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B o BORSENS Uev 27t 1470~1616m/sec X 0, 0565~ 0, 6604 dB/kHz-m 24 5A 29|
F3ol "AsA eislel, BHEEFEE coarse siltolA Huiolwd TEEAEBW JlAl ke e 8
ppm °}3t34 EjH S oAt g 48 Fr14cl. Fine sand Xt A7 & HAZolM e opakEAol
Ao Aol Fme] solo2 Aasle, AL TAY & oS #ab ol HAE] fyitol we} ¥
&) ek, Coarse silt olA BHREE7F Hvial AL nbaeAl #at ohel silt )AL Alolol]l Eashe o
2g IR E7ke] A o] FAlol 22317 wiEoly fine ¥ medium silt & AAR U7t ZolAol atet
A=z Ageio] 9 HFEeglow Ag{ich

Sound velocities and attenuation coefficients of marine surface sediments were calculated from in-
situ acoustic experiments on 4 nearshore areas off Pohang, Pusan, Yeosu, and Kunsan around the
Korean Peninsula. The relationship between these values and physical properties of sediments was ex-
amined and attenuation mechanism was analysed using the estimated gas content.

Sound velocities and attenuation coefficients ranging from 1470 to 1616 m/sec and 0.0565 to 0.6604
dB/kHz-m, respectively, are well related to sediment types. The attenuation coefficient is maximum in
coarse silts, and the sound velocity increases with density. The gas content estimated less than 8 ppm in-
creases with the decreasing sediment grain size. When the sediment size is greater than fine sand, sound
attenuation is mostly due to friction losses, and probably negligible viscous loss remains unchanged
with the varying physical properties of sediments. The maximum attenuation in coarse silts result from
both friction loss and cohesion of finer sediments between the contacts of siit grains. The cohesion
begins 1o be the dominant dissipative process with decreasing grain size from medium and fine silts.
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BECHENS BHFEe] daie e o
F7} 4= 2 gl ov] (Hamilton et al., 1956
Hamilton, 1972 ; Shumway, 1960 %) Mt
o] S BEAWe T FF, Idsle EHEE
zwe] (geoacoustic modeling)e] & FolkE T
A A% v} gloh(Hamilton, 1972 ; Stoll, 1974),
A 7kx] deiAl wEel 9ol a2A HfEmel 2
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Fig. 1. Location map of four study areas.

2ol BAEE T AFHAAY wpaEA
ol AfTzo] AdHoz FAol& kel Mtk
o 9% el Azsln glow, sand %
sandy silt 8 7| ®rF7t 2 HERp Ao B
£ YA oz vhakdAel 97 Heolw clay & 7
& iperEel el EEe A7k BE(EN
{electrochemical) 23 wlF<l Aeg FAs3
ek (Stoll, 1974).

A F7A = ekl E R EERRHEel
10kHz olAke] mFslrodols 3=l ot A2
v AFst g Azsdejqe] dFE P43
Alx=ln ood BEEFEE Folgdl dlaEslez
oA o2 wFuridel FAHAAE o]L&3lH
AHFadol e e dAEFE 5= ot AA
g Fapgel o} olg B4R wisE delin
(Stoll, 1974). =}eb4] wimA =ZFslel 10kHz
oldloll Aol FBiEELE oldl Agdle FapiollA
=8ld o g Aysl= Ao| ulghalsict

of =Rl #IH, #il, Bk, 2z #il

i) 4N dell Al (Fig. 1) RE RE#HEN
ia] zFalel 3,5kHz o FHE o83 d344
FE B 2 BERREYEH FHERIEREK
(attenuation coefficient) & #AlAlslod <]
st ARAds gedsin s]Ee R (Akal,
1972 ; Hamilton, 1972 ; Shumway, 1960)<} ]
i, FA435c), =3 A4 B EEE olf
slo] Ky ol TAdc £YER
(biogenic) ¢} it 2RSS FATo A old ¢
3 BFEAAs nAasiich

