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Numerical Modeling of Changes in Tides and Tidal Currents
Caused by Embankment at Chonsu Bay
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Abstract[] Changes in tides and tidal currents in Chonsu Bay caused by the construction of Seosan A and B
reclamation regions have been investigated using a depth-integrated two-dimensional tidal model. Three water level
recorders were deployed for about one month and used for the specification of the open boundary condition. The
computed currents were found to be in a good agreement with the measurements at two stations within Chonsu
Bay. Comparison of the absolute velocities computed with the conditions before and after the embankment clearly
shows that the reduction in tidal current amplitude is evident throughout the bay and the magnitude of the
reduction increases to the north. Calculation shows that the embankment has advanced the time of drying at the
northern part of the bay by about 51 minutes and has increased the exposure time by about 23 minutes. The high
water time has advanced by about 1 hour, lowering the high water level by about 15 cm.
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Fig. 1. Study site-Chonsu Bay.
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Fig. 2. Observed tidal elevations at 3 open boundary sta-
tions.
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Table 1. Tidal harmonic constants analyzed from the observed water level data.
. Station T1 ™ T3
Constituent
No. Name Speed (deg./hr) H (m) G (deg.) H (m) G (deg.) H (m) G (deg.)
1 70 0.0000000 0.04 0.0 0.00 0.0 0.00 0.0
2 MM 0.5443747 0.17 46.1 0.01 195.9 0.02 785
3 MSF 1.0158958 0.16 139.9 0.03 3209 0.04 1253
4 Ql 13.3986609 0.06 214.0 0.05 196.2 0.06 198.1
5 o1 13.9430356 0.24 2525 0.24 241.0 0.24 2445
6 Ml 14.4920521 0.01 285.7 0.02 2438 0.01 226.8
7 K1 15.0410686 032 2819 0.36 283.6 0.32 278.7
8 11 155854433 0.03 274.4 0.03 315.9 0.02 3123
9 001 16.1391017 0.05 482 0.01 2282 0.02 76.8
10 MU2 27.9682084 0.04 136.2 0.03 1452 0.03 91.5
11 N2 28.4397295 0.34 795 038 63.2 0.05 68.6
12 M2 28.9841042 2.03 96.5 1.92 89.6 0.35 86.9
13 12 29.5284789 0.11 140.3 0.03 64.9 207 1263
14 ) 30.0000000 0.79 150.4 0.72 140.0 0.10 140.3
15 2SM2 31.0158958 0.06 513 0.02 359.4 0.81 36.1
16 MO3 429271398 0.01 85.3 0.02 108.9 0.04 125.1
17 M3 43.4761563 0.02 208.0 0.01 287.6 0.01 266.6
18 MK3 44.0251729 0.01 287.7 0.02 165.5 0.01 2242
19 MN4 57.4238337 0.02 63.9 0.02 69.3 0.01 520
20 M4 57.9682084 0.05 89.9 0.06 89.5 0.04 785
21 SN4 58.4397295 0.03 552 0.01 73.6 0.08 112.1
2 MS4 58.9841042 0.06 146.0 0.04 1217 0.01 134.6
23 2MN6 86.4079380 0.00 14.1 0.00 355.8 0.07 329.0
24 M6 86.4238337 0.02 76.3 0.01 356.1 0.01 356.5
25 MSN6 87.9682084 0.02 144.4 0.00 24 0.02 472
26 2MS6 87.9682084 0.01 147.9 0.01 324 0.01 56.5
27 2SM6 88.9841042 0.01 2295 0.00 64.2 0.03 117.6

*T1: 126° 09" 52" E, 36° 30' 21" N, T2: 126° 10' 22" E, 36° 09' 29" N, T3: 126° 29' 55" E, 36" 07' 34" N
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Fig. 3. Observed current vectors at 2 stations in the bay.
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Table 2. Tidal harmonic constants anayzed from the observed current data.
Station: Chonsuman C1 (126° 26' 45" E, 36° 31' 37" N)

