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Abstract

Delivery ratio is a barometer to evaluate runoff characteristics of
pollutants within basin areas. DR is critical to determine water quality
target and allotment loads in the process of setting up basin
management plans such as TMDL. unfortunately, however, calculation
of DR under the condition of standard flow and that in unobserved
basin is difficult in korea because of a lack of data.

The target location of this research includes both point source and
non-point source. Thereby, we selected BASINS/winHSPF for
evaluation. Based on BASINS, the research established GIS data
including basin map and riverine map. Together with that, it built a
model by converting six weather factors to WDM files. The weather
factors include precipitation from 2003 to 2006 of the target locations
which had been divided into 40 sub-basin areas. The model boasts
superior pre—analysis function with useful tools and utilities.

Validation and verification of the model was conducted based on
precipitation data collected at 7 locations and water quality data of
another 8 locations. The fit efficiency of model and the regression
coefficient which shows similarity between simulation values and
observed values and observed values, were ranged from 68.4 to 77.4
and from 0.78 to 0.83 respectively, according to the locations. In
addition, the percent difference of BOD, T-N, and T-P was from 1.2
to 32.9%, from 8.3 to 31.1%, and from 1.2 to 26.0% respectively,
thereby BASINS/winHSPF which is selected in this study, is found to
be appropriate for simulation of daily flow and water quality in target
basins.

DR was calculated utilizing discharge loads of unobserved sub-basin
and delivery load of unobserved locations obtained not by actual

evaluation but by simulation through wvalidation & verification. annual
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average DR of BOD, T-N and T-P were 0.97~1.50, 2.23~3.21, and
0.81~1.09 respectively. Thereby, the level of T-N was highest. Net
DR of dependent basin excluding influence of upstream basin was
1.50~1.70, 0.55~0.69, and 0.24~0.31, all of which are lower than
those of independent basin area.

As for DR of independent basin about which wvalidation data was
obtained, utilization of basin model such as BASINS/winHSPF is
reasonable to reflect daily flow. And as for others with few data,
regression obtained according to land use type is available.

DR of dependent basin should exclude influence of upstrem basin.
Thereby, it is required to select model which is able to calculate
delivery by tributary as well as net delivery load via sheet flow.

Utilizing the model suggested by this research, DR of unobserved
basin will be calculated, which will help determine priorities in

management of basin areas.
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Basin classification of the United States
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Table 2. A descriptive list of model components—Simple Methods

Model Main Hydrology Ero.s1on/ Pollution Pollutant Time
Landuse Sediment Scale
Load
Loading
EPA. ) USLE- function, Wide Mean
Screening Mixed N/A
MUSLE potency range annual
Procedures
factors
NURP data: Variable
Simple Runoff Mean TSS, P, (annual,
Method Urban coef. N/A conc. Metal monthly,
0&G event)
) Regressi
Regression Urban N/A N/A TSS, N, P, Storm
Method . COD, Metal event
equations
SLOSS/ Loading Mean
PHOSP Rural N/A USLE functions P annual
Watershed Mixed  N/A  UsLg Cmitarea  Wide - Mean
loading range annual
) . TSS, N, P,
FAWA High Runoff N/A Median Organics Storm
ways coef. conc. event
,Metal
Event
WMM Mixed Runoff N/A mean N, Pf Mean
coef. conc lead, zinc annual

% oil and gas



Table 3. A descriptive list of model components—Mid—-Range model

Main Erosion/  Pollution Time
Model Hydrolo . Pollutant
Landuse Y &y Sediment Load Scale
Storm
SITE- ) SCS curve Runoff
Mixed N/A N, P event,
MAP number conc. )
continuous
SCS ) Storm
. Unit area
GWLF  Mixed curve MUSLE ] N, P event,
loading )
number continuous
SCS
curve ) TSS, Storm
Nonlinear
P8-UCM Urban  number N/A ) N, P, event,
o accumulation .
(modified), metal continuous
TR20
Accumulation ) Storm
Water Wide
Auto-QI Urban N/A and event,
balance Range .
wash-off continuous
SCS
Potency Storm
AGNPS  Rural curve MUSLE N, P
factor event
number
Small Nonlinear N, P,
] Storm
storm accumulation COD,
SLAMM Urban N/A ) event,
-based and bacteria, .
continuous
coef. wash—off metal




Table 4. A descriptive list of model components—Detailed model

Main Erosion/  Pollution Time
Model Landuse Hydrology Sediment Load Pollutant Scale
Runoff
coef.
scs_c e Buildup/ N, P,
STORM Urban ury USLE washoff COD, Continuous
number )
- functions  metal
Unit
hydrograph
Potency
Distributed Detachmen factor
ANSW ) Storm-
Rural Storage (correlatio N/A
-ERS transport . event
model . n with
equation .
sediment)
Surface
storage Related to Buildup/ TSS.N,P
DR3M balance runoff . .
Urban ) : washoff organics, Continuous
-QUAL kinematic volume )
functions  metal
wave and peak
method
SWRR SCS Loadin Ig&)g’
-BW/ Rural curve MUSLE ) & ' Continuous
function metal,
SWAT number ;
bacteria
: Buildup/ ) Continuous
SWMM  Urban Nominear o ierp washoff  V9€Siorm-
Reservoir i range
functions event
Water Loading/
balance Detachmen washoff .
of land t functions Wide Continuous
HSPF  Mixed Storm-
surface transport and range
. . event
and soil equation subsurface
process conc.
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Table 5. Range of Application of Watershed Models-Simple Methods

( @ high © medium O low )
Watershed Analysis Control Analysis Receiving

Simple S 0 Int diat Water
Methods creenin Intermedia . - : )
. Detail Planning Design Quality

