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Residence Time Variation by Operation of Sihwa Tidal Power Plant
in Outer Sea of Sihwa Lake
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Abstract : Numerical model with LPT (Lagrangian Particle Tracking) module was used to understand the variation
of residence time in the outer sea of the Sihwa lake result operating from the Sihwa tidal power plant. Numerical
model was composed in order to investigate the spatial distribution characteristics, the average residence time in
each area was calculated by dividing the outer sea area of Sihwa lake into 4 areas. The average residence time of the
areas appeared to be increase as it entered the areas located in the inner bay (13 days) from the area located in most
outer sea (3 days) both before and during operation. Variation of average residence time by areas were increased in
the area that was located in the most outer sea of during operation compared to before operation, and decreased in
the other area. Artificial discharges from tidal power plant induces particle traps in the formation of vortex in the
area located in the most outer seas, entrainment in the remaining areas, which affects variation in residence time. In
other words, the jet flow generated during drainage and the change in the residence time due to the vortex and
entrainment action indicate the increase horizontal mixing of water in the outer sea and in the inner bay.
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Fig. 1. Research area and computational grid system for the numerical experiment. (a) Gyeonggi Bay with open boundaries and tide obser-
vation site (black circles). (b) An enlarged view of study area, Sihwa tidal power plant (STPP) with tidal current observation site (black
triangles).
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Fig. 2. Discharge rate of Sihwa tidal power plant during March 2013 (OUT flow : during drainage time, IN flow : during generation time).
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Fig. 3. Horizontal surface current vectors. (a) Flood flow during generation time on operation of STPP (b) Ebb flow during discharge time
on operation of STPP (¢) Maximum flood flow before operation of STPP (d) Maximum ebb flow before operation of STPP.
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Table 1. Numerical model experiment cases
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SHE 600712 A5E F58t] 109 Bt 7 9 H
&5 AtEsgith. 5% A== ADCPE Echo intensity,
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AR5 9} ¥] kT

ZA 9 AL B5T AR P& v wskele
] A ox Grshr] flal 21(5)2] Ml dt] 22k Absolute
Relative Error, ARE)S} 2](6)2] %+ 2 *}(Mean Error, ME)

goloich Aol AbgE 29 U 2R AR 94 D DS F ATk Table 3).

Table 2. Stations of tide and tidal current observation

Station Location (WGS-84) Observation period
IC 37°0027"N 126"21"10"E 2011.08.01~2013.06.30
SD 37°27'07"N 126°3532'E 2011.08.01~2013.06.30
Tide AS 37°20"17"N 126°35'10"E 2011.08.01~2013.06.30
PT 37°58'01"N 126°4922"E 2011.08.01~2013.06.30
DS 37°1131"N 126°38'50"E 2011.08.01~2013.06.30
Tidal ST1 37°1937"N 126°35'49'E 2013.03.11~2013.04.15
current ST2 37°20"19"N 126°34'45'E 2013.03.09~2013.04.15
ST3 37°20'07'N 126°37'05"E 2013.06.09~2013.07.18

