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Prediction of Sediment distribution in Reservoir Using 2-D Numerical Model
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Abstract

This study predicted long-term sediment distribution for 76 years by using RMA-2 which is two—-dimensional
numerical model and SEDZD which is the sediment transport model to quantitatively analyze sediment distribution
in the reservoir based on sediment intrusion and efficiently manage the reservoir. For water level-discharge—
sediment data required in boundary conditions of the model, real-time data measured by the Korea Water
Resources Corporation were used. The sediment input data was calculated using K-DRUM model. Sedimenta—
tion depth was compared with results of model by collecting cross—section core in the reservoir during the
dry season. As the result of validation, the sediment depth in the reservoir was similar to actually measured value.
For prediction of long-term sediment distribution, terrain data measured in 2012 was used as starting cross-—
section and simulations for 76 years until 2088 were made. As the results of simulations, sediment distributions
of 1.63~1.26m and 1.45~0.007 m were shown in upstream and downstream of Hapcheon Dam, respectively.
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Fig. 1. Layout Near a Hapcheon Dam
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Table 1. Characteristics of Hapcheon Dam

Characteristics Unit Value
Drainage area km? 1,329
Channel length km 63
Maximum water level EL.m 179
Normal high water level EL.m 176
Dam crest elevation EL.m 181
Effective storage m® 560 x 10°
Flood control storage m® 80 x 10°
Mean depth m 40
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(a) LiDAR Data

Fig. 2. LiDAR Data and Multibeam Data

(b) Multibeam Data
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Table 2. Verification Period of K-DRUM Model
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Fig. 3. Comparison of the Computed Solution and Observed Flow Rate Data (Case 1)
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Fig. 4. Comparison of the Computed Solution and Observed Sediment Rate Data (Case 1)
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Table. 3 Statistical Results of Calculated Flow Rate (Case 1)

2ol Z) Ao F ARl B 3kt
- A= K-DRUM 23 o] SWAT
PR A F2 AEAS Holi= o= YERT

A g2 Btk 7

o
BEo] A} el st BARA A fFEH g Ax
[e]

mm, H]E< 2.6,
N o= AME 004 m/sec s 185
ol 2 AEAE Hol7] falAE TAIgte] 7HA o]
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AEEE=

. BHe| A4S ¥ V| MEX| BARE o5
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(Korea Water Resource Corporation, 2001, 2012)¢] Zk& A}
galglom] HFasASE 100m/sec, HESE(Dy) 0.4
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Flow rate K-DRUM ‘ SWAT Optimal value
Observation 172.19 -

Total volume (million ton)

Model 167.79 155.00 -
Percentage 97.45% 90.02% -
Coefficient of determination R’ 0.96 0.64 1
Adj. Coefficient of determination R™ 0.95 0.56 1 (var.=10)
Nash-Sutcliffe Nash—-Sutcliffe Efficiency NSE 0.94 0.63 1
Percent BIAS PBIAS 2.55 9.98 0%
Root Mean Square Error RMSE 16.76 40.02 0
Relative Root-Mean-Square Error RRMSE 0.49 1.16 0
Mean Absolute Error MAE 8.79 21.23 0
RMSE-observations standard deviation ratio RSR 0.25 0.61 0
Mean Absolute Percentage Error MAPE 0.56 0.93 0
Theil Inequlity Coefficient TIC 0.12 0.29 0

Table. 4 Statistical Results of Calculated Sediment Rate (Case 1)
Flow rate K-DRUM SWAT Optimal value

Total volume (million ton) Observation 1041639 -

Model 67,761.0 104,270.9 -
Percentage 65.05% 100.1%% -
Coefficient of determination R’ 0.95 0.11 1
Adj. Coefficient of determination R 0.93 -0.08 1 (var.=10)
Nash-Sutcliffe Nash-Sutcliffe Efficiency NSE 0.9 -0.48 1
Percent BIAS PBIAS 34.95 -0.1 0%
Root Mean Square Error RMSE 1,380.34 5,302.06 0
Relative Root-Mean-Square Error RRMSE 0.77 2.95 0
Mean Absolute Error MAE 719.41 2,304.48 0
RMSE-observations standard deviation ratio RSR 0.32 1.22 0
Mean Absolute Percentage Error MAPE 0.86 2.67 0
Theil Inequlity Coefficient TIC 0.16 0.54 0
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Table. 5 Statistical Results of Calculated Flow Rate (Case 2)
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FeHKim, 2012). ]l & ArellA= 47] 5]
Halo] 4N Ao R molE et