EPA
Screening

- - : : e

Simple
Method

Regression

SLOSS/
PHOSP

Watershed
FAWA
WMM

o0 e O o o

|
|

® O O
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Table 6. Range of Application of Watershed Models-Mid-Range Methods
( @ high © medium O low )

Mid range Watershed Analysis Control Analysis Receiving
. . Water
Model Scregemn Interneiedlat Detail Planning Design Quality
SITE MAP [ O O L)) - O
GWLF [ [ D) O - - -
pP8-UCM [ D) LD O L -
Auto-Ql [ [ O LD O O
AGNPS [ [ O | ] O O
SLAMM [ ] O L [ ] L)) O
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(3) BASINSS &4
BASINSE R +ZEMS 26 60t PHERAR 0IF01H ACHFig. 2).

National Environmental Databases ‘

Assessment Tools

‘ Utilities

BASINS

Components

—{ Watershed Characterization Reports |

—{ Water Quality Stream Models |

—{ Watershed Models and Postprocessors |

Fig. 2. BASINS Components.

Jl) National environmental databases
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o & HMOICH. Base cartographic data= |S0|U #HAES HHE UEUW=E X&
Ol, Environmental background datas= old T, EX0IEE, EXE S0 &=

CHFig. 3).

— Base cartographic data

National — Environmental background data
Environmental —
Databases ] Environmental menitoring data

L Point sources/loading data

Fig. 3. Overview National Environmental Databases.
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Fig. 4. Overview BASINS Assessment tools.

(4) BASINS Utilities
BASINS Utilities= Fig. 52 20l 6712 RARAZ 020N UACH.

— Watershed Delineation Tool

— BASINS Data Import Tool

BASINS — Land use Reclassification
Utilities

— DEM Reclassification

— Land Use, Soil Classification and Overlay

— WQ Observation Data Management

Fig 5. Overview BASINS Utilities.

Jt) Watershed Delineation Tool

FALY =S HEoH)| RMdE ARSY 2FIt BIEAl OIFHMHOE & & OtLlct
2529 2 AR ol st XSS FE (RS E2 otdBA, AR4
6 olA20l S)8 2R &Lt 012 ol M3E S0l Watershed Delineation
Tool 2M BASINSES 0l&¢&t SEXHEN UAAH MR =SKe & =2 otUO0ICt.

Watershed Delineation ToolOl= Manual Delineation Tool1 Automatic Delineation
Tool, Predefined Delineation Tool2 RAEEI0 QULCH.
Manual Delineation Tool MIE SIEZLF CHE XgstX0l N8 0|26t AIS
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T2 (Digital Elevation Model; DEM)S Ol
= 28499 i+ & 3D

Automatic Delineation Tool Z=XI11
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CH Land Use, Soil Classification and Overlay
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Ol ZRE MBS FEH We
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ct) Water Quality Observation Data Management
Water Quality Observation Data ManagementE OI=Z6t04 BASINS windowalOll A
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— Point Source Inventory Report

— Water Quality Summary Report

BASINS — Land Use Distribution Report
Watershed

Characterization
Reports

— Toxic Air Emission Report

— State Soil Characteristic Report

— Watershed Topographic Report

Fig 6. Overview BASINS Watershed Characterization Reports.
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6. WinHSPF 2¢

(1) WinHSPF2l i

HSPF(Hydrological Simulation Program-Fortran) 2&& 19600 =&t A
C RAPE(Stanford Watershed Model) 22 HM&S N UCH 1970EHUl= =&
JIZ0l FOEYCn, 19709t FEHl= 2AZER/N 38 HHE 0l85t0d E H
o DS G0 EEeHFortran) T2 OO HLGIYHCH. 1980EUNE A=
el 2AZEQINIE F=IF SIRA20, USGS(U.S. Geological Survey)2l WOM(Watershed
Data Management) AIAEN0| USGS2F USEPAOI 2ol S22 N ZI ACHUSGS, 2000) .
1990EH0l= HSPF RE 2 DiHH=-E F=&Hol= H2IF ZZ 2Ol HSPEXP(USGS,
WOMUt i I (USEPA, 2001), AFSXt EHo| A|AEES 0I5t

2
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J

1994), = 2| AlAEC

o 2ES &ZH PSot=S HEE HSPFe S8 &l WinHSPF(USEPA, 2001) 2%
HSPF &9 ZUE AMAA2=Z 20 =I| 218 GenScn(USEPA, 2001) 28 S0I M
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=]
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20 Z=&0| 2+&6tD, AIAEIE2 Top-Down Programming 21=0l 2o JHE & U
W20 RES =83t ME22 22 FIictedl At ez E0I6tCH
HSPFRE2 2ol ME0 28 2Us Uzt =228 ZAst &S g
2O, HSPF= YRt =22 NUE S I 2RIt IISGHESE Lo =X
Stel RE2 FEEHN UL, =EE LELE Hz220 X2 =860l 2FEL
HSPF= XI2E AEXHC=z H2E &= U= Time Series Management SystemOfl Jt2F
CE HLEUCH. 22 2ES Time Series)t MEZN U= NIILRH LS
2O 2o ZBWE CAl Time SeriesOl MEBE2ZM Xt= 220 A Al2td

AU EXOls0H HE S& 2E8=22 HE2E FotE
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HAGHH, 220 OHE 22 S8 ofd2 228222 A AI|=d, ZE
gt SHEA0 0 Jitsotyl, RS sz AMEE = USTS HSPFEXP,
ANNIE, WOMutil, METCMP, IOWOM S3t 22 EXAZZ 0| WL UCEH.