o7lellA A3 Fhe olHe AFAE (£
A, 1985)2), 1989 89 sddT4 M (A
A 801%)% AHgdled 253 dgAEE 2Ad
Aoz A BEEFEERS Al v eldd i
£ <ol7] 88l SRM/(spectral ratio method,
Pilant, 1979)22 o5& A= sidch, FiFl
A A" Fgel FAFHsE 3.5kHz ol
Aol wel A" F@ol ~FEHHIE 3.5
kHz & 4202 73 B8Rl 33 2e F3t
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Fig. 2. Recorded signals at 1, 2, and 3 m from a sound source. The signals are scaled to the same magnitude to demon-

strate S/N ratio.
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SR BE

Hez|slixt sl BEREC RS FRlA
Im Aog A oA Je& FAFHs: 3.5
kHz 9] #fze A 345““&" & 7 (1985)°ll =k
A8 Audslo] ook, HEMpel FGRE, BE,
223 FLEEASS 4 -/ (1985)9) 78 ARM&@isich,

BEGRES AL

oA Y53 BRERS FAA} 2 4
£ A Fo| ol Eﬁﬁ#ﬁﬂi(S/N ratio) 7}
Avides atich(Fig.2). 7159 SRRl
A & 5 Sl BEEL 1Tl FAAME
(random noise)°l= 2 IR F3l47} 6, 8kHz
2 AA% FIR(finite impulse response) filter
24 (&#kie 5, 1988) low-pass filter g %
(Fig, 3) &4 (s 2+ BEEL %3149

(Fig. 4) £A431dc,

HERE AAE A g8 ARse B
2Aedo HE o83 SRM oz HiFes
2 A2 as} belA A7} tol we} £A8 #HR
AL(t) B A (D)9 AEF A EHYE o]f3e A
o|=}(Pilant, 1979). A.(t) ¥ A,(1)e] A& &
Fexydg A4 A () ¥ A, (OE vehid o2
A% << 4 9} (Edrington and Calloway,
1984),

20 log(Aq (f) /A, () )=k (b-

od7|oll4 k& dB/kHz-m wt9io} HFEiRly, f+
Fabr, 22X hee 7181 @Eeal W 4l
71748 FLuke 1A (calibration) x-S vheR
€ Arolrt,

o2} 2 ubio] o] Aol 5 “VLZ}E-
o Aol F&F olfe hed Ao, WA, &
A4 frame & WEE HE 2% BEA 5471
L EE EEET 2 Zole H#fky ol A=A
A =l o] woll FAZAA AasEE F3t

a) f+hab. (1)
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Fig. 3. Low-pass filtered signals of Fig. 2.
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Fig. 4. Extracted wavelets with the same phase for spectral analysis.
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Fig. 5. Logarithmic ratio of amplitude spectra of wave-
lets at 1 and 2 m from a sound source.

7} BRI (spherical wave)?] 43¢ zHEx], &
<+ HE# (cylindrical wave)®] 54§ Z&=7t
EErdsich, webd slslet e HAY vy
ol #EA Hoh, B, FAVEZS] FERE
(gain response)°o] tt2 o2 ojof] Wil ¥ o] 1
gsich, At (DR 2ol 20logl[AL(f) /A,
(D15 Folol A kAo A 7|H, of
49 5 kx| g9le] HH hg7t H2E AAe 7
71258 o BEEK k ol J3ES niAA

T
ottt

A B AE 29 el 201log[AL(f) /A,
(Ol BHe FAFr 3.5kHz & 4oz
UG dFellx AFHez Frisl=z (Fig,5)
(DR BAE AL 5 o HFEFEWT F
spaoll wlalghe 2| A,

S

SR Fie 22| 53

2] shear modulus 7} bulk modulus o
vl w9 pn HERHol EAs= £8P bulk
density ol 7] dgg vlH=] o4& ubE 4L gko]
gty shslal Sy N AdpdrE waee] AE ¢
g o WHEEE d& 4 slth(Edrington
and Calloway, 1984).
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%} (hydrostatic pressure), n-&
ZET y = H#e] W4 4
B4 139 @g e (2)
Aol A4, E, 9 V,& Hamilton(1971,
Table 1; 1972, Table 4a)ollx{ ZAHArD} S
]l H#EHpol did 32 Haled AAsY, v
= olHel At (&-H, 1985)0l4] o] &3 AB AL
] A, AR E HERRe Az Az
apol2 o] FET o), HFEl wAE:
BHEAAN FEve Agrizlel doel 1Fal4de)
o] 8ol F4¢ #ub oz} %ol {TEEAMY (phase
shift)7} WAstoz, Tt Asldlel wel g
ol Aeix|wA F#H (zero-phase) WA&= &g
{748 (mixed-phase) 2] #Fzo 2 wW3lr] wfol
(Fig.4) #sA4aye H4g Ae dajudg o
W& FiEwkol A7) wlEo},

