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DESCRI PTI ON METHOD AND APPARATUS FOR | NVESTI GATI NG A

BOREHOLE W TH A CALI PER Cross- Reference to Rel ated
wappl7iccstss on The present application clains thecbasefobniss49

of U.S. Provisional Patent Application Serial No.

60/ 751, 361, filed Decenber 16, 2005, which is hereby

i ncorporated by reference herein inits entirety,

i ncluding any figures, tables, or draw ngs Background

of Invention Wen formations such as boreholes are

drilled or otherwise created into earth, the actual

shape of the formation, including dinensions and/ or

t opol ogy, can be usefubggdmwmwpmadhon to have prior to

filling the formation. The formation can be filled

with, for exa concrete and/or other materials to
MEHGDAND & BARG Ha Ptk BVEAT ICAT TG A BPRERIGRE WiTH A

often used to formthe goyngpki ons of buildings or

ot her | arge structures. As such the piles are often

tested to determ ne the | oad-bearing capacity of the

pile and the LYY I i ncor poration

of a device fgg&%ge?%@}gﬁggﬂéﬂgy%é@%%&éhape of the

The ogresene cAppticatidn thémpithe benefithef f[legj BrowasionhdieP@iehte Application

Serial NG 7589615 e SRR 61 Ao MIBR (] BepHRrERY Toference

herein intiGSdntidery| tRluding addfigires ables csldegangs formati on can
be useful to determine if there are any nmjor
irregularities and/or determne the potenti al

i nteraction betvveeBa%]@mcp@fm}gnﬁdjp si des of the
formati on when a | oa sappled In addition,

S Rations sueh @ deschodes: a8 rlilleghopehiepyise tséeaﬂi% éPtP cFarth, the
actual “shadE Wraki tfgﬁné’tfgnu B Riidd th‘h@ﬁﬁ@ﬁd %d/o-'r_efc;b%!c‘;ﬁﬂfe ScdnOlbe useful

rovi ding i nformafi on regarding the sh ape of
informatiay teabvn pripnve filling gk dotmaion nghe fewmatiordear be filled with, for

examplebp&cﬁvé’cé TR 93) e a%%lg'i!% E(grnji lﬁror'mﬁﬁe\é@c{drgaks' df3fiSiles are

sonar rea of t or nat
often uséebtmfmm, tl‘sufbhndiatmnSexf Hudﬁmgsmiabkmrdargemtnsturmoﬂtsmh the piles

are oft:er()i a%s%%f % %ginénef ?10 n{%rad}egxﬁrgg glfap%tche &o {hrerzalt)fle and tﬁe tests typically

1nvolve the mcorporatmn of a device for performing testing. The shape of the cross-section

: ‘;fj ",of the pﬂe m the reglon of the plle where the test dev1ce 1s positioned can enhance the

20 "';”:‘accuracy of the mterpretatxon of the data from the test dev1ce In addition, the shape of
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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
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 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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formation having dirty fluids can be difficult to
accurately interpret. In fact, the radial dianeters of
woOheo7iogsrFat i ons in regions with dirty fluids cROTASp®aN48549

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 nethod

and apparatus that can provide accurate informtion

regardi ng the di nensions and/or topol ogy of a

formati on such as aborehal e, especially when the

- formation is filled with opaque stabilizing fluids
borehole V@n‘géﬁalﬁeﬂlﬁbﬁ YhOfdrRRti¥REd SfedMvith opepidstatilizRly fRUAT®Yse density

dinments of the present invention relate to a

often varigaWithedepsind net hod for nmapping the di nensi ons and

topography of a formation such as the sidewall of a

bor ehol e. Exanpl es of;bosimbans i n whi ch enbodi ment s

of the invention can be used |nclude but are not

m.tfed to,. an oi oreh bar.r
Eppainigaes BEUR wert dapoR sifis 3P erArine, Ao, BB ¥ mapping the
dimensiofl Ghd GhpoRREitINGE a Ehithdtiopcgclapdite: sidéwiliref hdoreare.aElkemvples of
nore accurate interpretation of test devices .

formations ¥ hiGh PRI RS (I 1 By erioBdanbE Nsse b0 Puifs acbligited to
an oil, g2 BilalbofeHoR cABEMERS that BhEbEENGlI@N0OExdaREtel GhMe%fa.rth Such

concrete needed to fil]l the pile. Such inforpation ca
dimensioapk andi|tPRegTABRiE WERTHAIOR FA% F’éw. BRI GPCWRle Inferpretation of test
devices ﬁsﬁﬁ‘%or 3 hx‘? Nhef pild %rédtéiﬁ vAthih NBe pBAr@thét dhd R&n SRy and accurate

espeC|a y when the formation is fi
determmamlhOf)pi@q\a@lumeaQﬁ ¢anerdiy nﬁMﬂdd@ ﬁlﬁé@’epd@nﬁwb @foﬁ@ﬁtlon can also
allow m%? a’é’avl Sﬁrgje{w%& of g{ ﬁferegﬁ%ﬁrdfgﬁé Qﬂecgf the Fnlprvﬁ 1Sside of the
ongl tudi nal” cross-secti onal ew of a

boreholeb:mpeha]lye whienhthe ﬁommm@mmﬁﬁed wfithaopeghé pebilizingaieids déhose density
£ th the resent invention in the borehole. Detail ed
0 envar}ﬁss%lflbg " of the Invention . Enbodi ments of the

present invention relate to a caliper and method for

mappi ng the di nensiQns and no aQVq of a formation

such as the si deREH DY SVIEESNpl es of

Fig! 18t |aQ6ﬁg1't1§H1¥i&1| &Bsseé’%QSde’E\ﬁ oﬁfa tdiehdl8watH h®Bm®daliment of a
be used include, but are not, limted to, an oil, gas,

caliper injgqegrdsgpe Mothdhe presspt isyventionrnthebareBelen’ dri | | ed or
excavated into the earth Such