Jeflh, Al2tg D12, 222, Sl 22 JdIH 2o U228 L2 otH,
H24E RE2M AR A0 CHol E2HQ = 2= AIEG6tH, ot&e S8
£ &b & (unidirectional flow)22 JIESIH ZAS BHEGHA Rote #claH
SHHIQ GIE HIECS XFRU AISA E2IE, S 24 ZEHIE S 22 X580 &

H=l =& D2oJ0f 8HHDIE JCHDonigian, 2000).

(2) WinHSPF =X
HSPFE2S ol RXE= Fig. 7 2201, = 2% 0tel Run Interpreter, Operations
Supervisor, Run Interpreter, Operating Module, Time Series Management Systemit

g2 F 2= JHLD ATH

MAIN PROGRAM

RUN OPERATIONS
INTERPRETER SUPERVISOR
TSGET OPERATING OPERATING TSPUT
MODULE 1 MODULE 2

Fig. 7. Overview of HSPF structure.

Operations Supervisor= Run InterpreterJt &HAs WS AE0N O HEE
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Application &2 Utility Module2 =22 =0 &dol= ME



02
o
o

PN ==
=S

o

module= application module &2 utility modules %ol & |
Aeiste 2E=Z M OHAIZE StUel 2501 224=0 internal scratch pad
(INSPAN)Ofl (Ctet &ABHEIO{&ICEH. Operations SupervisorOl 2o &St LE0| =
S &ICEH. Time Series Management System= 0| £ 28 0= TSGET2 TSPUTZ & &

O QUCH. TSGET(get time series)= 20 Z L&t JIAXE S22 240 =0/ &

HAWE AMSKIF X A2E 28322 TSPUT(put time series)Oll &% &ICH
Application 2E0= E+XI&(pervious land)HIAS =2 L *ES Zol5l=
PERLND 21t 25 4XI& (impervious land)2 =2 & &2 22/6t= IMPLND
2=, =HUe =2 ¥ =ES 2oot= RCHRES 2&2 LA JUA2H, 229
LEN= 22 SE0 2HE 2L, EMSRE, SYHEE S 20 A= 7
20| & (Section)2x2 PEECHTable 8).
Table 8. Overview of HSPF Application Modules
Application Module
PERLND IMPLND RCHRES
Snow Snow Hydraulics
Water Water Conservative
Sediment Solids Temperature
Quality Quality Sediment
Pesticide Nonconservative
Nitrogen BOD/DO
Phosphorus Nitrogen
Tracer Phosphorus
Carbon
Plankton




Jt) PERLND Module

2old A2 2 M2 JHLZE JIEL2 EEH0 Z25H oldet A=
ALE RSl Hol0 et 2F[EXE, L2 FAlet selsd Sds JI=2=2
ot REZEHUAME 20Ut BHE, =EE=22 FH0HA L6t of
Fo RYoZ EHIIHL otE0IU 42 RYED. S=K0 &= & &2
S 20itte EXNE F+32=% Zt=etlh. PERINDOIAM S =8 &2 &
= oot SNOW, XIZBH0AS EAdREsS Z22ot= SEONNT, = =XE Z2l6t
= PWATER, ==Z= 2°2/6t= PQUALOI U2H, O 22 UE g=22 22X Jis
£ >&sthH(Fig. 8).

PERLND

Simulate a pervious
land segment

SEDMNT

PSTEMP

PWTGAS

Fig. 8. Structure chart for PERLND module.



L}) IMPLND Module(Impervious Land Segment)

A2 BF= 2 HALE 20HUX @E=0. =F+30AM2

ELSS
He Fig. 99 20t 842 =XED SHEHN 22 HIEDIL S, 2
SHSe NEMN SHUD MHECH SV PREW, Y LSS R0

[e]

Evaporation

Precipitation

\\‘ Runoff, Solids, Water
\-w' N Quality Constituents

Fig. 9. Impervious land segment processes.



HSPF2l IMPLNDZ2E2| JHREE= Fig. 100 220 2F0HAH 2LEXR
R =22 Z==2 PERLNDS 251 S AIGHH, SNOW2H ATEWPEEE2 S50 =5+
g 25 AZEC IWATER= PERLNDZ=2| PWATERRt &fSotM, SOLID= SEDMNT,
INTGAS= PWTGAS, IQUALZ PQUALZt &Ss&tCh. IMPLNDE E &2 12 eI X HOtcH
o RES EEotAl &Il =0l PERLINDECH= 2HHGICEH.

IMPLND

Perform
computa-
tions ona
segment of
impervious
land

ATEMP ‘ SNOW ‘ IWATER ‘ SOLIDS ‘ IWTGAS IQUAL

Fig. 10. Structure chat for IMPLND module.




Ct) RCHRES
RCHRESE 2Lt 2xsgo2

StCt. RCHRESOIA Sl =2 582 Y] 5822 Jtyotl] RCHRESE St =
2o Y2 Fig. 12% 20, 280U &% RCHRESUHIAS St LE=ES2
Gt% RCHRESS GtLESl S AT (INFLO)Z S RCHRESUHIMS |S=E2 K2

S =7 (0FLO) & ot RE+E Sl =& L.

RCHRES
Simulate a reach
or mixed reservoir
HYDR HTRCH GQUAL

Simulate hydraulic
behavior
DCALC SEDTRN RQUAL
Estimate advective
behavior of
constituents

Fig. 11. Structure chart for RCHRES module.
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. . Wat ICON | the RCHRES
Diffuse input co:sirwatwe “,.:te,_vo._ | Gate OFLO 2 collects flows
ate. conservative— through all
VOL=CON OFLO gates

Tributary inflows /[

Fig. 12. Flow of materials through a RCHRES.



