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Prediction of Near-Field Dilution Changes Due to Treatment Capacity Expansion
of Masan-Changwon Municipal Wastewater Treatment Plant
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Abstract [ For the case of the capacity increase of Masan-Changwon wastewater treatment plant, the changes
of near-field dilution rates due to the increased discharges into Masan Bay from the submerged multiport-diffuser
were predicted by using CORMIX model. As the increase of wastewater discharges from currently 280,000 m¥/
day to 720,000 m¥day by 2011, the dilution rates become much lower than the present rates. To enhance the
reduced dilution rates, the engineering design changes of diffuser length and alignment were considered as an
optimal engineering option. According to the results of the model simulations for these changes, the dilution rates
were increased in the strong ambient current of spring tide, but they were not affected by these changes in the
weak current of neap tide in Masan Bay. From the analysis of oceanographic survey data, new outfalls sites have
been searched. A promising outfalls site is selected and proposed on the basis of maximum obtainable dilution
rates predicted by the model simulations.

Keywords : multiport-diffuser, CORMIX model, optimal diffuser alignment, near-field dilution
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Fig. 1. Ocean outfalls system with a submerged multiport dif-
fuser.
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Table 1. Sewage treatment status of Masan-Changwon wastewater treatment plant.
Construction phase  Treatment capacity Wastewater amount (m*/day) Treatment
(year) (mYday) Daily average Daily maximum Hourly maximum level
Lst phase (1993) 280,000 281,105 312,659 480,085 Primary process
2nd phase (2001) 500,000 517,873 569,979 927,231 Primary process
3rd phase (2011) 720,000 619,571 721,491 1,117,608 +incineration
Construction Water quality (mg/l) Removal
Phase (year) Parameters Influent Effluent Design water quality rates (%)
BOD 173 100 42
Lst phase (1993) COD 303 175 42
SS 222 68 69
BOD 117 18 130 86
2nd phase (2001) COD 110 17 125 86
SS 113 16 130 87
BOD 117 18 130 86
3rd phase (2011) COD 110 18 130 86
SS 113 16 130 87
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Fig. 2. Site map of the submerged ocean outfalls of Masan-Changwon wastewater treatment plant.
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Fig. 3. Wastefield characteristics of submerged diffuser discharges.
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(a) Buoyant Jet in Stagnant
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(c) Buoyant Jet in Stagnant
Stratified Ambient
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Fig. 4. Buoyant jet mixing flow patterns with different ambient conditions for submerged discharges.
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Fig. 6. Ocean currents measured in Masan outfall area during the spring and the neap tidal periods.
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Fig. 7. Ambient density profiles for CORMIX model input.

Table 2. CORMIX model input data for Masan outfalls’ case

study.
Model input parameters Masan outfalls’ case
water body unbounded
manning’s factor 0.030

ambient velocity (cm/s) 6.0 (neap tide)

15.5 (spring tide)

wind speed (m/s) 20

nearest bank right

port number (diffuser length) 84 (210 m)
124 (300 m)
168 (400 m)

port diameter (m) 0.2

port height (m) 0.8

diffuser alignment angle (degree) 15 (parallel)

90 (perpendicular)
995.67(summer)
999.96(winter)
2.315 (1st phase)
6.0 (2nd phase)
7.17 (3rd phase)

alternating diffuser

effluent density (kg/m®)

flow rate (/s)

diffuser type
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Fig. 8. Comparisons of dilution rates along the downstream distance for the treatment capacity increases by 2011.
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Fig. 9. Comparison of dilution rates along the downstream distance for different diffuser lengths in parallel alignment to current direc-
tion.
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Fig. 10. Comparison of dilution rates along the downstream distance for different diffuser lengths in perpendicular alignment to
current direction,
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Table 3. Predicted dilution rates at 200 m downstream distance for different outfall designs and construction phases.

Summer

Winter

Construction Diffuser alignment Diffuser

phases  to current direction length  Neap-tidal current

Spring-tidal current  Neap-tidal current  Spring-tidal current

(u,=6 cm/s) (u,=15.5 cm/s) (u,=6 cm/s) (u,=15.5 cm/s)
210 m 17 62 39 87
2nd 300 m 21 81 50 112
Parallel 400 m 25 98 60 137
210 m 15 52 35 73
3rd 300 m 19 59 44 96
400 m 22 84 53 116
210 m 17 75 39 104
2nd 300 m 22 103 50 143
Perpendicular 400 m 26 125 61 175
210 m 16 64 35 89
3rd 300 m 20 75 45 122
400 m 23 107 54 149
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Table 4. Present status and engineering design of foreign ocean outfalls.

