METHOD AND APPARATUS FOR ESTI MATI NG FORVATI ON SLOANESS

[ 0001] This application clains the benefit of both U.
w6.200év0084181 onal Applicati on Nos. 60/ 644, 318 fi peu/uk4005/046827

January, 2005 and 60/734,797 filed 9 Novenber 2005.

Background of the Invention [0002] This invention

relates generally to acoustic well logging, and in
particular to estimating formati on sl owness using an
acoustic well |ogging tool. [0003] Fornation

COMETHODAED APPARKTUSHFORESTIMATINGFORMATHONSLOWNESS
i nportant paraneters used in the exploration and

production of hydrocarbon. Conventionally, they are
nmeasured by sonic |ogging. A sonic |ogging tool
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processmg technlquessu,csuch as the slowness-time coherence method (STC).

[0004] Recent studies have shown that STC yields an accurate
slowness estimation when, and only when, the acoustic waves propagated
along a wellbore are non-dispersive, or multiple arrivals contained in the
waveforms are well separated in the slowness-time domain. When the
underlying waveforms are dispersive or the waveforms. compose of mixed
modes with similar group velocities, such as in the case of wireline leaky P-
mode (for compressional slowness in very slow formation), wireline dipole
mode (for shear slowness), quadrupole mode (for shear slowness) in logging
while drilling (LWD) or some monopole mode (for compressional slowness) in
LWD, STC produces a systematic error in the slowness estimation. The

amount of those systematic errors is large enough to result in negative



can be m staken as water in prospect assessnent.

Furthernore, the correl ogram produced by STC net hod,
wounreagdly used as a quality control tool for BCOWSE®S/046827

estimation by industry, does n% reflect the accuracy

of the slowness estimation. 05] Recently, severa

approaches have been developed to address the

limtations of the existing nmethods and apparatus for

esti on_sl.own . _The fall intg two .
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al Wirgtirtte Idisble viendeeaddeaky IR mede.ar Baker #udghee also applies its
correct formation slowness. The phase velocity
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f%ﬁ&*e' e waveforms contain multiple arrivals that are not well separated in
slowness-time domain, all model-driven methods will not arrive at the correct
formation slowness. The phase velocity processing approach estimate
instantaneous phase slowness for each receiver pairs, which could potential
yield more accurate slowness estimation than STC method. However as the
formation slowness value is computed by averaging over the desired travel
time interval, the phase velocity processing still generates a systematic error
in slowness estimation. Also the phase velocity processing may suffer some

stability problems.

[0006] The present invention is directed to overcoming one or more of
the limitations of the existing methods and apparatus for estimating formation

slowness.



sl owness. Summary of the Invention [0007] According to

one aspect of the present invention, a nethod for
webieagding f ormati on sl owness usi ng wavef or ns PCEASR@S/M46827
by an acoustic | ogging tool issprovided that includes
extracting a phase sl owness coherence of the recorded
wavefornms at a plurality of frequencies within a range

of frequenci es and phase sl ownesses; converting the

extracted phase sl O%Wﬁ?{a rf‘iﬂ&‘fn\i/&f?o formation

sl owness curve whos e 1S a function of the

e ted phase gl owness coher.e - and deternm.nin
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anqgt her aspect of the present. jnyenti t had. f

R PR IRREREEN yfraronBretE Bl BE eeRe e, Wt & range of
eFtddiineicef ad bABSEsIhedsesnesvealting thavaxehetedisphase slowness
recorded by an acoustic |ogging tool positioned within
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i EREL4A0" o408 GBS R AP SBIIRE prg o mor
f regpmedlidsewithintthe foanatsrgsioahebs equan avrasreantheplbastion of one of

sl ownesses; converting the extracted phase sl owness .
cdher anemalies oofa e fRENAENN HIONARSS QUIVS dswrriyesentative of the

%Haggféﬁﬁigmggwgggs_of the extracted phase

sl'owness coherence,; erm ning one or nore anonalies

Fdblhlon or BHEHI oS RUBRE R EE e o RITE 8 b lEption. & methoc
slfervesSniiningeal GualRpPrefse edéinvinatidn tofieare Bstinkiteof a formation
formati on sl owness; positioni n%Mt he | oggi.ng tqol

at a .
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extractin . q o . .
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wHorhatidre slovness canes whoseemagnitede\isra dysction efdbe oéxtracted
thp‘":‘l*nase slowness coherence; determining one or more anomalies within the
formation slowness curve, wherein the location of one of the anomalies of the
formation slowness curve is representative of the estimated formation
slowness; positioning the logging tool at a plurality of depths within the
borehole; repeating extracting, converting, and determining at each depth;
generating a mapping of the formation slowness curve over a range of the
depths; and generating values for the estimated formation slowness at the
range of depths and constructing a formation estimate curve; wherein the
quality of the estimated formation slownesses determined is a function of a
degree to which the formation estimate curve overlays an edge of the

mapping of the formation slowness curve.



mappi ng of the formation sl owness curve.[0009]

Accordi ng to anot her aspect of the present invention,

wa 28068781 f or estimating formati on sl owness usPaE/US2005/046827
wavef orms recorded by an acoustj c | ogging tool has

been provided that includes neans for extracting a

phase sl owness coherence of the recorded waveforns at

a plurality of frequencies within a range of
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estimated formation slowness; positioning the logging tool at a plurality of

depths within the borehole; repeating extracting, converting, and determining
at each depth; generating a mapping of the formation slowness curve over a
range of the depths; and means for generating values for the estimated
formation slowness at the range of depths and constructing a formation
estimate curve; wherein the quality of the estimated formation slownesses
determined is a function of a degree to which the formation estimate curve

overlays an edge of the mapping of the formation slowness curve.
Brief Description of the Drawings

[0011] Fig. 1 is a schematic illustration of an exemplary embodiment of



Brief Description of the Drawings [0011] Fig. 1 is a

schematic illustration of an exenplary enbodi nent ofa
woeysiomtsf16r estimating formati on sl owness. [ 00R2T/USR@S/046827

2 is a fragmentary cross sectignal illustration of the

systemof Fig. 1 during the operation of the system

[0013] Fig. 3 is a graphical illustration of typical

wavef orms detected during the operation of the system

of Fi g, 141. Fi.g. 4..i chart illustrati

of2 iﬁgwﬁ%%gﬁvabﬂﬂggﬁnﬁéﬁns%&ég% hod folr oBZr;? [ Ingn

th stemof, Fig. 1 001 Fig. 5.i hi.cal
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of the method of FIG 4 by the systemof Fig. 1.

[ Fi g. i r ' i i QR Of
L8060, e i8S, GRBHCRL sttt 57 G Mietopms detecto
r efuringetheadperation of the dysteratdfdiig.sl.owness gener at ed

during the inplenentation of the nmethod of Fig. 4 by

t heoRd|st em ofigFds alflow @har]illlsteation dfsam egediplargambodiment of
ilTustration of an exenpl ary enbodi nent of a hi stogram

c chmgithehfpri apresating thensysienefdiigati ve of the formation

sl owness generated during the inplenentation of the

mef0BLE] of Filgig. 8 i9g graphisgkitlestraifonigan exemptargernmagliment of a

e b Cobehudd S AbhERa e D bBlefaptaton of the
Firgethbd $fGAEP K by the SRtém of Fig.aphi cal illustration of

an exenpl ary enbodi nent of typical waveforns detected

d%bi@ Ct he gp@r Blid Q%r?f)PileﬁllﬁﬁHt% &f atElemPliry lbgr%?éaiment of a

Fig is r aphi ca ustration of an exenplary
entwdé meantaiding dnfhematiore preseniativarapfl ether dotraation slowness

Fi et oG s BiBpebibiioh e rBrtnaofl s # i 1 system o

slpqﬁ/_nqa'ss curve extracted during the operation of the
method of Fig. 8A. [0022] Fig. 9Ais a flow chart

I ohyr at | ONF@f 738 aS3rSPRIcA! MuSFRRH SBAX exemplary embodiment of a
histogram containing information representative of the formation slowness
generated during the implementation of the method of Fig. 4 by the system of
Fig. 1.

[0018] Fig. 8A is a flow chart illustration of an exemplary embodiment

of a method for operating the system of Fig. 1.

[0019] Fig. 8B is a graphical illustration of an exemplary embodiment of
typical waveforms detected during the operation of the method of Fig. 8A.

[0020] Fig. 8C is a graphical illustration of an exemplary embodiment of
a coherence semblance map extracted during the operation of the method of
Fig. 8A.

[0021] Fig. 8D is an exemplary embodiment of a formation slowness

curve extracted during the operation of the method of Fig. 8A.

[0022] Fig. 9A is a flow chart illustration of an exemplary embodiment

of a method for operating the system of Fig. 1.



of a nethod for operating the systemof Fig. 1.[0023]

Fig. 9B is a graphical illustration of an exenplary
weonhwdi7smnt of typical waveforns detected duri RQTHUSE005/046827

operation of the nethod of Flg 9A. [0024] Fig. 9Cis

a graphical illustration of an exen‘pl ary enbodi nent of

a coherence senbl ance nmap extracted during the

operation of the nmethod of Fig. 9A. [0025] Fig. 9D is

an npl ary_enmbhadi nent rsipn curve

ol PE o™ B e Gigoficel UfisRAOR of Ae @i iprpsrgbodiment of

9{“&3{)%99\%5]/6@@\3 FrebtedafurMyane lopeYatRIEIthBRAEHR & Fig. 9A.
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f oat coberemtciertgamhlensgsnameafraéheg during he2&perdiign df Qe insethod of
a Ig_ra ical illustration of an exenplary enbodi nent of

Y -wavefornms detected during the operation of the
met hod of Fi 'g 10A. . [0029] Fig. 10Cis a rafohi cal .
i 1100230 at i onFigr 9B iexarpeXayrlans sunhedimest of @oRisperzien curve
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ORI g gt BB AHY R ASRES SR exractea

| sd@ihethersiaratio BPEfE MRMod6f RigpgAbabi ity density
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_Of 10A. F%;O%A] isk ﬂochh%rt' |ﬁu§lrétld?1"\bi‘3£‘ﬁre§<emplarg embodiment
ustratl on an exenpl ary enbodi nent of a nethod

fomf apethoed for apesatiyg thensystemiaf Fig.. 1. 0033] Fig. 11B is

a graphical illustration of an exenplary enbodi ment of

t yjoozsyl wavefigr ﬂﬂBdst@cgramchlnllwsjratba afpam axemplardy érhbodiment
od o 4 11Cis a aphi cal )

o lvpical vaHStorma deskaleg dipodhe sarration iihg TReeR ot is. 10

senbl ance map extracted during the operation of the

mel0B2Y of Filglo. 19K lq@m@thmlgllusimqnsofaan exenlayyembodiment

f
S SRk S ORTEL R SRABBSSUAEHE A58 gt g methos
Fi gfFigl2@. 12B, 12Cand 12D are flow chart
illustrations of an

[0030] Fig. 10D is an exemplary embodiment of a dispersion curve

extracted during the operation of the method of Fig. 10A.

[0031] Fig. 10E is an exemplary embodiment of a probability density

function extracted during the operation of the method of Fig. 10A.

[0032] Fig. 11A is a flow chart illustration of an exemplary embodiment

of a method for operating the system of Fig. 1.

[0033] Fig. 11B is a graphical illustration of an exemplary embodiment

of typical waveforms detected during the operation of the method of Fig. 11A.

[0034] Fig. 11C is a graphical illustration of an exemplary embodiment
of a coherence semblance map extracted during the operation of the method
of Fig. 11A.

[0035] Fig. 11D is an exemplary embodiment of a formation slowness



exenpl ary enbodi nent of a nmethod for operating the
systemof Fig. 1. [0037] Fig. 121 is a graphical
wolbasgirsaati on of an exenpl ary enbodi ment of typCTAIS2005/046827
waveforns detected during the _gperation of the nethod

of Figs. 12A-D. [0038] Fig. 12J is a graphical
illustration of an exenplary enbodi nent of a coherence
senbl ance nap extracted during the operation of the
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e jment  of: a4bj &t ; ' ;
ogBISITon. of o 12 S GfPcaLRGL Sph e lapy embodiment of
12bical waveboems! detyctedizhnlingehe operatidn oft thg maethoelpgyfiFigs. 12A-D.
extracted during the operation of the nethod of Figs.

12h0o88) [ 0043FigFi1QJ ié@ﬁtéﬁbmlQmmitiahYOf&mJ@Qeﬁwréryﬁmbodiment
pi ece-'Wi se conti nuous hi stogram mappi ng extracted

dwefi ;goberenssseanblance Mmam exivaeled Awingrihgsoparafiom of the method
[0% sFiﬂA-Dlzp is an exenplary enbodi nent of a

pi ece¥W se conti nuous hi stogram nmappi ng extracted

dur i th [ f th t hod, of. Figs.. 12A-D...

AR Hre BELIACE 4 shBiel Rl A Hon siowness
eXQTE itaefEcdliniRy thebpetativhr bf the MetHddobf Figs heziaDor
operating the systemof Fig. 1. [0046] Fig. 13Bis a

?L@@g’@]cal i 'Hg}?tfﬁ% iisoréno_fexéﬁ‘mgl f NahBbYinFERO8! B Rispesion curve

otting a formation ess estimte curve
ongxiractéd during dme sperationof b piathod df Figs. M@AKDd of
Fig. 13A [0047] Fig. 14Ais a flow chart illustration
of [oa#1]exenpl Bigy 12 isdamexenfplarygrabodiynemnif raohistegrandextracted

for operating the systemof Fig. 1 048] Fig. 14Bis
a ‘éﬁ'%ﬂﬂﬂh&%‘i’pqrﬁf'@%f’?ﬁ'ﬁ Bigthad ﬁéwlg'éﬁei%*%?-y embodi ment  of
the plotting of a formation slowness estinmate curve )
oni0842 si ownkigs 1RNsisogn axempipiyrempadistentref adistegrase mapping
Fi @xtra]c/i’@d during the operation of the method of Figs. 12A-D.
[0043] Fig. 120 is an exemplary embodiment of a piece-wise
continuous histogram mapping extracted during the operation of the method

of Figs. 12A-D.

[0044] Fig. 12P is an exemplary embodiment of a piece-wise
continuous histogram mapping extracted during the operation of the method
of Figs. 12A-D.

[0045] Fig. 13A is a flow chart illustration of an exemplary embodiment

of a quality control method for operating the system of Fig. 1.

[0046] Fig. 13B is a graphical illustration of an exemplary embodiment
of the plotting of a formation slowness estimate curve onto a formation

slowness mapping of the method of Fig. 13A.

[0047] Fig. 14A is a flow chart illustration of an exemplary embodiment



Det ai |l ed Description of the Illustrative Enbodi nents
[0049] Referring initially to Fig. 1, a system 100 for
wetiemagding formati on sl owness i ncl udes a conveariusomb/046827
acoustic transmtter 102 and agplurality of

conventional acoustic receivers 104. The acoustic
transmtter 102 and the acoustic receivers 104 are
operably coupled to a conventional controller 106. The
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the controller 106. The design and general operation

ofhisthgrame snappiog in ahthe methodifFigatdsti c recei vers
104, controller 106, and output device 116 are

consi der ed)atdilememipﬁopmfstbaslllmaﬁge &mibadimests | |
in the art. [0050] During operation of the system 100,
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r dobpl 55 168 Sondnarhss Gannare. HtE aRctE, pontroller 106, The
weyef g Bl |dﬁé?étro”ﬁ€2ﬂ tHe Ridbusfie erﬂé_?rﬁ]ttelrMOE acoustic

exenpl ary enbodi nent, as illustrated in 1%[
dueceulgerspéﬂdt iaomtroller HO6s andeputond, deviee shib ene considered well

Iemetsame 40 formation
9%?‘0%@ %'ngn%@ln%ﬁy gﬁ“ﬁ%&?he wavef or ms
300are processed b e sl coherence ,. ..
exP0Mtion AR Oléfﬁaqto& r sgemhi&b IS HaadesFio. 2, the
CONRABHE Qraﬁggmﬁér q92hand Qﬁ’é‘%@ﬁsﬁb’ ?écéi\?&@eiﬂ rfhé‘}e%e positioned
frequency and sl owness intervals in step 4
i IWithn malbgdingrsdridg 2060 and sappelstedrwlf@nyammrefaﬁﬂ thatstraverses
| le{ U {arFaen%alnnfoFrmgatlon 2(5!11.e Rhgﬁc’ %xemplary embodiment, the acoustic
transmitter 102 and the acoustic receivers 104 are centrally positioned within
the wellbore 202, and the wellbore 202 may, or may not, include a cased
section. The acoustic transmitter 102 may then be operated in a conventional
manner to generate and transmit acoustic signals into and through the
formation 204 that may then be detected and processed by the acoustic
receivers 104 to thereby generate a series of waveforms 300 as illustrated in

Fig. 3.

