The Journal of the Oceanological Society of Korea
Vol. 26. No. 1, pp.13-23, March 1991

rO\'

BEGNE ol F

ro\'

Ao @ B7Ie] SHR

FHHc - 2
st et o e

Depositional Sedimentary Environments in the Han River
Estuary and Around the Kyunggi Bay Posterior to the
Han River's Developments

Hyun-Do CHANG AND JAE-KYUNG OH
Department of Oceanography, Inha University, Incheon 402-751, Korea
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2214 245 5% SAS FHd 2 o, 2 Q7Ade A O Yo FFgel s, @
§737 Asjebe AFse &7 @ A7 dod AT HHBPoR FES & ek 2
ST AML olF o7 AN FHumAel FAHD fHo] HAHE T Hubd el S g
Exo] WsgosH SAEF 2 SrAERUI) M) FHED Tt z}z} 37 mg/l, 500-1750
mg/lAA g o|F 17 mg/l, 208-1142 mg/I 2 2 Zog 7PAiE ez Yburh ¥ 37 FFE
BIojME siltationo] FEsT glow, VYA sFBRY AA7} Rol HolA RIn FAY
HEE Kol B HANCE 47e Wt 24€ o2 UuEd ol F2 FEML TS
7ol £912st8 WAs) ¢ate] FAHmst ARl £ITEE Axgto 2 HlEE Aoz AtgEt

#7e s AYe ARsE HolAdelng, @7H sl olgidt wishs ¢oz AHT
gAgAE Be FGe v o ARHY, F7ITeR AFHE Jee Hetay] fstde
mopus JURH Q47 BHTE Ty & s ud AAE 77t aTEn

For the purpose of examining the depositional sedimentary environments in the Han River estuary
and around the Kyunggi Bay posterior to the Han River's Developments, a hydrological and sedimen-
tological survey was carried out

According to the hydrological and sedimentological conditions, the studied area can be divided
into 3 depositional sedimentary environments; Fluvial. Estuarine and Coastal-Bay. Posterior to the
Han Rivers Developments, however, the alterations of hydrodynamic condition in the Han River
have caused a substantial change of the sedimentary environments in the lower Han River and
its estuary. That is, the contents of total suspended sediment anterior to the Developments decreased
from 37 mg/! (in the lower Han River) and 500-1750 mg// (at the Kanghwa Bridge) to 17 mg/l and
208-1142 mg/! posterior to the Developments. These changes seem to have caused the siltation near
the Sin-gok Underwater Dam. Thus the characters of the boundary condition between the fluvial
and the estuarine environments have rapidly changed. It is considered that these changes result
mainly from the construction of the two underwater dams for the maintenance of the water level
of the Han River.

As the estuary is a transition zone betwen land and sea, these changes in the Han River estuary
might affect the sedimentary environments around the Kyunggi Bay. In order to verify the effects
of these changes, it is necessary that a detailed survey be carried out around the Han River estuary
including the Imjin and Yesong River estuaries.
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A FREAE FYEMS s 7t P4
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Fig. 1. Map showing the studied area and the mooring stations (St 1.2.3,4.5). Dots are bottors sediments <.dmplmg

stations.

A7kl e Z2AEANe  wrAdFZ2 Y (Semi-
diurna o] A8l dxRFo| HoKE, 1978).
g 2497t el AYEA HE FAAE
Qg mhe Zuis} sUFE sl Hah MF s
PzA)7to] BobA T HFZ Azl HolAXE 24 M|
A A A 2
ojX= 7 d =AMl FFe Hlch(Table 1).
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stk AFAlE QMY R FAFRAA U2
15-40%, Tx F 508l vehhd AloiE el
He AEA Qgog - wE F 14 05EWA
14 45%0.2 *J%] A vepdoh HARAE



16

Table 1. Tidal time difference and tidal range in the Han River estuary*

FEE - 24 A

Flood Ebb Spring Tidal range(cm) BDuration
Location difference  difference tide
ratio Spring Neap Mecan Flood Ebb

