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Abstract

This study was carried out to set up a predictive system of water quality in the
Han River watershed by using an Hydrological Simulation Program - Fortran(HSPF)
model. The HSPF model was built using various data types including topographical
data, meteorological data, and hydrological results. The established HSPF model was
then verified and calibrated against water quality(DO, temperature, BOD, T-N, T-P) and
water flow data obtained from the Ministry of Environment(six sites, 2010~2015). To
evaluate the results of validation and calibration of water quality and water flow, the
percentage difference was used. The water flow results in all sites were classified as
“Very Good” and water quality results were classified as more than “Good”. It was
confirmed that the simulated data well reflected the observed data, and that the
established HSPF model was adequate for simulating watershed characteristics.
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Fig. 1. The sites of calibration and validation.
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Table 1. General calibration and validation targets or tolerances for HSPF application(Donigian,

2000)
%Diff. Very Good Good Fair Poor
Water flow <10 10~15 15~25 -
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Table 2. Parameter values for flow simulation

Parameter Description Unit ~ Model Range  Possible Range Initial Value Final Value
Npry  ndex to infiltration g 6001~1000 0.001~0.5 0.16 0.10~0.27
capacity
KvaRy ' oviable eroundwater ), 0.0~5.0 0.0~5.0 0.0 0.0~0.8
recession
AGWRe ~ Dase eroundwater o0 00120999 0.85~0.999 0.98 0.92~0.98
recession
Table 3. General calibration and validation targets or tolerances for HSPF application
Constituent Very Good Good Fair
Hydrology/Flow <10 10~ 15 15~ 25
Sediment <20 20 ~ 30 30 ~ 45
Water temperature <7 8§~ 12 13~18
Water Quality/Nutrients <15 15~ 25 25~ 35
Pesticides/Toxics <20 20 ~ 30 30 ~ 40
Table 4. Average and range of simulated/observed concentration ratios
Constituent Average Range
Dissolved Oxygen 0.99 0.90 ~ 1.06
Ammonia as N 0.93 0.73~1.18
Nitrite-Nitrate as N 0.99 0.83 ~1.21
Organic Nitrogen 0.91 0.80 ~1.20
Total Nitrogen 0.91 0.83 ~0.97
Orthophosphate as P 1.33 0.91 ~1.90
Organic Phosphorus 1.35 1.18 ~ 1.62
Total Phosphorus 1.40 1.10 ~ 1.82
Total Organic Carbon 0.89 0.71 ~ 1.06
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Table 5. Parameter values involved the temperature in HSPF model

Parameter Definition Unit Typical Possible
Range Range
ASLT The surface 1aye'r tempgrature when the air temperature deg F 0~100 A0
is 32 degrees F in Pervious land
BSLT The s.lopeA of the.surface layer temperature regression deg F 0.001~0.2 0.3
equation in Pervious land
ULTP1 The smgothlng factor in upper layer temperature _ A0
calculation
AWTF The surface Watgr tempergture, when the air teperature deg F 0~100 0
is 32 degrees F in Impervious land
BWTF Tthe .slop.e of the .surface water temperature regression deg F 0.001~2 01
equation in Impervious land
KATRAD  The longwave radiation coefficient - 1~20 9.5
KCOND  The conduction-convection heat transport coefficient - 1~20 6.12
KEVAP The evaporation coefficient - 1~10 2.24
CFSAEX  The correction factor for solar radiation - 0.001~2 0.95
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e Ao £ HEA Ade O9 49 Bon, s Hel 7 AR 23 a9 69 2o,
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Table 6. Parameter values involved the DO and the BOD in HSPF model

i _ . Typical Lee Han Jang Shin
Parameter Definition Uit onge (2005 (2000 (2006)  (2008)
o 0.001 0.001 0.002 0.011 0.001
KBOD20  BOD decay rate at 20T 1/hr 014 001 ~0004 ~ 0.015 ~0.014
. 0.0001 0.018 0.017
KODSET Rate of BOD settling ft/hr > ( 0027 ~0.033 ~0.028
. . 0.2 0.2
REAK Reaeration coefficient 1/hr ~0.7% 0.48 07
Temperature correction coefficient ~ B
TCBOD for BOD decay 1.047
. 2 0.001
BRBOD Base release rate of BOD materials mg/m~ > 0.0001 ~5 001
BODOX  Dissolved oxygen me/L 19.8
BOD Biochemical oxygen demand 1.5
Conversion from milligrams biomass 1.0 1.63 1.00
CVBO to milligrams oxygen mg/mg ~5.0 ~2.00 ~3.00
CVBPC Conversion from biomass expressed  moles 50 80 56
as phosphorus to carbon /mol ~200 ~180 ~196
Conversion from biomass expressed  moles 16 _
CVBPN as phosphorus to nitrogen /mol ~35 1646
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Table 7. Parameter values involved the T-N and the T-P in HSPF model.

