2009 F# 3358 34133 d2d3 § )%
2009 10 ¥ 21 ¥(F) ~ 22 (E), FEH ¢

Hgsto]| = 0| E FEF A9 A3 AHA) A=
o]

5V upz=Am) 2D
Ve st 2 AAT 7} oA - A9 ZZE] oA E, nepy @hotmail.com

Estimating attenuation in methane hydrate bearing
sediments from surface seismic data

Kwangho Leel), Jun Matsushima

D Frontier Research Center for Energy and Resources,
Graduate School of Engineering, University of Tokyo

S ARdolsdoe ATE duddesd Ty vl A7 eds
Aoz SkeA ool tg 77l BAS. Hwsol mdolE HEFel Aokl o
AFE BSRE £A 9} ARt SERRE vesol Selo]E FEFS FH e AT T}
H3 glort, A2t A% gASYoRRY duseldelse ¥EE FYst
ATE AEH L ek B AT AR vt Eefsmel s A5 2349 WA 4215}
dolE e A 43 (Q-1)E AEste] wukstelEelole FEFelAe] A

HHEAS ST QVORlE o] &3t "rJ’r‘F He 30~70HzS 2=A HY

125~1,576mulellA A=A A A& % s A3k, BSRAFE HlRE dfol =0l E

FEZoA XS AHX 7 AA Frkete AE #FE 2 ¢ QA wepA] 2 ATt
3l 9 FIa HAW AP ]7‘4—4 1‘5}3}01‘331] |1E F&E5U 74 5A4S

ﬂo”ﬂ o] F o] &3t Eslo| EeolE &9 4 7t S Elskitt

v gksto] =do) B AR 3} 744, quality factor, QVOHR, Spectral ratio™

fo o & FP
mlo

_‘{:_O,L'nnru

R
|
slo
=2,
=q
T

Abstract: Methane hydrates are considered important in terms of their effect on
global warming and as potential energy resources. Now, mainly the presence of a
BSR and seismic velocity are used for estimation of methane hydrate concentration
in the seismic reflection survey. But recent studies on seismic attenuation show
that it can be used also to estimate methane hydrates concentration. In this study,
we tried to estimate attenuation from 2D seismic reflection data acquired at Nankai
Trough in Japan and analyzed attenuation properties in methane hydrate bearing
sediments. Seismic attenuation estimated by QVO method in an offset range
125~1,575m. We observed high attenuation in methane hydrate bearing sediments
over BSR in a frequency range of 30—70Hz. Thus, this result demonstrates that
seismic reflection wave within this frequency range are affected significantly by the
existence of methane hydrate concentration zone.

Keyword: methane hydrate, seismic attenuation, quality factor, Q versus offset
method, Spectral ratio method

28



°]%3 - Jun Matsushima 29

1. }\-]E

L

W grslo] =gl o] E= (Methane Hydrate) = Wgk B2/ & a9} A&meke] A4
=Aor AFd uAe] EAE T Aoy A e oAl JheAdEt ofvep AT
2ske] YRlo A% el A o]of st A7} ettt
Hesto| B ol EE AAF R AbESte] duAd oi/‘i g8t HelA= HE
sto] =0 E L l" FA S FAst] I 5 WU ES AEE vt stk @A) ol
st 9= BSR(Bottom simulating reflector)d &4 2 gA3 &%l e
0}011331]0]E.4 23E Atolo] A #BAE F4 5k Xi'tooké Frkete WHlel &
olFa vt skARE ®ATRe] Pk iTE‘: Hgk sfo]=dgo]E 1 2A|7F ofd Ui]E’f
stol=dolE, o=}, a5l FAZ o] Foxl £ e EAS vk str] wiEel @3]
Hesto| = o] E x8t& 3 Pyt £55 #A A 7= ot} o] i??_ ]‘IT ool =R
o]l BT NS o] &3t HEslo| Yo EE FHse AT AR HA
9121, Matsushima(Sonic log, 2005; VSP, 2006)E° g—“ﬁ: 47}01 EzAY
(Fig.1)elA AS5H gefst T35 dod 9] Axlg dolHEA& F3l westo] =g ol E
F-EZANAM L AR @l s A-star ok whek Xi At ARG HEA Ko}
Aztsto] 24 4= ok Hgksto] B0 E 552 F4 o] Kot go]3)] A Flolth
2 AFE oo gt AT dFR=E HEsio|lTHolE BEZC HEAe HSloE
QVOH (Q versus offset method; Dasgupta and Clark, 1998) 2 #&-35}o] 2219 BIAMY
A5 glo| B 258 A 713} 7H 2| & A=l T

