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Abstract

Reliable long-term flows by SWAT-K model were applied to the relationship between stream flow and pollutant load derived
from 8-day measured data of Ministry of Environment (M OE) in order to obtain continuous loadograph and eval uate accuracy
in water quality modeling for the Chungju dam watershed. The measured flow were compared with flow duration curve from
the model, and it showed that measured values corresponded to the almost full range of stream flow conditions except at Odae
A. And there was significant relationship (R?=0.60~0.97) between measured flow and water quality load at all unit-watersheds.
Applying this relationship to simulated flows, continuous loadograph was obtained and compared with modeled pollutant
loads. Although there were some differences during some dry and flood seasons, those were not significant and overall trend
showed a good agreement. From the results, we would be able to derive a continuous loadograph based on measured data at
total maximum daily loads (TMDLSs) unit-watersheds on a national scale, in which stream flow and water quality have been
measured at 8-day intervals since 2004, and this could be helpful to utilize distributed water quality models with difficulty in
calibrating and validating parameters from lack of measured data at present.
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Sub-watersheds
Golji A
Odae A
Jucheon A
Pyeongchang A
Hangang A
Okdong A
Hangang B
Jecheon A
Chungju Dam

Fig. 1. Sub-watersheds of the study area
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B3 wole o8 wiel ey, vaz dd W Ega zolE Role UEd, ol Add (2006,
Q NAFemel sl 7 wAESe] WAE B4 ARE 200789 ATFEIHIME AFE v gom BEAY o
EQE oA mi7ids wigel] met RS Pt g J7Fsdol 2 ALeE FPE ol Adstd Avy
e84 EAE 98 F £47171(1990~2005¢) T 1990~ A Aol we F dAse= RAE B F don, 4% T
199749 ASRFARE BA o]&shaL, YA 19984 F7I ZFTlel e Aol yEir|E SHAR
ol Agd tisix e AF ol&stHt. REAF S A SWAT-K P& &3 @7 frdolu A 2 o4
2 500739 ATANN dFF AW EFFURAASF  FIAFL RIT BHo] o] fRe] BY {8y 17
(ESCO)E ©l &3t dB+ RIF&EdH AS/FHY Hd 3 AR A & EAE f1g ALE Agdn.
227t 5% o7t HEE sten, HsEd AddE 4 Table 1o A|AJGH vt} Zo] B 2 A Ao s 2
AFZo|(SLSOIL), #4A4(ALPHA_BF)S At 523 g A 5>(coefficient of determination, R?), 72 th 2 xH(mean
#EE AAAZHGW_DELAY)E ZF3o ZFAY /% absolute error, MAE), o3 &4 o 2 xH(relative mean abso-
23S FPsdh =3 29D 5(2007b)0] Mg wlAd lute error, RMAE), Nash-Sutcliffe 28 &8 %< (model effi-
3 AFIIA 44 4 99 FEFAWL Agdhe]  dient, ME)(Nash and Sutdliffe, 1970) 5 SAF IS 5
BA AFFES 71E SWAT HlE] #E5X o ZH= 3 AES 23, AAHeE 52 FEEE 99T + UATH
E a5 4 frZgol dd AF}E Fig. 49 2ol ZY7IZE AA

Fig. 29} Fig. 32 47t 23 9 HIF7I 5 47713 el FostA detwew, 2FASF 095, EIFEEAT
et &5 2 2o 49 Hla Aot 2003d o] ¥ 093024, B0 2Ry fAHgd g A =& &
2 A7 A BSHF0] 10 misec o2 Dol A A FARE BT F e FAoE gddAn
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Fig. 2. Observed and simulated flow a Chungju dam (cdibration).
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Fig. 3. Observed and smulated flow at Chunju dam (validation).
Table 1. Cdlibration and validation results for daily stream flow data
. Avg. annual Avg. annual flow (mm) 5 MAE
Period precipitation (mm) Observed Simulated R (mm) RMAE ME Remark
1990~1997 1,253 739 758 0.77 0.92 0.45 0.76 Calibration
1998~2005 1,365 880 853 0.76 1.01 0.42 0.74 Validation
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Fig. 7. Flow duration curve and observed stream flow data et Odae A.
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Fig. 9. Relationship between stream flows and pollutant loads at Golji A.
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Fig. 10. Relationship between stream flows and pollutant loads at Hangang B.

