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Water Quality Modelling of the Keum River
— Effect of Yongdam Dam

o 28 /M5
Lee, Eun Hyoung / Seo, Dong Il

Abstract

Effects of Yongdam Dam discharge conditions on water quality of the Keum River and
Daechung Lake inflow were analyzed for various scenarios using WASP5 water quality model.
Three different groups of scenarios were tested: 1) Two different weather conditions; the
lowest flow year and the highest flow year since the beginning of Daechung Dam operation in
1981, 2) Five discharge flow rates; 5.4, 8.9, 12.4, 16.4 m¥/s and field observed flow during the
study period, 3) Three conditions of discharge water quality; first grade, second grade by
Korean water quality standard and field observed water quality. Effect of changes in Yongdam
Dam discharges was greater for dry year. The increase of discharge from the Yongdam Dam
will improve water quality of downstream areas only when the water quality of the discharge
is equal or better than that of downstream areas. Field observed water quality data show that
BOD concentrations are lower than first grade level but TN and TP concentrations are
exceeding 5th and 3rd grade level in Korean standard, respectively. Considering that nutrient
control methods in watershed areas of Yongdam dam are limited, it is expected that nutrient
concentrations from Yongdam Dam discharge will be higher than 2nd grade water quality
standard level. Therefore, it would be important to develop practical management strategies in
the watershed area of Yongdam Dam based on field conditions for conservation of water
quality in downstream areas
keywords : Yongdam Dam, Keum River, Daechung Lake, WASP5, Nutrient Concentration,

Water Quality Standard
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Fig. 1. Daechung and Yongdam Lake Watershed Area

Table 1. Watershed Areas of Major Tributaries of Daechung Lake

Daechung | Yongdam | Namdae | Bonghwang | Yungdong | Chokang | Bochung |Okchun| Main
Lake Lake Stream Stream Stream Stream | Stream | Stream | Stream
Watershed
Area 4,134 930 456 244 148 681 496 120 1,059
(k)
Modified
Watershed 4,134 930 599 348 346 812 700 120 279
Area (km
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Fig. 3. Watershed Areas of Tributaries of the Daechung Lake.
(a) Actual Areas, (b} Modified Areas in This Study
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Fig. 4. Water Quality of Main Stream and Tributaries
Table 2. Scenarios for Water Quality Predictions
Weather . . . .
Condition Discharge Flow Rates Discharge Water Quality
Scenario 1 Observed Flow Ist, 2nd Grade and Observed
Scenario 2 The lowest flow 5.4 mY/sec Ist, 2nd Grade and Observed
Scenario 3 year 89 m/sec 1st, 2nd Grade and Observed
Scenario 4 (1994) 12.4 m/sec Ist, 2nd Grade and Observed
Scenario 5 16.4 m/sec Ist, 2nd Grade and Observed
Scenario 6 Observed Flow 1st, 2nd Grade and Observed
Scenario 7 The highest 54 m/sec Ist, 2nd Grade and Observed
Scenario 8 flow year 8.9 m/sec Ist, 2nd Grade and Observed
Scenario 9 (1987) 12.4 m/sec Ist, 2nd Grade and Observed
Scenario 10 16.4 m/sec 1st, 2nd Grade and Observed

F35E FIH%E 20024 10H

529



Table 3. Estimated Monthly Averaged Inflows of Major Tributaries in the
Keum River for the Lowest Flow Year (1994)

(Unit © m/scc)
Discharge Flow Rates Namdae | Bonghwang | Yungdong | Chokang | Bochung
Assumed Observed | Stream Strear Stream Stream Stream
Jan. 54 89 | 124 | 164 4.2 2.7 1.5 1.5 3.6 3.4
Feb. | 54 89 | 124 | 164 4.0 26 1.5 1.5 35 3.3
Mar. | 54 89 | 124 | 164 7.2 46 2.7 2.7 6.3 7.0
Apr. 54 89 124 164 49 3.1 1.8 1.8 4.3 4.0
May 4 89 | 124 | 164 9.4 6.0 35 35 8.2 7.8
Jun. 4 89 | 124 | 164 2.6 1.7 1.0 1.0 2.3 2.2
Jul. 4 89 | 124 | 164 14.8 95 5.5 55 12.8 12.2
Aug. | b4 89 | 124 | 164 7.7 49 2.9 2.3 6.7 6.3
Sep. | 54 89 | 124 | 164 2.3 15 0.9 0.8 2.0 1.9
Oct. 4 89 | 124 | 164 6.0 38 2.2 2.2 5.2 4.9
Nov. 4 89 | 124 | 164 2.7 1.7 1.0 1.0 2.3 2.2
Dec. 4 89 | 124 | 164 2.3 15 0.8 0.8 2.0 1.9
Table 4. Estimated Monthly Averaged Inflows of Major Tributaries in the
Keum River for the Highest Flow Year (1987)
(Unit © m/sec)
Discharge Flow Rates Namdae | Bonghwang | Yungdong | Chokang | Bochung
Assumed Observed | Stream Stream Stream Stream Stream
Jan. 5.4 89 12.4 16.4 183 11.7 6.8 6.8 159 15.1
Feb. | 54 89 | 124 | 164 16.6 106 6.2 6.1 14.4 136
Mar 5.4 89 | 124 | 164 11.9 7.6 4.4 4.4 10.3 9.7
Apr . 89 | 124 | 164 7.8 5.0 2.9 2.9 6.7 6.4
May | 54 89 | 124 | 164 7.7 49 29 2.9 6.7 6.3
Jun. | 54 89 | 124 | 164 205 13.1 76 76 178 16.8
Jul. | 415 | 415 | 415 | 415 1179 754 43.3 43.5 102.3 97.0
Aug. | 656 | 606 | 656 65.6 145.8 733 4.1 539 126.5 122.0
Sep. | 405 | 405 | 405 | 405 31.0 198 115 115 269 255
Oct. 89 12.4 16.4 4.8 3.1 1.8 1.8 4.2 39
Nov ) 89 | 124 | 164 9.0 5.8 3.3 3.3 7.8 74
Dec 5.4 89 | 124 | 164 5.2 3.3 1.9 1.9 45 4.3
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Fig. 5. Observed Annual Inflows to Daechung Lake (1981~2000)
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Fig. 6. Monthly Inflow to Daechung Lake for Two Flow Conditions
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Table 5. Available Water Quality Constants for WASP5

