ChatiaatalRl, M17# RI452002)
Korean J. Sanitation. Vol. 17, No. 4, pp1~9(2002)

Ol - srots" - Aoly d
Frosti DAEABS} - JEdsta AZRAFRY - FR S EEE et
Frdista 43 eha

Water quality forecasting on upstream of chungju lake by
flow duration

Won-Ho Lee - Yang-su Han* - In-Sung Yeon+ - Yong-Jin Choxx
Dept. of Construction & Urban Engineering, Chungju National University,
Dept. of Architecture & Environmental Engineering, Kvongdong University’,
Dept. of Civil Engineering, Chungbuk National University™,

Dept. of Environmental Engineering, Chungju National University™ .

Abstract

In order to define about concern with discharge and water—quality, it is calculated drought
flow, low flow, normal flow and wet flow in Chungju watershed from flow duration analysis.

Water quality modeling study is performed for forecasting at upstream of Chungju lake. It
is devided method of modeling into before and after the equipment of environmental treatment
institution. And it is estimated the change of water quality.

Before the equipment of environmental treatment, BOD concentration is increased from 2000
to 2006 years at all site and decrease on 2012 years. The rate of increasing BOD
concentration is showed height between 2000 years and 2003 years most of all site. And after
the equipment of environmental treatment, it is showed first grade of BOD water quality in
most of sample site beside Jucheon river.

The result of water quality modeling using drought flow showed that a lot of pollution
occurred. And water quality using wet flow is good, so much discharge make more improve
water quality than little discharge.
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Table 1. Sewage treatment plant going ahead
with a plan in 2001 years

County | Name f;‘}ad;‘g begin | finish
Sabuk 8500 1998 | 2003
Jeongsun

Jeongsun 2700 2001 | 2004

Doam 3500 1999 | 2002

Pyongchang| Daewha 3500 2001 | 2004
Jinbu 5000 2001 | 2004

Whingsung | Dunnae 1500 199 | 2001
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Table 2. The analysis of annual water quality
in main stream of Namhan river

tem| Temp] pH | DO |BOD|COD| 88 | T-N| TP
Site\ | (T) (mg/L)

N1 151 [82]102]073] 16 [ 14 | 2670 002

N 154 |84 98 |07 | 19 [ 292572 008
mIN3| 156 | 82| 98 |03 ] 19 | 25 | 2452 0.1
Nl 153 82103090 16 | 18| 2504 | 0015
n|Ns| 153 |82 1105]097] 21 | 25| 25870032

N6| 156 | 82 103|100 | 23 | 30 | 2574 | 0,023
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Table 3. Flow duration at upsteam of Namhan
river in each drainage(unit : m’/sec)

Table 5. Number of livestock(unit : head)

Youngwol | Jeongsun |Pyongchang
drainage D?:v%ht ﬁgz Nggl:;al f‘gss Cattle 8444 7090 9320
Milk cow 471 62 2837
Songcheon bridge | 052 [099( 198 | 3.70 Hog %674 506 513
Pyongchang eup | 013 |0.26] 051 | 0.96 Domestic 18784 24163 3190
Sangdong eup 011 |021] 042 | 0.79 Total 36373 33841 0R865

Golgi stream 080 |153| 305 | 570

Odae stream 065 1251 249 | 466

Eo stream 033 |064| 127 | 237

Yongtan stream 015 [ 029 058 | 108

Jijang stream 024 (0464 091 | 1.71

Mitan stream 005 (010 020 { 037

Sangri stream 015 |029| 058 | 1.08

Seokhang stream | 023 | 044 087 | 162

Jucheon niver 05 [1.05| 209 | 391

Ssangjont stream | 005 |0.10| 020 | 0.37

Mun gok stream | 0.06 |0.12| 024 | 046

Yeondang stream | 003 |006| 011 | 021

Gyechon stream 010 1019| 038 | 071

Siru stream 005 (009 018 | 033

Nokjeon stream | 004 ]008| 016 | 029

Naerin stream 011 1021 042 | 079

Changwon stream; 002 |0.03| 0.07 | 012

Gukdong stream | 126 |241| 480 | 899

Iguk stream 024 (047 053 | 1.7

Okdong stream 026 |050| 100 | 1.87

Table 4. Population in each years

Youngwol Jeongsun | Pyongchang

Year | Population | Population | Population
(Increase %) | (Increase %) | (Increase %)

1990 |64588| - 188377 - 5357 -

1991 62239 | -3.6% | 86637 | -2.0% | 55488 | 4.2%
1992 | 58783 | -5.6% | 80133 | -7.5% |53354| -3.8%