[0051] In an exemplary embodiment, as illustrated in Fig. 4, during
operation of the system 100, the system implements a method 400 of

estimating formation slowness for the formation in which the waveforms 300



sl owness coherence 500 includes a coherence senbl ance

map 500a and a di spersion curve 500b, both of which
wanecgesasat ed fromthe wavefornms 300. [0052] PATAIS2005/046827

exenpl ary enbodi nent, in step gpz, the frequency and

sl owness intervals are selected to cover the desired

borehol e node, such as, for exanple, |eaky P, dipole,

guadrupole, S or P nnde In an exenpl ary enbodi nent,

o R 5585 B80S SEREHTRESHRIAGEG Rl 112 t

f ohdrrhteg:thd) phaaa erovmess cahersncen$08l aineash frequency over
Di spersion From Arrays of Sonic Loggi ng. Wavef or s,

Ge@r@ﬁygqragned/aequggcy Red siow\gﬁ mtqg@’@ in gtepsgoz asg}iustrated in
5'5 %D At Sﬁ'te%gl%r@s mbo ﬁ'len?n?écmugt}at \}/:ch 8! the phase

spersion a exur a
Bos;lehméss Aohuesdrices500 dndlodes lagttcfktmen@@lsew[mémmmépmma and a

Consortia Annual Report, Nhfl’. F4{0053] In an exenpl a {cg
endISBETHIN curva S00b, batyof WhichHgaeneraigd deam dam wavgisms 300.
at each frequency over a predeterm ned frequency

| ni08fal det kor & rexemplagt eprbasimest, tinestepr4a sthedfreguency and

o TP RS leh AR B be@GisEBiet Mk HBRPET BoRuEud Higra, puch as.

exbm)@hypIQWMyandlpdlé guagrupotb, $her Phaees! dvwnesexemplary
coher ence I_generat ed in step 402 is converted into a
fo@lﬁﬁpdmfe | Buateps402r the Boasaslowness salgieRcriextiactigne may be

" OBISRId o8] BRARRRACHT VG e e 47 HA4 BBl 1 T8y ot al,

St rat e rnor e
exEtham)g Gmmdea;mlﬁllspérbmnf BromtAresyss bf)\m:ems Logging Waveforms,

CeBoan o YL LRI bl kb8 gl A ot No.
as d r 0 0 I
B sm‘f%r SN I TS0 e ot fo
cun/maesSOBprefmiet Aeosstivenesrl \Lalggindg/Beseneirl Bediheation Consortia
m i mu misrepresentative of the formation
sléﬂﬂ’é"yﬁeﬂ‘ﬂ?iﬁ exenpl ary enbodi ment, the formation
sl owness may then be obtai ned, for exanp usi

coméﬂt i onal InoR iexep! @Wne'??@?ﬂm?rtto'rbéﬁ@rm%e%ﬁlﬁhase slowness
exerrpﬁ‘ ary e cﬁem egt 48&2@@&%‘?\'{1&%?%%5%@” interval
Fi @etef‘mlrvetiemnﬂgplmmg tﬁert pmo‘esseﬂtbyothespabtmmsmoognmen engine
60‘?1)4 ?o %e%gpactctaltﬁg eosftlrrtlar}e ozfntg\e value of the formation slowness. In an
exemplary embodiment, in step 404, the phase slowness coherence
generated in step 402 is converted into a formation slowness curve 600 with
the magnitude of the formation slowness curve being a function of slowness
as illustrated in Fig. 6. Furthermore, in an exemplary embodiment, the
formation slowness is associated with an anomaly of the formation slowness
curve 600. In an exemplary embodiment, the anomaly associated with the
formation slowness value is a local maximum or minimum of the formation
slowness curve 600, and the slowness value for the local minimum or
maximum is representative of the formation slowness. In an exemplary
embodiment, the formation slowness may then be obtained, for example, by

using a conventional optimization method to determine the local maximum or



order derivative of a different formation slowness

curve 602 whose magnhitude is a function of a summati on
weaeiwgssfisequenci es of the phase sl owness cohepPemas2005/046827

500. [0055] In an exenplary enfppdi nent, in step 404,

the magni tude of the curve 600 may be: 1) a summation

across frequencies of the nth power of the phase

slomness coherence 500; 2) a summation across

<1 BIHENEA GO B S00) DERT0rder dor i vatives of &

i on ac oss f requenci e e.nt r of
pﬁ@gg‘hsl owne Pﬂﬂ%@ emypo mefﬂr Bbﬁ%p{) 2{‘\@’ %H&s?rgted in Fig.
f %"Othécmagﬁnt&d@opn@ﬁ)rﬁiaﬂmwmbmemo & 4 B@nction of the 2™
di Spersion curve 500b; 5) a summation across

f r@'daéderﬂé%tl\(ﬁ of auehffﬂranb ation siavenessheuue 682 whose magnitude

S LBROGE o8 Frabtably abfel” rRBUaIAEL SRR, pheng slowness

COofHeR 8662 sgu‘ol ance map; and/or 7) a histogram 700 of
the phase sl owness popul ation in the dispersion curve

SOBsgs 111 ugt éﬁ“e% i dmbddinfent hlhes‘-’c89|4i)4mﬂ¥e haghi@le of the

to zero-out snal r%brgnce pol nts i n advance.
Deqieiel 60§ maytbee 1da3t qumtlonyacmss tregvencies iof the: 5™ paweer of the

killed f
oS ToMoEsS caPele s il 4 7 e futel ddpbefhlpiapy of the n”
SUd)FdéP beriiativdsef theasipive 316WABES ebherened; 8pnt order derivatives of
hi st ogram or probability densﬂ%e yncti on of the

d.smmahonmm@swmqumlewo charmeyesr pkthe phase slowness

o e A Broprbebl L ctRiAL TnGIdE ot tne fBdEE Aslowness

Vaﬂ)@tﬁﬂaﬁﬁn im@heﬁdt@’eﬁmﬁ cueved 600be5yrapswhmaitioh across frequencies
respective slomnessfrequency point, or the nth

ofoft e theé RewelPlothe (ohersee serIiants JnaR ﬁﬁﬁg,aﬁ) n" order
ea&%h\fa%%g%f $ sﬂrﬁ’rﬁgﬁéﬁ éérsgs‘eﬁédué?%lég -ofFfHe n" power of the

ance, su iven frequency, val ues of "'the
s| comerened Iseque mlpnaadlmm 7t) taehlstﬂgeamnw skthd plmse slowness

map ar.e  denoted = ---

o Bopiation 2) the dapersion vt pbbees distalestReE val dothreshold

Theg 't%"’[]@é? ty @%H? oupsguaﬂss%‘i’ﬁbl%é‘@' lp\ﬁlﬁnttQ i %@vﬁﬁéé MfJBpending on

conponent denoted as pm Is taken as

sl tlmrr@a qnfahtWaandvaharea:terislhiesfhhecp&ramy skilad nmﬂm)ath wili be able to
e .nunmher of ﬁ)essvalusat

t r Bg0tRcsiPE oot 4B Bdormator pRUMERS difvd Hagrecsltaple for the
anpﬂe%ﬁﬂﬁfve‘ﬁ%ﬁ,eéu% @885 hidtegidth or probability density function of the

dispersion curve modified by the characteristics of the data. Examples of the
characteristics of the data include but are not limited to wave spectra, the
values of the coherence semblance map at each respective slowness-
frequency point, or the n" power of the the values of the coherence
semblance map at each respective slowness-frequency point. For instance,
suppose at a given frequency, values of the slowness-frequency points on the

coherence semblance map are denoted as p=[p,p,...p,] and each
component of p, p (i=1,2,..n), is associated to a slowness value. The

slowness value, DT, associated with the maximum component of p (dendted

as p, is taken as the slowness of the wave at the frequency. When



(I'n the preceding, | and n are real nunbers greater

than zero.) It should be understood that the term used
wbeoming416f or mati on sl owness curve", can al so betaablosd46827

an "objective function", a termthat will be famliar

to those who work in the field. The objective function

must be sone quantity that is a function of slowness,

i.e., the formation sl owness curve nmust be such a

gﬁ("é‘gf%h@fgﬁb&h@ﬂowﬁm o8 A, TP E8° PhueR 2 théequency is

Spesirited RX@M])emsHaesr hewdere iRlis BRENiCYaFHUMRPer closest to p,.
sl owness curve. [0056] In' an exenplary experi nental

i n(jn dhe precading,of anthe aretreatinumbersigraatenthanazens.) nlt should be

Fr By anRER el o SBhe o eloR P ieRs Ve’ can also be

' | EaRar & %bjéé‘tn}é‘ fincfion”, R rimeaat tAMpllSe AR td B oe WﬁB work in
sl owness curve 600 was equal to the 2nd derivative of

t hihesfigteat The ohiactive fupelinre rtisé Yecsormna ausstitr thajds a function of

7 or ARG, Oy EmaencSBESy sHE et B, 4ltfon suaptiy plotted

f oygradlovoiess. oThe pFesdntdderitiohf 4nd fHEOaEPendedBlaims are not limited
exenpl ary enbodi nent, the nmethod 400 can be

i nio baspesticiaxantides giasharem iop the fasmatien Slowpesseyve.
| og by repeating the nethod at each Iogg ng depth. The
cu[0056]600 gbh@ﬂaﬁ&dmfpiafm pxpasimentalviropiensenistiemcef the method

o oB00, "B, ihBERieE i Pl &1 B r et SRR Co s S 88 provided 2

enﬁ@qhémrytdomam ESIIehté sbhlatel inap avi? a@niﬂuétmed in Fig. 6, the
acoustic receivers 104 are provided as part of

comagnitudma0f ke uirmatiepwaleviness ogyiveg 608omWasn amrab Ho the 2"
t hc?elf \;a?gge@géebﬁ]mm%ﬂgn Sdcggféofrggugr%lég of ?II\(% %oﬁferér{&% semblance
ppro

vvave orns are sel ected ria

OPRadL3002. ENVodab Aaituel 604 of thed mmdobtstcﬂmiéss Aflle 00 yielded
formation 204 in a conventional nanner. [0059] In an
ex@ FRITapoRHRg dPrmaafion %’Gwnﬁﬁs%gﬂ%tuﬁgch of the system
100, several representative sanples of waveforns 300

a][ 90§8her at el ool saMplay enkrdiment.ndhan ropthodal400tcan  be
oh R AEFISL Ay 136 PHEHR IpASE Y48 A sbFeih/pbt) Mibatng e
exmthadl B each logging depth. The curve 600, generated from phase

slowness coherence 500, may then be plotted as a color-coded map in the

depth and slowness domains.

[0058] In an exemplary embodiment, the acoustic transmitter 102 and
the acoustic receivers 104 are provided as part of a conventional acoustic
downhole logging tool in which the frequency band and signal-to-noise ratio of
the waveforms 300 are selected to be appropriate for the operating
environment of the selected borehole 202 and formation 204 in a conventional

manner.

[0059] In an exemplary embodiment, during operation of the system
100, several representative samples of waveforms 300 are generated and
analyzed to determine an optimal set of parameters for further operation of
the system 100, when implementing the method 400, such as, for example,



the frequency and sl owness range. Furthernore, in an
exenpl ary enbodi nent, during operation of the system
woQMe/a7dae nost sui tabl e quantity and anomal y t Rat/usav5/046827
single out the formation slowgss fromthe curve 600

is also characterized fromany nunber of sanple runs

of the system [0060] In an exenplary enbodi nent, in

step 404, the preferred quantity and anomaly in the

cyrve 600 varies as a functj of t characteristic

01%3 fRsgEenRy \%_ngf%(?W%S}( a'%a%@ﬁ' par%q_ﬁ}o?e’_t on an &xemplary
esdrhb&dithdr aBiin@opehifn 6f Hanspstein 900 Wihechidae sditaBleequantity
node or LWD quadrupol e node, or estimte fornation

c st aaenelyshat cansingle pHbiadorartiae slevessHromdbe quive 600 is
B st hafactt PR iy G el HpS ST U o,

c nce senbl ance 500a geney at ed i t 402. .
TG e+ I 21 SeraBlny, B ARER o len Aok B8 AR ey auantiy
sedAhHalyoin Peecftle a0 VA agwxfumation of ke fchbfdcteristics of a
order derivative of the quantity with respect to

slroege sed wacseim datar hapatiieular, fofestinataifoenatien ahea gowness

BB B0 4B Aol BRHe T it formation
oldomhpreskional Slewheds fildhe witetihe deaky Ptriedentelgrefbrred quantity in

hi stogram the probability density function, or fhe
ndbef ¢wue gs dbabsummatiganacrops falh fepsanges tafethghas gpower of the

sl di ' ' f ' i v, 0 .
o R Ter | hitiahbe, 382 S0P dRrRRRel ' sith 2 Phe, formation
slgwasss ablue hryatherabendwtenhinicbdebyprselaedhiing tfgr daesot the local
function or of the histogram %0062 Alternativ Ia/, in
tH@aélﬁ”s%OBWerfﬁﬁb?fSPéd?B)j%ﬁ‘ﬁgOf PlosIagtity With gegnarbfo slowness.
where the energy of the formation conpressional

ar[00eHl can Alighativelpaié theiwineling glirele data or dealy B data gontains
LSRR e 2P0 6 B BB 18 Bk RO Us bl o obtin

the stepl 4040theohistsgrand,ithal maaifiddohizedgram, the probability density
conpressional arrival. Wen the sl owness of formation
cdhpetiansi ontie madifieg peebabllity dansiy dHnetiomhgf dae iphase slowness
ar kLN .SLIC aly: . i f .

SIASYBhIPH), HREHPARISH TR SR ERERLY YD &l and then

Wi gdiectnideoformbtion clowessso atlanigcalbntalxindor ofatheoprobability density
conpr essi on the preferred quantity in step

ACHNEHRN BEoCHerFoBaIn.
[0062] Alternatively, in the case of monopole logging while drilling
(LWD), where the energy of the formation compressional arrival can only
surpass drilling collar arrivals in a frequency stop band, the preferred
methodology for step 404 depends upon the slowness difference between the
drilling collar arrival and formation compressional arrival. When the slowness
of formation compressional arrival differs from drilling collar arrival such that
the summation of the n power of the coherence semblance map 500a has
two local maxima, with one of them corresponding to the formation
compressional arrival, the preferred quantity in step 404 can be either the
summation of the n™ power of the coherence semblance map 500a or the

probability density function or histogram. The anomaly that is then used to



summati on of the nth power of the coherence senbl ance

map 500a or the probability density function or
woizedepgsam The anomaly that is then used todePermSn®s/ 046827

formation conpressional slownggs_is the |ocal maxi mum

of the quantity. When otherw se the sl owness of

formati on conpressional arrival and drilling collar

arrival is simlar, the preferred quantity in step 404

[ Y ti.an of
et R, shEpioRiondl dhuhdss IIHB o2 fiogittim of the
anquwdt&yt Rathehsotheenisesthe slownessrofi mmbﬁbﬁﬁédrﬁpresswnal arrival
onpressi onal slowness is the | ocal maxi mun m ni mum

t tﬁ“dqd%l'ﬂﬂg cpllarpeival iscsimdaidbe refeurgsstibni stap Aoéas the first
r?ilef""@érn’é?ﬁﬁoct?eth%r éu'nﬁrﬂgtl&ﬁ)' S ith&r ﬁ“‘VBbweF h?f the coherence

ot herw se
_rmsembllancé 0R£31500a. s’léheeaad>mebyelt|rat wrt;heaxulmd medlétekmme formation

| enent ati ons of the 00 u3| t he syst
MPRBS ARAL P ResD s om0l R ek TR EUl Ghnthe quantity.

