pp. 585~ 600 |

HSPF B3I 0|83 IR Roi0|
S¢&&l U BOD §5i2F 2
Analysis of Hydrologic Cycle and BOD Loads
Using HSPF in the Anyancheon Watershed
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Abstract

The hydrologic cycle and BOD pollutant loads of all sub-watersheds were analyzed using HSPF
(Hydrological Simulation Program-Fortran). At first, sensitivity analyses to water quantity (peak
discharge and total volume) and quality (BOD peak concentrations and total loads) were conducted
and some critical parameters were selected. For more precise simulation, the study watershed was
divided into four parts according to the landuse characteristics and used climate data and so calibrated
and verified respectively. It was found that as the urban area ratio increases in the downstream
direction, baseflow decreases (11.1 % — 5.0 %) and the ratio of direct runoff volume(425 % — 56.9
%), BOD concentration (3.3 mg/L — 15.0 mg/L) and unit loads (554 kg/ha/year — 3545 kg/ha/year)
increase.
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2 AFME AFH 99 d3d Eede A
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Bicknell et al., 2001) 28-S Al-&5le] #F<9 & 2
SHEd £8E AFH R A3t AdAH F
ol 2 % HdEd £ osy] A% AFEF
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oA F(2000)7} o]/da el o)A T(2006), oA
(2006) PCSWMM(Storm Water Management
Model) 28& 01%0}&1 SFHY AFY FH R/
A 79, ddH G4 27 HEstd BEed
< VAo, ol5F S(2005)7 =47 S(2006)2
WEP(Water and Energy transfer Processes) 2E5s
ol g3ted QrFH AF =FA FHH, FAH /9
o H&3te] B BN }AS’J% Lee and Chung
(2007)2 SWAT(Soil and Water Assessment Tool) &
g o83t FFH HER F90 s 1gRE,
EXolg, At Hpd tig 217 FHEF WdE

5

o[ﬂ

K

Aas H}E*Oi AR 7}%?,?1‘ F=(Event
Mean Concentration, EMC)E ©|-&3to] Qt¥d F457
ool dE sF3 2 S4S A

oE e dig dFEE W FA9NS
ILLUDAS-POLL =3%-&, Mostaghini et al(1997)2
AGNPS(AGricultural Non-Point pollution model) =%
£, Tsihrintizis and Hamid.(1998)9} Burian et al.(2001)
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BT 3H(saturation-excess)ol] W& X TH & L2
9)&t= SMR(Soil Moisture Routing)®] &% 29| 7t
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E&4% 544 HSPF 28 AL F&%0A, SMR
2 dF &AM F o A 49 3e 2tk
Hayashi et al.(2004)S HSPF 2&& o)gste] &
Changjian River f99| F&33 A} Hal3s 29
319+ R*(Nash-Sutcliffe coefficient) #tol 5% %
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Fig. 1. Overview of HSPF (Bicknell et al., 2001)
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Fig. 2. Sub-watersheds Map of the Anyangcheon
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Fig. 3. Results of Sensitivity Analysis
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Fig. 4. Watershed Division Map for
Calibration and Verification
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Fig. 5. Results of Calibrations and Verifications for Runoff
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Prec. = total ET + direct runoff + base runoff
+ deep percolation + As 6]

Total ET = interception evaporation + upper zone ET
+ lower zone ET + groundwater ET (6)

Direct Runoff = surface outflow + interflow outflow
(N

As = interception storage + surface detention
storage + interflow storage + upper zone
storage + lower zone storage + groundwater

storage 8
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Table 1. Calibration and Verification Results

Category Model Efficiency RMSE RMAE
Region I Calibration 0.76 001 cms 0.15
Verification 0.71 0.02 cms 0.19
Region II Cali.brati.on 0.82 0.66 cms 1.25
Quantity Ver?ficatlon 0.69 0.05 cms 2.28
Region I Calibration 0.94 0.24 cms 0.17
Verification 0.83 0.30 cms 0.19
Region IV Calibration 097 0.20 cms 0.22
Verification 0.98 0.43 cms 0.18
Region 1 Calibration - 2.95 mg/L 0.48
Verification - 0.94 mg/L 0.22
Region II Calibration - 1.66 mg/L 0.15
BOD Verification - 1.46 mg/L 0.22
Concentration Region I Calibration - 9.25 mg/L 0.43
Verification - 9.89 mg/L 0.39
Region IV Calibration - 19.44 mg/L 0.21
Verification - 49.23 mg/L 0.40
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Table 2. Initial and Calibrated Values of Parameters

