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Optimum Flow and Pollution Load Monitoring Time
of Combined Sewers of Urban Watersheds during Dry Weather
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ABSTRACT

Flow and pollution load were monitored at 2 combined sewer outlets (C-1 and C-2) of urban watersheds during dry weather
from September, 2004 to April, 2006 for 20 months. The objectives were to investigate the diurnal variation of flow and pollutant
load and to find the proper sampling time that could measure representative flow and pollutant load. Pollution load closed to the
average daily load at C-1 could be measured at 00:00 hour and by the mean of 15:00 and 18:00 hour measures, and 15:00 and
21:00 hour measures, respectively. In addition at C-2, it was 21:00 hour and the mean of 15:00 and 18:00 hour measures. This
study concluded that arbitrary sampling of flow and water quality could cause large errors in the estimation of urban pollution load
and recommended that urban combined sewers should be monitored when flow and water quality showed daily average and
concentration.
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Table 1 Watershed characteristics of research area

Monitoring site C-1 C-2
Area (ha) 3.8 14.3
Land use Mostly residential but mixed|Largely commercial but mixed

Population (persons) 586 2,350
1.0 X 1.0 (Box) 2.0 X 1.6 (Box)

Sewer size (m)
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1A RE Y 2955| kg/day ~ 12.39 kg/day, CODCr 16.65 kg/day ~ 50.75
Qmo] 27 fol AEEE AolskL =R oke A2 kg/day, TOC 8.35 kg/day ~ 25.84 kg/day, TN 2.87
Y A S04 BAS AN 2 kg/day ~H9;.00_kg/cc)13y, TP 0.366 kg/day ~ 0.931 kg/day
qg] w2 ’ AZE 998 A gt sE A o olm, @ 9Hs} HHFE SS 15.77 kg/day, BOD 16.76 kg/day,
;Q—q z;OE ot X;;;;}t;s] D};l /\i;]-etﬁ; CODyin 8.51 kg/day, CODc 34.53 kg/day, TOC 18.24
C‘)‘]ﬂﬂ :]2]—&7]— ] _[01‘] HZEIL]—Q,] i‘;—Q-E:]-EUH kg/day, TN 6.16 kg/day, TP 0.657 kg/day® LEFGTE
=0 AL =0 Duncan's multiple range test A3} C-1X|A<9 A|7Hd I
S =2 Ao o

HUHY 24 gt o gRskE A 2451 Table 2
of YRt C-1 XA dud+ “IT%E]:% 89.88 m'/day?!
o] Bk} C-2 AL 1,550.6 m'/day® C-1 AH9] 8.174)

olQlch Egk C-1 M| 4= HHL 104.34 m'/day ~
25451 m'/day °|H, C-2 AHY F=F HY= 9675 m
Jday ~ 2,071.5 m'/dayl =2 UePdt} o= C-2 £49] o]
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Table 2 Average flow and pollutant load with respect to time

T FFsoA SS9 TOC Al TP o7t Afol7h gl
ZAoZ YePter BOD, CODCr, CODMn 183l TN 3
~ 4789 g R §YARl AolE Hyrh

C-2 A9 2¥F3sl HAY+ SS 32.06 kg/day ~ 105.36
kg/day, BOD 52.86 kg/day ~ 192.40 kg/day, CODy, 23.94
kg/day ~ 78.43 kg/day, COD¢ 113.02 kg/day ~ 369.05
kg/day, TOC 61.14 kg/day ~ 139.75 kg/day, TN 23.96
kg/day ~ 54.72 kg/day, TP 2.859 kg/day ~ 5.853 kg/day
o, @¢H3} WHL SS 53,11 kg/day, BOD 105.90 kg/day,
CODwy 50.25 kg/day, CODc¢r 211.92 kg/day, TOC 102.96