5%heﬁ”ﬂ’(e°£cr Hg]ag o‘huf:é{ﬁ\g Wl earﬁVélt I%e?loWeifﬁ%ﬁe%éjahﬂﬁg coliar

conventi on ta sno ng net hods 006

examipalathe anbodiyrisra locebmnramuorn ashenwige #yis adacdlofaximum.

usi ng the nmethod 400 provides a nethod for estimting

f 0j00%3]i on colmprezveralnaixemplarg heapedmentsts smplendentations of the
conbi natlﬁ& of frequenc:é_bgomal n- senb

FDS
a9 d'sing Simpyetepnd 0@y Wer w@g@%ﬂance Q/Atb)R) phase slowness
t 3 d .
yVSEET 0O 8 ) 908, SISCHERN, psaed v

noctmventipealsdatia snioaothingl metkimdpe formation
het er ogenei ty/an i sotropy, and/or 3) is not affected

b?/r[gomer f orimedn erempthrinedhiiudiment,ioperatidh enthexsysrm00 using
odi ment, the nmethod 400 extracts the fornation

o | Barwethad dRDpravides 3 maripek farrestispating, &raration compressional
Coéﬁﬁbﬁ‘é%g? %EEQ IS éTBgﬁf’blrieﬁi% rr}tF@}ﬁf*]e_|’}t1,§hdr’é5t'?'hélm-sembIapcr:]e (FDS)

separ at Powness er nor e
arar&a{ym@Iaa:dyawlm’awdlcnmtterntrbeogmtmmmﬂ?m ors theblvaveforms 300. In

AT GHCIIRG SRS e orBPANAGD (815 SGdliteg: 2) is not
ﬁébffezﬁédforﬁ?t' Oﬁoﬂleom}qsgnerélanan BSGERLR! Y shape, _ formation

nment he net hod does’ not average sl owneé
achetsrodeneiw@nisotmpyt and/or 3) é& netl affected by dther fdomatiom and mud

e RBERES n 15 2By BRETRIY REbHRRA PreMeaso O exiracts the
PrigMhefsn Sslowness from dispersive waveforms or waveforms containing
multiple modes that cannot be well separated in the slowness-time domain.
Furthermore, in an exemplary embodiment, the method 400 is able to provide
a correct formation slowness value when a method using slowness time
coherence (STC) produces a correct formation slowness. In an exemplary
embodiment, the method 400 does not average slowness across frequency or
time interval as would be done in a STC method or phase velocity processing
based methods. In an exemplary embodiment, the method 400 provides a
better quality control map than the conventionally used STC-based
correlagram, which does not reveal the accuracy of the slowness estimation if

the waveforms 300 are dispersive or if the waveforms are composed of mixed



better quality control map than the conventionally

used STC-based correl agram which does not reveal the
wacacwsriagsic of t he sl owness estimation if the warerTmsam®s/ 046827
300 are dispersive or if the wayeforns are conposed of

m xednodes that are not well separated in the

sl owness-tine domain. [0065] Referring to Fig. 8A in

an exenpl ary enbodi ment, the system 100 inplenents a

i R B S k5

0@06%]8 oy ulgl?\%eﬁll%@ to r#\l Igk; ER gbahaq)@r@@gfyzép&pr%gw the system
OPRIRLibiperhBRtsA G0 Hdthed 860 Sl Ldstimakiig @q@aﬂi%P%F Ithe formation

receivers 104 in a conventional nmanner. A Fourie
t rdn\gﬂewnn/whm in step=802,t wavgfosn daia welk), fact Ed1 to N, where N =

' t th t d. L 4.
o RIBbe! o BhButiie mtEhvats T ROy g £B &F exracted by
F%ﬁér@flnéfm@Sfaebﬂ%ﬁﬁl(tﬂénan%ttéﬂm efhdt @cbfsfé reeaRers 104 in a
four tinmes |onger than the tine domain signal w,(

[ OUBBENeRMARGER: oApﬁ@rlegnansﬁ)r@hWéﬁempaT yto N, of the extracted

T RTE e VSRRt JEL S B Uk limont,

V\/th WE 804N tiss RIgBV B, ofectie fFaumed ataasirntt W(Hfioselected td be at least
ere N = nupber of acoustijc receivers 104, as

i |fpugtlmt5éan9¢r thag the imedemain sigealot(tby operating the
acoustic transmtter 102 and acoustic receivers 104 in
a [0O6Ment i oriaefermmg]é@ Fig. 88uin an exeanglagr embdiment, dhe system

= th St dat th .
Lo dBidinae, B Frsiiod PO Tob atdting” & Falit i The formation
Stﬁ@wﬁ@és i Wﬁndheng%tbd-soi WheefofH d=a4a wI(ft)E\fﬂéff oM WA Where N =
is selected to be at |east four tines r',%er t han t he

t i mEmbehafl Aceugitareogivers 10do&s| lllustéaiﬁdrle g §Bmargra2@acted by

F Spdrgfilo the, MARHSC dranshifel o - dcbligd Aellivels o4 in a
WdahventiosdlanaBiér. Achmmweneﬂpfoamnymbmlznﬂehto M, béthe extracted

coherence senbl ance map P(DT,J) is generated fromthe
FRRQUstC dakm i hem g;qr(ej?tqqqmgtgg 8866 []@rh@xqrnglary embodiment, in

neétgg%h‘)ﬂ}’e %%Pysﬁ@l SH5RE F’dﬂm@? rraﬁsi%'i'maf\/AVéO lé’%ggctechtci be at least

Di spersi bn ana of split tlexural or e
Acfoustimes Iamgbrlibgg|tmn§]/t|RB@mmalrrS|§)aahme)1t| on Consortia
Annual Report, MT. During or after generation of the

caipesynce S%%ﬁ@ﬁ@dmmbﬁn@@tmmﬂ@ﬂ M, Wﬁ@l‘é/D&’ slowness, as
threshold to zero out small senblance points.
illustrated in Fig. 8C, is then generated from the Fourier transform W) in step
806. In an exemplary embodiment, the coherence semblance map P(DT, /) is
generated from the Fourier transform W(f) in step 806 using the methodology
as disclosed in Nolte et al., 1997, Dispersion analysis of split flexural waves,
Borehole Acoustics and Logging/Reservoir Delineation Consortia Annual
Report, MIT. During or after generation of the coherence semblance map, an
option is to apply a threshold to zero out small semblance points. The
coherence semblance map can optionally also be smoothed to reduce noise,

using known noise-reduction techniques.

[0068] A formation slowness curve E(DT), as illustrated in Fig. 8D, is

then generated from the coherence semblance map P(DT, f) in step 808 in



coherence senbl ance map can optionally al so be

snoot hed to reduce noi se, using known noi se-reduction

woecstsrggies. [ 0068] A formati on sl owness cur vePEfDE005/046827
as illustrated in Fig. 8D, is jshen generated fromthe
coherence senbl ance map P(DT, J) in step 808

i naccordance with the follow ng equation: In an

exenpl ary enbodi nent, the formation sl owness curve
E(DT). i nerated . in.s .by a sunmation of the
%W %gk%ggggﬁ%ﬁgagw W@%&%@%ﬁgﬁs wi thin a range of

frequenci es and sl ownesses. 069] As illustrated in
Fig. 8D, an estimte 8 Z I f the formation

sl owness DTE is then dé&g?hl d( ? p 810 by

determ ning the | ocal maxinmu fror m n| mum of an nth
order derivative 821 of the slo sg curve E(DT),

.dnpa@ e¥pMnlarya cERhasimest withe, Pntﬁ@wr@srsowm@ (DT) is
0 n
SRR, 1] YRDbob bR SYRRRSY of R LaRncd Refitiice map
le(DtZI Hrwittiin teheangpeafdtequenciesdind slownegeesa result, in
an exenpl ary enbodi ment, the optinmal value for n, in

st[gee]808 angs &&&tra‘f@ﬂ/ nbEFlgieBQr ramedtumetmgzonof the value of the
enpirical analysis. [0071] In several exe

ar

erfosaatieh siownass QEErlatﬁtsnaﬂ!etetretﬂe dn ttﬁa% Ry odetggmining the
1ok Bl o R R R B AT REEBEhFatRle §3F iR STowness
| rquresTeR(ED), 0822 hia Figst 8D\ JJﬁOav.\bmdahbe sitht erteopértheeﬂallowmg
in one of the follow ng nodes of operation: 1)

wigaiatinBs) eaky- P (DTC): or 2) dipole (DTS). [0072]

Referring to Fig. 9A, in an exenpl ar enbodl ment, the

system 100 i npl enents a gm )estimating a
value for the formation es>$| ch, in step
902, waveformdata w,(t), for =1 where N =
nunber of acoustic receivers 104, as illustrated in
Fig. 9B, are extracted byoper acousti c
transmtter 102 and acougbyE = a%&a 104 in a
conventional manner. A Fourier gt m WL (J), where

varies from1l to N of the extracted acoustlc data i s

t hen gener at ed in step 904. In an exenpl a 8 ]
entB8inent , e exemoiary emhodinenh|in sterse808 gnd 810, the optimal

ST Y944 S SRASSHE MMl Eoghieri e 8 o, i

an exemplary embodiment, the optlmal value for #, in steps 808 and 810, may

be determined using an empirical analysis.

[0071] In several exemplary embodiments, the operational steps of the
method 800 may be performed by one or more elements of the system 100.
In an exemplary embodiment, the method 800 is implemented by the system
100 when the system operates in one of the following modes of operation: 1)
wireline leaky-P (DTC); or 2) dipole (DTS).

[0072] Referring to Fig. 9A, in an exemplary embodiment, the system
100 implements a method 900 for estimating a value for the formation
slowness in which, in step 902, waveform data w(z), for i = 1 to N, where N =

number of acoustic receivers 104, as illustrated in Fig. 9B, are extracted by



domain signal w,( . [0073] Referring to Fig. 9A, in an
exenpl ary enbodi nent, the system 100 i nplenents a
worbttendsQ60 for estimating a value for the forrariuse0s/046827
sl owness in which, in step 90 wavef orm data w, { ,

for / = 1to N, where N = nurber of acoustic receivers

104, as illustrated in Fig. 9B, are extracted by

operating the acoustic transmtter 102 and acousti c
receivers 104 in a convention er. A Four
tp&ﬁgaman%ﬁ(as:ousme.tr@nm 4o 20BN “hiodstisr Teerivers 104 in a

e’&bh@éﬁ%a@‘?ﬁé&ﬁérc /Q@to@mbﬁtrbh%rrﬁgﬁ’?}ga\?vﬁgré F‘véﬁ@?fr%ﬂﬁ to N of

In an exenpl ary enbodi nent, in st the Nb val ue
udieel @(UaCWacm'stmgdaﬂaelsFtben |®neratadslﬂostap\m4l) In @an exemplary

;o) B sfn 75t i IR LoREEh OBEAHRG tpe Fourir

rf%n%fd% JW(Q b ese B d~toS bevaie isast Four ltiwsd TGHgt than the time
C hen generated fromthe Fourier transform

V\ml(qm)amrslgrtaépv,(@)oe In an exenpl ary enbodi nent, the
coherence senbl ance map P(DT, J) is generated fromthe

085001 o0y et Elay' Iy ol ety hEBdiment, the system
cuioge irPletwentsaa ildthisd regioedon restim@tingDa valuehéor the formation
generat ed fromthe coherence senbl ance

SRR invRicho alke U8, (R e SRR g Pcé,fcfuatﬁter(z’ where v =
'ﬁ@i@%’ éfPég UJ%%‘ r%AQrgZ/% /’}gg' | ﬁlﬂés?frgt%'&e lm_)Fl&f QBh'ébeEextracted by

£ 'tAe Nadolidtics tiemskiiter 102 endvacbmstrmlremn@rsr 104 in a
vvlth h| sto ram bi ns_corres ond| ng to differe

< lcoHEREAl ManRar | Adourier TARSIORE) Hid/) oWherR 1 f'@'ﬁ'%frPHM to N of
|
S tﬁ%@%@c@?ﬁ&étl@o%{é&se@% 'Q%q}e{qé‘teat |ﬁpst|%r2%d)%?{ In_an exemplary

rimnrng | oca
hleml@@ilmnlﬂ( mT)ste;b rﬂﬂﬁlytheas\%s vatuee usedwizst géneralting the Fourier

maxi mum (e, ate ss of abot 215

nafansform FW%) '§E§e 3 @)pbﬁde i)ﬂra?gefgyr e fopder than the time
f YdBLih @ sI owness, and the fastest |ocal

max1 mum in the hist ogram corresponds cl osely

with the Schd Ite solid-fluid slowness. By searching

f JDOA]si gm fA cahermwe serallance map R(BT.ohrwiheresDEF slomness, as

? ﬁ@Jsgrgtt%c? rég 9tCh, eon\/\géensesra kit ochﬂerll-o Pér(t)r%tnls oeanSVI/li(/r‘} in step
906. In an exemplary embodiment, the coherence semblance map P(DT, ) is
generated from the Fourier transform (/) in step 906 using the methodology
as disclosed in Nolte et al. A dispersion curve DIp(f), as illustrated in Fig. 9D,
is then generated from the coherence semblance map P(DT, f) in step 908 in

accordance with the following equation:
DIp(f)=pr (P(DT))

[0075] A histogram H(DT) of the dispersion curve DTp(f), as illustrated
in Fig. 9E, is then determined in step 910 in a conventional manner, with
histogram bins corresponding to different slownesses. An estimate of the
value of the formation slowness DTE is then determined in step 912 by

determining the slowness bin with a local maximum of histogram H(DT).



[0076] Several alternatives exist for accunulating the

hi st ogram H(DT) of the dispersion curve DIp(J). First,
weaomisgdiosed above, the di spersion curve can BeT/US2005/046827

plotted as val ues correspondi ngyto the coherence

senbl ance map points that the dispersion curve

overl ays, such that the histogram accunul ates the

maxi mum coherence val ue observed at each frequency.

Thh%nZQ)%EQ@CﬂH VS%MS& l?bélt Ma%A C(Bt B%ge%%tsgfs lowpess of about

frequenci es ronger co ice

o2 5 A F@lw)ccbcﬁﬁesﬂmﬁde dl@ﬁy W!ﬂnefr@ftﬁme@lon shear slowness,
observed. The dispersion curve can alternately be

pI 14 the {astes] lecal imadmuan aspacant in Hhe histagrameeetiesponds closely

abBLine Srtole Sl TP RRNEEE o AL e i RE R ioRECagt ond peak

V\Eihghéll"ﬁﬁo@%@*ﬁ Odtep 912 avo‘fdﬁ@etﬁﬁb e §R|)\Aﬁﬁ%"sadés%ﬂ' &1 h6isy outliers
he data, such as the wave spectra, th

sllb\kheﬁgiarequency coherence val ue, and conbl nations
of such characteristic data. [0077] The hi stogram

ag@ @Ch hasspeen) Siolakfed 8‘%&& Bort Qgc%ﬁﬁgﬁﬁg/&ec‘ -ll’ﬁétogram H(DT)

nce se ance maps an I spersi

orafethe tdisprdionruigve D) nFirsf, dshdisclppedabbve, Theshspersion curve
skilled in the art appreciate, however, that the

rmﬁarﬂell?ﬁt plotied pgp valuest 69”@$FPQW1"F@ tattheheohsrenegrsamblance map
fgmm etp%v eorabgars@omosamaot bfes@&?Sﬂqq‘{' $H& histogram

nstruc roach can t or e enent e

usactyniulatesi thes madtuse aotlerdroe lvlameSbbwmsl h’a\Ganb frequency.
t Jmaxi mum co ereH' at each L?U é}tljenc and i ncr enent

|§ @,pp ng‘sp’hﬁﬁ)r@ﬁl § ﬁb%%yw@@w&ere a stronger
Uri¥Hed ﬁ@éj i§ OO5SSTVES hﬁg?é*ethaﬁsfrgﬁﬁergﬁgs \[MHQFeB]Ie§§ coherence is

several exenplary enbodi nents erati onal
ofolhisesverbt Mbe dispersion drveeah ca1heﬂmbtbby tnmplodmedmmneg a ﬂxed value
el ement s of {he system,100.

erfSUER ) 1heSA RRiNto ot JH?%PE%%%(;&C%WHI%W these fixed

swl@églwhwhmogﬂaﬁq §aﬁtaﬂmrsa@@|yqiee\ﬁeigmémsy %fwﬁlgﬁtmg factor, e.g.,
followsﬁ% nodes” of operation: 7)Q}ere i ne
e

( POye qyedddpﬁfaete(rletm)of ffeodata,| sucte\asr fe exaveplspeytra, the
CUShTEL Sk SRR3R AR PSS e

1Mxtal N an exenpl ary enbodi nent, the nmet hod 900 is
i npl enented by the system 100 vvhen t he system oper at es

in one of the follow ng nodes of operation: 1)
[0077] The histogram approach has been explained with the use of

visual coherence semblance maps and dispersion curves in order to aid
understanding of the approach. Those skilled in the art appreciate, however,
that the mathematical process for arriving at the histogram from the waveform
data does not require these visual constructs. This approach can therefore be
implemented using functions that search for the slowness having the
maximum coherence at each frequency, and increment the corresponding
histogram bin by the weighted or unweighted coherence value, as desired.

