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ABSTRACT

The purpose of this study is to investigate the characteristics of pollutants overflow
on storm events and the first flush analysis in industrial complex. Eight sub-basirs
in the Chongju industrial complex were selected for sampling and study with different
characteristics during the period from June 1997 to August 1998. Water quality
parameters of stormwater runoff such as BODs, COD, SS, TKN, NOs-N, PO+-P, TP,
n-Hexane extracts, Cr, Cu, Pb, and Fe were analyzed. During the storm events,
measured concentration ranges of BODs, COD, SS, NOs-N, TKN, POs-P, TP, r-
Hexane extracts, Cr. Cu, Pb and Fe were 2~324 mg/L, 5~810 mg/L, 1~1,110 mg/L,
0.01~10.89 mg/L. 0.1~59.8 mg/L, 0.08~7.02 mg/L, 0.1~7.8 mg/L. 0.1~1,723.6
meg/L, 0.001~0.363 mg/L, 0.001~0.488 mg/L, 0.001~1.28 mg/L, and 0 26~18.91
mg/L, respectively in the industrial complex watersheds. And a quantitative of first
flush has been presented. First flush occurs more frequently as the ratio of

impervious area increases.
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Fig. 1. Location of studied basin,

and sampling sites.
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Table 1. Characteristics of industrial complex basins

Sub-basin site

Basin characteristics
A B C D E F G H
Drainage area (ha) 190.00 5.42 15.2 6.24 7.94 7.40 1.50 27.00
. . Metal,
Manufacturing material Entire | Metal Metalm@, Fabric | Foods Metaloid. Electronic Foods,
Electronic Foods .
Commercial
Percent of impervious area 65 90 57 74 70 55 3 70
Land slope (%) 11 1.0 0.9 0.8 0.2 15 3.5 0.8
Storm sewer length (m) 3.000 525 950 425 375 1,750 200 2,400
Storm sewer slope (%) 0.5 2.1 1.8 15 0.5 25 2.0 1.0




Table 2. Hydrologic description of industrial complex stormwater runoff sampled

Sit Dry/ Dat Rainfall | Duration | Runoff Runoff Peak flowrate [Days since| No of
e Wet ate (mm) (hrs) (mm) | coefficient (m*/min) last storm | samples
97/06/30 11.2 2.9 1.60 0.55 563.0 5 16
97/07/11 10.9 3.5 1.89 0.54 165.1 6 25
Wet 97/11/12 20.0 8.6 5.68 0.66 1.564.8 19 28
A € 198/07/10 22.7 3.5 1.93 0.55 2.095.1 8 30
98/07/21 2.4 1.6 0.98 0.61 495.0 2 21
98/08/23 5.4 4.8 2.78 0.58 379.5 5 35
Dry |98/07/07 - 24.0 - - 159.9 29 12
98/07/10 22.7 3.5 2.81 0.97 421 8 30
B Wet |98/07/21 2.4 1.6 3.08 0.88 89 2 35
98/08/23 5.4 4.8 8.08 0.94 62.9 5 36
97/06/30 11.2 2.9 1.86 0.53 46.6 5 11
C Wet |97/07/11 10.9 3.5 0.75 0.47 13.5 6 30
97/11/12 20.0 8.6 2.59 0.54 44 4 19 26
98/07/10 22.7 3.5 2.38 0.82 32.7 8 20
D | Wet |98/07/21 2.4 1.6 221 0.63 4.7 2 27
98/08/23 54 4.8 5.25 0.54 68.2 5 30
98/07/10 22.7 3.5 1.97 0.68 354.3 8 30
E Wet | 98/07/21 2.4 1.6 2.03 0.58 85.0 2 20
98/08/23 5.4 4.8 5.25 0.61 189.4 5 35
97/06/30 11.2 29 2.07 0.59 12.9 5 22
F Wet [97/07/11 10.9 3.5 0.66 0.41 2.5 6 33
97/11/12 20.0 8.6 1.87 0.39 13.9 19 39
97/06/30 11.2 2.9 1.37 0.39 6.8 5 20
G Wet |97/07/11 10.9 35 0.43 0.27 1.0 6 32
97/11/12 20.0 8.6 0.91 0.19 4.4 19 37
98/07/10 22.7 3.5 1.94 0.67 852.3 8 33
Wet |98/07/21 2.4 1.6 2.24 0.64 450.5 2 32
H 98/08/23 | 5.4 4.8 5.25 0.61 95.1 5 35
Dry |98/07/07 - 24.0 - 8.1 29 12