Incheon 0:00 0:00 1.00 798 347 5725 610 615
Se-o Is. 0:15 0:36 1.05 838 364 606.5 6105 610
Oepo Ri 0:40 1:30 098 780 340 561.0 5150 635
Kanghwa 1:30 210 071 564 246 406.0 5045 640
Sin-gok 3:30 700 0.10 80 . . 220 105
Chamsil 4:24 9:06 0.05 49 10 56

*Data from Hydrographical Office (1980-1988) and KSEC (198 : 1987).
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Az )

SeEARY FEE T8 279 5% #AH
v 2(McCave, 1970) A% 70 wat PAR 73
Bl wiztg ¥k wEi RE{EHY FEE F
gro] Z7hgol wet Fhshe, B A7aigols B
ZFo) Ha) G2F7F AR HFA FU4 O
=4 Jdehdti(Table 2).

7ol A 13 204 59 F HHEH TR
EZo)A 11.2-312 mg/!l, AZNA 13.6-46.4 mg/l 9]
WE A7 e FxHsyt st FrR
oia) Hbstakol ZiA) F7ie 8ol BF T16-114
mg/l, A3 58292mg/lE TF71S 590 ujs)
Auivter Zasidnh olME frdol 10ui7bAe]

Z7M8eolE BREE TR 23y BAE A2

e Solgh Wyow, ok RAEA F v)9lel
el MYd HAEe] FFE QY ARUL W

4
B Zrle AZFFHE dol ZArIvez wiEs
A7) "Wl Aez gy

A7 35 494+ 59 5 FFNAM 1508-1074.0
mg/l, A Zo|Al 208.0-1397.6 mg/iolHy, F57IQl 8
Yo= TS 88.8-11708 mg/d, A& 257.6-29212
mg/l2 JEhdth giAE serinds 257§
ote) ¥xvt 3, I HIER HA Jehdth B
23 A& 338 G277 APSHEA 7t A A3
Z7etn FxAdle dRAED 32 72§ Y
o2 HAHRREY ARAARHOE FFY &

S¢ +HzRE gwHel o& ¥AHNEC o

A soMeE 599 FFelA 63.2-266.8 mg/l,
Az A 139.2-344.8 mg/le Eehdon, g€
F 2ol M 9.2-465.2 mg/l, A ENA 204-631.6 mg/l=
5ol W& Fxo] WaEo] A Al HA
=1} ol f&u|(dRF/AZRRIZE & dvt &
FZ7lo] wel HREAe difRe] FFEZHFH ¥
F57] B2 Heg Alsdch
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Table 2. Mean suspended sediment concentration in the Han River estuary and uaround the Kyunggi Bay during

low and high river discharge period.

(units - mg//
Lave Disch- Seongsu Sin-gok Kanghwa Oepo Ri Se-o Is.
ayer arge (St 1) (S12) (St.3) (St.4) (SL5)
Surface Low 15.8 256 566.2 460.0 140.0
High 85 6.1 3718 5373 258.0
Bottom Low 179 374 631.8 >749.0 2580
High 124 154 916.5 1536.7 309.1
Average Low 16.85 3150 595.00 >604.50 199.00
High 1045 10.75 644.15 1037.00 224.15
{Low discharge : May 1-10. 1988 ; High discharge © August 16, 1988
{Low Discharge Period]
Sin-gok Incheon
Chamsil Br. Ist Han R.Br.Underwater Dam

Imjin
/ / / River
0 T

Kanghwa Br. Se-o Is. Habour

=

// Han

2 X 3
» ‘Rlver

o

[ [
\\\‘IX)\«X)\;D\X Kyunggi

N

N——Turbidity Maxifmim oo

Fig. 3. Spacial distribution of the total sur vnded sediment (mg/l) in the Han Rivetr estary.