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 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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di mensi onal and topographic information can all ow nore
accurate interpretation of test devices positioned in
woheo7p7sBdecreated within the borehol e and can aCTraws2@e/048549
accurate determ nation of the volune of concrete
needed to fill the pile. Such information can al so
al l ow nore accurate projections of the interaction of
the side of the pile with the side of the borehol e.
Figure 1 shows one enbodi nent of caliper 10 suspended
in borehole 12 by cable 1¥%. Borehole 12 penetrates
earth formation 16. One or nore guide cables 18 can
each otherl axd dre vseighted ddtodfalirplimnbdnteob@bldle 122. Inl tneo@bodiment, one or

| es .18 are | e] toeach
more catf{hoR 119 L L GaMRS /57 FotSifine e PribAbd rblo i dp seliper 10
and for ré&lwhg datebasikbfecinnEiliper 0€ Calip&OTE caabé Qﬁsé&ﬂan(ﬂ- &wered on cable
conduc gr for transm tti n]%gcommnds and

14 by draa%w& - capyipeslidebly atpreguideesablssi iy @uds cahlek 18 g gaised and

lowered mdepdRlenttP of Cable ey, bi@r&@ﬂv&ﬁs pai 38 Q‘m@'é?nﬂo@ﬁﬁéxﬂd afl réulde cables
cabl e 14 gdrawvvorsZO nmovi ng ably al on

18 are cqozginated thy being d@s%wééowgecéb@ a %tnglédiraWdWPEh/mSémgly 22. Draw
works 20, QQ%QE%@%@%ytﬁ; ﬁllﬁg)lm? @] any 1:%& i e ﬁﬁéy | ngetnlé% @F‘aew works 20,

nbodi nment oord

22 are tyn@aﬂg mséﬁﬂé@ijatagmun‘d)\l\ﬂeé@4b)1namsamigkbmdna\drm rvkorks 20 and 22 are

connecte@%é Q@%ﬁﬁﬁe%‘%u%% d‘?ﬁlrth%g ﬂ%%gdlme : 13‘(%%9 \%B AR 22 can

nown I n e art I nC ng pu
be such ﬂm thomising an@ ﬁxmaliﬂg/oﬁ mlslnlailit}e df atblm tsm.dn eiseh. 24. In

BRSSO REL AL 8 P P RASBRB Foad, wiicn

carries cahplek so 2Thinatraipearent Blowsi €t drbdbr hdweticrail &bﬂ@olacﬂdgulde cables 18.

I n
posiions) LA S B AL el P Gl Sl S ) 50 Catper 10
and mterididﬁﬂe 2desf byrehbleC #Plag chfiperVid GRseRls 1288 ds8éddReEuld by guide
{s.arrangenment_al |l ows for greater positional cont r ol

cables 18¢ Qsthiang apide sahlgs 1Bda berebale 12camt then lowering endinendp e caliper
10 is guiddd b$ Eadt qsfé%ﬁ'l Al %%bl@%&%‘i@ﬁ&tehﬁfﬂ%?ﬂ ocfalhéigggxtlon of

10 and interior wal 26 of borehole 12 as ca
caliper lﬁesb‘bﬁ@lsﬂ@mﬁtﬁ@c@nb@dm@m,d@bleb% gxandhe a:@mb‘e&i md caliper 10 can

1ncorpora|?@ﬁietah§mrr}ﬂ gc&:‘a%}g@lbi@ B ﬁt% E:lnlt%gfr 1%1 gn(? qydg%mlﬁa% on cables

| ower i ng ca as ca 1S gUI
18. Meaggifiirprapelling ualandvdoavmm cable acukmiven dettmra:rt mad cmbeincorporated
an al t.ern

4t | f
i caliped AP RS Hoot, BARE et oo dimBhiscealife abl e Tepbly tached
to one or e r:ginieal& aneé dnscdliper 1®l0vged BY ipedrinkdcdble P8 @P&hich the caliper
is fixably atl‘t%.ched ax%/(%-nednagﬁng cgl¥pe9 OQg 9310\{;]1&? ?eslpgct 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
raised 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
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18. Means for propelling up and down a cable are known

in the. art and can be incorporated in caliper 10 for
wohbw/psmspose. | n additi onal enbodi ments, cal i per/us®006/048549

can be fixably attached to one or nore cables 18 and

the caliper 10 | owered by |owering cable 18 to which

the caliper is fixably attached and/ or enabli ng

caliper 10 to travel with respect to one or nore cable

18 to which the caliper 10 is not fixably attached. Li

anot her enbodi nent, caliper 10 can incorporate a

gyroscopi c stabilizer and an internal conpass to allow

26 relativied sear ixad 300 A@dlhendil&jrﬁlﬁﬂnﬁsﬂs lcanpicdporhielolightisoarce, such as
use of_ gui de cabl es

