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Changes in Sea Water Characteristics Due to Operation of Shihwa Tidal Power Plant
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Abstract : In order to investigate the changes in sea water characteristics and stratification due to operation of
Shihwa tidal power plant, three dimensional numerical model is used. In summer, the density of inner part of Shihwa
Lake is more affected by salinity than water temperature due to fresh water discharge. Before tidal power plant
operation, the sea water characteristics in Shihwa Lake shows relatively high temperature and low salinity. After
tidal power plant operation, water temperature decreases slightly and salinity tends to increase in Shihwa Lake.

Also, density increases and stratification tends to weaken by mixing with sea water.

Keywords : density stratification, tidal power plant, Shihwa Lake
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Fig. 1. Computational grid system of model domain.

Fig. 2. Bathymetry of the study area in Gyeong-Gi Bay. Squares
and circles represent observation points of tide and tidal
current respectively.
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Fig. 3. Detailed depth contour and observation points of temperature and salinity around Shihwa Lake.

Table 1. Observed tide and tidal current stations

Station  Location(WGS-84) Observation period

PT1  37-27-07 N 126-35-32 E ~2200110 6?1129311

- PT2  37-11-32 N 126-38-52 E 3200110(;?112'_2311

PT3  36-58-00 N 126-49-21 E ~2200110 6?112'(.)311

TI  37-18-42 N 126-36-36 E 32()(;)()23?(;‘4.2255

PCl  37-18-26 N 126-34-15 E 320(;)196.]02{ .1073

o DN e OO

Ut pC3 37.19-40 N 126-37-20 E 320(;)19 6,102{ .1073
PC4  37-24-32 N 126-34-36 E 32()(?(;‘5.]()2i.2120

Table 2. Fresh water discharge points flows into Shihwa Lake

No. Name

()] Shihwa Industrial Complex #1 main water way
?) Shihwa Industrial Complex #2 main water way
3) Shihwa Industrial Complex #3 main water way
“) Shihwa Industrial Complex #4 main water way
%) Shingil river

6) Banwol Industrial Complex #7 outfall

(@) Banwol Industrial Complex #6 outfall

®) Banwol Industrial Complex #5 outfall

) Banwol Industrial Complex #4 outfall
(10) Banwol Industrial Complex #3 outfall
(11) Banwol Industrial Complex #2 outfall
(12) Banwol Industrial Complex #1 outfall
(13) Banwol Industrial Complex drainage

(14) Tidal flat 1

(15) Tidal flat 2

(16) Tidal flat 3

17) Tidal flat 4

(18) Tidal flat 5

(19) Ansan-Hwajung stream

(20) Banwol-Donghwa-Samhwa stream

1) Munsan stream
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Fig. 4. Fresh water discharge into Shihwa Lake.

Fig. 5. Time series of meteorological data.
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Table 3. Model simulation cases

Case Contents
Case N validation (conditions in 2010)
Case A prediction (with tidal power plant in operation)
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Table 4. Comparison of tidal constituents between observed and model results

) . Amplitude(cm) Phase(°)
Station Constituent
Observed Model ME ARE(%) Observed Model ME
M, 2842 282.7 15 0.5 129.6 1324 28
ot S, 114.7 113.6 11 1.0 1813 186.8 12
K, 39.4 39.5 0.1 0.1 303.3 302.1 “12
0, 28.0 28.5 0.5 1.7 2642 269.0 48
M, 2692 270.7 15 0.5 124.9 128.8 3.9
oy S, 109.0 108.7 -03 0.3 1813 1813 0.0
K, 38.8 39.0 02 0.6 301.2 3003 ~09
0, 283 28.1 0.1 0.5 261.6 267.5 6.0
M, 2852 2903 5.1 1.8 1263 136.0 9.8
o3 S, 115.4 117.1 17 15 183.4 191.7 8.3
K, 39.4 387 ~0.7 1.9 301.7 304.5 29
0, 28.1 282 0.1 03 262.7 2724 9.7
M, 2785 2765 20 0.7 138.0 129.9 8.1
- S, 11.7 111.1 ~0.6 0.5 186.0 182.4 36
K, 39.1 394 0.3 0.7 301.2 300.7 -05
0, 28.7 284 -03 1.1 2734 267.7 57
Table 5. Comparison of tidal currents between observed and model Table 6. Observed surface temperature and salinity at each station
results(unit: cm/s) 2010.04.30 2010.06.25 2010.07.09 2010.08.23 2010.10.14
Station Layer Component Observed Model Error (ARE) - Temp. Sal. Temp. Sal. Temp. Sal. Temp. Sal. Temp. Sal.
U 412 458 4.6 2 - - - - 276 132 287 57 199 120
PCI middle  V 9.9 5.6 —43 399 263 256 19.1 272 168 289 114 205 163
speed 424 461 37@88%) 4 100 27.5 258 212 264 256 29.0 161 203 17.4
U 336 384 47 5 99 274 255 232 267 260 288 181 209 17.6
PC2  middle  V 176 150 -26 7 95 284 248 248 272 240 286 193 20.1 17.0
speed 380 412 32(84%) 9 97 284 239 252 27.1 250 283 203 198 168
U 513 544 3.2 12100 29.0 242 262 27.0 264 28.1 215 199 169
PC3  middle  V 9.9 24 -4 13 9.8 29. 23.1 27.0 259 272 279 22.0 195 173
speed 522 45 23 (44%) 14 99 291 237 27.1 27.1 269 28.1 21.7 200 17.1
U 446 390 —5.6 15 97 293 229 277 255 27.5 272 234 192 177
surface vV 883 900 16 16 99 284 245 254 28.1 257 28.1 209 202 172
speed 989 980 -09(09%) 17 97 282 253 250 275 256 282 208 209 182
U 393 356 —37 Ave. 98 283 245 247 269 252 283 19.6 20.1 172
PC4 middle  V 827 834 0.6
speed 916 907 —0.9 (1.0%)
U 32.1 27.0 5.1 el 9ol AEE B ATMinistry of Land,
bottom \Y 71.8 65.0 6.8 Transport and Maritime Affairs, 2010)01] o5ha Aol 2
speed 787 704 -83 (10.5%) A=} B GolEk Z7he ol olito] wrolx|w, kAo