Time Average Value 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
Flow (m'/d) 189.88 187.21% 104.34° 12653 254.51% 223.98" | 170.08% | 226.83"® | 22553
SS Load (kg/day) 15.04 1577 16.56" 7.20° 20.614 16.67* 11.4* 13.24% 18.85"
BOD Load (kg/day) 17.31 16.76" 7.74 9.19% 23.774 21.84* 15,94 20.01* 23.20"
- CODMn Load (kg/day) 877 8.51%¢ 4,50 4.30° 12.39 10.55" 7.93% 9.77% 12.17%
CODCr Load (kg/day) 36.03 34.53%5¢ 16.65° 19.30° 49.06" 4523 31.46% 41.25" 50.75"
TOC Load (kg/day) 17.54 18.24" 8.35" 12.03" 21.02" 19.70* 15.69" 25.84" 19.44%
TN Load (kg/day) 6.16 5.8545P 302 2.87° 9.00* 6.59" 5.05"P 7.96" 8.94*
TP Load (kg/day) 0.657 0.726" 0.366° 0.451% 0.833"® 0.699" 0.562"%¢ 0.931* 0.688"%
Flow (m'/d) 1,550.60 1,360.5% 967.5° 1,2585% | 2071.5" 1,858.3% | 1,603.2" | 1,6584" | 16267
SS Load (kg/day) 69.33 53.11%P 32,06 44157 105.36" 87.32'" 8L06"C | 7705 | 7455
BOD Load (ke/day) 122.27 105.90% 52.86° 80.75% 192.40"* 142.25° 140,63 134.38° 129.01%¢
- CODMn Load (kg/day) 55.45 50.255¢ 23.94° 38.46% 78.43" 65.92% 58.814% 65.34‘“3. 62.47%5¢
CODCr Load (kg/day) 247.79 2119250 | 11302 16345 369.05" 315.22" | 283.14°%C | 267.96" | 25859
TOC Load (kg/day) 113.72 102.96" 61.14* 98.03" 139.75" 110514 122.82" 137.49" 137.05"
TN Load (kg/day) 40.29 35.69%¢ 23.96° 33.08% 54,724 42.48" 39.79"® 4767 44.95"®
TP Load (kg/day) 4175 4.114% 2.859° 3.414% 5.853" 4778 4078 42995 4.014%
Note) a, b, ¢ --- : Mean comparison by Duncan's multiple range test at a=0.05.
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RS B AL AR EolA B2zt olck shRINE 7hsst
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5 gEoA thh Fe7b w2t 15419 184 &2 15
Ao} 21A19] Hgks HAARICR ALt HAARES
3l ALk C-1 AFY FREFS 4.5%01519] M= AHY
4 A, FFRSIES SS 18.1%°]3}, BOD 13.1%°]3},
CODy 14.6%013}, CODc, 14.1%013}, TOC 18.4%°]8F, TN
13.6%°13F, TP 13.6%°lste] ME APg g 4= Qlrh. A4
HE S8l Ak C-2 A-e FREHS 7.0%015H] HeR
APEE 4= Qa1 Fe ARSI SS 16.9%¢18F BOD 15.0%
ola}, CODy, 17.8%°13}, CODcr 14.3%°13} TOC 20.9%°]
8}, TN 18.3%°l8}, TP 3.9%°lste] M= 4Pg & 4= it

~ 49 %, BOD -3.9 % ~ 13.1 %, CODw, 2.9 % ~ 14.6
%, CODer -4.2 % ~ 14.1 %, TOC 0.1 % ~ 18.4 %, TN
-5.1 % ~ 136 %, TP -4.8 % ~ 13.6 %] W= 4K T
4 Ut} ZAHAES B3 AXRE C-2 A 2= 34
% ~ 7.0 %9 HYR AT = 1, FePHsH= SS 7.5
% ~ 169 %, BOD 55 % ~ 15.0 %, CODy, 6.1 % ~

