipe fufther comprises an

inclinometer.

12. The apparatus according to claim l, further comprising a means for mapping the

dimensions and topography ofthe formation.
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8 on the surface of the formation, and a means for producing a
representation of a portion of the formation corresponding to the plurality
of target locations on the surface of the formation onto which the
transmitter signal is incident. 55. The apparatus according to claim 1,
wherein the caliper further comprises a compass.       6. The apparatus
according to claim 1, wherein the caliper further comprises a gyroscopic
stabilizer. 107. The apparatus according to claim 1, further comprising a
means for determining the speed of the transmitted pulse signal.        8.
The apparatus according to claim 7, wherein the means for determining
the speed of the transmitted pulse signal comprises an object a known
distance from the transmitter wherein  15 the speed of the transmitted
pulse signal is the distance from the transmitter to the object and back to
the detector divided by the time interval between the transmission of the
transmitted pulse signal and the detection of the reflected pulse signal
from the object.             9. The apparatus according to claim 1, further
comprising a means for determining the 20density of a fluid the
transmitted pulse signal travels into the target location.        10. The
apparatus according to claim 9, wherein the means for determining the
density of the fluid the transmitted pulse signal travels in comprises a
pressure measuring device. 2511. The apparatus according to claim 1,
wherein the caliper further comprises an inclinometer.       12. The
apparatus according to claim 1, further comprising a means for mapping
the dimensions and topography of the formation.  
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13. An apparatus for investigating a formation, comprising:

a caliper adapted to be suspended into a formation such that an axis of the caliper is

substantially parallel with the longitudinal axis ofthe formation, wherein the caliper comprises:

a transmitter for transmitting a transmitted pulse signal;

a detector for detecting a reflected pulse signal, wherein the reflected pulse signal is the

transmitted pulse signal reflected from a target location on a surface ofthe formation onto which

the transmitted pulse signal is incident;

a means for determining the time interval between the transmission of the transmitted

pulse signal and the detection of the reflected pulse signal, wherein the distance from the

transmitter to the target location on the surface ol the formation and back to the detector is the

time interval between the transmission of the transmitted pulse signal and the detection of the

reflected pulse signal times the speed ofthe first pulse signal;

a means for rotating the transmitter and the detector with respect to the axis ofthe caliper,

wherein rotation of the transmitter and the detector causes the target location on the surface of

the formation onto which the transmifted pulse signal is incident to rotate with respect to the axis

ofthe caliper, wherein the transmitter comprises a laser light source.

14. An apparatus for investigating a formation, comprising:

a caliper adapted to be suspended into a formation such that an axis of the caliper is

substantially parallel with the longitudinal axis ofthe formation, wherein the caliper comprises:

a transmitter for transmìtting a transmitted pulse signal;

a detector for detecting a reflected pulse signal, wherein the reflected pulse signal is the

transmitted pulse signal reflected from a target location on a surface of the formation onto which

the transmitted pulse signal is incident;

a means for determining the time interval between the transmission of the transmitted

pulse signal and the detection of the reflected pulse signal, wherein the distance from the

transmitter to the target location on the surface of the formation and back to the detector is the

time interval between the transmission of the transmitted pulse signal and the detection of the

reflected pulse signal times the speed ofthe first pulse signal;

