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Validation of an Unsteady Two-dimensional Hydrodynamic and Transport Model with Experiments

Hyoung-Bu Moon

Department of Civil and Environmental System Engineering, Chonnam National University

ABSTRACT : The validity of an unsteady two-dimensional(2-D) numerical hydrodynamic and pollutant dispersion model(2DNHPDM) was
evaluated using the data obtained from I-sa streams in Sooncheon, Chonnam, during rain-fall run-off. Field observations was conducted for
35 hours during the 10 hours rainfall event on 7th May 2005. The water level, 2-D velocity, flow field, and COD at seven points selected
along the river were measured at intervals of one hour. The model was applied to describe two-dimensional movement of dissolved pollu-
tants in meandering non-uniform river. Major physical processes affecting the lateral and horizontal mixing of the river flow were simulated.
The model was proved effective in describing the hydrodynamics and dispersion of the river pollutants from its major tributaries as well as
non-point sources.
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Fig. 3. Space-staggered scheme.
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Table 1. Experimental Measurements of Hydraulics Conditions
at Site A, B, N, C(2005. 5. 6. base flow, dry weather)

Mean Point Velocity Mean’ .
. Ar i
Site Sizcr: D((zz;h Depth (m/sec) Velocity (;921) Izigzzrcg)e
(M) | dpy | dos" | Mean | (msec)
Al | 0.80 0.166 {0.145 | 0.157
A 0.80 0.157 | 16.00 | 251
A2 | 0.80 0.166 [ 0.145 | 0.157
Bl | 0.67 0.153 10.153 | 0.153
B2 | 0.87 0.203 10.201 | 0.202
B3 | 0.94 0.233 (0204 | 0.219
B 0.94 0.191 | 5640 | 10.77
B4 | 0.97 0.234]0.184 | 0.209
BS | 112 0213 (0.178 | 0.196
B6 | 1.07 0.17510.154 | 0.165
NC | 0.34 0.089 | 0.089 | 0.089
N2 | 148 0.111 0.021 | 0.066
N3 | LIT 0.14210.121 | 0.132
N4 | 145 0210 [ 0.097 | 0.154
N 1.31 0.122 |111.71] 13.63
N5 | 1.82 0.14810.110| 0.129
N6 | 1.80 0.152[0.111] 0.132
N7 | 190 0.160 {0.126 | 0.143
N8 | 158 0.154]0.114| 0.134
Cl | 035 0.087 | 0.087 | 0.087
C2 | 045 0.091 [0.091 | 0.091
C3 | 110 0.136 [0.115] 0.126
C4 | 140 0.091 10.067 | 0.079
C| C5 | 1.8 | 1.32 {0.136]0.078 | 0.107 | 0.110 |119.70| 13.17
C6 | 1.80 0.12310.089 | 0.106
C7 | 190 0.153]0.104 | 0.129
c8 | 170 0.156 1 0.121 | 0.139
C9 | 140 0.1540.092 | 0.123
* dy, o Current velocity measured at 0.2 m bellow of water surface
** g o Current velocity measured at 0.8 m bellow of water surface
“ Mean : Mean of section's mean velocity
** Area : Cross sectional area of the stream at each site
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Table 2. COD measured and calculated in I-sa River

LIk

3 B EdA 2R ER

g9 A

4 87t

1177

Measured COD

Calculated

COD(a.,p = 6.0)

Calculated
COD(a,p =7.0)

Calculated
COD(a,p = 8.0)

Calculated

COD(a,p = 9.0)

