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Abstract

The characteristics of stormwater runoff was examined on distinct types of agricultural and industrial area in Lake Sihwa
watershed. During rainfall event, the peak concentrations of SS, CODwn, and TP were observed after 6~11 hours of rainfall in
agricultural areas. Whereas, the peak concentrations occurred within the first one hour after rainfall and then the highest
concentration of NPS pollutants sharply decreased, showing strong first flush effect in industrial areas. The strong first flush
effect of suspended solid was apparent in agricultural areas, while those of organic matters and nutrients were clear in
industrial areas. The cumulative load curves for NPS pollutants showed above the 45° straight line, indicating that first flush
effect occurred in industrial areas. The mean SS EM C values of agricultural areas ranged from 60~598 mg/L (Avg. 285 mg/L),
it was higher value when compare to other areas. While the mean CODwp, TN, and TP EMCs values of industrial areas were
shown the highest values as 67.7 mg/L, 12.1 mg/L and 2.1 mg/L respectively.
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Fig. 1. Sampling sites in Lake Shhwa watershed.

Table 1. Land use conditions of in Lake Sihwa watershed
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Table 2. Hydrologic description of runoff events in each site
Case Site Storm Event data  Total rainfall Rainfall intensity Duration Antecedent dry Runoff depth Runoff
event (yy/mm/dd) (mm) (mm/hr) (hrs) days (ADD) (mm) coefficient
Event 1 08/5/18 59 0.0~21.0(2.3) 26 17 22.3 0.38
Event 2 08/6/2 40 0.0~17.0(2.1) 19 5 30.5 0.76
™ Event 3 08/6/18 62 0.0~22.5(1.6) 38 9 55.0 0.89
Event 4 08/7/19 180.5 0.0~20.0(4.1) 44 3 178.5 0.99
Event 5 08/7/24 1385 0.0~29.5(3.7) 38 4 1715 1.23
Rural Event 6 08/8/12 453 0.0~28.5(1.4) 33 9 319 0.70
area Event 1 08/5/18 63 0.0~39.0(3.3) 19 17 72 0.11
Event 2 08/6/18 97 0.0~43.5(0.8) 23 9 14.1 0.15
MS Event 3 08/7/13 145 0.0~7.5(0.8) 19 2 2.0 0.14
Event 4 08/7/19 84.5 0.0~24.0(4.5) 19 3 139 0.16
Event 5 08/7/24 128 0.0~39.0(6.7) 19 4 19.3 0.15
Event 6 08/8/12 1215 0.0~45.0(7.2) 17 9 17.1 0.14
Event 1 08/3/29 10 0.0~3.0(1.3) 8 5 35 0.35
Event 2 08/5/18 425 0.0~10.5(4.7) 9 4 139 0.33
1GS Event 3 08/5/28 24 0.0~9.5(2.0) 12 6 10.3 0.43
Event 4 08/6/2 13 0.0~4.5(1.4) 9 4 6.7 0.52
Event 5 08/7/16 335 0.0~15.5(3.7) 9 4 142 0.42
Industrial Event 6 08/8/11 115 0.0~6.5(1.3) 9 8 55 0.48
area Event 1 08/3/29 85 0.0~3.0(0.9) 10 5 77 0.91
Event 2 08/4/19 9 0.0~3.0(1.0) 9 3 6.0 0.67
47G Event 3 08/5/18 41 0.0~10.0(4.6) 9 17 221 0.54
Event 4 08/5/28 24 0.0~8.5(2.7) 9 9 185 0.77
Event 5 08/6/2 46.2 0.0~18.5(3.1) 15 5 275 0.59
Event 6 08/8/15 13 0.0~7.5(1.4) 9 9.2 0.71
() is average value of rainfall intensity
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AFOZRE % 6hr £, FHZZ] 70mmyl Al A 1lmm) ¢tell AFFPIE B FERFS A2 Z-Ald
SS, CODwn, TP7F FF9 25 Yelll = AL AT E 2d=d #F2o wWEA dede FE5HS 2T
55 s} sUmMgLZIA FA3 geelA HEE 1046 27129 AR ¥, 098D vEE 340 453 #3
NTUZHA g&dhe #2542 29 1895 944098 3712 A3 J4Zgoz sy mad s 3T
ol tF Agts g fYEHE A4S EHth 5&F9 1B S BT 4TGY BF LH9ER fESHE 23T T
AX TNS 294 §2F 3719 B2 55 7 02 d52d fA¢ 332 29tk 4EFIAE % 10mm

