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Analysis of Storm Water Run-off Characteristics to Evaluate the
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Abstract

Most of domestic city is served combined sewer system among various sewer system like as separate
sanitary, combined sewer system and storm sewers. During the wet weather, sewer and rainfall have been
overflowed because it is over capacity of the combined sewer system; that is called combined sewer
overflows(CSOs)

This research was carried out to investigate runoff characteristics of combined sewer and to evaluate the
effective CSOs volume in Hong-Chun gun.

During wet weather, SS load of first rainfall at H-1, H-2, and H-3 were 600kg/event, 370kg/event, and
289kg/event, respectively. SS load of second rainfall were 216kg/event, 113kg/event, and 37.2kg/event.

When the first rainfall, event mean concentrations(EMCs) at each site were 702mg/L, 816mg/L and
861.5mg/L. The second rainfail’s event mean concentrations(EMCs) were 99.9gm/L, 161.9mg/L,
103.6mg/L. First flush coefficient b at each site were 0.237, 0.166, and 0.151. When the first rainfall, the
flow containing 80% of pollutant mass of CSOs at each site were 0.55, 0.23, 0.48 in first rainfall,
respectively. The case of second rainfall were 0.79, 0.83, 0.81.

Most of all, characteristics of rainfall like as analysis of firstflush, CSOs volume, pollutant loadings is
investigated to decide intercepted volume for control of CSOs.
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1. ME

Aze se#A F A3 20008 % &
68,195kmZ A A8 BAAYINE 63 4%0lH 2%
EFEL MATE 7|F 22 68.4%0] olax gt}
(875, 2001). z8iy 71&o] AAE stBAY
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A7t AZa A dF g 9 (U.S. EPA, 1989
Chocat, 1994 Chebbo, 1995) .
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Table 1. Characteristics of various drainage basin

4*(Combined Sewer Overflows; CSOs) 2] A& T 3
A A7 873 9lo], A A e
CS0s 2 27] e A &4 HAYEHE stetsta, o
of thgt FelH <l Aol ¢ Heligto] 3 s|ojo}
t}(David et al., 2002) ,

£ dFddMe ZAEE $3F 3RS ed
o2 AR Z4A BPEE CSOse] Helg o
AAFEE BEH o AHHE7) Y8 F2E4E o
ot &haa} sh et

2. ZArYY

2.1, BFEEAL Y ARAYF

2 ArodM e dWAREe A8 dakd a4
= R EAel S5 Fof Ansy € BAL g3
o ¥ FRAAE MYt on, oo nE A
Q- ZAE AAlEte AHE BFEA S At
EEAGLE st w2 2 $529 54, #A
ANEER, Aol HaF Y F Y o) 4o
st AF 7 AR, a8n $3A 42 sbe AR
2 frE - FA2AY GolA B9 AMES 183t
Ay st

EE2AGL THGA 3M&(H-1, H-2, H-3) & A%
sRen, strulA] AL Se 05t BYBA
2 A s = BFA WA o2 o] R0 gl B
Aol AHEE FRAE £AY f50 AE 2
£ 2294 (Sigma 950) 7 A=+2] (FLO-TOTE 260)
E Agadlen], 1SE Hos A4 2xago
EQ, el 9 €754 BAo 2@ Azl
253 72975 Rain gauge® A A3l 2
Heslon, FeAe vl 98 A7 KR 5

Site Drainage Rupqﬂ Sewer Land Drainpipe Drainpipe
area(ha) coefficient uses diameter type
H-1 19.57 0.65 Combined Residence 1.0 x 1.5m Box
Commerce
H-2 13.16 0.44 Combined Residence 1,200mm HP
Commerce
H-3 6.58 0.56 Combined Residence 250mm PE

Commerce
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Table 2. Characteristics of rainfall in each season
Date Antecedent Rainfall Rainfall Rainfall
dry day(days) duration(hr) depth(mm) intensity(mmv/hr)
Rainfall 1 02/03/21 5 25 17.0 8.5
Rainfall 2 02/06/10 8 7.0 285 75

4 59 setel] Asted 2413 DA 3UE

ANEE AF st BH g HA s
ZFAdE 27 FE254S F98) d8 B¢
Z27)ol&= SE 1A, g3 I olFdE 108 ~308
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7175 2213 2t 02 A 88 A e
FE2AHe 54 9 754 & Table 13} Table 2
o ey ick

3.1 YA LESHo| KEEA
(1) 8143 2 $254
2 2R B4 $E9E #% 2 0QBA

o #H4, HAu 2 FFEES Table 30 Vehigic.