. 10 is insert e into
a laser sqiiies Falsz‘sseéfsoafff@éﬁajf@ Ysp ameaé‘a# th ﬁéP%reh‘?‘é’Hﬁ@r Oh@aaonwnctmn

with sona%éaarsd I BRS skt sdifc@ A Bhhaft 29K B¥arh QWAL inMéredr WAll 26 that
6 of borehole 12. When t he acoustic ener

can be r?fée&&ﬁebynﬁtp@m sralkg@ jand gletagtedaby) Galines %v%a&ra&y measuring the

elapsed ﬁﬁgll?e?ﬁg& Hﬁnétﬁfsﬁ%h%&"ﬁé&ct&ﬁl Bagle i %\ghts Qﬂé‘fdléi%?éé B8m the laser
Sonar head 30 detects the acoustic vés and neasures

source totthe intkrapswall 261 alsertaimediractign sat be detgrofnethallowing determination
d detection of the acousti c waves.
Ofﬂwlm%§§ﬁ§¥P&ﬁhtgﬁ?%%%jﬁgasurenents the di stance fromthe

Irs onalerrﬁueddmm tdleper ritleincbdesval momdndnasﬂomﬂ alncend emhbhodiment,

d t t f .
catiper 1 ieflcs Hp AR R AT e Dl St QPR R S Bvarions
embodmﬁ:ﬁts Adlidbpelri 1Onedn woheidi onendrame@ofi the do hewiize g&rdsbglbﬁ stabilizer 32,

| aser sgurc Thi s | aser. rce ca

rce, h. as
internal {peliehatter fd isAemak CHREASS oifa AT PEEFHS BFASHNE AR R (Aopressure

' measunn#' deViceo8d mReafle 3k prlddSurk aFahe TANPHS &MAronkddhS Th tth@ fluid in the

ght beam t oward |nter|or wal | 26 that can be
fonnatlom:ewh@etth?j prsysyratiepiferction of the dapié anedepsity obfhecHpidpand can, for

example, 1Be BRI, rQdeEQﬁé Wen By %@%@ltﬁﬁé%&' e 9 tW&€known. In one
transn1SS|on and detection of the |iIght, e di stance
embodinfent rast ¢rdipendOrissigised cort lowerrsl imberehole Walcrurmtuﬁ sgpplied to the

motor v1§ ‘éﬁﬁlé"ﬂi vglluF:ﬁ %ng?&ti@ﬁ ;%g é? :?% %rggbé}tgﬂg (ﬁ!)i! &w on Wa%r,rf)u%% level 24.

termnation I nter

. Other elelcmaah eiganb @dh eavt] dowh icplee lﬂmnkifurlcalilesma lmbrmr eribadiment, sonar

head 30 35 80k Ao oRORORRR Rt Ao RuehFs clond BEISESREF Y o oovsti
pulses emiited lfrort abhatissad Bodbng bbfehokeaiadim r4(}1cﬁm(l<@ar_1 iboedhatke wall&urfaces
26 vith {5 EPISar S SRS ER heplinel | P op8h ARG cogffguousty raised
or lowereFH Q}?SIU hﬁllﬁﬁa&lﬂekll’t&pdﬁvéfctﬁe %rdhb%sthdf thelasthédi036 @vieg@entially
raised ofr; lﬁV\ie Sur ﬁatq%?ptlgxggsso%glt ﬁee?cI 62? tl(lzea lcelll?p%rr 180 1esnr\£1|1sr1r?gn g}??gwenng,
épiral or héhcai pattem 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 sonar 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



e .

o IR o

103

15

203

B R Y

2§

36

formation, where the pressure is a function of the

depth and density of the fluid and can, for exanple,
woeowrges’ss o provi de the density of the fluid weenwusSkme 048549

depth is known. In one enbodinent, as caliper 10 is

rai sed or lowered in borehole 12, current is supplied

to the notor via cable 14 which connects caliper 10 to

a generator (not shown) on ground |evel 24. O her

el ectrical signals can travel down cable 14 and/or

cable 18. In one enbodln? sonar head 30 is rotated

by the notor as caliper 0 advances al ong borehol e

w26 S8 o BN R L0 S EATATHEIONET e st 2

and/or costroflimgethe 26tafiontspset bf pohadsad @t t dd a ¢hbediasent,hgpnar head 30
C per. ..l S hea .30 i d auQ r.ai .
rotates ongraflu}l ro{atlog b%ge é)cf] g i tieg(ve Is %ig pail ?‘ %icﬁxg E?drgﬁoqe axis 38.
In this cade) [rﬂhﬂhﬁlmtgatﬁmcbml’}ﬂindi ¢retlls3 dissree lmenbnhsaddbyg agiis 38d
or | ower roIatl sonar hea
Tnglq SDodEned: pER PR BOTISS AR aOR s B Pt Tt {34y fransmmi
operatmgpadﬂaﬁlraﬂd@fdommmem&ntu &/ i Ge@e Orebiveh adhta Wakk &that may be
| ow ng conti nuous. novepent  of t he caliper 10 and t he

