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Abstract

The objective of this study is to obtain adequate intercepting flow during wet weather conditions in
combined sewer system. Two study sites are selected under considering different population density, one
is developed area with heavy urbanization. Another is recently developing area. In the analysis of field
investigation, SS was most significant in initial flushing effects compared with other factors and showed the
result with the order of COD, TP, TN.

As compared with event mean concentration(EMC) of runoff, BOD, TN and TP showed high
concentrations in wide area with relatively large population density. It is by the reason that much pollution
load was discharged to receiving water from urbanized area during wet period. According to results of storm-
water modeling, 53% of total COD and 52% of total SS poliution load were discharged to receiving water by
overflow than intercepting capacity in middle population density site. Also, in the urbanized area, pollution
load was discharged to receiving water by 49% of total COD and 77% of total SS. These results can be
applied to setup for pollution load flow(budget) generation, collection, treatment and discharging in order to
obtain adequate intercepting flow.

Key words: Combined sewer overflows, Intercepting sewer, Stormwater runoff, Stormwater management
model, First flush
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Table 1. Characteristics of catchment basin in study area
ltem S site H site
Type of sewer system CSS CSS
Catch basin area(ha) 8.63 195.52

Type of residence High density  Residual area
residual area  (Apariment)
Population density

(person/ha) 197

368
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Fig. 1. Subcatchment and sewerlines of study area.
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Table 2. Upper and lower bounds of calibration parameters and variables.

Parameter ~ Corresponding variable Initial variable estimates Range of allowable value
of corresponding variable

x1 Manning's roughness of pervious area 0.30 0.03~0.51
x2 Depression storage of pervious area 7.5mm 1.5~10.5mm
x3 Initial infiltration rate(Horton’s) 45~80mm/hr 6.75~160mm/hr
x4 Ultimate infiltration rate(Horton’s) 2.5~3.5mm/r 0.0~11.3mmvhr
x5 Infiltration decay rate(Horton’s) 0.00005/sec~0.0011/sec 0.000035~0.0022/sec
x6 sub-catchment width Varies with sub-catchment(92~2132m) + 50% of the initial value
X7 percent impervious area Varies with sub-catchment(0.03~0.376) + 50% of the initial value
x8 sub-catchment slope Varies with sub-catchment(0.02~0.10) + 50% of the initial value

Table 3. General calibration/validation tolerance or targer (Donigian, 2000)

Difference Between Simulated and Observed Values(%)

Very good Good Fair
Hydrology/Flow <10 10~15 15~25
Sediment <20 20~30 30~45
Water Temperature <27 28~12 13~18
Water Quality/Nutrients <15 15~25 20~35
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Fig. 2. Flush curve of pollution load at H site (2002. 8. 31).
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Characteristics of rain event ‘a’ Value
Date of
precipitation  Total rainfall Duration  Antecedent dry Peak rain : :
depth(mm) () weather(day) intensity(mmbr)  COP S8 TN T-P
2002. 8. 31 455 10 3 7.0 0.417 0.404 0.431 0.365
2002. 9.21 12.0 2 4 11.0 0.594 0.465 0.558 0.424
2002. 10. 13 10.5 1 6 105 0.773 0.667 0.909 0.766
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Table 5. Results of pollution EMC during wet weather 3.2 ARS8E po|Am

EMC(mg/L)
Site
BOD CcOD T-N T-P TSS

S 875 246.2 119 2.1 213.2

H 113.0 183.6 253 26 176.2
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Table 6. Characteristics of rainfall event using calibration and verification

Site Characteristics of rainfalt event
S '03.4.18(R" = 27.75 mm, 2 = 3.08mm/hr), 03.4.29(R = 35.75 mm, | = 3.25mm/hr)
H '02.7.14(R = 22 mm, | = 0.92 mm/hr), '02.8.31(R = 45.5 mm, | = 1.90 mm/hr)

") Total rain volume, ?: Average intensity

S
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Fig. 3. Comparison of pollutant EMC in CSOs.
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Fig. 5. Comparison between observed and simulated flowrate and water quaiity at S site.

Table 7. Results of calibration and verification error ratios

Flow Pollution
Site ltem Peak conc.(mg/L) Load(kg)
Peak Total

Cob SS COD SS

S Calibration 5.8 71 39 8.5 6.7 9.4

Verification 111 16.3 216 220 16.6 16.7

H Calibration 3.1 13.2 24 2.1 134 11.0

Verification 13 8.5 74 14.6 15.2 1.7
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Fig. 7. Comparison of intercepted and overflowed pollution load at S site.
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Fig. 9. Comparison of intercepted and overflowed pollution load at H site.
Table 8. Results of simulation for study sites during Mar.~Nov. 2002
Site Item WWF CSOs CSOs/WWF (%)
S Frequency(event) 47 34 72
Volume(m®) 96,333 65,506 68
Pollutionload (kg COD 11,340 6,010 53
SS 17,760 9,235 52
H Frequency(event) 50 35 70
Volume(m®) 1,018,300 661,895 65
Pollution load (kg) COD 178,300 87,367 49
S8 106,800 82,236 77