o Amplitute(CDP7800)

Two way time (TWT) msec

—  BRWE-20WHMME(01):2800Kkm  © HMHI-MELS(99) Py

Fig. 1. Location Map of Nankai Trough  Fig. 2. Seismic section across the MITI
Nankai Trough Well(PSW1). BSR can be

recognized around TWT 1.6s.

2. AR} 74

A vpe] HEL FaAg e wef ik, IA @ EAE (spherical divergence or
geometrical spreading), W%7+4] (intrinsic attenuation), AF&+ (Scattering) ] 371X
FElE 7 ET. o 7)A4 LHBﬂJJL gt oy A 7 widS Fdeke EoF oy ATH
R wWatyo] WA iy 7)4\; waby, ©A 97 Y Es] ojueh wAYFO R
HHst=A = o ‘%‘3‘2’3}}] ot Apddyr sk A ov LA

St (Reynolds, 1997). o]i= 4 (1) 3 o] YERgo]

A; 1
roial exp[— @ (r; — rp)] (D
A71A, AL glAy = HAH SR RES] A g ol WFolm, o= B £ Vel

20099 ¥3FAFFF - T DAY T3



30

A ZAspol 2R o) 2 FEFo N A A 3} ) AHEF
T Fob BASHE 731415 (attenuation coefficient) 2 4] (2) £} 7o) YEpd T

T f

azv_Q’ Q—lzza/‘( (2)
wpeta Fag7F S| mel ZHASE SUbska, aF e i) AFag AR
o wy] s gaAse MAde SRl wEl =24 Yeids d9A—E oy A
A Eo|H, I ME E£AELS 27/Q  YERE 4 QY 9714 Q= HIsA T AL
(anelastic attenuation factor)o]®, tH&E 21(3)9 Aoz A HA}H(Knopoff &

Macdonald’s, 1958)

Q 2r E (3)
o171, Egr= ] €8 oy X o|u AEE= 1F7] B¢k £49 o xjolt}. webaA Q7o)
oA £=4& el = vl h= (specific d1551pat10n function ) 7} ¥t}

Q#t2 ¢l&2 inverse Q deconvolution®]g]E E3] @ ddolg 9 Hajs
%34 (amplitude analysis) & §-0]|3t7 3t ¢k, 1 AAZA 42 E4S YeR
o 25 #8283t} (Dasgupta and Clark, 1998).

3. QVoH

QVOH> NMOXREH CDP gatheref #3H4(Window function)& 2§38t w@A|7H
g o :H g (Short time fourier transform : STFT) 8.2 Sl o=z E‘i?} % NMO
stretch®] B 3~5719 EgojAzt FEZAQ =307 S/NH|E g4 A 7] & Spectral
ratio ¥} HAAEHS o] &3t AA EL/\]-E HiALoHI EZFS] A2 E&(Zero offset)
AHAE T3k “”ﬁ o|t}.

