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Study on geoacoustic property of sediment layer at shallow
water in the South Sea and Yellow Sea
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2353 @) o9 ol o|F wPoz AT

A4 HAE ASFAA AZL A% AW 4§ H5HE YEFAA Bk
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M2 & e 7I[s/d s &

A1dE = EF
A4 HH4% A5 54 g FHATE A9 AT wAA WS HAP

Foz ATHD Y3, E F 2 AF/w% QI FHo

B=o} gtk o] e Ay

PN
T
A2e AgHen 5

A 2zAHZF IR

=& 22k AAINA dFE FAMR-EHoz A HAES AFF S i A+
£ FP3Ah 1 F 199997 HE "8 A7 2(Office of Naval Research (ONR))<]
AAA A Pste] 49 8K (University of Washington, Texas A&M, University of
Hawaii %) ¥ <3 2(Scripps Institution of Oceanography )7} a3l SAX99
(Sediment Acoustics Experiment 99)9} SAX04 (Sediment Acoustics Experiment 04)%
I 2L ATAEE F¥sAY. 2Ya ol 22 AIYdES T A HAEY A
EA4% 43yl AF B o244 BEdEo] AEdE v Jvh. =3, #EHTdTA
(ONR)¥= 2001 dF-H et AeHs v Zeto F5T3 2 @538 A 4359 A=
FAAE HAE SHALGESHETE JAst7] A v ATAIY(ASIAEX, WISE,
NLIWI, IWISE, TAVEX)S A gdlex vt AMdo|ze] 2zaygs AF4(Scripps

o

>~

Institution of Oceanography) 4t3te] s|Y&E2] A3 4 (Marine physical laboratory)< ¥



Ao AR g7z e £A2 AZHS AASH7] AT ASF I A7

Ak e o =S TR vk ATk v= ded
T (Naval Research Laboratory) 4<9] Stennis Space Center(SSC)+= | A & 4 &9
e ERek =913t 3, AAHAE EEEAH HAE EAH SFEAH HE AT
E T8 Jdu. HAZde AVHY AFAdcrRAN vIy 7 R AR FY HAE
o dig 4% SF5EA Hd ARE AL 45 F FRAAA EHH o= AF
ste AT4E e A HAHAES A4 FEAHA g BRSO AT
Acoustic Sediment Classifier System (ASCS)%E AHA| Ndsle] -&Fojth(2d 22.1).
AT A74&(ONR)2 FSF Eokd dis) wid AAE A dstz A& B oty
As@FAae ddd JAd e BA7A AE£2HQ) AT

M

mlo
)
e
ob
=
32
£

Acoustic Sediment Classifier System S2Cl0|0{ 134

Narrow beam normal incident transducer
(12°at 11 kHz)

y —— 16 Bit A/D

Digital ST';?)' ¢ System 4—( Raw signal mass storage

Time-windowed amplitude - < GPS

(echo strength) ' Quantitative sediment
| Personal Computer |—> properties output

| Data Storage Digital | |Hard cop},-‘l |Digita] fl|{35‘
—»—

| Playback Data I

Submarine Sediment
Classifier (SSC)

| Automated Mapping |

- Comparison with core data Y
- Determination of calibration | Sediment classification |
factor y ~€————ArcView

Sediment Mapping

19 2.2.1 Acoustic Sediment Calssifier System® EZt}olo] 13

AR s YHar)EME(JAMSTEC: Japan Agency for Marine-earth Science and
Technology)E £ HZHQ HLYATF 7Bo22ZA FHAXNDL A3 F g g
o 2 AFAE BAstn ok By oy A A FAF Ao 28d AEE

r°l'
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F 311 23 HAHE A% A2 A
F o A%
A 2elg 2
W7 76 mm
94 102 mm
=9 110 mm




2) AFAW (Vacuum chamber)
I 3149 FFAH= ASTHux o HAE A7 A JFeE AAdH
Fo] 7|ZE AASY] A FRAZA, A AW gol] AEFH2E XA F

3
Ak

WRe A2 A

st b ARSEh

29 314, 1&F38y (Vacuum chamber)

¥ 3.1.2. AFAY (Vacuum chamber) A}SF

5

o)
=

Z

W]

S

,

de, e

T2 AR &
A7) 800 x 600 x 700 mm
A7 (N F) b 356 x 300 (302)
AFH=x 100L/min
AF Aol A 1 EA, -760mmHg
HoFFT= Max 1 Torr(-759 mmHg)
%R 220V 60Hz
10 mm A %8
NP O mm T H
(VDF144 Model: 12mmT)

R

o



tlo

w7} (Vibrator):

a9 3159 AFudtrie 7127 AAR ASHE WFE BF=dAM 4A A

2A FAA7IE d AHgETh

. AF k7] AL

e

24 Mortor - driven

A 220V, AC. 1/2 HP (50/60 Hz)
NsF 1.5 mm

ET 2850/3450 r.p.m

H o] &27] 450x600 mm / 900x900 mm
A o+-&-F 30 kg

FA 85 kg




§ ZARE 20 kHz ~ 1 MHzel 395 tidolq B3 542
F 9Es AAEQT okl 19 3162 HAEY LTINS

A=2 Gehe, 27t AL g 4Fe the 2ok

— L

Gloje £48 PC

CXY oAMzAam
LeCroy 6Zi

SuEE
KROHN-HITE 3940

I A
2 S407

Olympus 5072PR

Lo

=
=



S =3 #(Acoustic waveguide):

HE AE wxo] QAEE

+97F FHar HES dAY +3=2A

u
-

rulo
AN

3

a9 3177 Zo] T (wave guide)S AZFsAY =3dA W2 &3 A
A wgo s Surl FREHA Xee

2 e FA4A(26 mm) AAsIATH

a9 31.7. €% =33 (Acoustic waveguide)

# 314 <% =93 AMY

T ' AR &
k! 2"l 2
W7 76 mm
27 102 mm
o] 110 mm, 200 mm




T o® A3
B2 g Negative
58 Hx A -360 V
38 "2 oA 13, 26, 52, or 104 uJ
@ 3 (Damping) 15, 17, 20, 25, 36, 50, 100, 500 ohms
& & F7) 100, 200, 500, 1000, 2000 or 5000 Hz
FaF Yz 1kHz - 35MHz
Voltage gain 0-59, 1 dB steps (RL=50 ohms)
Attenuator range 0-59, 1 dB steps (RL=50 ohms)
g A9 400 mW




