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A Study on the Discharge Characteristics of Pollutant Loads in
Small Watershed According to the Probability Rainfall
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ABSTRACT

The objective of this paper is to study the discharge characteristics of pollutant loads in small watershed according to probability
rainfall using the Hydrologic Simulation Program-Fortran (WinHSPF). The subwatershed of Gosam reservoir watershed in Gyeonggido
province was simulated and the probability rainfall of study area was estimated by recurrence interval and duration. The probability
rainfalls are 156.5, 205.9 and 277.4 mm for 6 hrs, 12 hrs and 24 hrs in 10 year frequency, and each probability rainfalls is
distributed by Huff's 4th quantiles method and applied to HSPF. The pollutant loads were high for initial rainfall. The concentrations
of TN, TP and BOD were high as rainfall duration is shorter and rainfall intensity is higher.
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Fig. 1 Overview of HSPF (Bicknell et al., 2001)
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Table 1 Landuse of study area (Ministry of Environment,
1998)
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Areatha) | 63.8 | 274 | 945 | 3689 | 192 | 82 9.9 |591.9
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Table 3 Parameters for hydrology simulation

d il —
A 9] X]_EE /\]__Q_—‘—].O:I o u:] Table 2% _4_:1_ 347t 7k _<’J_ = 5 Parameter Definition (units) gzltil Calibration
Ast 7 2o vAdIE H|L-S Ljepd Aot} LZSN | Lower zone nominal storage (in) 4~65 4.0
INFILT | Soil infiltration capacity index (inhr) 0.16 {0.08~0.1
Table 2 Rainfall frequency of Wonsam observatory (2004 AGWRC | Groundwater recession coefficient (day™) 098 | 098
~2006) UZSN | Upper zone nominal storage (in) 1.128 1.1
Duration st quarter | 2nd quarter | 3rd quarter | 4th quarter DEEPER |Fraction of groundwater inflow to deep recharge | 0.1 0.2
0~ 6hr 24 % 34 % 30 % 12% LZETP |Lower zone ET parameter (none) 0.1 0.2
6~ 12hr 15% 44 % 22 % 19 % INTFW | Interflow inflow parameter (none) 0.75 1 0.1~04
12~ 24hr 22 % 28 % 28 % 22 % IRC  |Interflow recession parameter (day ™) 0.5 |0.3~0.5
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Table 4 Parameters for water quality simulation
Parameter Definition (units) Initial value Calibration
KBOD20 Unit BOD decay rate at 20C (1/hr) 0.004 0.0035
KODSET BOD setting rate (ft/hr) 0.027 0.07
SUPSAT The maximum allowable dissolved oxygen supersaturation (none) 1.15 1.32
TCDEN Temperature correction coefficient for nitrification (none) 1.04 1.04
KDNI Denitrification of NO; (1/day) 0.0/0.0/0.0° 10/5/3°
KPLNM (surface) Plant uptake parameters for surface layer(/day) 0.3-0.5 0.35-0.55
KPLNM (upperlayer) Plant uptake parameters for upper layer (/day) 0.3-0.5 0.35-0.60
KPLNM (underlayer) Plant uptake parameters for lower layer (/day) 0.0-0.2 0.10-0.20
KIMP Phosphate immobilization (/day) 8.0/1.5/0.1/0.0° 10.0/2.0/0.1/0.0°
KMP Organic P mineralization (/day) 0.0009/0.00005/0.00006/0.0° | 0.0007/0.00003/0.00005/0.0°
XFIX Freundlich isotherm foxed phosphorus 20/12/8/9 25/15/10/12°
K1 Freundlich isotherm coefficient 5/5/4/4° 5/5/5/6"
PUPT Monthly plant uptake parameters for Phosphorus 0.01-0.15 0.01-0.15
a,b: surface, upperlayer, underlayer
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Fig. 4 Observed and simulated concentration (2004~ 2006)

Table 5 Calibration and validation of model

o Calibration (2004~ 2005) Validation (2006)
Classification
RE RMSE (CMS) RE RMSE (CMS)
BOD 0.30 0.70 0.32 0.72
™ 0.28 0.78 0.31 0.78
TP 0.27 0.09 0.29 0.09

