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Analysis of Tidal Asymmetry and Flood/Ebb Dominance around the Yeomha
Channel in the Han River Estuary

o oA
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Yoon, Byung Il / Woo, Seung-Buhm

Abstract

Han River estuary (HRE) is located at the middle of the western coast of Korea, and tidal currents were
measured at 4 stations in this estuary during the winter season, and previously observed tide data was
analyzed. The results of amplitude ratio of M,/M, showed that increasing upward to estuary in the HRE.
Tide harmonic constants of relative phase (244 — 4,) represent flood dominance, with under 180 degree. But
this method has a limit of analysis that typically based on the non-linear distortion of the tidal current
in tidal lagoon system where freshwater discharge is assumed to be relatively small. The results of
statistically tidal current data indicated that ebb current velocity would be great unlike tide data. Ebb and
flood duration time is calculated by slack time of tidal current showed that ebb duration time is longer
than flood. The results of correlation of analysis show high value (0.9) between tidal current stations from
Incheon harbor to north entrance of Yeomha channel. We reconstructed to find the reasons for the features
of ebb dominance the results of harmonic analysis. As major component (14) in combination with shallow
water component (14,), the tidal curve was presented flood dominance that has a flood current is stronger.
However, these curve were changed to ebb dominance add up the non-harmonic components that had ebb
direction flow by calculated tidally averaged current. The characteristic of enhancement on ebb is showed
around the Yeomha channel in the HRE, because averaged flow which acts seaward such as long—term
tidal current components due to non-linear effect and freshwater which overcome the flood current.

Keywords : Han River estuary, Yeomha channel, Ebb enhancement, Tidal asymmetry
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Table 1. Location, Observation Period, and Depth of the Moored Instruments for Tidal Current Measurements

St. LI;itgitiltlsge Observation period Ir;st\;vu;rtls:td:sg}(lrilr)rl) Instruments

C1 1; 1;;;2 ;lg 2005.11.16~12.22 2/8 RCM-7

C4 1; 1%3;3 g((g) 2005.12.02~12.22 2/6 RCM-7

C5 g lgg;lf ig 2005.11.18~12.18 2/8 RCM-9

C6 g 1;;;13 623(2) 2005.11.15~12.18 2/8 RCM-9
W45 Z9YR 20124 9H 917
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Fig. 3. Scatter Plot of U (lateral component) and V
(along-channel component) of Tidal Current Station

Common period for all station
Dec. 2, 2005 ~ Dec. 17. 2005 (16 days)

Apsie]

AR
5 S (scatter plot) &

HA et

2

b C6 78
El.
30

<]

=

=3

o

3

]
T3
28

71ell whebA] thz7]

Aol
26
Respectively (expect C1, opposite direction)

3]

24

1

.

o

FFRe og

November

gk
2l
2

9

701—
= uhe}

=

o]
2!
20

3]

o>

B

S
3

18

¥t Fig. 39

16

December 16, 2005 for all Station. Positive and Negative Current Mean Flood and Ebb Current,

Fig. 20 AA8E 257 WE = (stick diagram)
A3 d R

A o 15km ARl 942
W

0] 227]0] 1]
Jgro.z A

918

B



Az, Ixol digt HY L Hiig 218 2 AY ¥R
Hl el h(Fig. 4). A7 5 78 o g =3k 7
& @A A B35 A HAS T S leng 5
o] Zgk A9l 5%°] & s E Hif(ensemble
average)stl o™, Fit 59 A9 Al w5 713
& ke 2k stk RE AR A HB Iz §5
S 12m/s oPde] st &S ol ) Fx 52 1
ny/s o) f& ghs HojErh Hit YE {52 06 A
Aol A & 09msE 71 a1, C5 FAoNA 2F 0.7 nmv/s=
7V AAl vebsd ek reiu Fet A x £452 06 R
A E0.8 C5 AHA ¢k 04m/sE Ft HZ 500 H)
sto] xfol7t Ak AelsiA] e B AHelA A
9 G5t 1 B Hx2oE Fx B ek vER o,
53] C13} G5 g3 e] Fzet dxo] 5 o]z} =LA 1

o

ook

r

of

Current (cm/s)

40 T T

C4

Co

Station

---6--- Maximum Ebb —@®&— Maximum Flood

---7x--- Averaged Ebb —&— Averaged Flood

s
o

rE
o

p#
32
e oy £

e
-,

Fig. 4. Statistical Analysis of Tidal Current from all Stations. Maximum Currents Were Calculated Averaged
Top 5% of Strong Current. Averaged Currents Were Estimated Mean Value during Common Observation Time

Duration time

Duration time

Fig. 5. Comparison of Duration Period Bet Ebb and Flood for C1(A), C4 (B), C5

(hour)

(hour)

1 A - C1 station B - C4 station
8
. . . A A A A A Ae A A A
1 i R . Lt e, PN . A NN N
. PO . N A ot e A A
6 « . R A J R T
1 e . . . . . . ® e . «* PR ® . . . . . .
. « o R
41/a & A Ebb duration time
1|® @ @ Flood duration time
2
10 1 . 3 A A A - A a4
B - . s s = A o A aat .
C - CS station D.-.C6 station
8 ‘‘‘‘‘‘‘ A . “A‘ A ., ‘A‘ - - A A A .
| A A a - A .
4 4 2
6 .
4_. « * e ° . .-.0. 'o... A I I I I I T I IS ...
2 T T T T T T T L

12/5 12/8 12/11

Time (month/day), 2005

12/14 12/17

12/2 12/5 12/8 12/11 12/14

Time (month/day), 2005

and Flood Duration Time Indicated Triangular and Circle, Respectively

#5454 H99E 20124F 9J]

(C) and C6 (D).