[0078] In several exemplary embodiments, the operational steps of the
method 900 may be performed by one or more elements of the system 100.

In an exemplary embodiment, the method 900 is implemented by the system



wireline | eaky-P (DTC); or 2) dipole (DTS). [0080]
Referring to Fig. 10A, in an exenplary enbodi nent, the
woeysismts4i0 i npl ements a nethod 1000 for esti MRCTAS2@5/046827
value for the formation slownggg.in which, in step

1002, waveformdata w,(t) , for =1 to N, where N =
nunber of acoustic receivers 104, as illustrated in

Fig. 10B, are extracted by operating the acoustic

o e e YK bPRRAES b ok Tk b IR oy et operation: 1
vawirgine leaky-P {(07T0); 0p2) tippledT$ct ed acoustic data is

then generated in step 1004. In an exenplary

e [jment, in step 1004, the val ue used for

gﬁ&%&]ti ng t'HeS@(ﬁﬁg'i renplghs eEPRApSYts; thesepartienat steps of the
b t n ' OL¥ad

o1 D00 gt be HeTRTICRTE bk S b lorEniS UG system 100
1Jn, amaxerapTy ershadimens, thagnethodse0hiseinplentenged bPdhe system

<10 $0e ThE S 5f e ety enscthe o ToWRg Baries o pperation: 1)
segikdlmeciea BETY; o? ) 'u%ogg(pfgg ed fromthe Fourier

transform WJ) in step 1006 using the nethodol ogy as

disclosed in Nolte et al. A dispersion curve DIp(J),
ad008QJust r atReferingite) Fig (DA, iR anhexergelasy gndapdiment, tthe system

ol TR, T RBHERP B0, oot tielig ™ VEe 'Br the formation
DEMGWESY A(WRiEN) il S18B21002, WavbRiiv d4ta WieSior Y =f LREN] Mere N =

PDF(DT) of the dispersion curve DTpéé]CL_, as illustrated
i Mumier afoecoysiictiesnivees 404 aillusiiatadeh Fig1d.0By ase extracted by

£ ST B, ARR0SG, eheGRe 03, Bbel ARalifi, TePuy Ao 194 in
bycometrtichalimanhdre A toakietkhslomnal;(H heReaDARAlidS ffom 1 to N, of

densi tx¥@f unction PDF(DT). [0083] In several exenplary
ertbe @Xirastes acowstispdatatis dien gsnerpiedn stap ABPhodn Ewoxemplary

: 0 \ e r f spem .
IR I Sior AV (B, 8 el ISR Jors gehgfbs k¥ Fourier
i trdnsiernt g (Dyist selestest BMbe08t West fobe thyesd donggrethainethe time
i n, one of rt@ge Ztol | owi ng nodes of operation: 1)
widomAIRSIIB MR (DTC); or 2) dipole (DTS). [0084]
Referring to Fig. 11A, in an exenplary enbodi nent, the

syeésIT A coherence semblance map P(DT, f), where DT = slowness, as
illustrated in Fig. 10C, is then generated from the Fourier transform W) in

~step 1006. In an exemplary embodiment, the coherence semblance map
P(DT, f) is generated from the Fourier transform W(f) in step 1006 using the
methodology as disclosed in Nolte et al. A dispersion curve DTp(f), as
illustrated in Fig. 10D, is then generated from the coherence semblance map
P(DT, f) in step 1008 in accordance with the following equation:

DIp(f)= 12 (P(DT)

[0082] A probability density function PDF(DT) of the dispersion curve
DIp(f), as illustrated in Fig. 10E, is then determined in step 1010 in a
conventional manner. An estimate of the value of the formation slowness
DTE is then determined in step 1012 by determining the local maximum of the



100 i npl enents a nmethod 1100 for estimating a val ue

for the formation sl owness in which, in step 1102, an
wonbdeiag41dept h is sel ected. Waveform data w, ( PCTmIS2605046827
to N, where N = nunber of acougdic receivers 104, as
illustrated in Fig. HB, are then extracted at the

sel ected depth by operating the acoustic transmtter

102 and acoustic receivers 104 in a conventi onal

. irer transformW ( , where /
”35}{58513? %wﬁaﬂféﬁ%’fpfbﬁbgﬁtract ez acousti(c data is

then generated in step 1106. In an exenplary
enfooss]ment , Innsesteepl exedbplatjhembaldirrentsethd operatlonal steps of the

nanginad 1800 iy 56 pRERTIEAGS: SHGN MORE SlemEntoRking System 100,
igl,ﬂ%\;\}jﬂe%lﬁB}ar& QprfbrddlrﬁeﬁP 'Tﬁé oéqmb%‘ﬁﬁﬁ%ﬁég}g the system

ere owness ['ustrated '
i ﬂﬂmwhegdher%rst&mfap@mtehen mermfdhetfoﬁawmgrmbKMQ DY operation: 1)
step 1108, | Xe ry ., e i ment, the coherence
semﬁ?lmcga%E g?f@,’ 0§ 55@6&@@ ed fromthe Fourier
transform WL(J) in step 1108 using the nethodol ogy as

dipesfised i NR&RIigy € 1M fiprameéxapRing eRassdikieht &he system
% 4 Ith]ed[:;?én Fig. 11D, |sptl’r1)gn ener at ed y

., as illustr
15}13 tlm@led“lawﬁgeac@eﬂwﬁa|1éﬂ@ef9fapswwgﬁ v tf@p the 1fgrmation

A

@/? Foed=i ntevewhkid & bmumtﬁsrmfaatdoaatu@feddi@er@m @B8qKustrated
serrb ance map P(DT 1J) for a range of frequencies and

sI iBviri@sEHs;. qredbem extractadalt thetsededted Elegth by bperating the acoustic
of , the val ue o mation slo

Dt iief 102 At bESustR teRlert 184" A Ephyensiorial Maidher in step

111111140yAdE@@rén raméfoFre|(AC ahef@ X ivEHES Gfonan tBIA 6 B extracted
derivative 1131 of the sl'Owness curve E(DT), which is

118Ut Maga isL BN geneieéest iaiee WG Imaniexaroplangembodiment,

SR hE X108, nd Ve ParbElysRaiol GERek e the) Bodfer, yransform migh is

opddledted w@b@@tﬂéﬁstﬁomnégnohm tidart thectimerdamhaihhsignal w(2).

operating conditions. aresult, in an exenplary
enmbodi nent, the optim vaI ue for n, in st egs 1110 and
110888] nay b‘é%@?%ﬂiﬁeﬁ“%@ﬂﬁ%”ﬁpg@f e Rilys slowness, as

illustrated in Fig. 11C, is then generated from the Fourier transform W(f) in
step 1108. In an exemplary embodiment, the coherence semblance map
P(DT, /) is generated from the Fourier transform W(f) in step 1108 using the
methodology as disclosed in Nolte et al. A formation slowness curve E(DT),
as illustrated in Fig. 11D, is then generated from the coherence semblance
map P(DT, f) in step 1110 in accordance with the following equation:

E(DT)= |P(DT, 1) df

f

min

[0086] In an exemplary embodiment, the slowness curve E(DT) is
generated in step 1110 by a summation of the coherence semblance map
P(DT, /) for a range of frequencies and slownesses.



[0089] If the selected depth is the final depth, the

nmet hod 1100 then ends in step 1114. Alternatively, if
woheoegesaet ed depth is not the final depth, theaTiseo0s/046827

next depth is selected in stepglll6, and the nethod

1100 then proceeds to inplenent steps 1104, 1106,

1108, 1110,, and 1112 in order to determ ne the

estimate of the value of the formation sl owness DTE

100 et oy DlFaFe, TEPI: 107, 4 EERale 213 b8 Vaiue of the
D¥&tragmdm)sicmedsiDTE fdrethesseélseteeddépthnie theh slbcemm@d in step
val ues for the range of sel ected depths. ‘q[009

seWvidi2by detarpining tBatheral meainum ﬁEaBrﬂera %r%”@t'g%éﬁ" of the
Ofsé%ﬁ?ggp%ﬂg%nﬁﬁlcﬁogp%§i’rlﬂeld|gbyl 1Welnoéc&9rﬁ§nce with the

tem In an e

erfolsivimgréqudtion: met hod 1100 is i npl ement ed by the
system 100 when the system operates in the follow ng

node of operation: LWD PLOG [0091] Referring to the
flowchart of Figs. 12A- QQZET)I ary enbodi nent,
the system 100 i npl er[Bm‘Eszﬁg1 200 for estimting
a value for the formation in which, in step
1202, an initial depth is sel ect ed. \laveform data
w,(/), for i =1to N where N = nurrber of
acousticreceivers 104, as illustrated in Fig. 121, are

t ife088ixt r actled aat exdrapkey esrhbaddidegrith |rbystepser19rt1mgank:!hd112 the
acoustic transmtter 102 and acgust f;i\hrecel Ver s

a GBIMAINAluR AT ran@eVathas Aelyinesen of Ahe-Qpriaiing conditions. As a
t 138§k oMM xbim mﬁﬁéﬁwodwﬁéme%hé VWIW%e Fbr ‘hhﬁw steps 1110

extract ed acoustlc data is then generated I n st
12461 1112, amag benjetamyinedtusitigr@mempincal tealysk6, the L
val ue used for generati ng the Fourier transform W(J)

it f@z‘f&dg%?g li'qa?laﬁe %t%g ke e{pgggsuz]rth%ﬁggﬁ gl °ﬁ§%g§ﬂ§ﬁ1§§‘i1oo then

”Béhd%( iATsteb) 1111 ngteENativeRl, MheSSelestedi dépthtis Aictdhé r11|nal depth,
12J, Is then generated fromthe Fourier transf

Vithon i Bexpdeptes Ralesied ity 16r s fimmeRg 1100 then
EOh P§?8§ Fiﬁ@fg%@l%;}s 1(1'B£t ggbglggﬂgn%%,t% <§r1°I"T‘2t |H order to

mejdtedninegtheagsiithatd of ¢tk ivalusobf theetformhatioh slwmessoDTE for the
sl owness curve E(DT), as illustrated in Fi

¢ et qealepigfodeptomA . sl dhemetias 4400 wéfs?by ‘Generates a
P(fQFmﬁ?loﬁ NsiBivhBsd 240k AGREESRNCEoMdidy L Tellib2fed Formation

slowness values for the range of selected depths.

[0090] In several exemplary embodiments, the operational steps of the
method 1100 may be performed by one or more elements of the system 100.
In an exemplary embodiment, the method 1100 is implemented by the system
100 when the system operates in the following mode of operation: LWD P-
LOG.

[0091] Referring to the flowchart of Figs. 12A-D, in an exemplary
embodiment, the system 100 implements a method 1200 for estimating a
value for the formation slowness in which, in step 1202, an initial depth is
selected. Waveform data wi(f), for i = 1 to N, where N = number of acoustic



y df [0093] In an exenplary enbodi nent, the slowness
curve E(DT) is generated in step 1210 by a sunmmati on
wohodehvesaeher ence senbl ance map P(DT,J) for a pamgs26/046827
frequenci es and sl ownesses. [0§94] As illustrated in

Fig. 12K, a value for a candidate of the formation

sl owness DTEcand, date for the selected depth is then
deternmined in step 1212 by determ ning the | oca

h d der | |
B EAg AT R HEESEAC)  GHGHIRE R g e
W&pﬂh ) operafiig 'tI‘i’é“a%oUstQTtréirEFﬁftt@@%h driy aao@f@%céfv)érs 104 in

enbodi mént’, in Steps 1210 and 1212, the optinmal val ue
f or convenfional maawmes it gieet 1204 oh Rawsies Yanstarmy 77:(), where i varies

¢ RSB o e et e, mcb R B ST eRERRRY TR Yop 1206,

bearflgké&piaig emisdditient) ie&mp 1268, th@&f #éalge Used96} geherating the
the selected depth is the final gt t he net hod 1200

t Hequrigs eangferm GWi\W&dﬁ selested 6@%@ legsstfayr times lgnger than the
12164 Akt ﬁg?gﬂ] , if the selected depth is not the
fi naﬁ3 8epﬁq @he ' i

next depth is selected in step
1218, and the nethod 1200 then proceeds to inpl enent
st[0p92]1204, AZz20bercrit@SsenBlafice map PEDP, f) whereDTt=oslowness, as

det erm ne the valye, f racandl e of
e rdigadalqis BartpStrlaieforons dh Fastieg dastom () in

t tiRal
088,15y 6ty By bt S o
ofP(aHbyf)sts gememmd/ﬁpm ﬂﬁmFanieli trauﬁorrat #d)iin skgp 1198, using the

ted at d,d [ t h
el ss Hsd ded BNEhS S ah & Teta208: SakBest Btrve £,
a &é)ﬂmgﬂ&téa‘ﬁl Fi'Qa”TEK |'snth§he§én7e¥3t%d flofOtHd §6herfentcﬁ semblance

transtform W(J), where i varies from1l to ,
exnapd(Bd, Adosten $21Rimaceordance witadhe follovepg emationn
an exenpl ary enbodi ment, in step 1224, the val ue used
for generating the Fourier transformW(J) is selected
to be at least four tinmes |onger than the tine domain
signal w, (t). [0098] A coherence senbl ance map P(DT
J), where D T = sl ownes&D7gs ijm(ug‘;f}iﬂﬁd in Fig. 12J,
is generated fromthe FouriergtransformW,(J) in step

[0093] In an exemplary embodiment, the slowness curve E(DT) is
generated in step 1210 by a summation of the coherence semblance map
P(DT, /) for a range of frequencies and slownesses.

