10

15

25

30

1 DESCRIPTION METHOD AND APPARATUS FOR INVESTIGATING A
BOREHOLE WITH A CALIPER 5 Cross-Reference to Related Application
The present application claims the benefit of U.S. Provisional Patent
Application Serial No. 60/751,361, filed December 16, 2005, which is
hereby incorporated by reference herein in its entirety, including any
figures, tables, or drawings 10 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 fillind the fonnation. The formation
can be filled with, for 15 example, concrete and/or other materials to form
a pile or other structure. As such pHEESRIEHdRNSed to form the
foundations, of buildings or other large structures. As such the piles are

qfiernrigeiedAsrtercrminR AR 0 adipe BN VE SanaAlYy Dithe BileRBHOEE WITH A

tests typically involve the incorporat&gn %ﬁvice for performing testing.
The shape of the cross-section of thé pilein the region of the pile where

the test device is positioned can enhance the accuracy of the

interpretation of the d ;g_ f&% %§ttgq¥j§§[e|@ Slgi],m,oglpe shape of
n

formation can be useftl'to determine if there are any major irregularities

 andlbr deesaninerplicpéeantldimeeibetibrstivebie Pravifientleyed Application
seriARE Sorstion\vhrbrriRackbaPphedobsadditian idhr RESURSbREERd by reference

cross-sectional shape_s can be_used to calculate the volume of the
hereify {n 1 GHU58H Y UM IRATRS ASY BBV ARG PS8R YE A ding the shape of
formations have included lowering a sonar device in the formation and
obtaining two or more verticﬁ '%1?%8&5?;8?&5999{{&%5 along the walls of
the formation. However, suc miss important
irrylievitfosiaticasisiechoiatw fohelgti el abedion, athesvisen Fegigdsipto earth, the
actudl&sEREBateN Baving dunnfuidseampe A ORCHPG!Y NBIBESL 1Ban be useful

fact, the radial 30 diameters of the formations in regions with dirty fluids

informpigBpioaPREFrBWEF foait 1Ry RuIRaictue tohEBRaERof4Rebe filled with, for
exanfdiGdatesdnahedluidien thaceransignalsa pileArcatdingtdhete %8 such piles are
need.,in the art for a method an tatus that,can provide accurate .
ot S A P A ey o A MBI MR ERGE s suen the piles
are ftea 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 iﬁ_)ilé i‘ri.v_t:hl_e_i'egion, of the pile where the test device is positioned can enhance the

accuracyofthemterpretatmn 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.

Techniques for providing information regarding the shape of formations have
inchuded 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_addiﬁon, data from regions of the
formation having dirty ﬂuidls 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 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
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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 positibned in the pile created within the
borehole and can allow an accurate determination of the volume of

borebolecestesieluovhenfihe B phationdn itfedmatioaraay aratilisierddyids whose density

oﬁenﬁ 9@1&[% ns of the interaction of the side of the pile with the side

e borehole, espec:lally when the foluiation is filled with opaque

stabilizing fluids whose densﬂygftegélarles with depth. 15 Brief

Description of the Drawings gitudinal cross-sectional
view of a borehole with an emhodiment of a caliper in. accordance dt[q.
or mapping the

pré4BhemamS TR P BN IR TSR ESIRYT S AperG Avention
dimenkioizoghen &bﬁsgﬁmwéseﬁirmuenﬂmwhlasetm aidalipek aﬁd bmﬂi@deforﬁxamples of

formrgpt%in g«ggchg?neh olc%ns aps %o }ﬁ¥1 ﬁ%afgrlg@qg]&% Hc] Bcf’es H?ﬁ are not limited to,

xamp es 0 ormatlons nw odlments of
an othaasyeitidrooshobe arsbarintiudeatthnsdecaoliitrd eisxeavaied datig fee earth. Such

dlmeplgf&baq le 0% RapsHeRat hashesnsiilles cnfwansdes HiatageHtbrpretation of test

