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Abstract

In this study the risk integrated erosion and seepage failure factor and combined risk of the levee
embankment were assessed. For the research of the reliability, the risk assessment of erosion, seepage
and both of them combined for the levee embankment were conducted using discharge curve and stage
hydrograph generated by stochastic rainfall variation method during typhoon and monsoon season. The
risk of erosion was evaluated using tractive force and the seepage analysis was performed by selecting
representative cross sections for SEEP/W model analysis. And the probability of seepage failure was
assessed with MFOSM analysis using critical hydraulic gradient method. Unlike deterministic analysis
method, quantitative risk could be obtained and the characteristics of realistic rainfall variation patterns
as well as a variety of factors contributing to levee failure could be reflected in this research. The
results of this study show significantly enhanced applicability for the combined risk. As this model can
be employed to determine dangerous spots for levee failure and to establish flood insurance linked with
flood risk map, it will dramatically contribute to the establishment of both efficient and systematic

measures for integrated flood management on a watershed.
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Table 4. Comparison of the Probability of Failure Classified by Levee Failure Factors in Monsoon

# RKM(km) overtopping erosion seepage combined
61 30.60 2.34x107 3.67x10 % 6.25x10" 6.27x10
52 26.22 1.80x10°° 3.64x10'7 6.83x107 7.01x107
30 15.18 157x10°° 4.09%10 3.26x10°® 4.25x10
29 14.68 1.78x10 ™ 0.00x10"™ 5.80x10 2.36%10 "
28 14.18 7.00x1077 0.00x10" 6.83x10° 6.89x10°
18 9.07 1.76x10 0.00x10™ 1.81x10°7 354x107°
17 857 1.60x10°° 0.00x10™ 2.20x107" 1.83x10°
left 14 7.07 1.13x10" 3.12x10*° 1.18x10™" 2.18x10"
13 6.55 5.13x10* 1.61x10 2.23x10°* 7.24x10
5 2.50 1.08x10™* 0.00x10™° 5.29x10 " 1.08x107*
4 2.00 3.26x10° 1.42x10°% 6.72x10 3.26x102
3 150 2.40x10 1.66x10° 3.16x107 2.40%10
2 1.00 1.47x10* 2.80x10 ™ 1.45x10°® 1.47x10*
1 0.47 2.02x10" 4.60x10 % 6.78x10 2.08x10*
# RKM(km) overtopping erosion seepage combined
80 38.20 5.33x107"° 0.00x107° 4.02x107 4.02x107
59 29.80 2.78x10" 0.00x107° 6.25x10 " 6.52x10 "
58 29.30 7.64x10" 3.62x10 % 6.05x10" 9.07x10™"
49 2478 1.40%10°° 0.00x10" 7.25%x10°° 8.68x10°
48 24.24 2.00x10" 0.00x10™ 8.42x10° 867x10°
44 22.21 1.46x10 2.32x10 1.75x10°° 1.48x10 "
43 21.69 856x10"! 6.54x10" 4.10x10" 9.15x10"
30 15.18 0.00x10°° 4.09x10™" 2.45x10™ 4.09x10™
sht 16 8.07 6.86x107" 0.00x10™ 5.75x10’i‘ 6.43x10’f
15 757 8.07x107" 0.00x10™ 7.97x10 8.77x107°
11 552 3.93x107° 1.35x10 72" 8.86x10 4.81x10
10 5.02 741107 0.00x10" 4.10x107" 8.47x107"
7 3.50 0.00x10°° 341x10° 0.00x10"° 341x10°
5 2.50 1.80%10° 0.00x10" 3.20x10 1.80x10°
4 2.00 424x10™* 1.42x10™ 355%x10 % 4.24x10
3 150 3.42x10" 1.66x10°° 4.11x107" 3.42x10™*
2 1.00 2.78x107° 2.80x10" 2.42x107" 2.78x107°
1 0.47 756x107° 4.60x10* 9.81x10 ™" 756x107°
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Table 5. Comparison of the Probability of Failure Classified by Levee Failure Factors in Typhoon