3) 33A¥ (Acoustic Filter):

a9 3199 £¥ZHE £33 FA7(Receiver)7t 49 F3 9 3

a9 3.19. 232 ¥ (Acoustic Filter)

al

h 4

s
k)

¥ 316, =¥IE ALE
T AL

4 H| 24 dB/Octave

A Ad & 4

A Fope 3 Hz to 2 MHz

g Butterworth, Bessel

o Low-pass(LP), High-pass(HP), band-pass(BP),
Band-reject(BR)

BP, BR A4 1

Pre—filter gain 20 dB

Post—filter gain 20 dB




4) gx¥g eAdZ2~3= (Digital storage oscilloscope):

a¥ 31.108 HAHE

AR rmTE o3 Al

A1 7] (Receiver)dll SA1%

st H AREH = FA ol

ot

o
=

o
o
>
}01'
in)
o
o
il
=
o

N3 E 7HA

T 2 A

B 400 MHz

OEEEES 4

a9 Aa 50 Q+/-2% or 1 MQ|[17pF, 10 M ||
9.5 pF with supplied Probe

@3 (Damping) 15, 17, 20, 25, 36, 50, 100, 500 ohms

50 &: 5V RMS = 10V peak
1 MQ: 400 V max.(DC+peak AC<10
kHz)

8 bits; up to 11 bits with enhanced
resolution (ERES)

ol
0%

2= —
T4 =

Sampling late 10 GS/s on 4Ch; 20 GS/s on 2 Ch




5) &3 £Al7|(transmitter) 2 4221 7] (Receiver):
SoFEAN7} SV VRAoR FRFEAo] T 1489 E WA (transducer)

g Agsgen, 1 3Y% Fas 20EYL 47 olys 2

b A F35 60 kHz EAAFA
- AFg Fu4 g9 35 ~ 85 kHz, A7 25 mm

Amplitude(V)

0 50 100 150 200

Time(us)

dB

20 40 60

Frequency (kHz)

39 311L B4 FH47E 60 kilzdl EAATAS 4 245 B9 B Foe A9EY
(W) T4 F3¢ 90 kHz ERAFA
- A& Fu4 g9 60 ~ 120 kHz, F7A: 64 mm
)
3
=
=
= =
was T|me (;;) T
2.
Izoreque:::y (kH;G) b
a9 3112 F4 FA47L 0 kil ERARAS $4 SAEe) 3 0 Fis aded



(th) FA F35 500 kHz EJ;27A
- Ab& F3b o9 300 ~ 700 kHz; 274 25 mm

37— 11—
2
—
2
S
0
2 V
g
< .
) R
65 70 75 80 85 90 95 100 105 110
Time(us)
o1 T T T T T
i
20}
m 30
©
40
ol
P .
0 100 200 300 400 500 600 700 800 900 1000

Frequency (kHz)

29 3113 500 kHz EAAFAS $4 $A5e] Y L Fos 2HEy

gAY eAzsmze] A4Y N4 £} $FNEE AYsH: PCEA ¥F HAE

o) 553 4 Aol ZEstE Matlab Z2I9e AAste] HA=9 ASFIAE

)
_Xf_ﬂ,
m{

o
_1

%
¥
29
o
I
X,
>

, de BAE A9 7, Aov 19 31644 BAgFE HAE AE 50 u
%_ A

PN
‘l_
FEA Y L3259 FFT(Fast Fourier Transform) 24]&
Wt}

c,(f) = (3.1.1)



(h HHEe] Fo5u 74 AL
2312 489 Faa8 gHE Adse ez A, () A (e 244
a9 316904 HHE AF FFo we S0 2FANE FFT £4L 59 F35

¥ AZ Yein,

Awater (f )

Qg (f) = [2010gA—(f)]/d (3.1.2)

Ed L2 ¥ paaww &2
sEw  ww uewm we
= = e Ln - 3

sun aw

4] Figure 1 LT R (=) o] B
YR BEO EA0) LU0 O GAIBD) W ESRH N
Ddde k| A209EHA- A/08 =0 |
?[— Reference &~ | it <]
— Sediment 3} J & oA Bt ZFA
15 o0} 5171 oL
160
1 =2 = 140
- | £ 1700 £’
2 05 “ 1 o g0
y Copg <
2 'I | 2 1600 A, 510
é o — ]| P — 2 B
= [l “ ||.Jh' B ) kS
‘:“ 03, 1500 b4 A
05 < £ ‘
5 | 1400 . &
| - [
| }
1 15 1300 0
0 2 4@ 60 0 200 400 600 800 1000 0 200 400 600 800 1000 |
Time (us) Frequency (kHz) Frequency (kHz)

O¥ 3114 23 HHE ASFAA AL 2239 2 23 4

2. JAE =o} HAT AFAR B A2y AAE A
3

o} 8 g3t AFd EF HABY A2FUAAE BE3A7 I



oy 31158 29 31168 HJ2E Fof HAEY
LM7}ol = Al €& Vet

LM 7}0| E A|AH

-

HIolEf £4& PC

CXg ed=2AaT
LeCroy 6Zi

250 cm

-HITE 3940

——
YA S5

Olympus 5072PR

a9 31.16. LM 7lol= Al&HE

| FoOt
4
0o

Im ogt

rurz



‘XT HAE ASFAA #5 A ="70A AHE FAFIF 60, 90, 500 kHz ERA =
FAE 3 FA EWALFAE ARESIR AL, T4 SolEEELS 10 ~ 800 kHz 9
Fu5 ol F=AZEI} -228 + 3 dB re 1V/uPa2 YEMIE ResonAhe] TC4038 =
4S5 AT 29 31172 A Fol=rEF FA Fag gigd i FARE I