h 25 dlmen5|onal and topographic information can allow, more

de"l‘é’éc@%élmp%tatﬁ@nEﬁ?egf%?ﬂcé?%glt@ﬁeac?ﬁ%eplF@lgré:éiféda%ﬂWnan accurate
detefiimbosahotaiandsiellopcanase rieise teminatierpiibthduduintoahation can also

concrete needed tq fill the pile.. Such inf rmat can llowy. the side of th
allovy QoRe: AS SIS RERE SR8 Fhead (Berlr%% e SI e oft ff(le pléh Wlﬂﬁﬂghqe{{%%e ¢ side oL The

borel@tﬁlﬁ)&immhkb}ew:&@ﬁlgwéc&’rshbm isrf8lethbodimpryest siabplérzing fluids whose density
ofterys ﬁ%é&g ehole 12 by cable 14. Borehole 12 penetrates earth

Iﬂ‘ormatlo ne or more guide cables 18 can also be suspended down

into borehole 12. In one embodiment, two guide cables 18 are parallel to

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.

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 vohuﬁe of concrete peeded 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
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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, mclud?’ng pulley systems. Draw works 20,
22 are typically ins aII d at grg.und level 24. In an embodiment, draw

each ek a3t Ak Y5 igRisbrRdC et hethinie PRl ddcrdreons fifbgriment, one or
moressables imm&immmm&ﬁmﬁﬁmgwﬂﬁﬁmﬁ euidrsingaanst to caliper 10

and fl’or e@é‘%g?rfg? %‘érﬁ‘laé(cqécab'e T U %};r‘* ot 96 8NROUNGBY ered on cable

e cal are suspen mdepen y 0] ca e f AR Ich carries
14 bjcdnwrvmrkfmg,an«awg@ﬁhdahﬂmgﬁgr@néat@am@smn&imtr@b@sgwdge raised and

loweFR@PIRS nﬁ’&ﬁ!ﬂpaf"c%fgr?h%? LH%\F%Q& L) 'Sﬂeﬁféglﬁﬁgaﬂﬁ%\ﬁ?nﬁm%mde cables

contact between caliper 10 and’interior wall 26 of borehole 12 as caliper

18 argrpeutigaizd dvdbelpsfaisedumaddeyygadibn 8 singles drgwowerloassgmbly 22. Draw
workg wdezmﬁa;&%ﬂhﬁ?rslp@w&@ﬂﬁlth@rmw&am@Ip@né@@@t@ﬁi@eﬁﬂw works 20,

22 o SRS £50 L R BT GO T T 20 2nd 22 ar

conngetmbved annhnajmﬁraﬁﬂacsarumumpdmfartheaamtmdmmng dadiwewdfkto20 and 22 can

be subRREH l:hseewn a%q%fng ¥ rWAﬁUQQI%%g 321%?6@&%%@%@.&% gelllng

up and e are n In the.art'and can be Incorporate 20in

calrpeﬂq@rfﬁrqﬁlglsmpas@q ﬁ%ldwnbﬁar@m{s@anﬁerﬂawd@msépmtaﬁ ¢able 14, which
carridP@y AtAchqu i Lameemaie Arhiasid 8 aeskihe catipenl Odawsred lde cables 18.

Jowering caple_ 18 to which the caliger,is fixably attached andJor enablin
PositioRil GOTHTh Yabei ARIEDAR 1 OFRFBPIRARS BABYEL o ARIEFLREecn caliper 10
and ioedijpe@r ﬂsﬁllsmmfthbfylaﬂacmmslmﬂ[}tﬁh&ﬂeﬁeb&i‘lﬂwﬁﬁ&abﬁﬁﬁcﬂs@ gafded by guide

