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Abstract

A silica mine monitoring was conducted from March to December in 2008 to measure rainfall, runoff amounts and pollution
loads. A total of 13 rainfall-runoff events were measured and analyzed with respect to runoff ratio, pollutant concentration and
load, and initial flush. Over rainfall-runoff events, 95% confidence range of SS concentration was 942.5~2,056.2 mg/L. Other
measured water quality indices also showed relatively large variation. This wide concentration variation was thought to be
caused by the bare working ground of the mine that was used to store, process and transport the mined silica. Total pollution
load of the 13 rainfall-runoff events was SS 17,901 kg/ha, CODc, 160.9 kg/ha, CODwn 111.24 kg/ha, BOD 79.6 kg/ha, T-N 13.8
kg/ha, T-P 3.5 kg/ha, and TOC 39.3 kg/ha. Initial flush was not well observed except SS. Very high SS concentration and load
was occurred when rainfall was large. Therefore, it was recommended to manage the bare ground not to discharge excessive
pollutants during wet days by covering the ground or constructing runoff treatment systems such as a sediment basin.
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Fig. 1. Location and watershed of study area.
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Table 1. Analysis of rainfall and runoff data
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Rainfall | Antecedent dry | Duration Rainfall intensity (mm/h) | Runoff depth Runoff

Event Date (mm) day (day) (h) Avg. Max, (mm) coefficient
1 08.03.22 ~ 24 44.0 7.5 29.3 15 35 135 0.30
2 08.04.09 ~ 10 6.5 2.8 13.0 0.5 2.0 2.2 0.34
3 08.05.18 ~ 19 33.0 5.2 13.2 2.5 8.8 19.0 0.58
4 08.06.02 ~ 03 12.2 2.8 4.9 0.7 2.4 4.0 0.29
5 08.06.18 ~ 20 33.0 5.3 8.9 3.7 8.8 22.5 0.68
6 08.06.28 ~ 29 33.4 6.4 18.6 1.8 5.4 11.0 0.34
7 08.07.02 ~ 03 19.2 3.2 11.3 1.7 7.8 10.0 0.52
8 08.07.16 ~ 17 134 1.3 11.2 1.2 5.6 6.6 0.49
9 08.07.19 ~ 21 149.0 2.5 452 3.3 22.0 116.8 0.78
10 08.07.24 ~ 25 141.9 2.3 30.2 4.7 14.0 139.1 0.98
11 08.08.02 ~ 03 33.0 2.5 8.9 3.7 7.0 9.3 0.28
12 08.08.22 ~ 24 139.0 2.8 46.3 3.0 10.0 107.1 0.77
13 08.09.01 ~ 02 55.0 9.8 22.9 2.4 9.0 15.6 0.30
All event 712.6 276.4 2.6 - 476.1 0.67
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kg/ha, COD¢ 0.19~47.92 kg/ha, CODw, 0.07 ~34.39
kg/ha, BODs 0.09 ~23.12 kg/ha, TOC 0.07 ~10.37 kg/ha,
TN 0.02~5.14 kg/ha, TP 0.002~1.21 kg/haZ uebgtch
138] ZAHde & 29F3skE SS 17,9015 kg/ha, CODc

Aog #odnh 2 AFAY9Y 1339 A 5 FA4F 160.91 kg/ha, CODw, 111.24 kg/ha, BODs 79.68 kg/ha,
b Z9FHBE3 mm)S UERA 439 ARt APEES TN 13.81 kg/ha, TP 3.502 kg/ha, TOC 39.32 kg/hal & 1}
Ao} ASAEE wastghFig. 2). 2AE A% AP etk 297t F71stel Wk CODq ¥ BODs 121
Bt AeAET 1S | fEek Iteke AF TOCE 7tk 4+ dehll= v Sse} TP= 37tst
< YetAE, A4 952 P gol 0.05ET A7) L Agko] T=EsH YERA: &gkt)
o] BAFLE & 9guE ZAAE Rt SS9 WAL Z4e eAEH AT dFS gol
APRZLF7t 24T i F&580 Sete 2TE ok 9&ek 102ke] HH AAE=+ 33 mmhet 47
gty oz wolA gt AFAH A dvHd A9 bt mm/MhE 1027} 148 ZAT H 2274 == 220 mmh
e Aol yetsith oA AFAHANA HPYFEH 9} 140 mm/hE 9x7t 16w Atk weEbA A eFEE
F7F FE2g 2 IdFE FA EsH, g2 718 A=t Apolo] W2 Ay HA gt AT APFee 47
FEE o 2 ¢S FE Zoz gt UL =9 v W FHo] tEch 9A9] MIFLE 134
=9 R7F 7bd A, P ol /M8 AL ReE YEyy mmel Al &) 10249 APALE 149.0 mm=E 116 ©
o] f&EEd M Z 9FE T AR #AGE F &9 olg Uerdth 9xtel] Hls) 102 ZAMEY] A
A A7 s B gZe] A &0 dAuH, §F &
olFs dde ANH 7tE 59 AP AN FHE & Tholl W BEAMFAY 712 SS %7 A4 JEhg v%
A &7o] FAZ Wgsly] Wi Aoz wgdr. dF S fFEFAE SEESE A Ut AR ddd
o] Feet xdo] FAE e A9 B &5 AFA oA A HH AR S92 g2 F
& Fetar] AalMe 371 A7 8¢ o Be A= 2o Hs) SS Faprt W Atk Aotk B9t A
o] F2o] agdth 9z} 102+ At A EAS SS Hske F SS