[0094] As illustrated in Fig. 12K, a value for a candidate of the
formation slowness DTE._..aqae TOr the selected depth is then determined in
step 1212 by determining the local maximum of an #'" order derivative of the

slowness curve E(DT) in accordance with the following equation:

an ( E)
D T Ecandidate :AD/[;{X —5_]')_.1:7



1226. In an exenpl ary enbodi nent, the coherence

senbl ance map P(DT J) is generated fromthe Fourier
wonrersgfenm WL(J) in step 1226 using the net hodeCogg2@s/ 046827

disclosed in Nolte et al. A digpersion curve DTp(J),

as illustrated in Fig. 12L, is then generated fromthe

coherence senblance map P(DT, J ) in step 1228 in

accordance with the fol | owi ng equation: DTp(f)=(tm

Ei[[g%ééﬂ) [009,9]1 aft %*%E%fg?%rﬁéé’?ma@r*z %taﬁé A48 dridy 1212, the
gemrﬁrrmle\daluel fot epndy29ary as @ fumctientaf dhalopesatirgy conditions. As a
785t ‘?S@E' SHeHIEN RetacbrEh S R NAIGe 'ewah@, steps 1210
tndV 24918 yb\éadé{sﬁg.hbat& h eRipHcal AR L1 N9

ue o 1, ot her

their va settl t he 'va ueo

hi stogram val ues to zero, w t_h| n the histogram H(DT).
[ d002q] | f t hi¢ the|sedecied wamn I$ §he1(ﬁlnabldepth‘n' thedmethdek 1200 then

the f th 1 h t d :
sgeegérg S/{egﬁg'r” ?‘gifdgﬁfﬁ pth n@t ﬁf%)ef%é Hgﬁerna%lvely, if the
pregeqda d th f@'n%mﬁé fnﬁhpeépchm’en ir?e'zﬁextlaééth is2zdlected in step

1230, and 1232 in order to determ ne the histogram

H 1298, anst thenatbed 1280cbendorespeds tp dmpigment steps 1204, 1206,

<12 2207 R 204 LB 8 Yt B8 51t R Ehgldbte of the

i |forrabtio etd)wnesEIMEcg,,a,m,e foptheahdxt Belected depn. ued
hi stogram val ues is generated in step 1238 and a

pl ece-W se continuous hi st o?ram mapp

(DT, d
ad009Tlust r atl8aster 1—'3%0 gn @nitt ?lsd@lé‘ilﬁ‘elsa§%§dﬁﬁl e\[;\iazmorm data
D%y BEUBEPY) 21 ROWHBHEIEGh fifer B G0 Péué\,rgggem 35 llustrated

gram nmappi h n an exenplary e

StlﬁIOBl 1202, at@QektrabtdtP at 1RE58seld@dl. ddpthZhby bpktati dhe acousti
1216 gf t he method 1200 may be perfoér&r}ed ¥n paal-flar@é’~I oustie

wtfaﬂsnaﬁar ¢ ancbageustisnrecapiers 184dn@ cgnwmoglabfmanner in step

&@ou%ﬁé fyﬁ?\ﬁherlaﬁz\zﬁari%ﬁ'gnl él;?tg,ﬁi %121’?1% extracted

StaﬂbuéﬂéaataﬂsIg?drier@ﬂeddmpﬁtbpl $23Z| dat &6l exantplady éll‘m@odlment in
val ue of the piece-w se cont| nuous  hi st o?__ am map

HS(t@ﬁr 2 Hyeaivmtw@%@ﬁéét 08 AFEEI3ings the lneyries tt?@sform wif) is
sl omcéég t%%&%(}ept ) atﬁrﬁﬁéioﬁég??éemdﬁ] eﬁ)ri]%% ésﬁgtsqnal wi()-

NULL VALUE in step 1246.
[0098] A coherence semblance map P(DT, f), where DT = slowness, as

illustrated in Fig. 12J, is generated from the Fourier transform Wi(f) in step
1226. In an exemplary embodiment, the coherence semblance map P(DT, J)
is generated from the Fourier transform W) in step 1226 using the
methodology as disclosed in Nolte et al. A dispersion curve DTp(f), as
illustrated in Fig. 12L, is then generated from the coherence semblance map
P(DT, f) in step 1228 in accordance with the following equation:

DTp(f)=37 P(DT, f))

[0099] A histogram H(DT), as illustrated in Fig. 12M, of the dispersion

curve DIp(f) is then generated in step 1230 in a conventional manner. A



Alternatively, if the value of the piece-w se

conti nuous hi stogram mappi ng H' (DT, depth) at the
weebmarededept h is not found to be equal to zePaTius2005/046827

step 1244, then the formation g owness DTE(depth) at

t he selected depth is set to be equal to the formation

sl owness DTEcandi date (depth) at the selected depth in

step 1248. [0104] If the selected depth is not the

| RBlriobug R0t e S B Fb PH LD erpggpeing the
aﬂﬂétaéfhrﬁfH(M)elbyf splestiey thasy ridghestedalubd hlb&)gram values and
sel ected depth is the final depth in step 1250, then

t Isetting thedr Y2loe t9r13<ﬁ3’&3|§e'ftt'69 dhe yaiussof aH@tEet istagram values to

he val ue of the piece-w se
co@ﬁﬁbﬁkgﬂﬁqﬁg létgé pp ‘'ng H' (DT, depth) at the

selected depth is found to be equal to a NULL VALUE in
st[epod}256, tlhéme tseedted nepthois Bbbdﬂtesmlrlb'bE(aibptﬂhb firtal depth in

SR LS ol e R T
3" ft@h "pr%‘ﬁgl e(plél’ﬂeﬁf %8§2@§2 4‘1224”1@26 V228, 12§0t£‘ﬁd 1232 in

ue of t W se conti nuous hi st ogram mappi ng
H'ard8t, hegeteymite thiechistelgear &' (DE)pfon the naxt séleched deptibe
equal to a NULL VALUE in step 1256, or follow ng step

S TEb 0. "% BeleEhel FBE 558t abBE o UIE g BRRobih in step
126%4, ansh hhfstoyrith Massing I268T,daps), Ja%aﬂuameahﬁtﬂg 12N, for all

repeat ed, as required. 1f the sel ected depth is the
f ineai-zereptaiued histegram galues lis genar@tes imsigp1b2AB and a piece-wise

2T DR SAe B FEREI L B MERb Al o 120,

vajamesatedt af f@t@deéﬁOt be extegMtingvetermediatet h@ldeéownhln the
the range of selected depths as illustrated in Fig.

12vistogrAm iAAPRIPEW ng, the dotted-1ine curve represents
the present inventive method using waveform data

ac{ﬁy@ﬁed i n ANaf | dxdrh n@hﬂf Ethb%d'i 8, f%eﬁ@ﬂ'z%zdfﬂd& 206, 1208,

t ool . r conpari son, e Other curvés show
r eRM0, ledBt a2 nédary 1296 of the nmdihodrﬂﬂbmawbe merionded in parallel

S S, ST GeverscomproLoPuE Ptk Bt Suns 1eRfrn a2, 1224,
moédg ﬁ@zéS@bsﬁ 133223404948, 12385@H8rﬁ4oedﬁﬁe|rﬁéﬂﬁod 1200.

nment s e operational 'steps of the

[0103] In step 1242, an initial depth is selected, and if the value of the
piece-wise continuous histogram mapping H’(DT,depth) at the selected depth
is found to be equal to zero in step 1244, then the formation slowness
DTE(depth) at the selected depth is set to a NULL VALUE in step 1246.
Alternatively, if the value of the piece-wise continuous histogram mapping
H’'(DT,depth) at the selected depth is not found to be equal to zero in step
1244, then the formation slowness DTE(depth) at the selected depth is set to
be equal to the formation slowness DTE .zidue (depth) at the selected depth in
step 1248.

[0104] If the selected depth is not the final depth in step 1250, then the
next depth is selected in step 1252, and the steps 1244, 1246, 1248, and



nmet hod 1200 may be perforned by one or nore el enents

of the system 100. In an exenplary enbodi nent, the
worbttends4iz00 is i npl enented by the system 100 ROBWSRIVS/046827

system operates in the foll owipg. node of operation

LMD P-10g. [0107] In an exenpl ary enbodi nent, during

t he operation of the nethods 800, 900, 1000, 1100, and

1200, the coherence senblance map P(DT, J) is

30L23UEE B betEe A4 b Rlired ST IS EIBICe depi)s thERRal depth in
usstep 1250, tfhan the methagli 200 prodeeds:to Bler 1254m&5§eleéts=an initial
f;%gency; P(DTJ) = coherence senbl ance map for a

r of frequencies (J) and sl ownesses (DT); 1(J) =
Fourier transformof the waveformdata w, (t); z

rg@@oﬂg betW?QHet%ﬁuéCé’fuﬁ{é %léc‘éo\ﬁis\éeééntﬁf%usaﬂ%tégﬂ%m mapping

ationshi p between WL(J) and w, ( is glven
f ol death)eahtheommq@d deptbds feratceior be@qual 6 g NWBIVALUE in

a S0 1285t Yof TRBRRI piotnen MR EHP At RS IREISA et i

S| SBNRS SarTERRIrAge EéiDThé’eéleést \aﬁﬁr nDTnon NULVI/_ne\ﬁa‘}uedl Sformation
generated in step 1302 gy genera i ng sl owness curves

EEawness valueangthiotDBpderit) itgsteapt4h8. Alteorativelyorif the value of

Sltﬂwgéﬁgﬁ% @&ﬂpﬁ@u%’ %ﬁg&%ﬁiﬁ % %lb@ nlg h@‘%? gtﬁf at ?lqe selected

SEtIeﬁﬂlﬁ a6l riof felied td Be2eqid1 469 NUE MALIUE iiwsted qmssm following
stimate curve DTE(depth) is then plotted onto

f (ﬁtﬁﬁt 268, 4l therealacted sl iEnot ﬂ&%ﬁf\ﬁb demthsmeﬁemgb'&ﬁo then the
e ST R b el ot e, bobint SicB E2BR Fags il 1260 e

ovtheh axeﬁeatede%ereﬁun'eﬂe ffatheeselocted | dypthsis thepinalalepth in step
Tdeth in SM§|1308 then it is determ ned that

: 3 4 2hen {he mathad 4280 ireseqd fonsteR T26ARNbIENgEIER fhe vector
Dﬂ?@gpllha \ﬁﬁl%ﬁ céb?%ﬂns%é%n‘?ﬁéﬂdf?{s%wn'egs'\falues determlned by the

i sde led t e formation sl owness est
CLpreserﬁlTE{/ehimehmeﬂmlsfancbhe caregd aﬁlseiectedgiepmlﬁs tabellustrated in Fig.

t|o sI WNess p DT, in step 1308
t PR R Rade @i - Bndo-The cyivE Telyebn@HBR P aaRb ventive
e ’
%éfﬁ%ﬁ%ﬁﬁ\é\%&/@ﬁ?&%ﬁﬁ?dﬁﬁ%h #HeHfiER 15 §Rodgihg-wHilk-drilling
("LWD”) tool. For comparison, the other curves show results obtained by
conventional methods using LWD data (dashed line) and using waveform
data obtained by separate wireline monopole logging after completion of

drilling (solid line).

[0106] In several exemplary embodiments, the operational steps of the
method 1200 may be performed by one or more elements of the system 100.
In an exemplary embodiment, the method 1200 is implemented by the system
100 when the system operates in the following mode of operation: LWD P-log.

[0107] In an exemplary embodiment, during the operation of the
methods 800, 900, 1000, 1100, and 1200, the coherence semblance map
P(DT, f) is generated from the Fourier transform W(f), in steps 806, 906, 1006,
1108, 1208 and 1226, respectively, using the following equation:



represents the present inventive nethod using LW
data, and the other two curves are the results of
woamsagdienal net hods usi ng LWD data (dashed | pag)usannd/ 046827

usi ng data obtained by separatg wreline nonopole

l ogging (solid line). [0110] I'n an exenplary

enbodi nent, the formation sl owness mappi ng E(DT, dept h)

and the formation slowness estimte curve DTE{dept h)

may be generated in steps 1302 and 1304 usi ng one or

nore of the operational steEE %6@ f the

met hods 400, 800, 900 1000{511 and/or 1200

descri bed above. [O v@?ﬂﬁkferrbpg to Kvg. 14A, in an

exenpl ary enbodi nent, the sysgggmﬂg@|jnplenents a

quality control nethod 1400 i R7hi ch formation

sl owness hi st ogram mappi ng H(DT, depth), where DT =

sl owness, is generated in step 1402 by generating

sl owness hi stograns H(DT) for a range of operating

dﬁﬁ%ﬂé‘ A formation sl owness estimate curve DTE(depth)

' h generated in step 1404 for the range of
atlng deﬁEF sel ected in step 1302. [0112] The
tion sloOMEEESEsti mate curve DTE(depth) is then

plotted onto the sl owness histogram mappi ng

H(DT, depth)'Tﬁegyﬁﬁq&406 as illustrated in Fig. 14B.

If it is determ ned that the formation sl owness

estDfidd e cur vecarEetep SRNbEANGE map fahadagee&f fiapsiencies (/) and
sl owness hi stq H(DT, depth) in step 1408,
then it is det%&%g%éﬁo% t he qual | ty of the sl owness

te curve DIE(de ood|
AI natively! Pfef& $§thbgt°irt W@Me %}ﬁ gzgr mat i on
sl owness estimate curve DTE(depth) does not overlay an
edige of the sbpacingbetiveentreacousticirageiMesTI @mmed) i n
step 1408, then it is determ ned that the quality of
t W aNE WD $RRIMthel fBlIORIngdefdionship:
SH@g?%I%Yli’gﬁﬁiﬁﬁ%%ft .g814éwt heugo)l [ ?-leine curve g P
represents the present inventive nethod whil e the
dashed-1ine curve shows res@lts obta d usi ng
convent i onal net hods. [ 8483 P38 e I ary
enbodi nent, the formati on st®owness h| st ogram mappi ng
H( DT, depth) and the formati on sl owness estimate curve
DTf16pPt n) nﬁéfe?ﬁ‘n@%‘?"gatﬂi\ iR oft SREMBIAA? ePilibdlifiBAt, the system
using one or nore of the operational steps of any one
of1athienpletrents a2q.litgoontraooethpdotB00L inowhich a formation slowness

mapping E(DT,depth), where DT = slowness, is generated in step 1302 by

generating slowness curves E(DT) for a range of operating depths. A
formation slowness estimate curve DTE(depth) is then generated in step 1304

for the range of operating depths selected in step 1302.

[0109] The formation slowness estimate curve DTE(depth) is then
plotted onto the formation slowness mapping E(DT,depth) in step 1306, as
illustrated in Fig. 13B. If it is determined that the formation slowness estimate
curve DTE(depth) overlays an edge of the formation slowness mapping
E(DT,depth) in step 1308, then it is determined that the quality of the slowness
estimate curve DTE(depth) is good in step 1310. Alternatively, if it is



and/or 1200 descri bed above. [0114] Further exanples

i npl ementing features found in one or nore exenplary
weonhmdi7smnt s may be found in Huang et al., "A PCT/US2005/046827

Dat a- Dri ven Approach to Extragclg Shear and

Conpr essi onal Sl owness From Di spersive Wavef or m Dat a,

paper and vi ewgraphs presented on Novenber 9 , 2005 at

the 75th Annual Meeting of the Society of Exploration

relRot e suet I RpatEinloriits ehihate Bl p AR does not

\A@veﬂayran édﬁ?@bﬂﬂfe fR¥mafioAGRBidss ﬂnegglnggEqmkaepth) in step 1308,
positioned wthin borehol e that traverses the
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f regredentstherprbseint Sitvetitioenasthes; ushom L ¥VDi detal bad the other two
extracted {jhase s| owness coherence into a formati

sIcowrRssarecieviesylis o6 crayantiangd meatheds yaing; 'éND;fiateh@ashed line)
g)nger{dgl‘r.féiﬁg 98@8& §+ ?%ﬁﬁ&*ﬁ&mﬁﬁon?d}%&% gmg%nd line).