6 abl er nal.compass ta allow, the
cable O B e B PR TR R B 10 o catiper
10 is @a}ﬁ%’r bp Eridseradiie lﬁt@@peﬁm\g ameQEﬁnUmantmcluﬁethe position of
calipstof@r NeadBQ I IARRMIHNG arprislicalnpeiqy Joyvaed f%&'@éd’vﬁﬂd?(éﬁﬁper 10 can

borehole 12. When the acoustic energy reaches interior wall 26 the

incoTRRAIE e, £ ARO VR GEIPsY Ttdnsrondl Y8hhuR M daiRRdayestpping on cables

18. NensrbepdopRltisictis #d desusicoabiveraRdFneaBURS. ieelaRsedbe incorporated
een transml sion of the.acoustjcal e .and_detecti

i cal B e o e e PRl o S 08 fgaply attached

to onglee suyacheled 18 thedi rqlt@rrmiwmhhbb{am@ traloertaingliasitiolBoanvidech the caliper

is ﬁxﬁﬁﬁffﬂgﬁ&l QH%PQHQSE%Q‘W? Pé ‘&BE‘LJQ\R?FKQMPEAQ;B%GP&}"@{E 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
faiseci 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 transmifting 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
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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 embodimefit, caliper 10 includes a motor (not
shown). In one embodiment, caliper 10 includes gears and shafts for

26 relativsiifry srBambeat ot iditinnal redkp bt iunaereartiG drtights ource, such as
a laséRliBarct) cRidnaledeqneeanase aidhadokawipgtigyroseepesiatiizerin conjunction

i G SRS e o SR BRSBTS 26 v

.can balipfisted\Virprimeritinvhl Aichinitlietiotehioncatiperclibe grgssyrdysmeasuring the

f I f ity Qf I . |
elapsé‘c[' ij}gg %em%eglt?h%%gnﬁgl%?o tl%al l%?%#g%?ﬁgrgg%%,em&aﬁge fi%m the laser

used to provi . > fluid wr Is’known. In one o
soureeni Semiretiti el wall 9 oz sveradiersivereniRdodeteiingd; eliputnggletermination

of thSibRlisshiadhe: BRtel¥ia,£ARg 14 which connects caliper 10 to a
generator (not shown) on_ground level 24. Other electricakll sigﬁals can
O

trabfb A FrRastEneRG sl tretal o 1ns udes 7 BRIB ARAL A r i Qg Fmbodiment,

calipis Mildtediidydheanoiadahabiger dehativgnhe sminnrgdaraioaxiiddd 30. In various
oustic pulses itted from sonar head 30 a hole radius 40 can. 4 y.

emb A RalSes: At MTEPRC MFGH] B0 RO S0 Dabitizer 32,

intergallipwlinométtesdAaittentiBodspastidtoasly ratsevrompasrddgodettice. A pressure

' measmﬂp&ﬂﬁdﬁﬁ%ﬂ@%oﬁgggﬁr@ﬁ e %Qﬂﬁépg%%ﬁ%ﬁment in the fluid in the

sequentially raised or loweredto. By rotating sonar head 30 as the caliper

formatéom, wiese BIeIGWEAWE i Spfmctioneht e dapth drhieasipenfethe @&?ﬂ and ean, for

examPRed G0 UE e dpihilgatipyvingisipnter aus Maverigit ehéhagalipey kdown. In cne

1d th head, 25The. d of th li 10.raisi | i )
embagiment, 5 calipes. 1035 T3i8T ar Nowkrad' i borendle . cament 1 Sibblied to the
motomeasaigin édtsvbick centartsortibpesf kb écha sheietbikewishohe yemtgnund level 24.

. che%@%%ﬂﬁ%f%?g‘f@f?%ﬁﬁ%@éiodB%V@JMME %ﬁi;’cfe%lg)ﬁp%,b%és?%beodiment, sonar

esired to have more or fewer measurements of a certain portion o

head 4 dpgrra Srridhoorntre férge irsm Hhad wrases il pussBoshialephifsts. Acoustic

pulseld defigstbtrbin 38nuaheadl 30 efl hatehnerddaiop dadimd dbasiole wall surfaces

R LA -

 or lowalst 26raitbordtiple fi2ed hiepthmbe tiof boeelsviethentbpeonmibareb3®f is sequentially

raisecp%[Eelgwgred to. By rotating sonar head 30 as the caliper 10 is raising or lowering, a
s;piral 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 variec‘l with time when, for
example, 1t 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 sonar head 30, which detects the
reflected energy. The reflections contain information relating to the topographic features and

contours of walls 26 of bor¢hole 12. The number of measurements per unit area of bore hole
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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 lategy manual or automated processing.

