J. Korean Fish. Soc. 34(3), 245~253 $H1R] 34(3), 245~253, 2001

Task Zzi) iR YAF HEQ EHE U SR 54

SYLRID BAEST, S0 Sy

Sedimentological and Hydromechanical Characteristics of Bed Deposits for the
Cultivation of Manila clam, Ruditapes philippinarum in Gomso Tidal Flat

Tae-Chin CHO, Sang-Bae LEE* and Suck-Yun Kimm*

Department of Exploration Engineering, Pukyong National University, Busan 608-737, Korea
*Department of Oceanography, Pukyong National University, Busan 608-737, Korea

To investigate the effects of hydromechanical and textural characteristics of sediment deposits on the cultivation of Manila clam,
Ruditapes philippinarum surface and sub-surface core sediments were collected seasonally in Gomso tidal flat. Grain size distribution
were analyzed to investigate the annual variation of sediment texture. In winter unimodal distribution of grain size with the peak at
5 ¢ is dominant. However, during the summer sediment texture become a little bit coarser and grain size distribution shows the peaks
at 4~5 ¢. Optimum sediment texture for the cultivation of manila clam, R. philippinarum was found to be sandy silt in which mean
grain size was between 4 and 5 ¢ with the sand content less than 50% and clay content of 5~10%. Mechanical and hydrological
characteristics of sediment deposits were also studied in the laboratory and the results were applied to the numerical simulation for
the behavior of surface sediment subjected to the cyclic loading from sea-water level change, Results of numerical simulation illustrate
that the permeability of sediment had to be maintained in the range of 107"~10""m’* to ensure the proper sedimentological
environment for the cultivation of manila clam, R philippinarum. The deposits of virtually impermeable mud layer, with the threshold
thickness of 4 cm, would be very hazardous to clam habitat,

Key words: Tidal Flat, Manila clam, Hydromechanical characteristics, Sediment texture, Numerical simulation, Sea-water level
change, Clam cultivation

A B &9 4% 270doA HFEH AT Chang et al. (1993)3
Lee et al. (1994)0] 4% zZtolo] e} F 7 3o 93] 54FHoz
FRel A utAE FH e ArE Age TAA A 19120 Yehte SY A shelly sand ridge (Chenier) e ol 53 HH &
ANZHAGE RaHo| 9lod (f, 2000), £HA 442 1980 3 SAd #do A73YX, Chang (1995)°] F4 AEY ¥4
ARE AZEe] 1990de] A ARFE JEHATY (FEFY & F3Y 2P 3 FAE A73HD. =¥ Chang and
2191). 2u A2 ool o AR A, 4 Choi (1998)= XY, HAEY 9=, AE T4 AZA w3
Ao wE 27t 24 B FAF B4 T AT uiAG W Ao 23 HHFY ¥4 € BE AL FIAG 2
Aol whel A ATt of7ls o] N&AQ uiAG FAF §A dTdAE 4% o £3x3E §F HEE € FHHFEY
&2l F8A40 FHIL At Park et al (1999)2 v 5339 343 A43 45 e A0, BEEY
W% HA 4Ae ZAFeY] fEte] n4ge] 7 AEF 2EH g - 483 547 sy F713 dF AR BE HFEY
29 BHEY 24, 2|3 7B EQ Perkinsus sp.& 1Y ARE 9837 $Y 2 JYTS55, 2 Ay A B4
1, Cigarria and Fernandez (2000)€ A2 uiAjg YZ£79 $ Boto viAY 4% A2 HARGH 7 +Y4% 54E
ANl B3t AFAT. £F Mann (1973) 2 vtAF FAq) kg 1= d
el HA AABAE K537 93 dF® 279 X4 53
E 9= 249 B4 dste] A7 Kurashige (1943), X2 o gy
Lee et al.(1969)& @ute nlAlg M4 45 =4 £HE F
P3te] uiAg AP Ao EHAHQA HAE 2L T EXE9 AdTEY
gy A AR HAHRE 547 dAse AR As Fagk 22 AGdA 20004 2953 8€71A 7€ e
N F988 548 138 47 AR BaHe A 2 % 139 FPAN 25 2 F4 AEE AAFATG (Fig D.
%o £ 979 g3 Age Mg T4 20dd ANz HHAE9 YTEHL Galehouse (19718 BNl wa} AE
A (Fig 1. 23de gitdoz 2371 23, B3duyArt A 2 F3Ee Waidste AAsgc 5382 24, 4E 4 J
v, HAE Tl $AE g & 2@dn (Davies, 1964; E FFUE 7|2 EF3E Folk (19549 47 tholoj1i g
Hayes, 1975), 5% Ud (mud)# A4 (sand)Q) "2E H olgdte FR&Y, HHEY 23 EEAE Folk and Ward
HEZ 999} (Gary et al, 1972; Robert and Julia, 1987). 7] (1957)7F AAIG =& Aol w2t QA
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Fig. 1. Location of sampling stations in Gomso tidal flat.
@: Non-cultivation site.
O: Cultivation site.
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HAg9 983 54 2457 3o ¥ FFAFE
ZA39d. 3382 8~10g A=Y ANEE FAdo 7 WA
Multivolume pycnometer 13058 °]&3¢ A3 FFAF
€ 45~55g AES) NEE A F444 537 (ELE: Tri-
Flex2 Permeability test system)& ol-4-3t4 £33t} (Fig. 2).
AFHE AEE sample deviceZ ¥ E F, THI, ¢ifold
AP AF B9 F4FE AL $AQT. B9 B2 ¥
29 buretted M3 ZAFG o, ALY L tgH 2