2t) COPY Module
TSS (Time Series Store)Lt WOM(Watershed Data Management)Ol 01 U= K=
LY =Z SALStCEH. AFE X COPYE & =0tHA time series2| time step

HE g = UL

o
[
B FIﬂJ

Ot) PLTGEN Module
S= MZE plotter &0 ZEAISHALE THE AZEHN oD fIoll ASCI |

AF) DURANL Module
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Table 9. City population and area in study
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2. BASINS /15

U.S.EPANIA HB0dl= BASINS Tz g9 J|2dol 252 fdiMdes HEZA
U2 2 AT, DEM, EXOIRE, EYE S9 #AIX N2 $EILIHY X
H Y SFN2 SO SFILIEHY U2 J2iD SFIEAE 2 S0 5
(Table 10). Ol2igt JIZX2E T2 WOl ZST0 AUHU CHYS S5HK
MZSICH BASINS Z2 20 Z&s 2= 0I=2N20/122, 2 ARAME 2
Ltz H2E 2250 HRRAS U2 E MASIRCH O ZWUE Table 1101 L

EFLHRACE.

Table 10. BASINS database

Base cartographic

-EPA Regions
-State and county boundary

data -‘Hydrologic unit boundary
-‘Ecoregions
. ‘Reach File 1
Environmental
background DEM
‘Land use-land cover
data -State Soil and Geographic database
-NHD
-‘Water quality monitoring station
and data summaries
-‘Bacteria monitoring stations
. and data summaries
Environmental

monitoring data

-Water quality stations and observation data
-‘National Sediment Inventory stations

and databases

-USGS gage station
-‘Weather stations sites

Point source /
loading data

Permit Compliance System(PCS)
‘Toxic Release Inventory




Table 11. Modified BASINS database for this study

-Unit map
Base . . .
. -‘Mid map National Institute  of
cartographic .
dat -Great map Environmental Research
ata . .
-City & Provinces map
Environmental -Reach map ) .
National Institute  of
background -DEM )
Environmental Research
data -Landuse
. -Water quality station . .
Environmental National Institute  of

monitoring data

-Weather observed station

Environmental Research

-Water-level observed station

Point source /
loading data

National Institute  of

-Point pollutant loads

Environmental Research
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(1) £&XDE 24 (Digital Elevation Model; DEM)
Xt2+S] 2 AH(Topology )2 HIJF &
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2
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14. Digital Elevation Model.

Fig.

mi) = & W B Al
3 = Ok ar 0
= & 20 b o ®
T B I 5
~ ~ _Mm o, ol |O=_ O % I
m m o) gy N = e i
L - Wy g © in 5
~ =] > o
& W m R - WOEJ "
Ok = 2 <F O C =
5 M = o fF
_q_u_ w53 %kow
o RN s M N
= OM = = =0 o)
oz 3 Ewog o
1o = @ Z o &M
ol I KO S Ko 0
8 5 = o gr o0
Ok Wy = O op K
<0 o 3 g B -« o
= w) o __ 0O -
- T =
J o — )
=) H S 0l &r o 1]}
5l o 2 - & o
ST = R VA R
ol g N oo ®
m o W o M ok Ok 6
T
H =851 oq % wm
= = =2 X 2
. S Ruw o= W _ m
o - TRy 2 s E g
= 0 8 ® = = W ==
o 53 L W oz = o)
n M o @ F .
= 3 &I ol o 5 S



(2) EXOIEE

BASINSHIAM Sl EXI0l%== Landuse and Soil Definition UtilityES OI5dt(

EXNOIEL-E SEANT2ZN ==l A7F0 et 222 EX0IEEHEE

=/ /| — =

[1A]

=
= T

of th=dl A EEICH. AM=2 EEl= ArcView?l shapefile=EHEHLE grid¥El 25 Ol
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Table 12. Weather Data (WDM)

Parameter

Name Parameter Type Unit Method
PREC pre:cgétéllfli;n in/hr obserbed
EVAP eva:p (ég?lt;on in obserbed
alr temperature
TMAX * daily maximum deg.F obserbed
alr temperature
TMIN : daily minimum deg.F obserbed
ATEM air t:er}rllgle;la;ure deg.F disaggtlg)e%acl)tfrcllydaily
DPT-P dewpointzégirlnﬁerature deg.F obserbed
DEWP dewpoir?thtOeLrlrﬁ)yerature deg.F disaggtge%e(l)tuer?ydaily
DCLO clo?dd;:i(f}\:er tenth obserbed
CLOU CIQU?] co?fer tenth disaggtre%atecll daily
. hourly O hourly
WIND wi'ndspeed mph disaggregated daily
> hourly to hourly
solar radiation disaggregated daily
SOLR > hourly Ly/hr to hourly
potential ’ .
DEVT evaportranspiration n computed
: daily
potential . )
PEVT evapotranspiration in/hr d1saggtre%atecll daily
. hourly 0 hourly
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(1) & 2o 21
O =2 QIAEE EA&s 21, K& BN A 2 92 == 2UAL=E
LZSN, INFILT, AGWRC, UZSN, INTFW, IRC 2= LIEISC.
RO BH2 & REFW BEFFEU HRAI 2 H=2H =8l LU0,
2 H0| XDIg B =2 AE 22 Table 130 HIAIGHILE.
Table 13. Parameter values for hydrologic simulation
. . Chew Laroche Enge-
Para- Descrintion Final Kim Im ot al ot al lmann
meters P Value (2003) (2003) (1991') (1996) et al.
(2002)
Lower zone 4.0- 4.3-
LZSN nominal 5 14.2 5
storage (in) 9.7 5.8
Soil
‘e . 0.035- 0.047- 0.05-
INFILT  Infiltration 0.08 0.23  0.04
. capacity 0.07 0.075 0.17
index (in/hr)
Groundwater
: 0.65- 0.88-
recession
AGWRC coeffiqilent 0.90 0.98 0.01 0.98 0.99 0.99
(day ) ' '
0.35- 0.01-
0.76 0.7