9 13. An apparatus for investigating a formation, comprising:       a caliper
adapted to be suspended into a formation such that an axis of the caliper
is substantially parallel with the longitudinal axis of the formation, wherein
the caliper comprises: a transmitter for transmitting a transmitted pulse
signal; 5a detector for detecting a reflected pulse signal, wherein the
reflected pulse signal is the transmitted pulse signal reflected from a
target location on a surface of the formation onto which the transmitted
puke signal is incident;       a means for determining the time interval
between the transmission of the transmitted pulse signal and the detection
of the reflected pulse signal, wherein the distance from the 10  transmitter
to the target location on the surface of the formation and back to the
detector is the time interval between the transmission of the transmitted
pulse signal and the detection of the reflected pulse signal times the
speed of the first pulse signal;       a means for rotating the transmitter and
the detector with respect to the axis of the caliper, wherein rotation of the
transmitter and the detector causes the target location on the surface of
15the formation onto which the transmitted pulse signal is incident to
rotate with respect to the axis of the caliper, wherein the transmitter
comprises a laser light source. 14. An apparatus for investigating a
formation, comprising:            a caliper adapted to be suspended into a
formation such that an axis of the caliper is 20substantially parallel with
the longitudinal axis of the formation, wherein the caliper comprises: a
transmitter for transmitting a transmitted pulse signal;       a detector for
detecting a reflected pulse signal, wherein the reflected pulse signal is the
transmitted pulse signal reflected from a target location on a surface of the
formation onto which the transmitted pulse signal is incident; 25a means
for determining the time interval between the transmission of the
transmitted 
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a means lor rotating the transmitter and the detector with respect to the axis ofthe caliper,

wherein rotation of the transmitter and the detector causes the target location on the surface of

the formation onto which the transmitted pulse signal is incident to rotate with respect to the axis

ofthe caliper, wherein the transmitter comprises a sonar head, wherein the sonar head transmits

in the range 500 kHz-800kH2.

1 5. An apparatus for investigating a fotmation, comprising:

a caliper adapted to be suspended into a formation such that an axis of the caliper is

substantially parallel with the longitudinal axis ofthe formation, wherein the caliper comprises:

a transmitter for transmitting a transmitted pulse signal;

a detector for detecting a reflected pulse signal, wherein the reflected pulse signal is the

transmitted pulse signal reflected from a target location on a surface ofthe formation onto which

the transmitted pulse signal is incident;

a means for determining the time interval between the transmission of the transmitted

pulse signal and the detection of the reflected pulse signal, wherein the distance from the

transmitter to the target location on the surface of the formation and back to the detector is the

time interval between the transmission of the transmitted pulse signal and the detection of the

reflected pulse signal times the speed ofthe fìrst pulse signal;

a means for rotating the transmitter and the detector \¡/ith respect to the axis ofthe caliper,

wherein rotation of the transmitter and the detector causes the target location on the surface of

the formation onto which the transmitted pulse signal is incident to rotate with respect to the axis

of the caliper, wherein the transmitter comprises a sonar head, wherein the sonar head transmits

in the range 1.0 MHz-1 .5 MHz.

16. An method for investigating a formation, comprising:

suspending a caliper into a formation such that an axis of the caliper is substantially

parallel with the longitudinal axis ofthe formation,

transmitting a transmitted pulse signal from a transmitter on the caliper;

20

25

pulse signal and the detection of the reflected pulse signal, wherein the
distance from the transmitter to the target location on the surface of the
formation and back to the detector is the time interval between the
transmission of the transmitted pulse signal and the detection of the
reflected pulse signal times the speed of the first pulse signal;  10       a
means for rotating the transmitter and the detector with respect to the axis
of the caliper, wherein rotation of the transmitter and the detector causes
the target location on the surface of the formation onto which the
transmitted pulse signal is incident to rotate with respect to the axis of the
caliper, wherein the transmitter comprises a sonar head, wherein the
sonar head transmits 5in the range 500 kHz-8001cHz. 15. An apparatus
for investigating a formation, comprising:          a caliper adapted to be
suspended into a formation such that an axis of the caliper is substantially
parallel with the longitudinal axis of the formation, wherein the caliper
comprises: 10a transmitter for transmitting a transmitted pulse signal;
a detector for detecting a reflected pulse signal, wherein the reflected
pulse signal is the transmitted pulse signal reflected from a target location
on a surface of the formation onto which the transmitted pulse signal is
incident; a means for determining the time interval between the
transmission of the transmitted  15 pulse signal and the detection of the
reflected pulse signal, wherein the distance from the transmitter to the
target location on the surface of the formation and back to the detector is
the time interval between the transmission of the transmitted pulse signal
and the detection of the reflected pulse signal times the speed of the first
pulse signal; a means for rotating the transmitter and the detector with
respect to the axis of the caliper,  20 wherein rotation of the transmitter
and the detector causes the target location on the surface of the formation
onto which the transmitted pulse signal is incident to rotate with respect to
the axis of the caliper, wherein the transmitter comprises a sonar head,
wherein the sonar head transmits in the range 1.0 MHz-1.5 MHz. 2516.
An method for investigating a formation, comprising:       suspending a
caliper into a formation such that an axis of the caliper is substantially
parallel with the longitudinal axis of the formation, transmitting a
transmitted pulse signal from a transmitter on the caliper;  
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detecting a reflected pulse signal with a detector on the caliper, wherein the reflected