Year  pipe pipe discharge diffuser diffuser ports ports  flow discharge
Ocean outfalls of diameter length depth length diameter diameter spacing rate velocity
operation  (m) (m) (m) (m) (m) (cm)  (m) (m¥s) (m/s)

area
(m?s) ratio

Sanitation Districts of 21
Los Angeles County 1937 152 1524 34 116 1.52 2 55 0.94
White Point No. 1

Sanitation Districts of 105 20
Los Angeles County 1947 183 2072 47 65.8 ~1' 33 23 13 0.85
White Point No. 2 ’

Sanitation Districts of

61 16

Los Angeles County 1956 2.3 2,400 731 1.52 73 6.57 244 0.0090 0.63
R R ~64 ~19.1
White Point No. 3
City of Los Angeles 19¢) 37 8300 50 2410 71 1219 1842 396 00076 044
at Hyperion ~20.7
R 61 203
San Diego 1963 2.7 3,510 820 1219 1027 457 0.0125 0.39
~64 ~22.9
Sanitation Districts of 50 51
Los Angeles County 1965 30 2,270 58 1,350 ~9' 1 15.2 9.65 274  0.0071 051
White Point No. 4 ’
Metro. Seattle 64 11.4
(West Point) 1965 24 930 73 180 ~14.6 7.6 5.49 1.83  0.0305 0.60
Sanitation Districts of o0 55 650 3 g3 7S 301 1274 39 00070 0%
Orange County ~59 ~10.5
Honolulu 67 7.6 0.44
(Sand Island) 1975 2.1 2,780 72 1,030 9.0 30.1 4.64 3.05 0.0045
. 6.22,
Sanfrancisco 1990 3.66 6,400 229 10.97 19.72
South Bay
Ocean Outfall 1998 335 5,800 25 1,200 2.1 15.2
Boston Outfall 1998 82 15,000 32 2,000 370 20 56.0
1.8 3,000 60
Sydney Malabar 1990 76 ~4,000 80 25
WRC
Outfalls Gosport 091 044
Bridport 038 041
SEFLOE I Holly-
Outfalls wood 3,050 1.52 0.19
Broward 2,130 1.37 0.16
Miami- 5,730 39 122 98 090
Central
Miami-
.61 .61 1.14
North 3,350 110 0.6 0

#2y JEAEH T, 19932 AESGEH /S # 4 RS 53 A 69, 99, 11¥e] UsEFEE
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Fig. 11. Station map of field measurements in Masan-Jinhae

Bay.
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Fig. 12. Seasonal density profiles observed in the proposed
outfall sites.
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Fig. 13. Location map of new outfalls sites proposed for Masan-Changwon municipal wastewater treatment plant.

Table 5. Near-field dilution rates and plume characteristics predicted for the case of neap tidal currents at the proposed new outfall sites.

New outfall sites Constr- June September November
(Discharge Diffuser uction
depth(H), Ave. length phases XM  Z(m) S X(@m)  Z(m) S X(m)  Z(m) S
tidal current(u,))
Ist 43.6 17.0 362 28.7 212 248 51.6 21.2 480
200m 2nd 424 21.2 200 339 21.2 155 36.5 212 198
Ist . 3rd 384 21.2 173 342 212 142 339 212 171
proposed site
(22m, 10cm/s) st 415 170 537 220 171 335 633 212 952
400m 2nd 50.0 212 326 30.0 212 216 434 212 368
3rd 51.5 21.2 298 311 212 198 435 212 311
Ist 72.1 21.5 535 31.1 212 266 63.3 242 567
200m 2nd 55.7 24.2 252 36.6 242 163 50.6 242 250
2nd _ 3rd 513 242 215 371 242 148 473 242 214
proposed site
(25m, 11cm/s) Ist 589 215 722 237 165 354 769 242 1126
400m 2nd 60.4 21.5 413 326 22.1 232 63.0 24.2 477

3rd 55.1 215 348 334 24.2 209 59.4 242 400
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Table 6. Surface dilution rates and plume characteristics predicted by CORMIX model and Roberts' formula(Eq. 4) for the case of
neap tidal currents at the proposed new outfall sites.

(1) CORMIX Model

:tzv: outfall Diffuser length Constru-ction June September November

H u) Uo F) phases X(m) Z(m) S X(m) Z(m) S X(m) Z(m) S

200 m Ist 309 170 128 198 212 88 398 212 170

(,=0.002942, 2nd 292 212 71 227 212 55 274 212 70

Ist . F=0.33) 3rd 258 212 61 227 212 50 251 212 60
proposed site

(22 m, 10 cm/s) 400 m Ist 327 170 190 16.5 14.7 119 490 212 337

(,~0.001471, 2nd 387 212 115 223 212 77 356 212 130

F=0.6798) 3rd 397 212 105 231 212 70 333 212 110

200 m 1st 538 215 189 238 181 94 494 242 200

(,~0.002942, 2nd 395 242 89 274 242 58 390 242 88

2nd , F=0.4524) 3rd 359 242 76 276 242 53 362 242 76
proposed site

(25m, 11 cmfs) 400 m Ist 471 215 256 182 142 125 600 242 398

(j,=0.00147, 2nd 469 215 146 246 190 82 490 242 169

F=0.905) 3ud 424 215 122 252 242 74 462 242 141

(2) Roberts' formula(Eq. 4)

Ist 91 113 113

200 m 2nd 44 44 44

Ist . 3rd 37 37 37
proposed site

(22 m, 10 cm/s) Lst 192 166 240

400 m 2nd 92 92 92

3rd 77 77 77

Ist 130 110 147

200 m 2nd 57 57 57

2nd ‘ 3rd 47 47 47
proposed site

(25m, 11 cm/s) 1st 271 179 306

400 m 2nd 105 93 118

3rd 88 99 99
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