Data processor means, such as a suitable computer, may be provided for
wall pértamiing oater Hed psisintindlfisidlie spaktned taisidditiod/or lovhaing sonar head 30
and/o ERAUNE 4 ol EEOHCISSLAR BAIN9,86R16.2 IPERSGLERRIRL Yonar head 30

post processing of Because ore ole 12 may contain a fluid

rotateghgpe @Hg@aﬁ%hgwemr@%m?g@@m deisty I oheslimssiddraleagpberedole axis 38.
In thi6RALE iAAIRIAIREH s igk e s enhanar B e S8Rk 0RR 2 8HMRMIRS Alkis 38.

_because the distance between sonar head 30 and each guide cable 18 is
KrTOWRRSN BRR AL 1T P B e aRb TP Bl It S PG4 transmit
operafibg Qiogteakle Bandibeisidime lapdeibctoren, tirosinissidmarttck that may be

efection m asured gesin ret S at different positions a
reco O o5 A e P D e e R ERSh B 0s et manual or

autonaatcd menysmpgavam Prewesacy wieths ek memsitafl ehedigiaateniaghbe provided
for pdfARY ReRdA0 e @ISR a Bl aMBdIMEN, iSEFan e alternatwe the

reflected from cablé 18 for each rotation of the sonar head 30 to provide

recorded;Half SRy BRSSO R FFSBRIHPLRHIERSAE RPHE@SERBING m@th?a@éﬁm

fopthal.deBbrédncpoilerpmkodiaians asens-puwsamid %ﬂ&s@{swlswlth changes in
can he reflected from.a k wn | catlg[i:H on or,near the walls 26 and

depth §fQ ﬁ%é’?ﬁlﬁﬁ 358888& LETH B alsdds 51 Hi‘?ﬁetﬁg"’&%’?%lﬂ%’ ggtect. Inone
embofiatenallcanise tbeditaakbbatetee sreaslrenlcitt resuitactoptiide cable 18 is known

and oSHIQGINE PRIELIAlIRPR8 STREMIN g)&r‘fsé%ﬂﬁ' BE cﬁ%‘&é@ﬁ% EOUE0CIASe 18 and the

are available from which the 23 operator can choose, depending on

time Jap6rDELVRTAS TRISHEHPR aﬂﬁbéhréétmmmewmhofél@zgwmreh@e@n speed at

differOEEHALINR fHESHERRYSISS CAMPENBRE BeiwesRitheNRRe ¥ RIORRE fluid properties
penetration through the borehole_fluid using a Ionger- avelength, lower

into aﬁ%&ﬂ’éﬁ&‘ﬁ&’l&%" PP RSH SR RS ES JiSapRg o™ the sonar head

3¢ to whdewaﬂbI)@éttemwngmﬁedimahhlghgnhaImﬁr@au&ime&)daﬁdamha:mmedls for each

rotatxcggfbelté}é dfap lﬂgc%l 5'6 3}%@(}%’ a ﬁ)H’:&l 8 %@"EHS ; §QeW%I\':LB:n%%%%h Znd/or light in the

at the expense of her Sigha transmission |O Ses ments

surowgghingilpetenahkifte thad denthe slaurnihtresabedimeataaera palspasiia laser pulse
can b&FBREEIBIBALAT Rnown 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
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