2K HE

F71° Fehe 59 R/EEY PREEE
W dTe] AH 1014 B3 2 158 mg/l, A2 17
Img/lolH AXFFE 4] A 200 He 3 256
mg/l, A% 374mg/2 Ul dF2 #45E =
7Vahe FAHS HAtH(Fig. 3).

Aot ArIve 2 RE 1Y A5 EEE
st A 59 Bt FEE HE(HZ)oA 2tz
566.2(631.8 mg/l), 460.0(>>749.0)mg/lo1 }, &-3o|
Z7te 8¥ole 371.8(916.5)mg/l, 537.3(1536.7)
mg/l2 F7beldth weby E7) Fob ek
F44 BHAEBo Hrvtog wigsle Ao Alg
ok WA BEo 2 Kol FIR FH Ao
#tf &8 42(Turbidity maximum : Nichols and Bi-
ges, 1985)7t BAS e Aog Atg sy, {327l

o OH

T2t 1 AAE tda YslBo R oEHE o
Bk

THBay) o] BHEA L Hole Hojx BRI ME
59 F B3 HFolA 2z} 1400, 258.0 mg/lo)md,
Frgol S7tet 8¥ol= 139.2, 309.1 mg/lE &7 E
AUYAA AA 724 oebd Ar|gk Qo)A
HZ A go] gats] ojRojx: glow, HAE ¥
wol oM a7t 83 ATe de Aow
Atg g,

3. ME ENE

xSy ¥ AzRE

HAEe] dusde 2 HAB Yuyre »
vk, dE 2 Hez4 498 5 tkFolk and
Ward, 1957). o] wiz} A3 ZAat AFH o
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Table 3. Characteristics of textural parameters with envi-
ronments in the Han River and around the
Kyunggi Bay.

Lmnnnmcnts Mean(®) Sorting Skewness  Kurtosis

FFlu-  Upper 1032 1.277 0.157 1372
vial  Middle 1.373 1.647 0.305 2576
Lower 3018 1.696 0.402 1.899

Tidal flats 5453 2.145 0.249 1.313
Tidal channels 2.66] 2015 0471 2.155

Sand bars 3.054 1.286 0319 1.959

2y 5B JrEALe BRME I
o] Hlth(Table 3).

PAYEMean) & A8 A] FFoIA FZ
7hE A 1.03, 1.37, 30202 Aa A@stsle el
vepdh, A7ieh z27hdelide 246-7.02024 W
#2 MAHFine sand)9 YR Mud) 2 F45
ou, st M wittEo g YFE FAYEE
Z7bsln BEEe dudAE AEFE 2dok
ZANHE P 2H F¥LE —142--600
02 A& H(Pebble and grave) ™ APE(Sand) =
TR0 glon, AHEE HAEL 2.24-39209
%*}(Medium sand) & TAIsle] sith

5 (Sorting) ¥ EHASH e oyt FH

&} ] ok th A2 Poorly sorted(1.28-2.15)3ht, &t
A g AR vnH FFan 2IW B3
o2 HuiHos BIF gs HAch B AFAY
N EEEe PTPAe Az 34 3 HE
Qxel Byl G, AEHBANA H ¥
Fago] oA YE Ao Alg¥EL.

A= (Skewness) & WEE9 HAE] Positive
(Fine skewed)Ztg ¥ EAE] EF& F2 4
YA ool USZ AAEHY, HE=(Kurto-
sis)E 131-2589] W92 Leptokurticdlsl, BE Y
w7t 27l wet wy BEwrt FxsiFd oel
F7yste 7ol Yehdth

si=alo] B X

kel st HEL it A7IT AU HAE
s g 2Me] AL Ao ¥A okn F=2 3
Ao ol #HSHY) wiEo] AwHoz AHZE
wi= ALEZ2 FAE ] glon ElAHES AT EA
we} A} A El R (Pebble and gravel facies), A
Q¥ 2 AHSand facies), U223 (Mud facies) >

=

2

Kanghwa

Fig. 4. Distributin of the bottom sediments. (a) The Han
River. (b} The estuary and the Kyunggi Bay.