-210

215f-i

2351 frenen s : e

-240

250 =i

Frequency [kHz]

a9 3117 SFUE FAE o= EY SRR a2

2) J2E o} HAE ALFAN ZAE ot
H2E ool F2Eo) 40 kHz ~ 1 MHz 795 tolel A &qAA 240] Asahx
S BAE molERE $47] B FAY Ald Ang A7 AAE &7 =A% 9% W
astate QoA YR oz AAske] MC FeprEg o
o} g He 2 o2y uAlE ST BPANS F
o FLAE HASGOR, N2E s0b} 360° HAe] ABIA FEFIE
o]
9

>,
]:o{'
X
s
m f&
b
_0|L
£
2
Qi
_0|L
bath

rﬂi

% (Thrust Bearings)& ¥t ol &o] AX ettt 97t J2E3e] YEZ & T

5% 37] A8 gAY dx mEF2A ES Ui AYen Bo| mad npgFoz
WA FEF 7] st R 17HE fFdE FoA F4S EASGrh 1
H 31182 A£E ot HAE ASFIA SAHE =S Yehdt



320 mm

s mEAE HoOjY

ojot

19 3118 JAE Fol HAE ALY} EAE EoH

X Fo] ZolE ©ad] nAAI =Y AL
5

a9 3119 WAE 30} B
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H AREY Ao
29 21218 J2E 3ol HARY ALPAR FH4E =
A W ALgEE AREHE $5o2 Aojs: FAE Uehin,

5 LMZtol= & A EEH:
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F#S etz o|FA7E U AMg"ET EBF 29 31227 Zo] LM Jlol= Aad" A

LA

%

So F7bHoz 4NY NREHE 2He HolB) ddue WAE m;olE AAHC
2 360° 3 @A77 © AHEH I, o] PCE &3l A€t & 3187 # 3.1.9¢ LM7}
oJ=ot NREEHS AHGL e,

a9 3121. ARREE £F AoFZX

L &Sy — =etzot m a7

‘—via 2| Blo|g

— ME 2H

a9 3122 Y2E FolE V|AHLR ATV 9 MREEH Z XF



e

Ll

E 318 LM7lol= A

S A%
2EZA 2000 mm
Base length 2380 mm
Total length 2565 mm

Liner motion rail

HSR20R2ss + 2100 [G20, 40]

A A EE-SX674 , EE-SX674A

EH=* BM-86XL-ST Brake type

47] SPI(H)090 SERIES (1/10 SIMPO)
AEH SJC-55C-RD-19K6X22K6

¥ 319 AREH ALY

T = A F
=glo)lH 2 BI-POLAR
A A=+ 2
Ast 438 VDC
A T AF 6 A
AR T A 0.73 Ohm
Y G Yz 8.68 mH
£ E 3 (Holding torque) 9.0 N'm
28 #4 4000 g-cnf
A 5.3 kg
Z o] 155 mm

23y, gAY QAZA~FX HolE 44 PCY AMYL “T =g A

ASFAA #5 A2 M ALEE FH g Fdsith Holg £48 PCe MEEH




L 4789 3 % 92E s} 5989 By 54

9 FY HAEBL 0P FEE FHHD Yol WAE ol BY A LR AeA
EF S4B U BHe 19 AT Ux Zolye Fal AAY HAEBS o83
o #A43eet,

713 MZ 3 (Grab Sampler) HtA 30}3(Box Corer) |~ & 3 0f2{(Piston Corer)

a9 321 479 A4 5435 548 AAE AT FY




AT e 18 32204 BHE e Zo] ntgdE g 60 kme Aol 4 100 m
o]x& Y (sand dune)o] 23 HaFolArt ¥ 3232 A HAZF FH

2y AEYH H2E moky FHUEE
#Eg et
HE HYg 48y 33

e, 3 3213 E 3228 7+

NAE 301 AHBAF 33

o w =
K| Ak ABS %
s % .4*..
@ A m i
Lo B 04 80 Bo BO2 BO4 B0g
S W
e 03 coq cos 06|
w
& )
N | ° g e
] &
= B}
= pot ogz 003 D04 oos D06
¢ e 0 0 0 0
BCDO
o0 g oar o4 oo 0z 03 E04 o o
Fe ” FO3 Fo4 0 o
@ %
8 Y
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% | e— — Jin @ o 2 3 wm
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126“’04' 126”08' 126°11.9'

9 323 WA HA=9 23 I1H AEY 2

® 321 £ H4=9 19 AEE ZA

STATION

STATION

_Nayg, PATTTUDELONGITUDE = \apg  LATITODE LORGITUDE
AQ1 32-36.05N  126-04.03E Co4 32-32.03N  126-09.97E
AQ2 32-36.03N  126-06.01E C05 32-31.98N  126-11.93E
AQ03 32-36.04N  126-08.06E D01 32-30.0IN  126-03.95E
A04 32-36.00N  126-10.09E D02 32-30.04N  126-05.98E
A0S 32-35.98N  126-11.96E D03 32-30.0IN  126-08.02E
B01 32-34.05N  126-04.07E D04 32-30.03N  126-10.03E
B02 32-34.02N  126-06.00E D05 32-30.03N  126-12.05E
B03 32-34.0IN  126-08.02E EO1 32-28.0IN  126-04.01E
B04 32-34.00N  126-10.03E E02 32-28.0IN  126-06.03E
B05 32-34.0IN  126-12.02E E03 32-28.02N  126-08.02E
C01 32-32.04N  126-03.97E E04 32-28.02N  126-10.01E
C02 32-32.05N  126-05.96E E05 32-28.02N  126-12.00E
C03 32-32.04N  126-07.97E