ReH A, Sals
& d5ota, AT egRetE daeid. 47
A3g st o3 2o

1. 2Abe 339 348 e w3 &
2955t st 27IAHANE G 2
§S9] 3% 271AA &7} 7H¢ F e, COD, T-P
T-N ¢o2 27142 237} \%E}kkt}

2. A9RESY A FFEEETEE E4E
A, FuAez fFqdA el 5}1 adEe] ATE
E 5A4E 7K HAY e A% sk HA 2 719

s

o] &g Sx|q M= AX/FZA 710 COD
SS7b #A et 540l
o2 vesT

3. A$Erdel By 2 43549 594 vy
7Aoo tEte] aet AZoM S8 13~163%

LGRS
9 23l HYen A (COD, SS)& 1.9~22.0%

555

o 248 YEIRD. ol vlste] el 2o
7b 27 e, HSPEelA 3 77 %d A
£ A58 W) £ Ao Yy

4 9%melE B3 odre LAEHL
A% FAYE FANA B9 + 92t 419
v AR5} 348 BAdon 3 7
Jhed 68971 RAE A i
AH3} 5 COD 53%, SS 52%7} ¥F-4do
5

Ho Ho Hr

& o}i o b 1k
0 Ho my o ok

AT, wEE FAA G

kA 503 % YR 35g uugo}

2

£ 638,910m’c] W

2 UERRL, o2 gt %jiﬂ &

X CODE 49%, S Y
= Aoz mefHch

17
F[F

FFEYY (1998) slTEAH7] &,

B3 E (2005) £7 WA

STHEEATH (1998)
a7

APHA, AWWA, WEF (1998) Standard methods for the
examination of water and wastewater, 19th edition.

St AlEAE B 7S g



Journal of the Korean Society of Water and Wastewater
Vol. 19, No. 5, pp. 547-556, 2005

eq¥s BAEA BNE B TR A50A A% A0EF AR (])

Donigian Jr., A.S. (2000) HSPF Tranining Workshop Handbook
and CD. Lecture#19. Calibration and Verification Issues,
Slide #L19-22. EPA Headquarters, Washington
Information Center, 10-14 January, Washington, D.C.

Huber, W. and Dickinson, R. (1992) Stormwater Management
Model, Version 4: User’s Manual, Environmental Research
Laboratory, Office of Research and Development.

Ibrahim, Y., and Liong, S. Y.(1993) A method of estimating
optimal catchment model parameters, Water Resources
Research, 29(9), pp. 3049-3058.

Ibrahim, Y., and Liong, S. Y.(1992) Calibration strategy for
urban catchment parameters, ASCE Fournal of Hydraulic
Engineering, 118(11), pp.1550-1570.

Inoue, Y, Nakazato, T., Nomura, N., and Otuka, M.2001) CSO
Abatement Strategy in Fapan, Watershed 2001, EWA, WEF,
JSWA, Tokyo.

Kuch, A. J.(1994) A sensitivity Analysis Shell for Complex Continuous
Water Quality Management Modelling. M. Sc. Thesis,
University of Guelph. Ca.

Liong, S. Y., Chan, W. T., and Shreeram, J.(1995) Peak-flow for
forecasting with genetic algorithm and SWMM, ASCE
Fournal of Hydraulic Engineering, 121(8), pp.613-617.

Love, J.T., and Donigian, Jr., A.S.(2002) A modeling System of
Nutrient Loads to Long Island Sound from Connecticut
Watersheds, Best modeling Practices for Urban Water System,
10, pp. 173-195.

Nguyen, V., Javaheri, H., and Liong, S.(2000) On automatic
calibration of the SWMM model, Applied model of urban
water system, 8, pp.163-174.

Novotny, V.(1995) Nenpoint pollution and Urban Stormwater
Management, Technomic Publishing Company, Inc.

Saget, A., Chebbo, G., and Krajewski, J.L.(1996) The First Flush
in Sewer System, Wat. Sd. Tech., 33(9), pp. 101-108.

U.S. EPA(1993) Combined Sewer Oveflow Control.

Wan, B. and James, W.(2002) SWMM Calibration using
Genetic Algorithms, Best modeling practices for Urban Water
System, 10, Edited by William James.

WEF(1992) Stormwater Monitoring, Measurement, and
Management, Pre-Conference Seminar Proceedings, 65th
Annual Conference & Exposition New Orleans.

WP-Software(1993) XP-SWMM: Stormwater management model
with XP graphical interface. User’s manual, version 1.0, WP

Software, Belconnen.

556