Water Quality Definition Unit Value
Variable
CBOD deoxygenation rate at 20C 1/day 0.04
Temperature coefficient - 1.03
CBOD ];(;:et(::omposition rate of CBOD in the sediment at 1/day 0.0003
Half-saturation constant for carbonaceous _ 05
deoxygenation oxygen limitation )
Nitrification rate at 20C 1/day 0.015
Denitrification rate at 20C 1/day 0.004
TN Mineralization rate of dissolved organic nitrogen 1/day 0.06
Decomposition rate of constant for Organic V/day 0.0002
Nitrogen in the sediment at 20T ’
Temperature coefficient - 1.08
Mineralization rate of dissolved organic 1/day 0.07
phosphorus
Decomposition rate of organic phosphorus in
TP the sediment at 20°C V/day 0.0004
Fraction of dead and respired phytoplankton
. - 05
phosphorus recycled to organic phosphorus
Temperature Coefficient - 1.05
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Table 6. Fractions

of Contribution of Pollutant Load from Yongdam Dam to the Keum River

Discharged Water Quality Namdae | Bonghwang | Yungdong | Chokang | Bochung
1st Znd 1 Obser-v Stream Stream Stream Stream Stream
(Grade | Grade ed
BOD(kg/d) 489 1468 375 , o
lo’l;vhees t % 25) 19) 20) 263 281 225 347 385
TN(kg/d) 97 196 1166
f};lz;»\l/r % ) 7 (19) 663 557 1861 966 1.050
TP(kg/d) 5 15 20
(1994) 9
% D | as | @3 ! 13 ! 16
BOD(kg/d) | 2851 | 8551 | 2185 ] o e yos.
hi’;‘:;t % %5) 49) 20) 1,731 1,638 1,313 2,022 2244
TN(kg/d) 570 1140 6796 _ = oo .
32:; Yy ©) @ 19) 3,867 3,246 10,645 5,632 6.118
TP(kg/d) 285 85.5 1159
(1987) = -
% 7) (18) (23) Al ® 113 67 ®
Table 7. Predicted Concentrations at the Inlet of Daechung Lake
O%sgr\;ed 54 m/sec 8.9 m/sec 124 m¥sec | 164 m/sec
Observed L13 1.14 1.11 1.10 1.08
quality ' (0.3) (-1.7) (-3.2) (-4.5)
BOD Ist 1.15 1.15 1.14 1.13 1.12
(mg/ #) grade (1.8) (1.7) (0.5) (-0.5) (1.4)
2nd 1.63 1.63 1.82 1.96 2.09
grade (43.6) (43.8) (60.6) (73.2) (84.3)
Observed 269 2.70 2.66 2.63 2.60
The quality ; 0. (-14) (-26) (35)
lowest TN Ist 2.14 2.14 1.87 167 1.50
flow year (mg/ £) grade (-20.6) (-20.8) (-30.7) (-38.0) ( 444
(1994) 2nd 220 2.19 19 176 160
grade (-18.7) (-18.8) (-27.9) (-34.7) ( 40.6)
Observed 0.041 0.041 0.042 0.042 0.042
quality i (0.6) (1.3) (1.5) (1.6)
TP st 0.032 0.032 0.029 0.026 0.025
(mg/ £) grade (-21.9) (-22.5) (-30.0) (-35.4) (-40.1)
2nd 0.037 0.037 0.036 0.035 0.035
grade (-89) (-9.5) (-11.9) (-13.6) (-15.00
Observed L15 1.15 1.15 1.14 1.13
guality ) (0.6) -0.1) (-0.7) (-1.2)
BOD Ist 1.16 1.17 1.17 1.16 1.16
(mg/ #) grade (0.9) (2.4) (1.6) (1.1 (0.9)
2nd 1.61 1.54 1.62 1.69 1.76
grade (39.8) (33.8) (40.9) (47.0) (53.0)
Observed 273 2.72 2.71 2.69 2.68
The quality : (-0.4) (-1.0) (-1.5) (2.0
highest TN 1st 2.18 2.34 2.21 2.10 2.01
flow year (mg/ £) grade (-20.3) (-14.5) (-19.2) (-23.1) ( 26.4)
(1987 2nd 2.23 239 2.27 217 208
grade (-185) (-12.6) (-16.9) (-20.5) ( 24.00
Observed 0.040 0.043 0.043 0.043 0.042
quality ' (6.6) (6.3) (5.9) (5.5)
TP 1st 0.033 0.034 0.033 0.032 0.031
(mg/ #) grade (-18.9) (-15.2) (-18.8) (-21.8) (235
2nd 0.038 0.039 0.038 0.038 0.037
grade (-6.5) (-4.1) (-5.4) (-6.4) (-7.3)

svalues in ( ) indicate % of increase or decrease from values of observed flow column
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Fig. 9 Observed water quality at Youngpo(The nearest monitoring station from
Yongdam dam site, 1998)
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