Table 62 4224z W BOD, T-N, T-P B4 U A=
A= A 3 Aoz R7F 22 0.75, 0.74, 0.96, RMSE7}
2.59, 4.34, 0.83 tons/yr, ME= 0.70, 0.66, 0.85= E-A=|9ic},
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Fig. 5 Scatter plots of observed simulated data
Table 6 Verification results of efficiency for the model Table 7 Probability rainfall of study area
v R RMSE (tons/yr) ME Recurrence interval 6 hr 12 hr 24 hr
ear
BOD | T-N | T-P | BOD | T-N | T-P | BOD | T-N | T-P 10 yr 156.5 mm 205.9 mm 277.4 mm
2004 | 093 | 062 | 097 | 401 | 360 | 088 | 0.71 | 0.63 | 0.82 20 yr 183.0 mm 235.7 mm 318.6 mm
2005 | 0.70 | 0.72 | 0.95 | 358 | 5.04 | 0.72 | 0.68 | 0.61 | 0.84
2006 | 0.63 | 0.89 | 0.95 | 0.19 | 437 | 089 | 0.72 | 0.74 | 0.89 400
Mean | 0.75 | 0.74 | 0.96 | 259 | 4.34 | 0.83 | 0.70 | 0.66 | 0.85 as0 | | = 10yr frequency-shr
—— 10yr frequency-12hr
—&— 10yr frequency-24hr p
300 { | —&— 20yr frequency-6hr
— —+— 20yr frequency-12hr
2_ Eggl &‘ig- ’é‘ 250 —— 20§rfreguenc§-24hr
3
ot 88 3o g ™ :
AT AL AFI) I Table 73 o £ o
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Fig, 6 Huff's nondimensional cumulative Curve (2quarter)
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Table 8 Average density by rainfall duration (units : mg/L)
6 hr 12 hr 24 hr

BOD| TN | TP |BOD| TN | TP |BOD | TN | TP

10 yr frequency | 3.50 | 3.26 | 0.28 | 2.69 | 2.77 | 0.24 | 2.38 | 2.57 | 0.25

20 yr frequency| 3.35 | 4.42 | 0.31 | 3.14 | 3.05 | 0.26 | 2.36 | 2.94 | 0.27

Classification

TP+ 0.11~0.48 mg/Lg Uehgon 24770 739HRgA]
7Hsre] Wt LGRS Table 81} 2} AR WA 62
%E AAhE doke] FaFol 7H Ak A Al =3 Y Al
Hlofl o #A Sehs S Atk ol FF ALA

TE St o WA ] ez 28 5 QS AL
et

PﬂJ rﬁ

T 1
s

)

B

<]

to

o2

—Hz

$

off

=

0

ShE ZFrE APgsto]
°ﬂ oE 3 A% o9 —‘ﬂr‘SP &S0 el A+tst
Aol U8 QoFsHH thaat At

L. EH JA L] WinHSPFE #-8-sto] HASE Aat, &9
7% RMSE+ 0.89 CMS, RE= 0.252 UeRgo
RMSEE 1.34 CMS, REE 0.298 EAEQic}t $£39 A9
BOD, TN, TP¢ =44z RMSEQ REZ} ZHzF 0.70, 0.78,
0.09 CMS, 0.36, 0.32, 0.27=2 Yepct, AA43 RMSES}
RE7} ZH2F 0.72, 0.78, 0.09 CMS, RE:= 0.39, 0.35, 0.29%
A= BODSF TNG] a7t & olf+= AZol oigt =
o] BEy BA A 277k Aoz Azt Ao st dgk
o2 yhehEr)

2. ORI A&7 6AI7E 12A417F, 24417

717 109, 209 Hl=2 &@3} , ©] 3F Huff H32¥
IAAL 109 HIEo] A9 6, 12, 2447 9= 74
156.5, 205.9, 277.4 mmi *J@El"*onﬂ 209 BIEo] AL
183.0, 235.7, 318.6 mm% AFYEqich

3. ARAE WinHSPFo| Z2te] AHE 7495 BEAlA
Holgs wASE A}, A 2700 Y¥EE st =0k
ZAOoR Ueisl=d]|, o= ok}t HAA} 5 olF=
AT B4 fiZoR AekEr.
4, QAATEY TN, TP BODo| H

¥R oot L M S
_YLJ‘.:B

nR

ox

o Gatett, 21 44 vl 8 ] agpiel
ol W Holth ASANE HE QRIS v, 4|
82

SARIO] AT AT} 248 B YEpdth o) A4
o] 142 BE 9ao] kop & fE] wol] yE
ow g

5. AFACE BODE 0.15~5.2 mg/L, TNS 0.5~5.7
mg/L, TP 0.11~0.48 mg/L& Yeth dof Az, 2
Z19] WAo] 80 % o] WAL B 1S o, &
T AEARL Aot SAo] AlGETH Z}

] -
off glo] Hau] U= A = A &EE Tk,

o =Ee 20099% AZrhetal S&HNTATH] X|Yof
ofgt =HQlue},

REFERENCES

1. Albek, M., U.B. Ogutveren and E. Alber, 2004.
Hydrological modeling of Seydi Suyu watershed (Turkey)
with HSPF. Journal of Hydrology 285: 260-271.

2. Arnold, J. G., R. Srinivasan, R. S. Muttiah, and J. R.
Williams, 1998. Large Area Hydrologic Modeling and
Assessment. Part I : Model Development. Journal of
American Water Resources Association 84(1)' 73-89.