ABANFH S 242 280 FA AAjsigon, A
el S F ASFE 7mm, €3 AY B4
© 8S5mm/hrelion, SR 3o A F e
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28] 23 ZAMEGE AW EE, 729 B E
H R Fe 293l weha Wsshe Aoz Yyl
wor], HhfFo] vede A G4l 54
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Table 3. Water quality and runoff during wet weather(Min., Max., and Average)

Site Runoff coD BOD ss TN TP
(m¥e) (mglL) (mgL) (mgl) (mgL) (mgl)

3815 38 24 180 79 0.58

H-1 10,202 1,950 1,200 10,620 786 119

(6,901) (325.4) (188.7) (1,503.5) (20.9) @3

1,197 38 ) 140 106 0.87

Rainfall 1 H-2 6375 2210 1,450 6,700 78 165
(3.563) (309.2) (199.3) (974.4) @1.5) 29

1,103 22 146 154 63 0.71

H-3 3412 2,260 1,550 8,440 50.6 147

2,019) (335.8) (203.1) (1,177.3) (21.2) (3.2)

1,250 59 41 49 7.0 0.61

H-1 19,376 1,568 926 3,698 50.8 98

(5,962) (175.5) (93.4) (276.8) (12.4) (1.4)

700 41 24 31 8.4 1.03

Raintall 2 H-2 5,884 1,640 864 3,750 68.3 114
(2,663) (159.0) (85.3) (243.7) (14.3) 238

134 34 51 3 6.8 0.67

H-3 2,652 1,841 885 4214 52.1 847

(932) (181.4) (108.0) (283.5) (11.4) (1.6)
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29 ez Addn (3) 37T EHEEE(EMC)
(2) FEFe LgFF 54 R4 seaAY 4Rt FAd o)A

ditH oz ZA9712HEet FEBANN fEHE € 9L g4E] A 5 AdEde 2l
LHEHY T % AIART #4 wolA & Aldel {37133 %5 5 (event mean concentration:
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2001), o]eigt RHEAY F2L dF T AL A & FEF FA viNE dEE 2T Qdes
PA71d, AgA7IA9 A, agn &d5aAe debd Zdeojth(Leeetal, 2000). YA o2 A F
54, WA G Are wx) Fo o8 FFE T FEE A7 Fe WEY §37 2 G =
€ Ao #uHo oln o] APIt FHPHUAT  Algo] BHEAY, ZF9A fE2HE KT 098
ofA7tA] BEG AL A £t UHGupaet A FEo| Zo] F wjoj& Rk} o] Ak Tte] mBl
al., 1996) . 2 7] s &oll FA 7t AA 2 PolEole FTFE

2 dTodA F71E 28 298 K s BEE. Qi e g EMCE & #3233
Fo A71A Y APESL fEE LABH ¥E HFE F REFFOE oM AME £ e
F< vlw3te] Table 4o Jehlidlct AR 749 & ez Jehd 4 ot
717HE Rt 2AE 2 9B 3 SSU) 7P W& Yol
#49% oz yshgen, 2e F9IUEL 3 EMC- Zfi’zf’;’_’;”zz - igﬁt’”

