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 hava 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 strldESERIE EI@Mpiles are often used to

form the. foundations -of buildings-or-other large structures.-As-such.the

10

15

PAAE teAio felaRINeIReeI: B RINOI SRR HIHRIEE. WITH A
e tests typlcally involve the incorporation of a device for performing
testing. The shape of the cross- sectﬁﬁ&ﬁ?@plle 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 gl ggddlflont the shape of

formation can be usef?%%—%%%&ﬁ?%ﬁaem%s & &8 5 r[orrrregularltles
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cross-sectional siiapes ¢an be Used to calclilate the volumeé of the
herefgrindtforntisnednalydingfony figiansy talfeemetidisi@ting the shape of
formations have

Background 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
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 ioad—bearing capacity of the pile and the tests typically

mvolve the mcorporatmn of a device for performing testing. The shape of the cross-section

' ;_'."of the plle m the reglon of the pﬂe where the test dev1ce is positioned can enhance the
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“ac accuracy of the mterpretat;on of the data from the test device. In addition, the shape of

formation can be useful to determine if there are any major u'mgulantles 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.

Techniques for providing information regarding the shape of formations have
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 ﬂuidé can be difficult to accurately interpret. In fact, the radial
diameters of the formations in regions with dirty fluids can appear narrower than they
actually are due 1o 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




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,
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density often.vayies. with.depth. Brief. Summary.5- Embodiments.of the
Oﬂeﬁr‘&lfﬁt‘f‘ﬂ(?éﬁ% telate to a caliper and method for mapping the
dimensions and topography of a formation such as the sidewall of a
borehole. Examples of formatiorBtigtAHE8Rhodiments of the invention

can be used include, but are not limited to, an oil, gas, pile borehole or ,
barFetteotiaténds bEBIEdritsansivyeRiieragFe he ealiperachmethod for mapping the

dimdimensionalanciapagraphi¢iniomalion-Rags alewimaralaedurdirchole. Examples of
interpretation’of test 10 devices positioned in ther‘?pile crgeateglr#vithin the
Vol

formpgietiols whirbsmaRiarPLeh i REBHITh SO D & Gt aré not limited to,
an FDNESIBiIREBsRA sl idithepiae Sushtinfdreeatidrilbah aisocalivatedidngo the earth.  Such
. accurate projections of the. interaction of the side of i iih the side ¢ £
dlm?ﬂsﬂﬁé‘%o?g ol8PREFR mﬁy%?v%érﬁl hé) rfo?r%%tﬁ)%oivsd fmleg %V%#%%%%u%%&ﬂ tation of ftest
devistabiliasitipflaiiswbse pidnsiteafdn withis With bepstholes Bifefcan allow an accurate
dete DESGURUOREQE ING LAYUNGS concElC ndelfed NGB GEOSERAC #RRAmation can also

view of a borehole with an embodiment of a caliper in ac%%r ance with. th

alloysrawantEpRIERAIORIP $6E et SHdRe TBpTatiigy Bidtfotide O the ile B the side of the

borehERRRgEFRNLS Whilie tArerant ifventianlelatettodpaqlipsrdniliznetioddomhose density
mapping the dimensions and topography of a formation such as the

ofteripstes FAF968Fnole. 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 thatﬁﬁ%%@&ﬂ?”i%ﬂ BF BxCanalgshinio the earth.
Such 25 dimensional and topographic information can allow more di ¢
acdikGelinterdraaitoisrleosevieaiopabitisie it therple erddtB fh i odiment of a

caligBebarehrlarad.san miloyaraceyagdaietniiennéthe 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. 30FiguiRes ishesaratofdhndnyentie

)

asled\i3ishese s et
SU%?EQQSQA&Q@ tht?}g ﬂ%?éﬁ??}%@ri‘tfbn 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 gxcavated 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 nseded 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.

