2006 o ) 332 433 A SE5FEAY
20069 6% 8Y(F) ~ 94 (=), HAAHL H&F34Y

e e REIE-EE:

— monopole¥ dipoleAA9] v

1 1 .. 1 1
T3l o)AV Weijun Zhao', 73V
D79 etw #2283}, melongkong@naver.com

Sonic Velocity Determination
using Data from Monopole and Dipole Sources
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Qe FHHTS AFESt E5% FdPFoERE A SEEAS S g A9
E o7 o] ol&x1 9= STC WH (Slowness—Time Coherence) <
& 1133k Tang et al.?] WH (1995 S AFAIHE 2 Feol 4
g8 By 7 A3E vwslget. Puel Stoneleydt oA E w9 AddE HEZHS B
STCHHe a7t &ty Tang et al.ol W (19954 Fa&zl Sy £E&
monopole source?] S¥H&EE9 2 AX% 31 dipole source? A& t§d monopole
technique®] STCHW oMol Sut&E HE e 3= Zo] xSt

FR0H : 37, semblance, s¥, &5, #AHA

Abstract : As a study of efficient velocity analysis in sonic log, several
preexisting techniques have been adopted to the sonic data taken from model
borehole in Kangwon National University, and the results were compared. For
the data taken from monopole source, Slowness—Time Coherence method which
1S a common technique for nondispersive wave was used. For the data taken
from dipole source, conventional STC and Tang's method(Tang et al., 1995)
were used. From the good matches in the P and Stoneley wave velocities, we
could confirm the effectiveness of STC computation. We also could find that
shear velocity obtained from Tang's method were exactly matched with shear
velocity obtained from monopole source, and that the velocity were within the
range of S wave velocity values obtained from conventional STC application to
dispersive flexural waves.

Keywords : sonic log, semblance, s wave, velocity, dispersive
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FrolMe] EeldsS AFy T dut 2458 dAAGHAN S8 =7
AR eI T Foll SubdH S Abe] dflA] Y S AlvelTs AU
o8 AFE A &3 AR #A FAR FAE HEVE o8] AFT F
del T4 QU ok skl SE S BEE el ATUI Kers.
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of o]&& i

Aegst pakel STl HRE AAsH] flE oy WHEo] JidEHo  ghow,
monopole AAZHFE O 4F3, F v EAH] 3 (nondispersive wave) & * @t HF
3} dipole 22 FEQ flexural wave, & #4Hd 3} (dispersive wave) & & sl+=
WS did AR FEE 4 Atk Nondispersive waved HEWHOR =
Semblance  7IM&  ol&F AP Ayl dEe]  FAse WH
STC (Slowness—Time Coherence) W (Kimball and Marzetta, 1984) ¥, McFadden
et al.(1986)° <& 7WI¢¥E N-th root WH, 18]3 Fourier transform¥ phase
shiftings& ©]43 MLM(Maximum Likelihood Method) (Hsu, et al., 1986)%5©]
AtA o 7 pro] ARE-Eojxal QT

Dispersive wave? #]WH¥2 acoustic wavel £E7} Fubgof wpg} WHa= BEAF
Y E ol &= 7R, ReceiverdlX E53% 383 receiverZ2F-E FHoR A
AtE o) e receiver?] WS Mo rA S £RE AAsks WX M.
Tang et al., 1995), STC7I" ¢l dispersion wave? 5%4-& &-8&3}o] semblances 7
Abski= DSTC (Dispersion Slowness Time Coherence) W™ (C. V. Kimball, 1998),
Nolte and Huang(1997)° &l 71'&¥ Weighted Spectral Semblance *}H %o] 9l
=

lo rr

—

BoeRelt $uEES Agste]l H5d SPomvY FRd SERAS 5] 9
sfo] elHow ol o] ¥ gl STC Wi o] PA4E Teld Tang et alol
Y-S 4§, vwstark

2. &tz 8=

e

W el 91As KLW-4 23S ddos sad5s AAsglon, ol
AH]E= Mount SoprisAle] 2SAA—1000/F Sonic probeZE AME-3F9th. A}£-% Sonic
probex 2H9& WAEE 2] transmittere 3702 receiver® ?L“ﬂoi glom
(Fig. 1), 1~30 kHz® tdt Fagdeds zhed. &8 590 AFwdd didd
monopole source®} A|F&o] BltfA el dipole source? &S AFES 4 Qv #HS
Al Sonde? ©]5% %+ stack interval ¥} number of samples 5& 183Fe] 2~2.5
m/min®] £EE AT O R FHo] o] FojFT

2132 monopole sourceE ©] €3t =43} dipole sourced ©]€3t 4 S WO
W T AxoM BEF 1, 3, 5, 10, 20, 30 kHzS F9+=2 HolHE FEFUL. 59
A= A& ds vE 9@l calibration zone o £ A EoA 9 AEE o] &3t