ZAA A Rt vadad isay § oy
7HA 89lo) o3t B Aol Koy Ao yE
o},

A71M, Q& FEHE FFm), Ce 983

Tabie 4. Total pollutants mass during wet weather

Site COoD BOD SS T-N T-P
(kg/event) (kg/event) (kg/event) (kg/event) (kg/event)
H-1 132.1(3.6) 75.5(2.1) 600.7(1.8) 11.5(0.6) 1.1(0.1)
Rainfalt 1 H-2 114.2(1.9) 73.3(1.2) 370.9(0.8) 8.5(0.3) 0.8(0.05)
H-3 61.9(1.3) 39.2(0.7) 289.3(0.4) 5.4(0.2) 0.7(0.03)
H-1 207.3(33.0) 109.3(20.5) 216.9(17.1) 21.8(3.3) 1.8(0.6)
Rainfall 2 H-2 91.3(30.2) 47.2(16.7) 113.8(14.2) 11.9(3.3) 1.6(0.6)
H-3 34.2(8.1) 23.0(5.0) 37.2(3.5) 3.0(0.9) 0.4(0.16)

Note ( ): Total poilutants mass for dry weather

Table 5. Eviant Mean Concentration(EMC) during wet weather

Site coD BOD 8s N T.P
(mgiL) (mgilL) (mgiL) (mg/L) (mg/L)
H-1 154.4(27.4) 88.3(16.2) 702.2(13.7) 13.4(4.3) 1.26(0.74)
Rainfedl 1 H-2 254.1(41.1) 161.5(25.8) 816.7(18.0) 18.6(6.7) 1.93(1.13)
H-3 249.3(26.8) 150.9(16.9) 861.5(9.16) 18.2(4.6) 2.44(0.74)
H-1 95.6(73.3) 50.3(45.6) 99.9(38.3) 10.0(7.3) 0.83(1.46)
Rainf:alt 2 H-2 129.8(102.1) 67.2(56.3) 161.9(48.2) 16.9(11.2) 2.32(2.17)
H-3 95.1(76.3) 64.1(47.4) 103.6(33.1) 8.1(8.9) 1.08(1.49)

Note ( ): E:MCs for dry weather
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3.2, ZI|MIAE (first flush)

A BYHE REAET o9 gAY FEEY
Ak g Fag ad=Za Jehd £ gl o
g 22 2 7R Axjel diste vl A uic
TFetA vebuA s, 3w vgade U
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(Bertrand-Krajewski et al., 1998) .

om gukR o 0{k 01857} 7} o] A=A b3tel
ol ole 2HEY 80%7t % 30%c] ¥ wo
Tx]o]oa 0<b 0.862¢ 2BEY 80%7F 7% 78%
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ri‘r(Saget etal, 1995). & AFelA s 27|MH{ELE
HEY e LEEAL VE BE&S 80%2 H3)
on o]& 7|FoR =EH b3 LHEF 80%
¥l FH#2 B& Vg Table 69 A A5
dede A WA A SSE V|FO= b3k
A BH H-1 0237, H-2 0,166, H-3 01512 %
7143 o] “‘E}fﬂﬂl OH%OV Re2 ZAME Yo,
B52719 271 HA 9
ADWE} Iy F dA e
H-1 0,671, H-2 0.654, H-3 0.5630.2
Algl & AJolF Hole Ao g e}
st 019%!01 bk % —‘%AWOH utet wi§- Aol
FHE Udehte RS ¢ F doH, Z4$A] 2714
M3 Q@8] Aol w3k Aty WdlF g g
A Aget bk, LAES] FESA O A&
Al ATFE EE sto] dwbg AjAC & Ao
Atago
3, 27143
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2He A A

gHe 240 Ue A

FEFI FHLEE Aol Hd Aol #AE
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2HE & Aok o] Wye) AYe ayzye) 53
A71M, FXOE 27143 E B8 + e oF A A FARAE oI 2989 42 Ao
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Table 6. First flush coefficient b and Vg, for different poliutants