I

bal
o
HN
L
M
ff

skl 90% oS AAdtE AL AgHJT e F
32 T& A F2o] 9x9} 103+ Z-AFolA 40 ~50%F A ste
AeA FAdEE Al Wd P, EFAA, 95% AlF Fe= W gxzFolth = AFH FPF FH 87
T3+ 28 HEATE AHE S tHTable 2). Z9Al SS¢ ARl 98l SS ¥t Wl A EE Aoz #
95% AlF]F7HS 2,056.25 ~942.53 mg/Lelat, HEAF7F At} waEhy AFA YT $AE YL SSE Zo]y] @
188.54% 2 71d Zoh TS TP 95% 4177+ 0.83 ~ HH0A A7 A|Mo] $AHor Fasith HEdedLe =

f

of ok r-Yl B T ooy

Table 2. Statistics of non-point source pollutant

Avg. conc. (mg/L) Standard deviation Upper limit (mg/L) Lower limit (mg/L) Coefficient of variation (%)
SS 1,499.39 2,826.89 2,056.25 942.53 188.54
COD¢; 27.94 13.27 30.55 25.32 47.50
CODwn 18.38 10.61 20.47 16.29 57.76
BODs 13.44 5.07 14.44 12.45 37.68
TOC 7.38 2.72 7.91 6.84 36.90
TN 3.27 341 3.94 2.60 104.26
TP 0.65 0.93 0.83 0.46 143.64
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Table 3. Estimated pollutant loads for rainfall-runoff events (Unit : kg/ha)
Event sS CODg CODwn BOD:s TOC T-N T-p
1 14.90 2.37 127 115 0.39 217 0.02
2 0.27 0.19 0.07 0.09 0.07 021 0.002
3 180.81 10.85 7.73 3.37 0.97 123 0.05
4 16.78 0.87 0.11 0.47 0.24 0.02 0.04
5 183.19 18.83 8.98 8.01 3.32 0.14 121
6 5.11 3.03 2.60 1.80 1.26 0.19 0.02
7 8.28 2.43 2.10 1.50 081 0.22 0.04
8 20.17 171 1.44 0.89 0.30 0.14 0.04
9 3,822.74 34.92 23.91 16.28 9.16 5.14 0.36
10 12,480.10 47.92 34.39 2312 10.37 0.76 118
1 24.47 2.86 2.05 1.44 091 0.13 0.03
12 867.53 3174 24.30 19.99 10.18 233 0.43
13 217.21 3.19 229 157 11 113 0.08
Avg. 1,377.04 12.38 8.56 6.13 3.02 1.06 0.27
Tatal 17,901.50 160.91 111.24 79.68 39.32 13.81 350
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Fig. 3. Pollutant loads with runoff depth.
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Fig. 4. Comparison of cumulative runoff ratio and cumulative pollutant load ratio with respect to measured water quality
indices and rainfall.
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Table 4. FWMC of rainfall-runoff events (Unit : mg/L)

Event SS COD¢ CODwn BODs TOC ™ TP
1 104.0 17.03 9.12 8.27 2.78 15.59 0.179

2 11.9 8.54 2.98 3.89 3.06 9.39 0.089

3 1,027.9 61.71 4393 19.14 553 7.02 0.260

4 470.6 24.28 3.08 13.13 6.83 053 1.260

5 406.9 41.82 19.94 17.79 7.38 0.30 2.693

6 451 26.72 22.95 15.83 11.10 1.69 0.145

7 83.1 24.37 2111 15.05 8.17 221 0.363

8 305.2 25.90 21.84 13.46 8.03 2.19 0.550

9 32735 29.90 20.48 13.94 7.84 4.40 0.309

10 8,967.7 34.22 24.71 16.61 7.45 0.55 0.847

11 263.3 30.82 22.07 15.49 9.79 1.42 0372

12 810.1 29.63 22.69 18.67 9.50 2.18 0.401

13 1,782.1 2052 14.70 10.11 7.14 7.26 0543
All evnet 3,760.0 33.80 29.25 16.74 8.26 2.90 0.736
SD” 3,378.6 13.2 143 5.0 25 45 0.7
V™ (%) 89.9 39.1 488 30.0 303 155.5 92.8

" SD : Standard deviation
™ CV : Coefficient of variation
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