Upper zone (0.4-
0.15
1.0 0.06

UZSN nominal
storage (in) 1.4

Fraction of
groundwater 0.03- 0.05-
DEEPFR inflow to - 0.18
deep 0.32 0.45
recharge
Lower zone 0.3- 0.2- 0.2- 0.2- 0-
ET
parameter 0.8 0.4 0.7 0.6 0.8
Interflow 0.8- 1.0- 0.75-
inflow 1.28 9.83 0.5
parameter 1.4 1.7 1
0.3- 0.6-
0 0.5

Interflow 0.4—
IRC recession : 05
D%g;l%t)er 0.7 05 08

0.42

LZET-P

INTFW




Fig. 210lA 2= HI2 20 S22 MdMECZ AFgo HtHSI A9 A2t
BStE & BtEote A2 2 LHERTH
Z2Rau ZXHIEO BHZENE BH L2AAS HL R= 0.83, RMSE= 34.260
CMS D2l EF= 77.42, Z2BO B R°= 0.78, RMSE= 23.001 CMS 12l EFs=
68.4 £ LIEIRCH(Table. 14). 282 HEHS L0tED| | dPoz efES
028 HluWet SHEH o JIZ80l A=I(Donigian, 2001). 0 & SHEH &
Hol AFH2(R)= 0.0~1.0 HRAS 2t2 JHXIM, 1.001 JINBLEE 22/XJt &
=X dets & BtEEC 4L 28 A= HA &9 2Xets "otots A
OC2N Xt & E LIEtUWXI= Rt
= 400
E 300 4
= 200 4
. 100 H
E 300 i JI|I||“|L L [ Lt \u...nJIJ.illl.. e II||.II.|||1“ 1 s
350 4 [ Simulation
x  Observed
™ 200
g ®
%- 150 o =
T 100 | i
50 - i v | IR T £t
0 : "x%»lm&«"m’:" xx“m‘xw*"xw’f x*"xm Imxm
04-1-1 04-7-1 05-1-1 05-7-1 06-1-1 06-7-1 07-1-1 07-7-1
— 400
Ell 300 A
= 200
= 100
é 0 - L \IIJ.nIIJ.l L e Ihlll L : L d e
300 - Simulation
. % Observed
0
E 200
g
i=
= 100 -
0 s > o
04-01-01 05-01-01 06-01-01 07-01-01
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Table. 14. Model performances in the stations of Nam river monitoring
data (runoff)

Coef. of .

S Root mean Model fit

Station %?f;ﬁggs Deterréunatlo square error efficiency
A 111 0.83(Good) 34.260 77.4
4B 104 0.78(Good) 23.001 68.4

V.G. ¢ Very Good, G. : Good, F : Fair, P : Poor

MetA XSl &= UEHLHD| 2ol Root Mean Square Error (RMSE) Model Fit
Efficiency (EF) S2 AI35IQC. 22 22 TIIoH)| A AI2s S8

£= S AW 201 HIAFSHCH(Nash and Sutcdliffe, 1970) :

Y Y e S T 2} 4-1
Z”:( Oi— P))*
EF=1——"1, x100  TTTTTTmmmmmmmmmes 2 4-2
Zl Or— P
7141
Pi: dASA, O A5, P a2 93, n: 5435

2= HSXet =X Nz2ot 22 B2, SHX= RMSE=0.0 and EF=100%E Lt
Ol Z0tLE & %=JtE UEtWE EFs 1:1

QYo 2HE2 2 ¥ JIELE UAH 208 EH ELE =M= ot YU

Ct(Thomann, 1980; Thomann,1982; Donigian, 1982; ASTM,1984;). =2 TMOLSl &
H s I, Sold I SS9 MO DHEO| A0 CHst 2 & (Assurance)

X
et =2/%l 0 QUCHDonigian, 2001). OFRNIX &9l =s&I|=0 O
|£5XI8H Donigian(2000)2 BtH 108 YA HSPF 289 312t =9

g
oz DHOo B.AZ L0 et A2 P2 RMAIGIRASD R 2t0l 0.6

oo
e @
om 4 Ho
N
ol
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I



o

o

|6t= Poor, 0.6~0.72 Fair, 0.7~0.82 Good, 0.80|A2 Very Good2Z HMIAl

—

UM, %ifference =

A —

Very good 1506}t Fair= 25~352 HMIAIGHRICE.