Figure 1 shows one embodiment of caliper 10 suspended in borehole 12 by cable 14.
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




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

eachPother andvorksveipined 4’ be Hlbnlntypdiecbmahaleeidt, Inchndirggnbodiment, one or
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In an embodiment, draw works 20 and 22 aré connected to a common

and ﬁ%nﬁ%cgtma&ﬁétarbﬂﬁlfh@f@hﬂ?&m?ﬁems Crdrendfksabbmiprst and dpwered on cable
14 Wﬁh%&&@ msmgﬂﬁ@ lIwaBng Lbagbuidtit A cabies G&@el aame%om are raised and

ne emb ent, g 8 are su ded indep
tovegg AP it 05 A WG ootk SHE.FCHST JfaRs ol guide cables
18 apositiodalaedtigt bkinidecallesd $oResiddnabcinglel dfguidedabiesm8ly 22. Draw

worli% Esﬂg‘%ag 1iBZE %&e%(%{)‘igﬂlggﬁé%% heWe C‘?«J&‘fﬁ &%g%ﬂj%lt% }%(9” Paw works 20,

ore as ca escends and ascen

22 atvaﬁmméy mméﬂﬁngt guRIndalsiea] 29 |MB&@W@QM¢@%F@%%WH@ 20 and 22 are

conrRRIREILY @sncalperithis AHidad by BUgRIARIE L8LARAIO WA S ks 20 and 22 can
accyrate determination of the position of caliper 10. In_an alternatlve

- e Sush i A Ras1 8Tk CAFF RS Shd PEr Al CABRIesOLEAS RABHSGate

mdansnito exmioyitith eatipenile talpkspEs mself;m@ambddmgby@mﬂmg)ﬂnable 14, which
ables 18 s for pro eII|n and own a cabe re known in the.art
cor G LR ag AT D AR A QU Rl cabcs 10
Pom@ﬁbbdqu@ﬂlsm%anpéﬁ: toldan b8 f&dbwr@lpﬂ@cﬁsdpmwwsgm@?@éalﬁmsn caliper 10

and AREHNE GaliPes 1 IpwRiestbY owering bl 1 teanhichthe.calRgE iISuided by guide

fixably attached and/or enablln%%:all er 10 to travel with respect to one or

cableg I8 Lasidoning gmidh sables; holerdBRALtesRHed arnmGatier 10 as caliper

10 isegnhhdirbenintddipablo mmmcamaéaraowrmate Sekilingiaanth aff the position of
internal compass to llow th ralse?) and lower,

caliper eﬁ]‘gut eaﬂ%eﬁg L% AT es%f§1 e(Iflaillper OEI‘S?II’ISGI’ Abl& ThTS od|;}e":1r111 %gcahper 10 can

mcorQSf@f@bm@tv@I@Imdmmha@dbﬂsbnardr@édtsﬂﬁmptmmg:y gripping on cables

18. m%@lp%ﬁéﬁmg‘ﬁﬁrgﬂﬁtﬁﬂ%%aga%ﬁe%g%@m WAL can be incorporated

acoustlc energy reaches interior wall 26 the acoustic waves are reflected

in calipen (i T 2oRask wolaiisliiend] soibsdimrrsagabipeeldktamie fixably attached
to onﬂ@ﬁilﬂﬁbﬁewab@s ABChiREARUEREHBE de@ﬁ%ﬂeﬂmﬁ' mxwgeaummsr&bswmh the caliper

is fi xz?b het%.c%uatlca g? %%ﬁﬁg ga E%%E!Tb? ttr W1t (r:e\gvgélcecsto@ge 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
réised 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
between transmission of the acoustical energy and detection of the acoustic waves. From
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

rrorDUHBH YT S DY YRR A2 BRI SLAHE AL RS BRI to caliper 10— —



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, 4he distance from the laser source
to the interior wall 26 in a certain direction can be determined, allowing

26 rdativminatandiithd Batiatdiichelintebiodiwaih@6can indorpoeate a light source, such as
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a 1 ZPRO0RE 526110, 0EI S ALIRON (AL AWM QR head 30 or i conjunetion—

em%%l(]iricrsﬁént, caliper 10 includes gears and shaits for enabling the motor
withgonsatbesdridf-hdde desan speasan smbodimdigh! denpetayadninterior wall 26 that