2 FHAGFig . o SAHYE YA o2
g% Apst oS gae WA AR
& ool U, B3l AREER FaelA

O{t

P& AA= °ﬂL1Xl7} AA Pashd JHEA
fo] W]} Qlrh

7710t ool A B3ge] A REE 4 &
Aol o] Zzlel et ’\}@.@(Pebble and
grave) oAl UEASID ol27|7A thgstAl
2yain, 1 JeEAd ual AA=E A, A
A4 AUEFTEAAHSand and mud mixed fa-
cies), UAHAN 5 471X HAEYo 2 FEEH

AR HALe dstrae 2 A3 2759 B
grg whe Fol SAskAl vehds, A A Aol
AME SAEF(Moat) o) 28] AEE EXTT
AR HAFe £ £2 Alolo] GEAl xEH
= A}E](Intertidal sand body) ol #e=o] U=d],
o]21%t A}E|x= Zth 713 (Funel-shaped) &) ol Zx18}
Z(Macrotidal estuary) oA BAse A8 &
Aozt & % th(Hayes, 1975 5 Klein, 1982). ©]
gte] 5 oF 27U vt E AA 2EE
ek

e HAe T2 20det £29 ’401 ’”
RN W }“1. %] Aol FH A ¥

o
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Sin-gok Incheon
Chamsil Br.Ist Han RBr. Underwater Dam Kanghwa Br. Seo Is. Habour
/ Imjin —
S, River
T —d
E L 4 v
E Han = :
&1 *® River i

Ryunggi g
Bay

Large Tidal Flats,

. . 2 Channels,
MORPHOLGY Meandering Meandering Many Sand Bank Rocky Bot tom Channels, Sand Bare
DYNAMIC . Tidal Feeling at : Macro Tidal Range Macro Tidal
Tide c g at Macro Tidal nge., 1dal Range
ENVIRONVENT No Ti Spring and Mid Tide | 2-ro Tidal Range Strong Tidal Current Semi-Diurnal
Lo 0.21 - 0.55 21.07 - 27.7 .73 - 29.87
SALINITY (%, }—— €0.1 31 07 - 27.70 26.73 - 29.8
Hi >0.1 3.53 - 15.00 13.949 - 28.92
CURRENT | Lo 0.12 0.17 F:1.23, E: 1,57 F:0.98, F:1.37
(MAX:m/sec i 17 0.53 0.49 F:1.39, E: F:066, F:1.07
TSM(mg/1) | Lo 13.6 - 22.8 20.0 - 46.4 Mo D 208.0 - 1142 D 139.2 - 344.8
ta
BOTIOM | Hj 5.8 - 15.2 9.2 - 29,2 774.4 - >1000.0 20.4 - 631.%
SEDIMENTARY . Channels:Pebble and gravel, Sand Facies, |
FACIFS Pebble and gravel, Sand, Mud Facies Tidal Flats:Mud Facies, Sand BRars:Sand Facics
SEDIMENTARY . . N Coastal - Bay
ENVIRONMENT Fluvial Environment Estuarine Environment Envi ronment

Fig. 5. Schematic representation of ditferent types and the oceanographic parameters along the Han River esmury

and the Kyunggi Bay.

Eahedl, vy oAzt Ze osist fmra
oAe AbZe] SMEla xte] HotZo g e
Uzoe] $Askth UREH3e oy} o =
goie EbMZ R wgsic)

4. EXpde| 2R

HARAE HHT £57617) Yt $M Fa-

cies model:& 3l 3o £83}t}. Facies mo-
delol@ oj® A€ HHg7o] Hukxal g oo}
g + AtH(Walker, 1980). & d7x|o9 4=
214 9 g1 548 FHoz 2ME A 34
31 87 (Fluvial environment)® 3787 (Estua-
rine environment) ¥ A3t 7 (Coastal-Bay
environment) 22 %% 4= 9lcH(Fig. 5).