Table 2. Regression equation between stream flows and pollutant loads

Stream flow (m3lsec)

(c) Stream flow vs T-P load

Sub-watershed Item Regression equation
SS Ly =0.0368Q" %% 0.85
1. Golji A T-N Ly =207.92Q" "% 0.96
T-P Lp=0.4242Q" 5% 0.85
SS Lg=0.1798Q" 552 0.60
2. Odae A T-N Ly, =299.89Q"%? 0.94
T-P Ly, =1.6933Q"*™ 0.62
SS Lg=0.0668Q" ™ 0.83
3. Jucheon A T-N Ly, =269.65Q" 4" 0.96
T-P L, =0.4853Q" """ 0.84
SS Ly =0.0201Q" 2% 0.85
4. Pyeongchang A T-N Ly =278.16Q" ™ 0.96
T-P L,=0.2642Q" "% 0.84
SS Ly=0.0124Q" % 0.86
5. Hangang A T-N Ly =227.44Q" 07 0.97
T-P L, =0.1407Q" % 0.82
SS Lg=0.0629Q" % 0.81
6. Okdong A T-N L, =141.24Q"% 0.97
T-P L,=0.8189Q" "™ 0.75
SS L= 0.149Q"2™8 0.76
7. Hangang B T-N L, =183.37Q" "¢ 0.97
T-P L,=011Q"%#™ 0.75
SS Ly=0.1545Q" %! 0.75
8. Jecheon A T-N Ly =484.76 Q"% 0.88
T-P L, =26.812Q" %18 0.64
Q : daily stream flow (m?sec)
Lg : SS load (1,000 kg/day)
Ly : T-N load (kg/day)
Lp @ T-P load (kg/day)
St3aL, Table 20 Yebd whel Zo] FEH BAAENA (F, AFFE 55% oA AdF Ao Yentth
AAAFRY) 060~0.979 P &L A doH, F
A7 A 93 Significance F7F 2% 0.052t #2 7k 33 AEERsIEM RE & 2o & HI}
< B4d g, fE2d EE IJANE FYFE 5% oW E&4 Table 29 3731 #AE ol &3t fFEFA=E
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2RE 7 £A9RY PoEe Agsd d5odRad:  dd 48% 5 Avkn wear,
e FAAT KHL DA e wsh 2ol FFY A HoY FE-FoE BAZRH =29 RATAL B
A AAF ARAGY B2RFAF B R A AHGeI, olF JBon SWATK BFORRH B
AHgel AL qlol, 2289 #F 2E 2 A3 HPL  oH: fAEs cdvaRe wadt 2y AP @
£ UeT L 99D AFol Jlo] 2 Aol . M 2279 £ nF 2AHE wHoz §4 2w
H SWATK BI4AES olgagth o, #2489 £8 8493, oF i egBA(RA% )% B
HEY ABNA Ushd st 2ol odlA ARY F9E  wWAESE SAdoz Ryt BEW 44 Bon
F2 57 ool UF DY Aol WMBd ¥ A fld BAHE SAEH olRe] AAE B £
F7) olahe Rl UF BB WAL Tt & S HPelN FAD 542 Fel HuHE fAgem
TH, Uux AgEe deAE fu-Rad BAL 5 FRu oRolAm JomMPAR 5, 2007), ol 17
3 fgxA04 229 Aol okl WP RE f@el  shel BAP wAESE wASAh £F DA 52007)

Table 3. Parameters calibrated for sediment and N, P in this study

Input File Parameter Definition Range
Minimum value of USLE_C factor for water erosion applicable to the land cover/plant

crop.dat USLEC | (0,013 metric ton - m? - hri(m® - metric ton - cm)) ¥ P 0001-05
.bsn SPCON Coefficient in sediment transport equation 0~0.01
.bsn SPEXP Exponent in sediment transport equation 1~15
.bsn PRF Peak rate adjustment factor 0~1
.bsn PHOSKD Phosphorus soil partitioning coefficient (m%Mg) 100~200
Ite CH_EROD Channel erodibility factor (cm/hr/Pa) -0.05~0.6
Ite CH_Cov Channel cover factor -0.001~1
.hru SLSUBBSN slope length (m) 10~150
.hru ERORGP Phosphorus enrichment ratio 0~35
.chm SOL_ORGN Initial humic organic nitrogen in soil layer (mg/kg) 0~10000
.chm SOL_NOs Initiall NOs; concentration in soil layer (mg/kg) 0~5
.chm SOL_ORGP Initial humic organic phosphorus in soil layer (mg/kg) 0~4000
.chm SOL_LABP Initial soluble P concentration in soil layer (mg/kg) 0~100