¥ 322 3A HAEY IAE Foly AA

STATION STATION
Nayg WATTTUDBLONGITUDE = “nanp  PATTUDELONGITUDE
A0l 32-3541IN  126-05.05E D01 32-32.19N  126-04.97E
AQ2 32-35.45N  126-06.26E D02 32-32.19N  126-06.22E
A03 32-3545N  126-07.66E D03 32-32.16N  126-0751E
A04 32-35.39N  126-08.94E D04 32-32.16N  126-08.78E
A0S 32-3541IN  126-10.15E D05 32-32.15N  126-10.12E
A06 32-3543N  126-11.49E D06 32-32.19N  126-1141E
B01 32-34.32N  126-04.97E EO1 32-31.10N  126-04.96E
B02 32-34.3IN  126-06.24E E02 32-31.06N  126-06.20E
B03 32-34.32N  126-07.48E E03 32-31.08N  126-07.54E
B04 32-34.34AN  126-08.80E E04 32-31.10N  126-08.84E
B05 32-34.33N  126-10.11E E05 32-31.10N  126-10.11E
B06 32-34.36N  126-11.49E E06 32-31.10N  126-11.39E
C01 32-33.36N  126-04.98E FO1 32-29.99N  126-04.97E
C02 32-33.3IN  126-06.28E FO2 32-30.06N  126-06.29E
C03 32-33.23N  126-07.62E FO3 32-29.99N  126-0748E
Co4 32-33.26N  126-08.89E F04 32-30.02N  126-08.82E
C05 32-33.31IN  126-10.21E F05 32-30.0IN  126-10.08E
Co6 32-33.30N  126-11.46E F06 32-29.87N  126-11.45E
A7 2F HAYES ZHZEEMF 2 JHEGC)ZE e5¥FFezs 42y
HA44S YetdH A (3™ 324). o] A9 ¥ o] ol FH A= # 580l o
A A YEE FH(E 323, 19 3258 EAFAYG
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2. ATHY A HAFY AFF 2L

AT GAA AF HAEHHEY AT ASARE Vo R H#HS FRSFY e o
g A SFRIAE o F3t7] 9% BICSQS A3 EPA(Biot model with grain contact
squirt flow and shear drag)S AF&3FTtHChotiros 2004, Chotiros and Isakson 2008).
BICSQS A &% 222 Biot-Stoll A&% E2(Stoll 1989)= 7|¥ro 2 sl HAE A3
SRAAF KD S a8 AF(wWE Fod mE H8E g8 FFHAAY squirt flow
9} shear dragd & sty FASIAT 4 331 ~ 4] 3.34+= BICSQS A2 RdoA A}
S5 419 BA8AES A4 Yeidoh o] AN ES HHE Z¥9Y(sediment frame)

7}
T (pore water)9] 5 WY 3 ~Ze 2 HEYZE FAEH

Hvzq)s _Cvzq)f :p('l.)s _p/d)f (3.3.1)
o — (O o —-0, —O0
CV-D -MV-D,=p,d, T P (33.2)
VY =p¥ - p P (3.3.3)
v ——Ly _— Ty -0
P B k! (3.34)
o 7] A
C=(1-K,/K )M (3.35)
= Kr
[1-K,/K,+B(K,/K,-1)] (3.36)
4
HZ(I—Kb/Kr)C-l-Kb-FE/I (337)
1 8T
F -___ 2 \27
7 2O,
i (3.3.8)
Ty ber (&) el (&) _ —iJi J,(iWi&)
ber(&)+ibei(&) J, (&) (339)
_ %1/2
&=a( " ) (3.3.10)



K
K(@=K+—"
1+ (27 £, / ) (33.11)
_% l1+o
3 1-20 (3.3.12)
(@) = G- j——)
27f, (33.13)
o] t}.
2] 331 ~ 2} 331394 FolA= WHel gt o|F2 74 HAFY A 2ddg oY
Hye HoA Zlesdrh 4] 331 ~ 2 3349 A& HHG AE HAHIE B THAHRY

S @ g e S F 2ol FoHT

L[ JE2
El\/ 2EI(E2—~E2* —4E1E3) (33.10)

o 7] A
El=—HM +C* (3.3.11)
o .
E2=H 22 +pMa* -2p,0°C - 1ok 1
B K (3.3.12)
apf 4 lC()F?]
E3=p’w’ o+ @
P =p B x F (3.3.13)

ojty. olf HA=9 &3 xR ted #ol xd¥d.

(4]
cf =
Re(k ) (3.3.14)
a, =Im(k,) (3.3.15)
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F 331 79 %% H4F A 2dy 44U
Parameters Value
Bulk properties
B ., Porosity 0.68
0 .. Grain density (kg/m?*) 2650
e . Fluid density (kg/m?) 1026
K,, Grain bulk modulus (Gpa) 36
Ky, Fluid bulk modulus (Gpa) 2.321
Fluid motion
7 . Fluid viscosity (kg/m-s) 1x1073
« , Permeability (m?) 1.524x 10712
a, Pore size (gm) 6.824x 10°°
¢, Tortuosity 3
Frame response
o, Poisson'sratio of sediment grain 0.15
G . Frame shear modulus (Pa) 1.425x 106
K,, Frame bulk modulus Difference (Pa) 60 x 10°
fi. Bulk relaxation frequency (kHz) 3
fr. Shear relaxation frequency (kHz) 15
a,, Gap width 2.531x 1078

a9 3311% 33128 EZF HAES AHT AA BRAAAN #HSE ASEIA #S#
S 7lwte 2 v H{ Fu4 71 100 Hz, 1 kHz, 5kHz, 10 kHzol thd A 8] F=A}
FA AR & 145 TE HE3l9 38 A& 2dy AH4E Yepdeh 13
3311914 B npe} o], B el AdA oz AL AHANE & EA YE
Ui, vhd B2 AR E S50 wEA veds & F Ut B, Fagt UM

Zl:
2 AARR dAN S&o] FAE 4 Ve 19 331204 e 97

l

Al Bolu F3 5 kHzo 10 kHzol M= E#H 9] FF3Fol wteE 12 g2 W3y F
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%332 A7 A4 H4%F 25(=A) Ao 2y 9HAR

Parameters Value

Bulk properties

8 . Porosity 0.54
o ., Grain density (kg/m?*) 2650
e . Fluid density (kg/m?) 1026
K,, Grain bulk modulus (Gpa) 36

K. Fluid bulk modulus (Gpa) 2.321

Fluid motion

7, Fluid viscosity (kg/m-s) 1x1073

« , Permeability (m?) 6.968x 10711
a, Pore size (u) 5.835x10°°
« , Tortuosity 1.25

