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Variation of Inflow Density Currents with Different Flood Magnitude

in Daecheong Reservoir
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Abstract

Stream inflows induced by flood runoffs have a higher density than the ambient reservoir water
because of a lower water temperature and elevated suspended sediment(SS) concentration. As the
propagation of density currents that formed by density difference between inflow and ambient water
affects reservoir water quality and ecosystem, an understanding of reservoir density current is
essential for an optimization of filed monitoring, analysis and forecast of SS and nutrient transport,
and their proper management and control. This study was aimed to quantify the characteristics of
inflow density current including plunge depth(d,) and distance(X},), separation depth(ds), interflow
thickness(h;), arrival time to dam(t,), reduction ratio(8) of SS contained stream inflow for different
flood magnitude in Daecheong Reservoir with a validated two-dimensional(2D) numerical model. 10
different flood scenarios corresponding to inflow densimetric Froude number(Fr;) range from 0.920 to
9.205 were set up based on the hydrograph obtained from June 13 to July 3, 2004. A fully developed
stratification condition was assumed as an initial water temperature profile. Higher Fr;
(inertia-to-buoyancy ratio) resulted in a greater d, X, ds, h, and faster propagation of interflow,
while the effect of reservoir geometry on these characteristics was significant. The Hebbert equation
that estimates d, assuming steady-state flow condition with triangular cross section substantially
over—estimated the d, because it does not consider the spatial variation of reservoir geometry and
water surface changes during flood events. The [ values between inflow and dam sites were
decreased as Fr; increased, but reversed after Fr; > 9.0 because of turbulent mixing effect. The
results provides a practical and effective prediction measures for reservoir operators to first capture
the behavior of turbidity inflow.

keywords : Daecheong reservoir, Stratified reservoir, Density current, Densimetric Froude number,
Turbidity flow
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Fig. 3. Finite Difference Grid System used for
the Simulation of Daecheong Reservoir
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(St = 0.24 kg/m/m) used for Numerical
Experiments

Table 1. The Range of Characterizing Parameters used in Previous Studies

Author Fri Re' Description
Johnson et al.(1989) 1.8 - 21 > 10,000 Laboratory study
Stefan and Johnson(1989) 3.0 - 4.0 530,000 Field study, wastewater effluent
Gu et al.(1996) 0.7 - 1.0 107,000 Field study, Shasta Reservoir
Ford and Johnson(1981) 0.13 - 3.3 10°~10° Field study, DeGray Lake
Gu and Chung(1998) 0.48 - 823 32,000 ~560,000 Numerical experiment
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Table 2. Input data used for estimation of plunge depth using Hebbert et al.(1979)

Q B* " 3 To*** a**** Ta***** Ap 2 ”h)
o (kg/m’) ) ) (m/s”) @ (rad)
(m¥/s) (m) . ©) | kg/md | (C) & (m)
500 ~ 5000 122.4 998.21 20.0 997.10 25.0 1.11 9.81 12 (fi_;;l)
‘B = inflow width, “p - inflow density, ™7, = inflow temperature, “*“p, - ambient water density, ™7, = ambient

water temperature
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Table 3. Estimated Plunge Depths of the Density Flows at Different Fr; Conditions

Q Hebbert et al.(1979) CE-QUAL-W2
" u(m/s) Fri
(m”/s) dp(m) dp (m) X, (km)
500 0.340 0.920 31.07 11.5 13.7
1,000 0.681 1.841 35.69 19.9 22.6
1,500 1.021 2.761 38.70 20.1 24.8
2,000 1.362 3.682 40.99 24.7 28.6
2,500 1.702 4.602 42.86 24.7 30.9
3,000 2.042 5.523 44.46 29.2 33.1
3,500 2.383 6.443 45.85 315 35.5
4,000 2.723 7.364 47.09 36.6 41.6
4,500 3.064 8.284 48.21 36.2 41.6
5,000 3.404 9.205 49.24 36.6 42.7
*X, = distance from inflow boundary to plunge point
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Table 4. Geometric Properties of the Reservoir at Plunge Point for Different Fr; Values

Fr, X, Reservoir width Bottom Elevation Water Elevation
l (km) (m) (EL.m) (EL.m)

0.920 13.7 466.2 59.3 70.8

1.841 22.6 415.6 51.2 71.1

2.761 24.8 903.1 51.2 71.3

3.682 28.6 703.6 474 72.1

4.602 30.9 484.0 47.3 72.0

5523 33.1 426.7 43.2 72.4

6.443 355 356.9 41.3 72.8

7.364 41.6 613.5 37.2 73.8

8.284 41.6 613.5 37.2 73.4

9.205 42.7 613.5 37.2 73.8
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Fig. 12. Reduction of Inflow SS Concentration While Traveling to Dam Site for Different Flow Rates
(To = 20C, S = 0.24 kg/m'/m)

Table 5. Travel Time of Density Flow and Reduction Rate of Inflow Maximum SS Concentration at
Heanam and Dam Sites

Heanam Dam
Fr; ta(hr)

B (%) B (%)
0.920 N/Ax* 34.3 N/A
1.841 N/A 254 N/A
2.761 N/A 18.7 N/A
3.682 444 16.2 71.3
4.602 420 14.1 54.9
5.523 342 11.7 42.1
6.443 216 10.9 29.4
7.364 174 9.9 22.3
8.284 162 11.1 18.3
9.205 162 13.1 20.3

*N/A : Density flow that contains SS > 25 mg/L did not arrive at Dam
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