Source: Neitsch et al. (2001)

Daily sediment load (10° kg/day)

Daily T-N load (10° kg/day)
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Fig. 11. Pollutant loadograph at Golji A.
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Fig. 11. Pollutant loadograph at Golji A (continued).
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Fig. 12. Pollutant loadograph at Hangang B.
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B 82 212 R - A DANESY HEY DHE 083 daHNTMe RE 133
Table 4. Averaged annua load and statistical criteria for daily loads
Sub-watershed Item Avg. annud |oaq1) R? MAE? RMAE ME
Obs. Sim.
Sediment 52 30 0.84 0.09 0.63 0.41
1. Golji A T-N 2,118 2,359 0.91 2.19 0.38 0.84
T-P 106 80 0.88 0.14 0.47 0.68
Sediment 18 14 0.88 0.02 0.48 0.66
2. Odae A T-N 942 795 0.88 1.03 0.40 0.87
T-P 40 17 0.92 0.07 0.61 0.56
Sediment 11 15 0.84 0.02 0.69 0.79
3. Jucheon A T-N 1,367 1,353 0.90 1.68 0.45 0.67
T-P 28 49 0.83 0.07 0.93 0.71
Sediment 78 56 0.71 0.12 0.56 0.41
4. Pyeongchang A T-N 4,487 3,590 0.95 3.75 0.31 0.94
T-P 111 135 0.90 0.13 0.45 0.88
Sediment 115 135 0.69 0.23 0.72 0.58
5. Hangang A T-N 9,340 8,959 0.93 8.80 0.34 0.90
T-P 219 302 0.87 0.34 0.57 0.86
Sediment 2 3 0.25 0.01 1.39 0.23
6. Okdong A T-N 599 738 0.89 0.68 0.42 0.84
T-P 6 15 0.91 0.03 157 -4.19
Sediment 45 140 0.94 0.26 2.14 -3.00
7. Hangang B T-N 11,071 11,103 0.95 7.49 0.25 0.95
T-P 157 362 0.98 0.57 134 -1.18
Sediment 6 9 0.92 0.01 0.74 0.92
8. Jecheon A T-N 1,269 950 0.90 1.95 0.56 0.46
T-P 42 33 0.75 0.12 1.08 -9.44
1) unit; 10° kglyr for sediment and 10° kglyr for T-N and T-P
2) unit: 10° kg/day for sediment and 10° kg/day for T-N and T-P
9] FEE odFFAE UEd RolH, F AP EF A X9 diig HAZFE FEHE= Nash-Sutcliffe RF =&
S3E THLE T A ti Aol Hola oy EATFME) B8 dFE Adsties dFE F35(0.75 ]
3 geol A FA HHYH FshFe] Bol st A A 75035 ©]d)S YRl ol(Van Liew and Garbrecht,
Aol Wt 4% 2 Falgido] & dX|shs A o2 Yelyt 2003), 2dS B9 &7l SGFsHFY gl Qlo] FES
Table 4= 1990~2005d whaf] F#F-F3h&F HAAZFH AL E 45 F A& AR AgdAn
FEE LEFsES 2P 9 c@FsFY AWAR,
azal 9 Rt digt SAXE AHES Aot 4. & 2
Az FatE vjweAM e AuHoR T-N9 FslFo] nf
T & AL doeH, FAMSE T-PY Fatd = tha x}o] 2 AdFdAE 20049 5H 8Y HELE #EHIAL e
7b A7 AR, F@AQ s B3RS Z2AAE 7% - 74 ARY &S AR FHAA, TFH
&3 EoHE EdlY 543 & 9 22 AHoH= e Y eE SWAT-K EF & FHEst A58 de
AMEY A7 B, F4 o wet Wst & #5 $29 71 FEARE R, o]E #EZARY EMOR
EA4E 18T o FES| FE&IET 202 dgdEnt o FH doxl fEF-FoF A HEFoZH AHLEF
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