Duration: From 13:00 30/10/96 to 7:00 19/11/96
Time zone: KST

No Const Speed Majors, Major., Inc..; G., G+ G-
: ] (deghr) (cm/s) (cmy/s) (deg) (deg) (deg.) (deg)
1 Z0 0.00000000 0.5 0.0 20.5 0.0 3395 20.5
2 MSF 0.00282193 1.3 0.1 144.0 93.8 309.8 237.8
3 01 0.03873065 0.8 -0.3 71.7 285.6 213.8 3573
4 K1 0.04178075 24 -0.2 111.1 162.2 51.0 2733
5 M2 0.08051140 25.7 03 108.9 149.6 40.7 258.5
6 S2 0.08333334 9.9 -0.2 109.6 27.7 278.1 137.3
7 M3 0.12076710 0.6 -0.2 86.4 285.3 198.8 11.7
8 SK3 0.12511408 0.5 0.3 131.3 188.0 56.7 319.3
9 M4 0.16102280 3.9 -0.3 127.0 280.0 153.0 46.9
10 MS4 0.16384473 29 -0.2 123.8 158.6 349 282.4
11 S4 0.16666667 0.6 -0.1 123.0 17.4 254.3 140.4
12 2MK5 0.20280355 0.7 -0.2 125.8 340.8 215.0 106.6
13 2SK5 0.20844741 0.4 0.1 351 154.6 119.4 189.7
14 M6 0.24153420 0.9 0.5 127.7 353 267.6 163.1
15 2MS6 0.24435614 1.1 0.5 134.6 278.5 143.9 53.1
16 2SMé6 0.24717806 04 02 31.5 343.0 311.5 14.5
17 3MK7 0.28331494 0.7 0.1 156.1 145.2 349.1 301.2
18 M8 0.32204559 0.2 -0.0 133.1 176.5 434 309.5

Station: Chonsuman C2 (126° 27' 6" E, 36" 24' 22" N)
Duration: From 9:00 1/11/96 to 8:00 10/11/96
Time zone: KST

No. Const Speed Major Minor Inc. G G+ G-

’ (deg/hr) (cmy/s) (cm/s) (deg.) (deg.) (deg.) (deg.)
1 70 0.00000000 25 0.0 108.8 180.0 71.2 288.8
2 K1 0.04178075 79 0.5 199.6 113.3 285.9
3 M2 0.08051140 71.8 1.7 86.3 109.1 25.7 192.9
4 M3 0.12076710 1.7 -0.8 834 102.8 544 151.2
5 M4 0.16102280 6.0 1.4 484 255.1 171.2 339.0
6 2MK5 0.20280355 0.8 04 83.9 253.1 205.3 300.8
7 2SK5 0.20844741 1.4 0.0 47.8 334.5 309.3 359.8
8 M6 0.24153420 1.6 -0.5 25.3 242.5 197.9 287.1
9 3MK7 0.28331494 1.0 0.2 44.6 300.6 264.1 337.0

10 M8 0.32204559 0.7 -0.4 36.5 3214 222.8 60.0

*1: major axis, *2: minor axis, *3: inclination of major axis, *4: phase
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Fig. 4. Finite difference mesh for the domain.
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along the section A after/before embankment.
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Fig. 15. Changes in tidal phase and exposing time at
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Table 4. High water time and level after/before embankment.

After embankment Before embankment

High water High water High water High water

time level time level

(hour)* (m) (hour)* (m)

DW1  4:06:25 3.27 5:09:31 3.42
DW2  4:06:25 325 5:00:05 3.35
DW3  4:07:25 3.26 5:10:01 331
DW4  4:08:25 3.18 4:51:38 3.13
DW5  4:02:27 3.01 4:15:52 2.96

*Relative time

Table 5. Tidal harmonic constants at Kojeong before/after
embankment.

Before embankment After embankment

v e (cm) 229.9 229.4
> K, (O 94.7 86.8
s H (cm) 87.9 89.1
KO 138.3 130.8
x H (cm) 452 36.1
1Kk O 290.9 276.2
o, Ho (cm) 29.6 27.2
'K (O 2432 247.9

Absisti s g aetEE AT A01994)7r 24 A
ZA ARV EE £4T 2AE R M, B2
ZA$E v, Wz 24 del IF 2299 cm, 9
2 94.7° Y3 WEA $F Folle 1F 2294 om,
A 868 2 AEZL Ez o7} §lon}, HEE
7.9°(¢F 16%) Webal Zoz vegtt 5,8 F4= 3
Z2 879 cmoj A 89.1 emZ o7k FUlEIm AL
138.3°0]1A] 130.8°% 7.5° A= Wby} 221, K9
ASE 4] 147 74T B, 0,8 A= 4T T
7FEtg s AEL Z+zt 9.1 om, 2.4 cm Z4AF R

ekt

After embankment

Before embankment

Exposure Duration Exposure Duration

(hour)* (hour) (hour)* (hour)

DW1 9:01:02-12:39:09 3:38:06 9:52:13-13:06:58 3:14:45
DwW2 9:22:54-12:19:16 2:56:22 10:13:05-12:46:06 2:33:01
DW3 8:38:41-12:57:32 2:56:22 9:21:54-13:19:23 3:57:29
DW4 8:51:36-12:40:38 4:18:51 9:27:22-12:57:32 3:30:09
DWS5 9:02:32-11:59:54 3:49:02 9:07:30-12:07:51 3:00:21

*Relative time
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