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Runoff Characteristics of Stormwater in Small City Urban Area

Hongshin Lee - Seunghwan Lee’

School of Civil and Environmental Engineering, Kumoh National Institute of Technology

ABSTRACT : This study was conducted to identify the magnitude of first flush in small city urban area and to provide the basic infor-
mation on the criteria of stormwater runoff management. Monitoring site was surrounded by residential area in Gumi city near to
national industrial complex and the monitoring period was three months. Total watershed area was 24.9 ha, where 80% of the area is
impervious (asphalt of pavement type). Periodic monitoring of conventional water quality parameters were conducted with six times of
rainfall period. Event mean and site mean concentrations for all the parameters were calculated based on the analytical results. Particle
size distribution was 9.82 pm for Do, 38.99 pm for Dos and 159.61 um for Doy respectively. First flush phenomenon was detected
highly in particulate solids than dissolved ones. The first flush criteria results by mass first flush contained between 44.4% to 58.5%
pollutant mass during the first 30% of runoff volume. Mass first flush ratio and particle size distribution obtained in this study are
expected to provide the basic information for the design and operation of non-point source treatment facility.
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Fig. 1. Watershed and location of sampling site.

Table 1. Overview of selected watershed

Watershed Land Slope|Impervious|Pavement| .
L Pipe T
ha) | U0 | Area (%) | Type | FiPeTYPe
249 |Residential| 0.027 80 | Asphalt | Scparate
Sewer System
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Table 2. Summary of watershed at various events

Event No. Event Date | Antecedent Dry | Total Rainfall | Storm Duration Ave: Rainfall Peak Runof}f Run'o'ff Total Volumf of
(y/m/d) Day (Day) (mm) (hr) Intensity (mm/hr) | Discharge (m’/s) | Coefficient Runoff (m”)

1 08/05/13 8.0 4.5 2.5 1.8 0.032 0.26 188.2
2 08/05/18 3.0 14.0 23 6.1 0.236 0.56 478.9
3 08/06/05 6.0 8.0 5.0 1.6 0.036 0.33 195.8
4 08/06/18 9.0 16.0 42 3.8 0.094 0.36 369.0
5 08/07/19 5.0 10.5 0.8 13.1 0.338 0.37 664.2
6 08/07/25 2.0 25.5 1.6 15.9 0.744 0.68 2826.9
Mean 5.5 13.1 2.7 7.1 0.247 0.43 787.2
Median 5.5 12.3 2.4 5.0 0.165 0.37 424.0
Maximum 9.0 25.5 5 15.9 0.744 0.68 2826.9
Minimum 2.0 45 0.8 1.6 0.032 0.26 188.2
Standard Deviation 2.7 7.3 1.6 6.1 0.272 0.16 1015.3
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Table 3. Monitored sampling time at dry and wet Seasons

Sampling Frequency

Dry Season 0,4 hr, 8 hr, 12 hr, 16 hr, 20 hr

Wet Season| 0, 5 min, 10 min, 15 min, 30 min, 45 min, 1 hr, 2 hr, 3 hr, 4 hr

Table 4. Analytical parameter and methods

Malvern InstrumentsA}e] Mastersizer 20002 ARE3FATH
Table 4°l= FAAR] FHAXAL =57 JE&E FAH
£ oS3 ok

20 YER Utk ARETY FEEEE ERIsiEY,
AA ol E 717t F<etke] BOD, COD, SS, TN, TP 1g]
I n-Hexane Extracts®] +8F== 242t 23~79.5 mg/L,
5.0~365.8 mg/L, 4.0~339.0 mg/L, 1.9~21.8 mg/L, 0.2~

Parameter

Method

Flowrate

FLO-TOTE III, Marsh-Mcbirney

Particle Size Distribution

Mastersizer 2000, Malvern Instruments Ltd

Turbidity (Turb.)