HTL S F Aol A 2001, 20124 53
E|AleF AR 314 (Korea Water Resource Cor -
poration, 2001, 2012) AHEE AREslN o, AS WS

o 1Pre] 2A1E
A A g 712 g
Hgrew 2km Hol7l Nod2wl AWRE a5 wagow
o2 ST 474 No,

42 A RHFH Beols 787 o= Nod6~Nod3 #149|

No.1 #1311 g 97HA]

o
T
[e)
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Flow rate K-DRUM ‘ SWAT Optimal value
Observation 145.73 -
Total volume (million ton)
Model 149.33 23243 -
Percentage 102.47% 159.49% -
Coefficient of determination R? 0.87 0.59 1
Adj. Coefficient of determination R™ 0.87 0.58 1 (var.=10)
Nash-Sutcliffe Nash—Sutcliffe Efficiency NSE 0.86 0.17 1
Percent BIAS PBIAS -2.47 -59.49 0%
Root Mean Square Error RMSE 6.08 14.87 0
Relative Root-Mean-Square Error RRMSE 1.10 2.70 0
Mean Absolute Error MAE 2.38 6.18 0
RMSE-observations standard deviation ratio RSR 0.37 091 0
Mean Absolute Percentage Error MAPE 0.69 2.45 0
Theil Inequlity Coefficient TIC 0.19 0.36 0
Table. 6 Statistical Results of Calculated Sediment Rate (Case 2)
Flow rate K-DRUM SWAT Optimal value
Observation 26,317.2 -
Total volume (million ton)
Model 14,704.0 14,973.8 -
Percentage 55.87% 56.90% -
Coefficient of determination R’ 0.91 56.90 1
Adj. Coefficient of determination R™ 0.91 0.53 1 (var.=10)
Nash-Sutcliffe Nash-Sutcliffe Efficiency NSE 0.81 0.51 1
Percent BIAS PBIAS 44.13 0.45 0%
Root Mean Square Error RMSE 142.05 43.10 0
Relative Root-Mean-Square Error RRMSE 1.65 242.42 0
Mean Absolute Error MAE 42.60 2.82 0
RMSE-observations standard deviation ratio RSR 0.43 74.24 0
Mean Absolute Percentage Error MAPE 0.80 0.74 0
Theil Inequlity Coefficient TIC 0.25 1.06 0
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Fig. 5. Comparison of the Computed Solution and Observed Flow Data (Case 2)
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(b) Study Area Bathymetry

Fig. 8. Model Grid and Bathymetry
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Fig. 9. Input Sediment Rate Data (Upstream Boundary Condition)
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Table 7. Measured and Predicted Bed Change from 2001 to 2012

tol W24 Skoith. RMA-2 HEgERATE 20381 Bl Aol A= Fig. 12(b) 9k 2ol A

Section | Variation of Measured Bed Changes | Variation of Simulated Results Bed Changes
Error(m)
(No.) (m) (m)
No.42 0.33 0.267 0.063
No.37 0.26 0.234 0.026
No.35 0.25 0.232 0.018
No.31 0.23 0.21 0.02
No.24 0.06 0.1 -0.04
No.9 0.1 0.032 0.068
No.8 0.1 0.024 0.076
No.1 0.1 0.003 0.07
Table 8. Comparison of the Bed Changes Simulated in the Model and Measured in the Field
Section A Section B Section C
Obs. Cal. Variation Obs. Cal. Variation Obs. Cal. Variation
0.26 m 021 m -0.05m 0.19m 0.17m -0.02m 021 m 0.13m -0.08 m
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Fig. 12. Bed Changes 2022, 2038, 2088
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Fig. 13. Variation of Longitudinal Profiles of the Study Reach in 2012, 2038 and 2088

Table 9. Simulation Results of Bed Changes 2022 to 2088

Section (No.) Bed Changes 2022 (m) Bed Changes 2038 (m) Bed Changes 2088 (m)

No.42 0.2 0.6 1.42

No.39 0.18 0.54 1.26

No.37 0.22 0.66 1.54

No.35 0.23 0.7 1.63

No.31 0.23 0.69 1.61

No.24 0.2 0.23 1.45

No.9 0.14 0.42 0.97

No.1 0.001 0.003 0.007
4 No4d2~No31 T7tellA 0.7~054m, 3H+F< No. 5.4 =
24~No.l 7ol A= 0.23~0.003 me] EAREET} o &5
ST}, 2083y Rl A= Fig. 12(0)9F 2ol A4F 49 No. 2 ATl FHE AFA Y 7] HAREES 24
42~No.31 T34 1.63~1.26 me] EAREEF AH =9 A FARIE Ealf St dSYES BP0 HE
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