s . Typical Leee Han Jang Shin
Parameter Definition Uit ange (2005 (2007 (2006)  (2008)
e . ) 0.0001 0.001 0.001 0.001
KNO320  Denitrification rate of nitrate 1/hr - 05 ~0.045 0001 oo
1L . 0.0001 0.001 0.015 0.001
KTAM20  Oxidation rate of total ammonia 1/hr ~ ~10.05 ~0.05 0.025 0,055
e o ) 0.0001 0.002 0.002
KNO220  Oxidation rate of nitrites 1/h1 N ~0.05 0.012 ~0.052
Temperature coefficient for the 1.07 1.00
TONTT nitrogen oxidation rate ~2 ~1.07
TCDEN Terrllpe.r.atur.e coefficient for the 104
denitrification rate
Oxygen concentration threshold 1.00
DENOXT above which denitrification ceases mg/L ~5.00
KDSAM  Ammonium desorption factor 1/day ~n(z)ne
KIMNI Nitrate immobilization factor 1/day 0
~none
TAM Initial @ncentratlons of total — B 0.1
ammonia
PO4 Initial concentrations of total mg/L B
ortho-phosphorus
The benthal release rate of
BROPO41 ortho-phosphate under aerobic mg/m*/hr
conditions
The benthal release rate of ,
BROP0O42  ortho-phosphate under anaerobic mg/m?/hr

conditions
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Table 8. Parameter values for water quality simulation

rir

| AwAg At 7 A e G oAt ot
‘Good ~'Very Good F5o=2 UER} 2

Parameter (Units) Definition Range
KEVAP The evaporation coefficient 1.0~10.0
REAK(hr -1) Empirical constant for reaeration equation 0.01~1.0
KBOD20(hr -1) BOD decay rate at 20°C 0.0~none
KODSET(ft/hr) BOD settling rate 0.0~none
BENOD Benthic oxygen demand at 20°C(mg/m”- day) 0.0~none
EXPOD Exponential factor to benthic oxygen demand function 0.1~none
KTAMZ20 Nitrification rate of NHs at 20°C 0.001~none
KNO220 Nitrification rate of NOz at 20°C 0.001~none
KNO320 Denitrification rate at 20°C 0.001~none
MALGR Temperature corrected maximum algal growth rate(/hr) 0.008~0.3
ALR20 Algal respiration rate(/hr) 0.0~none
PHYSET Phytoplankton settling rate(ft/hr) 0.001~0.55
MBAL Maximum benthic algae density(mg/m®) 0.0~none
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Fig. 9. Calibration and validation of water quality for Han river G.
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Fig. 10. Calibration and validation of water quality for Tanchun A.
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Fig. 11. Calibration and validation of water quality for Jungrang A.

- 285 -



=T
Py
g
£ _
§ ?
PN g
; f
10 ;
o 0l - 1000
2000-01-00 20110101 20120101 20121231 20131231 20141231 2015-12-31 M0 MO0 20120100 200231 20030231 20423 25123
w5 o T = 0
u validation Calibration e M
[
- ] Lo 400
H i N
i b Fomel ”
3 ?P h'3 800
0 - 1000} L] E 1000
000401-00 2010100 20120101 201231 20130231 0023 20154231 20000000 20130101 20120001 20031231 0323 0040231 20151231
Val (2010~2012) TEMP | DO <| BOD | T-N T-P
08 7 T T Ll T T @ Observed 1474] 1108 2.3_3| EES] 016
| s Simulated 1558 LR 245 EES (3
06 Validation Calibraticn Soird 0 0/5 095 0.97] 115 112 102
et % Differ -5.662| -2.927 13.352 10.662 1.846
a0 Grade WVery Good |Very5m}d Very Good |Very Good |Very Good
= 04
? L | Cal (2012~2015) TEMP DO BOD | T-N ‘|' TP
g Observed 1250 iEER EEE] 408 ESE
o *m mulated [EEH EE EE] EXni a7
BB EER (X EEE] 11 1.08|
o woa|  [%Differ -6.521 -13.639]  -12.881] 9.517 7.674|
2000-0-01 20110100 20120101 201212-31 20031231 20041231 215-12-31 [Grade Very Good |Very Good |Ve,-),5md |\.-er)r Good |Very Good |
Fig. 12. Calibration and validation of water quality for Han river H.
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Fig. 13. Calibration and validation of water quality for Han river L
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