1993 | 564761 -3.9% | 72900 { -9.0% 51724 | -3.1%
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Table 6. Number of registrant by industry

1994 | 54889 | -2.8% | 66169 | -9.2% | 50648 | -2.3% Youngwol| Jeongsun | Pyongchang
1995 53405 -2.7% | 61121 | -76% | 49789 | -1.5% Agriculture 12376 16954 4093
1996 | 518091 -3.0% | 57362 —6.2% | 49387 | -0.8% Mining 633 91 2774
1997 | 80529 | -2.5% 488651 -1.1% Manufacture 1279 584 869
1998 | 50325 -0.4% 48803 | -0.1% Construction 512 300 373
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Table 7. Land use(unit : km’)

City/Count Area Farm Paddy Forest Ground | Pasture etc.
Kangnung city 135.0949 0.8995 147312 29439 0.3416 05782 | 1156005
Samchuck city 206.1423 12.0806 0.805 1854966 | 0.3724 0.8255 6.5622

Youngwol county 1125836 | 100548 | 255284 | 934.7755 | 64268 3.026 555309
Wonju city 129.1684 11.8817 46919 | 1069767 | 06641 0.1223 48317
Jeongsun county 1218.801 100.3877 9.2711 1048.562 9.7486 1.8854 489465
Taebak city 166.0352 10.5526 0.1007 | 1479494 | 0.2073 1.9337 5.2915
Pyongchang county | 1466282 | 1229208 | 247128 | 1234146 | 5.7942 19.004 59.7036
Whingsung county 3149311 405368 | 14.0329 | 237.3607 | 20512 6.166 14.7835
Total 476229 | 399.8077 | 93874 | 3898211 | 256062 J 335411 | 311.2504
o tha Frlsh: AEE HPoL wig Table 9. Pollution load of T-N in each
o g7 zA|Ae] Fzow Mt ;r,w\g} qo drainage(kg/day)
& UERstT Dreinage Drain load(T-N)
ZAY 7hee eddEel ofs) bdE whsR 2000 | 2003 | 2006 | 2012
g Fostd 4 FEHL Table 8~100] vt Song stream 3089.7 | 3055.9 | 30489 | 30086
eRi Tt Odae stream 14389 | 1409.2 | 1403.9 | 1369.8
Seokhang stream | 6260 | 627.8 | 605.3 | 585.3
4. B389 1A Eo stream 6944 | 6928 | 6924 | 6303
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Table 8. Pollution load of BOD in each

3462.7| 33976 | 3375.7 | 32909
2063.0 | 20189 | 1943.7 | 1831.4
14839 | 14788 | 1477.3 | 1470.7
46456 | 4586.8 | 4530.0 | 44174
25006 | 2478.7 | 2474.4 | 24307

Jijang stream
Namhan riverl
Okdong stream

Pyongchang river

Jucheon river

Table 10. Pollution load of T P in each

drainage(kg/day) drainage(kg/day)
) Drain load(BOD) ) Drain load(T-P)
Drainage Drainage

2000 | 2003 | 2006 | 2012 2000 | 2003 | 2006 | 2012
Song stream 42435 | 4067.8 | 4046.3 %&)8 2 Song stream 2365 | 2326 | 2322 | 2279
Odae stream | 16405 1417.5 | 14019 11980 Odae stream | 95 | 962 | %9 | 923
Seokhang stream | 1262.1 | 1284.7 | 8183 | 530.5 Seokhang stream | 468 | 47.1 404 349
Eo stream 73062 | 7399 | 7387 | 7423 Eo stream 442 | 440 | 440 | 438
Jijang stream | 8750.1 | 5079.4 | 46485 2469.6 Jijang stream | 406.2 | 4014 | 405.0 | 4038
Namhan river]l [4138.1 | 3787.2 | 3258.8| 2566.4 Namhan riverl | 1609 | 156.1 | 1484 | 136.8
Okdong stream | 15004 | 1502.0 | 14969 14934 Okdong stream | 936 979 978 97.1
Pyongchang river | 49156 4673.8 |4332.2 33180 Pyongchang river| 349.7 | 343.2 | 337.7 | 326.1
Jucheon river 3602.6 | 35204 | 35064 | 3412.8 Jucheon river 1989 | 1948 | 1946 | 190.3

KOREAN J. SANITATION Vol. 17. No 4. 2002
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Table 11. Hydraulic data of main steream of