Orion AQ2010, Thermo

Biochemical oxygen demand (BODs)

Winkler Method Azide Modification(5 day BOD Test)

Chemical oxygen demand (CODc,)

Photometrically Method (Potassium Dichromate Method)

Dissolved Organic Carbon (DOC)

Filtration, (TOC-5000A, Shimadzu)

Total suspended solids (SS)

Filtration, Gravimetric Method, Electric Dry Oven (103 ~105T)

Nitrogen (TN)

Ultraviolet Spectrophotometric Method

Total Kjeldahl Nitrogen (TKN)

Digestion, Distillation using Kjeldahl Flask

Phosphorus (TP)

Persulfate Digestion and Ascorbic Acid Method

N-Hexane Extracts (n-h)

N-Hexane Extraction followed by Weighing

Heavy meta 1(Cd, Pb, Zn)

Inductively Coupled Plasma (Varian 720-OES, Varian)
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Table 5. Summary of storm runoff and water quality at various events

Parameter Event Event | Event 2 Event 3 Event 4 Event 5 Event 6
Event Date (y/m/d) 08/05/13 08/05/18 08/06/05 08/06/18 08/07/19 08/07/25
Total Rainfall (mm) 4.5 14.0 8.0 16.0 10.5 25.5
Storm Duration (hr) 2.5 23 5.0 42 0.8 1.6
Mean 0.8 24 1.1 2.1 2.6 6.8
Median 0.7 0.8 0.9 2.4 0.8 0.3
Runoff (m3/min) Maximum 1.9 14.2 2.1 5.6 20.3 44.6
Minimum 0.5 0.2 0.4 0.1 0.2 0.1
S/D 0.4 3.7 0.5 1.7 5.2 13.4
Mean 41.8 13.2 13.8 242 15.0 8.1
Median 49.8 10.9 3.8 14.7 6.8 5.7
BODS5 (mg/L) Maximum 74.7 42.5 57.6 79.5 47.8 18.6
Minimum 5.8 2.8 2.8 2.3 6.2 34
S/D 30.3 11.8 18.4 25.5 14.3 5.5
Mean 184.3 38.9 40.5 60.9 534 332
Median 161.9 27.6 8.2 324 24.0 22.7
CODCr (mg/L) Maximum 365.8 136.4 190.7 201.1 154.2 62.9
Minimum 28.1 6.8 5.0 5.2 18.3 18.0
S/D 134.9 40.2 61.3 71.1 51.3 17.3
Mean 41.9 90.8 16.5 36.1 50.1 20.5
Median 28.0 20.0 6.6 22.0 23.8 11.0
SS (mg/L) Maximum 104.0 339.0 60.0 121.0 181.0 53.6
Minimum 6.8 8.0 4.0 4.4 21.5 7.0
S/D 34.7 115.1 19.1 40.4 52.5 17.0
Mean 329 13.6 113 15.7 11.9 7.3
Median 38.0 12.2 3.0 10.1 5.6 5.4
DOC (mg/L) Maximum 584 35.7 41.1 52.1 37.5 15.4
Minimum 49 2.9 2.7 2.7 4.0 3.9
S/D 22.1 11.3 14.0 17.1 11.8 4.1
Mean 13.6 6.3 7.0 6.9 3.7 33
Median 14.3 5.4 5.4 5.7 3.5 2.6
TN (mg/L) Maximum 21.8 10.0 17.5 12.4 5.4 5.6
Minimum 5.4 4.9 2.6 4.1 2.9 1.9
S/D 5.9 1.6 4.9 2.8 0.9 1.4
Mean 8.5 4.5 3.6 3.5 1.8 1.9
Median 8.5 42 2.9 3.0 1.7 1.3
TKN (mg/L) Maximum 15.0 7.6 10.4 7.2 2.8 3.8
Minimum 2.2 2.7 0.5 1.8 1.1 0.8
S/D 43 1.7 33 1.6 0.6 1.3
Mean 2.1 0.7 1.2 0.8 1.1 1.0
Median 2.5 0.6 0.7 0.4 0.5 0.6
TP (mg/L) Maximum 3.7 1.3 3.2 2.1 2.9 1.9
Minimum 0.6 0.4 0.3 0.2 0.4 0.3
S/D 1.2 0.2 1.1 0.7 1.0 0.7
Mean 1.7 33 2.5 5.8 24 0.46
Median 24 3.3 2.4 5.8 1.9 0.45
N'Het:lge/f;‘“am Maximum 54 52 32 75 49 0.70
Minimum 0.2 0.2 1.2 2.0 4.0 0.80
S/D 1.9 1.5 0.61 2.47 1.8 0.23

S/D: Standard Deviation
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Table 5. Summary of storm runoff and water quality at various events(Continue)

