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Water quality management of Jeju Harbor using
material cycle model( | )
- The Variation of Physical Oceanographic Environments in Jeju Harbor -

Eun-ll Cho, Byung-Gul Lee’ and Youn-Keun Oh
Dept of Environmental Engineering, Cheju National University, Jeju 690-756, Korea,
‘Dept of Ocean Civil Engineering, Cheju National University, Jeju 690-756, Korea
(Manuscript received 5 September, 2001 accepted 28 December, 2001)

In order to control of water quality in Jeju harbor, variation of physical oceanographic environments was
estimated using material cycle model. It is composed of the three-dimensional hydrodynamic model for the
simulation of water flow and material cycle model for the simulation of water quality. The three dimensional
hydrodynamic model simulation of the circulation and mixing in Jeju Harbor has been conducted forced by
Sanzi River Discharge, Tidal elevation, wind and Solar heat in case of August and November, 2000 and

February and May, 2001, respectively. The results of numerical model and observation show that the model

can produce realistic results of current in the harbor. The monthly variation of velocity pattern are not so

much changed are found in Jeju Harbor. The residual current was forced by temperature, salinity, density, wind

and tidal current. The residual current of August, 2000 are the strongest among four month. It can be
explained that the density effect can be important role in residual current at Jeju Harbor. As the results of
salinity distribution simulation, very low concentration of all levels were simulated in August, 2000. The
flowrate of Sanzi river was investigated 77,760m'/d in August, 2000. Therefore, pollutant loadings from Sanzi
river should be considered for water quality management in Jeju harbor.
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Table 1. Input data for three-dimensional hydrody-
namic model

Input Value
75 X 89 X 3= 20025

Parameter

Total mesh value

Mesh size 4x = 4y = 25m
Water depth chart datum + MSL
Time interval Ssec
Level S:0 ~ 3m

M:3 ~ 6m

B below 6m

Tidal level and degree at open

A 69 7cm, 304.1 °
houndary

B 69.7cm, 304.1

Water temp. and chlorinity at

open boundary S ¢ Table 2
M : Table 2
B : Table 2
Coriolis coefficient f=2wsind
Surface friction coeffictent 0.0013
Internal friction coefficient 0.0013
Bottom friction coefficient 0.0025

LOES(cm”/s)
1.0E5(cm™/s)
5 tidal cycle

Horizontal viscosity coefficient
Horizontal diffusion coefficient

Calculation time

Table 2. Water temp. and Chlorinity at open houndary

ClU%)

Temp(C)

Month
S M B S M B

August 1589 1605 1605 | 257 251 250

November | 1843 1843 1843 192 193 194

February | 1877 1877 1882 141 138 1338
May 1821 1821 1832 | 196 194 190
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Table 3. Initial condition at Jeju Harbor and Frowrate
and Temp. at Sanzi River

. . . Wind Sanzi River
Month |Level femp Sal - CI et 7 ™
(C) (%) (%, Speed Direction Hovyrate Temp
lenvs)  (16)  (m/d) (TC)
S | 277 234813.00 290  SW 77760 20.1
August | M | 258 28801594
B |247 28851597
S | 186 274515.20 300 N 46,656 154
November] M | 188 33.1718.36
B 190 33301843
S | 133 30231673 330 SW 60,307 135
Febuary | M | 13.5 33.7018.65
B {136 33901877
S | 192 309817.15 240 SE 38830 178
May | M |187 327018.10
B | 186 32951824
Grid map of the area %m%f;% HHE
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Fig. 1. Finite-difference grid of Jeju harbor.
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Fig. 2. Comparison of tidal current between culculated
and observed results.
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Fig. 3. Distribution of computed residual currents at
Ist level in Jeju Harbor.
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Fig. 4. Distribution of computed residual currents at
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Table 4. The comparisen of computed with the observed
salinity at surface, middle and bottom leveis
in the Jeju Harbor, August and November,

2000
August, 2000
Computed Observed  Error RE.
Level St (A) B) (B-A)
o) (%o (%) (%)
S 1 25.7 211 -4.6 21.8
2 26.3 269 06 22
3 26.9 218 09 32
4 27.4 218 04 14
5 282 28.0 -0.2 0.7
Mean 269 26.3 -0.6 59
M 2 26.7 286 19 6.6
3 271 28.3 1.7 59
4 217 289 1.2 42
5 285 289 04 1.4
Mean 275 288 1.3 45
B 4 28.0 288 0.8 2.8
5 27 289 0.2 0.7
Mean 284 289 05 17
November, 2000
Computed Observed  Error RE.
Level St (A) (B) (B-A) B-A|/B
(%) (%) o) (%)
S 1 28.3 21.2 -7.1 35
2 304 288 -16 56
3 311 331 2.0 6.0
4 318 332 14 42
5 326 332 0.6 1.8
Mean 308 299 -0.9 10.2
M 2 305 33.0 25 7.6
3 312 333 2.1 6.3
4 319 332 13 39
5 328 332 0.4 1.2
Mean 316 33.2 16 48
B 4 32.1 333 1.2 36
5 330 33.3 03 09
Mean 326 33.3 0.8 23
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Table 5. The comparison of computed with the ohserved
salinity at surface, middle and bottom levels
in the Jeju Harbor, February and May, 2001

February, 2001

Computed  Observed  Erro: RE.
Level St (A) (B) B-A) |B-A'/B
(%) (%) (T (")
S 1 316 210 -4.6 17.0
2 321 31.0 -1 35
3 326 33.2 06 1.8
4 33.0 33.7 0.7 2.1
5 335 339 0.4 12
Mean 326 31.8 -0.8 5.1
M 2 322 334 1.2 36
3 326 3338 1.2 6.6
4 330 33.8 0.8 2.4
5 336 33.8 0.2 0.6
Mean 329 337 09 25
B 4 331 33.9 0.8 24
5 337 339 0.2 0.6
Mean 334 339 05 15
May, 2001
Computed Observed  Error RE.
Level St (A) B (B-A) |B-A|/B
(%) %) (%) (%)
S 1 315 320 05 1.6
2 319 324 0.5 15
3 321 325 04 12
4 323 326 03 09
5 327 327 0.0 0.0
Mean 321 32.4 0.3 1.1
M 2 320 26 0.6 1.8
3 322 326 0.4 1.2
4 324 32.7 03 09
5 328 329 0.1 0.3
Mean 323 327 04 1.1
B 4 325 329 04 1.2
5 329 33.0 0.1 0.3
Mean .. 327 330 C3 08
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