pulse signal is the transmitted pulse signal reflected from a target location on a surface of the

formation onto which the transmitted pulse signal is incident;

determining the time interval between the transmission oftbe transmitted pulse signal and

the detection of the reflected pulse signal, wherein the distance from the transmitter to the target

location on the surface ofthe formation and back to the detector is the time interval between the

transmission of the transmitted pulse signal and the detection of the reflected pulse signal times

the speed ofthe first pulse signal;

rotating the transmitter and the detector with respect to the axis of the caliper, wherein

rotation of the transmitter and the detector causes the target location on the surface of the

formation onto which the transmitted pulse signal is incident to rotate with respect to the axis of

the caliper, wherein the formation has a diameter in the range 1.5 feet to 20 feet.

17. The method according to claim 16, wherein the formation is a borehole.

I 8. The method according to claim 16, further comprising:

raising and lowering the caliper in the formation, wherein raising and lowering the caliper

in the formation causes the target location on the surlace of the formation to raise and lower,

respectively.

19. The method according to claim 18, further comprising:

controlling the rotation of the transmitter and detector and the raising and lowering of the

caliper such that the first pulse signal is incident on a plurality oftarget locations on the surface

of the formation, and producing a representation of a porlion of the formation corresponding to

the plurality of target locations on the surface of the formation onto which the transmitter signal

is incident.

20

25
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20. The method according to claim 16, wherein the transmitter comprises a laser light

11       detecting a reflected pulse signal with a detector on the caliper,
wherein the reflected pulse signal is the transmitted pulse signal reflected
from a target location on a surface of the formation onto which the
transmitted pulse signal is incident; determining the time interval between
the transmission of the transmitted pulse signal and 5 the detection of the
reflected pulse signal, wherein the distance from the transmitter to the
target location on the surface of the formation and back to the detector is
the time interval between the transmission of the transmitted pulse signal
and the detection of the reflected pulse signal times the speed of the first
pulse signal; rotating the transmitter and the detector with respect to the
axis of the caliper, wherein 10 rotation of the transmitter and the detector
causes the target location on the surface of the formation onto which the
transmitted pulse signal is incident to rotate with respect to the axis of the
caliper, wherein the formation has a diameter in the range 1.5 feet to 20
feet. 17. The method according to claim 16, wherein the formation is a
borehole. 15        18. The method according to claim 16, further
comprising:       raising and lowering the caliper in the formation, wherein
raising and lowering the caliper in the formation causes the target location
on the surface of the formation to raise and lower, respectively. 20 19.
The method according to claim 18, further comprising:       controlling the
rotation of the transmitter and detector and the raising and lowering of the
caliper such that the first pulse signal is incident on a plurality of target
locations on the surface of the formation, and producing a representation
of a portion of the formation corresponding to 25the plurality of target
locations on the surface of the formation onto which the transmitter signal
is incident.        20. The method according to claim 16, wherein the
transmitter comprises a laser light source. 
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21. The method according to claim 16, wherein the transmitter comprises a sonar head.