Parameter Event Event 1 Event 2 Event 3 Event 4 Event 5 Event 6
Event Date (y/m/d) 08/05/13 08/05/18 08/06/05 08/06/18 08/07/19 08/07/25
Total Rainfall (mm) 4.5 14.0 8.0 16.0 10.5 25.5
Storm Duration (hr) 2.5 23 5.0 42 0.8 1.6
Mean 44.6 51.4 21.1 30.9 57.4 15.2
Median 30.0 22.0 153 235 35.0 12.7
Turbidity (NTU) Maximum 106.0 141.0 59.0 85.0 149.0 32.0
Minimum 6.4 13.7 11.3 9.0 21.0 5.6
S/D 38.1 46.2 14.8 242 46.2 10.0
Mean 0.01 0.1 0.05 0.11 0.10 0.03
Median 0.02 0.11 0.05 0.12 0.10 0.03
Cd (mg/L) Maximum 0.04 0.15 0.06 0.15 0.14 0.04
Minimum 0.01 0.04 0.04 0.04 0.04 0.02
S/D 0.01 0.04 0.01 0.05 0.05 0.01
Pb (mg/L) - N/D N/D N/D N/D N/D N/D
Mean 0.075 0.18 0.12 0.60 0.25 0.14
Median 0.05 0.20 0.13 0.60 0.30 0.14
Zn (mg/L) Maximum 0.18 0.28 0.18 0.94 0.37 0.18
Minimum 0.02 0.05 0.02 0.24 0.03 0.08
S/D 0.06 0.10 0.07 0.34 0.15 0.04

S/D: Standard Deviation, N/D: Not Detective
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Fig. 2. Hydro-graphs and polluto-graphs.
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(b) Event 2 (Date: 08/05/18, Rainfall: 14.0 mm, Duration: 2.3 hr)
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(d) Event 5 (Date: 08/07/19, Rainfall: 10.5mm, Duration: 0.8 hr)
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o] FEAEFS =AIT Aotk AefrEFd fEuiEe < 9t Wi e F VxAEE S8 v
gdatA vetda edl, AFAEd AT =7 A4
g ARelA YEh, o] dastiA FATERE 3 SMC(mg/L) = 53AY EMC#] BA (X I&IERY)
Adhe AEFS BoFa ok o] AT otH A = Log-normal&3 oA Z43k 2)
Z71d HAFses AFHE ol AR BAse B
& HALE) B AFNE BEHEFY 24T o] 2] ()9l BHoFa e nksh o] AGHFEE(SMC
Ao ArAsnys} A3 b yelsted, o3 dx Site Mean Concentration)= 573 X9 EMC#e] AT (Xl&
= 147] Az #A Wl EAske EHSE AdA = ERE ¥ A) == Log-normal XA THHEZE A
7] FEE LEEAFETE BYg s sAEA7] o ojdt}. o|HE 7|3t Ftol ZANNG A AerET
9 Aoz ®HAY SMC$} EMCE Table 60 £9F5 0] Sty -9-fE52
EMCE Rlsl B, 344 ol 7|3t &<ke] BOD, CODg,
3.2. EMCs¢} SMCs ¢] A4 SS, TN, TP 1&]3 n-Hexane Extracts®] EMC W= Z+
B8 ei= BOox} wE S D 5o ¥ Z+ 11.5-35.9 mg/L, 49.4-176.5 mg/L, 23.4--190.9 mg/L,
37F wizbE A veld ] wiol] 7 7] ¥WsHA A< 4.0-12.0 mg/L, 0.7-23 mg/L, 0.7-3.5 mg/LE Yeth
A 29055 2PRAFES S fgol A FFE F29U Cd Pb I3 Znd] ANE 242 0.01~
aH oot} °o]2 YehE AR} viE fEEET 0.104mg/L, B7AZ, 0.06~0.28mg/L= et 63} ol
3% (EMC: Event Mean Concentration)® 2 4= Ith'” EE bE oWEY vg] & A7 Wizr] wEe] diE
FHegdsEs 4 (DA BoFa 3le nieh o] 7 o] FAFEAA A EMCi#S YER ok o=
G A AR BT ed=de] FHS FTRE 2 ATLTE 2dE2Y FHaWt A7) HEY AL
o Fo® Yie groe=E Fojdr =2 %LLE}.” BHE7e SMCE E<lE|EH, BOD,
COD¢;, SS, TN, TP 1&]il n-Hexane Extracts®] SMC+
iﬂc(t) gt 27y 24.6 mg/L, 89.5 mg/L, 77.0 mg/L, 6.8 mg/L, 1.4
EMC(mg/L) = — mg/L, 1.9 mg/LZ YEelgdth 5<% %92 ¢d 283 Zn
2 @ run (M) o Ao 22t 0.06 mgl, 0.17 mgLE LERTh =4
AN & 5 Yxo] AHon BeRELY oA
A1, qu)ek CH= trIZtAM e fFEd ed=29 2] Tt =& Ae® ARG 3, SMCE A
FEEEE 47 guigith o]dg EMCe tidAde= 2, ARZ S4E TdE & YA B A APIRE
TH fFEHe Hd=HEY Tk 4Hgl ol&H o] 5~7€RE FHHUY] Wiol & A7AHA= AEH &
T3 HH e dEE Fotge 7E LA dHEAY ]33 & Wrdstr] oy e g AdHEh
Table 6. SMC and EMC for stormwater events
Event Event 1 Event 2 | Event 3 | Event 4 | Event 5 | Event 6 Storm Events
Parameter EMC SMC
Event Date (y/m/d) 08/05/13 08/05/18 08/06/05 08/06/18 08/07/19 08/07/25 08/05/13 - 07/25
Total Rainfall (mm) 4.5 14.0 8.0 16.0 10.5 25.5 4.5-255
Storm Duration (hr) 2.5 23 5.0 42 0.8 1.6 0.8-5.0
BODS (mg/L) 359 23.1 17.3 27.5 322 11.5 24.6
CODcr (mg/L) 176.5 73.1 51.1 74.0 113.0 49.4 89.5
SS (mg/L) 43.0 190.9 234 42.6 110.8 51.6 77.0
DOC (mg/L) 29.5 21.8 17.1 17.6 26.1 9.0 20.2
TN (mg/L) 12.0 7.3 59 6.8 4.7 4.0 6.8
TKN (mg/L) 73 55 22 3.6 23 27 3.9
TP (mg/L) 1.7 0.7 1.1 0.8 2.3 1.6 1.4
n-H (mg/L) 1.5 35 1.1 14 3.0 0.7 1.9
Turbidity (NTU) 48.9 84.5 26.2 36.9 113.1 27.1 56.1
Cd (mg/L) 0.01 0.104 0.047 0.057 0.104 0.029 0.06
Pb (mg/L) N/D N/D N/D N/D N/D N/D N/D
Zn (mg/L) 0.06 0.19 0.07 0.25 0.28 0.17 0.17