recorded 5Q9n§r StREagg. WPABIY RfeArbrdepied dupg fet concyERnd| ofg lajer manual or
automateJl Ql‘&rehé’iﬁg C@ﬂitzp roé84sbf thehd, r&ut:l'l HE 2 \WiRible c@ﬁlp%@”ﬂll'ﬁ ’be'ﬂrowded
desired t ave nore or fewer nmeasurenents of

for perforg@pgaiaﬁa p@q;lyqug nn ghe figkd boreahtime. In rdditier ortinghe alternatlve the

1 th

recorded &QCE ?ﬁdyo&: s%ﬂ?‘?dja g%&&%%@édt&%g g@@ rc;lcgsﬁﬁg \c;ga{r%c%a\é\ﬁ.or
B¢c@m¢ bmlﬁ é%sna:s cohtain eeﬂméuthaqodnangon nmfdensiw with changes in

n S

depth or %ﬁ%zﬁé&gﬁ%n,l aﬂé&l i(PPanolBe {:Jslﬁ)rrgt ? %’ g se c%%.fx S F a%ig'c In one
cmbodimerﬁt becambo ke dlztaabmbqweadisusarél&ad Bmkldt m/hrgiudaaocmﬂe hsa@lknown

whi ch_det h f d
and consigl e D RETER BPrrofinf-cr HICT O ot SO 41 D epidg cable 18 and the

time lapsteobétgreaﬁ)hﬂr@nshﬁaﬁlbm eﬁldaﬂ&eaﬂﬁi oudaswell. Walhafigedd iwfreturn speed at

ehol e %surement S unit ‘area

12. Th
different BESiERYAIGE &1 39 987 DarBe 10 SRR <alipgy 16 dthlen PRidgproperties

into accolift@o SRPESeathe adirh &0 PIE i ashRMRNt Bﬁth%cmfx’tﬁné@ﬁgmg’t@e sonar head
and/ or_controlling the rotati on speed of sonar he

30 to theswamf R6anltABcuRbrdiment gnaplse cay baorqtbfsafie%oan@abl@mii for each
rotation of Qﬁ@&ér%‘ Hegd %qa ;ﬁ&‘%é@ %ﬁﬁ‘ﬁﬁﬁ%l h BF fHeV, %Jeéd% s6@hd R&J/of Hght in the

al ong borehol e axis S cas ormation 1S
surroundigg tpatersal fon ﬂpﬁtahmh flnearm%heatendqosiememealsgn@rtptdmam atager pulse

can be re é‘d 8m PlhdWR g:?claggg ?H ggﬁtggw th& kﬁ?g ?8 %ﬁ tﬂ?gﬁi‘&gnc(qu Yhe speed

on groun ransm
of Somdmwed@wf lightenothe sbroandingnmatetial nan rbecwedem chdibaate the

measurenpe%? lées{xn?%orrfﬁg Sll?n%ounding 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
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to the extgicthey@segip

{ recorded on a storage nedium of any desired type for
concurrent or |later manual or f automated processing.
wOab@E/pFBeessor neans, such as a suitabl e conmpBCEUS2006/048549
be provided for performng data analysis in the field
inreal time. In addition or in the alternative, the 0
recorded data may be sent to a processing center for
post processing of the data. 1 Because borehole 12 nay
contain a fluid that changes in density with changes
in depth or other positidn, caliper 10 can be
calibrated to take these changes into effect. In one
between BISTTO6l ARIT0 fde6,CaidSia dnbthelbsibaditgett dewessn B aRabnd@adestO In one
o ang fach gui de cable 18 is knogghand coni%fnt during a .
specific epedipygnty 2t SXPURLS, frequegy sia rapge R &ktas0hkHz is used; in
another s?éﬁiﬁ@ cfidBUAndis, ANexdib®ioR freqhibdBy inaRS BarlRIIHRENIZ-800 kHz is used;
) ransm ssion and detection nmeasured. Changes in return
and in 2 fygherspseifiy smbodiment 98 ckriionAresmgneninsthg @angml fMHzel 5 MHz
isused. {0 calibrate caliper 10 to take fluid properties into
account to inprove the accuracy of the neasurenent of
Int ¢ree ethbodimeat,fanoimclinemetond?, dandy Bchel tohdewak] er ober location,

o cave ] FRoP ARSI e BB PRGN LAALER G S PP oot

inclinometatsi 42 etni ovafe drhentppesighabfindicativé @tté oriehtagbh of thet gl of each

éuide cab%ﬁ%&%ﬁﬁ%?&eix%&e%? LIJB?F: 551 %ﬁﬂ% rI]rgatyl lgeg tc%ﬁa}e&@c? gvglfqpeg orehole 12 is

not suffici&iftlye@irichl f withiréspetiopravasaforaxatiplQr near the walls
A§6 and the difference in the speed of sound and the

JRLES fPafeng FPPlicAtioRs. grewwtﬁ?ﬁﬁ PRRJIG3HPRY 28 Rubjcpiongdeferred to

or cited Hefeif ald RESiRritbe by rBRANIE BNBRIr drtRety! SichMing B8 figures and tables,
surroundln% material. 1 n one enbodinent, nultiple

fRGagsistet sdthahe explicit tgpehingsrofithigrpesificaféon.