» _aL Ps+h(t)
Permeability (K)= 2Af In[ Path(s) ] )
h(t) = Vult) ;VL(tl) . 2
h(tz) = &J_(_le& (3)

Fig. 2. Permeability test system (ELE, Tri-Flex2).
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&714, a=burette?] BGAH
A=Ag9 93
L=A2¢ Zo|
u1=34 AF Az
L,=%% & A
Pr=bias pressure
h=burette?| A &] E¢] Fo]
Vu=upper burette?] %3]
Vi=lower burette$] ¥-3

MNEAS| g x5y

HA mn2 HAZ L ANYEA nAZLY 98 HAgD A
g7t @ASA Yet/l= 8t (Noorany and Gizienski, 1970),
Nakase and Kamei (1983)¢] 2}8) ZALE QA}5}ute] HAZL
A 42 AHE FAST QoA Ao wE HHFo ¢
)7t AolatAl vdehta Qi) sl o8] ¢d ¥319 vjuZ
EA29 g Wdle EFAF BE 355 i A IF
< BET (Terzaghi, 1925). 53 AEZ B389 A4, ¢+ ¥
& 54 g8 HAEY A%F 5S4 FTF Yo A%
A#Ho wfe B ASYYE BoFD Terzaghi (19250
o9& Aotg vjlnd B4 §83Y (effective stress) ol & ¥
& Biot (1941)9] 93 consolidation theory2 wg3Hth
Biotel &3 A ¥H}FIER9 g3, £ FI54
g BANL uf¢ 3ad dAY FAZAAAY o]gF £H
HE T 5 o] AA EAF AAzANE FAHNF 24
o] &2 A=H1 ¢t} Ghaboussi and Wilson (1973)0] HE €
Biotd] #A44¢ o]¢8to] #24% (Finite Element Method)
o JAF FAHY 2dL Agsgon, o ALE A4
&3 2,