_can HEIHGE0RE Yymarte:RirRedolaving: axtascors,sianilieeri®?, Aledial by measuring the

inclinometer 34, internal compass 36, and pressure measuring %evice. Aﬁ_ the 1
elapfid Sfte RREASTANGARSHAESIEh ARdadiertinn bl digRinthgafliipace from the laser
soured vy oheniatdriotheafludd imthedesiat oactidiecantie: phassmiadd aafioetion determination
of the detﬁ%t%@?g .dgnsnﬁlég%‘thi 6fIU|d and can, for example, be used to -

Ofthﬁrgﬁ%téo e densll?ye&(f when the depth is known. In one 15

embodimermbxlbakpsr ddiperikdnshudarerethiridiofedoawngurianene embodiment,
calip ARNIGRLQINeJNQI08 ViRsRaRIe L ¢ MBIDR-COMRGHI GRSt I Rar head 30. In various

generator (not Shown) on ground level 24. Other electrical signals can

embedivaeaswirtiRslel PACaRAIET ELBIQUBOTTHNE S HSRIAYIE8n ZYHRSGPRY stabilizer 32,
intertfalOitBddidhe BtosReeRlRRRJAad6aneRs plaRgBorehelaiagsiddice. A pressure

Acoustic pul tted f head 30 along barehole radius 49 o
e WSS TSP SR pERS A ACA BRAT AT uid i the

fomeﬁl@genﬁl&wiﬂhsmesshwds%ﬁsm@iﬁnuﬁﬂﬁyd@ﬁedﬁ ttnmeir!erdoﬁt}w fluid and can, for
exan{sﬂe%ymg fl'.'égg qg pﬁ?&v?&é“&@"&%ﬂ:%@tﬁ?tﬁh? ﬁﬁi‘&‘rvﬁ‘?&fj i 'ﬁe%)th is known. In one

quentially raised or lowered to. By rotating sonar head 30 as the caliper
smba@gmertisaigalipwethds Fasral O kavetipandrarehohe dtireiesng ngupplied to the
motd?P&aceaP igNagkiyhiemliiungicanting ey s pavamen(abiRasatipeinlfround level 24.

B C T L T T -

head rﬁ@a@rem@dtsbgft&mertatnrpmti@ﬂipéathla_‘lb@c_iemcles Laikavg’sie:;rﬁ;t@btaﬁ?cm 38. Acoustic
pulse%pgﬁgrégﬁtﬁ%ﬁﬁgBﬁ’w@zﬁb%Cﬂgﬁlg@’o%%lté@gd{u;q@é%m%gn'B'él}ehoie wall surfaces

esired to have more or fewer measurements of a certain portion of the
26 wibrewdierAsporivitsindhaiagirrstlieacd Qrothsepnssadriddecondaucusly raised
or loigdRliedied: 30 Malisudacs a6 offatchoienbleapnoke dusAhACKO is sequentially
raise O\cgvra[gwsgrggrt%?a 33%‘{‘5@32 gg}x%gtiégg 30 as the caliper 10 is raising or lowering, a
spiral or hélicai pattern of measurements can be accomplished, while allowing continuous
movement of the caliper 10 and the sonar head.

The 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
wall surface 26 of borehole 12 along radius 40 back toward sconar head 30, which detects the
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
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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 gro§1nd level 24 transmit operating
commands down borehole 12 and in return, receives data back that may

wall 98 @ﬁ%@%ﬂ&&l@@@ﬁ%éﬂﬁ%&%@%ﬁ@@&'Eﬁ%mﬁéq{rﬁmpwmlﬁg sonar head 30

later. manual-or.automated processing.-Data-processor-means such.as

 and/ag el e FORREPBSRTEdiaE S98RH BRatifg (AR EMRSSImERs sonar head 30

rotatdictehénfigipt dianeo i cadaiionavimtamalicinativaldhe talipactidddrdatirehole axis 38.