Table 3. Regression equation between run-

off depth and flowrate (unit: Q
(m*/sec), H (cm))
Site | Regression equation I\;;t:f coi?frizileittif)r}]?2

A Q=10—2.213H|.922 14 0.95

B |Q=10"%¥g"'*® 65 0.99

C |Q=10"""""1® 31 0.93

D | Q=10""®H"* 35 0.99

E [Q=10"%"p™ 29 0.99

F | Q=10"2"H%* 53 0.98

G | Q=10""002H 23 0.99

H | Q=10 %%y 26 0.99
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Table 4. Summary of flowrate and water quality for each sub-basin

Constituents

Site | Item | Flowrate| BODs | COD | S8 | TKN [ NO#N|POs/P| TP | HEM | Cr Pb Cu Fe
(m*/min)| (mg/L){ (mg/L) | (mg/L) | (mg/L}| (mg/L) | (me/L) | (mg/L) | (mg/L) | (mg/L)| (mg/L) | (mg/L) | (mg/L)

Avg. | 356.04| 96.7| 249.81 219.7| 128| 117} 214 3.7] 248.9) 0.032] 2.206) 0.030| 6.365
Min. 534 120 267 3.0 22 004 024 0.8 437 0001 2.004| 0.001| 0483
Max. |2.095.10| 234.3| 570.0] 806.0y 334 357 3.89 7.3|1.224.0| 0.114| 1.280 0.278| 16.220
Std. | 20731 164, 358( 650 24| 014] 029 03] 79.4| 0005} 2.066| 0013| 0519

Avg. 85.39| ©9.7| 1256| 376| 357| 083] 265 3.5] 5814 0.015] 2.025| 0.014| (
A Min, 66.93; 51.3] 8.7 230) 312y 007 230 26| 364 0.001| 2.003| 0.011| 0.383
{dry) | Max.| 10542} 89.1{ 159.9| 1260 43.1] 4.66] 3.06 48[ 116.8] 0.035| 2.053| 0.019| 1
Std. 963 109] 245 271 331 1i9) 021 0.5 19.9] 0.010| 2.018] 0.002] 0.133

Avg, 1732 524| 994| 613 3.7 08| 149 22| 71.8| 0.077| 0.172] 0.037| 2

Min. 004 10.6 5.9 14| 03| 001] 009y 05 0.1 0.010] 2.004] 0.001]| 0.2
Max.| 62.85| 157.0| 621.4| 223.0f 2l.6f 213 572| 74| 648.5| 0.234| 0431| 04311 1..88C
Std. 767| 13.6| 455] 186 15 010 034 03] 588 0.019] 2.020f 0.032| 0864

Ave | 1490| 474| we2] 871] 37| 199] 219 41| 1320] 0.110| 2.076] 0.047
¢ M| 07| 60| 0| 500 11| 008 013) 15| 26| 0031| ooo4| oou|
Max.| 4659| 2220 590.0| 352.0| 112] 375 670 92| 4202] 0231| 0247 o0.097|™ %

Std. 478 30.8] 460 279 05| 0.11] 08! 06| 354 0008 0.015§ 0.C01

Avg. 958 34.1] 47| 859 56 191 134 1.9} 3507 0.043] 0.055| 0Cl4) 2741
Min. 0.06 2.7 9.9 5.0 0.1 0247 0.08 0.2 0.11 0002 0002 0.C01| 0.316

b Max. 68.201 769 156.8| 761.0| 598 5721 569 78] 3252| 0.312] 0.288] 0.096] 13.440
Std. 7.87 2.9 76 52.3 5.8 055 049 0.5 13.9| 0.0221 0021 0.C06| 1.011
Avg. 65.16| 32.5 51.1 h2.6 24 1.18| 0.36 1.0 7241 0.099| 0.047] 0.27| 2.541