anonmalies’wthin the rmat1on
curve; wherein the location of one of the anomalies of
t He1£03r mat i dn aﬁ emem&ewmmbodim%pﬂesbmﬁaﬁibneslmﬂnem mapping

eﬁ@&@ﬁfc?feﬁom dhihe, BrRnfot SkbinmP S BRE CHA, ALEerfhgmay be

ﬁj’éﬁ%‘fé\l‘éa |ﬁ|s?é}5’§3§302 lérnﬂeﬂ 3d4nu§ﬁg xer rﬁbbe sfedbperational steps

e anonal i es conprise local mnima of the formation
slaf\mqscsne:of the rrIethh@ds 405009001004 M&@ anrd/or 41200 ggscribed
a phase sl owness coherence of the recorded wavef orns
at®®VBturality of frequencies within a range of
frequencies and phase sl ownesses conprises generating

a phege s! ovReRsring ke FjIclel/s anftinagsmplapy ehibodliment, the system
ex 'ary enbodi nent, converting the extracted hase

wpleaents armualibheentolpethedi HPGsInohichs2 écermpglon slowness
mﬁ\?\ﬁgss coﬁésﬂﬁlcg #95‘5’ % I‘Hﬁ]erng%hesmﬁ&%tqg %B@'%ﬁe? in step

es gérerating a sunmm#ti o
t hizhdyegehenatiag sslioaimese nisistogeama H(alhﬂ)efmrf a range of operating

frequenC|es and sl ownesses. In an ex
At nfrigroaion TSR I TS PanRaEepRrated i
r
GePE AApa T e, RGP IR AREI: SHlethd SR ago2.
exenpl ary enbodi nent, convert| ng the extracted
[0112] The formation slowness estimate curve DTE(depth) is then

plotted onto the slowness histogram mapping H(DT,depth) in step 1408, as
illustrated in Fig. 14B. If it is determined that the formation slowness estimate
curve DTE(depth) overlays an edge of the slowness histogram mapping
H(DT depth) in step 1408, then it is determined that the quality of the slowness
estimate curve DTE(depth) is good in step 1410. Alternatively, if it is
determined that the formation slowness estimate curve DTE(depth) does not
overlay an edge of the slowness histogram mapping H(DT,depth) in step 1408,
then it is determined that the quality of the slowness estimate curve
DTE(depth) is not good in step 1412. In Fig. 14B, the solid-line curve
represents the present inventive method while the dashed-line curve shows

results obtained using conventional methods.



phase sl owness coherence into a formation sl owness

curve whose magnitude is a function of the extracted
wohem®78d16Wwness coherence conpri ses convert i ngPCAIS2005/046827

extracted phase sl owness cohergnce into a dispersion

curve;, and generating a histogram of the dispersion

curve. In an exenplary enbodi nent, the anonalies

conprise local maxi ma of the histogram In an
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exenpl ary énbodi nent, converting the extracted phase .
sltravessas theh farmadioni has beer weseribed dhatninghides kxtiastiag a phase

5h S8, Sk 58 A B0 R ThRHRECE: PIRRIRESY roauencie

C QMEEHiIR RCRAINGBLST freqlichiRR¥sSarphake Slowiieds@Ssrvettiny the extracted
hi st ogram of the di spersion curve. |In an exenpl ar
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exenpl arﬁ embodi nent, the net hodfglrt her conpri ses

geafeana Phifeaanppligs ohthe SRl s IRYNeRs WS iyfenrgsentative of

the estimated formation slowness. In an exemplary embodiment, the
anomalies comprise local maxima of the formation slowness curve. In an
exemplary embodiment, the anomalies comprise local minima of the formation
slowness curve. In an exemplary embodiment, extracting a phase slowness
coherence of the recorded waveforms at a plurality of frequencies within a
range of frequencies and phase slownesses comprises generating a phase
slowness coherence semblance map. In an exemplary embodiment,
converting the extracted phase slowness coherence into a formation slowness
curve whose magnitude is a function of the extracted phase slowness
coherence comprises generating a summation of the phase slowness

coherence for a range of frequencies and slownesses. In an exemplary



generated at each depth. In an exenplary enbodi nent,

the nmethod further conprises interpolating between
woabwsassab t he hi stogram mapping to cal cul at e PCT/US2005/046827
i nternedi ate hi stogram val ues.o¢d n an exenpl ary

enbodi nent, extracting the phase sl owness coherence of
the recorded waveforns within the range of frequencies
and phase sl ownesses conprises generating a frequency
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eXs mfaheliopbhfie ekiradies phasdsloemass dohesenaxenmpbeisys converting
enbodi nent, converting the extracted, phase sl owness

cdher extacted: phase FlaWRRASS 0 RORSTERRES MR upy Siskessien curve; and
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o ity iy of M Hisp o FElnar 1R arPRRifiplary embodiment,
ofthe handrmalied icomEisemoeas ncaxima ab the fhistograom. ofn an exemplary
su ti.on across frequencies of nth order derivatives .

ofe Tl OBYCRINgs e freled RiVisPeROWNSSY Ganerence into a
eXBIRARGY RELIROfve GRHBSR' Fidaithd8 i8%d 'faRt®sh RIARE extracted

sl owness coherence into the fqr mat i on sl'ovvness curve
wssenmsjownese ceherehoactomprioes t henedtingcthal ekxiracied phase

orSWHEE o BT GRS TR LUSGR R BUNE A PR, R Bobaniy
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of the extracted phase sl owness coherence. |n an )
exangnalies eempasadacal maximea of iae tebaltityadersitypfistion. In an

i e PRERERTE, M plgtd At St Fa Y e togaing

sltoviResBhiaChREHP6R tRNEVSESsRbEhteAtnBgn foenatkgnidnddepeating
of the formation sl owness curve as a function o

. . . f a
pribBa¥ePs 16f entsgtinguiaopredingt ard deteratinig phaselurality of depths
s MBS the PalsRse: Ihnagne é‘r’ﬁg@rf‘ré(mﬁgaﬁlﬁéﬂe%e method further
converting € extracted phase sl owness cohérence 1 nio
t haclidesayenaratingwae Sormatiore sivoressragappinde framathe formation
function of the extracci Egeggase ?I owness coh

rencge .
CcOHPINERS CHRICSLIRNS AL iy slepify aheser mggnitude is a function of

the extracted phase slowness coherence and depth. In an exemplary
embodiment, the method further includes determining an estimate of the
formation slowness at the plurality of depths within the borehole and
generating a formation slowness estimate curve whose magnitude is a
function of depth. In an exemplary embodiment, converting the extracted
phase slowness coherence into a curve whose magnitude is a function of the
extracted phase slowness coherence comprises converting the extracted
phase slowness coherence into a dispersion curve; and generating a
histogram of the dispersion curve. In an exemplary embodiment, the method
further comprises generating a modified histogram from the histogram by
setting the n highest valued histogram values equal to one and all remaining

histogram values equal to zero. In an exemplary embodiment, the method



formati on sl owness curve as a function of a summti on

across frequencies of an nth power of a coherence
weentsliasxae map. I n an exenpl ary enbodi ment, conPeTuSn@s/046827

the extracted phase sl owness coference into the

formati on sl owness curve whose magnitude is a function

of the extracted phase sl owness coherence conprises

cal cul ating the nagnitude of the fornmation sl owness

cuy V. S anction of.. nt f: jyative of, a .
s uﬁi‘l@? Fo%oﬁé Vs gppgg{}g@; iaeyﬂ%gé %?ﬁ o'ﬁgb@wge USIigh thep fustograms
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o A28 SONRHARGE e 161 s ShAIRRSp 18 romation
s| slonness coher asca funclori oés sammationi agoskdrequariciesief an n

of the forpgation slo ss curve as a function of a

SRS G G sodratied, RS SIOWNEFR SRR ISRNRr df pReeXemplary
exdhBediAterith @BAVEMIRYNERS ekRECEENSRasd BIoWheseBBh&fence into the
enbodi nent, the operational node of the | ogging tool

cdepnatier slowregrs By rwhiwhosgr madnifydeuace fpociomedethe extracted

B i R, s S LR e ERRuce of the
negNhaticle sicwressUigie @8 @furidien®fta a@hathtibRasdoss frequencies of
sl qyness coherence conprises calcul ati ng the nagnitude

of 't HEdeb ek AbYESs I0wihes SXiEaried plRase miwagssn cohetence. In an
SuREp R gﬁ@g@ﬁg{eﬁﬁ%ﬂ%hfﬁ it dlifacd gRQ&@fslo%p%érJygecoherence

OWNEeSsS cofer ence. n exenp
erihtoditinee rformatien alewadso rmirveraettosed mdunifudegisa famdtion of the

c iEctehghare SRS ahesRAce Co bHRES SAKBHIE e mAgaitude of
;Eﬁngggﬁﬁfibﬁ%l&hﬁé@?%ﬁn@@é%"ft]ﬂét?o%grgnt H¥€older Herivative of a
summation across frequencies of the extracted phase slowness coherence.
In an exemplary embodiment, converting the extracted phase slowness
coherence into the formation slowness curve whose magnitude is a function
of the extracted phase slowness coherence comprises calculating the
magnitude of the formation slowness curve as a function of a probability
distribution of the extracted phase slowness coherence. In an exemplary
embodiment, converting the extracted phase slowness coherence into the
formation slowness curve whose magnitude is a function of the extracted
phase slowness coherence comprises calculating the magnitude of the
formation slowness curve as a function of a summation across frequencies of

an n™ power of a coherence semblance map. In an exemplary embodiment,
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slowness curve whose magnitude is a function of the extracted phase
slowness coherence comprises calculating the magnitude of the formation
slowness curve as a function of a summation across frequencies of the n'"
power of the extracted phase slowness coherence. In an exemplary
embodiment, the operational mode of the logging tool comprises a wireline
leaky P mode; and wherein converting the extracted phase slowness
coherence into the formation slowness curve whose magnitude is a function
of the extracted phase slowness coherence comprises calculating the
magnitude of the formation slowness curve as a function of a summation
across frequencies of the n™ power of the extracted phase slowness

coherence. In an exemplary embodiment, the operational mode of the
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magnitude of the formation slowness curve as a function of a probability
density of the extracted phase slowness coherence. In an exemplary
embodiment, the operational mode of the logging tool comprises a monopole
logging while drilling mode; wherein an energy of a formation compressional
wave arrival can surpass a drilling collar wave arrival in a frequency stop
band; wherein a slowness of the formation compressional wave arrival differs
from the drilling collar wave arrival such that a summation of the n'" power of
the extracted phase slowness coherence comprises a plurality of local

maxima, with at least one of the local maxima corresponding to the formation
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wi waven agrival differs from the drilling collar wave arrival such that a summation
of the n'" power of the extracted phase slowness coherence comprises a
plurality of local maxima, with at least one of the local maxima corresponding
to the formation compressional wave arrival; and wherein converting the
extracted phase slowness coherence into the formation slowness curve
whose magnitude is a function of the extracted phase slowness coherence
comprises calculating the magnitude of the formation slowness curve as a
function of the summation of a histogram of the extracted phase slowness
histogram. In an exemplary embodiment, at least one of the anomalies
comprises a local maximum of the quantity. In an exemplary embodiment, the

operational mode of the logging tool comprises a monopole logging while
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eXSIRARSY P RLERCAtscrib®® that includes extracting a phase slowness
coherence of the recorded waveforms at a plurality of frequencies within a
range of frequencies and phase slownesses; converting the extracted phase
slowness coherence into a formation slowness curve whose magnitude is a
function of the extracted phase slowness coherence; determining one or more
anomalies within the formation slowness curve, wherein the location of one of
the anomalies of the formation slowness curve is representative of the
estimated formation slowness; positioning the logging tool at a plurality of
depths within the borehole; repeating extracting, converting, and determining
at each depth; generating a mapping of the formation slowness curve over a

range of the depths; and generating values for the estimated formation
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t NRakithd BF LM ferhfaMePSSlowness curve. In an exemplary embodiment, the
anomalies comprise local minima of the formation slowness curve. In an
exemplary embodiment, means for extracting a phase slowness coherence of
the recorded waveforms at a plurality of frequencies within a range of
frequencies and phase slownesses comprises means for generating a phase
slowness coherence semblance map. [n an exemplary embodiment, means
for converting the extracted phase slowness coherence into a formation
slowness curve whose magnitude is a function of the extracted phase
slowness coherence comprises means for generating a summation of the
phase slowness coherence for a range of frequencies and slownesses. In an

exemplary embodiment, means for determining one or more anomalies within



curves generated at each depth whose nmagnitude is a

function of the extracted phase sl owness coherence and
wdepicnrsdin an exenpl ary enbodi nent, the systempCumshs/ 046827

conprises nmeans for determ ning an estimate of the

formati on sl owness at the plurality of depths within

t he borehol e and generating a formation sl owness

estimate curve whose magnitude is a function of depth.
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embodiment, the system further comprises means for determining an estimate
of the formation slowness at the plurality of depths within the borehole and
generating a formation slowness estimate curve whose magnitude is a
function of depth. In an exemplary embodiment, means for converting the
extracted phase slowness coherence into a curve whose magnitude is a
function of the extracted phase slowness coherence comprises means for
converting the extracted phase slowness coherence into a dispersion curve;
and means for generating a histogram of the dispersion curve. In an
exemplary embodiment, the system further comprises means for generating a

modified histogram from the histogram by setting the n highest valued
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formatioﬁ slowness curve whose magnitude'is a function of the extracted
phase slowness coherence comprises means for calculating the magnitude of
the formation slowness curve as a function of an n order derivative of a
summation across frequencies of the extracted phase slowness coherence.
In an exemplary embodiment, means for converting the extracted phase
slowness coherence into the formation slowness curve whose magnitude is a
function of the extracted phase slowness coherence comprises means for
calculating the magnitude of the formation slowness curve as a function of a
probability distribution of the extracted phase slowness coherence. In an
exemplary embodiment, means for converting the extracted phase slowness

coherence into the formation slowness curve whose magnitude is a function



node of the |ogging tool conprises a wireline dipole
node; and wherein neans for converting the extracted
wohem®78d16wness coherence into the formati on sSPOTUSI®S/046827
curve whose magnitude is a fungtion of the extracted
phase sl owness coherence conprises neans for
cal cul ating the nagnitude of the formation sl owness
curve as a function of a sunmation across frequencies
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conprises neans for cal culating the nagnitude of
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for converting the extracted phase s|lowness coherence .
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nprises neans for
frequencies of the n™ power of the extracted phase slowness coherence. In
an exemplary embodiment, the operational mode of the logging tool
comprises a logging while drilling quadrupole mode; and wherein means for
converting the extracted phase slowness coherence into the formation
slowness curve whose magnitude is a function of the extracted phase
slowness coherence comprises means for calculating the magnitude of the
formation slowness curve as a function of a summation across frequencies of
the n' power of the extracted phase slowness coherence. [n an exemplary
embodiment, the operational mode of the logging tool comprises a wireline
leaky P mode; and wherein means for converting the extracted phase

slowness coherence into the formation slowness curve whose magnitude is a



cal cul ating the magni tude of the formation sl owness

curve as a function of a probability density of the
woextrcaosad phase sl owness coherence. In an exeRrpiraIS005/046827

enbodi nent, the operational npgie. of the | ogging too

conprises a | eaky P node having significant energy

around a cutoff frequency; and wherein neans for

converting the extracted phase sl owness coherence into
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phase slowness coherence. In an exemplary embodiment, the operational

mode of the logging tool comprises a leaky P mode having significant eénergy
around a cutoff frequency; and wherein means for converting the extracted
phase slowness coherence into the formation slowness curve whose
magnitude is a function of the extracted phase slowness coherence
comprises means for calculating the magnitude of the formation slowness
curve as a function of a probability density of the extracted phase slowness
coherence. In an exemplary embodiment, the operational mode of the
logging tool comprises a monopole logging while drilling mode; wherein an

energy of a formation compressional wave arrival can surpass a drilling collar



can surpass a drilling collar wave arrival in a
frequency stop band; wherein a sl owness of the
woOaoosarsan conpressi onal wave arrival differs PComSkve/ 046827
drilling collar wave arrival swgg¢h that a summation of
the nfh power of the extracted phase sl owness
coherence conprises a plurality of |ocal maxima, wth
at | east one of the | ocal maxima corresponding to the
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arofias probalviiily w:aémmmnmfam éxpractashphase alpwrtess coherence. In an
exetfe%:élgrdy gm%séglrﬁcler?tv\ﬂ?es gpgl%%hgp ode of(%he logging tool comprises a
monopole logging while drilling mode; wherein an energy of a formation
compressional wave arrival can surpass a drilling collar wave arrival in a
frequency stop band; wherein a slowness of the formation compressional
wave arrival differs from the drilling collar wave arrival such that a summation
of the n" power of the extracted phase slowness coherence comprises a
plurality of local maxima, with at least one of the local maxima corresponding
to the formation compressional wave arrival; and wherein means for
converting the extracted phase slowness coherence into the formation

slowness curve whose magnitude is a function of the extracted phase



the formation sl owness curve whose magnitude is a
function of the extracted phase sl owness conprises
worarsg)7846 cal cul ati ng the magni tude of the foPORUSEINS/046827
sl owness curve as a function ofythe sunmation of a 1st
order derivative of the extracted phase sl owness
coherence. In an exenplary enbodi nent, at |east one of
the anomal i es conprises a | ocal nmaxi mum of the
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formation are not homogeneous. In an exemplary embodiment, the properties

of the formation are anisotropic.