g R

AR KRS Yrid G, R,
FLBHER), B, WAl o2 g g 7
gt A= Table 10 Fzi=lo] glc},

HAel el AR oA AF (%
A, 1985)0ll A=slo] e, olut oj7lolME B
BE(d, g/cm®) ¥ ZSFFEE (p) o] A7} Akal(1972)
o AMAIZF AAA

ds=d,X (2.604 ~ 1. 606 p) (3)

< wE2EA AEse] zAEd #pe st
71& 77 (Akal, 1972 Bachman, 1985 ;
Hamilton, 1971, 1972)2}e] Alabdlg slho}slgd
o, 7oA d, W d,e A iR o dokel
HEolct, Fig. 6 TSl AL BRT 2o
£ ol T #EAsl Awde Akal
(1972) o] AA1E )Rz FHHE & 4 o},

HERD S| BYRFEREE 24 0.0565004 A
0.6604dB/kHz-m o] oA HAkpe] =t
2 4% F7isltirl Hamilton (1972)0] A4 &H
2 FHEHIEE 3.0~5.04 HelolA Az I %



BEEFHEEYS FREFENS) £PEE Fess 31
Table 1. Physical properties, sound velocities, attenuaiion coefficients and gas content of surface sediments.
St wD Mz p d v v, k VE, n
# (m) #) (%) (g/cm3) (m/sec) (m/sec) (dB/KHz-m) (N/m?) (ppm)
POHANG 01 21 6.82 62.4 1.56 1507 1525 0.2022 3.70 1.26
02 24 7.17 60.6 1.60 1503 1525 0.2520 4.15 2.22
03 24 2.52 4.3 1.84 1520 1540 0.5270 5.70 1.45
04 27 -0.07 35.0 1.85 1616 1680 0.6604 7.00 4.05
05 34 2.29 40.0 1.85 1512 1540 0.4529 6.80 2.43
PUSAN 01 25 8.82 73.0 1.42 1481 1505 0.1049 3.15 3.37
02 24 8.89 70.0 1.43 1475 1505 0.1948 3.40 3.77
03 20 8.74 71.0 1.46 1479 1505 0.1557 3.38 2.73
04 20 7.03 69.4 1.53 1494 1525 0.1196 3.40 3.21
05 20 7.02 70.0 1.46 1492 1525 0.1975 3.40 3.42
06 19 8.00 68.0 1.52 1481 1525 0.2005 3.47 4.29
YEOSU 01 20 7.47 72.6 1.46 1477 1525 0.0796 3.30 4.94
02 19 7.50 74.1 1.49 1470 1525 0.1406 3.20 5.88
03 19 7.52 4.4 1.51 1476 1525 0.1237 3.20 5.21
04 20 7.50 75.3 1.54 1472 1525 0.0565 3.20 5.96
0S 26 7.60 75.6 1.54 1472 1525 0.0826 315 7.87
KUNSAN 0t 12 3.12 40.5 1.83 1515 1540 0.3659 6.30 0.82
02 25 2.77 46.5 1.83 1515 1540 0.4683 5.30 2.04
03 35 3.80 60.4 1.84 1524 1540 0.4562 4.00 2.40
04 30 2.25 47.1 1.89 1520 1540 0.6509 5.20 1.99
05 31 2.75 60.3 1.84 1521 1540 0.5265 5.30 1.91
06 35 2.57 48.9 1.80 1518 1540 0.4825 5.00 2.66
o7 25 4.74 42.1 1.63 1496 1525 0.5866 6.00 2.12
08 22 4.97 58.4 1.68 1501 1525 0.5667 6.70 1.38
09 17 6.58 43.7 1.78 1476 1525 0.2049 5.60 2.66
10 19 5.70 58.0 1.74 1481 1525 0.3476 4.20 3.55

WD: water depth, MZ: mean grain size, p: porosity, d: density, n: gas content E;: bulk modulus x 109, V & V: sound

velocity, k: attenuation coefficient
Dmeasured values

Zestimated for non-gassy sediments from Hamilton (1972) and Shumway(1960)

Iestimated from Hamilton (1971)

o] 74aske 2 8e 29Ik (Fig. 7). Table 26
A wEo| ol e Ar} ol A (&
A, 1985)0l ®l3} sl 3ol ==t R B
FERGS ol o dAEE o 4 QU A
7ol A EAEo] 25+ Folk (1968)% witct.