o Min. 0.05 2.0 5.0 1.0 0.1 0.12] 0.05 0.2 271 0.003f 00011 0.€01| 0.262
Max.| 354.29| 80.7) 230.0] 444.3 9.7 5641 1.29 310172367 0.363] 0.190] 0.488] 13.260
Std. 32.22 3.8 134 29.1 0.6 040] 0.07 0.2 15641 0.045} 0.022] 0.C49| 0.540
Avg. 307 732 2013 747 54 1071 2.07 39 9241 01087 0.250] 0.C98
Min. 0.10 6.0 10.0 30 04 0.0l 0.09 0.1 1.0} 0.020 0.087| 0002

F no data

Max.| 13.89 324.0E 810.01 4383| 472 543 7.02] 10.1| 451.7) 0.232] 0494 0.:42
Std. 1.54) 23.7) 637| 450 44, 046] 0.79 04| 382] 0.006] 0.010] 0.(28

Ave | 079 375 1214! 15271 250 119 o073l 12| 100.1| 0.149) 0.242| 0037
¢ |Mn| 001 60/ 200 280| 04 001 010] 02| 17 0002| 004l OC0L|
"l Max|  682] 12000 4000| 4090 71| 350 445 49| 8258 0400| oger] o.107|™ **

Std. 0.68 557 245¢ 101 04| 027} 037 0.3] 43.7] 0.025| 0.043] 0.009

Avg. | 10486 99.4| 255.7| 30750 129 145] 186| 32| 3323 0.025[ 0.190( 0.41| 5.787
Min. 3761 196 486 25 28] 003] 058 1.4] 3L.1] 0.0021 0019| 0.000] 0.705
Max. | 852.34 201.3] 730.0)1.1100; 27.5| 10.86] 358 50}1.382.2| 0.176] 0452] 0.275] 13.910
Std. 93.97 23] 169| 628, 08| 112 0l1e| 02| 866| 0.017| 0005] 0.027| 0.622

Avg. 64.45) 101.1) 190.71 433] 423] 063 3.00 36| 111.3] 0.011| 0.024| 0.024| 03.728

H Min. 059 34.7| 1165 11.0] 335 014 217 321 50.0{ 0.002] 0.001} 0.012] 01450
(dry) | Max. 8.10| 190.3| 4272 760, 581 1.691 3.79 421 1946) 0.031} 0.060] 0.047| 1.247
Std. 2271 45.8] 86.1 21.8 741 048, 042 03| 424| 0.008] 0017| 0.008| 9203

Note) Avg. . Average, Min. : Minimum, Max. : Maximum, Std. : Standard deviation, (drv) : Dry weather
sampling
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Fig. 2. Variations of flowrate and pollutant
concentration.
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Table 5. Cumulative curve ratio for flowrate and pollutant load