0= e+ Abibutiot ad;P 4
1
= —adiest MP &)

o] 71X, g;=stress tensor
g;=strain tensor
P=fluid pressure
i, A=Lame’s constants
{=volumetric fluid strain
a=Biot’s coupling constant
M=Biot’s coupling constant
5;=Kronecker’s delta

ojd, {9 AIHA Wi £48% 2L BAHE /MG
d g ot (6

of 714, K=F5A4 (permeability)
=9 AAE (viscosity)
i=FEY AEF
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MEE A 2dg o] 43t Fate] £X3e HFEY
FEl-983 ASELE FARAG. FANY AHLHE V2
B4 AgE T4WAA AFF ANEE o]45e 4¥Foz &
29 293, £93 SAASES dtgo g AL HE ABES
273t 2R3 (Table 1). REREA P 7o) BXF
o dv HE 1m7HAZ FFFFeH, Fd8sd JAG £
A 93 H3AF 4 2ecmE & A9 242 A3 F 5070
9 842 F4E meshE 43T (Fig. 3). H3% 85 23
& YUAWYE AU E JHRsgen, d4q was s
U HEFIe 2AAYY ZHEE J|FoE AFA 2000
d 69 24 ol ¥ 15Y T4 24 F7/1E nAF 49 JF =2
71+e 2928, BF 92 7L 48E o AFFHYY. Faw
FF AN BF Hd F4E 4mE 7SS H A5
g AFEgen, FNF 1xE nYdo dEHY H4
3% W3l F4E Fig 49 ZAIE vis} Zo] AAsAT B0
AYe Az 3% T WIFA =&H9, 24 g A
A502 2198 T4 FZFY 9 @t dede] P
Eg¢ olFde d2F7 dAHY, dx AR 2§ A4

Table 1. Mechanical and hydraulic properties used for mode-
ling the sediment behavior in Gomso tidal flat

Clay Sand
E 10 (MPa) 50 (MPa)
v 035 0.30
Ve 045 035
K 0.94325X 107" m? 1.0X107"° m2
B 072 0.60
a 0.95785 0.46296
M 26912 (MPa) 74772 (MPa)

q=q(t)

9 P — Z=0cm
Peo!
R —— Z=10cm
Yo
i e
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Fig. 3. Finite element mesh for the simulation of sediment be-
havior subjected to the sea-water level variation,
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Fig. 4. Representative variation of sea water level in Gomso
tidal flat.

u3] gutdiA AP, Az L Y Yo g e A
oz Wddle Aoz /MRS dAeE 2 o3 2AA
B2 112+738 B¢ W73 AxEHY, o]F 548 F719
4 WEgdol BEA oA 1&g H&E HWEA o
g Y 55 W gAY v AF A4 dneMe HEE
ATFEE A H48ez EAFIG.

o % 0¥

BE E|Xao AEY M8

Ta 27 $A799 3 H349 ARE WS
Fig. 591 =A8glch A7 A9 F 50% o4& AA3E silty
sand §34¢] w9 AF7A FPAA £x832 ok Sandy
silt HAYLS F4FE X3 AYo] FExsx glon, AHE
HAEY #7o) g FFEY 2 % Holth %Y 4+ & A
HEAAE B BFo] 50% ooz 2HF Holy sand 83
A% et AgdA gAY 23 539 AZF @
€ FR3A gou, 34 A4 (Fig D& FHoz # §7 &
oA #7] 2F sand HHF Aol U, 22 HFES §
A& BAFED, Chang (1995)2 WYT AFZ Lo HT 95%
olde ndz FAE EAHA AFHHY HFAAQA 4o
(chenien)7} ¥2¥da Mg £ AF9AE A A-49A4
e §Fe] 90% oldozZ ofF A FAHNU

o] AH AgolA g g B8 AP ST FAs] AHd
3o WE JEEE %4 (Fig 6)F L Agds 509
Z2Y AEJ} FE olFE gR=FYLE Ve E, dEdE 5¢ 9
5o 29 AEF HFE 449 vAAE HAE HVE A
%L BoFd, ol 2& 9|7t HEF P e EF T
B30 2o YA #739 9FE nesty 492 5 Ut
2000d 7€) Pl 4FE F HF Flolg Ty Bepde 9%
o2 5¢9 29 4EA HIAEL AAHAAL, FFHLE £Y
A 4¢9 njHAE HAEY fYo] FHIAA FrE A HAE
o ARAR dx dAsgde] 7H3 AsA vEhd 3R B-39A A
#9 o] NEANE AE 25~40cm T3 T UAZ9
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Fig. 5. Surface sediment distribution of the Gomso tidal flat: (a) February, 2000; (b) April, 2000; (¢) June, 2000;
(d) August, 2000.
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Fig. 6. Seasonal changes of grain size distributions for the su-
rface sediment at station S.