Journal of Korean Society on Water Quality, Vol. 25, No. 5, 2009



ZME - 2T -

4S4 -oolg

s 160 30 -
— T = 80
T wf 140 g E 25 E
E I Rainfall Strengthimm) 1120 = = W Rainfall Strengthimm) =
b - -
% % — cumulative Raintaiom) | | o % 20 — Cumuiative Rainfallimm) | 160 E
s 2 e & 2 15 40 @
B 15 @ 2] 2
= 160 2 3 10 £
E 1 s £ E
= {40 3 = n 2
g s 10 § g ° £
o || | 3 c
ol f ! f ' ey T r — 0 o o
_ 02:00 06:00 10:00 14:00 18:00 22:00 02:00 06:00 10:00 14:00 . 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00
E 1200 2 400 30
= - =3 350 || —®—— ssimgL)
Sool 2 N ey [ 0TI R s
3 / - ——w-—- cobimgl) o 2 300 ——y-—- coDmglL) ®
£ so0f ~ — — —  FlowratelcMs) |1 400 = 2 50l Flow rate(CMS) j20 =
5 i .o \ 5] 5 )
T e} / Jao 2% amof 1 &
2 f N g o £
2 400} | l20 3 2 0T 110 2
=3 INC SN -l fra
g 20 100 8 sl : 15
@ 0 0 W glrvrey--—-yp-—-y-—9 -y -y _-y_—_y
w w
8 1.2 4 10
TF —8— THimgiL) —@— THimglL)
. —&— TRmot) |10 —b— TP(mglL} {08
2s 1% ) ) Jos 2
o
E 4 06 £ g 2f g
o = ] —
s loa F £ Ll
2 1l
1t 0.2 H0.2
0 T T T T T T T T T 0.0 ol . . . r . ; ’ . . 0o
02:00 06:00 10:00 14:00 18:00 22:00 02:00 06:00 10:00 14:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00
7i24 7125 7119 7120
(@) JB (Event 5) (b) MS (Event 4)
Fig. 2. Variation of pollutant concentration according to rainfal event (Rura area).
7 14 20 50
— E —
E 6 12 g E {40 g
E = E 15| R Rainfall Strength(mm) =
z5 I Rainfall Strangthimm) 0= £ —— Cumulative Rainfalljmm) 3
2, —— Curnulative Rainfalljmen) ,% 2 q £
3 - o« 2 1w} &
a3 :E & {20 2
= Z = S
[ o el ]
£ 2 E] £ sf 3
g 1 E 2 1™ 5
5] I I 5]
0 0 ' ' : r —= — 0
18 100 19:00  21:00  23:00 01:00 03:00 0500 07:00 09:00
2 300 2 as0 7
= SS(mgiL) < 400 $8{mgiL) 1s
2 50 Turbldity{NTU} - £ 350 Turbldity(NTU)
T COD{mgIL} o =z CODimglL) 15w
'g 200 Flow rate(CMS) S g 300 Flow rate(CMS) | | 4 E
= im0 T = 250 5
- ® s 13 =5
3 z o 200 2
£ 100 é 2 150 12 %
=5 1 w
o 50 g 100 !
o o 50 1o
e a
8 ¢ g o
5 20 4
4 16
: | ] j — —
= 06 2 e =)
£ = £ 12 E
Z 2t 14 E 2 s S
1+ {02 4 11
o T T T T — 0.0 0 : : r r . . : — 0
18:00 20:00 2200 00:00 0z:00 04:00 17:00  19:00 21:00 23:00 01:00 03:00 05:00 O7:00 09:00
811 812 612 63