ILpEES TR ()2 Ao Bl A4
S 7}x|= 2 (Bachman, 1985) FUB#ZEol =& ¥
wERe AE(Fig. 8)2 TR oA A
(Fig. )& Akt

Hie) EEES 1.42~1,89g/cm?e] #HIEA
KT 2 45 F1ed BEERbe BEA =
gl ZbabAnt wE 1.6~1. 7g/cm® HelollA

izt ¥ F opA] AR EEER o Rl

A kA
k(dB/kHz-m) =-14.3+17.3-d-5.04 - d*
(4)

2 e 4 Aet EEEEetel it Alske
2 AaAde £x 4o (Fig.9). Hpel &%
(v)e H= 1470m/secolA HI 1616 m/sec
sl ool el whasbA 2 RS WFH 2
42 Zrlgch, E@s mEel WAl 2

v (m/sec) =1730—-378 - d+142 - d* (5)
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Fig. 6. Relationship between density ratio of sediment
(dy) to sea water (d,) and porosity (P). The
straight line is the regression from Akal (1972).
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Fig. 7. k(dB/KHz-m) versus mean size( ¢ ). The shaded
area represents Hamilton (1972)’s measurement.

2 el of 453k AAde ZHet}(Fig, 10),
IR B E#e ¥ ¥ Shumway (1960)7)
44 A Al (Fig. 11) ol ot
Z7Fstcbot 1550~ 1600 m/sec 2 HH ol 4 Hoj7}
9 % ohAl gashs AL welch HIEEEC)
ool F# 1550~1600m/sec W ol sl
HEMRMES fine sand o4 coarse silty sand 7}
B2A] o] 59 EMEEE (rigidity)e] ohE f3Eo Hg
e}t Z A4 (Hamilton, 1972)3 = ey

Table 2. Comparison of auenuation coefficients with
Kim and Suk (1985) and Hamilion (1972) ac-
cording 1o sediment type.

k(dB/kHz-m)

A B C
Sand coarse 0.66 0.52 0.23-0.51
medium — — 0.25-0.60
fine 0.52 0.81 0.29-0.71
very fine 0.41 0.89 0.35-0.83
Silt coarse 0.58 0.82 0.22-0.84
medium 0.35 0.75 0.08-0.82
fine 0.20 0.70 0.05-0.33
very fine 0.13 0.48 0.04-0.21
Clay 0.16 0.31 0.02-0.17
A: this study
B: Kim and Suk (1985)
C: Hamilton (1972)
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Fig. 8. k(dB/KHz-m) versus porosity(%). The shaded
area represents Hamilton(1972)’s measurement.
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Fig. 9. k(dB/kHz-m) versus wet density(d, g/cm?). The
fitted curve is: k= —14.3 + 17.3d-5.04d2,
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Fig. 10. Sound velocity (m/sec) versus density (d, g/cm?).
The fitted curve is: v=1730-378d + 142d2.

3] A a2 uH 7 % webdth(Reebur-
_ gh and Heggie, 1977). &8/} %2 #l+ F&8
A7} g A2 A 2HEeln g FEEEE st
Al Zrpsix|at FgollAeh 2ol F4gko] T

t.0
0.9 4 + THiS STuDY
0.5 * + SHUMMAY (1960)
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Fig. 11. Sound velocity (m/sec) versus k(dB/kHz-m).
The relation is well correlated with Shumway

(1960).
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Fig. 12. Gas contents(n, ppm) versus k(dB/ kHz-m).