Table 3 Difference (%) from the daily average value of the measured variables

Site factor Average Time
Value 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
flow 189.88 -141 -45.05 -33.36 34.04 17.96 -10.43 19.46 18.78
SS 15.04 485 10.11 -52.13 37.03 10.84 -24.20 -11.97 25.33
BOD 17.31 -3.18 -55.29 -46.91 37.32 26.17 -7.91 15.60 34.03
- CODMn 8.77 -2.96 -48.69 -50.97 41.28 20.30 -9.58 11.40 38.77
CODCr 36.03 -4.16 -53.79 -46.43 36.16 25.53 -12.68 14.49 40.85
TOC 17.54 3.99 -52.39 -3141 19.84 12.31 -10.55 47.32 10.83
N 6.16 -5.03 -50.97 -53.41 46.10 6.98 -18.02 29.22 45.13
TP 0.657 10.50 -44.29 -31.35 26.79 6.39 -14.46 41.70 472
flow 1,550.60 -12.26 -37.60 -18.84 33.59 19.84 3.39 6.95 491
SS 69.33 -23.40 -53.76 -36.32 51.97 25.95 16.92 11.14 753
BOD 122.27 -13.39 -56.77 -33.96 57.36 16.34 15.02 9.90 5.51
- CODMn 55.45 -9.38 -56.83 -30.64 41.44 18.88 6.06 17.84 12.66
CODCr 247.79 -14.48 -54.39 -34.04 48.94 27.21 14.27 8.14 436
TOC 113.72 -9.46 -46.24 -13.80 22.89 -2.82 8.00 20.90 20.52
N 40.29 -11.42 -40.53 -17.90 35.82 5.44 -1.24 18.32 1157
TP 4.175 -146 -31.52 -18.23 40.19 14.44 -2.32 2.80 -3.86
12 Fa53ots) =R AslW A3E, 200
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Fig. 1 The pollutant load which calculates in optimum time of monitoring

17.8 %, COD¢; 4.4 % ~ 14.3 %, TOC 8.0 % ~20.9 %,
TN -1.3 % ~ 18.3 %, TP -3.9 % ~ 2.8 %<] W= At
A 3 4 itk C-1 AFoAE 22 162 % ~ Hdf 23.0
%2 LAPAE 2= QAREE AT 4= = AoE YE
i, C-2 AHME 24 3.6 % ~ ) 19.6 %] oA
9= vtk

wheka] HHALOR AE SAHARE AR C-1 AH
23.0 %+ C-2 A1 19.6 %9] ol LAHHE 2=
o5 AP & 4= Qlrt. 1o vl HAAke ' YeRtA] ok
ZAATRS ARgSHE C-1 AF 99.6 %9 C-2 A4 1141 %
o] o eARIE 2= LgRskE APgstA "ot ol
Aik= o199 Altel| —% 7okl L @HSHE A
AFeHH e 2 02E 7H 4= Stk A UERdTh wetbA
AZARR} AR B4 Olﬂokﬂ Ao SIS
A LRt Abgol Qlo] mie- Fad Ao wehH

C-13} C-2A130llA &A1 AXW ol g3t St
,,__Q_O:hﬂo]__/] /\]_x_]o _Ll_zﬂ +go‘§
o7 R, AAFolal 55744 1%01 g Aoz ARy
th 2 AolAs AR @919 RARE AAEkL EAIske]
HAEE B7bslsinh oS Adstar AlEd o= B2k 8l
e TAIRE S919] 2K 2498 AAIEE Fasdo] it

mlo

O

Iv. 2 3 A2

TaEA YA e efRsibgs fIgt
A AR AR SAEAI]] EHAl] F
Bl AP|E (C-13} C-2)5 AAskaL 200449 9
W 49717 20708 B 25 2 ES S A
= okt gt

D = EA R AFAT] meh e gReks o & A}
olZ ®girh. C2X4 9] BOD¥3H= -56.77 ~ 57.36%% 7}
A WskEo] 7)1, TOCHste] WskEo] 744 A9kA|qk 1 H