1tQREGRLY ) ' i

| GRR RBEAL 5. RTS8 el et

illustrativgpyirpesesfonéy end dhatorarione mastiisations @r chapgasninslégh dheveenwill be

suggestec% P)ea g&@gn Eﬁﬁleﬁ b, 'ﬁ?el arP L5 'b? Qnélpﬁé%y&npltnh&e %O{rﬁ ha(r)lh %urview of
urd using a l'onger-wavel ength, Tower requeﬁcy

this applpatiee, Ror exawoplestwihileetter gse 0f Benboemdrgy ehas| bdeth deseribed, it is

h esirably attenuating effects at higher pul.se
contempl g InAl 10 20 S et oy R e ST S oAt oudh eivprampte
. i s achi evabl e using shorter < wavel engths al beit at :

t he expense of higher signal transm ssion | osses.

Enbodi ments can utilize nultiple frequencies during

the sane neasurenent. A specific enbodi nent of the
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i nvention pertains to neasuring the physica
characteristics of a borehol e having a di anet er bet ween
wa.2607foegtse and 20 feet, and in another enbodi MeRCT/US2006/048549
between 3 feet and 12 feet. In one specific
enbodi nent, an excitation frequency in the range 50
kHz- 300 kHz is used; in another specific enbodi nent,
an excitation frequency in the range 500 kHz-800 kHz
is used; and in a further specific enbodi nent, an
excitation frequency in the range 1.0 Miz-1. 5 Mtz is
used. In one enbodi nent, an inclinoneter 42, can be
attached to the end, or %hﬂ | ocation, of cable 18,
rather than nerely MEId%TS"“ThUS i f guide cables 18
What is chaiedist abl e to hang freely, inclinoneters 42 can
provi de an output signal indicative of the orientation
of the end of each guide cable 18 in the borehole 12.
1. TAh Spﬁdrhﬂua&“bxaﬁivamgaﬁﬁg erf@xma‘nioa; esihnphising: borehole 12 is

a (Fag{peg;g;é}gtléenx lo\ézg J(néo aptgl cr’rgg%f Clal %B?éqs o}‘ ¥he caliper is
substantiallyOphialloN iR ARE | BAkiRARal aKd @mhé Gt Msn, I $heFei€ dhé Ocaliper
of cited herein are incorporated by reference in their
compflsesentlrety, including all figures and tables, to the

a@zﬁsﬁﬁ&eﬂf&?ﬁaﬁfiﬁlwﬁé a hBAGARIEE HARE sdall the expl icit
t eachi ngs ecification. It should be

a dﬂﬁ@rémsfqmlmqﬁ@g 4 ees@drmllsz@sslmﬁ! whisin thentefleefed puisseagnal is
the transnlﬁﬁ&?gﬂlsg n%g&ffeﬂekieﬁ%&fn"i‘ta'tyr eﬂ%Eﬁ?&e&P Q@{% Gk hl ?csrvr{/llalti]on onto

ations or chfanges In ereo

'whlchthektmnsmggﬁsptdsb!;lgndlpmcsdmt,skl Iled in the art and are to

a rgs@s%‘ég#etgﬁm}’w t}ée tgx?%; i StgerL E?tw%gﬁ r %I S 19% an gf %he transmitted
pulse sigitilendythbaktdatien sfethe rmefleded Iptxlslesmgmﬁ,t elmsie&t elte tizsaincé fom the
transmltteé ﬁg al&é%alrjgg rc])d%gﬁl:)&g dlwig.{]rquég o) |t€$ k(g%) ttlgnua%% llﬁ% eto the detector is

the time iBiePAl BbthechQhe Itrﬁﬁﬁﬁis!slgﬁtolfﬂﬂ: Rarfs@lifted bORe sEAAPASE Petedtion of
callPer adapted to be lqgwered into a formation such

the reflected pulsgsigned Em@ﬁ tlpq]@e@gpifg@rﬁrpgpgl%glggﬂt, ally parall el
a }Megulf‘s H}erolta&ﬁ@ Hd Gk DRMiRY shdOfhe! RBedid Wothi REpecMASHIRI Bxis of the

. ecalper conprlses atransmtter for transmttlng
caliper, w&etepan@mm efl thautrawsnyiitghand thy desecsen Qﬁuswﬂlectétg@t: {qcatior on the

surface og Iﬂ{e' ?Cﬁ'fn%qog%rﬁg whigh %e trgﬁ%[x@eﬁ ﬂl{‘& £1 t5diap erotate with

s the transmtte I'se S|gna re l'ecte
reqmctkehtaxgefﬂknuémwnn on a surface of the formation onto

