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Dynamics of High Turbid Water Caused by Heavy Rain of Monsoon and Typhoon in a Large
Korean Reservoir (Andong Reservoir). Park, Jae-Chung¥**, Jung-Won Park?, Jae-Ki Shin®
and Hee-Moo Lee’ (*Andong Dam Office, Korea Water Resources Corporation (KOWACO),
Andong 760-360, Korea; “Department of Biology, Kyungpook National University, Daegu
702-701, Korea; *Korea Institute of Water and Environment Korea Water Resources
Corporation KOWACO Taejon 305-730, Korea; “Department of Biology, Andong National
University, Andong 760-749, Korea)

During the period of heavy rain from 2002 to 2004, the characteristics of the inflow,
temporal and spatial fluctuations of high turbid water according to thermal stratifi-
cation were studied on the Andong Reservoir which is the largest artificial lake in
the Nakdong River basin, Korea. Thermal stratification was formed in June. Its
structure determined to the pathway of inflowing turbid water and has affected by
the transportation of high turbid water. Regardless of the time and amount of
inflow, the high turbid water showed the shape of underflow at the riverine zone,
separated from the bottom at the transition zone and moved to the lacustrine zone
with the shape of density current. The plunging point depended on the time and
amount of inflow. The distributions of thermal stratification and DO concentrations
were changed by inflowing discharge. Two thermoclines and minimum DO layers
were found out existing at metalimnion in a specific time, respectively. The layer of
high turbid water which formed with the thickness of 20 m at the maximum below
the depth of 15 m moved toward dam. Not settled to the bottom, the newly formed
layer was discharged through the intake-outlet and dispersed into all layers by the
circulation in the fall.

Key words : Andong Reservoir, density current, heavy rain, monsoon, stratification,
turbid water, turbidity, typhoon
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(Horne and Goldman, 1994; 3t=4=x}913-A}, 2004b).
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Fig. 1. Map showing sampling stations in Andong Reser-
voir. DAM: Dam site, 0.5 km upstream from dam;
NOS: Nosan, 8 km upstream from dam; MAD: Ma-
dong, 13 km upstream from dam; DOM: Domok,
18 km upstream from dam; JUJ: Jujin, 23 km up-
stream from dam and SEQ: Seobu, 28 km up-
stream from dam.
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Fig. 2. Monthly variations of hydrological parameters in
Andong Reservoir from 1992 to 2004.
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Fig. 3(a). Daily variations of hydrological parameters in
Andong Reservoir from August to November 2002.
Down-arrows, from 1st to 6th, indicate sampling
time, respectively.
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Fig. 3(b). Daily variations of hydrological parameters in
Andong Reservoir from September to December
2003. Down-arrows, from 1st to 6th, indicate sam-
pling time, respectively.
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Fig. 3(c). Daily variations of hydrological parameters in
Andong Reservoir from June to September 2004.
Down-arrows, from 1st to 6th, indicate sampling
time, respectively.
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Table 1. Characteristics of hydrological parameters in Andong Reservoir from 2002 to 2004.

Max

- .o Rainy Antecedent Daily inflow Daily outflow Water level
Year gf/‘éﬁi/ Date R?n'qnn];?” :)ernégl; dayy rainless day* mean (?/nax./min.) mean (ymax./min.) mean (max./min.)
(mm) (days) (days) (CMS) (CMS) (E.L.m)
1st** 8.1 2316 717 19 9 59.2 (176.5/4.7) 25.2(29.3/21.2) 144.4(145.9/142.7)
2nd 8.20 5932 2117 15 4 454.6 (3,499.3/7.8) 91.3(172.1/34.3) 154.4(159.8/145.5)
2002 3rd 9.10 2145 159.1 9 9 155.3(1,433.6/30.0) 159.9(299.4/83.6) 159.1(159.9/157.7)
4th 9.26 36.0 18.8 7 9 28.9(50.5/9.6) 217.3(304.7/35.7) 155.9(158.9/153.5)
5th 10.11 45.1 221 8 11 14.6(36.8/9.0) 33.0(41.2/24.9) 153.2(153.5/153.0)
6th 11. 1 30.2 17.0 6 12 15.7(49.8/2.9) 25.8(37.2/24.9) 152.7(152.9/152.5)
1st** 9.4 3004 58.8 17 0 106.6 (531.1/6.7) 89.0(158.6/19.8) 150.4 (152.1/149.5)
2nd 9.25 2942 1143 11 6 240.5(1,887.1/36.6) 121.6(351.9/40.1) 156.3(159.0/152.7)
2003 3d 109 0.3 0.2 3 14 19.2 (37.1/7.8) 68.4(161.4/23.4) 156.5(157.1/156.1)
4th 10.29 20.2 8.7 4 20 7.8(17.5/1.2) 49.4(50.6/43.4)  155.3(156.0/154.5)
5th 1110 19.8 195 2 11 6.8 (16.8/1.0) 35.8(50.1/29.0) 154.1(154.4/153.8)
6th 12.3 55.2 23.3 10 21 19.2(48.1/1.3) 36.5(42.9/26.9) 153.4(153.8/153.0)
1st** 6.9 125.4 43.4 15 22 33.1(103.7/9.7) 20.2(21.0/19.8) 143.1(143.6/142.3)
2nd 6.23 2587 935 5 10 154.3(1,185.5/0.8)  67.7 (147.5/20.3) 142.4(145.9/141.1)
2004 3rd 7.8 1120 38.7 10 0 90.3(305.5/22.6)  113.1(154.2/70.1) 144.8(146.0/143.9)
4th 7.20 2013 64.1 9 2 282.2 (732.4/55.6) 47.9(70.6/40.1) 147.7(151.6/145.2)
5th 8.20 2731 1246 15 0 73.9(1,096.8/6.8) 92.0(162.1/40.1) 148.9(151.7/147.4)
6th 9.10 117.9 415 11 2 89.7 (346.0/10.9)  105.9(158.4/40.1) 150.4(151.6/149.6)

