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Physical Environment Changes in the Keum River Estuary by the
Dyke Gate Operation II. Salinity Structure and Estuary Type

SANGHO LEE, HYOKEUN KWON, HYUNYONG CHOI, JAESAM YANG AND JINYONG CHOI
Department of Oceanography, Kunsan National University, Kunsan 573-701, Korea

FASTI FRABOIF BTG STRAS 2AKb] Slske] 10079 6%, 78 % 109, 1998 593} 7
2o CTDS 2FVES seeh. 243 2R BAE w2 257h AFEe] HEvt F2uc 1547 Y=
Atk B0 =(GURE 79) HEAle] SPAd B5E HRHOE Y BRI 7 IR%e $44 o
watolsh Qo] AZMSE AN S FRA] 2%, Flvkel el etk fEHS0 8 QRekiel @
YR 2512T volM, el AVI% ol AxAle] FAHIT £MYT EHGE Wale BAE 7 4
FEolA oF 25 A170e) SYRIOIE Bol s SFEelE B4 WA Halth T FREAA 997
ol M2 2~3 AR PRE weol s AYH AP 2R 98] olFH AL evidnh, galole
FAYUAL WA FolETh VY EFAE GEFE L GPIRSL S 4SAS, sRASE
s FeTE FRERY ShToly 41 24710 Wek 43ASE Qe B5E 2R 37
4 3RS 43N EeR, AN RAROR Yool REEFY sHo) 43H BYU WX
BT P FEAF T FUAT FU% B AN AL HREOR olFHn] HAnE
B39 AN

CTD castings and current observations are taken in June, July and October, 1997 and May and July, 1998
to investigate the effect of the Keum River dyke on the structure of physical properties and the type of the Keum
River estuary. Tide and tidal current relation shows that the ebbing is longer than the flooding by 1.5 hours with
the early current reversing before high tide. In the rainy season (May to July), frequent large fresh water dis-
charge during the ebbing from the dyke changes vertical salinity difference and time variation of salinity greatly
near the head of the estuary, where salinity becomes lower than 2 %o in summer fresh water flooding. Halocline
developed by the fresh water discharge makes two-layer structure, of which strength and depth increase in the
low tide. The relationship between tide phase and surface salinity variation shows the phase lag of 2.5 hours
near the head of the estuary but the standing wave relation down the estuary. This phase lag implies that a low
salinity water diluted by the fresh water discharge for 2—3 hours in the ebb period moves with tidal excursion.
In the dry season, vertical salinity difference reduces significantly. We calculate stratification and circulation
parameters using the observed salinity structure, surface current and fresh water discharge. The Keum River
estuary shows a partially mixed type, changing the stratification parameter from the rainy to the dry season.
Mean flows of observed tidal current at lower and upper layer are landward and seaward, which are consistent
with the circulation of a partially mixed estuary. Based upon the estuary type and circulation we suggest that
the suspended materials will move toward the upstream due to low-layer mean flow and then the Keum River
estuary will be a deposit environment.
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Fig. 1. Location map of CTD and cur-

rent stations (closed circles) in the
Keum River estuary. Dotted area
denotes the tidal flat (T.E). Thick line
denotes the Keum River dyke, and thin
straight lines indicate the seawalls.

St 2R A e A% 2 ERFER =Fe] v
Az7} JEpbs Yelo] 2 % gtk B A9 FAl] 1
| sl e] sl gl Ao 46‘} (%M ], 1999) &t
7ol kFAVIE Z1FEeR A Fo| A sjeve] wahd

oA 9.6 cm B Faste] s % f‘iH—’FE'i FHi7E
st Basiew el wse Oé‘SHL 3] Fa 9
el wgd GHEAEH] WstE fusinz srdge e

W3S 21" F SUth
Sty OIXH 7 SRRl sl g 51983y
ZA 0] e AENSIFIE AR ‘standing wave type’
aFrE Hug v vk SEREE durRel oM RS
THA (Dyer, 1977), A S(1983, Fig. 3)°] #&3 s+ 2149
Aol gHs= "*Eﬁo} HHERY, pFFHo] FRERY
2 et al.(1995)y2 P &3 o]x%oﬂ
ZH9 BY2E BE 3}.1_ Hansen and Rattray(l966)4
of wet ST F¥E ‘Type UI'Y Fjord F3 2] o};@
, 27 adst 22 giERA SYdiME Yehir)
--5’- s o® AzEch & 519958 s e A
o zFot BATRE &l vlwsigon, ¢ o4
EY3 (well-mixed type) SFFEYE 2hs- o|Fole F&
&3 (partially-mixed type) = 4171 (salt-wedge type) st
oty silout AAZQ sGE Bive 3 %

