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Prediction of Salinity Changes for Seawater Inflow and Rainfall Runoff in
Yongwon Channel
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Abstract

In this study, EFDC (Environmental Fluid Dynamics Code) model was used to simulate the salinity dis—
tribution for sea water inflow and rainfall runoff. The flowrate was given to the boundary conditions, which
can be calculated by areal-specific flowrate method from the measured flowrate of the representative outfall.
The boundary condition of the water elevation can be obtained from the hourly tidal elevation. The flowrate
from the outfall can be calculated using the condition of the 245 mm raifall. The simulation results showed
that at Sites 1~2 and the Mangsan island (Site 4) the salinity becomes 0 ppt after the rainfall. However, the
salinity is 30 ppt when there is no rainfall. Time series of the salinity changes were compared with the
measured data from January 1 to December 31, 2010 at the four sites (Site 2~5) of Yongwon channel. Lower
salinities are shown at the inner sites of Yongwon channel (Site 1~4) and the sites of Songjeong river (Site
7~8). The intensive investigation near the Mangsan island showed that the changes of salinity were 21.9~
28.8 ppt after the rainfall of 17 mm and those of the salinity were 2.33~8.05 ppt after the cumulative rainfall
of 160.5 mm. This means that the sea water circulation is blocked in Yongwon channel, and the salinity

becomes lower rapidly after the heavy rain.
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Fig. 1. Salinity Survey Point in Yongwon Channel

Table 1. Average of Salinity in Yongwon Channel

; 2011 (ppt) 2012 (ppt)
Site Average
09.20 | 10.26 | 11.29 | 12.22 | 01.26 | 02.24 | 03.23 | 04.09 | 05.02 | 05.10 | 06.28
1 202 | 261 | 277 | 277 | 287 | 306 | 281 | 275 | 129 | 251 | 236 26.5
2 250 | 263 | 255 | 281 | 293 | 306 | 294 | 302 | 155 | 268 | 270 27.8
3 269 | 282 | 295 | 304 | 309 | 313 | 297 | 301 197 | 276 | 286 29.3
4 281 | 284 | 194 | 286 | 30.1 | 317 | 300 | 303 | 21.7 | 224 | 284 27.7
5 288 | 296 | 303 | 313 | 31.8 | 323 | 300 | 29.7 | 225 | 276 | 305 30.2
6 291 | 303 | 315 | 321 | 323 | 326 | 309 | 312 | 183 | 309 | 326 31.3
7 223 | 282 | 201 | 298 | 306 | 314 | 301 | 307 | 106 | 258 | 29.0 27.8
8 292 | 286 | 220 | 288 | 302 | 316 | 31.1 | 309 8.4 236 | 327 289
9 291 | 303 | 315 | 322 | 325 | 328 | 309 | 313 | 203 | 307 | 326 314
10 294 | 308 | 322 | 327 | 330 | 332 | 314 | 314 | 299 | 316 | 328 31.8
11 289 | 311 | 332 | 330 | 329 | 328 | 319 | 328 | 328 | 29.7 | 327 319
12 327 | 325 | 323 | 326 | 328 | 329 | 334 | 331 | 332 | 332 | 328 32.8
Average | 275 | 292 | 279 | 306 | 313 | 320 | 306 | 308 | 205 | 279 | 303 29.8
FATE 35 201449 3H 299



S}
conductivity meter (YSI &) o]-&3l1om™,
A SAsT

13} 1% Q% 2L 20124 62 162015 7
749-Fol 170mmo]a, & A7 wl A CE 1
A3 Table 300 YRR o™, #-F7F 91A]8taL Q=

HSalinity (ppt)

T

sitel site sited  sited  sited  site6 site7  sie8 sied siel0 siell sie 12

o
=

2

=

=

o

(a) Spatial Distribution

4

-
=

R} sgto] 2 BX) W RN FREI A
vebgon], st S

bl
|o

Jepde 23 1%

B L
i

T

b o

S Qs B §As Ak FRE GRE} S
vebie

13 4%

0-

=

B Salinity (ppt)

LTI

20110920 20111026 20111126 20111222 20120126 20120224 20120323 20120409 20120302 20120510 20120628

(b) Time Variation

Fig. 2. Analysis of Salinity in Yongwon Channel

Table 2. Results of Collecting Well Salinity

Collecting 2011 (ppt) 2012 (ppt)