COoD BOD SS T-N T-P
Site

b Vao b Veo b Veo b Ve b Ve
H-1 0.259 0.42 0.281 0.45 0.237 0.39 0.533 0.65 0.468 062
Rainfail 1 H-2 0.140 0.20 0.141 0.20 0.166 0.26 0.608 0.69 0.140 020
H-3 0.196 0.32 0.197 0.32 0.151 0.23 0.638 0.70 0402 059
H-1 1.000 0.80 0912 0.78 0.671 0.71 0.845 0.76 1.047 081
Rainfall 2 H-2 0.837 0.77 0.889 0.79 0.654 0.71 0.937 0.79 1.160 0.82
H-3 0.937 0.79 0.957 0.77 0.563 0.67 0.973 0.79 0706 072




QY - A - PS94

AOIREQYX| o
1824 3%, pp. 320-330. 2004

Table 7. Maximum divergence between the dimensionless cumuilative percentage of poliutant mass and those of volume

Site coD BOD SS
H-1 0.53 0.54 0.51
Rainfall 1 H-2 0.60 0.62 0.54
H-3 0.54 0.55 0.57
H-1 0.11 012 0.27
Rainfall 2 H-2 0.14 0.16 0.26
H-3 0.16 0.1 0.36

AATE €45 + s ZHE Xz o
(Gupta et al,, 1996), dWtaox {4 sp4=HA9
Y{STE o Z3}7] 9138k BOD, COD, 18] SS9}
2 AAEE AHS3tn sluh a3y, 271439
;AT =AY A Alde] AAE AT LHE
2 AAEA §S9] A& AAEm gled, o 9
FEF. F5%, COD 181 /718 59 v& 29
B2 ARH-&ol 3aA U 238 Bl e
o, B, AP KE2e % T-Pe #7188 5 %
0% 7A AF-HE 4o AHEEENH 48 s
Aol Z7) w&o|th(Hogland etal., 1984)

FFAPPE 2 Ao FAANI FARF ol
& FRLAEAY Hu YoldF =& Table 7
3 Fig. 1o Z}2} Al Ajetglth A Adoldo] LA%
ARAM 27| Fo] YT Aoz AAY & gle
o, 27| 3 o] LA AR A3 E + Slv)

Hd “4o] % (maximum difference point)& A W H

Cumuiative time ' Toral time

4$-9 739 H-1 AR "9] COD, BOD, SSol| tj
&lo] zkz} 0.53, 0.54, 0.512 velhgon H-2 2A}
218 0.60, 0.62, 0.54, H-3 ZAMA]HL 0.54, 0.55,
05724 HA FL 4o] EXE Holg Ao Y
Ebth. ofdl ¥is T wA 739Al H-l 2ARNH S
ztztel @ FE Ao dlsted, 0.11, 0.12, 027, H-2 2
ALAA e 0.14, 0.16, 0.26, H-3 ZAA A& 0.16,
0.11, 03622 A WA %ol vlg] ¥ Jo]8 W
ol A& Eelytt}.

A AR A RE QA EHY Aol H%et
A vestou, F WA ZFeAlels SSel Arolant
FEAAA A Jdeidth 27 2AEs) 2 R
WA 29 A Hdl dolde] ArlE Al &
HEH 60~80% o]dol 27N FF 10~20%0] X
o] FEHe Aoz JeElRAIL, Futo]F: 29
ZE7t A8 F AR e A g8 Ha
A g A £x3a e Aoz Vet

Cumutateve time { Total time

Fig. 1. Maximum divergence for different poliutants at H-1, H-2, and H-3(Rainfall 1 and 2).
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- Table 8. Evaluation of CSOs and characteristics of runoff