3204 bt o B2
& e

f- ol
r.N_«{ov‘ v

o

L

£

B 7o) B Ik &F o)Fel 1997d5% 19984
off ZAME BA 2FAEE Bl g UE 2 249
Bizel Wsl 4L veolsly, ol& wEoR A%

FIASE NEH AT A PRTS AN PR

Z7F oA
:ﬂ} T, T



FsPel dRTEst Shehd

257

Table 1. Summary of CTD and currents observations in the Keum River estuary. We used the current meters (RCM) and the sea-level

recorders (WLR and T.G) having temperature and conductivity sensors.

Date St.2 St. 4 Mouth region
June  7th 12:00~8th 11:00 RCM (5 m)/CTD RCM (2, 5m) St. 6 WLR (2 m)/CTD
1997 hly  22th 12:00 ~23th 12:00 RCM (2,5 m)/CTD RCM (2.5 m) St. 8 WLR (5 m)/CTD.
A & . RCM (2,5 m) , 7
Oct  4th 12:00~5th 12:00 WLR (Bottom) St.7 RCM (2,5 m)/CTD
Date St.2 St.4 St.6 ‘ St 10
AT RCM (1,9 m) RCM (1 m) ~ RCM (1.5m)
May  23th 08:00~21:00 RCM (1 m)/CTD T.G (5 myCTD WLR (5 m)/CTD CTD
RCM (1,5,9m) RCM (1, 8 m)
1998 :00~20: it
Tl 28th 07:00~20:00 T.G (1 m)/CTD WLR (5 m)/CTD
uly
RCM (1,5 m) RCM (1 m)

29th 07:00~20:00

T. G (1 m)/CTD

WLR (5 m)/CTD
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Table 2. Fresh water discharge in the Keum River dyke and moon’s
age during CTD and current observations

Season Date

Moon’s Gate-open Gate-close  Discharge

age Time Time (=x10° m®)
e 1997/6/7 1.8  07:06  09:13 11,803
amy 6/8 07:37 10:07 16,033
. 7722 173 1835  21:03 32,704
Rainy ‘
723 1935 21:38 25,533
10/ 3 06:3%  07:52 6,274
Dry
10/4-5 2.4 - — -
Rainy  1998/5/23 26.6 14:27  17:26 20,133
R 7727 08:04  09:25 5,630
amy 7/28-29 4.6 - -~ -
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Fig. 2. Time series of (a) tide level at Kunsan inner port, (b) and (¢)
current direction and speed, (d) and () east and north current com-
ponents, (f) temperature and (g) salinity observed at 2 m (solid line)
and 5 m (dashed line) depths in St. 4 in July, 1997. Arrow in (a) indi-
cates the duration of fresh water discharge in the Keum River dyke.
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Fig. 3. Time series of (a) tide level at Kunsan inner port, (b) and (c)
current direction and speed, (d) and (e) east and north current com-
ponents, (f} temperature and (g) salinity observed at 1 m (solid line)
and 8 m (dashed line) depth in St. 6 in July, 1998.
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Fig. 4. Time variations of (a) salinity structures at Sts. 2 and 6 and light transmission structures at St. 6 for two tidal cycles in June, 1977,

and (b) at Sts. 2 and 8 in July, 1997. Arrows indicate the durations of fresh water discharge in the Keum River dyke and the shaded block
in (b) denotes the data losing.
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Fig. 5. Time variations of structures of salinity in psu at Sts. 2, 4, 6 and 10 for a tidal cycle in May (a) and July (b), 1998. Arrow in (a)
indicates the duration of fresh water discharge in the Keum River dyke.
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Fig. 7. Distance-time plots of 2 m-depth salinity in psu observed in June (a) and July (b), 1997 and 1 m-depth salinity in psu observed in
May (c) and July (d), 1998. LW and HW denote the low and high water time at Kunsan inner port and the distance in km from the dyke
is presented on the right-side of each panel. Arrows in (a), (b) and (c) indicate the duration of fresh water discharge in the Keum River dyke.
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Table 3. Calculated stratification(AS/So) and circulation (Uy/Ug) parameters. U,, Uy, and U, denotes the tidal mean flow at the surface, mid-
depth and bottom layer. Mean cross-section velocity is calculated by U=Dis/Sect where Dis and Sect denotes the tidal averaged river discharge
and the section area. AS denotes the tidal mean salinity difference between surface and bottom, and S, is the tidal mean of the vertically

averaged salinity at each stations.