Cumulative Curve Ratio
Site Date
Flowrate| BOD; | COD | SS | TKN |[NOs+N|PO&~P| TP | HEM | Cr Pb Cu Fe
97/06/30 1.00 099 | 11171061101 | 100 | 125|107 | 1.12 | 1.04 | 0.98 | 0.99 -
97/07/11 1.00 099 {09108 1.02| 109 | 1.10 | 097 {1 093095 ] 1.13 | 0.89 -
97/11/12 1.00 1.03 {100 1.00{1.05]| 102 | 094 | 1.02 {106 | 1.04 ] 1.00 | 1.12 -
A | 98/07/10 1.00 1.08 11271047123 101 [ 1.17 | 1.16 | 1.26 | 1.14 | 1.15| 1.18 | 1.14
98/07/21 1.00 1.05 1097095105} 105] 109 | 1.02 093|088 | 130 | 094 | 087
98/08/22 1.00 090 |08 |086|099| 097 | 1.02 | 097 | 0.85 - 098 | 1.79 | 0.88
Average 1.00 1.01 1102|109 | 106|102 109 {104} 102 | 101109 | 1.15| 0.96
98/07/10 1.00 119 [ 1301129126 09 | 1.19 | 121 | 132 | 1.13 | 1.14 | 098 | 1.24
B 98/07/21 1.00 1.14 1114 (1201 1.10| 093 | 098 | 1.20 | 1.17 | 0.89 | 099 | 1.02 | 1.05
98/08/22 1.00 1.01 11061105110} 1021 101 ] 1051 1.12 - - 1.08 | 1.05
Average 1.00 111 Y17 1181 1151 097 { 106 | 1154 120 | 1.01 | 1.07 | 1.03{ 1.11
97/06/30 1.00 1.39 110410951098 101 | 1361 1051096 | 092 1.10 | 0.94
o 97/07/11 1.00 1.33 11,29 (1151115 091 | 1.38 | 116 | 1.21 | 097 | 0.93 | 1.07
T 97/11/12 1.00 1.08 11.07|1106) 109099 | 086 | 1.00 | 101|102 1051 105
Average 1.00 1.27 [ 1131106 108 097 | 1.23 | 107 | 106 | 097 | 103} 1.02
98/07/10 1.00 1.15 1115413911267 083 1.07 | 1.11 | 099 { 092 | 1.23 | 130 | 1.33
D 98/07/21 1.00 110 (1111141114 098 { 1.09 | 1.08 | 1.19 | 1.06 | 117 | 1.08 | 1.07
98/08/22 1.00 1.00 {1.0311.0511.03| 098 | 0991 1.021 1.07 - - 1.07 | 1.05
Average 1.00 1.08 111011201 1.14| 093 | 1.05 1 1.07 1 109 | 099|120 1151 1.15
98/07/10 1.00 111 1201131110 116 | 1.07 | 1.13 | 1221096 | 1.17 { 1.26 | 1.28
£ 98/07/21 1.00 108 11.09|115] 110 106 | 113 | 1.12 | 099 | 1.06 | 1.14 | 1.21 | 1.17
98/08/22 1.00 1.00 | 1.08|1.12]1.12| 103 | 1.18 § 1.14 | 1.08 - - 1.03 | 1.07
Average 1.00 106 11124119111 108 | 113 1.13 | 1.10 1 1.01 | 116 { 1.17 | 1.17
97/06/30 1.00 097 | 1001108117 1.16 | 1.00O | 1.07 | 097 | 100 | 101 | 1.04
B 97/07/11 1.00 1.01 1099|089} 135 183 | 124098 | 088 | 084 | 094 | 097
97/11/12 1.00 1.06 1095 (1.15)10981 093 | 098 | 09 | 1.13 | 1.03 | 0.96 | 1.00
Average | 1.00 1.01 (0981104 1,17 1.31 ] 1.07 | 1.00 { 1.00 [ 0.96 | 097 | 1.00
97/06/30 | 1.00 099 | 1101102101 1021099 | 107 | 1.20 | 1.06 | 099 | 1.06
G 97/07/11 1.00 102 (12111050121 119 114 | 112 | 1.17 | 0.87 | 1.10 | 0.82
T91/11/12 1.00 1.05 [1.041{106]1.08) 098 | 1.04 | 1.04 | 1.08 | 1.03 | 1.05 | 1.03
Average 1.00 1051112105110 1.07 § 1.06 | 1.08 | 1.15 ] 099 | 105 | 0.97
£ 98/07/10 1.00 121 1122118116 083 | 1.10 | 1.08 | 1.26 | 086 1.12 | 1.19 | 1.15
H 1 98/07/21 1.00 1.07 1.081106) 1061 1.01 | 102 101|106 ] 106|097 | 1.11 ] 1.04
| 98/08/22 1.00 128 11.16{079]1.08] 1.03 ] 1.10 ] 1.11 | 0.80 - 0951 1.16 | 0.72
i Average 1.00 118 1 1.15 101110 096 | 1.07 | 10T | 1.04 | 096 | 1.01 | 1.16 | 0.97
SS, BODs, COD, TKN, TP, Fe B24 444 & HlwA & drelde 88, Ferl S2i8el 542 v
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Fig. 3. Variation of incremental cumulative
flowrate ratio and cumulative load
ratio.
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