12/17

Ebb

919



[-?]
E
-~
= 5
L o
S
S
=
a

Ratio Ebb/Flood 1.26 :1

Mz

Amplitude (cm)

120

80

M2

Amplitude (cm)
s

=}

6
3_
0 T T

I v

] Flood

C4
1.21 : 1 208 :1

along the Estuary

upstream ——————>

Cé6

2.65:1

Fig. 6. Averaged Duration Time of Ebb (black box) and Flood (gray box). At the Bottom of Figure, Ratio
of Averaged Ebb/Flood Duration Time is Indicated. The Ratio is Increasing from C4 to C6 Station

60
. 7N
20
=
F20 ©
(<]
=i
N’
-0
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10|T11T12T13T14
Incheon Seokmo Yeomha i
harbor channel channel Singok underwater dam
upstream ————> 60
Hl M. M. (B) ;
1 L 40 %
] x *
20 2
()
=
N’
T 0
C1 C4 C5 Co6
Incheon Yeomha
harbor channel

Fig. 7. The Amplitude of Az (black box), A7, (gray box) Constituent for Water Level (A) and Velocity (B)

;qinw Az

2H2000)0] #

920

Aol A Tk 24 M,k M
Fig. 7A AAISHA

o} HE 013?01] Hlgh=

ol-gato] AR Yz AHARIME R

A& A7ko] ERaA Aol A AL

¢

N7 A GFRAEAIZRS 8~ 7.2 e SR R

Fig. 69 AAet 4 E2 Fat AEA 0} F2/24=x AYEgFE Y=
H&8 HH Clo ¢4 A4 AEHAIZE 2Fo)i= 15A13E o] Q13F 4= QIti(Table 2).
o] =9k C5 7 5413 &Fe], C6 A2 5541 o] 33 =M =2 Wz
Zpol & welth Cl13 C6 A2 v Walr} 72 2ujoj ’
7L s AR Qe YdxAlzke] Hojx|al ATA el A
ZA|Zre] ZrolA| = FE7) AR w, oiF2 A4 N e P A %?%XH

SN

BEKE RBEHE



Table 2. The Duration Time of Ebb Calculated with Amplitude Ratio (¢) and Relative Phase (v)

ot M, Component M, Component Amplitude | Relative | Ebbing
Amplitude (cm) | Phase () | Amplitude (m) | Phase () ratio phase (%) | times (hour)
TO 288.49 131.28 6.56 125.44 0.02 137.10 6.32
T1 288.86 131.35 6.16 119.48 0.02 143.20 6.30
T2 989.78 14356 9.35 212.82 0.03 74.30 6.44
T3 273.10 148.80 14.90 929.34 0.05 68.30 6.58
T4 264.90 149.50 21.90 247.37 0.08 51.60 6.71
T5 265.00 150.40 19.80 241.39 0.07 59.40 6.6
T6 929.79 157.91 1526 276,59 0.07 39.20 6.56
7 204.27 178.88 2851 305.73 0.14 52.00 7.08
TS 203.50 176.70 36.60 291.00 0.18 62.40 747
T9 104.92 241,59 3177 58.02 0.30 65.20 8.36
T10 76.70 952.70 95.80 86.00 0.34 59.40 8.52
TI1 15.90 272.50 410 114.80 0.26 70.20 8.14
T12 12.31 281.17 357 136.40 0.29 65.90 8.30
T13 1850 984.80 6.20 159.70 0.34 49.90 8.27
T14 47.00 256.79 18.00 98.07 0.38 55.50 8.6

*Ebbing time:(7r4r4esinyb')/u)2 (Z%% 2000) 814¥0]A] table27} &
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Table 2. The Duration Time of Ebb Calculated with Amplitude Ratio (¢) and Relative Phase (y')

o3l

_1L H‘l
BB X o

=

ot 24, Component 2, Component Amplitude | Relative | Ebbing
Amplitude (cm) | Phase () | Amplitude (m) | Phase () ratio phase (°) | times (hour)
TO 288.49 131.28 6.56 125.44 0.02 137.10 6.32
Tl 288.86 131.35 6.16 119.48 0.02 143.20 6.30
T2 289,78 14356 9.35 212.82 0.03 74.30 6.44
T3 273.10 148.80 14.90 229.34 0.05 68.30 6.58
T4 264.90 149.50 21.90 247.37 0.08 51.60 6.71
T5 265.00 150.40 19.80 241.39 0.07 59.40 6.69
T6 229.79 15791 15.26 276.59 0.07 39.20 6.56
T7 204.27 178.88 2851 305.73 0.14 52.00 7.08
T8 203.50 176.70 36.60 291.00 0.18 62.40 7.47
T9 104.92 24159 3177 5802 0.30 65.20 8.36
T10 76.70 252.70 25.80 86.00 0.34 59.40 852
T11 15.90 27250 410 114.80 0.26 70.20 8.14
TI2 12.31 281.17 357 136.40 0.29 65.90 8.30
T13 1850 284.80 6.20 159.70 0.34 49.90 8.27
T14 47.00 256.79 18.00 98.07 0.33 55.50 8.69

*Ebbing time= (7r+4esin¢")/w2 (758 2000)
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Table 3. Phase Difference of a7 and a7 at Tidal Current Station. A Magnitude and Direction (0°=north

direction) of Residual Current

o M, M, 20, — M, Residual current
' Phase (*) Phase () Relative Phase () | Magnitude (cm/s) Direction ()

C1 71.6 269.9 233.3 11.2 151.2

Cc4 87.4 2221 312.7 19.8 1721

C5 88.4 229.2 307.6 31.3 133.6

C6 356.8 197.9 155.7 40.5 347.7
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