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Study on Relationship Between Geographical Convergence and Bottom Friction
at the Major Waterways in Han River Estuary using the Tidal Wave
Propagation Characteristics
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Abstract : The basic research of the estuarine circulation at Gyeong-Gi bay has not been well studied up to now,
although coastal development pressures have been continuously increased. To understand the oceanographic
phenomena at the Han River estuary, it's essential to understand the propagation characteristic of tidal wave which
is the strongest external forcing in this region. In this study, we investigate the tidal wave propagation characteristics
along the 3 major channels using observation data and numerical model. It is found that 3 channels are all hyper-
synchronous and the most important physical factor controlling the tidal wave propagation is topographical
convergence of estuary shape and friction. The result of analytic solution at ideal channel considering the
topographical convergence and friction show that the contribution of physical role of convergence and friction
varies at 3 different channel. And the ratio of convergence and friction at Yeomha channel is four times larger than
Seokmo channel. Because of this effect, the location of maximum amplitude at Yeomha channel is showed up
downward than Seokmo channel. The ratio of decreasing amplitude and increasing phase per unit distance between
stations is bigger than Seokmo channel. Although 3 major channel show a hyper-synchronous pattern, Yeomha
shows more frictionally dominant channel and Seokmo channel is more dominantly affected by convergence effect.

Keywords : tidal wave propagation, Han river estuary, channel, estuary classification, hyper-synchronous pattern
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Fig. 1. Topographic map of Gyeong-Gi Bay and Han River Estuary
in the South Korea with the 10 (thin solid line), 40 (dotted line)
and 60 (gray solid line) isobaths shown. Tide data stations
of KHOA(Korea Hydrographic and Oceanographic
Administration x mark) and numerical results ((mark) were
indicated. The thick solid, thick dotted and thick gray line
indicated channel 1, 2 and 3, respectively.
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Fig. 2. Grid for numerical model simulations in Gyeong-Gi bay and
Han River estuary.

Table 1. Absolute Relative Error (ARE) and Root Mean Square
(RMS). Averaged over 16 observed tidal stations refer to

Fig. 1.
Amplitude Phase
Tidal constituent
ARE (%) RMS (cm) ARE (%) RMS (cm)

M, 1.8 42 29 4.8
S, 3.8 3.1 3.0 5.0
K, 3.7 1.3 1.5 4.5
0, 4.7 1.1 2.5 5.1
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Fig. 3. Change in tide amplitude and phase along the channel 1(A),
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(refer to Fig. 1) of observation or model at each channel. A
black line is modeled results and a thick gray line is observed
data. A box in the figure means location of maximum
amplitude at each channel.
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Fig. 4. Diagrammatic presentation of the modification of tidal range and current velocity amplitude in estuaries with varying geometries.
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Table 2. The averaged decreasing and increasing ratio of amplitude and phase between offshore to maximum point, maximum point to up-estuary,

and offshore to up-estuary.

Offshore to maximum point

Maximum point to up-estuary

Offshore to up-estuary

Channel Amplitude/distance  Degree/distance ~ Amplitude/distance  Degree/distance ~ Amplitude/distance ~ Degree/distance
1 0.85 0.29 -3.27 1.92 -0.79 0.94
2 0.78 0.47 -2.96 1.56 -0.80 0.93
0.80 0.46 —4.12 2.19 —-0.46 0.90
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Fig. 6. The numerical model results on the experiment cases for the
three channels. Experiment cases show variability of tide
amplitude along the each channel.

Table 3. Input data with depth, bottom friction coefficient, and river
discharge from Han River used in the numerical model

cases.
Bottom . .
Experiment Open Depth change  friction River dlscha.Ige
boundary . m Han River
coeflicient
Base Base
Case 1 Tidal flat +4(m) 0.003
- I Normal condition
Case 2 Tidal flat -4(m) (408 m’ )
Case 3 Base 0.01
- M2’ SZ’
Case 4 K, O, Base 0.001
Wet condition
Case 5 Base (2326 m’ /s)
— i .. . 0003 ——
Case 6 Whole grid +1m Normal condition
Case 7 Whole grid -1m (408 m’/s)
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Fig. 7. The numerical model results on the experiment cases for the
three channels. Experiment cases show variability of tide
phase along the each channel.
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Fig. 9. The spatially range of tidal river of each channel. A circle indicated that station of width and depth extracted from numerical model.

The area is calculated by width and averaged depth at mean sea level. The parameter of area, width and depth is presented Fig. 10.
at each channel.
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Fig. 10. Semi-logarithmic plot of the geometry of the channel 1(A), 2(B) and 3(C).
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Table 4. The parameter calculated from Fig. 9 and 10 of each channel
Channel A, () B, (m) hy (m) a (km) b (km) /6 10°m™")  Rle 10°m™)  1/b:R'/e
1 46954 3632 12.9 14.716 22.677 44.1 8.7 1:0.20
2 331288 7433 16.8 25.036 25.375 394 2.0 1:0.05
3 140574 14923 14.5 20.423 17.378 57.5 25.5 1:0.44
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