Frame response

o, Poisson'sratio of sediment grain 0.15

G , Frame shear modulus (Pa) 2,256 x 107
K,, Frame bulk modulus Difference (Pa) 200 x 10°
fi> Bulk relaxation frequency (kHz) 4

fu- Shear relaxation frequency (kHz) 30

a;, Gap width 6.224x 1077

ATFY A HAZF 3T H2E FokH S B HAE AFUF BV FQA A
2 2894 dAFsuso], XA Bartek and Wellner 1995, Berne %. 2002, Ryang
w2 2 (Muddy Sand)® Z A3k
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HAES A HAF 35& 7H3= HAERE /P8 #5dE Fd ASIJAAE 7
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9 33167 ¥ 3332 1A HA4% 332 TASE W UF Fi5E ALYAA &
99 2ne 2d 98 AAE 27 dehdd. 28 YEd vl o] Frdd] me
£2& 1500 ~ 1570 m/s®) REE JBWE, S24E 03 ~ 19 dB/m/kHze BES
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% 333 ATAANA A HAE 328 mA)e] AP wd AR

Parameters Value

Bulk properties

8, Porosity 0.581
0 .. Grain density (kg/m?*) 2650
o . Fluid density (kg/m?) 1026
K, Grain bulk modulus (Gpa) 36

Ky, Fluid bulk modulus (Gpa) 2.321

Fluid motion

7 , Fluid viscosity (kg/m-s) 1x10°3

k , Permeability (m?) 6.699 x 10712
a, Pore size (#) 1.548x 107°
@, Tortuosity 2

Frame response

o, Poisson'sratio of sediment grain 0.15

G , Frame shear modulus (Pa) 9.655 x 10°
K,, Frame bulk modulus Difference (Pa) 100 x 10°
fi. Bulk relaxation frequency (kHz) )

fu» Shear relaxation frequency (kHz) 20

a,, Gap width 8.814x 1078

AFAE A HAF 452 35T vVIAE I 2E FZolH S B HAE AFIL
51 ZAH(Bartek and Wellner 1995, Berne 5. 2002, Ryang %, 2013)¢}t
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Baanh. mepA,

%334, AFAGNA A HAF 43(FAW) Y AP 2y gHAR

Parameters Value
Bulk properties

B . Porosity 0.58

¢ .. Grain density (kg/m?) 2650

o . Fluid density (kg/m?®) 1026
K,. Grain bulk modulus (Gpa) 36

K. Fluid bulk modulus (Gpa) 2.321
Fluid motion

7 . Fluid viscosity (kg/m-s) 1x10°3

« , Permeability (m?) 50 x 1074
a, Pore size (g) 1.798x 107°
a , Tortuosity 3
Frame response

o ,Poisson'sratio of sediment grain 0.15

G, Frame shear modulus (Pa) 2.854x 10°
Ky, Frame bulk modulus Difference (Pa) 10 x 10°
fi. Bulk relaxation frequency (kHz) 1

fu- Shear relaxation frequency (kHz) 50

a,, Gap width 1.028x 1078

AT HA HHF 5F:L
Ryang 5, 2013)& %3 A ¥

AA HHF 3

& ZAHBartek and Wellner 1995, Berne %. 2002
% 337 54 HAHER FAE UARgIFoe= 2
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Latitude (Deg.)
Thickness (m)

12608 126.10 12612 126.14 126.16 126.18 126.20 4
Latitude (Deg.)

¥ 3320 AT Go A g AT
FE ol&3te FAE A HAF 5F(WARY)Y FA EEXE

A7 54 T A HAB HE ALFA4 RdYel 89 BICSQS 2d 4
Hy 7 HAFY AR %S v J8A AlS(Shear Modulus)E A= W& EF
A& 3% 4¥(Overburden Pressure)d] g2 WHEAFOZA ZF HAZo g AL F

A Bde £¥sg ok 4e HH%e] Bed(Sand) T FEClay)7t A5 T4
W) HHE dEo] WE Fu4 Afel UF FRAL vehath 19 3321 ~ 33245
A7AA WaEIel AFAA DO3IA T34 100 Hz, 1 kHz, 5 kHz, 10 kHzol e =)
e% 24 =43y A%E vyehdach

1—

Gs =6.56 o 105( ¢) P for sand dominent sediment (3.3.16)
1— )2

Gn=2.05 105%#-*” for clay dominent sediment (3.3.17)

P=1.061 « 10'(1—¢)Z (3.3.18)

* P § 4 & 3% ¢4=(Overburden Pressure)

Z: H§A % Al%(Sediment Depth)
¢: § & E & & (Porosity)
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Z 3} 7] (Optimization method)o] HLH} HFHoRE= A S 59 HA4 2d
A7t 7V Z BEEHe HHAE AAIA HY, 948 A7 xS B o

o SAHA SA4E FrisA 20

o2

2. AA43 71y A3

gatde 2 = Jakdlq A 3(Optimization)® ol® Z32 3F4=(Object function)
o o #e Azt Bx HASATE 4 AAEY 2FE FE AAolg. drtH o
2 HAY &4 wHeE A9 HH3(Local optimization)9t HF A 3 (Global
optimization) 2 TFEHUY. AF HAHs= FAH A FHAAN HH AAE Y] AT
gl £, A9 Azt FAE A FE o FA4 HY e WA FIHAA
gAo] STt geba g HAs = @A 24 AH 99 gE I HAH JAAE
AR X & drh Wi E dY HAHSE @A 4 AH FHY HH AE 7Y
32 X st AR SAEY. A HAHse iz dandFode AAFH(Gradient
method)o] lom, @A HE AFezE HEL A& BAste AAo F+9 BAEE
AR&EE7] & I ' AFAY FAtel wE B ke ZHA He 7folth §id
gEzAd HY HAsgle] g¢unyFde 7Y A% (Random search method)©] 3L,
A2 Addd AAEd waAe 2 BN WEke] AAHE v EAEY B4 7He
t}.(Booker, 1987, Michalewicz, 1996; Gen and Cheng, 1997) ujglx 29 2«3 @&

g4 ol g A Ao AR A o) M syl Yow, A% AYn @

J
o

4

—



Mo AA B4 A =AY AAAE ®X AT B QA7 Gobdol Wt wEEA

A2 48 Z(GA, Genetic Algorithm)