10

15

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 IcHz-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 gl‘fide cables 18 are not able to hang

freely, inclinometers 42 can provide an Outpuyt signal indicative_ of the
betwgge haiBH Ghthe Sritets B FPgaRen RPASI AR BeheRtied et ang 12 feet. In one
speciSitUatiibdinie g eRceubititshwviiededeselialats? iaddnoUsuffieicotykiz is used; in
anoth\é?rs'fi)(:%i[ﬁ/c\g@n{ggﬁle%e% gar%\gt di{f'%oeﬁ( r@(ﬁ.lx%h%)( i %El%nteSSBC?tEﬁz—&(t)O dkHz is used;

apptications, provisional applications, and publications referred to or Cite
and iher8irtlxre speoifioenebdimeitrencaditatien EetireayeinsidbimpagididdyddHz—1.5 Mz
is us@f1d tables, to the extent they are not inconsistent with the explicit

teachings of this specification. It should be understood that the examples

ankt exmemhedineseneglinauridrddoranbmadirahed Butesed.grypther location,

of caBlROI¥abMasiousMedifigations i chamae sfigieht (ABreoi B/it&8ot able to hang freely,
. .. suggested to a persqn skilled in the art ang_are to gg included w_ithin(&&g d of each
1F‘°11%%%’ﬁd‘ﬁtﬁ%ﬁ’e¥z\¥%‘f SPRPHEN SHeneb SATRIE, ShiTE R REb R Qhilp end of eac

guideetutiigyli8am therbdesosiscti.it Bhéopivathiat@cath diethacapparaitssdirte borehole 12 is

not sURELRRISLHE 203ptRd 19 ‘é%?é&‘seév‘?{‘y‘?f%’é%%x?é‘[‘p'e- 7 CLAIMS 1. An
apparatus I%r mvéstlgatln_gpa orn%tlon_, _comprlsmgz ) a callper_ )
adalltpatenise patspt anptidatrsiamauisornsl ephisatinnexigndr prbliedipens referred to

or cithd RO ANI Y el VEP L8R JoNAtPRL X RIING HORMBHORIN figures and tables,

wherein the caliper comprises:

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.
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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 transmit}er to the target location on the
surface of the formation and back to the detector is the time interval -
between the transmission of the tr sm%d pulse signal and the detection
of the reflected pulse signal times %‘s—p‘e‘éd of the first pulse signal; 15a
means for rotating the transmitter and the detector with respect to the axis

of e S8l HEIFR IR AMEIROIRL g he deector causes

the t ocation on the surface of the formation onto which the

tranainiteeienifst iSidriapispapitdninie bEREEWION reesibiith Merakicobithiecaliper is

substGRHRR parall R IEARS [ORSRINING ARG IOMvREIRGHAG GRlIPRE AR lQmpRHOprises:
wheréin raising and lowering 20the caliper in the formation causes the

tﬁﬂ@@sﬁgﬁtﬁéﬁréﬁlﬂﬁ@%ﬁ%é@ﬁ%ﬁ@tﬂﬁﬁ’éﬁ%ﬂ%%i% and lower,
[ﬁ%@%ﬁfﬂé{ﬁw %@E&ﬁ@ﬁ@f}éﬂ@& giideigables feregnlidiagee ralipekasignal is the
ie caliper is raised_and/or. lowered in the formation, wherein the one.or .

ransiRSRI Gl SIS A PO OFRCEATBP S B ool AL hgro which
the taadiRatds paised andiondowered in the formation. 25 2. The apparatus

according to claim 1, wherein the transmitter comprises.a .son .

et SRR e R M RS  Cpapiged e
signahppéirhtukactondifithtoreficred pnkestinaheviormationdistartssréholghggansmitier to

the taAfgértq%c%BBg rgﬁ%ﬁeag&r a%!angftﬂlgl%%gnﬁgﬂrgﬁgr&%mmi%@%etector 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

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

of the caliper;

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; and
one or more guide cables for guiding the caliper as the caliper is raised and/or lowered in
the formation, wherein the one or more guide cables allow the position of the caliper to be

controlled as the caliper is raised and/or lowered in the formation.

2. The apparatus according to claim 1, wherein the transmitter comprises a sonar head,

wherein the sonar head transmits in the range 50 kHz-300 kHz.
3. The apparatus according to claim 1, wherein the formation is a borehole.