be sent to a proce ent r for ssing fthe dat
i a0 S GETRIS 1o HOY oA T oA AR ATl e i 38.
- ‘chBnges iardbptliroewthefqstsition poadipks 1@oamﬂue\rca)llbmatgmtmdallevel 24 transmit
operagi'gg/ CRANARSINIR, Gl HolBrRie iﬁ‘ba?gl”iﬁnfegﬁ-ﬁa%%méj'ﬁﬁﬁcﬁack that may be

een sonar head 30 and each guide cable 18 is known and constant

recordedirRPadAass opediuen of ssedesireh GRCIEN st PGt aplelafsr manual or

autor@dhRckes4ime. |anse hebreaRiraRaRtssih aRthdeRabR cBifpaWEdnay be provided
Changes in. return_speed a dléerent posTons alo %{#\1{38 can,be use | tive. th
for P‘?B%ﬁﬁb?&t@%lﬁ%?i’ 8o ReerHRlb i8S Pt c% 100, Rh 8\ Eif aliernative, the
recordot deasyafthe maasa r@menesﬁﬂge:dmtarfbe fasnhesonag hedd:30ita
the, walls. %o e”fﬁoﬁi é %&“'éefﬁﬁ FE‘E %@ %91%1%?{ changes in
eac rotatlon o esonar % to prow calbratl espee
depthsrmm@%rrméﬁngm ¢ﬁlmérsmr9%m Gipgatibrates) ?@rfﬁ!f&ttééfﬂwhwgﬁéwé? effect. In one

emboBREAIMENn & SERARIREANGRIasab RSB D FRflestad{iem dable 18 is known
known location on or near the walls 26 and the %géence the eed Ot];l 18 and th
and cepFART Ao BREF BTGRP s APUETRAG RfaEFRGE R 4188 f5le 18 and the

time Capidyatetthecm castsamaibiesnls detadtboauiraunding. maitriakdsn anereturn speed at

. embodiment, ation fre ue e efr t
different 051t ons ari; g?axgsgggn g gtjgsggzé% e {;hgﬁ];[) ge?g tg'%kﬁ& Iﬁ%ld properties

ope ator can c ng on act
into apeopattieswpfioie ihbaetisiey 2f Th@mhm@emmﬁﬂmm@qnéﬁméhe sonar head

30 oCRPRIANIsedetyean theneachiorsignalipenstiation duouah hebagbles for each
fluid using a longer-wavelength, lower frequenc h%else more acoustic

rotatiQhafgetRegs esric3lia Bsnvids ealiradng PRERThG letfstid gpd/or light in the
surroulighey plalseiffefreneiedppitd the etbdosapatiatresolitiondhaiidse and a laser pulse
can be ré’}lﬁv?t%{%usmg gho&%r1316 wavelengghs z%{_?eltgﬁt%em%e%e d%fhlgzqgt[; in the speed

c
Sig naFtransmlssmn osses. m80§ments can
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
wavelengths albeit at the expense of higher signal transmission losses. Embodiments can
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




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, dan be attached to the end, or other
location, of cable 18, rather than merely weights. Thus, if guide cables 18

betveenriod dbte 20dh20gfeete yndinironibesrenabodiment tielavarnotifset skghdP feet. In one
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P borehole 12. This situation may be eéncountered where borehole 12 is

anotheygresifitcRiphodaneall aRiFrriEYoR FEYRSORY, 1 aiErRBR 500 Kig-800 KEz is used;

and BRéCRESheRpRETRPEGHIGIISHEING \ASI eRaH APl CRbeneanthRHPligalens0 MHz-1.5 MHz

. referred to or cited herein are incorporated by reference in their entirety,

15 us|‘?"F}:Iuding all figures and tables, to the extent they are not inconsistent with
thelexplicitdactimgatpbthimelincificttiof?. |t shdu ciitec hed dostbo @nkdabthether location,

amples,.and bodi ri erel il V.
of oSS TH AL R HURT WABHEL [PELACIE PLSEE (bict PNIBAR able to hang frecly,
inclipnistesudd egre providsernorrarilicdanalnadigaahie aeths losl antatigayof the end of each

euidWithinethg $Rifit2BdRUBIEW0T s aRRIGALIO R KPHEXHIRIS MU QHhE - SR rehole 12 is

of sonar energy has been described, it is contemplated that the apparatus
not syficifBthovrEt e i SREATD (R ETRNEY-RE /A Tt Bxample. 7 CLAIMS