[0118] A system for determining a quality of a determination of an
estimate of a formation slowness using waveforms recorded by an acoustic
logging tool positioned within a wellbore that traverses a subterranean
formation has been described that includes means for extracting a phase
slowness coherence of the recorded waveforms at a plurality of frequencies
within a range of frequencies and phase slownesses; means for converting
the extracted phase slowness coherence into a formation slowness curve

whose magnitude is a function of the extracted phase slowness coherence,



the formation estimate curve overl ays an edge of the
mappi ng of the formation sl owness curve. In a

woxerwpl7ssly enbodi ment, neans for converting theCcT/US2005/046827
extracted phase sl owness cohergnce into a formation
sl owness curve whose nmagnitude is a function of the
extracted phase sl owness coherence conprises neans for
convertlng the extracted phase sl owness coherence into

o aeats fon detefintty ofRcorrBrE Abphhids ST fig fgfnation slowness
Al durgal dbhérelin §ie Fﬂcb‘ti@n offbadiorené anemadlies dfﬂN@%ﬂn@dﬂon slowness
have been shown and descri bed, a wide ran
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[0119] Although illustrative embodiments of the invention have been
shown and described, a wide range of modification, changes and substitution
is contemplated in the foregoing disclosure. In some instances, some
features of the present invention may be employed without a corresponding
use of the other features. Accordingly, it is appropriate that the appended
claims be construed broadly and in a manner consistent with the scope of the

invention.



anomal ies fromthe group of anomalies consisting of

| ocal maxima and | ocal mnim of the formation
weloewesgaecurve. 3. The nmethod of claim1l, wheperms2005/046827

extracting a phase sl owness cohgrence of the recorded

wavefornms at a plurality of frequencies within a range

of frequenci es and phase sl ownesses conpri ses:

generating a phase sl owness coherence senbl ance map.

4. The method of claim 3, fu gb conpri si ng snoot hi ng

t he phase sl owness coherence se ¥ ance map. 5. The

ne%ag of, claim3, further conprising zeroing out all

se F?’c%! %?%% on the senbl ance map having a

senbl ance val ue | ower than a threshold.6. The nethod

of claim1l, wherein converting the extracted phase

sl owness coherence into a formation sl owness curve
V\,h'bse nBdnethaddor estimating fororation slewness vaingawaysfages recorded

3001308 150300 BET ReSERned %, fist 88eRy RUFER LB shote that
a ttramswta Jubtsrugmsareforaiation) compesiag: 7. The net hod
of claim®6, wherein generating a sumati on across

f requengitrcting 4 pRadd Q@Wr}@s@%ﬁéﬁer&@‘tﬁﬁﬁé ¢&86rded waveforms at a
conprises taking the nth power of the phase sl owness

coher ence vapluedlity 8f frequeneieaydthon acleags of freguansies and phase
det erm ni ng re anonalies within the formation

sl owness cur 8&’@%%%)%5 determ ning an nth order
derivative of the forma n,sl owness curve

T ent STeting, A, ciraEleeh Podse Sigiessh cpBeriigeoiio a formation

claim1, wheggj\Reso MNPl Wh%séhﬁaﬁmido%cfseél fGRGR of the extracted
sl owness coherence into a formatTon sl owness curve

whose magni tphise slowneaacoherense; and extract ed phase

sl owness coherence conprises: converting the extracted

phase sdetenasing arer encmoretananaliespavithirorthe uforeiatiandslowness
generating a histogram of the dispersion curve. 10.

The met hod of4¥fai m 9, wherein the anomalies conprise

| ocal maxi ma i . ]
wherein the location of one of the anomalies of the formation slowness

curve is representative of the estimated formation slowness.

2. The method of claim 1, wherein the anomalies comprise one or more
anomalies from the group of anomalies consisting of local maxima and local

minima of the formation slowness curve.

3. The method of claim 1, wherein exiracting a phase slowness
coherence of the recorded waveforms at a plurality of frequencies within a

range of frequencies and phase slownesses comprises:
generating a phase slowness coherence semblance map.

4. The method of claim 3, further comprising smoothing the phase

slowness coherence semblance map.

5. The method of claim 3, further comprising zeroing out all semblance
points on the semblance map having a semblance value lower than a
threshold.



of the histogram 11. The nmethod of claim9, wherein
converting the extracted phase sl owness coherence into

wae 2006gpper16i on curve conprises selecting, for e&ac/us2005/046827
frequency in the plurality, a g owness, corresponding
to that frequency, associated with the greatest
magni tude of all the phase sl owness coherence val ues
corresponding to that frequency, and including the

13- The e RBHERF 7 o puRell ScSRFG (8 Efdcted phace

s rghewhé st cbhéredckriatd adfophatien slawmessscuobenkose niagritude is a
to converting the extracted phase sl owness coherence
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wherein generating a histogramof the dispersion curve
conpr i genNesgtingnd summgatione agressefrepuaneigs vef the phase slowness
plurality of histogram_bi CQr. [ ' ent

sl ownesses. G ﬁ@ﬁ%gfo?é{egiﬁ%ﬁgg’s eﬁgﬁh%%g,
accumul_agtin he dispersign curve into g. pluralit f
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by the magnitude of the dispersion curve frequency

pa@.nt. THe mMéttodedfhadinofl, chleemginl detesimdmiagrone or more anomalies
accunul ati ng the c’i spersion curve.into a plurality of

hi VR R MALI ORGP WRBSHBHING GOHRIISSSer ent sl ownesses

conprises, for each t[Wre uency point on the dispersion
curve, defersiming iaAgnt HIAAT sedyativa Bf ihe Jeraafigh@lowness curve,

th I t ' ' i nt

by one. 16, e A EATMR AR harguRncy POl
lati he, di [ i nt . p| lit f
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CHIBWhESS coheferRacifitd BeRHABEYN RVdtestclive WheSs headgHitude is a

curve, increnmenting the histogrambin corresponding to

t Henetliowable exiractefphase algwness soherencegampiisesod of

claim 16, wherein the weighting factor is selected

based atorvesiing ihe pairacted phasenslownepecrohareyicet lndo a dispersion
recorded waveforns, ,t he sl ownessfrequency coherence

val ues correSB¥RAMY to the dispersion curve, and

generating a histogram of the dispersion curve.

10. The method of claim 9, wherein the anomalies comprise local maxima

of the histogram.

11. The method of claim 9, wherein converting the extracted phase
slowness coherence into a dispersion curve comprises selecting, for each
frequency in the plurality, a slowness, corresponding to that frequency,
associated with the greatest magnitude of all the phase slowness coherence
values corresponding to that frequency, and including the selected slowness

as a point on the dispersion curve.

12. The method of claim 9, further comprising smoothing the extracted
phase slowness coherence prior to converting the extracted phase slowness

coherence into a dispersion curve.



conbi nations thereof. 18. The nethod of claim1,
wherein converting the extracted phase sl owness

woaeheyroesae i nto a formati on sl owness curve wWhoBET/US2005/046827

magni tude is a function of theygxtracted phase

sl owness coherence conprises: converting the extracted
phase sl owness coherence into a dispersion curve; and
generating a probability density function of the
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cliatan 2 Glurliey e hisesyrant ibigs tdwredponadfigcdoPafRfent slownesses

sl owness coherence into a curve whose magnitude is a
f LIGRINPUsESH oK pachefieauen@uPrpinbee the digpession sheresirerementing the

CORRED TG MBRINT 5 S SBAR SHE  paroon e

hi fséqueareon pdint eodésper si on curve. 24. The met hod of
claim 23, further conprising: generating a nodified

hi 8,091 Bife friethodnerf Biafh OB, ah&ieis ticclflilatify thelidiiRsdion curve
val ued hi stogram val ues equal to one and all remaining

hiigto @ atvradiues bigtegrano birg osorresponding to different slownesses
comprises, for each frequency point on the dispersion curve, incrementing the

histogram bin corresponding to the slowness by a weighting factor.

17.  The method of claim 16, wherein the weighting factor is selected based
at least in part on the wave spectra of the recorded waveforms, the slowness-
frequency coherence values corresponding to the dispersion curve, and

combinations thereof.

18. The method of claim 1, wherein converting the extracted phase
slowness coherence into a formation slowness curve whose magnitude is a
function of the extracted phase slowness coherence comprises:

converting the extracted phase slowness coherence into a dispersion
curve; and

generating a probability density function of the dispersion curve.

19.  The method of claim 18, wherein the anomalies comprise local maxima

of the probability density function.



25. The nethod of claim 23, further conprising:

generating a hi stogram mappi hg usi ng the histograns
wgensriasad at each depth. 26. The nethod of cl &aCmuR2005/046827

further conprising: interpol atifig between val ues of

t he hi stogram mapping to calculate internediate

hi st ogram val ues. 27. The nethod of claim1, wherein

extracting the phase sl owness coherence of the

i ST Mhan B sl LurhE: RaRERsly EbBANEATHE xaeing, the
dogervertigyrinan giee odetehainies dod edavfyehor meorddd bihehe acoustic
nmet hod of claim 1, wherein converti ng t he extracted

pHagging|teakwbie positipasd at amlyalityoffiherderths syithim thgborehole.
curve whose magnitude is a function of the extracted

phake sThamethod ofelaim@d, fwtharicosprising:cul ati ng t he
magni tude of the formation slowness curve as a

f unct i ogersrating anfoerhation alovwressfmappiegdras thé farmatidn slowness
power of the extracted ase slo s coherence. 29. .
The et hod GRLTVPS 06NeI 2B GR AN CURRIB Wi RF MIROTUCS 16 a function
extract ed phasife h@YRRIEpIARCEIBNABSS ebﬁe@ﬁefﬁd%@ﬁn

sl owness curve whose nagnitude 1s a function
e act mﬂ%{ rises:
c;?ic'ul a%@é?ﬁ(zd %g%ﬂf‘?@é 0 rﬁ%ﬁ%{%i on sl owness

curve as_.a_function_of S tio cro frequengi es .

of nth SHEEPNIY ppbestyaate; o TR Fhatioh, BRwhiess 1 the Bluraliy of
sl owness coh@ssRs Qvithk? thel Beraidldafd Afenetating a forhgtich Slowness
converting the extracted phase sl owness coherence into

t he formati oeStEnaigrassve wihose mpgtideds s fungtion of depth.
function of the extracted phase sl owness coherence
codpri ste rmethod afi elging h20,nudpereindeomferting ther extraoted phase

sl gqwness curve as a function of an nth arder. .

Py BESs hETeri, e PO RUSR, ScRP, MiabollfgSis,a funstion of the
exditrcted pRASS SlovHusBhefRY Gdtfifrises: 1. The nethod of
claim1, wherein converting the extracted phase

S| Omeséorﬁ/%'i‘tﬁ{og: ﬂlfé; egﬁé&eﬂhﬁnéég 8RWne8s YMWESSe fiith & dispersion

whose nagnitu
curve; and

generating a histogram of the dispersion curve.
24.  The method of claim 23, further comprising:

generating a modified histogram from the histogram by setting the n
highest valued histogram values equal to one and all remaining

histogram values equal to zero.
25.  The method of claim 23, further comprising:

generating a histogram mapping using the histograms generated at
each depth.

26. The method of claim 25, further comprising:

interpolating between values of the histogram mapping to calculate

intermediate histogram values.



function of the extracted phase sl owness coherence
conprises: calculating the magni tude of the formation
welowesgecur ve as a function of a probabilityPCT/US2005/046827
di stribution of the extracted. phase sl owness

coherence. 32. The nethod of claim1, wherein

converting the extracted phase sl owness coherence into
the formation sl owness curve whose magnitude is a

f ti fnrf:ellf‘l? X -od ph 0 : ren

C(L)?T]Fﬁri gggé) ca c%cfaéii{ %gé"t%hé ’rrg@%@hdéggé&%ﬁnﬁ& R&?\?%nslowness
s| cohegssce wf iheacardath atavefornfs withimnthed iramg f Ffsquencies and
fr uencii es of an nth power of a coherence senbl ance

na[‘é? S§35I0WAESPRY RYIPHPCE| ai m 1, wherein converting the
extracted phase sl owness coherence into the formation

s| ownes@enaiatieg aferavangy tionaie sembianemet thenesordedavaveforms.
extract ed phase sl owness coherence conpri ses:

cad&ul athewgmetwdeafnclainie 1pfwhéreirf ozonverting sthewegsacted phase

c unctian, of nth order derivative of a . .

o i8Sy, Babs aicbrifiscinerBrBatet Sevinsiss, il Wibegi mAgaitude is a
nefanctish oflihe efdiesd phass QIOWnbss%ﬁé%ﬂbeCéHiﬁﬁfiéé&g_ the
extracted phase sl owness coherence into the formation

s| ownesga|GialiRg WHES SndBHIlIdEUSE the Formidtfd Uowhedd Curve as a
extracted phase sl owness coherence conpri ses:

cal cul ati ng fuhetiom@fiat sdmnwftionhacrbes fequencidsovihas " power of
curve as a ftEnnCti on, o ram 0{1 t he extracted

a histo
phase sl owndD§ QYRCIEHRIASSFOWRESS GRPRGINCE! ¢l ai m 1,
erein_the formation sl owness conprises_ formation
\gg?pres %dﬁ?ﬁsqr%\ﬂﬁeglé!mséz wihreife tghwering: Ithe nextracted phase
j t: I [ f ' . :
LS Bk S OHERS) SPIRISS SR e Heppjpoe o
openctiaroofthermdrmctéd phasd sigginegs tohérencensomsdses: node :

selected fromthe group of nodes consisting of a

Wi rel i realelilpie thiedenaghitudegonghehfdrenddionl IsidWness curve as a
quadr upol e node, and a wireline | eaky P node; and
wher ei n convlpeliony eheé summgtien priwse dlesweasies of nth order

derivatives of the extracted phase slowness coherence.

30. The method of claim 1, wherein converting the extracted phase
slowness coherence into the formation slowness curve whose magnitude is a

function of the extracted phase slowness coherence comprises:

. calculating the magnitude of the formation slowness curve as a
function of an n™ order derivative of a summation across
frequencies of the extracted phase slowness coherence.

31.  The method of claim 1, wherein converting the exiracted phase
slowness coherence into the formation slowness curve whose magnitude is a

function of the extracted phase slowness coherence comprises:

calculating the magnitude of the formation slowness curve as a
function of a probability distribution of the extracted phase
slowness coherence.



coherence into the formati on sl owness curve whose

magni tude is a function of the extracted phase
wel2omnessae coher ence conpri ses: cal cul ati ng t he pragmistad®46827
of the formation slowness curygyas a function of a
sunmati on across frequencies of the nth power of the
extracted phase sl owness coherence. 38. The nethod of
clain11 wherein the operational node of the | ogging

Lofk, COfS 3Bty TBAIE il AN M ReobdfBURY phase

SI szawﬁessmbhemrcgwnw thenfdrraation ederfe“sscmﬁvé)Wl&mé @agnitude is a
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sl owness coherence into the curve whose magnitude is a

f unct i o¢aledlating té»etrraagra;wqﬂqﬁem doreaiiore gllewaasse curve as a

Funti onof rpted ol Ao nafRE Sl days fieg 4 6 *opbluer of

sl owness. 39coh'Ei‘r@n6@tsBﬁﬂ)|a}fceC|hapm 1, wherein the
oper ati onal node of the | ogging tooI conpri ses a node

Sefwct eﬁhérmaﬁduf & @UmOf | "RASRIS OBSHVETinY Bk @xtracted phase

wi reline dipole node having significant energy around
a siowoess boquo:eynmwweafolrmakgn elovkssheivagvhose magnitude is a
[ {lca $ gund cutoff fre en(‘)laéII .and
P8 ‘PPB e‘?’f r%e REAe £ ameéa GONSLENGS CoRREges.
coheren e formation SS curve whose
magni t Clﬂ@"agf tagn! r?z &%?%W%@rbr%%\émess curve as a

sl owness Cmﬂn@:%?o&f’rﬁﬁ 'rf"e;clrdétald“éﬂv%hi/é‘gof R summation across

magni t ude of the rmati on OWness curve as a

function of fequerncies bf aygoteresiceyseniblahee map.act ed

phase sl owness coherence. 40. The nethod of claim1,

whg4 .ei nThdemefteadht ofocbdimntdewhérelih ecdmggiimg Uheolextracted phase

S OPUNRSS FOBREINGR IBHo 1o BFTHAP® Hl TSNS IOSRapagnitude is 2
ari?.m}fﬂé)n Bﬁfhesé%tpé’% %hg \/\#1 s|dV\ﬂQas%cHo|h%FeH&V€orf\bF|ﬁé(§"l in
a freque e

ncy sto rern a sl owness

formtigglsggﬂggeﬁ% BN ' e’ Forrfhdd P SolihOR tiEve as a

drillin wav e suc sumra

the nth powefunetioh hef ext histdgrdmphss ¢hes| oxrsted phase slowness
coher ence
coherence.