Journal of the Korean Society of Agricultural Engineers, 51(3), 2009. 5

o7} -46.24 ~ 22.80%F UERYT) uleha] sk oojnat
ARE Yalre I @Rkl S AR f=F
é atal, HARE AFeH] 4T darvt Qi
—1 7oAl 24 BUEY AR 0A] E= 15419}

18Al o 15419} 21A12 Yerstth C-2 A-olAes 15419
184] ;mz 21X = YERth

3) A BUEY Ao AikE Gk eReh= C-1
I C-2 AN HEH ) LgRat] vl
olgte] Qag Zh= FE QANSIE A T = Qe Ao
2 YERit

mlo 12

D olgel Az B v, Y4 seme fE ogy
S sjola & g st B g olgal
A B2 4 U8 TE AL RIS Ly
7 Helskar HAAQ] vhe] & Ao wichEr)

REFERENCES
Ahn, Y. H, and J. D. Kum, 2004. Characterization of

infiltration/inflow (I/I) and combined sewer overflows
(CSOs) in municipal wastewater collection system.
Journal of Korea Society of Civil Engineers 24(4B):
381-390 (in Korean).

APHA, AWWA, WEF, 1995. Standard methods for the
examination of water and wastewater (19th). American
Pubilc Health Association, Washington.

Bang, K. W., J. H. Lee, M. S. Choi, and Y. J. Yoon,
1998. An experimental study on sewage discharge
characteristics of apartment area (II): Part of
periodicity analysis. Journal of Korean Society on
Water Quality 14(2): 145-152 (in Korean).

Cho, J. Y., and H. J. Chung, 2002. Management plans for
combined sewer overflows. Jowrnal of Nakdonggang

13



B9 A R SHES] Q@RS A SIet HABSAZ AT

b

Environmental Research Institute 7(1): 253-263 (in
Korean).

Cho, M. J., E. B. Shin, Y. K. Kim, and W. K. Bae, 2001.
The characteristics of pollutant release by sediment
in combined sewer. Journal of Korean Society on
Water Quality 17(3): 407-415 (in Korean).

Choi, M. S., Y. J. Yoon, K. W. Bang, and J. H. Lee,
1998. An experimental study on sewage discharge
characteristics of apartment area (1 ): Part of unit
loading of pollutants. Journal of Korean Society on
Water Quality 14(2): 137-144 (in Korean).

Kang, Y. T., H. C. Yang, Y. H. Cho, and S. P. Chang,
2006. A study on the runoff characteristics of non—point
sources by pollutant loading of domestic sewage to
the municipal. Journal of Korea Society of Water
Science and Technology 14(2): 57-66 (in Korean).

Kim, J. K., and 1. H. Ko, 2006. Modeling of discharge
characteristics of combined sewer overflows (CSOs)
from a small urban watershed in Daejeon city. Jowrnal
of Korean Society of Environmental Engineers 28(6):
654-660 (in Korean).

Kim, W. J,, S. Managaki, H. Hurumai, and F. Nakajima,
2008. Characterization of diurnal load variation of
combined sewer wastewater. Proceedings of 2008
Spring Conference of Korean Society on Water Quality
and Korea Society of Water and Wastewater: 197-
198 (in Korean).

14

Lee, H. S, and S. S. Park, 2005. A water quality
modeling study of Chunggye stream during combined
sewer overflow period. Jownal of Korean Society of
Environmental Engineers 27(12): 1340~1346 (in Korean).

Ministry of Environment, 2001. Official test methods for
water pollution (in Korean).

Park, N. Y., C. H. Cho, and C. S. Choi, 2003. Status of
combined sewer overflow (CSO) treatment facilities.
Journal of Korea Society of Water and Wastewater
17(2): 204-210 (in Korean).

Lyman, R. O., 1992. An introduction to statistical methods
and data analysis 4th edition. Belmont.: Duxbury Press.

Shin, E. B, and H. S. Yoon, 1998. Pollutant settling
characteristics of combined sewer overflows in urban
area. Journal of Korean Society on Water Quality 14
(4): 425-432 (in Korean).

ok

S5E =R Asld Al3E, 009