Spectral ratiof] F A ZEe] H& o Wz RE XS Fo= WY og AHEY
NEZ] 27t Fa FollA AL AH0 = FFashes As 7|22 kal Ut

T At
A (f,x)) =B-Ai(f,x1)-e @ 4)
o71A fE FTIF, x Hx v A, At x; x, Abol o] A Z st ZEAIgEe] zpoln], B
2al7] Bl wmu 54, 713184 5L TS wmSolth o] e 2aF 3ol
2(5) ¢} o] LheRd 2= 9lch,

1[ ] ” At+c (5)

w1 n e RO Fuke SRl AAo R el T 7E7]= —(x - AY/Q7)
Hoh 28 PR F A 3P AE NE ROE Fste] FakeSadel e EE yEhdof
AdS skl 71€7] (Spectral ratio  slope) & 78k, AtE d}] TOZEA Q#ks
At = ook R dlolE o= o5 7474 @ smAle] thal AAE §, @ ARG
gt A TARE A Z e Z A A ] 7)€ 7] (zero—offset spectral ratio slope) & 7%
ATt

20099 V33X 3FF - T84}

o

<9 3



°]3} 3% - Jun Matsushima

4. @Al HE

2 AT 4B dolo] EEoA FHE5HE 239 e EAF dlo]H 25 QVOH S
o] &3} X]{er AAAE AEsAY. A A AF 2 Falgeo] tis Surface
consistant correction A2 9 AF3¢ FEHPS T ol= A7 A7t AAlE CDP

gather”} /\]-3H°* ©n Reference signature®+ £AA1% (Source signature) thAl 8j %
WAL 235 AFESE oM, S/NHIE 4417171 918 NMORAY 3 A QA 470 €]
EgolAs REAO= %%L(stack)ﬁ}oi AREskoATh ek, HRAbE AS (reflector
signature) = NMO stretcholl 23t Fu+4= ¢ = (spectral d1stort10n)a v st A&t
TAE fleke] NMORAW Al glo] Z47te] Edolx~ HE 343s Agste] F &
Agstdet. F32 FU)= Fd 2570w BFgo we 35715 A8 sl

Spectral ratio slope® EZ3}7] 93t Fa+= ®HY+= 30~70HzFEH Alxo uzh
40~60Hz2 WM 2 £ #4319 21, Spectral ratiod] #3¥7} &2t sto] T3k H 97}
grEA & Aode v FH S dEste] ghEsto] Atk 488 22 A W=
125mellA] BA1575m7FA ™, | QZ Al (far offset) Hlo|E 2] Ao wg} WS =
51%3‘93@

Fig. 3. a& 1A wWHAFAA BSR AH7FA1 9 ®H$lol tfs] 2 Al wE Log Spectral
Ratio (LSR) W35 vela glom tiaz oz Fuk4 M9 30-80HzH ¢4 LSRo]
214 7HgA ‘)rE’r‘)rU% e3xZAe] Frtgte] wet VeV E e wilAeE As & F
St} Fig. 3. bz 7 @A zkzof ok LSRS WeEb a2 gl ow 2 ZAle] o) st YHHS
THOZA AR 345101]*14 LSR3¥} 7+ %)= T3 2= 9lt}.

20 -0.02
:* Offset  125m °
> 10 Offset  425m £ 003 | y = -9.6E-04x - 2.7E-02
s - * Offset  725m e« §§
= ~* Offset 1025m [ i
o 00 Offset i -004
£ 10 = w 005
© 1
= I . \ o §§
@ -20 N S g -006 | (3
% H .\l g
_8: -3.0 -0.07

0 20 40 60 80 100 0.0E+00 1.0E+01 2.0E+01 3.0E+01
Frequency [Hz] Square of offset [m?]
(a) (b)

Fig. 3. (a) Log spectral ratio and (b) Slope of log spectral ratio in the frequency
range 30—70Hz, from sea bottom reflector to BSR (TWT 1266—1587ms) at
CDP7800
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Fig. 4. (a) Average attenuation(Q~1) of 2CDPs (b) with hydrate saturation and
(c) sonic velocities
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