sand HE44 n3se ggde] e 4 F4ol #2HAT Fig 7. Photograph of core sediment structure at station B-3
(Fig. 7). o1&l & ZA} Aol YAT w) Favh 20 e HH4L in Gomso Tidal Flat.
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AZEZ Ags, ¢ 8718 2q4A 874 {4l o3 ¢
waiepdol gddte Aoz Algdr

BIXI2 YAl BY #Y

A g HF &7 290E £330 A3 F2% YA
vt g F4 L YA e 30 AR F4E e N 3
2 3% dE A9 SN HHE =3 54 4 B3 5449
dste] AL HAF FHo] o|FoAA gv FF AL
A-4, B-491A AFE 2o A g E AAF oz A §Fe)
olF ¥1, VA E HAUE Us EATY (Fig 8a). EFHF
29 HAYEE 197~443 48 EEE Hojoj, HFL 32490}
(Table 2). 3% B-49] A% BEUE 4¢ o322 AYoln &

@

[Barx groenish grey
3 CY 41

=3 P Ty

fNsad  [Fsittysand ] Muddy sand
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FE7} 15002 EFF £5& Jehdth £¢ 2d §Fo] 40%
ojgto 2 70% ol A-2% A-4%= t©E AL BdFt) 4
T8 F5EL 1654~2087%2 ZA W7 glon, FI&L
3442~41.18% 2 B-4o0A 4 & A¥S B ExAs &
g 0.0272~0.0387 cm/sZ B-4°1A] 7t ¥ & Yehdh (Ta-
ble 2).

upA g kA ge] ¢ B-1, C-1, C-291A4 AHF o} AR
qAE Aoz A §Fo] :or, A% 20cmoA HAHg
A2 g0l 2A@} (Fig 8b). 5 =3B HF Y=E
290~471¢%) ¥EE Roln], HEL 404¢0lth EFET 071~
20998 BXE Holn) RFL 134¢2 BFF 2FL B
A= 28 A4S el HAE 2AqM e 2 FFo]
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Fig. 8. Photographs and texture description of core sediments in Gomso tidal flat; (a) Non cultivation area, (b) Clam
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Table 2. Textural and physical parameters of sediment deposit in Gomso tidal flat

Mean size Sorting Skewness Sand Silt Clag Water content  Porosity =~ Permeability
(p) (@) (%) (%) (% (%) (%) (cm/sec)
Non-cultivation 324 1.57 0.07 68.50  27.68 3.82 2020 36.34 0.030
Cultivation 4.04 1.34 0.37 49.18 4387 695 20.85 3645 0.022
Cultivation (S-site) 444 1.53 041 4774 4329 8.97 24.18 4422 0.028

B 9.1%2 vFAFY 70% o3 A9 A dujd, g
AEY Axd B3 54 vado BRE &L 1561~
2547%, F2EL 2986~4360% WHZ JVeIt FFASFE
0.0148~0.0287 cm/s2 ¥ ¥AF ZA$Ed @A Jebdo} (Table
2).

FA&T FF FATY SY AR 2478 AP HAES
23 B4 2 E¥3 A dsd zAEAY HE Yxe
4.15~510¢% ¥ XE Moo HF L 444 9= " AALY] XFHT,
sandy silt ¥ 34& Jeldd £3& 1.32~186¢9 EX ¥HYE
Beo] B33 £FE ez, HEL 153¢0t d=E $44
EE JeiY, e $FL B 3550% S FFUE B W%
Ao A¢ut ve g v, Fred I54L 44
2418%, 44220% & JEM I, FFAFE 00278 cm/sE YERET
(Table 2).