Nambhan river
Stream Rea | Length | Channel dispe;s;ion Rough
~ch| (km) | slope |coefficient|ness
1 19 0.0067 6000 | 0.035
l 17 0.0063 50.0 | 0.034
3 17 0.0059 5200 | 0.032
4 18 0.0056 5100 | 0.031
5 20 0.0050 500.0 | 0.030
namhan| 6 20 | 0.00%6 590.0 | 0.033
river | 7 18 0.0050 490.0 | 0.030
8 18 0.0048 4000 | 0.025
9 9 0.0046 550.0 | 0.029
10 14 0.0048 580.0 | 0.033
1 15 0.0046 500.0 | 0.030
12 17 0.0044 5300 | 0.028

qaageta 2l 177 452002)

e HAHF sFen d=2d FHAARE o
£3 QUALZE 239 »AANE Fig 39 e
FA=N

5. FAFAAZ
AATNZANEL HAsy) A5 2323 A
Age] f8d we FHAEe FdHIL

2
1.5 S e
[
k]
g,
5 I
= >
3 3
0.5 ==+
0
0 0.5 1 1.5 2
Observation
a) BOD
3
2.5 e
-
o
< L
o
5 e
o
(&)
1.5 B 2
1
1 1.5 2 25 3
Observation
b) T-N
0.2
0.15
Lo
o
]
5 o1 > 24
K] .
© .
0.05 o T
*
0
0 0.05 0.1 0.15 0.2
Observation
c) T-P

Fig. 3. Model calibration



EXS MFA0 Rt ASENE 7

Table 12. The result of Water quality forecasting
(before the equipment of environmental treatment)(Unit © mg/L)

. Drought flow Low flow Normal flow Wet flow

Year | nod Site
BOD| TN | TP |BOD| TN | TP |BOD| TN | TP |BOD| TN | TP
24 Jeongsun 1 1.5 [3155/0.136] 09 |2141{0091| 09 2004|0084 0.7 |1.673|0.068
35 Jeongsun 2 16 1332601937 1 [2243/0.129| 09 |2.098|0.119| 0.7 |1.749]{0.09
o003 86 Dong river 2 1329|0194 12 |2184|0122] 1.1 |2.042/0.113| 0.8 {1.689| 0.09
143 | Jucheon river | 43 |3.286| 0.05 | 26 12421|0.052| 25 |2.268| 005 | 2 |1.853|0.043
150 | Youngwol 2 1.9 3265/0.103] 1.2 [2205] 007 | 1.2 12.058]0.065| 09 |1.684|0.053
183 | Okdong stream | 2 [2.086!0019| 1.2 |1565|/0012] 1 {1.485/0.011] 0.8 |1.291]|0.009
24 | Jeongsun 1 16 1315810137 1 ]2143,0.091] 09 |2.006/0.084| 0.7 |1.675|0.069
35| Jeongsun 2 16 133290199 1 |2245/0.129| 09 | 21 |0.119] 0.7 | 1.75 |0.096
2005 86 Dong river 2 133030195 12 (21890123 1.1 |2.047|0.113| 0.9 [1.693| 0.09
143 | Jucheon river | 44 |329| 005 | 27 |242710.052| 25 2273/ 005 | 2 |[1.857]0.042
150 | Youngwol 2 2 132740103 1.3 | 221 |0.071| 1.2 |2063|0.066| 09 |1.688!0.063
183 | Okdong stream | 2.1 [2.086]0.019| 12 [1565/0012] 1 |1.485/0.011| 09 |1.291|0.009
24 | Jeongsun 1 16 1316310.137| 1 |2.146|0.092| 0.9 |2.008,0.085| 0.7 |1.677|0.069
35 | Jeongsun 2 16 (333310199 1.1 2248|013 | 09 [2102] 0.12| 0.7 |1.753|0.0%
012 86 Dong river 2 33121019 1.3 |2195]0123} 1.1 20520114 09 |1.697|0.091
143 | Jucheon river | 4.1 [2.67810.044| 25 [1.881|0.048} 23 |1.766|0.046| 1.8 |1.457|0.039
150 | Youngwol 2 | 1.9 |3.092[0.102| 1.3 {2.087| 007 | 1.1 |1.949|0.065| 0.9 |1.598|0.053
183 | Okdong stream | 2 |2.046|0019| 1.1 | 154 {0012| 1 |1.463|0011| 0.8 |1.273|0.009
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Fig. 4. The change of BOD forecasting using
drought flow by environmental treatment
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Fig. 9. The change of BOD forecasting using
wet flow by environmental treatment
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