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Abstract

In this study, an optimized deterministic water-quality model was constructed to estimate water quality of ariver and lake in
the upstream basin of adam. A stochastic water-quality analysis using reliability analysis technique was applied to the model.
The model was tested in the 13.9 km reach from Maeil stage station of Kyechun to Hoengsung Dam of Sum River. After
finding hydraulic characteristics from nonuniform flow analysis, Broyden-Fletcher-Goldfarb-Shanno (BFGS) optimization
technique for model calibration was applied to determine optimum reaction parameters, and model verification was performed
based on these. The stochastic model, using Mean First-Order Second-Moment (MFOSM) and Monte-Carlo methods, was
applied to the same reach as the deterministic study. Variations of discharge and water quality in headwater were considered,
as well as variations of hydraulic coefficients and reaction coefficients. The statistical results of output variables from
MFOSM were similar to those from the Monte-Carlo method. Risk analysis using MFOSM and Monte-Carlo methods
presented the probabilities of some locations in the Hoengsung L ake violating existing water-quality standardsin terms of DO

and BOD.
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Table 1. Discharge coefficients of study area

Reach
number a b @ g
1 0.5069 0.3047 0.2514 0.4079
2 0.1666 0.4595 0.4198 0.3415
3 0.1896 0.4224 0.3177 0.3385
4 0.3897 0.3132 0.1293 0.4819
5 0.5334 0.2442 0.2581 0.3675
6 0.3155 0.2331 0.1473 0.5316
7 0.0081 0.9205 2.3864 0.0661
8 0.0011 1.0069 7.6019 0.0002
9 0.0003 1.1063 10.3070 0.0000
10 0.0002 1.0694 13.1480 0.0000
11 0.0002 1.1305 16.0700 0.0000
12 0.0001 1.1076 17.7320 0.0000
13 0.0001 1.0550 20.2500 0.0000
14 0.0002 1.0295 22.9410 0.0000
15 0.0002 1.0540 24.6270 0.0000
16 0.0002 1.1365 25.9650 0.0000
17 0.0002 1.1267 28.3240 0.0000
S =
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Table 2. Stations for uncertainty test

Station | Reach-element | Distance from
number number upstream (km) Remark
3 7-1 5.0 Goobang Bridge
4 12 - 2 10.0
5 17 - 4 13.9 Upstream of Dam
ol d3d Bg4A=E QUAL2E AMEd¥A(Brown and
Barnwell, 1987)ol4] A|AlStL e YEHEST BFHAEY
APAJ HAE Houx ge MY WA ddsidnh
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Table 3. Uncertainty of input parameters < AHE3 DOS BODY B, ZFEHA, I EAHASF
Parameter C.OV. (%) o tg A4 A= MonteCalo 71ME )&% AFst
No. Grou Name This | Brown and v 2 dX5= Aoz Yelyth
i study | Barnwel oA 7 4PWse FRY BFAE B PS5
1 Headwater_ flow 5.0 BRAE BE 242 2347 99 MonteCalo 71HE
—2 PR :zw:er [B)SD ;gg 12 . ;8 ol g 20008)] =59 A7 % DO BODY REE
S : : AnEgth g Age YR KPP ARY ARG
4 Dispersion constant 15.0 5-15 o] A7 SAaw As & A% R
R | I k=3 ° o
5 Discharge constant for velocity | 15.0 5-15 A AR 3 BY Aol AAE AH 5ol A 2
6 HYDR Discharge exponent for velocity | 5.0 5-15 2okt
7 Discharge constant for depth 150 | 5-15 AA AH 3o it 47kA] w7 258 DO< BOD
8 Discharge exponent for depth 50| 5-15 9] EXFAE Fig. 5@), (0ol Yerisich $4o] & &
9 Manning coefficient 10.0 5-15 AR §&0] Agdoz M2 47848 EHL Ul
10 BOD decay rate 200 | 10 - 25 £ o] A= DOY AS FHASF(HYDR)S vheA S
11 | RXNC |BOD settling rate 200 | 10 - 25 (RXNC)oll tisjx= AL FFo] g RoZ Yeton,
12 50D rate D0/ 0-5 359 AL54939 43 2 FAARFFHW)A o2
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Table 4. Results of risk anadysis
(@) Station 4 (b) Station 5
Nonexceedance probability in Exceedance probability in Nonexceedance probability in Exceedance probability in
DO (%) BOD (%) DO (%) BOD (%)
Conc. Conc. Conc. Conc.
MFOSM MCS MFOSM MCS MFOSM MCS MFOSM MCS
(mg/L) (mgiL) (mg/L) (mg/L)
6.00 0.00 0.00 0.30 99.89 99.95 35 0.00 0.15 0.15 99.98 99.85
6.35 0.00 0.10 0.40 99.40 99.25 4.0 0.00 0.20 0.30 99.59 97.30
6.70 0.00 0.15 0.50 97.48 96.05 45 0.00 0.45 0.45 96.30 88.30
7.05 0.02 0.80 0.60 91.99 88.65 5.0 0.00 1.45 0.60 82.37 71.65
7.40 0.19 1.85 0.70 80.27 76.85 55 0.02 250 0.75 52.92 50.85
7.75 1.15 5.20 0.80 61.74 59.90 6.0 0.27 5.20 0.90 21.68 32.15
8.10 4.95 11.10 0.90 39.96 39.50 6.5 242 10.75 1.05 5.05 19.75
8.45 15.25 22.65 1.00 20.98 25.10 7.0 12.18 22.15 120 0.63 11.75
8.80 34.40 40.05 1.10 8.69 14.70 75 36.00 39.75 135 0.04 6.25
9.15 58.81 59.55 1.20 2.79 750 8.0 67.33 61.80 150 0.00 3.90
9.50 80.15 76.95 1.30 0.68 320 85 89.56 81.30 1.65 0.00 2.60
9.85 92.94 89.30 1.40 0.13 1.35 9.0 98.05 93.95 1.80 0.00 1.50
10.20 98.19 96.25 1.50 0.02 0.70 9.5 99.80 98.80 1.95 0.00 1.05
10.55 99.67 99.00 1.60 0.00 0.35 10.0 99.99 99.85 2.10 0.00 0.80
10.90 99.96 99.80 1.70 0.00 0.20 105 100.00 99.95 2.25 0.00 0.50
100 100
90 [{ " MFOSM 0 F------®_________ -o- MFOSM}-
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Fig. 6. Risk curve of DO and BOD.
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