1. Anl apparaiusaientnvesligatiogsadesnisiion) epilptisiogs, and palhRbipaons referred to
or ci%%%etree(;nt %r%eigggl%%qg%%iggor% e?‘t[:rlyc?et iglntﬁ%ﬁ‘hegl ?rte n, %)1% u%fiﬁ%eaﬁaﬁ%%es 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
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.

'Tﬂii' C ﬁlﬂ}é%cﬂ%@ﬁ t?’ r&g{]t@)&]&@aﬁgﬁ E-I%Hq SQIE? aﬁh E&Edf‘aﬁ g@ |% é—&dﬁ_{bﬁ) 0 KHz is used; i
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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 ofit mation 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

th?R@Eﬂbﬁ?ﬁﬁ'%ﬁh@e@ﬁéﬁﬁ@éff&lirﬁﬁgﬁp&)mﬁrgﬁﬁsmltter and.the.... . ...

detector with respect to the axis of the caliper, wherein rotation of the

trarfshinge pdatcthsodktetitneadad datthe fargutivtatioh BitHe ayifaletbe caliper is
substditea R ML RPidishotnR tiansmitedhp wemsignalisRadeB LT peitGnprises:

with respect to the axis of the caliper, wherein the transmitter comprises a
SsOTERBHETMSraRTILIRB ASAERH LAY S SHahe range 50 kHz-300
Kl Zle2Q13r Thaiaepaiatyscareardipgdo Giaim WhsRareir Radoraion iSighal is the
horehole. 3, The apparatus according to claim 1, further ¢ ising:. .
transmjtied DAESs e CreDAled SRR TR 10SHHEP SRR e ARk onto which
the trat@singdpd 2S5 pvdrinntiéeaaliper in the formation causes the target
location B Ihe.auiace ofihe formatian (6 [alse, ad Iower, [ESRE A dhsmied
The apparatus accord‘?ﬁg {6 Claim 3, Turther comprising: a means
pulse feigodntmllitig tHeteciationf oththeetilanstittelsarsizudtevtorrandttive disiging from the

transn%ﬂgr%s;"%%gt gt%slaﬁo%taﬁg%gggﬁ@amﬁeﬁfmmﬁ signglds NGRentQBor is the

a plurality of target locations
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
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.
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
lowering 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

iowering of the caliper such that the first pulse signal is incident on a plurality of target locations



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 accordigg to claim 1, further comprising a
means for determining the speed of the transmitted pulse signal. 8.

on the AG-ARPAEMS AGcording to %'%}%L&.%@jﬁ%&ﬁh&*ﬂ?%@% SO RIBDRIRIDG ion of the

;
the speed of the transmitted pulse signal comprises an object a known
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whicPHS&-sionatds e Aiaiance.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

framrihe;pRiedhs accordix% tbhgafRParRldscAr R eingdoretalm dofipthel a compass.

comprising a means for determining the 20density of a fluid the
transmitted pulse signal travels into the target location. 10. The

app AT s ACRAEIEE: 18I stk Riwh e raiarthe imeanip ée fiddieraunipgstie gyroscopic
..density of the fluid the transmitted pulse signal travels in comprises a
stabiligflssure measuring device. 2511. The apparatus according to claim 1,
wherein the caliper further comprises an inclinometer. 12. The

app .ﬁé“ﬁafa%% ding fo,claim EI:Tafllf}f{tE,e P%@PE‘&A-E‘ 2 DeANRIRL RARR Y nining the
the dimensions and topodraphy of the formation.
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
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

density 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.