N/D: Not Detective, n-H: n-Hexane Extracts
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Fig. 4. Dimensionless normalized cumulative curve for variation storm events.
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Table 7. MFF3, for stormwater events at various quality parameters
Event Date Tf)tal Ela.psed C.umulative
Rainfall | BODs | COD¢| SS | DOC | TN | TKN | TP | n-H | Turb. | Cd | Zn Time |Rainfall Depth
) | ) (min) (mm)
Event 1 08/05/13 4.5 1.40 134 | 149 | 1.32 |1.26| 126 [1.40| 2.03 1.24 | 122132 45 4.5
Event 3 08/06/05 8.0 1.91 1.89 | 1.50 | 1.44 |1.85| 236 |1.84| 1.60 144 |0.73 135 25 3.0
Event4 | 08/06/18 16.0 2.01 191 | 1.96 | 2.17 | 1.56 | 146 |1.99| 3.05 | 1.54 |2.76|3.29 85 4.5
Event 5 08/07/19 10.5 1.14 1.17 [ 098 | 1.12 | 1.1l | 1.15 |1.27] 1.12 130 | 1.311.25 40 10.5
Mean 9.8 1.62 | 1.58 | 148 | 1.51 |1.45| 1.56 [1.63] 195 | 1.38 | 1.51 [1.80| 488 5.6
Median 9.3 1.66 1.62 | 1.50 | 1.38 | 1.41| 136 |1.62| 1.82 137 | 1.27 | 1.34 42.5 4.5
Maximum 16.0 2.01 191 | 1.96 | 2.17 |1.85] 236 [1.99] 3.05 1.54 |2.76|3.29 85 10.5
Minimum 4.5 1.14 1.17 [ 098 | 1.12 | 1.1l | 1.15 |1.27] 1.12 124 |0.73|1.25 25 3
Standard Deviation 4.8 041 | 038 | 040 | 046 [033| 055 [034| 0.82 | 0.14 |0.87|099| 256 33

n-H: n-Hexane Extracts, Turb: Turbidity
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Table 8. Comparison of first flush criteria with previous study