31 g+ (Fluvial environment)

TN E BAZ 7 FFAoME d¥E 0.1
%o ©)8}2] HEHQ 3]""4%73 EA4E Holm gt
QJGALO A]-Eo“}\-] 5} A].al z‘AO}_A].zlA}
*P‘—l%ﬁ’é%-‘%z"b}ﬁi “éx} Adstes, Qs
Fede WRPe wet A9se] THode 2y
Ho|, Hlole Agdo] M8 uUehd 3t
WA rze FARA dFgas} Azg

FTH Afolof Xz BB 4] Eof £

el PAz A3z g "o‘ 5]34"501 Bt
&84 23 525 yz
HEAde Dagm 3ol A 1:}]
U, HE2) Bk 42909 ’b“?_ﬁ Broiu
<ojth,

517 8+ (Estuarine environment)

AFRAL WA FEDE Gao B
ZRH sl e HE gfYs 2o g tﬂ?)‘
ARFER SFIN oz @ Nz Ay
QA olz Adoit). e z2g = &)
ol wel 1-28%02 & Zo) WaE Holu &}
Mo dgoz 24 vy o] a1, £3 okl

:1

B G5e) o) FraY. sHdse zRe
A oz e B@d =HgFde Mol
NAFFR Slie A Hrodo gy Amot

8ol e HARAL gotsr|ods g o
ol Atk #BBFE= ARl 2Fk EE(Davies,
1973)2€ Had2A 406 cm(ZBY 52 235
T(Macrotidal estuary)ol] &3}, 430] &3} e
Eo] & ¥H(Prichard, 1955) 2= =190 e}
Partially mixed(Type B) estuary =i Well mixed
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Table 4. Changes of hydraulic characters posterior to the
Developments during low river discharge period
(Q="200 m*/sec)*.

. Before the
Hvdraulic characters
’ Developments  No Dams  Two Dams

After the Developments

Mean width(m) 619 845 883

Total surface 21077882 28.747.347 30.047.900
Area(m?)

Mean depth(m) 2.835 2,137 3215

Mean velocity 0.109 0.111 0.070
(m/sec)

*Data from Chang (1984) and Choi (1987).

(Type C) estuary® 5A4& Btk

4981 2124 (Coastal-Bay environment)

s7tstEE ol 77T dujolle WAFEE
(Semi-diurnal) @] ZA@ado] $AG Agh-ntel &
AEAL Bt o ZAe weh A A, A
Ay AR UES 5 gy HAgel vehd
o FT2RE SYHE HHE) HANE] #
waich 2 29 ge A¥E HHE FYE
otodo= zztol(Intertidal flat)7h FHA e
slo} glon, A7e Hdel F2e F7 Aolde
2e A x5l olF 2FAHBedload) o] HH
©. 2 (Hayes, 1975 ; Klein, 1982) B Gabaro]
)72 AbE (Intertidal sand body)7} Tidal tongue
woroz wasle] Yck(Fig1). 8%, 2(1989)<
ol2 ZAMAA(Tidal delta) 2 £FH3HATH

stz Eeoidel g

1. 42lgal S| Hst
gREdAREAe AEAddE A3E 3

Sl reAshe BE 445, FEEA 5 AwA

felgeln S4e) Wsht zasol(Table 4)

solnel @FEY AAHe] Ausn Askrd

S 0 o

o3

]

Table 5. Mean size of the bottom sediments in the Han

Aot Fo BalMol wsiA ®oh g &
Hhg ojeidt BAY F 53 FAAME WAE]
9ated et A% 5 2o FFRE Y
A w1k, 1984 1 4, 1984).