35. The method of claim 1, wherein the formation slowness comprises

formation compressional slowness.

36. The method of claim 1, wherein the formation slowness comprises

formation shear slowness.

37. The method of claim 1, wherein the operational mode of the logging
tool comprises a mode selected from the group of modes consisting of a
wireline dipole mode, a logging while drilling quadrupole mode, and a wireline
leaky P mode; and wherein converting the extracted phase slowness
coherence into the formation slowness curve whose magnitude is a function
of the extracted phase slowness coherence comprises:



conprises a plurality of local maxima, with at | east

one of the local maxima corresponding to the formation
woanpresgasonal wave arrival; and wherei nconver PCIESive/046827

extracted phase sl owness coherggce into the formation

sl owness curve whose nmagnitude 1s a function of the

extracted phase sl owness coherence conprises a nethod

sel ected fromthe group of nmethods consisti ng of

calculatin gni tu hg fQr Lon | ownes
curve oG ?h {ﬁ%nf%?g'?'ﬁ‘é’o l?ﬁﬂﬁ][e g?lr?%ét' ﬂWHe%v%’rwe as a
of the extraghefoRltRsesshaviRBsacobe feyeencia! suthat i @ower of
t he magni tude of the formati on sl owness curve as a

function of theeexiiacted Poaseslowngssisaberanog.
di stribution of the extracted phase sl owness
codter entlee maiﬂiodmfcclahmi1ngN|n¢feimﬂ§mi0pataiiamfal tnhade of the Iogging
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wherein at | east one o anonal i €s conprlses a
| e deakyt medethaving gigaifidany .ensergy Brieuncteh sateff frslasency; and

o ouRRE b ane o rEaTed (e HolyBsh Rl o the curve

V\hﬁhés@ rﬁ@grﬂnﬂeghs @ffuﬁcﬁcm" m&h@exqﬁmafdepﬁaw@lowm coherence
arrival can surpass a drilling collar wave arrival in

a 99TBPRSRKy stop band; wherein a sl owness of the
formati on conpressi onall wave arrival does not differ
si gni f i calowlating thenmagnitidiel ofi the eve as advrction ofsalhistogram of

and wherein onv rtl%cgﬂéhe e tracted phase sl owness
coherence in '@C‘It ??%ﬁoyn&?ﬁess curve whose

ma itude is functlon of the extracte h )
L ofRe shefioded clain cb eI T OpgrAlindlEede of dhe logging

f%'ESPtcb r% QWQerﬁédéLg Y&cteg ForhUthe! bRIPbf thédes consisting of a
0 1st c?er ed

sunmat | erivative of the extract
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L b T IRedS rding R b edf Brlind | o) OAGTE e@lency; and
f afhéfi ﬂabb%rﬁh@“ﬂﬁseﬂ%d@@cbhgﬁt SlowmRds J@BRERINCRY into the
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defoematior dslowhess dusve Mdrasgt magnifudeniesa fancliert pfdipt extracted

as_a .
phase slowness coherence comprises:

calculating the magnitude of the formation slowness curve as a
function of a probability density of the extracted phase slowness

coherence.

40. The method of claim 1, wherein the operational mode of the logging
tool comprises a monopole logging while drilling mode; wherein an energy of
a formation compressional wave arrival can surpass a drilling collar wave
arrival in a frequency stop band; wherein a slowness of the formation
compressional wave arrival differs from the drilling collar wave arrival such
that a summation of the n power of the extracted phase slowness coherence
comprises a plurality of local maxima, with at least one of the local maxima

corresponding to the formation compressional wave arrival, and wherein



function of the vector of fornmation sl owness candi date
val ues. 44. The nethod of claim43, wherein generating

wea weaereof fornati on sl owness candi dat e val ueeT/US2005/046827

conpri sing possible values forg§ormation sl owness for
each depth conprises: generating a phase sl owness
coherence map at each depth; generating a formation
slomness curve froma sumation of the phase sl owness

coggr R TQrad Oé:aoaﬂﬂm%sgf o s SNGofigrdid e dAte dhe oformation

sl owness at each mning a

vaslowntes émnv&awmeShmgmdeats @adinctimt fbihe extracted phase
det erm ni ngBa | ocal nmaxi mum or m ni num of an nth order
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atfupagbh SERhE suafRsHc bhg &oﬁbﬁﬂ}ﬁf aisﬂ’fbégilgﬁw‘é&f gh:cleg&ﬂ;enﬁed phase

phase sl owness di spersion nmap at "each
ge&iewaesa gObemr@Bogndmatﬁulatmg tbemagmtude cfuthedomhatiac slowness
wher ei n era

@5@? &“S%ffyﬁﬁvﬁtp?%ﬂe Shpal 3@?%%“95?%‘%6 rﬁﬁgextracged phase

deél@WﬁbQ@ﬁls‘t’@ér@% for forrratl on sl owness at each depth
as a function of the vector of formation sl owness

capqli daf ke Vigktifsy C&”El%inﬁeﬁe WLe‘?(éj@' 3 IEQ N %tFelWé anomalies

val ued hi stogram val ues at 'eac t set the
e qeorhplisesoa dqcad mbdrmutm nigth’efcmamhtwe of the r emai n| ng
hi st ogram val ues at each depth equal to zero. 47. The

me4hod Diie chethod4dt, clatrergiwhgreetid operationet inddedof the logging
formati on sl owness val ues conpri si nﬁ det er m ned val ues
n

fotP EPMRITSEH asMenARale '899'8Sc‘Mh'lPe6E' g4nade;uvberedn aprenergy of
f¥ffARn %ﬂﬁé%EhQFm@bQ%%ﬁl EaRUBLSs a driling collar wave

va uesconpri
arrival in a frequency stop band; wherein a slowness of the formation

compressional wave arrival does not differ significantly from the drilling collar
wave arrival; and wherein converting the extracted phase slowness
coherence into the formation slowness curve whose magnitude is a function

of the extracted phase slowness comprises:

calculating the magnitude of the formation slowness curve as a
function of the summation of a 1st order derivative of the

extracted phase slowness coherence.
43. The method of claim 20, further comprising:

generating a vector of formation slowness candidate values comprising
possible values for formation slowness for each depth; and

generating a vector of formation slowness values comprising
determined values for formation slowness at each depth as a

function of the vector of formation slowness candidate values.



generating a histogram mappi ng for a range of depths

and sl ownesses conprising the non-zero val ued
woizedengsam val ues. 48. The nethod of clai m 47, PaimaISei08/046827

generating a vector of formatigg_slowness val ues

conprising determ ned values for formation sl owness at

each depth as a function of the vector of formation

sl owness candi date val ues conprises: if the value for

tFbor o PO HORGEL BY tgeith &2 APl SeRERyb 3 UBptof i Formation

f o16WhES8 cEBh@WARS Falviak wesn@isie) pbssibleesdl@ss1Ririf8fmation slowness
sl owness val ue for the vector of formati on sl owness

caiedieagh depth cemprieest he sel ected depth; and if the
val ue for the histogram mapping at a selected depth is
equal t@enarating arEhasecsslowngss heharenoe nudp aheaste depth; of
formati on sl owness val ues equal to a null val ue. 49.

The metdenkrafing laafionmafon steevreass geve fran agswimretioarofdhe phase
formati on sl owness val ues conpri si.ng determ ned val ues

for formati oHOWNERAeSeNeENEacMakefoh Asrangey it flsqughcies and
t he vector o%b{‘,\@éggé% Qf‘eéérplﬁ@;ﬁlﬁsaﬁéndi dat e val ues
iTt e’

conpri ses: e value for t vector of formation

sl omnes??;()é%fﬁ%?q gle dﬁogétg g’%ﬁ% @’? ?éﬁwétﬁ)neggﬁ}nggg ot e3th depth by

val ue, en setti ng e vec

formation s|aseesmivgl acocal nadnmsed est exinteoih ofqaal n'™ order
to an averag&@_of _adjq?cent non-nul | val ued fornation

sl owness val dR&ativeidhg frmationrslowhess ¢Wes| owness

val ues. 50. A nethod for determning quality of a _
ded®r ni Hag ireathed afh odaim Wt avhigrel tenetatingn asvesioesyd formation

SSBAnARY YHRIOE RTAIRT Rlo PRSI Ypuness a
t hedch depthrases functioht eirtheveatorfod fomiation slewfiees tandidate values
for each depth,extracting a phase sl owness coherence

of CAMARNIS& or ded waveforns at a plurality of

frequencies within a range of
generating a phase slowness coherence map at each depth;

generating a dispersion curve from the phase slowness dispersion map
at each depth;

and generating a histogram of the dispersion curve at each depth.

46. The method of claim 45, wherein generating a vector of formation
slowness values comprising determined values for formation slowness at
each depth as a function of the vector of formation slowness candidate values

comprises:

selecting the N highest valued histogram values at each depth and set
them equal to one; and

setting the value of the remaining histogram values at each depth
equal to zero.

47. The method of claim 46, wherein generating a vector of formation
slowness values comprising determined values for formation slowness at

each depth as a function of the vector of formation slowness candidate values



frequenci es and phase sl ownesses, converting the
extracted phase sl owness coherence into a formation
welowesgecur ve whose magnitude is a function 8CTUSE005/046827
extracted phase sl owness coherepce, and determ ning

one or nore anomalies within the formation sl owness

curve, wherein the |ocation of one of the anonalies of

the formati on sl owness curve is representative of the

es&drﬁ@iﬁ%jor mat i on sl owness; generating a mappi ng of
t he rmati on sl owness curve over a range of the

ALK L REERT A X 1, X S—

const r uct i Ngc@pRSINBthe AoRZerdRhRIcHHi¥Rgrakia/hids. t he
quality of the estimted formation sl ownesses

deder MR mtrdd URCAIRT 47 \heIBR GRnbRtY EME8Br of formation
formati on estimate curve overlays an edge-of the
meglpwngsofvalies foonmerdsing deltenmiaed values.fob farmatien slowness at

met hod,of . claim5 ein conyerti t he extract ey

i deethascs RiiondldbE VRch ! FomaliinslowRsm caudioate values
Clusorepidiase magnitude is a function of the extracted

phase sl owness coherence conprises: converting the

t t; . . )
cxt1 2CHERPURRE B MORRRAREERBRF 8 BUSPREIO notcqua
of the di spetosizem,cthere.seiiing Ahey shkie fofr thes tieekdri ©f formation

formati on sl gwness using wavef.or ecor.ded by an
acoustic | og%PWBe%é{P\”&gs?W%ﬁ@otﬁ% f%)mnﬁu%n @&\é%qﬁsevalue for the
that traver sgstbhgf fcf?ﬁ@ibhoé]owﬁég@%bﬁﬁlg%te NBRES ffo?gré% selected

extracting a phase sl owness coherence t he recor

wavef or ns atdepth] amél ity of frequencies within a range

of frequenci es and phase sl ownesses; neans for

conver tif tie vakieehor ithe thistogiaas enapping et 2 selbeteeindepthnisequal to
a formation sl ovv{hess cgrve V\ho?e n}a nitude is a )

function of %@, then setting the value of the vector of formation slowness

values equal to a null value.

49. The method of claim 48, wherein generating a vector of formation
slowness values comprising determined values for formation slowness at
each depth as a function of the vector of formation slowness candidate values

comprises:

if the value for the vector of formation slowness values at a selected
depth is equal to a null value, then setting the value of the vector
of formation slowness values at the selected depth equal to an
average of adjacent non-null valued formation slowness values
of the vector of formation slowness values.

50. A method for determining quality of a determination of an estimate of a
formation slowness using waveforms recorded by an acoustic logging tool
positioned at a plurality of depths within a borehole that traverses a
subterranean formation, comprising:

for each depth,



extracted phase sl owness coherence; and neans for

determ ning one or nore anonmalies within the formation
welowesgecur ve; wherein the |location of one oPCrhs2005/046827

anonal i es of the fornmation sl oyness curve is

representative of the estinmated formati on sl owness.

53. A nethod for producing hydrocarbons froma

subt erranean formati on, conprising: obtaining

posi 1§ oned GPEANEc2 B wPhfissS BRIdeRR' qf, the recorded

traverses thgagsfoimer anenrpllieligptdforeqashtiast Wi a range of
phase sl owness coherence of the recorded waveforns at

a plurality feequencierrencd phase slownesseange of
frequenci es and phase sl ownesses; converting the )
extract ed phewwesiingwibes exvaciednpbaset gownessneohenence into a

sl owness curye ose . nmagni t ude i f unct i of the ..

ext ract ed p_hf8§'@a_ PBM%%O%W@H@%&%M@HFHB aoﬂ'@CB?n of the
nore anomal i @graMtédibRabd eldwiiedaidonBraricaMaggs curve,

wherein the | ocation of one of the anomalies of the

formation sl quaRRmhi {Mﬁei or I ARIESaNbAtdIS itifethe formation

estimated formation owness; and produci ng
hydr ocar bonsslowoess lceniewhereiorthedoeafiarhef ese iofidh@anomalies of
formation sl fhe Yormation slowness curve is representative of the estimated

formation slowness;

generating a mapping of the formation slowness curve over a range of
the depths; and

generating values for the estimated formation slowness at the range of
depths and constructing a formation estimate curve;

wherein the quality of the estimated formation slownesses determined
is a function of a degree to which the formation estimate curve
overlays an edge of the mapping of the formation slowness

curve.

51. The method of claim 50, wherein converting the extracted phase
slowness coherence into a formation slowness curve whose magnitude is a

function of the extracted phase slowness coherence comprises:

converting the extracted phase slowness coherence into a dispersion

curve; and
generating a probability density function of the dispersion curve.

52. A system for estimating formation slowness using waveforms recorded
by an acoustic logging tool positioned within a borehole that traverses the

formation, comprising:

means for extracting a phase slowness coherence of the recorded

waveforms at a plurality of frequencies within a range of
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frequencies and phase slownesses;

means for converting the extracted phase slowness coherence into a
formation slowness curve whose magnitude is a function of the
extracted phase slowness coherence; and

means for determining one or more anomalies within the formation

slowness curve;

wherein the location of one of the anomalies of the formation slowness

curve is representative of the estimated formation slowness.

53. A method for producing hydrocarbons from a subterranean formation,

comprising:

obtaining waveforms recorded by an acoustic logging tool positioned at
a first depth within a borehole that traverses the subterranean

formation;

extracting a phase slowness coherence of the recorded waveforms at a
plurality of frequencies within a range of frequencies and phase

slownesses;

converting the extracted phase slowness coherence into a formation
slowness curve whose magnitude is a function of the extracted

phase slowness coherence;

determining one or more anomalies within the formation slowness
curve, wherein the location of one of the anomalies of the
formation slowness curve is representative of the estimated

formation slowness; and

producing hydrocarbons from the formation using the estimated

formation slowness.