42 4318 Z(Genetic Algorithms)& 197539 John Hollandel &j&) A2d Ay F
Az 7P o R, AEAY A3E HAYste gy ARYEE VE NEeR = A
2doltt, 32 ¢udEL G A (chromosomes)ES e A, A e A
M2E &g A7 AT wxp, A2 A& FA9] ®Hole e AAHE Aow,

AHAES z2te RPdozHE WA (crossover), Hol(mutation) S 8 N2 AAZ
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A G EE ol 8% HHN FA AH LS I¥ 3529 Zol yEd + ok ®A

A2 A8 AoE B TAS A8 Aol BAG 27] Aol s, o] 7]
Aue 3 37 gl FANE FEIES Ad9AY FEH PoE A9y & 9

9 gYdon e AYEE 2 ANES Adsd A% TWE B AP, A
§A47 HAF WA FE(PIZ A5 AR FHHEA gl Az AAL

Gl

AAE. a8d A2 AAZE L2 o, AR RS EdHe] FE(P)E AH
2 A st o] fA HARE YR WATLEH

F IA ¥ 353). ol Z2 TAZE EUd @A 2F
HHE O 919 AR S wESE Aol fHA duES 8T HHH B4 HAo
t}.(Mahfound and Goldberg, 1995)
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p

to
>
il
Mo
(a1
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(e
lo
f

Division point
(a) v
Parenﬂ‘ 1 ‘ 0 ‘ 0 ‘ 1 ‘ 0 | 1 ‘ Offspring
[t [ofoJof1]o]

Parentz‘ 1 ‘ 1 ‘ 0 ‘ 0 ‘ 1 | 0 ‘ crossover

(b) V
D N N N N N P B B B I

9 353 A EaEFe AAA dA] (@nat (b))l

ol FAA ¢nYFL EFGE A FA T A ol9e WA EAs=
HAASE AP 5 gvh. = IS 37), Wo| FF, wxLH e duF: HA FE
o3 B Aoz @9 rheidol e T Tl itk mEA HHFH FAH I3t

HE 4R WAE AN AT A 2AL T8, AgAe) & SudF 4 &



Aol et BeA HAE AePAAE oz 24y s 42 e@s
29 24 29 Rzt Bestth o B4 29
e

1
T 5 Qe 4 o A wde &N

1A A (parabolic equation), =41 0]&(ray theory), B EZE °]EZ(Normal mode theory)
ol AUt

EEA HAAE AHESE d3249 EEQ RAME AFd dide 3 o3
2 AgEY, &3 Ay A did] @AdeE SFL ALINER A 5Y 33
B9 oyt A 5 FAY 3 A dF50] Jhedith

S4 olE2& AHE3E &3 #g Ed<l BELLHOPL 13y &3 AY o3 F=2

A&, RAM nhasids A5 Al dg BAd 8% Ade Ed Ag 24 &
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tHWestwood, 1987).
A 2= RdE AHEetE KRAKENS AF3 &3 dg g3 F= ALEHH, 72
EPEA AAA wlS AFGT HE AT 2P H2 WA o] BFEd ALE FI
F7F EolAAY A FHY &7 AEE dF3E A A Ate] AE3 St
A Ho] AEAHo)A RIthE GAS ZEtH(Jensen, 1994).
meta 2 AFdAE 79 A" 5 dAHAA AFa 2 FFos S A
o g d5E& Fdst7] Hd, TED S 7INeR e 3% dEd B
S A9 #FA4 £uY dE AAsto ATl H4F AU F

o},



O XEA %A 2 (Collins, 1995)

TEN dRAe A (351)9 HEWAA o 2R $rHT}

1 8%P _
2P: 3 B) (301)
c” ot

o714 v? & FEFA¢HLaplacian) AR, PE Y, cE
9. Sd5HAdAe SE P=pryle 2 7HHSY 24 @L1Dd digsH dEEx
(Helmholtz) #A4S = & AT (3521

rir
>
L
filo
T
o,
£

dlo

2
—.-l"’t

Vip+Ep=0 (35.2)

714 ke F4(wave number)o|t}. o]l UFY HIEA=Z MW, 2
p=

tio
e
o
+

a%p 1 ap op ( 1 op ) 2 =
—+ -+ + =
67"2 + r or p p 9z k (B.D.S)

q7ld S¥ozREH 4% FAH(Vr)E AAREL, A 59 9A8 & sHEEd

2 (354)E ¥ F Y2
°p p 1ap),
— o +kp=0 (35.4)

ar? p 0z

o]F A& st 9 &I (Outgoing wave)®} W3 (Incoming wave)E AES T

s[4 (355)] AFsuts FHepd 4 (35.6)°] it

0 . _ 1/2)(1 . /2| _ =
ar+zk0(1 X) 8T+Zk0(1+X) p=0 (3.55)



(%—ik0(1+X)l/2 =0 (356)

a1 0
AN x =kl Lo g i

21 (356)9 = tsH 2.
plr+ Arz)= exp(ikOAr(l —|—X)1/2)p(r,z) (35.7)

a, X

= A
pr+ Ar,z) = exp(ikyAr)(1+ E 50, X> p(r,z) (3.5.8)
= 2 sin? nr b :C082 s
T ONF1 IN+1n INF1

A71 (1+X) & FEAF ZAPE ALt 4 3588 FEE & Atk olE o4&

3l A GAE SFAS Aoz AM(split step) AFZHOE A F& S =T

o)

He<EH(measured data)® AT 3 T 3 A SBAFAA ASFAA A FE

B

of #RHAt FFe) FAL 100 m, 5537 $4& 247 50 molw EF HHF
Ae 20 m2 AAFFAY. =5 1500 m/s9 5% FRoY, % H

Ao 27 ALFIA 4F gL A7 &% 1552 m/s, 1761 m/s, DE 156 g/em’,
2.01 g/em®, ZAAF 015 dB/m/kHz, 059 dB/m/kHzZ T8 4th % A8 E 3000
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A 9459 ALFAAE B4 G4 B dlA WEH, 53 ALFAA A
$8 &% A9 Rd2 39 A2edd AR 44Y Aged IAL wuzos
3

EEEEREEE

AgE Fore AT
Agead B85 AR G4kl A4 AH FuPFL KA FRYFE A
&34, A48 P AgE BHFFE Ak

$3ATHA 359). X= 717 A9 F4, Me B4 A2ed I gnad.

