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Abstract

The quantity of a discharge load can change with changes in rainfall in the area with a combined sewer system (CSS). To
evaluate the implementation appropriately in the management of total maximum daily loads (TMDLs), the effects of rainfall
changes should be considered in the estimation of the discharge load. The rainfall condition for the estimation of the discharge
load in a certain year should be standardized to the same rainfall condition as that of the reference year. However, the
calculation process is very complicated with its potential limitations. This study investigated and developed relatively simple
methods for estimating the discharge load. Load conversion method (LCM) is designed to convert the discharge load under the
current rainfall condition into that of the reference rainfall conditions. Simple rainfall data method (SRDM) is to simplify the
estimation process of the discharge load by the simple conversion of rainfall data. These methods were applied to calculate the
discharge load and examine the estimation results. From the results of this study the application of these methods may be
useful for estimating the discharge load in the TMDL process.
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Fig. 1. Occurrence of sewer discharge with rainfall increase.
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Fig. 2. The annual inflow load and outflow discharge with regard to rainfall amount (Dajeon metropolitan city).
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Table 1. Discharge load under current and reference rainfall condition

Current condition Reference condition Change ratio (%)
Rainfall (mm/yr) 1,561 1,711 9.6
Rain days (day/yr) 49 64 30.6
CSOs discharge load 1,255.4 1,126.9 -114
Total discharge load (kg/d) 24,688.5 24,579.4 -0.4
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Table 2. Results from the applications of the methods for
calculating the discharge load

LCM SRDM
Calculated discharge load (kg/d) 24,564.6 24,582.0
Difference in dlscl{afge load 1438 26
from reference condition (kg/d)
Error (%) -0.06 0.01

Table 3. Characteristics of the methods for calculating the
discharge load

LCM SRDM
Accuracy High High
Simplicity Very low High
Practicability Relatively low Very high
Utilization 2nd Method Ist Method
4 Aol AReIN B RARoE A48B F 9
S Aoz Addyg

Fgrstge 43 LB gads MEtety 2
J2 9% Foxdol AR 9@ 2ololok At
e A=y 29

z
o
2
o
o
m
rlo
St
2
)
tjo
=OI£

o,
N
=
i
-z
)
of

>,
o
oL

T
o
fru

o 4z
ol
of
>,
ox
s
=2
N,

1600
35 y = —23476x + 24098
) 2
21400 R? = 09994
©
©
kel
© 1200
o
©
<
& 1000
o

800

30 40 50 60

Raindays(day /yr)

(b) Relationship between rain days & discharge load

Fig. 6. Relationships between the rainfall condition and discharge load from the combined sewer pipes in Daejeon area.

23PN sREaAsE M 3, 2011



T HERTIE| BUTESH Halo] ME HiEFsHE ALY 299

Mo 292 Ao] e waste aden 9 Ku7 g9 714 BAE AT +ILY FFERTY

Ao W Zzte] WHT T Agetel BrE R 241, 26(6), pp. 1008-1015. _

B8 WP PHOIT. o BLARUL Roig way  FITCOD. F7RAY pULTEIS WFI2y oFh

5t X . ¥ 3] - 3

9’]‘3'_17&/‘0;"% %()171 ‘c',;'_&]_(ﬂ :‘__ZH 70]-‘?‘}—6% ‘1],:/3..9.3 ;ﬁ_% —]' /(]'L. 7. %_\_% u{%‘l’“ﬂ“\:}fa‘dﬂﬂ %tl%o”}'
- s om s ) ‘ S FABBERE AT

75]':11 *57]:‘3“%?‘3}%1:% e g skeE Ho]'jﬂoll:]'. $238)(2008). B4 SYCYEIY WEFEE o9gR

i e Rt AU H88e HES 2H, Fof o ZAFEA. GEZSABYNLY - FYFEAHGY o

T AIHT oA FeAIYL 2XE 0.1% oltEA A SAETFATA

g0 e B Aow Ydud Fod Aawe 4% HBQW). F8A 2YedEIY HEFEY o9

T 2oy ZHEAo] Yol AQAL uwE e Ho|, of ﬁ:_:}”” T ARY AL - SHEF5ASd 2

= = 1= EFdATA

T AexA-dANERSE AV EE BAede 7€ _mee e

o o . i BFR0Q002). FFA BB ¥ FU AL 5o B

g o188 5 Q= IAZAY BT 5 o=z W W s e

_ - HE 2

Z3 stllAeE A B dAEE ol&ste WEFaE FARQ00). FFA e dE2gPe J B,

S WFstelo @tk oFd ZSABEE FHEG} BBl @AR0005) 3 FEA o dEFAINIAG o FT AT

Eol 4840l e =& WHolg & F Utk ol ¥ F ZA, (BFFFILA A2005-155%, 2005.11.16).

HELS HEste PrmESEsHe AFgGozx $£2049 El-Din, A. G. and Smith, D. W. (2002). A neural network

2 olAFWIL FAFA TdFREZ FIdRE v model to predict the waster inflow incorporating rainfall

= ts. Water Research, 36, pp. 1115-1126.

gzl Holy ABAo T Fr 2= 9le Aow 7= even , 90,

Bl A e 5 3 > T Even, S., Mouchel, J. M., Servais, P., Flipo, N., Poulin, M.,
_ _ Blanc, S., Chabanel, M., Paffoni, C., and Duchesnes, S.,
éll'_T'__E‘a._'l (2007). Modeling the impacts of combined sewer overflows

on the river Seine water quality. Science of the Total

ZYRAHTA2004). ~ALFEFH &2 F. Environment, 375, pp. 140-151.

0 F G A1(2004). o HF A Xi]] 2A e dEsegde] AJdA 9.

Eijg'oc”‘](ZOOS) ddggx] eFgEgde] AJJAE 2005
& o]ggrrE A

A F A (2006). HAFHGA eFSgae] AJFAE 2006
& o]g g

WA FAGA(2007). HAFGA eFgsga#e] AJFAE 2007
& o]g g rrE A

WA F A (008). HAFHFA eFsga#e AFAE 2008
& o]ggrrE A

:Hﬂ G R(2009). HAFGGA] A4 e PGEFHAa] 7]EA .

oA 7]“7&(2009) 2000~2009 A=Y FLAE.

gEy, 259(2010). FRLAZF AL MEFIFA A
BT ENAT. sHFEH FFEFF T, 26(4),
pp. 646-653.

gdEW, 259, AAH010). FRALAFTFAY FRAA

Gupta, K. and Saul, A. J. (1996). Specific relationships for the
first flush load in combined sewer flows. Water Research,
30(5), pp. 1244-1252.

Hogland, W., Berndtsson, R., and Larson, M. (1984). Estimation
of Combined Sewer Overflow Discharge From the City of
Malmo. Nordic Hydrology, 15, pp. 333-340.

Lacour, C., Jonnis, C., and Chebbo, G. (2009). Assessment of
annual pollutant loads in combined sewers from continuous
turbidity measurements : Sensitivity to calibration data. Water
Research, 43, pp. 2179-2190.

Mullis, R. M., Revitt, D. M., and Shutes, R. B. (1996). The
impacts of urban discharges on the hydrology and water
quality of an urban watercourse. Science of the Total
Environment, 190, pp. 385-390.

Journal of Korean Society on Water Quality, Vol. 27, No. 3, 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


