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Abstract

The objective of this study was to develop and verify an effective vortex typed nonfilter nonpoint source pollution reduction device. To
verify this pollution reduction device, a total of twelves scenarios (three rainfall intensitiesxtwo statesxtwo steps) of experiments were
conducted using pollutants. First, simulated inflow (rainfall intensity 2.5 mm/hr: 0.00152 m?/s, rainfall intensity 3.395 mm/hr: 0.00206
m’/s, rainfall intensity 6.870 mm/hr: 0.00326 m®/s) was calculated. Second, pollutants (mixture of 25% of four particle sizes) were
selected and injected. Third, pollutant removal efficiencies of this device at its initial state and operating states were measured. As a
result of analysis based on rainfall intensity, the concentration of pollutants was decreased by the device at initial and operating states
at all rainfall intensities. Its pollutant removal efficiency was more than 80%, the standard set by the Ministry of Environment. Its
pollutant removal efficiency was gradually increased over time, reaching approximately 90%. Its pollutant removal efficiency was
higher in its operating state than that in its initial state. Therefore, nonpoint source pollutants can be effectively removed by this vortex
typed nonpoint source pollution reduction device developed in this study.
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Fig. 1. Concept of the vortex typed nonfilter nonpoint source pollution reduction device
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Fig. 2. Operation principle in the first step of the vortex typed nonfilter nonpoint source pollution reduction device
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Fig. 3. Flowchart of experimental verification of the reduction device
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Table 1. Selection of rainfall intensities for experimental verification

RA G EAR 1

Rainfall intensity Area Inflow rate Inflow rate

(mm/hr) (km?) (m*/s) (L/s)

2.5 0.0014 1.39

3.395 0.002 0.0019 1.89

6.870 0.0038 3.82

Circulation

Water E> Water Water control

supply clarification using weir

ﬁ Circulation G

Outflow from <: Retliluclng <: Inflow to
. . pollutant . 5
reduction device reduction device

Analysis of efficiency

Vortex typed nonfilter nonpoint source reduction device

Fig. 4. Flowchart of water supply and circulation system
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Table 2. Experimental verification results for rainfall intensity 2.5 mm/hr

(a) 1°* Step result (b) 2" Step result
State Pollutant Concentration Removal State Pollutant Concentration Removal
(Inflow rate: 1.52 L/s, weight (mg/L) efficiency (Inflow rate: 1.52 L/s, weight vl efficiency
Pollutant rate 4.034 g/s) (mg) & (%) Pollutant rate 4.034 g/s) (mg) (%)
Inflow - 226.2 904.8 - Inflow - 355.5 1422 -
0 min 39.2 156.8 82.7 0 min 39 156 89.0
5 min 38.7 154.8 82.9 5 min 37.5 150 89.5
10 min 38.1 152.4 83.2 10 min 35.7 142.8 90.0
15 min 329 131.6 85.5 15 min 35.1 140.4 90.1
20 min 31.8 127.2 85.9 20 min 33.9 135.6 90.5
_— 25 min 29.8 119.2 86.8 _— 25 min 32.1 128.4 91.0
nitial i nitial i
Device =30 min | 307 122.8 86.4 Device |30 nin | 306 122.4 91.4
runoff runoff
35 min 304 121.6 86.6 35 min 31.9 127.6 91.0
40 min 29.8 119.2 86.8 40 min 33.8 135.2 90.5
45 min 29.3 117.2 87.1 45 min 29.3 117.2 91.8
50 min 28.9 115.6 87.2 50 min 30.9 123.6 91.3
55 min 294 117.6 87.0 55 min 31.5 126 91.1
60 min 27.5 110 87.8 60 min 324 129.6 90.9
Inflow - 229.8 919.2 - Inflow - 298.7 1194.8 -
0 min 31.1 124.4 86.5 0 min 33.8 135.2 88.7
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Fig. 8. Comparison of SS concentration and efficiency results for rainfall intensity 2.5 mm/hr