4. The apparatus according to claim 1, further comprising:
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8 ameans for 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 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 5Swhich the transmitter signal is incident. 5. The
apparatus according to claim I, whereig the transmitter comprises a laser
light source. 106. The apparatus according to claim 1, wherein the one or

MO glwqgrccaokl)lle Wlelgh{?tlo%o (S?l UEFQPS}HFI% WSn‘EPH@L%U%? -and thé: raising and

The & apparatus accor ng to claim 6, w erein at least one of the one or
lowem@refghmmmlas:mtmumédsmﬁ@mlmln@met@iﬁmlmmﬁ%gmf tigstitocations

on th%'gﬁ‘&iu&'écﬂ??ﬁ%’?o% rPrb%'&t%tk%a% ]féﬂlﬁo%lhlﬁﬁ'gta%ﬁrgé%ﬁtﬁﬂpﬁ a pofion of the

he apparatus according to claim I, further comprising a means for raising
fonnamy@pmmn@nm@éhﬁﬂéw@btarﬁ boeRh toratiane ast s wiasredibedprmation onto

thmggeugm%fﬁaglg&lpysgﬁ@@gﬂg on the at least one guide cable. 20 9.
he apparatus according to claim 8, wherein one or more of the one or

more guide cables and the cable comprise a conductor for transmltﬁIaa .
CorhRTmHa AR RS RS oA St EF A RS TSNS PARRTHEER iyl

SOUrCEaliper. 2510. The apparatus according to claim 1, wherein the caliper is

attached to at least one of the one or more guide cables, wherein the

BETns dppiaising-andinyveringithe oalipeicorptises meneging danbdising weighted
© £ l[an[‘d Werln‘?6 e at %aast one guide cable attached to the caliper such that
o lall g B8 8%@ flie at least one guide cable attached to the caliper

raises and lowers the caliper. 30 9

7. The apparatus according to claim 6, wherein at least one of the one or more guide cables
is weighted with an inclinometer for providing an output signal indicative of the orientation of

the at least one guide cable.

8. The apparatus according to claim 1, further comprising a means for raising and/or
lowering the caliper up and down the at least one of the one or more guide cables by gripping on

the at Ieast one guide cable.

9. The apparatus according to claim 8, wherein one or more of the one or more guide
cables and the cable comprise a conductor for transmitting commands and/or power to the caliper

and for receiving data back from caliper.

10. The apparatus according to claim 1, wherein the caliper is attached to at least one of the
one or more guide cables, wherein the means for raising and lowering the caliper comprises a
means for raising and lowering the at least one guide cable attached to the caliper such that

raising and lowering the at least one guide cable attached to the caliper raises and lowers the

caliper.

11. The apparatus according to claim 1, wherein the means for raising and lowering the

caliper comprises a cable attached to the caliper.
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12. The apparatus according to claim 1, wherein the caliper further

comprises a compass. 13. The apparatus according to claim I,

wherein the caliper further comprises a gyroscopic 5stabilizer. 14. The

apparatus according to claim 1, further comprising a means for

determining the speed of the transmitted pulse signal. 1015. The

apparatus according to claim 14, wherein the means for determining the

speed of the transmitted pulse signal cgmprises 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

trethshhitterppratve sieprdinmie theindievhore o threcpbinet e hsn ruMgIEFRe @ compass.

from the object. 15 16. The apparatus according to claim I, wherein

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

irl 3nd hangrasBsIaqsestioadaslaim 1, wherein dhs Galpsr UTHSESRINRGHES @ gyroscopic
stabifl@im 1, wherein the transmitter comprises a sonar head, 20 wherein the

sonar head transmits in the range 1.0 MHz-1.5 MHz. 18. The

apparatus according to claim 1, further comprising a means for

dﬁier[ﬁ@lé}ﬁyéML@%ﬁﬂbﬁﬂfgatﬂlﬂlﬂlﬂeltf&mmﬂt%wisﬁg@mdaﬁiia\felsdﬂmmmmg the
the tar tlocatlo 519. The apparatus according to claim 18, wherein

speedid f ﬁESI’BFE? {8 ¥ the density of the fluid the transmitted pulse
S|gnal travels in comprises a pressure measuring device.  20. The

a'ng altﬁtus aCC%JdIn&?Edc*!%Iénslswhqr I Flhde’.eﬁla to Cr fe%rr;[lél % ﬁl%ﬁl%ﬁf&e speed of

|ncI|nome em atccor Ing alm l
the teompitsihgdsmegns fommepping wteaﬁmdmw}ﬂnsdmwwﬁwrawr@ﬂmﬂer wherein

the sL%re!Haotfofﬂe tranRfitedd 'Hﬁg&oﬁgﬁ%ﬂiﬁvﬂﬁig?ﬂﬂ%é FEMANOR A FIRMRLISIBhe 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.

