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Suitability Analysis of Numerical Models Related
to Seepage through a Levee
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Abstract

Numerical models for seepage analysis are useful tools to analyze problems and design protection
techniques that are related to seepage through a levee. Though every model may have its own
limitations and shortcomings, there were no generalized verifications or calibrations for the commercial
models. It means that users can run the model and get the result without understanding nor taking
any enough training. This paper investigates applicability and suitability of some seepage numerical
models by comparing analytical solutions with experiments in the user’'s viewpoint. The results
showed that it is more desirable to use analyses with unsaturated-unsteady condition rather than
those with saturated-steady conditions, since seepage phenomenon of real levees are changed
according to water level and soil property. This study also compared the calculated unsteady solutions
with the calculated steady solutions for the levee at Koa of the Nakdong River. The comparison
revealed that as the result, the safety factor of 2.0~3.5 has the same effects for seepage protection
techniques when they are designed on the basis of steady—state analysis.
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Table 1. Determination of seepage exit face and flow per unit length of levee
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% k is hydraulic conductivity and other variables are shown in Fig. 1
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Table 2. Comparison with numerical models for seepage analysis

Model Scheme Application Limitation
* saturated-steady condition s difficulty of apphication to
SEEPZ2D FEM * easy-to-use methodology and short unsaturated—-unsteady
simulation time condition
* consideration of osmotic action by roots * difficulty of application to
UNSAT2 FDM and _naturgl evaporation unsa.tt'lrated—unsteady
* consideration of unsaturated—unsteady condition
condition * hard-to—use methodology
* making free use of grid expression * necessary of geometric input
TRUST IFDM . gons1derat10n of 1qteract10n with data
inhomogeneous soils * hard-to-use methodology
* use of explicit and implicit scheme
* saturated-steady and * not-published source code
unsaturated-unsteady condition * can not change the sources
SEEP/W FEM * consideration of inhomogeneous and code according to each case
anisotropic soil
* easy-to—use methodology
* analysis of soil, rock, underground * not-published source code
Z_SOIL FEM structure, interaction of soil and * lack of application examples
structure, and groundwater
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Fig. 2. Applied model and FEM elements

Table 3. Boundary conditions

Application models Number of elements Boundary condition permeability coefficient
bp (dx, dy=0.1 m) (saturated-steady) (silty sand)
SEEP/W, Z_SOIL, quadrilateral elements : 2700 | water height : 2.5 m K : 5.0x107 m/sec
SEEP2D triangular elements @ 60 impermeable foundation ky : 5.0%x107 m/sec
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Table 4.

Results of steady—state seepage analysis

Model SEEP/W Z.SOIL SEEPZD Schaffernak | Casagrande
Length of seepage exit face(m) 2.12 212 1.68 1.41 1.28
Flow per unit length (m*/sec) 1.8x107 1.8x10°7 1.5x1077 1.4x107 1.2x10°7
Max. velocity (m/sec) 2.9x107 3.1x107 2.9x107 NA. NA.
Max. hydraulic gradient 0.58 0.62 0.58 N.A. N.A.
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Fig. 6. Experimental equipment

Table 5. Material properties

. . . . . saturated hydraulic
USCS Dso wet unit weight | dry unit weight porosity conductivity
SM 0.42 mm 2.046 g/cm’ 1689 g/cm’ 0.37 8.9x10° m/s
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