2. The apparatus according to.claim 1, wherein the formation is a borehole.

3. The apparatus according 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 claim 3, further comprising:
a means 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
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which the transmtted pul se signal is incident; a
nmeans for determning the tine interval between the
wonrenTamssei on of the transmtted pul se signal BQWUSE®6/048549
detection of the reflected pul se signal, wherein the
di stance fromthe transmtter to the target | ocation
on the surface of the formation and back to the
detector is the tine interval between the transm ssion
of the transmtted pul se signal and the detection of
the reflected pulse signal tinmes the speed of the
first pulse signal; a neans for rotating the
portion of & fHati6h cBRdspdMinieieteqsluMiiti of e&pecClochtiorshén &6l Sirface of
of the caliper, wherein rotation of the transmtter
the formagign ontrewhichdbe Haneniltee signalds IfGRY- | ocation on the
surface of the formation onto which the transmtted
pul se signal is incident to rotate with respect to the
5.a¥hs apparatue acedriipgrto chim T durdis sPEPISINgE cor di ng to

claiml, 0. [ ' l.e .-
ot aE LG, fp Tyl e AltplcinOBUEIR Eraictd ahl R lowered
in the forhmaitivhnghereth thevaei axgnodeezsuidd ¢abdes dllowt the dositivat ¢fthe caliper to be
erei n..raising and, |l owering the.cali.per in the
controlle¥\A§§ fp&qagnerclgagggfwo&gwgéq&pgg%fqrglﬁtlgﬁ- the surface of
the formation to raise and | ower, respectively. 4. The
apparatus according claim3 further conprising: a .
6 IR SPPUAE GRETBIT k1AL RS IGHC SEOPRINGE CfpRRes faser light
source. and detector and the raising and | owering of the

cali per such that the first pulse signal is incident
on a plurality of target |ocations on the surface of

71 hend pPRLAS BccdathtdTBRRA T,00h@ERIUR! #shshitter comprises a sonar
representation of aportion of the formation

head. corresponding to the plurality of target |ocations on
the surface of the formation onto which the
transmtter signal is incident. 5. The apparatus
. 8acTlor dppegatine acteaiding3to £lairh Herwhereinr thei ong oo mwrerguidsr eables are
. ui abl e or iding the caliper as the caliper is
Welghted%ﬁifglza% n?)(r)hfeo%\)/e%% &lp‘n the formation, wherein the
one or nore guide cables allow the position of the

caliper to be coptrolled as the.caljper is I sed .
9B PP BTGP FoClAGR At hgieis ot oBorsiaff 3G or more guide
cables isAGRMEd YithOas |iAtlfAdmawh &repidviditg tahao@Pit bihal indicative of the

. _conprises a |laser |I%ht
orientation of the at least one guide cable.

10. The apparatus according to claim 5, 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 least one guide cable.

11. The apparatus according to claim 5, 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.
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source. 7. The apparatus according to claim1, wherein
the transmtter conprises a sonar head. 8. The

wappeErasse according to claimb, wherein the ORETAIS2006/048549
nore gui de cables are weighted to fall plunb into the
formation. 9. The apparatus according to claimS8,
wherein at | east one of the one or nore gui de cables
is weighted with an inclinoneter for providing an
out put signal indicative of the orientation of the at
| east one guide cable. 1@. The apparatus according to
claimb5b, further conprising a nmeans for raising and/or

dt. g’gﬁ% ;%ggagm@ aSQArg&%rtouc‘ialgf g,s ngéﬂ%u{ e MAbadsSR% ‘r%lgiﬂg ta%ﬁ lowering

I nore guide ca y gripping on t

the caliper eamipriserca cablalattachbd & thtkalifidre appar at us according to

claimb5, wherein the caliper is attached to at | east
one of the one or nore guide cables, wherein the neans
13.0/The aipphnagiscavdotding ko BEim KD, odergiarorzosmimiose 81 shen®@dsr more

) for raising and | pwering the_at |east. one guide cable
guide cablyy andhbg o etq?glpaﬁﬁiapféanggﬁfeh fqrﬁgﬁnSFaﬁtglgrfgﬂﬁﬂaﬁﬁo%@?qwgwer to
the calipelr Rfd #r deBaSingAG: BHbkOForR RBligerat t ached to the cali per
rai ses and | owers the caliper.12. The apparatus
according to claim5, wherein the neans for raising
14NAr oM arids aBSoraflg RﬁElaﬁﬁ”ﬂrWﬁ&%ir@tﬁ@@l@pe@tﬁﬁﬁgﬁgoﬁlﬁrises a
the cali'per. 13. The apparatus according to claiml1l0,
compass.wher ei n one or nore of the one or nore guide cables
and the cable conprise a conductor for transmtting
commands and/or power to the caliper and for receiving
1 datBrebapparitnomceatingeto clhim Theherspatia oslipr cortiiengomprises a
Jor. Wherein the caliper further conprises a
S.  15. The apparatus according to claim1,
wherein the caliper further conprises a gyroscopic

| aln:
gyroscopx‘c‘l:&osﬁépﬂg%

R R A MR R E—

the speed of the transmitted pulse signal.

17. The apparatus according to claim 16, wherein the means for determining the
speed of the transmitted pulse signal comprises an object a known distance from the
transmitter wherein the speed 61" 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.