Agn gafcte] dgd 2ddde {53 s e
F719%F 2 #7189 ko] M2 Zojst gloy, HfF AH4AY
g4 F2 HFEY 24 2ty AT (Lee et
al, 1969). Fagto A AR v FAY, 282 S A MH
ol zAE 2AE 3 B gL 2o FaueA %4
A 2 g AL PAPste HHAEY 23 54L& vz
oo 32Yx, 95, A2 € UZ §Fo] o FFol =4
He BAEY 2454 FHIA duidd. wAF FA3 e
A% FAYEE 4~5¢ XS Yehdo] HFAFe HAYE
324 ¢ Bk AASA APY 23 5L BAT HA B 24
QAN = HaFo] 50% nw, UF FFL 5~10% HHelth
HAYL sandy silt, 2HFEE 1.0~2049 & Y2, =
T 01~059 ¥ = o AFFHoZ uAg ¥
AoA HAEY HEFEo] Wald v 2 yA ezt A
£53 ¥ 740M F4Fe] FHHE AR Aggd

XA Asol o £x|sy

ZAa% H4¢ Wiste] B 27 HHE2 A% $AL F
AHAez EH3 Y Ju d5d Fo] 4mY W] 24 B
Zd APe ¢ FF L 394kPaclth Y42 HIAE 2
Aol g FYAT5G ¢ FE LY 3g A= E 1Fd7] 93
o AA HAZo) YT S8 - 98H EJL Ad Aoz HF
&3 3ee 49 M E 9% A Ad £5AFE 10
X107°~10X10" P m*7HA] M3ANA 8 28 JHE £434
% 3 A% llemdiA $2He 5339 #3489 2 HJT
Fege #5E w07t Adzt He AFAA G ¥9
HH2AANY FEFFHLHE FYAFFLY HEFxd wat

sy, Ad YB35 B AxAANY FARF (fluid
diffusion)o] A HQ FF& weth Fig 99 A uig} Foj
EAF7 3718 E 257 A 11emd M ¢ Fold) o9&
FA Gito] FAHAN FYRF4gel F7HEH, ARz §
A3 24, §9, BNOY A 1l cm7t 30 o $
ZR=H o A BYRFge] HAd HFE Fo] A o F
o dA=E 94 A4 (phase lag) 4L Yeh}A gon &
EFASYE 230 Aol & FHdA AHE S B
S

24 g4d g8 d5E go)7t Zadd 2Ud BF ] W)
Z9 & ARRHE HFZ3 AHD s 5o &
g9, A3 1A JAS FF #3 ¥z A3dd #F
segtol AANHE LAY BHYF g 47 £33
2 EASA 4A HU BFSEA FHE AYLFFEL
AR oo FAGMTL 295HE AT Fx W} A
A3 2280 &, BF =2AHAME oA FAHE HILF
Febel & FaAFHSFo] U AUz FEHo] A ¢
Aol At & A (Fig 10). d5Y 85 22 AQAA g
g & e 93 o Ak AL 1&E7] s EF FH
A9 AT S 1Y FHFETH S AU 2ojMg £
A Ao gAsd FIEL 45% 2 /M8 AAE A% 1lem
dxe ARFELHE Fig 114 =AY FESS 980 Paol
2HE GFFESYLS K=10"m’ ¥ 107" m*Y B$ ¢5FE
FA%2 Qo Ad E5AL7 ¢ AZE K=102m® ¥
107 m? A$olNe 948 Jdg2 vrddd. §3), K=10?m?
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ress at depth 11cm with respect to sediment permeabi-
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Fig, 10. Excessive pore pressure and effective stress at the in-
stance of surface exposure.
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Fig. 11. In-situ effective stress developed at the depth of 11cm.
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Table 3. Excessive pore pressure distributions at the peak sea
water level

Excessive pore pressure (Pa)

Pepth Thick f mud d it (cm)
ickness of mud deposit \cm
(em) 2 4 6 8 10
1 39371 36555 36876 37262 37569 37792
11 39098 33474 29507 27429 26413 25919
21 38855 33239 29309 27271 26285 25812
31 38640 33032 29135 27131 26172 25719
UAE Qo] Ro} A4EL A 9k #9, Ud 983 &y
e JHoz e -Er@a 1 A A2 AR 53t