AA3 BAd AILE AL 2R, AL, SdEe FEL AL X &FAA A2
o dutxgoz AlLEHE 50 %, 80 %, 5 %2 AAI}AL. FAA CmYFAA AHEE
Z7] J&2 32 AR FAHT 100 At §HES T3 & e HH5 A4 3,2001 ¢

E 351 2% T2 58304 4 44 AREY FF G ¥

Geo—acoustic parameters Lo Wiareisi
boundary boundary

1st P-wave sound speed(m/s) 1400 1800
1st Sediment density(g/cm®) 1.0 2.5
1st P-wave attenuation(dB/m/kHz) 0 1
1st Sediment thickness(m) 0 50
Sub-bottom P-wave speed(m/s) 1400 1800
Sub-bottom density(g/cm®) 1.0 2.5
Sub-bottom P-wave attenuation 0 1
(dB/m/kHz)
Source depth(m) 40 60




=20

-40

=— : Estimated TL
= : Simulated TL(Reference) |

-60

Transmission loss(dB)

MWJ\V“VM

80 .
0 500 1000 1500 2000 2500 3000
Range(m)
a8 356. 7l AEEd FAXAG QAE T3 FAHAE AdEsA F4(500 Hz)

A 23 7HEHA AlEGOAE B JE AEEL FAL BA ALEd FA49
A FAE 235 YeplE AS 0 &+ JdeH(ad 356), 9oz FAHHE A
= X 3529 7.

¥ 352 7 AEEAE o] &% AR JA4 A

Geo—acoustic parameters i True values

results
1st P-wave sound speed(m/s) 15585 + 2.6 151552.82.8
1st Sediment density(g/cm®) 1.78 + 0.08 1.56
1st P-wave attenuation(dB/m/kHz) 028 + 0.05 0.15
1st Sediment thickness(m) 271 + 6.0 20
Sub-bottom P-wave speed(m/s) 1610.7 = 64.6 1761.4
Sub-bottom density(g/cm®) 178 + 0.18 2.01
Sub-bottom P-wave attenuation -
(dB/m/kH:) 0.36 = 0.08 0.59
Source depth(m) 50.1 + 0.02 50
¥ 35294 AlEHOIHAS T3 A2 H3| AAHAANY HFAY &3 AEEA FAS

o]-&% AU Ft

2 UEHY. ols AlEH ]

FAALeh vjagk RAojn

value)®} I ¥ HXAH(Standard deviation)

NE AgdEa 1o HAAgqA dAFPH %27 AL



Al AN FAE AE HAT =3H@o|r] WEd FF HlF FF FHHF

A 917 = (Sensitivity) 7} @& 37 o]

O HAE&a &9 AIA Ay 7]'H(Matched-Field Processing)g ©]83F &3

g AR TS AN TEA AL 6k g9 g 2d

o, B4 dgdd 4% AR A I
A& B3 ALIAAR S ST FFAA AdE AGEH 39 daAg
3000 m, F417] &4 1~100 m Alolel 5 m A9 FAd W3 §4& 44 FE319
A AGE FIaRT. 4 FA7] XA Y 4oz AR AZ: AT,
9Ux 3= (R, CSDM, Cross Spectral Density Matrix)Z
TASR e (4] 3510), ol BA &Y HI2HER HWx A3 rEHQ HUE

1
Sl AFIAE datsts B BHEAEe Fds A g HH(Huang and Hodgkiss,

e
2
(¢}
=
@,
<
]
N
M
ox
fol

[
18
[
uiia)

dd’

R=—"
Tr(dd")

(3.5.10)

Az2dEAYE PFL(R)S Hozto] 12 dHolE HEHE dulan, d'e 74 FA7] 9
QA S¢oz ALE AFA7|(d)e HAX Y (Transpose matrix)S, 7r< 3JH]

7 g2 olgaA AR G52 JUSth AA Aol AT BHIFE HE



=T, (3.5.11)

FnYZe FA4 LuAEE ALHAT AT FYo) AFE ARE AFA, WAL,
o] $EL Z7 AeFAR ate] YwrHow ALEHE 50%, 80%, 5% AA

AJrk 7] JEe 1670A, 1004 =S B3 & W HAH3 FAH 160089 5F
2d9E FYsen, oo ZL HAH3 AL 53] wE FYPFozN F 80009 <]

g2 T3l AFIAE Jdom FHdA. AFFIA I A= HH &
B (Mean value)® 71 ®F HxH(Standard deviation)Z YJEFHTHE3S.3).

F 353 HEEd 49 AT A 7IHE o] & AFFAA g4 27
Geo—acoustic parameters Ir;zzfjizn True values
1st P-wave sound speed(m/s) 1560.4 + 794 151552.82.8
1st Sediment density(g/cm®) 212 = 0.15 1.56
1st P-wave attenuation(dB/m/kHz) 0.31 = 0.16 0.15
1st Sediment thickness(m) 286 = 11.2 20
Sub-bottom P-wave speed(m/s) 1591.0 + 98.3 1761.4
Sub-bottom density(g/cm?) 1.83 £ 0.22 2.01
(S;;?/_WE(/)Z?]S P-wave attenuation 019 + 011 059
Source depth(m) 498 + 46 50

N
>

a9 357 47 A 7S 53 A A A ALtE 7] 3z
(Simulated CSDM)#} o] AE2HEY X FHAE o] &3l JFAHH ASFAAAE 2
3 HA BEA Adsx"gEY T (Estimated CSDM)-2- Yehdth = %o A<

_ECRLA
472 THY 4EodEY YR gPo] oJRR A 448 AL FAT & Aok

HJL“,
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T3 ATAFAAN HAHF AF FERE 7] A8 FREHIJE @43 S A8
(Sparker)E ©]-&3t9 D03 Ao HAZF T7X7F oF 04 me] ¥d I3 HAFHA &+ 79
me EHF 15 oF BHAHZF, oF 227 me EHFY 2F SF HAZFOE FAHAHY U
g1 EH(2d 359). WA Jo2 F

