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Abstract: The large scale of a flood occurs more frequently better than before, accordingly damages due to levee breach have increased in recent decades. In Korea, damages of the levee breach have been mainly caused by overtopping, therefore efforts for the delay or for the prevention of the levee breach have just started in Korea. In parallel with these works, the safety evaluation of the levee is studied to prevent the levee breach more effectively. To apply the safety evaluation of the levee breach for the overflow, a general engineering technique was applied in which a breach condition is defined as the exceedance of a load factor over a resistance factor. The breach criterion is defined as the difference qD between the actual overflow qa(the load factor) and the critical overflow qcrit(the resistance factor). The method of evaluation is applied in the Nam River basin. In July 2006, Typhoon Ewiniar caused the heavy rain in the Nam River basin which is located in the southeast of the Korean peninsular. For three days, plenty of precipitation was recorded and there were flood damages due to levee breach. The main factor of the levee breach in this area was also the overflow. The characteristics of precipitation were studied and using run off model the hydrologic factors were calculated. Every levee breach point’s load factors and resistance factors are estimated. As a result, the evaluation method corresponds with most of the actual levee breach points. It is expected that the results from the application of this study would be provide useful information for the evaluation of the levee breach vulnerability.
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1. introduction
In recent years, damages from a levee breach by overflow have been increased due to an abnormal flood which exceeds a design flood. The levee breach causes not only serious damages to river facilities but also losses of lives and properties in an inundation area. The patterns of damages are different depending on whether a levee breach occurs or not by overflow. In case of the levee breach, losses of lives and properties increase with increasing breach inflow and duration time. For the areas of dense population and property, the special evacuation system is necessary to reduce the flood damages from the levee breach.
The objective of this study is to evaluate the safety of the levee when the overflow occurs due to the increase of a flood water level. To evaluate the safety of the levee from the overflow, previous studies were reviewed, and the important factors which have influence on the levee breach by overflow were selected to determine criteria for the breach. For verification, the evaluation method using the factors was applied in the Nam River basin which was damaged from the levee breach by Typhoon Ewiniar in July 2006.
2. review of safety evaluvation for overflow
Apel et al. (2006) suggests a general engineering technique, in which a breach condition is defined from the difference between a load factor and a resistance factor. In the overflow, the resistance factor is the critical flow, and the load factor is the actual flow. The breach criterion is defined as Equation [1].
[1]  qa > qcrit     or     qD > 0
where qD is the difference between the qa and qcrit . qa is suggested from Kortenhaus and Oumeraci (2002). qa is expressed as Equation [2].
[2]  qa = AhE3/2
where hE = hu + v02/2g and A[m2/s] is a summary parameter representing the geometric features of the levee. The value of A is calculated from Table 1. The critical flow is calculated from the critical flow velocity vc[m/s], the angle of the inner talus αi[ ], and the roughness of the inner talus k[m] as Equation [3].
[3]  qcrit = (vc5/2k1/4)/(125tanαi 3/4)
The critical flow velocity vc[m/s] is calculated from a parameter describing the quality of the levee turf fg[ ] and the overflow duration te[h] as Equation [4].
[4]  vc = fg 3.8 / (1 + 0.8 log10(te))
The turf-quality parameter fg is the non-geometric parameter determined from the quality of the levee turf, and has a range from 0.7 to 1.4.
Table 1 Geometric parameter of levee

	Parameter
	Narrow crest of levee 
 (0.5<hu/BK<1.7)
	Broad crest of levee
(0.1<hu/BK<0.35)

	hE
	hE = hu
	hE = hu + v02/2g

	A
	A = C = 1.86 kdkf
	A = 1.444(1+CW)CLCRCMCN

	BK
	kd = 0.70 + 0.185 hu/BK
	CL = 1.286[1-(2/9)/(1+(hE/BK)4)]

	RK
	kf = 1+ RK/hu
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3. application of safety evaluvation for overflow
3.1 Estimation of flood discharge in the Nam River basin in July 2006
The flood discharge from the heavy rain in the Nam River basin (Figure 1) was calculated. For the estimation of the inflow at the levee breach points, the Yeongcheon River basin was divided into the six sub-basins. Using a Thiessen coefficient, the rainfall data from the Jinju and Jinyang stations were converted into the mean rainfall of the sub-basin. The flood discharge was calculated using the topography data obtained by the GIS and the parameters of a flood forecasting model suggested from the Nakdong River Flood Control Office (2004). The results are presented in Table 2.
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                                                                                                      Table 2 Calculated peak flood
	Basin
	Name
	Design flood (m3/s)
	Peak flood (Clark)

	1
	Yeongcheon River

River
	548
	469

	2
	Yeongcheon River
	1,180
	1,411

	3
	Yeongcheon River


	1,387
	1,573

	4
	Yeongcheon River


	1,454
	2,067

	5
	Munsancheon


	216
	144

	6
	Yeongcheon River


	1,484
	2,229


Figure 1: Nam River basin
3.2 Estimation of flood level
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Figure 2: Schematic diagram for flood simulation
Flood level was computed using the HEC-RAS UNET model in the Nam River and Yeongcheon River in July 2006. The simulation time set for 143 hours from July 8th to July 14th. The Nam River Dam outflow and the Jungam station water level were used for the upstream and downstream boundary conditions. For the side inflow conditions, 6 sub-basin’s outflows were calculated from Clark’s unit method. The simulations were performed for 51.8 km of the Nam River from the Nam River Dam to the Jungam station and 20.4 km of the Yeongcheon River. Figure 2 presents the schematic diagram of the simulation. The number in the diagram represents the cross section number in the river. Table 3 shows the calculated flood level of the levee breach points.
Table 3 Calculated flood water level in the levee breach points