16. The apparatus according to claim 1, wherein the transmitter comprises a sonar head,

wherein the sonar head transmits in the range 500 kHz-800 kHz.

17. The apparatus according to claim 1, wherein the transmitter comprises a sonar head,

wherein the sonar head transmits in the range 1.0 MHz-1.5 MHz.

18. 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.

19. The apparatus according to claim 18, wherein the means for determining the density of

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

20. The apparatus according to claim 1, wherein the caliper further comprises an

inclinometer.



10

15

20

25

30

5suspending 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;
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 10onto which the transmitted
pulse signal is incident; determiningothe time interval between the
transmission of the transmitted pulse signal and the detection of the

rfil.e Gl{%g ; &%S@&:%Ld\m%efg i he, di?‘%ﬁﬁeﬁ%&ﬁ%éﬁé‘%%? fhe mapping the
target location on the surface of the formation and backto the detector is
dimegswrinadricncgpbbieédie themediosmission of the transmitted pulse signal
and the detection of the reflected pulse signal times 15the speed of the
first pulse signal;  rotating the transmitter and the detector with respect

t84nerailidier darpdigaine el retHaBnComdstRgnsmitter and the

detoctn rausesihe takges lngatienonibe awfase slisherfarnaligt O Qubstantially
which the transmitted pulse signal is incident to rotate with respect to the

parallel wily thielengisuding Axsi0§ BR LBWERRY the caliper in the formation,

whesginiaisinghanailnueing shesaliper durthedoneratiohcaaljes; the target
Iqcation on the surface of the forjﬁatign to raise End :Jower res ect1i1vel :
the,

FREF &S gﬁﬁ%d pulse a{%laﬂha’lt ector on the caliper, wherern the telllected pulse

&8 ipéron o ofe guide cables
signahis the calipeitisirpisedsamdl o fowedetoin 25insefdonaivommnvaheréiretbitiontormation
psuielllow th i??nSiﬂfmtOf the caliper to be controlled as

onto Whith eqyaigs?mciﬁgée S¢, siena eit; .
e caﬁ'?per S Taised and/oriowered in the formation. 23. The method

atordinggcttdim el redtttrn fbmitticmission ef s dtansmitkes pidefesignal and
the déte%tfgﬁtotpt}?é) r@ﬁ:tctgg 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 puise 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;

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;

further comprising:

guiding the caliper on one or more guide cables as the caliper is raised and/or lowered in

the formation, wherein the one or more guide cables allow the position of the caliper to be

controlled as the caliper is raised and/or lowered in the formation.

23. The method according to claim 22, wherein the formation has a diameter in the range

1.5 feet to 20 feet.

24. The method according to claim 22, wherein the formation is a borehole.
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11 25. The method according to claim 22, 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 Srepresentation 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. 26. The method according to claim 22,
wherein the transmitter comprises a laser light source. 27. The
method according to claim 22, wherein the transmitter comprises a sonar
head. 28. The method according to claim 27, wherein the sonar
HSad bansthitd aechediog dge Gait-R2.300thes comprimngr rentethiag the rotation of the

tmns@- O AINHR. Gl At hetein she monahBerthianspits e s anoeraMise signal
Hz-800 kHz. h

th
Sk . 30. The method according to claim 27, wherein the ,
is incidensraneadlvinig faras legsgens omehrmrrlacs RiHbe formatioppand producing a

repre SRR ORI F AR MBS @R LR RNB LN @ IS, GEMREATBCations on

weighted to fall plumb into the formation. 2532. The method according to
the synaieR fithg faraghon AP ShetE BRI igra!ghids'ddhies is weighted

with an inclinometer for providing an output signal indicative of the

orientation of the at least one guide cable. . 33, The method according lioht

30l FERGRASE RIS Rty ANGTSMI R RS TRE S0 aBErE? faser i
sourc@nd down the at least one of the one or more guide cables by gripping on

the at least one guide cable.