AP

L

=

oX

= 43, 5
AE A=oldt, m}aw Ty

Ao AdWES vlushs o 7

“ﬂ‘”ﬂ} /\lﬁ}i 91Z0] Zrls| A=A A
1) A4 7+ A7 1% 134
el digt =

2 a2 AR A7 A4 °~LX1”P Aol Aol &
T 99 Adko] 2 5 Aol WA LR TH(Table 6).
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Fig. 6. Comparison of temperature and salinity between observed and model results at station 9.

Fig. 7. Comparison of temperature between observed and model results at stations inside Shihwa Lake.

Fig. 8. Comparison of salinity between observed and model results at stations inside Shihwa Lake.
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Fig. 9. Comparison of temperature between observed and model results at stations outside Shihwa Lake.

Fig. 10. Comparison of salinity between observed and model results at stations outside Shihwa Lake.
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Fig. 11. Inflow vector plots at the surface(A) and bottom(B) without tidal power plant operation(Case N).

Fig. 12. Outflow vector plots at the surface(A) and bottom(B) without tidal power plant operation(Case N).

Fig. 13. Maximum current speed at the surface(A) and bottom(B) without tidal power plant operation(Case N).

A
WA TR S AlYEkaE 10 em/s o ste] okst
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Fig. 14. Water level variations: Upper panel represent without tidal power plant operation and lower panel represent with tidal power plant operation.

Fig. 15. Inflow vector plots at the surface(A) and bottom(B) with tidal power plant operation(Case A).

Fig. 16. Outflow vector plots at the surface(A) and bottom(B) with tidal power plant operation(Case A).

Fig. 17. Maximum current speed at the surface(A) and bottom(B) with tidal power plant operation(Case A).
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Fig. 18. Standard deviation of surface temperature, salinity and sigma-t(o;) in summer : Left panels represent without tidal power plant operation

and right panels represent with tidal power plant operation.

Fig. 19. Standard deviation of bottom temperature, salinity and sigma-t(o;) in summer : Left panels represent without tidal power plant operation

and right panels represent with tidal power plant operation.
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Fig. 20. Streamlines of residual currents at the surface(A) and bottom(B) without tidal power plant operation.

Fig. 21. Streamlines of residual currents at the surface(A) and bottom(B) with tidal power plant operation.



AL 7hsel mhE Als} a9 si5A wig) 231

Fig. 22. Averaged vertical profile of temperature, salinity and sigma-t(c;) at 6 stations(St. 5, 7, 9, 12, 13, 15) : circle symbol(@) represent without
tidal power plant operation(Case N) and x symbol(x) represent with tidal power plant operation(Case A).

Fig. 23. Location of lines for cross-sectional analysis.
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Fig. 24. Averaged vertical distribution of temperature, salinity and sigma-t( 5;) along line 1 in summer: Left panels represent without tidal power plant
operation and right panels represent with tidal power plant operation.

Fig. 25. Averaged vertical distribution of temperature, salinity and sigma-t(o;) along line 2 in summer : Left panels represent without tidal power
plant operation and right panels represent with tidal power plant operation.
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Fig. 26. A segmentation map.

Fig. 27. Averaged T-S diagrams for water mass analysis in summer.
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Table 7. Spatially averaged potential energy anomaly(J'm”)

Zone
Case

Zone A Zone B Zone C Zone D Zone E Zone F

Case N 6.8 9.2 12.9 13.0 15.1 37.0
Case A 1.5 29 7.7 9.1 11.4 20.1
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