	Breach Point
	Section Number
	Water level (EL.m)
	Discharge (m3/s)
	Overflow duration(hr)
	Overflow   Water depth (m)

	A-1
	Nam 103
	19.27
	2,111
	3
	0.27

	A-2
	Nam 93
	18.59
	3,625
	4
	0.30

	A-3
	Nam 88
	18.21
	3,568
	4
	0.27

	B-1
	Yeong 79
	57.90
	462
	4
	0.22

	B-2
	Yeong 55
	37.90
	1,343
	4
	0.51

	B-3
	Yeong 55
	37.90
	1,343
	4
	0.55

	B-4
	Yeong 36
	30.17
	1,394
	3
	0.42


3.3 Results of safety evaluation

Figure 3 shows the levee breach points in the Nam River and the Yeongchoen River. The calculated flood discharge and flood levels presented in Table 3 were used to determine the parameters necessary for the evaluation method of safety. The parameters using in the evaluation method was decided like as Table 4.
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Figure 3: Levee breach points (Nam River; Yeongcheon River)
Table 4 Parameters for the safety evaluation of the levee

	Breach Point
	hE
	CW
	CL
	CR
	CM
	CN
	A
	vc
	k
	α

	A-1
	0.27
	0
	1.000226
	1.070
	0.326
	1.015
	0.511
	2.750
	0.1
	63.4

	A-2
	0.30
	0
	1.000229
	1.100
	0.326
	1.080
	0.560
	2.565
	0.1
	24.1

	A-3
	0.27
	0
	1.000224
	1.100
	0.326
	1.072
	0.555
	2.565
	0.1
	35.0

	B-1
	0.22
	0
	1.000268
	1.100
	0.326
	1.063
	0.551
	2.565
	0.1
	21.4

	B-2
	0.51
	0
	1.000434
	1.051
	0.326
	1.070
	0.530
	2.565
	0.1
	26.6

	B-3
	0.55
	0
	1.000443
	1.088
	0.326
	1.058
	0.542
	2.565
	0.1
	32.0

	B-4
	0.42
	0
	1.000569
	1.098
	0.326
	1.067
	0.552
	2.750
	0.1
	30.3


The determined parameters in Table 4 were used to calculate qa and qc. The engineering judgment based on qD (qa-qc) for the breach points presented in Table 5. Since the evaluation method was applied for the actual breach points, the judgments should be the “Breach”. Most points except the point B-1 were judged as “Breach”. It means that the method suggested by Apel et al. (2006), Kortenhaus and Oumeraci (2002), and Oumeraci (1999) are reasonable for the safety evaluation of the levee. Despite the favorable results, the turf-quality parameter fg which is used for the calculation of the critical velocity would need to be studied further. fg is decided from grass conditions and has a wide range from 0.7 to 1.4, so that the critical velocity is very sensitive to fg. The point B-1 “Safe” result seems to be from the effect of the turf-quality parameter.
Table 5 Judgment results in the levee breach points
	Breach Point
	qa
	qc
	qD
	Judgment

	A-1
	0.072
	0.030
	0.042
	Breach

	A-2
	0.092
	0.082
	0.009
	Breach

	A-3
	0.078


	0.057
	0.021
	Breach

	B-1
	0.057
	0.091
	-0.035
	Safe

	B-2
	0.193
	0.063
	0.130
	Breach

	B-3
	0.221
	0.063
	0.158
	Breach

	B-4
	0.150
	0.079
	0.071
	Breach


4. CONCLUSIONS
The present study was carried out to evaluate the safety of the levee from the overflow. The evaluation method from previous studies was applied. For the application of the method, the Nam River basin was selected, where the levee breach due to overtopping occurred in July 2006. The hydraulic, geotechnical parameters were used for the evaluation of safety. As a result of the application, the judgments are in good agreements with the actual breach results. However, information with which the turf-quality parameter is determined lacks, additional experimental studies are required.
5. acknowledgments
This study was supported by the 2005 SOC Project (05-GIBANGUCHUK-D03-01) through the Design Criteria Research Center for Abnormal Weather-Disaster Prevention (DCRC-AWDP) in KICTEP of MOCT, KOREA
6. References
Apel, H., Annegret, H., Thieken, B. M., and Gunter, B. 2006. A Probabilistic Modelling System for Assessing Flood Risks. Natural Hazards, Springer 2006, No. 38, pp. 79-100.
Brunner, G. W. 2004. Dam and Levee Breaching with HEC-RAS. World Water and Environmental Resources Congress 2003, ASCE, Vol. 118, pp. 49-99.

Jaffe, D. A., and Sanders, B. F. 2001. Engineered Levee Breaches for Flood Mitigation. Journal of Hydraulic Engineering, Vol. 127, No. 6, pp. 471-479.
Kortenhaus, A. and Oumeraci, H. 2002. Probabilische Bemessungsmethoden für Seedeiche (ProDeich). Bericht No. 877, Leichtweiss-Instutut für Wasserwirtschaft, TU Braunschweig.

Omeraci, H., Allsop, N. W. H., de Groot, M. B., Crouch, R., and Vrijling, J. K. 1999. Probabilistic design methods for vertical breakwater (PROVERBS). Proceedings Coastal Structures’99, Santander, Spanien, Vol. 2, pp. 585-589.

Ministry of Construction and Transportation. 2006. The July 2006 Investigation of Damages Caused by Typhoon and Heavy Rain.

Nakdong River Flood Control Office. 2004. The Improvement of the Nakdong River Flood Forecasting System.
Vrijling, J. K. 2000. Probabilistic Design – Lecture Note. IHE Delft.

























































1
PAGE  
2

[image: image9.jpg]


_1268491030.unknown

_1268491425.unknown

_1268491902.unknown

_1268489962.unknown