27. The method according to claim 22, wherein the transmitter comprises a sonar head.

28. The method according to claim 27, wherein the sonar head transmits in the range 50

kHz-300 kHz.

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

kHz-800 kHz.

30. The method according to claim 27, wherein the sonar head transmits in the range 1.0

MHz-1.5 MHz.

31. The method according to claim 22, wherein the one or more guide cables are weighted

to fall plumb into the formation.

32. The method according to claim 31, wherein at least one of the one or more guide cables
is weighted with an inclinometer for providing an output signal indicative of the orientation of

the at least one guide cable.

33. The method according to claim 22, further comprising raising and/or lowering the
caliper up and down the at least one of the one or more guide cables by gripping on the at least

one guide cable.
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12 34. The method according to claim 33, further comprising

transmitting commands and/or power to the caliper and for receiving data

back from caliper via a conductor in one or more of the one or more guide

cables and/or the cable. 5 35. The method according to claim 22,

wherein the caliper is attached to at least one of the one or more guide

cables, wherein raising and lowering the caliper comprises raising and

lowering the at least one guide cable affached to the caliper such that

raising and lowering the at least one guide cable attached to the caliper

raises and lowers the caliper. 10 36. The method according to claim 22,

wherein raising and lowering the caliper comprises raising and lowering

thé. CEliperciiadacabléimgtackidnathdothiperoBPridine traagvoittiagoondimgnds and/or

to, claim 22 wherein the caliper, furthe 1] : S
pon e AR R Ra g 5 A 98 Lo oA N PO 0 o of
the ogpyroscopigetibiibéas and/or (B9catke method according to claim 22, further

comprising determining the speed of the 20transmitted pulse signal.

40. The method according to claim 39, wherein determining the speed of

the fFansneitied faisdisighar tompRiseb et ibnrin i dojiesiekopcast one of the
one Sisfance oty theransmittes wAiskainthe pReRgMofihe dapsmitapd iidseaising and

signal is the distance from the transmitter to the object and back to )
lowering the at least one guide cable attached to the caliper such that raising and lowering the at

least one guide cable attached to the caliper raises and lowers the caliper.

36. The method according to claim 22, wherein raising and lowering the caliper comprises

raising and lowering the caliper via a cable attached to the caliper.
37. The method according to claim 22, wherein the caliper further comprises a compass.

38. The method according to claim 22, wherein the caliper further comprises a gyroscopic

stabilizer.

39. The method according to claim 22, further comprising determining the speed of the

transmitted pulse signal.

40. The method according to claim 39, 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 puise signal

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

41. The method according to claim 22, further comprising determining the density of a

fluid the transmitted pulse signal travels into the target location.
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25the 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. 41. The method according to claim 22, further

comprising determining the density of a fluid the transmitted pulse signal

travels into the target location. 13  42. The method according to claim

41, wherein determining the density of the fluid the transmitted pulse

signal travels in comprises measuring 1tl31e pressure in the fluid the

transmitted pulse signal travels in. 543."The method according to claim

2 erein the caliper further ¢ ri inglj : e :

o S S B ST L R P D the el of the uid te
transraitigd Bufsetsipnbptfert]slBABTITEen esathEve dheintg soretaimiizo [fidtHeg transmitted
ecgg;miﬁjmlrpﬁlpping the dimensions and topography of the formation.

puls
43. The method according to claim 22, wherein the caliper further comprises an

inclinometer.

44. The method according to claim 22, wherein the formation has a diameter in the range 3

feet to 12 feet.

45. The method according to claim 22, further comprising mapping the dimensions and

topography of the formation.