3. Bicknell, B.R.. J.C. Imhoff, J.L. Kittle, Jr., T.H. jobes,
and A.S. Donigan, Jr.,

Program - Fortran (HSPF) User's Manual for Version

2001. Hyrdologic Slmulation

12, U.S. Environmental Protection Agency, National
Exposure Research Laboratory, Athens, GA.

4. Hummel, P., Kittle, JJr., Gray, M, 2001. WDMUtil User's
Manual, Water United States Environmental Protection
Agency.

5. Jang, J. H., Yoon, C. G, Jung, K. W,, Jeon, J. H., 2006.
Pollutant Loading Estimate from Yongdam Watershed
Using BASINS/HSPF. Journal of Korean Society of
Limnology 39(2): 187-197 (in Korean).

6. Jeon, Ji-Hong, Yoon, Chun G, Jung, Kwang-Wook, Jang,
Jae-Ho, 2005. “HSPF-Paddy Development for Simulating
Pollutant Loadings from Paddy Fields”, Journal of the
Korean Society of Agricultural Engineers 47(7): 57-
66 (in Korean).

7. Jung, K. W., Yoon, C. G., Jang, J. H., Kim, H. C,
2007. Quantitative Estimation of Pollution Loading from
Hwaseong Watershed using BASINS/HSPF. Journal of
Korean Society of Agricultural Engineers 49(2): 61-74

Fasotel=ad A52d A=, 2010



=

AR - PAF -

AAE

10.

11.

12.

13.

Journal of the Korean Society of Agricultural Engineers, 52(6), 2010. 11

(in Korean).

Jung, K. W., Yoon, C. G., Jang, J. H., Han, J. Y., 2005.
The evaluation of BASINS/HSPF and WASP5 model
in Hwaong watershed and reservoir. Conference of
the Korean Society of Agricultural Engineers 540-545.
Kongju, Kongju National University (in Korean).

Kim, S. M,, Seong, C. H., Park, S. W., 2009. Calibration
of HSPR Hydrology Parameters Using HSPEXP Model
Performance Criteria. Journal of the Korean Society
of Agricultural Engineers 51(4): 15-20 (in Korean).
Lee, H. S., Lee, Y. S, Jeong, S. A, Park, S. Y., 2007.
Application of HSPF for pollutant loads estimation in
Yongdam watershed. Conference of the Korean Society
of Water & Wastewater / Korean Society on Water
Quality 721-726. KINTEX, Kyeonggi-do, KSWW (in
Korean).

Lee, K. S., Chung, E. S., Lee, J. S., Hong, W. P,
2007. Analysis of Hydrologic Cycle and BOD Loads
Using HSPF in the Anyancheon Watershed. Journal of
the Korea Water Resources Association 40(8): 585-
600 (in Korean).

Lee, Y. J., An, S. R, Kang, B. S., Kim, S. J., 2008.
Asserssment of Future Climate and Land Use Change
on Hydrology and Stream Water Quality of Anseongcheon
Watershed Using SWAT Model(ll). Journal of Korean
Society of Civil Engineers 28(6B): 665-673 (in Korean).
Lee, Y. ], Park, J. Y., Park, M. J., Kim, S. J., 2008.
Asserssment of Future Climate and Land Use Change

14.

15.

16.

17.

18.

on Hydrology and Stream Water Quality of Anseongcheon
Watershed Using SWAT Model(). Journal of Korean
Society of Civil Engineers 28(6B): 653-663 (in Korean).

Lee, K. S., Chung, E. S., Shin, M. J, Kim, Y. O,
2006. Determination of Instreamflow Requirement for
Upstream Urban Watershed Using SWAT Model. Journal
of the Korea Water Resources Association 39(8): 703~
716 (in Korean).

Park, J. Y., Lee, M. S., Park, G. A., Kim, S. J., 2008.
Comparative Analysis of SWAT Generated Streamflow
and Stream Water Quality Using Different Spatial
Resolution Data. Journal of the Korea Water Resources
Association 41(11): 1079-1094 (in Korean).

Park, M. J., Kwon, H. J., Jeon, J. H., Kim, S. J., 2004.
The analysis of Runoff behavior on Land Cover Changes
Using HSPF Model. Conference of the Korean Society
of Agricultural Engineers 90. Chungnam, Chungnam
National University (in Korean).

Song, H. W., Lee, H. W., Choi, J. H., Park, S. S,
2009. Application of HSPF Model for Effect Analyses
of Watershed Management Plans on Receiving Water
Qualitiees. Journal of the Korean Society of
Environmental Engineers 31(5): 358-363 (in Korean).

Yur, J. H., Kim, G. H., 2005. Comparison of Discharge
Characteristics of NPS Pollutant Loads from Urban,
Agricultural and Forestry Watersheds. Jowrnal of Korean
Soclety on Water Quality 21(2): 184-189 (in Korean).

83




<<
  /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