22.The method according to claim 16, wherein the caliper further comprises a compass.

5 23. The method according to claim 16, wherein the caliper fudher comprises a

gyroscopic stabilizer.

24. The method according to claim 16, further comprising determining the speed ofthe

transmitted pu lse signal.

10

25. The method according to claim 24, wherein determining the speed of the transmitted

pulse signal comprises positioning an object a known distance from the transmitter wherein the

speed of the transmitted pulse signal is the distance from the transmitter to the object and back to

the detector divided by the time interval between the transmission ofthe transmitted pulse signal

l5 and the detection ofthe reflected pulse signal from the object.

26. The method according to claim 21, wherein the sonar head transmits in the range 50

kHz-300kH2.

20 27. The method according to claim 21, wherein the sonar head transmits in the range 500

kHz-800kH2.

28. The method according to claim 21, wherein the sonar head transmits in the range 1.0

MHz-1.5 MHz.

25

29. The method according to claim 16, furlher comprising determining the density of,a

fluid the transmitted pulse signal travels into the target location.

12 21. The method according to claim 16, wherein the transmitter
comprises a sonar head. 22. The method according to claim 16, wherein
the caliper further comprises a compass. 523. The method according to
claim 16, wherein the caliper further comprises a gyroscopic stabilizer.
24. The method according to claim 16, further comprising determining the
speed of the transmitted pulse signal. 10        25. The method according
to claim 24, wherein determining the speed of the transmitted pulse signal
comprises positioning an object a known distance from the transmitter
wherein the speed of the transmitted pulse signal is the distance from the
transmitter to the object and back to the detector divided by the time
interval between the transmission of the transmitted pulse signal 15and
the detection of the reflected pulse signal from the object.        26. The
method according to claim 21, wherein the sonar head transmits in the
range 50 kHz-300 kHz. 2027. The method according to claim 21, wherein
the sonar head transmits in the range 500 kHz-800kHz.        28. The
method according to claim 21, wherein the sonar head transmits in the
range 1.0 MHz-1.5 MHz. 25        29. The method according to claim 16,
further comprising determining the density of a fluid the transmitted pulse
signal travels into the target location. 
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30. The method according to claim 29, wherein determining the density ofthe fluid the

transmitted pulse signal travels in comprises measuring the pressure in the fluid the transmitted

pulse signal travels in.

5 31. The method according to claim 16, wherein the caliper further comprises an

inclinometer.

32. The method according to claim 16, wherein the formation has a diameter in the range

3 feet to 12 feet.

10

33. The method according to claim 16, further comprising mapping the dimensions and

topography of the lormation.

34. The apparatus according to claim l, wherein the Ìongitudinal axis ofthe formation is

15 vertical, wherein the caliper is adapted to be suspended into the formation such that the axis of

the caliper is substantially vertical.

35. The method according to claim 16, wherein the Iongitudinal axis ofthe formation is

vertical, wherein the caliper is adapted to be suspended into the formation such that the axis of

20 the caliper is substantially vertical.

13       30. The method according to claim 29, wherein determining the
density of the fluid the transmitted pulse signal travels in comprises
measuring the pressure in the fluid the transmitted pulse signal travels in.
531. The method according to claim 16, wherein the caliper further
comprises an inclinometer.       32. The method according to claim 16,
wherein the formation has a diameter in the range 3 feet to 12 feet. 10
33. The method according to claim 16, further comprising mapping the
dimensions and topography of the formation.          34. The apparatus
according to claim 1, wherein the longitudinal axis of the formation is
15vertical, wherein the caliper is adapted to be suspended into the
formation such that the axis of the caliper is substantially vertical.
35. The method according to claim 16, wherein the longitudinal axis of the
formation is vertical, wherein the caliper is adapted to be suspended into
the formation such that the axis of 20the caliper is substantially vertical. 