Date Station T (cm/s) Dis (m¥/s) Sect (m?) Us (cm/s) UJUs AS/S,
- U, -12.0 578.98 5950 9.73 1233 0.695
1997/ Uy 7.17
7122 S 4 U, —20.25 578.98 14260 4.06 4.987 0.440
U, ~12.68
7123 St. 4 U, -30.91 741.59 14260 5.20 5.944 0.155
<2 U, —4.69 142.27 5950 2.39 1.960 0.030
(04 Un 3.96
S U, -5.37 142.27 9420 1.51 3.556 0.014
Un 2.95
10/'5 St.2 U, ~7.78 142.27 5950 2.39 3.254 0.086
St.2 U, -21.59 456.53 5950 7.67 2815 0.840
1998/ U, -32.14 456.53 14260 3.20 10.039 0.363
523 st4 Us 12.91
SL.6 U, —27.95 456.53 13780 3.31 8.437 0.398
U, -9.39 127.66 5950 2.14 4.380 0.235
St.2 Un 2.67
728 Us 11.78
U, -20.25 127.66 13780 0.89 21.861 0.040
St-6 U, 2.77
1% S 4 U, ~22.68 127.66 14260 0.92 25333 0.147
Un 2.87
e Hotal] fside 2457 dad 2P o|gsjolof A Q&AL 3 e o18dt] AT -8
Aok BEE GRe) FTE L XRO) APIRYS o8l WARE Fig 89 2k BRI B 19979 780l
/ﬁ‘

N
2
Rattray(1966)8] @sh+ &
#3l HoktH(Table 3). A45A
Zo At as)St dHAY HFAR (S vE A=
(Hansen and Rattray, 1966) & AollA= 2 A9
27t s gEsa 7Pgsielon ols 2AFv)Eet 3
sttt EATE UJ/UE 38HE 245700 4
HIAEU)H 9HS T8k fAS=Y 2497 Hax](Up
o] HZ FojEr} A71X Us B9 fEFo) s+ a3
< THete WSl 2AEFAE YXE ¢ gtk 2 4
M= sHst 1 m & 2 m9 H=ZXHE Hdlod
%fi}c}dr/}. ) 4—2*/\] of ZF7t 244 ‘F%O] BA kol #5H
= X
w

—

o
5
)
g

1998 79z BEFU R/ 7)o #H=Y o] v
TS o83 th(Table 2).

A 20 ASATE SRR

Al 247709 AR 248 RS

ARG W PR

2 HEFEE (Type b, @) 3t
Folal AR 40l HH?Z—%LO(Type b, @)y etk AZ 49

3 ZAE

F714 o} A

1710w} AEAS7E o Walaith &

ZkEsh A 999 19979 1089 Z7lo= A 29 79l
FEEINE (Type 1la, O) -2

M AEAGTT A eR J
EHFHAUL %%FHJ%ﬂ AR 1998L4 590 Fa A
A=} }:l

BEG3 (Type b, 0)2.2 7
BERE 98 37d &5
SR R 4 Uk
AEATE FEEFEY ¥
of g Hile 54& HolH F
EAS B

< lﬂoﬂf\i T

71l %=

EREU #5EY

£ SR A

S X}O]% Helr}. 1998

ZA)7)7F 2% FZ712M(Table 2) 19974
R
A1

9k, @Rt S



wslrel ivesh s 263

10
v
2
1 —/////,,
* 7/
® /3 7,
2y K 7y ,
/ o\ 7 1H»
QO 10" ij o o1,
n / 7,
N /2 ‘7,
,f 2 v, L
/2 ///
y 1l “,
107 L7 @ :
& July, 1997
¢ Oct, 1997
* May, 1998
-3 © July, 1998
1071 T T 1
115 10 10 10° 10*
Us/Uf

Fig. 8. Stratification-circulation diagram for the Keum River estuary
using the parameters in Table 3. See the text and Table 3 for strat-
ification parameter AS/S, and circulation parameter U/U;. The bold
roman numbers denote the estuary types, and arabian numbers and
symbols indicate the observed stations and months.
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