A IR E7 e oF 04 me BE 23 HASS F EHdA AYsta, 152 83 m,
23S 227 md 2% HASF FEE 7HAEEAH ojfd= A

UCTD(Underway Conductivity, Temperature, Density)® SR " 39 3 & +Z

X

g 23 A9 B 873 A4E wgsted BA Agsd ANS FPRY

ﬂll

(@)

¥ Aue @ysHSparken) 54 23, (@) B 23 Y, (b) S04 B
24 AAY A% T2 23



AT HHE ASFAA Gaks 887 A8, SA 4dM AdE A" R
&4 F%(transmission loss field)l A 4 60 mol tigt dgsd FA
oo (ad 3418), ol T8 d7ge @44 540 nHE AP FF =
o g 2 EA dgdd S4¥e] wEHQ Hus a3 & 354= AF
AAE 23 G4 AdAEd I 34 B E vekd Aot
A5ZFLA Gkl AHEE A FE5 &9 Ad Edole =24 WA 7wty &9
Ag =2de RAMES AMSddz, AH3g dndFe f3x ¥x
Algorithm)& AH&stATh AA €ndE2 3 A T AL, wx, d¥EolE A
AWA A2z AdS I8N, o] A
A AAow HH FHAY AT AX 2He WS HH3 HA o] A5}
&g
A &%

rlo
_Bi
ol
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o
2
2
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i,
R
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de
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e
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o

A

| BoH(A, 2002). whebA A, wat, FAW|7d 42 LA st
= 2 93 A Zolrh AL ¢ vk E dTdAA =
bR o2 ARgshE A 7EFA(B0 %), 280 %), 2@l FEG %) g A
stAT Az dueFdd AHEE %27 Jd2 64MAE FAEM, 4 FHdol 1004 HE
Astetes FAQoz FHET L4 FFS 1053 BE vhE FYFo =N F 672,0003]
o &3 dg Rdo] FYHIUTY. HH3} HAo AHEE FH Foe Ha AEEE A

2
UE

17

¢

|

£ 354 Aol ARF 25 T2 FHFe 74 44 ARE FR B4 Y9

Geo—acoustic parameters Lo Llpizzr
boundary boundary

1st P-wave sound speed(m/s) 1400 1800
1st Sediment density(g/cm®) 1.0 2.5
1st P-wave attenuation(dB/m/kHz) 0 1
Sub-bottom P-wave speed(m/s) 1400 1800
Sub-bottom density(g/cm?) 1.0 2.5
Sub-bottom P-wave attenuation 0 1
(dB/m/kHz)
Source depth(m) 20 30
Source level offset(dB) -5 5




A AAREY I A= 1053 HbE 94S T 53 HHHe HT g (Mean

£ 355 4% A2E4L 4% 2% F= FHFAAY 43 2

Geo- d " Inversion results
eo—acoustic parameters M.+ std
1st P-wave sound speed(m/s) 16317 £ 215
1st Sediment density(g/cm®) 1.7 £ 0.13
1st P-wave attenuation(dB/m/kHz) 0.38 = 0.07
Sub-bottom P-wave speed(m/s) 16049 + 364
Sub-bottom density(g/em®) 1.67 + 0.13
Sub-bottom P-wave attenuation
0.32 + 0.07
(dB/m/kHz)
Source depth(m) 276 £ 0.2
Source level offset(dB) -06 £ 05
930 Hz
-20 T T T T :
) | == : Measured TL
% 0 i == : Simulated TL({by RAM)
e : ; : :
e
60
E 901 I : : H : : i : i i : i : : H : :
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Range(m)

¥ 3510 245 dEEAdE S 24), AS¥AA 9S8 7HE 54 A=
Al )
=

O 24 AFEA ABE o8 ASYUA G FAsh A2F 34 w Aziste] vlw

UM FAS AFHAFY HHF FX(1F 83 m, 2% 1 227 m)dl MBI AFER

[}

—

¢

A= 4 &4 16317 m/s, 1604 m/s, W% 1.7 g/em®, 1.67 g/em®, 23 A4 03
dB/m/kHz, 032 dB/m/kH:Z AFZH AT o9} T2 A4 A74+= D03 HIE HEH

=
0]
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; == D03 data ; - == D03 data
Fhoo 1500 1600 1700 1800 % 0.2 0.4 0.6 0.8 1
Sedimentsoundspeed(m/s) Sedimentattenuationcoefficient(dB /m/kHz)

1% 3511. &9 =A A E(Sparker)E 7|¥te g X &3 Ruls 85y
53 dAraidel XSFAR(A2A AA)et Iis E5 FE

B A e FAA(TEA A A)
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A2 A Hria=

O & d++ KIOST % v = Scripps 3l %749 KRISO 123l 5] of2] tfdH(A
o, g, A, BFAAAE9, A5 )} TF AG2AE B0 A%
AeP, AFEY] B ATFEHE N2 FHELEA

0 E AT £48 ATAY(BFINE 1F, T3, ¥ dPe] TAHCE BYL
e AGosA FHANE AT BEARI AT 4NN B 9T Ao 2
quE 23 YL B, FL Al AN FFAOE ALF 2 FIT AL

2. 71«4 &4
O A7 A HAZ A AT 2dE S FHFLEz AL,
O AF&d A HAZ i AT W FAFoEN AIFIE #d dF &
T71Rke 5
O H2E Zof HAEY ASFIA(EFE, $42)E S48 Asto 7 o} A7
T AE AFE 5T FALAL 3ok HAf AT F AdE Ve A

3. AA-AGA ZW
O AN HEASE Fhs U] UF AgFAA BHA2DL ALHT AA

Z gt @ Jne P



o AAIA AZY PERA FBA 249 A GXAY FLTE B oz A
W AAgHd Be AePde] JFE A B AR B ATAA Lo HA
429 AePARE 219 BXA mdYe] 3 AAARD o] ABE

O #4 kHz o149 1F%4 &38 o g3t HARY ALFAR 54 A AT
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