2zpo] AMEZ 9y AEEat v {4
ol E5auAe] tag FANCEFE 200
m¥/sec), @ FIre] HWitRLol AEeld 011 m/
secoll M 0.07 m/secE 64% 7HEF ZAHAD(A,
1987). £3 7 o) F &7strelre] =HEY
o FAWn sFlA QMg FAZE Tmoll &
okt vehA "o, 249 4PAE THA
gaAHAM A olFoe HASLFEAA FF
gact 2o ASole Rzl AZFFE A
gRIgNE Ageldrt A3 ZAPeH, 10
km atEol A% AFedMe eeld < 80cm
A Aed Aoz UERgTH(A, 1987). dFe
el wil AIFFH o AxfFe] Ao
2 =3 vleslA GFAge AAFe AL oA
FopER (g2 NEFAL, 1983b) A W
u oo|Fo= HMEY R RIAE AgEHE Ao
Bl

2. EINEE W #A9 HHi

BHE] Tx4.-uh53 o AgBAe F53
HAE qazte) Aaadd o) 2RH =2 (Pos-
tma, 1967), ML o|F A&F VMY =
21281 EAUHES §58a)E 2 o 4l
Aol gH%g wWse zYsiA € Holth

Mrol A A4719) ol AT AL
JAeEA(Q, 1985)7 vlms B o, +FE/t 4
5ol Qe AAUR PFdu sFAE FF
B g2o] AA Z7HALAE 232 AEAE
UEh K Table 5) 31 204 42%e Ad3
glX o) g2 wWasx E&tx, =(Siltation)
e zoz et ¥tk £§ dxe] Fgolx

River during low and high river discharge period.

(unit . ¢)
Discharge Khwang Br. Chamsil Br. Dongho Br. Panpo Br. Seongsan Br  Haengju Br
Low* 1.30 081 320 495 1.96
High 097 1.75 0.94 1.18 5.26

*Data from Oh (1985).
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HE o)A AHoME coarse-skeweddt il &Ffol A
£ fine-skewed 3lglou}, 7ie Feofl= Mmoo =
fine-skewed$t Ho g 7wt olF {&7tio wE
A9 HAEY HFzLo] FrgALS AAE
t},

olMY MY HARo] FFEREIN HAH
oM RREXNE B & & §3EF us
AM AEH Yoo HF 37mg/l(6¥i‘&‘z}7l%
TEEAL 1983b)oll Bl3) 17 mg/l2 Hulo]a} A
¥ Ao vehdon, oo wel Aoz B
He HAEY Fx Faste Asum RN
HEA 500-1750 mg/io) A RHol(Q, 1985) 7Hwr
Foll= 208-1142 mg/i 2 7FASHA )

HAEEA dodMz 3NE ol o] Arg
HARAS £F7T 2(1989) 2 A} oha s
FHol veldth & Ay HA A gz
FHoA {4 HAEo] vy xFo gHe
ol 2% Lag effecte] dgo= E]Z*;rh:}ﬂ 3t
v i ol ¥l F2 TR B FHuA
7IddkE Zeg Alg®rk @ %‘*1‘%!:4 Z4
ol Aoz SHuR T strg@ AA) d
o]HolA| R31 ANIAFFRE AA2 Hdse
ol vehdrt

A3 GRS UML) BE ke seleEA
Sduiste dr9e B8 e $ee A
3 HARA B Hslg xsigen, goz
VA 7199 HABANE Adst Jgg vl

o2 Alg€rh

d4E % Al

2 d7AYe FulEeE 9 AR B4
w2t (D 387 (Fluvial environment), @ 33
#73(Estuarine environment), @ <loh-utl
(Coastal-Bay environment) 22 FTEE 4 o).

PFoa FFe e APH stHgA E
e Boln, EALE FieolA sFE A A
EQAJ-_A}F‘_&]A}_EQ}R‘M UAglRAgo g Hap MY
stech 3R Ar7Iehe AAse edE A
= o H59 289 gato g 2 A ugo] Asta,
1-28%02] EEWEE Holvj, £ EF Yo
w2} Partially mixed ¥ Well mixed estuary2
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