18. The apparatus according to claim 7, wherein the sonar head transmits in the range
50 kHz-300 kHz.

19. The apparatus according to claim 7, wherein the sonar head transmits in the range
500 kHz-800kHz.

20. The apparatus according to claim 7, wherein the sonar head transmits in the range
1.0 MHz-1.5 MHz.
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the speed of the transmtted pul se signal. 17. The
apparatus according to claim 16, wherein the neans for
wdeb@rorsssng t he speed of the transmitted pul secsiugzmb/048549
conpri ses an object a known distance fromthe
transmtter wherein the speed of the transmtted pul se
signal is the distance fromthe transmtter to the
obj ect and back to the detector divided by the tine
i nterval between the transm ssion of the transmtted
pul se signal and the detggtion of the reflected pul se
signal fromthe object. 18. The apparatus according to
ol . e a . . .
2 P b Ao rige AL ARG AR L kol 16t JA8ning the
density of7a fluidethe itransthdtedgridse shgmd travelm st ttlse fangdt hecatiange 500
kHz- 800kHz. 20. The apparatus according to claim?7,
wherein the sonar head transmits in the range 1.0
22VHht . dppitdtus dccofdimgappelniai 24, adeedsidi thg méaisnfiol determining the

. t I Si. f determ ni ng the densit _
density o, UFfo, i Bt ok SulFE: Sepap B raTP A A peeni e gndasuring
device. the target |ocation. 22. The apparatus according to

claim 21, wherein the nmeans for determning the 5
density of the fluid the transmtted pul se signa

23.7 18| Fpparht @O BRI GBS 18 4IRS U hePBASHE IABpACIERr cbmprises an
Lo 23. Thé apparatus according to claim i, V\prerel n the
inclinomedest | per further conprises an inclinoneter. 10. 24. An
met hod for investigating a formation, conprising:
ositioning a caliper into a formation such that an
242x4\3 mgithadhor daydspgatinigsa futyetiantdoaprisiqggral el with the

AU OB g SR S5O0 40}ty
parallel withl thp mgitudinal 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 onto which the transmitted pulse signal is incident;

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;

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.

25. The method according to claim 24, wherein the formation is a borehole.
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15 detecting a reflected pul se signal with a detector
on the caliper, wherein the reflected pul se signal is
woheotorsasemi t t ed pul se signal reflected from aPCamnget06/048549

| ocation on a surface of the formation onto which the
transmtted pul se signal is incident; determning the
time interval between the transm ssion of the

transmtted pul se signal and the detection of the
reflected pul se signal, wherein the distance fromthe
transmtter to the 20] tgrget location on the surface

of the formation and back to the detector is the tine

ansn1SS|on of the transmtted
26pﬁlt}§eén§t:]‘8?§fzcoéﬁglgt%éfu&h} SUIBH 0F the- reflected pul se
raisingnadd lowering the Ga[hpexdlmfhet foembtiomt wheteReraising aingd lowering the

caliper intrﬂbe ? ) ngQ{x gae%s}ers?ﬂez rt??g 1gg®tﬂg;ﬁ% Flllftfq?c%:og‘r tp%m ﬁcgrg}a&)t%ﬁéo raise and
lower, res &ﬁﬁ@q}tter and the detector causes the target
ocation on the surface of the 25 fornmation onto
which the transmtted pul se signal is incident to

27 Oftﬁttrﬁe%m&céﬁﬁ laihP24 ffﬁnﬁ&&nﬁﬁnﬁﬁg& cal i per. 25.

The nethod according to claim24, wherein the
copispHing; thp rotetign séﬂ@rmanémz@er apdedeinstorsmdahe sHginggnd4owering of
[ I
the cahpe? Eﬁ%}ﬂgﬁ? o%r rm'ﬁfs't g'uﬂ:g m%l?lelﬁnﬁrggi?gﬁj%ﬂ Qgﬁtgr'ap% 61*‘1%%@ lg&%ons on the
surface of g¢h¢ fermatgort, hand oradcingn act&us?@sntah@l tOérsg gortior atfi tha Hmmation

correspon'iinqutz)gtﬂe ?fl? aﬁ{yzgpéﬁ%eq rlgg%{tlﬁgg °§3‘&% Surtac g %gﬁgl: %‘%&a’tion onto which

the transrrhttextehgmalqmrmdmtng. controlling the rotation of the
transmtter and detector and the raising and | owering
of the caliper such that the first pulse signal is
2& nmedﬁeﬂaoﬂmcaorﬂingrtaldldlmm ﬁl@lﬁd}&:brﬂp@@ﬁig ons on the

f the formation,, rod
euidie Q5 st 65 oaf oL ot Ehish BbI3E R Uecragie isaised and/or lowered

"in the fon‘i‘a@ﬁd’)@ SPk¥ISin e loRe bR endRk Yhrlel dalle@fallbar tﬁ@bohﬁ%ﬁtdf QRS cAlper to be

e surface of the fornmation onto which the
controlledt %Sathg rripe s Eignskandiar loyweseddn the fogmatipy et hod
according to claim 26, further conprising: guiding the
cal i per on one or nore guide cables as the caliper is
2% af heogrethod /aseordingstoadpipm?24, ivehefeinthe framsmifiheeaiprisdse laser light
one or nore guide cables allow the position of the

source. .
caliper to be

30. The method according to claim 24, wherein the transmitter comprises a sonar
head.

31. The method according to claim 28, 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.
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controlled as the caliper is raised and/or |lowered in
the formati on. 29. The nethod according to clai m 24,
woherrarsisshe transmitter conprises a | aser |i gRCT/US2006/048549

source. 30. The nethod according to claim 24, wherein

the transmtter conprises a sonar head. 31. The nethod
according to claim28, wherein the one or nore guide
cables are weighted to fall plunb into the formation.