Table 15. General Calibration/Validation Target or Tolerances Applications

Daily Flows Criteria Between Simulation and Record Values
Poor Fair Good Very Good
R <0.6 06-07 07-08 >0.38
Water Quality/Nutrients Criteria Between Simulation and Record Values
Fair Good Very Good
< 15 15 -25 25 -35

% Difference”

* R°; Nash and Sutcliffe, 1970), % Difference(ASCE, 1993)

-n_ O - P|)2 ’ O - ) R
R? =1- 2o — %Diff.=z':1 ) 2 x100
Pi)? O — Al 4-3

011 A
pPi: OI=X, o0j =g, P A=F B2, n: =34
NE2A=2

Mo o=

o A2 SHEH Jlgez 2o

2 HPo REY 2o A
SH2AAQL H2ABS A2 AlZA(Assurance)0l =2 R2H0 HE=ICH.
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W
AL =29 =X SIS RAE o= 20At 201 a2AH =2 =
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Table 16. Simulation result for water qualities

Station Constituent

Observed Observed Simulated

%

General

Number (mg/L) (mg/L) Difference Tolerances
D0 166 11.37 10.88 4.3 Very Good
. BOD 168 1.81 2.06 14.3 Very Good
Nem River A= 173 1.78 2 12 18.6 Good
T—P 168 0.06 0.06 4.6 Very Good
DO 167 10.22 11.06 8.3 Very Good
. BOD 169 1.53 1.36 11.4 Very Good
Nem River 8——=— 164 1.66 2.03 22.2 Good
T—P 164 0.06 0.06 7.0 Very Good
DO 51 9.95 11.67 17.3 Good
Ham Yang 1 BOD 51 1.20 1.34 11.9 Very Good
T—N 51 2.20 2.38 8.3 Very Good
T—P 51 0.06 0.04 23.4 Good
DO 51 10.57 11.31 7.0 Very Good
Han Yang 2 BOD 51 1.59 1.24 22 .1 Good
T—N 5 5.21 3.92 24.8 Fair
T—P 51 0.1 0.13 23.0 Good
D0 54 10.06 11.36 12.9 Very Good
Kyung ho 1 BOD 54 1.29 1.30 1.2 Very Good
T—N 54 1.88 2.46 31.1 Fair
T—P 54 0.07 0.05 25.6 Fair
D0 54 10.08 11.24 11.4 Very Good
Kytng ho 2 BOD 54 1.35 1.28 4.8 Very Good
T—N 54 1.68 2.20 31.0 Fair
T—P 54 0.05 0.05 10.7 Very Good
D0 53 9.98 11.56 15.8 Good
'm River BOD 53 1.06 1.35 27.3 Fair
T—N 53 1.41 2.05 45.9 NR
T—P 53 0.05 0.05 1.2 Very Good
DO 53 9.58 10.80 12.7 Very Good
. BOD 53 0.83 1.10 32.9 Fair
Nem River 1= 53 2.02 2.48 22.8 Good
T—P 53 0.04 0.06 26.0 Fair

*NR : Not Relation between observed and simulation



KO

<

aL

n0
e]
iy
Kl

(3) tH

e

OFJ
&0

ol
0
0
iy
il

ol
ar
Ok

T-Ps

ol
=<

=5l= BOD, T-N

Hat=0lA b
10,988~11,308 kg/day % 1,059~1,107kg/day

MEGIASM, Table 1701 LIEHLHRUCE.

18,197~18,386 kg/day,

Al
nl
ol
a0
o]

53

ol
(H0
i)l

_

~J
3]

0l
&3

Table 17. Yearly pollutant load from 2003 to 2006

. kg/day)

(Unit

T-P

T-N

BOD

Year

1,059

10,988
11,075
11,146
11,227
11,308

18,197
18,253
18,282
18,333
18,386

2003

1,072
1,083
1,095
1,107

2004
2005

2006

2007

_

)]

Ol
B3
H

OIS

X

HAEN et 2

o3
=i

(o}

m
0l

i)l

KO

<

Ot
on

(4) &

AN

2

0l

-

o)
wor

i

Hr
2

0l

K
2

0
I
K0

Ju
o3

<+

oll
o

D

ol
~J

Ki

a

n0
Ok

ulJ
my

il
Jo

J

—
—

“leflt 0Ol
SOt EHIEI010F

ULCH.

OF

~0

OF

R0

ol
JI[d
ij o

0l
Ll

StCt.

s

OF
n0

fall
5

o

il

Alle 29

ol

o
%0
a1
%0

]
ol
Ok

b

ek A

Kt

ok
nO

—_

~J

&)
Ju

Ki
n0
Ok

Kl
<+

ol

<r

_

o0

KK
RO

10

10

)

ELl

H
or

ol
A

uir

KIr

_

oJ

OF

-

n0

ol
Jijg
oll

A -0l CH

o
RYE

AR
=

o

= 0cAHA

2t O

F

=
=

K0
<J

]
ol
Ok

ok

K0

0l

ilo]



& 2ol et A HREI HEo

NI

o)
o
21l

110
o
Al

ol

KF
o]

I

wAl A&

o1

= A 812, 2

SH
=

o«

ur

83
e}
E

4

I
T

wJ
K1

Y

n0
<+
30

ok

RO
KIr

_

ol

ar
Ok

Ok

_

0J

©
oF
o

ol
o

=

Ok

0l
180

ilo]
RO

</

—_

w

-
0l

<r

iof

.

w0
Ok

0

ol
Ok

o
RO
Kt
i)

-
n

K

e}

00

i
A

)
Bl

ol
™

ol
&r
Ok
4

/S
<0
2]

=
Bl

oo
Rr

ol
160
i3
&r

DtOICH.

o}

Y

n0
0k

Table 18. Comparison of pollutants delivery

Const i tuent Flow Obseved Simulated

Area

0.12
0.34
0.20
0.65
0.04
0.15

0.08
0.18
0.14
0.34
0.03
0.09

Low

BOD

Mean

Low

T-N

Nam River

Mean

Low

T-P

Mean




)
Al

0

ulo

(H&ae2 BASINS/WinHSPFE2E S HE

o=
TTA=

2
[=]

I

L
=]

ol
ol
=
Al

70

50
ol

00
Rr

ol
160
my

1o

H0

ol
R0
Y
]
K0
Iy

ol
160
Wy

[19)

Ki

i
n

.

nl

=
00

0l

!