* the number of days when it rained below 20 mm a day before sampling, ** hydrological data during 1 month before sampling

Table 2. Comparisons of the maximum turbidity (NTU) in Andong Reservoir from 2002 to 2004. The values in the
parentheses indicate temperature (°C) and depth (m) at that position (temperature/depth).

Station
Year Study Date
event DAM NOS MAD DOM JuJ SEO
1st 8.1 12.4(5.8/50)  10.5(28.5/0) 12.1(7.4/30) 12.9(12.7/20)  13.1(21.1/10) 11.2(22.3/10)
2nd 820 208.0(16.4/35) 183.0(16.6/30) 187.0(16.2/35) 75.2(16.7/25) 60.4(16.8/25) 76.6(16.7/25)
00y 3rd 910  86.1(16.6/35) 102.1(16.8/35) 244.2(17.7/25) 305.0(17.4/30) 188.0(18.1/20) 132.7(18.5/20)
4th  9.26  78.3(16.3/30) 95.4(17.1/30)  99.3(17.5/25) 116.7(17.7/25) 63.3(18.8/20) 27.4(19.1/20)
5th  10.11  73.2(16.9/30) 70.1(16.5/30) 75.5(17.0/30) 92.0(17.0/30)  43.2(18.0/25)  27.0(19.4/20)
6th 11.1  42.1(14.4/30) 25.5(16.6/0) 29.3(16.8/5) 31.3(16.8/5) 43.4(14.7/25)  23.3(15.9/15)
1st 9.4  37.0(15.6/30) 30.4(18.1/30) 35.1(19.0/25) 39.7(18.2/30) 34.0(18.3/20) 28.3(20.1/15)
2nd  9.25 339.0(17.8/35) 322.0(17.6/35) - 299.0(18.5/30)  83.7(18.1/30)  49.5(19.9/20)
o003 3'd 109 190.3(15.9/35) 171.4(17.8/35) 120.4(15.4/35) 65.2(16.8/35) 58.8(19.2/25)  20.2(20.2/20)
4th 1029 83.9(14.3/35) 51.9(17.4/35) - 29.8(17.3/35) 56.4(16.7/25) 16.9(17.3/20)
5th  11.10 33.5(15.2/35) 22.3(15.4/35) 20.0(15.0/35) 35.1(16.0/30) 38.4(16.2/25) 15.1(16.3/15)
6th 12.3  22.2(6.7/40)  19.0(12.4/35) 17.4(13.2/30) 14.6(13.1/25) 16.3(13.4/20) 14.8(13.0/15)
1st 6.9 0.8(14.8/10)  12.9(5.4/30) 9.2 (6.0/25) - - -
2nd 623  37.6(16.6/15) 140.0(16.4/15) 330.0(16.7/15) 440.0(15.2/20) 380.0(14.7/20) 430.0(14.8/10)
so0q 3 78 87.2(14.4120) 101.4(14.0/20) 122.6(14.8/20) 172.8(14.6/20) 239.0(15.8/20) 48.7(21.2/10)
4th  7.20 50.3(10.2/30) 59.0(16.7/25) 90.8(17.9/20) 140.7(17.2/25) 123.3(16.8/25) 113.1(17.1/15)
5th 820 30.0(12.0/30) 38.0(10.5/30) 81.0(21.6/15) 186.0(21.3/15) 323.0(19.3/20) 270.0(19.9/10)
6th  9.10 43.3(18.5/25) 42.8(18.3/25) 38.3(18.6/25) 113.8(14.6/30) 84.4(18.8/25) 19.4(22.2/10)
gom, 24 5~10mof| AFRefEe] ofslA|, 4 20~ w2t 4% DO 7+4~34F (hypolimnetic oxygen deficit) 2}
35mel| dpekZEo] 73HA EA)5H T (Fig. 4). DOE= 4= A AHFZedA DO7F F43] FrAdelon, 2004
2AE Fxo gxize vl WHES B, A7)l ol e T5 AMAkRZo] 3[R (30~35m)d M=
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