Table 3. Comparison of tidal constituents between observed and model result

Amplitude (cm) Phase (°)
Station Constituent

Obs. Model ME ARE Obs. Model ME ARE

M, 284.2 286.6 2.4 99.2 138.7 138.9 0.2 99.9

S, 114.5 117.3 2.9 97.5 186.7 186.5 -0.2 99.9

IC K, 40.0 39.9 -0.1 99.7 303.8 303.0 -0.8 99.8
0, 28.1 29.0 0.8 97.0 273.5 272.9 -0.6 99.8

N, 52.5 51.0 -1.6 97.0 122.6 122.8 0.2 99.9

M, 278.8 279.0 0.2 99.9 136.1 1264 -9.7 97.3

S, 112.9 114.3 1.4 98.8 193.1 196.2 3.1 99.1

SD K, 39.5 40.1 0.6 98.5 308.5 316.2 7.7 97.8
0, 28.6 29.3 0.8 97.3 271.7 2432 -28.6 92.1

N, 51.7 50.2 -1.4 97.2 127.2 123.9 -33 99.1

M, 268.5 268.8 0.3 99.9 134.6 1342 -0.4 99.9

S, 108.7 108.7 0.0 100.0 1824 181.8 -0.6 99.8

AS K, 39.0 37.8 -12 96.9 2997 301.7 2.0 99.4
0, 29.0 27.1 -1.9 93.6 268.1 260.9 -72 98.0

N, 50.9 46.9 -4.0 922 119.3 118.3 -1.0 99.8

M, 285.2 285.8 0.6 99.8 135.2 1354 0.2 99.9

S, 115.3 117.2 1.9 98.4 182.9 183.4 0.5 99.9

PT K, 39.5 40.0 0.5 98.7 301.6 301.3 -0.3 99.9
0, 283 28.8 0.5 98.3 271.1 260.9 -10.2 98.0

N, 52.9 512 -1.7 96.8 119.6 119.4 -0.2 99.9

M, 245.9 248.6 2.7 98.9 128.2 127.5 -0.7 99.8

S, 98.5 102.1 3.6 96.4 174.0 173.7 -0.3 99.9

DS K, 38.3 38.5 0.2 99.3 298.2 297.0 -1.2 99.7
0, 27.5 27.8 0.3 99.0 268.2 260.9 -73 98.0

N, 46.0 452 -0.8 98.3 111.5 110.7 -0.8 99.8
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Table 4. Comparison of tidal constituents between observed and model result (U component)

Harmonic ) Amplitude (cm/s) Phase ()
Station
constant Obs. Model Error Obs. Model Error
ST1 25.8 38.7 12.9 64.2 529 -113
M, ST2 16.7 16.9 0.2 54.7 69.9 152
ST3 239 33.7 9.8 46.1 279 -182
ST1 11.3 13.0 1.7 119.6 110.9 8.7
S, ST2 7.7 8.3 0.6 120.9 126.5 5.6
ST3 11.0 19.7 8.7 109.1 67.1 -42.0
STI1 2.3 42 1.9 279.0 272.0 -7.0
K, ST2 1.7 1.1 -0.6 18.5 210.7 1922
ST3 22 24 0.2 230.2 181.0 —49.2
ST1 1.6 2.0 0.4 234.2 241.5 7.3
0, ST2 1.4 2.8 1.4 210.5 255.1 44.6
ST3 1.8 1.8 0.0 180.9 191.4 10.5
ST1 4.6 7.9 33 50.9 26.2 —24.7
N, ST2 3.6 4.4 0.8 30.8 20.5 -10.3
ST3 4.1 4.7 0.6 31.5 10.8 —-20.7
Table 5. Comparison of tidal constituents between observed and model result (V component)
Harmonic ] Amplitude (cm/s) Phase (°)
Station

constant Obs. Model Error Obs. Model Error
ST1 13.5 23.5 10.0 319.2 3244 52
M, ST2 16.3 19.4 3.1 54.8 334.6 279.8
ST3 3.1 9.7 6.6 63.7 59.4 -43
ST1 6.1 10.7 4.6 173 19.0 1.7
S, ST2 7.3 7.6 0.3 120.8 12.6 -108.2
ST3 2.1 4.7 2.6 49.6 107.2 57.6
ST1 23 42 1.9 170.5 154.6 -159
K, ST2 0.7 1.5 0.8 11.0 90.3 79.3
ST3 1.0 0.6 -0.4 150.1 308.8 158.7
STI1 1.7 3.6 1.9 99.1 118.4 19.3
0, ST2 1.4 2.5 1.1 212.1 70.4 -141.7
ST3 1.3 1.1 -0.2 333.9 308.5 -254
STI1 2.0 5.7 3.7 286.9 2832 3.7
N, ST2 33 34 0.1 35.1 288.6 253.5
ST3 0.2 1.3 1.1 156.9 443 -112.6
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Fig. 6. Comparison of simulated (black line) and measured (red dot) current during observation period (upper panel). Lower panel ((d), (e),

and (f)) is shows spring part of the upper panel.
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Table 6. Results of average residence time by areas

Average residence time (day)

STPP

A B C D Area mean
During operation 345 237 3.5 13 5.58
Before operation  3.07 24 397 13.6 5.76
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Table 7. Results of linear regression by areas

Area STPP Linear regression equation Correlation coefficient (R%) Residence time (day)
A During operation y=-49.6546x + 1443.2602 0.8945 249
Before operation y=-29.1022x + 884.9066 0.8875 2.47
B During operation y=-—18.8937x +435.0922 0.8340 7.01
Before operation y=-11.0928x + 732.5293 0.6412 8.07
C During operation y=—46.1217x + 1286.3421 0.8591 5.63
Before operation y=-29.1914x + 645.4345 0.8006 5.47
D During operation y=-14.0145x + 316.4429 0.6737 7.24
Before operation y=-11.1639x + 727.5379 0.6146 7.07
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