ST
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Pig. 2= KLW—4 A4 gxrzoz £53 sgo|rt
- ° - - -
Aol 1yE KLW—-4 A FF XHL%FJ A HAEE B AFvor, vy 7319
3 = -
Y7k 1.741 g/em”?l NX =27]19] AlF=Folvk (193 2, 2005)
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(b) dipole source (5 kHz)

Fig. 1. 2SAA—-1000/F Sonic probe Fig. 2. Waveforms obtained from
borehole KLW—4(21th data)

3. Monopole source & =24

=3 H59 HE 45 flste] Semblance 7I1M & o] &3 3F e @Al dhsto
A3l Wl STC(Slowness—Time Coherence)= AFE33 . STC Methodi=
sonic waveform@ ZFE % %4 travel timeS pickingdli= cross—correlation®] 3t
FEl=, o2l receiver o] Ayl thato] S skl Putel S¥ T 4 RES] £ F
A sl+= W o|th(Kimball and Marzetta, 1984).

STC method+ monopole sourceolA P3}te} S3}, 7718]31 Stoneley wave & THeFSH
g5 A4st=d AE-¥ . Semblance W42 arrival time¥} slowness® $HrZ 4

o=, A ()3 Zo] e

1 rTw m 2
) 1) s ernlt+s(zm—zl)+r]
(s, D= o (1)

Z::l I, rltts(z,—z )+l 2t

olu], Twi= window width ©]1l, si= slownessZHX £%°] Yol = 3 HA|
receiver7bA| arrival time ©|t}. 2] 10X o k> 04l 1AFo]9] #hs Hol=d, d7F
3t window width(Tw) W] WolAl receiver Fe] d#Ado] 71 £& wl&= o #49l
of &Sk, 28R &S Agol= 0o 2 s Helth wekA p gkel Hulvb He
peakol] A s(slowness)E& ZAAst £5& F3¥th Fig. 32 1, 3, 5, 10, 20, 30

o

—
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gdom 20 kHz ©]7delA %“—%33}711 LB

3L

AFE3Fo] AlALEl semblanceE contour plot 3 A ¥}o]t},
AF3k(1, 3, 5 kHz) oA P3e] olyA7F |+

ol

AR oz Z JeERJY 3 kHz o] Aex Eddsit). pael Syuto &£r= zZz)
2.89 km/s, 1.78 km/sZ thH5o =Ho d#AE AFE AL 2= 919t} Stoneley
o] A¢ Aukx oz 2z B&E = Monopoleo] A= 5S5kHzolsloA 2 #&w 1 Qo
, H2gS 1.3 km/sE YERT
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4. Semblance results
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3. Semblance results in the center frequency ranging from 1 to 30
monopole source at calibration zone of KLW—4.
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2ol Pyfo] o ¢ o]
H]slo] S3} peak+

4. Dipole source

Sute] &= Ao QlojA, 53] slow formation®l] oA+ 3t Weko 7 o A& HALSH
o] x|Z9] oA S FAE 4= = Dipole sourceE AFE-3th Dipole sourcets fast

=

formation¥} slow formation EFoA 73t sutE TAA|7]+=4|, ©] 3= flexural wave
ARESle] & 1, 3, 5, 10, 20,
15HA AHelst 43

I+ bender wavez} 3t} Fig. 42 dipole source®

30 kHz® 3 A%E monopole processing techniquel @ &<

o]t}
Dipole 2] P3} peake mlofst 5 kHzol 3o Fulksol A oksiAl vttt Sat
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 5~20 kHz FIolA o8 M peakz #ZFo A 312 54 (Kimball,
1998) AAFsla Qlth doj Pyt 45+ 2.89 km/sEA monopole?] 752 HYU3}HA
ek th S®e] £= 1.65~1.85 km/s9] W9l Wl Stk Stoneley o ¢
dipole°| A= 1 kHzol AWk #2= =4, 1.3 km/sZ monopole| A ¢} A3 £ 3k
< YErda Sl

Dipole source £EE4S 93t F HAS HLOE Tang et al.(1995)°] A A st
o] g oll ko] Ut receiver?] P EHE thFol 2= Zreceiverd] @& EE
Yokl 7-5kaL, 7} receiveroll X BE Y S3 AA Aol vtE & vlwste], 9@k
A7 Havr E we £ E 3

(1) Frequency domain®l|4] Fourier transforms AFE3le] T3S WHISE 3

ol

amplitude spectrum (fig. 5) 3} phase spectrum(fig. 6) & <At}

Ww,z ).=A(w,z)ei¢j, (=1, 2,3) (2)
RX,(0=A,(0e™?, RX,(p=A,(Pe™?, RX(PD=A,(He?V

X1 Phase spectrum for common source waveforms
2

= i T /\ )\\ - .
= P e v < N N
1: 10 b \*//\«\/\\‘/»\
g ! Y go \’\4\\/\\/
: P Ny - ,2,\‘\1
e 2 :
o \\P/’\ ] ﬁ S oy Zes \
F§D5 = : N\ \
1000 2000 ‘; 0 4000 r‘isuzmy“ ‘Z)EEI 0 7000 EI‘DD\ 9000 10000 0 1000 2000 3000 F'EWE"E:(DHUZU] 5000 6000 7000
Fig. 5. Amplitude spectrum for Fig. 6. Phase spectrum for common
common source waveforms. source waveforms.