(a) 1GS (Event 6)
Fig. 3. Variation of pollutant concentration according to rainfal

Wele A2 ZeAldE 2H9EH §F° 274 AF
F AY BA YERRI, EF ¢t FHH LHERT
TEFG FAHANE HIEo] Aol FFez F9
oz Hg 2% 7] dAFoz fFY=Ho] SS 423mglL,
CODwn 1036 mg/L, TN 193mg/L, TP 321mglLE &

FHET A= 2920 =Y

BHEEE s A| F253 A5, 2009

(b) 4TG (Event 5)

event (Industria area).

A HHeEd fETY AESHS M 2 wg
© Aoz 43I /BIEBEEEE ol&std &



LA AEtE &

773

Table 3. EMC and SMC in each sites during rainfall events

Case Site Storm SS CODwin TN TP
event (mglL) (mg/L) (mg/L) (mglL)
Event 1 137.2 15.4 5.90 041
Event 2 366.5 208 4.24 045
. Event 3 230.4 16.2 3.43 0.45
Event 4 598.4 236 355 058
Event 5 316.4 14.8 358 052
Event 6 60.4 9.1 3.36 0.29
Rural SMC 284.9 16.7 4,01 0.45
area Event 1 60.6 257 2.93 0.26
Event 2 67.3 16.5 2.47 0.38
MS Event 3 486 17.8 3.62 0.74
Event 4 184.2 12.6 2.69 045
Event 5 210.0 11.6 2.66 0.38
Event 6 145.6 12.9 1.56 0.23
SMC 119.4 16.2 2.66 041
Event 1 19.0 28.2 13.96 0.16
Event 2 230.4 36.2 5.39 122
1GS Event 3 343 24.2 5.04 0.63
Event 4 225 228 5.79 0.44
Event 5 333 125 261 0.29
Event 6 103.4 14.9 2.19 0.34
Industrial SMC 738 231 5.83 051
area Event 1 96.0 55.9 11.23 0.35
Event 2 164.7 58.5 26.64 3.69
Event 3 278.1 729 8.15 2.92
416 Event 4 3265 137.8 1554 3.69
Event 5 246.2 52.8 5.68 1.33
Event 6 87.3 283 5.39 0.80
SMC 199.8 67.7 1211 213
IEHYS dEse= 4 skdd HFELdEZ EMC ¥ Bolx % AL 7|E dAFddAE Biad v th(Char-
SMC A3 Z2%E Table3o] Yehldth 2+ 2798 & beneau and Barrett, 1998; Gupta and Saul, 1996). %%}
ste 47l shdelA EMC A8 A3, JBolA SS7t 60~598 FEE(SMC) H8S & 29ER s=va 2}, Sse
mglLe] MYE Bo ZANA A F 7FF A JeEb JB>4TG>MS>1GS 2.2, CODw,&= 4TG>1GS>JIB>MS
I, MSAIME 60~210mg/LE YAELHER =71 B4 £o2 TN 2 TPE 4TG>1GS>IB>MS 22 Yehyit
AFEAT ole BERY EA0lE ST A AR 2 275 e YA ER L 5ERY e &
HozRH YAFLLF=ZY ol dF AL, F= 3, 7= 2 IdYdFe IRy stdes s AAl
Fo] FdFor Z Ao BE Ao APt FER/ 2 559 LPEZE fEHE EHYS AT Ut
o szl A &

B5EY AAek 29E2E EMCHY 4
& A¥E 2% Ss COD 7z

BSAE(ranfal intensity) 9} YFEFE FAYL Hol=
o2 yepgou, AP 73 AT (ADD)S= FHES B
7 &gkth 4TGlA EMC 235 49

=i}

FANAE B9A BERY
fFEA) Yt 4718 9

0O
ol

34. %7|M& & THFirst flush effect)

dusoz AFHEE VAALT 5T A AT
sEge] WAL 49 2 FeEdd g AFHEY
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2R9A% o 9L wow
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