A A oE FEEFl d¢e ¢|A ez
xg7L

24 58 #xigt AAH o2 Qapr}t g 55 ¥
A vebdo(Table 1), 53 BKigRe skt
o] 7}4 & viehdwd] o oL iEME FEA
3 cleke] FEES sk o2 ®asle] gloh
(F %, 1984). w2 o= ¥ HFefpge A
(Fig. 12)ol4 &v]gl+ AL very fine silt %
clayollA &8 8ke] 10ppm AE7AA] F7}18hed
ulz} BEGRECT A4gichs Ao, Sand 9
v BEEHe fi8 dEkobe AR Fel

2 4 ¢dd, gyt & sand Y osilt oA HFEE



34 FEE-LEH- 2R AR

dxpde g lapzh HEFHolA dhlsle mhEA
of 23 Aoz M}, dlxat clay vt silty
clay o} 72& Aol FFEw Az &
2] 3}ehA 2-21# (cohesion)oll Baisiv] qlabe] =2
7\7b Zolxloll whel S, WiEdE, 2wl HE
7} EA)oll 74 3kek (Hamilton, 1972). ‘

Ky e dkoh FRES T of afkel o
& Z4agoe A4S 7keld sand 9 3ol At
7b E8Hel AgTxute s MMES Zve HER
Hpoll N3l e ol BiEol VAL wiHA Be
A& sandolM = fEEAle] ARE 4+ Qloe
Hovem(1980)8] HEigy¥ i ulakdalo] Adide]
2l Hamilton(1972)9] #ES sidsl Tof,
et QlAFErel Eeiskeld &2 Ar|siehE
#o] ols] A== very fine silt Y clay 2 7
S, FEkigo]l FolA IS E¥ Akl &2
L 9 Zolmz & ol 25 BEEK
7} zdashs AL Fmae Aol g A¥gH o
EMEAe] 74 ooz sids Fi TR H
ol A4 3 oA B 4 ek

Fig. 12014, =}aEA 3] F 71| B
#8-9] 7%+ medium % fine silt & &
9lc}, # = very fine sand 7} il B
&S ztA=h(Hamilton, 1971 1972) ®E<
coarse silt o4 Al AE zletstd very fine
sand 20} =7} 2 ol A= mhAEAle] &
ti&oln, coarse silt ol vPAEA Bab ohy
2} coarse silt Y& Alololl EAs= o] 2L
AE7e] AYEE Bl 7ATE AFE + U
o}, Hel A7t olr otk of abopAe ule} w}
AEAL FolgdA YRS AYHe] FH
BEEsdoles zgslr] Azttt Hojep & A
olch,

i & B

2 dvelMe @EETH BEHE B2, BX,
a2z BLel 4 e KA s
Aol oo FEIEEE B, BUEEiR
B, oEln FaeRes Telel My HEatel
RS EA s

AA 2670 AA F 230 A BEEHE ©

o] A7 (&-A, 1985)o0A HFEES AT
W AREE 8} glo) orlelME o] E-E A5
of 213 dB/kHz-m wlel M3 HF{REs
T3, ¥ ATl T4 BEEHE 71
7 vhol] chu| e off HERRS] Hritol el o el
& e et

TS i, B, BEAR, 2=lo &
#8 gheke] EAdo 27 o] 79 #H£HRE e
Zt,

1. B&E % FEEsRe] SI¥Hdds A
1470~1616 m/sec % 0.0565~0. 6604 dB/
kHz-m 24 #gitpel 3ol dAsiA d=ido

2. BHEFEFEHT DS WE, NE Y &
ol AR 45, LBERo] zold & Frlsict
7} AFMALZ coarse silt 7} ZHE it H A
ozt H ¥ Faste dAd AFE E]ld

3. Ff8 ¥k OiN-E 1-8ppm 224 HEY
o] =zt 2L 75 Fohald,

4, Clay & very fine silt oll4] F2& ko] F
7he dEEpel 2SS FAA FEEEE
aA| 7o,

5. 9l=ke] Z7]7} fine sand °]4k1 Hifkdol Al
= vhaEAde] FEmEEEe] AdiHql 8klez =
L3, MEEAE FAE 4 glow HpS]
e slol] 3RS Wz Y Aoz Hkdo

6. Coarse silt ol 4 FHE#EF7T sl AL v}
&4 Bal ohg silt AF Alolell EAJdh= o
2L Ak AR o] FAlol #AR317] W]
o fine % medium silt & ZAZ A=Ak} AF
Ho| 5l @FL oz 2237 AAgct,

LI

HAE W 7]A Tagel e =d-E FAl sk
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