(2) Trial shear velocity (Vsp) & 483stod, &4 F3b oA dispersion W42 ©
2 flexural wave AE5EE AT (Fig. 7).

1] 1 2 3 4 5 3 7 B E] 10

Fig. 7. Flexural waves dispersion curves
in amplified KLW—4 boreholes.
(3) Receiver® 335 o]&3slo] tE receiver IS 84072 A4St  simulate
st o 93 FHRAES ALk, receiverel 71E5E 33 vlwste] 9dakel 3
TR ZE& AT
(4) Trial shear velocity (Vso)) & WH3AIA (2)~(3) 8] #A S w5 AAteaioh
(5) HA3ZE 9%t cost function, 2] (5)& ©]&3ted TFjtsimulated waveforms) 2}

- 229 -



239 . o)A . Weijun Zhao - 333}

W (received waveforms) 2] 9I4327F H 4 wo] VsE A4 3t

BV)=3A|STH V., 12) K, 2)]

Al-;( V fzz)_¢1(f 21)‘|‘k0(VQ Nk

¢13( ,f,29)=p1(f, 2012k V), Na&

Pan( V,f,23) =¢y(f, 2)+k( Vg, N

(6) Forward prediction®Z A% Vst 1.77 km/s2 YeERRtth T3 99} He

WS A" receiver (AWA receiver) & 7]l ® 9o7  AHE (backward
prediction) 39S W& 2.08 km/sQ Vs &Egko] Ao %t}

(5)

oRHY A £=F4S 7] Yot Ao A%
o7 A o g wWo] o]gx 3l ¢l STC(Slowness—Time Coherence) WH S H|Z
sltod, o] BAMAI S 31# S Tang et al.®] W (1995)S AL By 1 A¥E v

4

Monopole source?] ZRE FEWA 3t A¥, g oz a7 Pa, AF3t
oA Stoneley #}7} 2 #& == dAo] FHA vEbken, S+ 5~30 kHzH 9 W
oM & #EHI) Pytel Syl 9 Stoneley ¥ &% Z7F 2.89 km/s, 1.78 km/s,

1.3 km/s® d¥d AxE AUtk
Dipole source® Az o th3le] monopole technique? STCHH S A 8£3F 4=,

AdH FIF9 oA monopole sourceo|A e dojzx kI FAE 2.89 km/s, 1.3

km/s? £%7kS 71A = P39} Stoneley 3] peak?t 1.65~1.85 km/se W= zt=

ol8] ¢ ST semblance peak® LFEFRTE QR FEmzmololoa UEhd Pupe}

Stoneley 38| ¥ A& B4 HAoA o] Fuak JoJg &A3s] AASHA H§el o

& Aol sdst £3ke AFE 2 semblance™H e w3 WA A AlAlstaL

t}, Syuto A2 o8] 79 semblance peaki= flexural wave? A4 112 EA o &g
(Kimball, 1998) 3= Zo® ket
Dipole source®] A& thdle] Tang et al.(1995) ¢ &3t o7 &5 BA1S 3 4
= forward prediction ¢} backward prediction ol X9 Vs7} 2+2F 1.77 km/s ¢+

2.08 km/s9 A¥E AT} ©o] 2 monopole sourcedlA 9 X9l B W3PS u

forward prediction®lX= 2.9%% @& K3, backward prediction® &%+

20.9%2] x5 HATE of2 o] AIE monopole’|He A% dipole sourced

STC A¥e} vjwsr u, forward prediction®lA+= 1.6~1.9 km/s W el =+ wbd
o] backward prediction®] A= 1.6~1.9 km/s H = Hold Ay=z elyt) o)==

backward W] forward WHET A4 S 2 transmitterZ2FF receiver? #gl7}F

Ho] A noiseel theh FaFe wWol W Aow Adsigith
A&l Syt &£x AAFES Y3 A dispersive waveel i AF=E DSTC
(Dispersion Slowness Time Coherence)®¥ (C. V. Kimball, 1998)¥ Nolte and

Huang (1997) ) 2ol&] 7H¥ Weighted Spectral Semblance W2 A& vlwE 23

Zoll 1o, o]2HH A 9 AS SEdY e By FAE VE AT e AR

o F
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