S. H. Jang et al. / Journal of Korea Water Resources Association 52(4) 265-277 273

Table 3. Experimental verification results for rainfall intensity 3.395 mm/hr

(a) 1°* Step result (b) 2" Step result
State Pollutant Concentration Removal State Pollutant Concentration Removal
(Inflow rate: 2.060 L/s, weight (mg/L) efficiency (Inflow rate: 2.060 L/s, weight vl efficiency
Pollutant rate 4.034 g/s) (mg) & (%) Pollutant rate 4.034 g/s) (mg) (%)
Inflow - 266.5 1066 - Inflow - 409.2 1636.8 -
0 min 52.5 210 80.3 0 min 42.9 171.6 89.5
5 min 43.7 174.8 83.6 5 min 42.5 170 89.6
10 min 33.7 134.8 87.4 10 min 41.5 166 89.9
15 min 29 116 89.1 15 min 40.8 163.2 90.0
20 min 28.7 114.8 89.2 20 min 39.6 158.4 90.3
Initial 25 min 344 137.6 87.1 Initial 25 min 33.1 132.4 91.9
nitia i nitia i
Device 75, in | 322 128.8 87.9 Device I3 min | 32.8 131.2 92.0
runoff runoff
35 min 31.8 127.2 88.1 35 min 31.9 127.6 92.2
40 min 30.7 122.8 88.5 40 min 33.7 134.8 91.8
45 min 30.9 123.6 88.4 45 min 28.7 114.8 93.0
50 min 29.7 118.8 88.9 50 min 28.9 115.6 92.9
55 min 28.5 114 89.3 55 min 30.1 120.4 92.6
60 min 28.1 112.4 89.5 60 min 27.5 110 93.3
Inflow - 234.9 939.6 - Inflow - 384.1 1536.4 -
0 min 349 139.6 85.1 0 min 40.5 162 89.5
5 min 25.8 103.2 89.0 5 min 40.8 163.2 89.4
10 min 16.8 67.2 92.9 10 min 43.5 174 88.7
15 min 23.7 94.8 89.9 15 min 37.5 150 90.2
20 min 13.3 53.2 94,3 20 min 36.7 146.8 90.5
o . 25 min 16.6 66.4 92.9 o . 25 min 33.2 132.8 91.4
eratin, i eratin i
perating| Device 7" s T 156 62.4 934 | peraung) Device [ L T 06 130.4 91.5
runoff runoff
35 min 18.1 72.4 92.3 35 min 28.6 114.4 92.6
40 min 21.8 87.2 90.7 40 min 29.9 119.6 92.2
45 min 194 77.6 91.7 45 min 273 109.2 92.9
50 min 16.7 66.8 92.9 50 min 294 117.6 92.4
55 min 19.2 76.8 91.8 55 min 25.3 101.2 93.4
60 min 17.5 70 92.6 60 min 25.8 103.2 93.3
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Fig. 9. Comparison of SS concentration and efficiency results for rainfall intensity 3.395 mm/hr
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Table 4. Experimental verification results for rainfall intensity 6.870 mm/hr

(a) 1% Step result (b) 2" Step result
State Pollutant Concentration Removal State Pollutant Concentration Removal
(Inflow rate: 3.26 L/s, weight (mg/L) efficiency (Inflow rate: 3.26 L/s, weight vl efficiency
Pollutant rate 11.0 g/s) (mg) & (%) Pollutant rate 11.0 g/s) (mg) (%)
Inflow - 383.9 1535.6 - Inflow - 332.2 1328.8 -
0 min 85.6 3424 77.7 0 min 39.8 159.2 88.0
5 min 82.7 330.8 78.5 5 min 36.1 144.4 89.1
10 min 70.9 283.6 81.5 10 min 334 133.6 90.0
15 min 63.2 252.8 83.5 15 min 40.1 160.4 87.9
20 min 54.7 218.8 85.8 20 min 334 133.6 90.0
Initial 25 min 49.8 199.2 87.0 Initial 25 min 33 132 90.1
nitia i nitia i
Device 730 min | 40.9 163.6 89.4 Device |30 min | 33 132 90.1
runoff runoff
35 min 38.9 155.6 89.9 35 min 21 84 93.7
40 min 37.4 149.6 90.3 40 min 29.3 117.2 91.2
45 min 38.1 152.4 90.1 45 min 31.3 125.2 90.6
50 min 36.6 146.4 90.5 50 min 27.1 108.4 91.8
55 min 35.7 142.8 90.7 55 min 28 112 91.6
60 min 39.1 156.4 89.8 60 min 24.8 99.2 92.5
Inflow - 366.9 1467.6 - Inflow - 310.8 1243.2 -
0 min 71.1 284.4 80.6 0 min 29.5 118 90.5
5 min 62.1 248.4 83.1 5 min 28.1 112.4 91.0
10 min 48.1 192.4 86.9 10 min 30.9 123.6 90.1
15 min 33.9 135.6 90.8 15 min 35.1 140.4 88.7
20 min 32.7 130.8 91.1 20 min 32.7 130.8 89.5
o . 25 min 31.8 127.2 91.3 o . 25 min 27.7 110.8 91.1
eratin, i eratin i
perating| Device 7 s T 304 121.6 g7 | peraung) Device 7y T o6 104.4 91.6
runoff runoff
35 min 29.6 118.4 91.9 35 min 26.9 107.6 91.3
40 min 30.5 122 91.7 40 min 25.7 102.8 91.7
45 min 27.8 111.2 92.4 45 min 25.8 103.2 91.7
50 min 29.4 117.6 92.0 50 min 26.6 106.4 914
55 min 30.7 122.8 91.6 55 min 24.3 97.2 92.2
60 min 30.3 121.2 91.7 60 min 28.1 112.4 91.0
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Fig. 10. Comparison of SS concentration and efficiency results for rainfall intensity 6.870 mm/hr
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Fig. 11. Comparison of the pollutant removal efficiency
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