# RKM (km) overtopping erosion seepage combined
61 30.60 1.12x10 2 2.88x10 % 4.45x10* 552x10°°
52 26.22 3.25x10° 1.55%10 % 1.20x10°° 4.45x10°°
44 22.21 5.69x10* 2.26x10 17 7.33x10 " 5.69x101
43 21.69 1.06x10* 1.46x10™ 564x10 ® 1.06x10*
42 21.20 1.72x10° 4.37x107%% 7.45x10°1 1.72x10°
36 18.22 3.13x10° 0.00x107° 1.26x107° 3.13x10°
33 16.68 4.02x10™* 0.00x107° 6.39x107 4.03x101
31 15.68 9.22x10™* 0.00x10"° 1.26x10 7 9.22x101
30 15.18 7.18x10°° 1.80x107° 1.75%107° 8.99x10°°
29 14.68 6.01x107° 0.00x10°° 1.26x10 7.20x10°°
28 14.18 1.38x10° 0.00x10"° 8.86x10"* 2.27x107°
24 12.18 3.11x107° 5.12x10 1% 4.38x101 3.11x107°

left 19 9.62 1.04x10° 0.00x10"° 351x107° 1.07x10°
18 9.07 161x10* 0.00x107° 1.08x10™" 251x10™"
17 857 2.82x107 0.00x10"° 3.06x107° 2.85%10 7
15 757 2.48x10* 4.15%10 % 1.31x10° 2.61x101
14 7.07 3.60x10°" 1.60x10 3.34x10! 5.74x10"
13 6.55 2.39x10 " 1.17x101® 1.59x10! 3.60x10"

7 350 6.11x10"* 1.30x10 1.83x10 1 7.40x10 "

6 3.00 1.36x10° 2.80x10™ 1.05%10% 1.36x10°

5 250 2.11x10°*2 0.00x10"° 1.05x10 7 2.11x10°2

4 2.00 1.25x10" 4.90x10™% 6.83x10° 1.26x10 "

3 150 2.09x10 ! 4.20x10 ™M 261x10° 2.11x10 !

2 1.00 1.68x10" 1.77x1077 5.80x101 1.69x10°"

1 0.47 5.06x10°" 757x10 2 1.13x10°" 5.62x10"
80 38.20 8.83x107° 0.00x10"° 6.46x10 " 7.34x10™*
59 29.80 3.16x107° 0.00x10™° 5.29x107? 8.28x107”
58 29.30 8.68x10°! 9.90x10 1 6.05x10°! 9.48x10°*
55 2775 1.66x10° 1.79x10 ¢ 267x10° 1.69%107°
51 25.72 1.13x10° 1.17x107 1.45x10°® 1.14x10°°
49 2478 2.77x10°° 0.00x10"° 2.96x10™" 3.06x10°°
48 24.24 1.66x10° 0.00x107° 2.96%101 1.96x107°
45 22.71 1.62x10°° 0.00x10"° 1.18x10°® 1.62x10°°
44 22.21 5.25%10 2 2.26x10 17 1.79x10°° 5.42x10°*
43 21.69 8.99x10°! 1.46x10™ 410x107" 9.40x10°*
39 19.70 3.44x10" 0.00x10"° 1.05x10°" 3.44x101
30 15.18 2.23x107° 1.80x10™ 2.08x10° " 1.82x10™°

right | 16 8.07 3.96x10° 0.00x10"° 3.09x10°? 6.92x10°*
15 757 5.81x107° 4.15x107%% 4.20x1072 9.76x1072
14 7.07 2.71x10°° 1.60x10 6.23x10°° 2.72x10°°
12 6.00 358x10° 0.00x10"° 2.43x10°° 358x10°°
11 552 7.94x107° 1.03x1071% 1.94x10 9.73x10°*
10 5.02 8.38x10°! 0.00x10°° 410x107" 9.04x10°*

7 350 0.00x10"° 1.30x10 0.00x10"° 1.30x10*

6 3.00 752x107 2.80x10™ 6.53x10 8 752x107"

5 2.50 356%10° 0.00x10"° 5.29x10 1 356x10°°

4 2.00 4.03x10 4.90x10™% 7.88x10% 4.03x10™

3 150 3.29x10°” 4.20x10™1 3.32x10°1° 3.29x10°2

2 1.00 8.19x10°” 1.77x10 7 1.26x10° 8.19x10°*

1 0.47 1.26x10™" 7.57x10 2 4.60x107° 1.26x10°"
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