Classification of Parameter Parameter Initial Value Calibrated Value
LSUR (ft) 150 -
SLSUR (ft/ft) 0.15106 -
FOREST 0,1 -
LZSN (in) 4 ~ 65 2 ~ 45
INFILT (in/hr) 0.16 0.005 ~ 0.06
KVARY (1/in) 0
AGWRC 0.98 097 ~ 0.99
PETMAX (deg. F) 40 -
PETMIN (deg. F) 35 -
; INFEXP 2 -
PERLND INFILD 5 ~
DEEPFR 0.1 -
BASETP 0.02 -
Hydrology AGWETP 0 -
Parameters CEPSC (in) 0.1 -
UZSN (in) 1.128 012 ~ 042
NSUR 0.2 -
INTFW 0.75 05 ~3
IRC 05 04 ~ 085
LZETP 0.1 -
RETSC (in) 0.1 -
IMPLND LSUR (ft) 150 -
SLSUR (ft/ft) 0.15106 -
LEN (mi) 022 ~ 1.78 -
DELTH (ft) 19 ~ 198 -
RCHES STCOR (ft) 3.2 -
KS 05 -
DB50 (in) 0.001 -
KBOD20 (1/hr) 0.004 0.0001 ~ 0.03
TCBOD 1.047 002 ~ 25
OX-GENPARM KODSET (ft/hr) 0.027 0.0004 ~ 0.09
SUPSAT 1.15 -
BENOD (mg/m”hr) 50 -
TCBEN 1.074 -
EXPOD 1.22 -
OX-BENPARM - "ERBOD(1) (mg/mbhr) 0.001 .
BOD BRBOD(2) (mg/m’.hr) 0.001 -
Concentration EXPREL 580 ~
TCGINV 1.024 -
REAK (1/hr) 0.2 -
OX-REAPARM EXPRED ~ 1673 -
EXPREV 0.969 -
DOX (mg/L) 12.8 -
OX-INIT BOD (mg/L) 35 -
SATDO (mg/L) 135 -
9 143 %, 71AFEF &2 45 #4111 %, 7 I(FR) €22 & AF% H3E Holxu itk
F 9 70 %, 3F 79 50 %E YER o A HEH ANAF F9Y BT 24 e ok
ste) AR WM e F5 AR 244 Y2 A R Sale EEA, AISAH, 53 f900A
AFEHUZSNF 315 A FEHLZSN)o] &2 g T#F Y] 60 % ol AHFEH ¥ &S vehy
© 2 #A9 Region M(3HF), Region I (4%), Region Aow, 53] BE shde] HE 2 AW ErHe] &

#40% Z8HE 20074 8H



Table 3. Simulation Results of Hydrologic Cycle and BOD Load for 10 Years (1996 ~2005)

Watershed Up- Middle~ Down-—
Component stream stream stream WG 0J DJ SB
Precipitation 1331.7 13556 14195 1331.7 1331.7 1331.7 1331.7
(mm) (100 %) (100 %) (100 %) | (100 %) | (100 %) | (100 %) | (100 %)
Total ET 636.8 648.6 566.6 629.6 632.3 642.2 632.3
(mm) (486 %) (478 %) | (399 %) | (481 %) | (483 %) | (49.0 %) | (482 %)
Infiltration 291.2 203.5 203.0 296.2 294.4 2557 264.5
(mm) (22.3 %) (15.0 %) (14.3 %) | (227 %) | (226 %) | (19.6 %) | (20.3 %)
Water Direct runoff | 574.8 596.9 8078 | 5329 | 5478 | 6112 | 6013
(mm) (425 %) (44.0 %) (56.9 %) | (394 %) | (405 %) | (45.2 %) | (445 %)
Baseflow 149.0 945 71.0 152.7 151.3 114.4 122.3
Quantity (mm) (11.1 %) (7.0 %) (5.0 %) | (114 %) | (113 %) | (85 %) | (9.1 %)
Deep percolation 549 32.7 80.6 56.2 55.7 36.9 374
(mm) (41 %) (2.4 %) (5.7 %) (42 %) | (42 %) | (28 %) | (2.8 %)
incil;?riee 837 171 | 1065 | -397 | -554 | -730 | -615
(mm)g (-64 %) | (-13 %) | (<75 %) | (-3.1 %) | (-4.3 %) | (-5.4 %) | (-46 %)
Average
concentration 3.3 9.0 15.0 116 13.3 35.4 10.8
(mg/L)
Water
Total daily load
Quality (kg/day) 203.8 10,892.2 21,8517 64.5 68.9 925 112.8
Unit load _
(kg/ha/year) 55.4 312.72 354.5 62.3 59.0 63.3 40.0
Watershed |y SA ss SBI SH MG DR
Component
Precipitation 1340.8 1331.7 15289 1331.7 1,537.9 1463.8 1,537.9
(mm) (100 %) (100 %) (100 %) | (100 %) | (100 %) | (100 %) | (100 %)
Total ET 630.4 612.3 705.5 660.1 413.3 4859 4154
(mm) (470 %) 1 (467 %) | (461 %) | (504 %) | (278 %) | (328 %) | (279 %)
Infiltration 265.3 267.2 3124 253.5 260.5 310.3 1379
(mm) (19.8 %) (205 %) (204 %) | (194 %) | (17.8 %) | (209 %) | (9.4 %)
Water Direct runoff | 5955 587.1 6506 | 6212 | 1,0428 | 8867 | 10944
(mm) (44.0 %) (435 %) (43.1 %) | (45.8 %) | (66.9 %) | (60.0 %) | (70.3 %)
Baseflow 118.6 126.6 1435 109.1 127.8 195.3 279
Quantity (mm) ®8% | 94% | 94%) | 81%) | ®3% |131 %) | (1.8 %)
b D(‘)ﬁi . 351 355 411 404 406 234 26.3
er(fnm)o 26%) | 26% | Q7% | B0% | @7% | 16 % | 1.7 %)
Change
0 stora -33.9 -29.7 -20.8 -99.1 ~86.5 -109.8 -26.1
n (mm)ge (-25 %) | (-23 %) | (-1.4 %) | (-73 %) | (-56 %) | (<7.4 %) | (-1.7 %)
Average
concentration 54 1.1 1.0 13.0 1.7 18.0 2.2
(mg/L)
Water
Total daily load
Quality (kg/day) 594.0 6.4 109.3 63.2 497 4559.0 292.8
Unit load
(kg/ha/year) 48.7 30.9 30.3 42.3 55.6 296.8 25.7
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