9 o9} Ze ey
4 5539 T} '&ﬂ?l‘r‘i gdsAl UrEMD% h=10cm 3%
YA 32 FAHE BYP3ELE h=0cm A$ol 3
%23 ALE A8

Z7) EZo] 5ol =EHe AFAAY HAIBIFEL
F9 MM 7L AwE BEGAAL Ve Table 49
A4 Az AAT | YA gEZ9 FAst 3718
J Fozol A FF5o AsHo YA R
& ZF7tHe Aot 5ol A& UAF FEJ
} F:9to] wrgaratol YAZ WH} 3E HAF A
22 VeEIY YRS HEd wtg YZE WY (Ux
lem) 2 712 32 (AL 1lem)AA Y FYH34Y HEE
Fig. 128 13o} 27} 2Al3l et Ao s5H 9 AddAM 4=
lem AR A8 FILF5LL UAdZol 9EHA g
BALE 71Fo2 JESA 2em B¢ 49 478 gaHY, HE
ZFo] Z71Y L2 Ay A F4EY W, B =& AFAAe
HE 274 2cm B FAHRE FJNF55G0) HEF Fte)
wg yolAle FAE Veit o)z wal e UdE |
Mo FAFF A AFE & Uk UAS HEL o)
FHMNAHANAM R Foze FARFES AAA AT 1emdl
N o) r=qte] B FAHD 2 UdE RA% £91
g A 4% lem dHre HEFALT F713H, ol 71& AF
20729 $ASE O% A3A AstHe d¥e xddg. 2
FHog A% lem AR &4 FA71 JEFA F71 9o
3 nEgo] HtI5to] F718A He 3, BEEENH Y
Agoe BEFFY 4290 71U AR 2 FAfF] 5T
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Table 4. Excessive pore pressure distributions at the instance
of tidal flat exposure

Excessive pore pressure (Pa)

Depth
(cm) Thickness of mud deposit (cm)
0 2 4 6 8 10
1 19 1895 1732 1462 1236 1072

11 197 3948 6792 8199 8787 9001
21 356 4104 6927 8308 8873 9072
31 496 4242 7047 8403 8950 9134
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Fig. 12. Excessive pore pressure at the depth of 1cm (mud
layer).
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Fig. 13. Excessive pore pressure at the depth of 11 cm (silty
sand layer).

AAA HABFetol WolAle AHHY YAz F L V|
& AFE2 AL llem AZAME UAS g8 &
Ade 71Q8te BARFFGel Ho £ AFMHe HEF
A F7le) el ZAHY, B2 AAMNE B2 SUtHe
A& JedA 29 (Fig 13).

UAdz g¥d 0 FYTF5Y et g3 EF=ZA
A AAE FAHE A=Y FFESHE A8t Table 59
FE39 . Fig. 139] =A1E vt} o] TAA Fdd) YA o]
x5y 3¢ P+°J7P%¢%}% HEEA wet Frtee, o dAY

ol A% FESY wad AFH %L 7H 7 AEFY
At A Aol At YA Fo] gE R & AL 7IE AE
oM FAHE EFFESTYEL 4EY AU E AN A
Wate] Aol IHP A Ao] R Ty TR Fd
Uad g@30 JBE ASee 27 AEF Fuld 93 d4H
5o nTIA t&ﬁ}%t}. AXE 11cm ©)39 71& AFZ
A8 e FFESEY AS JEF 6om FAA FHA
Y A2 A8 7179 gE#Fd Frtd dsiMe A
Al Wgtod s Jvepdd ukAgte A4 A=Y 10~15cm ol
dxe U2 d8 A7 4cm o14YD BE Ak 4F Ao A7
A A, % A% 3 emtANME 9FF Ao EFF

s
[+
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I
©O:
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Table 5. In-situ effective stresses at the instance of tidal flat

exposure
Depth in-situ effective stress (Pa)
Thickness of mud deposit (cm)
(em) 2 4 6 8 10
1 889 —848 —2164 —2815 —3088 —3187
11 1705 —-30 —1337 -—1976 —2238 —2330
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