11. 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.

formagiieaersecsmding tecths miteatilyheireel Sotd gpeed the tveltcsnshtitdgrmation onto
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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 forrgation onto which the transmitted
puke signal is incident; a means for determining the time interval

b r issjon. r itted ignal and the detection
o? ?ﬁg %&P&%&ﬂ gzﬁ;geﬁ] zgﬂ‘ggtwﬁé{rﬁ?\ t éggl’s%%w § %?}o%rrr: the 10 transmitter
toatleliean eddotation lon rpenddd catef aHeoaterioRcndd ek avishef the caliper is

-~ substABAR Yol BN HOIBEALBRRYGRR B3 ADATUESICHALUIR e Ramiliabmprises:

pulse signal and the detection of the reflected pulse signal times the
SPEM BRI fiystignrsatipmatransmytipd RHs¢sigethting the transmitter and

the fletegioroviibitespest iitheapsief s sakineionhereianaiatiqnrt thenal is the
transmitter and the detector causes the target location on the surface of

transmiEidboiFmSiRaR STHEEHiEThe RESISRRUHOTSE SiEASE RFie fumaon onto which
the trdmngimlr@sgagﬁ}tg theiguiig of the caliper, wherein the transmitter

comprises_ a laser light source. 14. An aratus for investigating .
FohFEAER Qb FIEHETE the Ui SV ebuserta T (SRR fadf g ransmited
pulse foigmatiandstieh daettonaxts thé theflealide pids2 Osghatantiatyipahalldiswitbe from the
trans t%ell‘ot%%gg%%gal ta]>8§a8f thgnf rer:n sautrl%)ar(l;lﬂtvg ?ﬁe'Po}Qq%t‘%g 'f%%& %%mkp {(I)S@Se: f?etector is the
ransmitter fo ransmft)fllng a transmitted pulse S|gna'i], a detector for
time ideteelihgtyeedl¢otedapsisiessignel twhereimitied efidstetpillsedidualdtethien of the

reftec{ARISHAMAE SRR Fomda fargghigeaton on a surface of the

ation ©nto which the transmitted pulse signal is incident; 25a means '
foF RISEEFNAM TR fis drimEnidd ravde ekrstonREMESSRASIAP e axis of the caliper,

wherdIPRITMESAF 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 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 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;

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 of the first pulse signal;
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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 ffansmitter and the detector causes
the target location on the surface of the formation onto which the
UanRERIa Rulag S A RS PR R MBNRARESII IDRBNOLHR: caliper,
caliper, wherein the transmitter comprises a sonar head, wherein the
whereip mefetiendftithnsransnsitetraddhg d ook aseothe-farees latipperdhgssurface of

-~ the fol H{AWESHIAHAR R I AN ed gl?glesyi@ial is in@dARES t AR 1@sPEct to the axis

suspended into a formation such that an axis of the caliper is substantially .
of thersadiRs| Wiher eHEUSHIGAUIIAT008BHERE FoRNAHRATdWHBFERNHI califjehead transmits

in the GRBPHBOEKHAB0GRASMItter 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 s auripperatithefomestienientofuhiehidhe tiapasiged pulse signal is

incident; a means for determinjng the time interval between the . .

B TRHRECRIPRTEh P HREEAS 475 R TR W Th MLl ol colver i
substatgflabtedrpllds evslgtiel b andin dhex distathe édinamiting wisarsimithe rctdiphiecomprises:

target location on the syrface, of the {orma ion.and back to the detector is
arransmitier or ransmi 1nﬁ~|a t{ansmlt ed ) HSCfStlﬁna . .
tHe time interval between the transmission of the transmitted pulse signal

andithetdefoctivreoitbe reflected puiseisigriabierenttie spededinhlsdisignal is the
transnBHL}ScF %fﬁ.@%lgf’i%ﬂ%ﬁ@&é&? rff(?ﬁ?&'ﬂ@f%@?l&@%%ﬂ]%e{l %&%ﬁm@@&%}ﬁl% onto which

respect to the axis of the caliper, 20 wherein rotation of the transmitter
the tragganiftesl gutectignehissmsideatarget location on the surface of the formation

optgwhickthgctransmitedouise signahisinGdentio rAialeiHbhesREC ithsmitted

the axis of the caliper, wherein the transmitter gom\e/lrises a sonar head,

pulse \iigapbiAhdSodsieRdear aatumitdlnriad puligeerr mmbersimipe, dsage from the

transrpﬁﬂlemthwitﬁ@%éﬂmﬂthtﬁef@m@&mf GRITPHIBHIION andSHERERUING dtector is the
. caliper into a formation such thaj, an axis of the caliper.is substantially .
e AR RGO ETCTHAIBA G TR DR TG b deecton of he

reflectsapaisétieghplisges igfealpfmimﬁth%aﬁmmmeaigﬂat' caliper;