This Stud Janet et al., Kim et al., Kim et al., Kim et al.,
e 2008 20052 2007 2005
Urban Area Urban Area . . Highway, Parking Lot and Parking Lot and
Land Use (Residential) | (Residential) | “aiway Station Bridge Bridge
Method MFF; MFF, MFF; MFF; Dynamic EMC Dynamic EMC
Runoff Volume(%) 30 20 30 30 - -
. Pollutant Mass(%) 3848 40 80 35-80 - -
First Flush - -
Criteria Elapsed Time (min) 25-175 - 60 - 3036 -
Cumulative
Rainfall Depth (mm) 3.0-24.0 - 5.0 6-12.0 6.7-1.9 4.5-10.0
FAYE thste] ALHE MFFS HAF1 Itk MFFs stk 2 23 33kl wE MFF, 9] T a-> MFFs
o HTUL L43-195 WA A, T Ak & B2 TAAUN} PAAS AL & A o

717‘T71%% 3.0 -
&A1Y 7FE

-85 (H

ol thsled AlAtE MFF,
He= 10~

90%=E =

= =
A 27173-971Fe] AFAIHLE MFE,S] Bargke] Wt
HE A MFF o2 AAsior & Blojh. ®=gk o] Al
dlxe] Aozt FAREFE AeAEAIEL 2
NFeNEoR 22 AR F & Stk o)7e] A o
3t MFF,9] a2 MFF 0] H1XE vehd o] 5o
MFFy7}A] A&H 02 Z49nh!Y 2 dFeME Z3A
ol W MFF,| Bgte] ojdel d-azst e
vebgedl, oled date ded nieh go] A7 ¢=

BAW EAshe BEFE QN 27 FEE 29E
Ae=rt gusel o S4H0Y] gl ez mel
o MFF,9] B3-S £48k] Pbo} Zno] F4-A FE7
F& vl 23 poe PAFEA AF st 27
wj ol &7l ssoF HIsEAE, Znd B AA
(liquid phase)o] ™ k=7t 714, oHIE 3491 U
glol F&73 %ol niszatA vetwth™? £ AelA Zn
o A FEAFE ol AFAA et HiSEHAl e

I
o
WA, Pbol FEE HEIA olstE uEhr] wiEol

Table 9. MFF, for stormwater event no. 3 at various quality parameters

(Date: 08/06/05, Rainfall: 8.0 mm, Duration: 5.0 hr)

MFFo MFF MFF3 MFFy MFFs MFFso MFF7 MFFso MFFq
BOD;s 0.89 1.63 1.91 1.71 1.53 1.42 1.34 1.19 1.09
CODc¢; 0.82 1.59 1.89 1.84 1.60 1.46 1.37 1.20 1.09
SS 0.69 1.27 1.50 1.51 1.44 1.39 1.36 1.20 1.09
DOC 0.66 1.22 1.44 1.46 1.41 1.38 1.36 1.20 1.09
TN 1.25 1.68 1.85 1.76 1.52 1.37 1.26 1.15 1.07
TKN 1.57 2.14 2.36 2.20 1.78 1.53 1.36 1.20 1.09
TP 1.20 1.66 1.84 1.77 1.55 1.41 1.32 1.18 1.08
N-Hexane Extracts 0.76 1.36 1.60 1.60 1.53 1.48 1.45 1.25 1.11
Turbidity 0.73 1.24 1.44 1.43 1.34 1.28 1.24 1.13 1.06
Cd 0.45 0.65 0.73 0.78 0.84 0.88 0.91 0.96 1.00
Zn 0.83 1.20 1.35 1.37 1.37 1.37 1.37 1.21 1.10
Average 0.90 1.42 1.63 1.58 1.45 1.36 1.30 1.17 1.08
Elapsed Time (min) 0 55 70 85 95 115 135 150 175

Cumulative

Rainfall Depth (mm) 0.5 4.0 7.0 8.0 8.0 8.0 8.0 8.0 8.0
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