0l

19)

oD

40

i
n

ulo
3+

0l0
o)

oFJ
&0

0

e,

INE=

ol
&r
Ok

HOd

110

00

0l

i

BASINS

33
10
K

ol
00
O

10

Bl

—_

<]
o
0
Ll
Ok

o)

o

g0

1 2004~20078 &=

—
L

A2t g2B=2 U

=

-

KU

i
[

o

1.2~26.0%=2 AN very

—
—

T-P

1.2~2.9%= M very good~fair,
8.3~31.3%= very good~fair2 LIEFSLCE.

—
—

BOD

good~good,

o
u—

good~fair, T-N

0l

il

X&Ee T-NS H<elo

olg
=T

K’

b1,

T-N

=gt 0.08~0.18 0.14~0.34, 0.03~0.090I A LCt.

BOD 0.12~0.34,
BiES=5t2= BOD 18,197~18,386 kg/day, T-N 0,988~11,308 kg/day

0l

0.20~0.65, T-P 0.04~0.150112,

2 T-P 1,059~1,107kg/dayOl H

LEDJLO
oo =

5.

OI0IGHCt.

2 B2

&

PN
=

6. BASINS/WinHSPFE2EE ZSE=1l =

0l =2 A2z At=E L.



b
0K
r

-t

__.Am_

=
=/ .

telJle Al

|, NSUstw,

DM, 2007, HSPFEE

2.

OH
H

oF
or

r

ol

o

ild

01
I

Ok
o

&A

E

i

i0J

xr
IH

t

&3

o=
TT=

EXoIEdstol e

=ls

Al, 2004, HSPFRES 018

=2 p.495-504

==% 38& 6

ol
o0

n

2

o

ob

o

o

or

-

ol

E
ol

0
i)
K0
&0

mﬂﬂ
Ll

0K
H

Ok

|8 HSPF-QUALZK 2 & A A

ok

01
I

Ok
o

w AAL

|.

ol

tO4 Xt CH

=)

-, 0l

&)

ioJ
El

3

00
Rr

0
gl

o
i

ilo]

K0
<J

O
il
Ok
Kl
0Kl
&0

ol
ar
ok

1of

RO

o)

00

ol
180

0H
H

10}
I
oll
Al

o

Kk

10}
ol

T

o

i)
)

RO

i

, 2005, BASINS/HSPF

2=

12.

ob
1)

oF
or

KA
St& &, 2007, BASINS/WinHSPFE Ol

E
ol

i
Y,

Ry

&)

i

&)

o)

-

10

gl

o
TT

2t

EAS

F

=23
O

0H
H

oF
ol
xr
=

ol
)

HE <www.me.go.kr>.

tel M= 9l

=23l
O

LES

o

-

a0
=Y

0

o)

o)



17. BoHd, 2007, PeLtet SELASSHO A0 RASLS D245 BASING/WinHSPF
of NEM P, AZMHSD HAES =2,

18. BM#%E, MEEW W&, 1989, A)IIEED ETIVAEN, RIMEHR

19. ASCE task committee on definition of criteria for evaluation of watershed

models. (1993). Criteria for Evaluation of Watershed Models. J. Irrig. Drain.
Eng., 119(3), 429-442.

20. ASTM, 1984. Standard Practice for Evaluating Environmental Fate Models of
Chemicals. Designation E978-84. American Society of Testing Materials. Philadelphia,
PA. 8p.

21. Beasley, D. B. and L. F. Huggins, 1981. ANSWERS Users Manual. EPA-905/9-82-001,
U.S. EPA, Region V. Chicago, IL.

22. Donigian, Jr., A.S., and N. H. Crawford, 1976a. Modeling Pesticides and
Nutrients on Agricultural Lands, Environmental Research Laboratory, Athens, GA, EPA
600/2-7-76-043, pp. 317

23. Donigian, Jr., A.S., 1982. Field Validation and Error Analysis of Chemical
Fate Models. In: Modeling Fate of Chemicals in the Aquatic Environment. Dickson
et al, (eds), Ann Arbor Science Publishers, Ann Arbor, MI. 303-323 p.

24. Donigian, Jr., A.S., 2000. HSPF Training Workshop Handbook and CD. Lecture
#19. Calibration and Verification Issues, Slide #L19-22.

EPA Headquarters, Washington Information Center, 10-14 January, 2000. Presented
and prepared for U.S. EPA, Office of Water, Office of Science and Technology,
Washington, D.C.

25. Hashim, N.B 2002. Watershed, Hydrodynamic, and Water Quality Models for Total
Maximum Daily Load. Ph.D. diss. Mississippi State, Mississippi. Ind.: Mississippi
State University.

26. Nash, J. E. and Sutcliffe J. V., 1970, River flow forecasting through conceptual
models. Part 1: A discussion of principles. J. of Hydro., Vol. 10, 282-290.

27. Thomann, R.V. 1980. Measures of Verification. In: Workshop on Verification of
Water Quality Models. Edited by R.V. Thomann and T. 0. Barnwell. EPA-600/9-80-016.
U.S. EPA, ORD, Athens, GA. pp. 37-59.

28. Thomann, R.V. 1982. Verification of Water Quality Models. Jour. Env.



ngineering Div. (EED), Proc. ASCE, 108:EE5, October.

29. U.S. EPA., 2001a. 'Better Assessment Science Integrating point and Nonpoint
Sources, BASINS Version 3.0 User 's Manual '. EPA 823-B-01-001.

30. South Carolina, 2004. Total Maximum Daily Load Development for the Upper Broad
River Watershed_Fecal Coliform Bacteria, South Carolina Department of Health and
Environmental Control, 2004. 9.