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

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 of the formation,

transmitting a transmitted pulse signal from a transmitter on the caliper;
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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 th f the first

e T R RS SRR RUCE LR T PR LALIRR JE rencted
pulse aigsabfishbe ahipenitidiepeinc] OguthtiftectthEdaranastaigeirlagrtidheodcacaudace of the

" formafRHSER R 130 SRR NG SHufees Al ormation onto which he

ransmitted pulse signal is incident to rotate with respect to the axis of the
cakpamipinerémtime foreneal shesutirdrarier sHenerdigeansmitied pybpsignal and

the defl%ati'oilﬂof-m@rgﬁ%m%&i @ﬁﬁ@ ssing AR 4 wherelndbs iaemationitsfto the target

borehole. 15 18. The méthod according to claim 16, further

locatignipHisingETace o4 EPamationihBraie e A EF e YohmuURSHnEREtdiRrween the

transrhISHI0 ANE eweinedh o erlinesn the: formrtion sausesthaltateeplasatipnal times
on the surface of the formation to raise and lower, respectively. 20 19.

the spebof fhe IR §IRBPo claim 18, further comprising:  controlling the
ratationcohthedranamittaiangd deiegtenaid thgsaisngandilovfatingadfpie wherein

. calic&er such that the fiastté)%ul e si%al IS inciﬂent on alglg{ality of %ﬁ\ergset
e

rotatiqp Qi i BHHRUEI, 1SS e ﬁ?&%ﬁcm& aior%por%sentalﬁrg%ce of the

formaoba partiohiof the formation! podsespondisgito®bthte pitatlityitbfrtapget to the axis of
ocations on the surface of theéormq 0 t Wquhst e frangrpitter signal

the ol R L G B Ao S P S R e
transmitter comprises a laser light source.

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

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.

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
the 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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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 fﬁ)eed 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 dist f
AT B SRR B B T AR o e
interval between the transmission of the transmitted pulse signal 15and

- the,detection of ihe flecied AWISRSIoNALIEAM. 1 82RBiher coRBrli: compass.
rrr%ﬁg%eancl%@rp w?ﬁgt%ﬂscffl' r}I\ng,IwheFein ﬁm sonar hﬁé)é'gld traﬁrsrcr?its%irﬁ the coMmPpass-
range 50 kHz-300 kHz. 2027. The method according to claim 21, wherein

thf’a.soﬂ?er hﬁ&gogagét@ﬁﬁdg e range 59,0 %H@r‘e%@odﬂé‘zcaiipe[z%ugm comprises a

method according to claim21, wherein the sonar head transmits in the
gyros%wgétﬂ‘?(ﬂlwlllz-l.S 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. .. ..
4. The method according to claim 16, further comprising determining the speed of the

transmitted pulse signal.

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

and 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.

27. 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.

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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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 1§, further comprising mapping the
dimensions and topography of the formation. 34. The apparatus

according to clgim 1, wherein the Igngitudinal axis of the formation is .

oS A TR AR el AT b e A g o the fid th
transridutoaibpioisessighalnadvle axiembtirescalipeuiasthystaetialy wetiticllid the transmitted

.35h1ﬂi@a‘r%?stri1{(1)d.according to claim 16, wherein the longitudinal axis of the.

pulse fOranon is vertical, wherein the caliper is adapted to be suspended into
the formation such that the axis of 20the caliper is substantially vertical.

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.

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
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 longitudinal axis of the formation is

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

the caliper is substantially vertical.