FLOW, 4 RAIN, RFIN, o FLOW,, FLOW,o CSOs CSOs/
Site (m%d)? {mm)® (mm/hrje (md)? (md)® (m3) FLOW,,
(%)
H-1 1,665 17.0 8.5 5,000 855 275 322
Rainfall 1 H-2 702 17.0 85 2,500 454 187 41.2
H-3 452 17.0 85 1,500 335 71 212
H-1 1,297 285 75 5,000 2,168 1,100 50.7
Rainfall 2 H-2 851 285 75 2,500 702 167 23.8
H-3 316 28.5 75 1,500 359 115 320
) average volume of wastewater per day
b total amount of raintall during wet weather
°: maximum rainfall intensity
9 intercepted volume of wastewater during wet weather
e): total runoff during wet weather
33 YRS U YRt oo WA BSET g e Ao et
(1) %W ZE(CSOs) AH% 2) EF/5(CS0s) 9 A 531
H-1 2AX4 9] sh3A4E BOX FHiE Hol 3l AA AR s RAT AN FE 2HY
on AANE A AAZAAY $5EHe] AXxo]  AF HHA g3 sty e A WRHEE
AR o]Fe] 47} WA a2 YRES A AU UFEely, A =9 A i G
Ho] gtk TAZ(2000)0] 23hA H-1 2AR0A & Aol A3 HFaA oz Agste] Al F 85
A So| AA o] &8 HAFEL 0629mssoln], 4 FE WS AEa v £F, oF dFe
A AW LTE 0.158m¥s(13,651 2m/d) 2 Holglry,  ARABAE AR st B WPEo] HuH
e WAl ZE PRET 2R e 23 slen, deeit Jled, AAHQ 98 neeto]
do REH o2 Hslo] Yome AT 25  ART AFAEN AAHE AA S £IFD 3
Y57} BAE D gom, B BA 271RE 9§ u} el zﬂzﬂ A7 @_xm R @.a—;

7} dehe Ao AT webd H-1 2A
Aol CSOs#HE 71714 HafF 1,665m'/d 3Q¢]
4.995m¥/d(5 000m¥/d) & 71E oz A sttt

H-2, H3 ZAAAE H-1 ZARA 3 frALsHA
23ade] FEAQ A2 A uFAAA 77t
ahgekal Adeh. web H-2 2ARR 4 9] CSOsE2
AN #HASF 702m/de] 3Q9 2,106m’/d
(2. 500m/d) & 71Fo 2 ARsigen H-3 ZAA
He AANA HFEE 452m¥/de] 3Q9 1,356m'/d

(1,500m¥/d) & 71E2.2 At

FEREEAT 44E 450 L 4RET
Table 89 #2135ttt €/ &L A WA 24$9 7

$ H-1, M2, H3 ZAARIA 247 3229,

72 7]'°E]:Oi°]o}°=] 50. 7/; 23 80/ 32 OG/EFﬂ

Wi o T
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Table 9. Evaluation of SS load of CSOs during wet weather

Dry weather Wet weather
Site RAIN, LOADR,, LOAD,, LOAD g5 LOAD¢s0 85 LOAD¢g0 s/
(mm)» (kg/d)? (kg)? (kg)® (kg)® LOAD 1 55(%)
H-1 17.0 83.8 1.8 600.7 115.4 19.2
Rainfall t H-2 17.0 321 08 3709 2100 56.6
H-3 17.0 13.5 0.4 289.3 65.3 226
H-1 28.5 454 17.1 216.8 827 38.1
Rainfall 2 H-2 285 320 14.2 113.8 19.7 17.3
H-3 928.5 9.8 35 37.2 6.3 16.9

a: total amount of rainfall during wet weather

©: average loading rate of SS per day

°: SS load for dry weather at the same period of wet weather
9: total SS load during wet weather

e): S load of CSOs during wet weather

HE SSoll e RS FHE 4FFE WM
A o0 (Hogland et al,, 1984), 7F$-Al9} 2271719 SS
o] B3}2g Table 9o #| A8t T}
A AR FA H-1 2AR 8 4B SS FahF
83.3kg/d, 2% 5 K& FFeFL
600.7kg, 2811 YHF FahaFe 115.4kg2A o
HF SS FHaEe) 138.5%9) sFhe AR U
Epdrh. H-2, H-3 2A0214 9] Y759 S8 a2
ztz} 210kg, 65.3kge 24, AH 7 SS FH T
32.1kg/d, 13.5kg/de] 656.3%, 483.7%9) 82 ste
Ro 2 Jeptth