d/hr

=
=
¥*

BC AC NI

CC

BC

AC NI

CcC

BC AC NI CC

BC AC NI CC

BC

AC

N1

CC

7/07 120 120 1.20

1.20

1.51

125 2.02

1.20

152 125 197 1.20

1.52 125 192 1.20

1.52

1.24

1.87

1.20

7/08 330 320 2.60

1.30

1.51

125 202

1.20

152 125 197 120

152 125 192 1.20

1.52

1.24

1.87

1.20

7/09 480 495 420

1.80

2.57

246 1.83

1.41

256 244 1.79 136

255 242 175 131

2.54

2.40

1.71

1.29

710 540 620 4.60

2.70

3.13

3.19 274

1.37

313 316 256 132

312 313 240 129

3

3.10

225

1.28

7M1 570 790 5.80

3.90

4.19

493 3.38

243

419 489 320 228

417 485 3.02 2.08

4.16

4.81

2.84

1.87

712 6.90 8.90 6.70

5.50

543

772  4.85

439

542 761 458 3.83

5400 752 431 3.63

5.37

743

4.05

3.30

13 7.80 990 7.20

6.10

6.55

9.01 7.07

6.08

6.52 889 6.63 5.75

6.50 878 6.19 529

6.46

8.68

5.78

4.69

4 840 10.60 8.90

6.80

7.21

11.11 843

7.24

7.18 1095 7.87 647

7.14 1081 732 6.05

7.10

10.67

6.80

547

1115 8.10 1040 8.80

7.20

7.41

12.16 8.65

7.93

738 11.98 8.09 750

734 1181 754 6.78

7.29

11.65

7.00

5.74

(oo |~ [N || W=D

7716 7.60 10.10 8.40

7.40

731

12.96 8.49

8.15

727 1276 795 730

722 1257 740 648

7.17

12.39

6.86

5.95

17

—_
<

730 10.00 8.40

7.50

7.01

1328 8.16

7.98

6.97 13.06 7.63 725

6.92 1286 7.09 6.60

6.87

12.68

6.57

6.23

M8

—_
—

6.90 9.50 8.10

7.20

6.55

13.44 771

7.55

6.52 1322 721 7.09

6.47 13.02 6.71 6.28

6.42

12.82

6.21

5.54

7/19112 | 640 9.00 8.10

6.70

6.13

11.79 7.10

7.26

6.10 11.60 6.62 6.98

6.06 1142 614 571

6.01

11.25

5.68

5.26

7120 590 870 8.10

6.10

5.19

1020 6.11

6.54

5.16 10.04 571 5.68

513 9.89 531 517

5.09

9.74

4.92

4.57

721 4.80 730 7.50

5.60

436

8.76  5.21

5.86

434 862 489 5.05

431 850 4356 4.62

427

8.38

424

4.19

722 4.60 6.50 7.10

4.70

3.79

8.10 4.69

5.54

397 798 439 464

375 7.86 4.1 4.06

3.72

7.76

3.83

3.62

723 430 590 6.30

4.10

3.23

740 422

4.84

321 729 397 4122

3.19  7.18 372 3.87

317

7.09

349

3.35

8/00 410 570 570

3.70

3.01

6.90 4.01

422

3.00 6.80 3.78 3.78

298 671 355 329

2.96

6.62

333

3.03

8/01 390 550 520

3.50

278

639 3.84

3.98

277 630 3.63 3.52

275 622 341 321

2.74

6.14

3.21

2.88

8/02 380 520 4.80

3.20

2.68

589 3.68

3.68

267 581 348 332

265 573 328 297

2.64

5.66

3.09

2.75

8/03 3.60 510 4.80

3.10

2.34

524 344

3.44

232 518 327 325

231 511 309 2.83

2.30

5.05

2.92

2.65

8/04 340 480 4.40

2.80

2.25

4.68 325

3.11

224 463 3.08 279

223 457 292 257

222

4.52

2.76

2.36

8/05 330 430 440

2.60

1.99

403 3.16

2.92

198 398 299 262

1.97 394 283 236

1.96

3.89

2.68

2.23

8/06 310 400 420

240

1.76

341 293

2.55

1.75 337 278 2.28

1.74 333 263 213

1.74

3.29

249

1.93

8/07 3.10 370 3.90

2.10

1.84

230 2.66

2.23

1.83 228 252 2.06

1.83 226 239 1.90

1.80

2.24

2.28

1.74

8/08 270 350 3.70

2.00

1.74

211 2.60

2.00

1.73 2.09 244 187

173 206 229 1.73

1.73

2.04

2.16

1.62

8/09 270 340 3.50

1.90

1.67

196 2.49

1.89

.67 193 234 1.70

[66 191 221 1.59

1.66

1.89

2.09

1.50

8/10 2,60 330 3.50

1.80

1.57

1.79 240

1.73

1.57 178 226 1.61

157 176 214 150

1.57

1.74

2.03

1.43

8/11 240 330 320

1.70

1.36

1.67 228

1.64

136 165 216 1.54

136 163 2.05 146

1.36

1.61

1.96

1.39

8/12 230 350 3.20

1.60

1.32

141 2.07

1.53

132 140 200 146

132 138 195 1.39

1.32

1.37

1.89

1.34

8/13 230 320 330

1.60

1.25

143 2.06

1.43

125 141 200 137

126 138 195 133

1.26

1.36

1.89

1.30

8/14 220 3.10 3.10

1.60

1.23

132 2.07

1.40

1.24 131 201 135

124 130 196 132

1.24

1.30

1.90

1.29

8/15 220 2.80 290

1.50

1.20

127 207

1.40

120 126 2.01 136

120 125 196 132

1.20

1.24

1.91

1.29

8/16 220 270 270

1.50

1.20

121 2.07

1.42

120 120 202 136

120 120 197 132

1.20

1.20

1.91

1.30

8/1734 1220 250 2.60

1.50

1.20

120 208

1.43

120 120 202 137

120 120 197 132

1.20

1.20

1.92

1.30

correlate cofficient

(measured & calculated)

0.971

0.937 0.941

0.978

0.971 0.937 0.940 0.978

0.971 0.937 0.938 0.980

0.972

0.938 0.936

0.980

mean

0.95680

0.95648

0.95687

0.95641

hr*: Conversion time calculated in the model, BC: at site in Fig.1, AC: at site in Fig.l, N2: at site in Fig.l, CC: at site in Fig.1.
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