Well 09.20 | 1026 | 11.23 | 1129 | 1222 | 01.26 | 0224 | 03.23 | 04.09 | 05.10 | 06.28
C.W-1 26.8 15.1 225 18.8 25.0 32.0 30.8 28.3 30.0 26.3 28.3
C.W-2 224 22.6 25.2 224 27.3 30.3 30.5 29.5 30.7 217 281
C.W-3 27.6 24.5 25.3 22.6 28.6 30.9 30.1 28.8 29.2 271 29.8
CW-4 30.9 28.0 26.6 26.1 29.4 315 30.9 289 30.3 217 29.7
C.W-5 25.8 28.2 26.3 2712 28.7 325 31.2 30.1 30.6 275 28.4
C.W-6 23.6 29.1 28.8 28.4 29.6 31.7 30.9 31.1 30.5 31.2 30.5
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Table 3. Results of 1st Field Survey

Number | Salinity (ppt) | Number | Salinity (ppt) | Number | Salinity (ppt) | Number | Salinity (ppt)

1 25.0 13 24.8 25 26.1 37 271

2 28.3 14 249 26 26.5 38 26.4

3 25.8 15 25.2 27 26.0 39 27.0

4 255 16 26.1 28 26.0 40 27.3

5 26.0 17 26.4 29 224 41 26.8

6 27.3 18 28.3 30 23.1 42 26.1

7 26.6 19 274 31 24.9 43 25.5

8 26.9 20 25.7 32 25.6 44 275

9 28.8 21 25.7 33 25.7 45 249

10 285 22 26.3 34 25.3 46 212

11 27.3 23 249 35 219 47 272

12 25.9 24 21.3 36 235 48 24.6
Table 4. Results of 2nd Field Survey

Number | Salinity (ppt) | Number | Salinity (ppt) | Number | Salinity (ppt) | Number | Salinity (ppt)

1 39 13 4.1 25 5.6 37 5.0

2 3.7 14 2.8 26 7.0 38 54

3 3.7 15 2.5 27 7.1 39 71

4 3.8 16 2.8 28 7.1 40 74

5 3.0 17 3.4 29 74 41 7.0

6 25 18 2.6 30 7.3 42 72

7 2.1 19 3.8 31 72 43 72

8 2.0 20 6.8 32 7.6 44 74

9 2.7 21 51 33 7.6 45 75

10 2.8 22 4.6 34 7 46 7.7

11 4.2 23 4.1 35 3.8 47 7.7

12 49 24 49 36 39 48 74
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Table 5. Cumulative Rainfall and Salinity Results
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Survey Cumulated Rainfall (mm) Max (ppt) Min (ppt)
2012.06.16 17.0 mm 28.8 21.9
2012.07.12 160.5 mm 7.7 2.0

(a) 2012.06.16

(b) 2012.07.12

Fig. 4. Resulis of Salinity Distribution for Cumulative Rainfall
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Table 6. Statistical Indices for Evaluating Model Accuracy

Statistical Index Equation Desired value
N )
2.0, @)’
Coefficient of Determination RiP=1-- 1
(Qy— Que)’
i=1
N
Absolute Mean Error AME= %Ele— Q, 0
V=1
N
Root Mean Square Error RMSE= \/ %E[Qf— Q,)* 0
=1
*(), observations, @, simulations, @,,: mean of observations, ~N: Total number of observations.
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Fig. 6. Comparisons of Observed and Simulated Salinity at (a) Site 2 (b) Site 3 (¢) Site 4 (d) Site 5

Table 7. Results of Error Analysis

Site Time Sim (ppt) Obs (ppt) R’ (ppt) AME (ppt) | RMSE (ppt)
10.01.07 16.29 15.22
10.03.04 12.24 11.26
2 0.8220 1.28 1.88
10.08.03 19.81 20.15
10.10.10 20.53 20.36
10.01.07 12.59 11.96
10.03.04 11.31 11.38
3 0.7856 1.74 2.94
10.08.03 17.76 23.60
10.10.10 22.90 22.48
10.01.07 17.86 15.10
10.03.04 11.20 11.40
4 0.8879 0.84 1.39
10.08.03 20.61 20.29
10.10.10 18.89 18.95
10.01.07 15.32 15.08
10.03.04 7.48 10.98
5 0.9470 2.10 2.47
10.08.03 22.96 19.87
10.10.10 15.69 17.25
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