T ¥ Z2$A H-1, H-2, H-3 2AA4¢] 9§/
F U9} SS ¥k 74zt 82.7kg, 19.7kg, 6.3kgl 2
A, dBF SS E231eF 45 4kg/d, 32.0kg/d, 9 .8kg/d
o] 182.2%. 61.6%, 643%°) d2dte ROE e}
st

3 AR T A A EFFF S8 e
33 aolg EAed, ole A HA A HF
FFH AFERst AF 2719 AL FAC vebd
o224 YRVt AFeEe] %S Bl W97 |
Zolol, ¥ WA oo Af AFHFS G5
o vehd wtd, AEEEE 4 2wkl dA)Ed
AFF7H 2e T AFHTY 4TS B AL
2 gdgn.

3, FeA FRA A FE59L BE
3 FHEA g B 28 Y3td 47 a2

(<]

L
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# 9759 LY e B 9%E He AR 2
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Aa g AAEE A7) HalMde gl
FEE A e AAELY FEAEE e it
A E F e A& A7t 487 AeR A8
g

3.4 R+ FEO ME 2HEH U

duid oz A3 z&Fe F£A9 2g#dE 4
A MEr|EE st TAE dAldta e,
olglg FAZIEdE vEIEH FVEY WHE
o] Sltt. ¥=71FEL 2P HiE Tl HE2E F9
LHEY FEE 1 HEE o] &5l edEY 9
TE/b Foud ZE WiEo] $EIIEE &9
olgstrite @Rt Tt BAVEE B4
32 %A o @9, 3BT L9499 FY
TE7L St T 2 R A9 & A AL 9 ot
99 9&F 52 Foo M2 =FE A Ak e
T, LgEde] Fate dAsy SRE e 87
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Table 10. Evaluation of CSOs volume at the 50% and 80% of SS load
Site RAIN,, LOAD¢g0 s Intercepted volume
{(mm)? {kg? L Vso(m®) Veo [ Vgo(m®) Vao
H-1 17.0 115.4 70 0.24 165 0.55
Rainfall 1 H-2 17.0 2100 20 0.09 47 0.23
H-3 17.0 65.3 25 0.35 34 0.48
H-1 285 827 535 0.49 870 0.79
Rainfall 2 H-2 28.5 19.7 87 0.51 138 0.83
H-3 928.5 6.3 50 0.44 93 0.81
a): total amount of rainfall during wet weather
e): SS load of CSOs during wet weather
2003). FUHY SS FHaFES A M FPARD Bl

£ AFoM e 28R FFA NS 7
22 3k 99 SSHshEFel 50%, 80% S 3t

E7sta SS HatEe 80%E vlFEes g u,
0.79, 0.83, 0.812 <k 150% A 360% 7} go]

e Y849 £ AA st Table 103} Fig 20  Z7bste Aoz Jelygi=d, o F #Wx 729
A A 8+ 9 th(Bertrand-Krajewski et al., 1998) A% AEREN AF 57 28 A A o] Foiz]
R WA A HL H2, H3 243004 SS A 9sty] sjRoln) edgo] dse w2 3
bl S0%8 TRAE RBLEL A% 024 o] ol du0E FEHE AL 70T
0.09, 035018}, SS ¥3lgFe] 80% 5 E3fehe % olst Zo], A¥A FEEA wet FE2% 9F
2o 742 0,55, 0.23, 0482 Ao Uehrh o] SAlo] u)$ bl Uehte 2S¢ 4 9o
g gzEo % oA 294 7} BN 2% 4R AT L AE 98 A AN 4 A8
Cumulative volume(m) Cumulative volume(m) Cumulative volume ()
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. A . 100 oo e 1 e 10 ° K
. > 200
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3w 9 2w Vgg = 47 ® 0o 'E 20 3
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o b a0 20 100 ° i 40 60 % 100 0 0 40 L 80 100
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Fig. 2. Cumulative curves for SS load of CSOs at H-1, H-2, and H-3(Rainfall 1 and 2).
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