32. The nethod according to claim 31, wherein at |east

one of the one or nore gui de cables is weighted wth

an inclinometer for providing an output signal

3 3g Eﬂﬁc at %B 5 élof Ehh e tg r Lé% ﬁgén% grcah%glsf}{g rlgesgr?%%or lowering the

caliper upf aﬁd de¥n cherpt I@Bm@ld af thengheadtOhore feidecablgs yegriygingen the at
@g}domn the at | east one of the one or nore guide
kmﬁone%ﬁﬁ? % gripping on the at |east one guide cabl e.
34. The nethod according to claim28, wherein the
caliper is attached to at |east, one of the one or nore

34q i hremetipdasconding i Hairn?8i waersindthe sakipetig aftaeheddoigsdeast one
of the on&erH{o'ré ?ﬁld'eada%lerégwﬁgﬁlﬂ uehk r&ﬁdtlmel@ﬁg k]feaﬁhp‘ép @oﬂx&ﬁhg@s raising

t ached he cal 1 per such rai Sing and
and lowenogvéh¢ ey least me Buist cable agfa¢hpd t:caithee calumeucm that trhiging and
I | t
lowering %k Rkt & SR8, il HERTER 1 18 ERbLBlees dig 16Ws HE Chffler
t he callper conpri ses raising and Iomerlng t he callper
Vi c er
355 158 SFAR0F LA Sy o B o PhiaBi paidih R ISTEORIR poggoatioer
comprisemim’egm P@mb/xmg thovaipet oid heabtahtiqphed anthefcaiipeiecei vi ng
data back fromcaliper via a conductor in one or nore
of the one or nore guide cables and/or the cable. 37.
36;Thfhﬁm&ﬁﬁh ACERTHgN® ¢18ine133] Muddr cobfiRidg trhgsntiddind @Smmands
urt

rises a conpa 38. The t hod accoydi ng
and/or poYgF {1 e FABBEr AIICPEFFETHRE Baip bpek frpgy e W@W@{%tag In one or
more of tHYEHRTTIRGE giﬁ@@édb‘l@s%d/or the cable.

37. The method according to claim 24, wherein the caliper further comprises a

compass.

38. The method according to claim 24, wherein the caliper further comprises a

gyroscopic stabilizer.

39. The method according to claim 24, further comprising detenmnmg 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 pulse signal and the detection of the reflected pulse signal

from the object.
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39. The nethod according to claim?24, further
conprising determning the speed of the transmtted
wouabwd7sisgnal . 40. The net hod accordi ng to cl aPaT/@982006/048549
wherein determ ning the speed of the transmitted pul se
signal conprises positioning an object a known
di stance fromthe transmtter wherein the speed of the
transmtted pul se signal is the distance fromthe
transmitter to the object and back to the detector
divided by the tinme integyal between the transm ssion
of the transmtted pul se signal and the detection of
41D PRl Sl BoRRS B S B0, (el B ORLPilad ansE iy the range
met hod accor |ng m 3 ere n e sonar head
50 kHz-300&bkavits in the range 50 kHz- 300 kHz. 42. The nethod
according to claim30, wherein the sonar head
transmits in the range 500 kHz-800kHz. 43. The net hod
421cThe dietigod acootdingnt@Olainat3e) ehbreim thessonar héwdagansmits in the range
500kHz§@@g§n]tS in the range 1.0 MHz-1.5 MHz. 44. The net hod
fting claim24, further conprising determning the
density of a fluid the transmtted pul se signa
travels into the target |ocation. 45. The net hod
43cLBr meted %Fcerdapwqalalmﬁ@r BiAreifbtherSonaT hepd; trnsadisdn the range
1.0 MHzOf5 Mgz fluid the transmtted pul se signal travels in
conprises neasuring the pressure in the fluid the
transmtted pul se signal travels in. 46. The nethod
c
B0 TaE Hlfod SocSrdin ekl 2034 ekl AbmiIa depgity ofa
fluid the tghnsimitted pulsh sigphiraveds into thetthget loastien.di aneter in the
range 1.5 feet to 20 feet. 48. The nethod according to
claim 24, wherein the formation has a dianeter in the
45.altye nﬁ%eth@tbacctomdijlg tb @dtim 44, 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.

46. The method according to claim 24, wherein the caliper further comprises an

inclinometer.

47. The method according to claim 24, wherein the formation has a diameter in the
range 1.5 feet to 20 feet.

48. The method according to claim 24, wherein the formation has a diameter in the

range 3 feet to 12 feet.