31. U. S. EPA, 2001b, A Tool for Managing Watershed Modeling Time-Series
Data(WOMUti 1) Version 2.0 User's Manual, Contract No. 68-C-98-010(Work Assignment
No.2-50), Washington, D.C., Office of Water, U. S. EPA

32. U. S. Geological Survey(USGS), 1994. Users Manual for an Expert System(HSPEXP)
for Calibration of the Hydrological Simulation Program—Fortran, Water-Resources
Investigations Report 94-4168, Reston, VA, Hydrologic Analysis Support Section,
USGS

33. U. S. Geological Survey(USGS), 2000. Water Resources Applicat—ions Software :HSPF,
<htT-P://water .usgs.gov/sof tware/hspf .html> U.S. Department of Agriculture, Morris, MN.



ZAS =2

dM 240let= Al

=20

SN

FLICH.

S
=

ted

Ol OMHXI X &

1o
Kl

wi

ol

Atel Ot

!

no

2SN 0l Xels &0

=
—/

b

G MOA X

O ZEALEELICEH

A
=z=
=

N el

O ZPALEELICEH

Hels

w0l =0 OCH

A=EULCH

HHE8 A S0HA = AL

St
=L

L]

RO

0
13
180

Kl

HA XN

200
=

el

FAFEELICEH

=1

DS
o

3 Kl

a0

A

)]

Ol
3+

a0

-

e

)]
1)

)
K

oF)

0L

RO

=
1o

RO
Al

0l

<0

KJ

Kl

foY
Il
O

~0

80

<
K-

==
1o

ol

s dELICH

[ZI0I0I H 2 At2l Ot

te

— =
S0

XE0| FLek &

=
[

F

1o
o)
Bl

]

o

e
—

2 OlA

%

ol
T
ol
20

o
ol
=

&EtLICE.

f=N=)
==

HE, d80€ AT ZAS O

AEELICH

0
ot

-

oo
=)

a0

ol

o
50
R0

-

30
(=)
Ak
E
ilor

1)

T

Ay

LICt.

Atel ot
g0l = LtOll Al

e}
A0
A0

ol

Ar2l Of

L

n0

2

o]
<0
Kl

etol,

JJ
o8

off
ol

0
0K

00

off A

120l CH

N
—

Atel Ot dgLth.

R0

ol

ol

=01 AISO0l0IA

EokE O

1o

H, =22 NN A

Kk

iloD

LFOII HI

Ju
|
O

BN

oF



Atel OtSS &Lt

0

ol ™
ol 20

U

H S
% o

-
JJ A
03 K
~ ol
Ko
ol
Wi
)
RO =
30

- O

oI, Jt

&

0l

1

Atel OS82 dgUth.

ki

|
=

o}

ol
ol
™

-

ulo
oF

oF

A €2

LICH.

Olcte ekl

A2l Ot

= HICHS AL

ki
00
~

010

0
ot

0l
Al
0

= &

0

AN RIZQ HYE

=
=

cl & M=0l oHE 2A=E LT

SrLICh.

oSS o

00

il
=

ulo
ol

oJ

Z XS

0l
3l

ol
ol

rH

BEEN el =0 ZAIEEUT

e
o1 54

&d5t=

KiJ

o=

F

]
0K

Ol &0l 2t

ol

R0
Ar

J

n

~

ol
)

0l

AMESLICH

OFBHXI, OfCHLIM

=0l

40l MI&tolA JHE



M&E= 0l olsA

skt | stEME IS & 20077194 NP A AL
49 |82 A M= S22 1 &FE & Y9 : Kang jae hong
F A Y =25 ZHe 272-132

HAetX | E-mail : kjh0435@nate.com
= |83 522 BASINS/WinHSPF DA Z 0| 23t 3
e A E2: A study on BASINS/WinHSPF application to Nam-River

watershed

iy

=001 M&Ee 22 MA=0l ot st 22 =2 Otel Z&Uistuot
f olsg = U= of=otl) s2AELICH

ol

IS

JA
o

[
=

l

1. N&29 B= ¢ 2 S X8 2
SH, JIAEX0e Y, 835 S o=g.
2. F2 SHE ot st B 9
CheH, MA=2 WEEd2 SXe.
3. BiXE - dEE NE=2 g2l SHE fle
4. ME=Z0 Uit 018022 SE2=2 ©
Ab EADE 8l B320= ME=2 0l

=

NE, 8& s2 =X

E= 3HE Ol EE9 9

mo ry Jir
OR

2ts Al HEE.
5. did M&EE=2 MAZES EIQI0A =oAL sSHE =S ofd=S R0
= 1JHE OIUHOI Tistoll 012 S2¢.
6. DMt NE MA2 0122 e 01F e MEAS=2 25t ZM5t= Et
eloll 2let el Holol CHotod 2Hel HE HFS XX ES
7. A% UiEe EEII201 NAS2 ME € e S FESAUS 0S8t

NEZ2o &E - =HE o658,

2008 & 8 & €<

>
J
-

U
>
0=
Ofor
)

o
[z
-
I
EJ
Oh
03
-
Qﬂ




	Ⅰ. 서론
	Ⅱ. 이론적 배경
	1. 유역
	2. 유역관리 필요성
	3. 오염물질의 유달경로
	4. 유역모형의 분류 및 적용 범위
	5. BASINS
	6. WinHSPF 모형

	Ⅲ. 연구내용 및 방법
	1. 연구대상지역
	2. BASIN 구축
	3. WinHSPF 구축

	Ⅳ. 연구결과
	1. WinHSPF의 유량 및 수질 검.보정

	Ⅴ. 결론
	Ⅵ. 참고문헌

