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Anisotropy in Seepage Analyses

1 Introduction

Laboratory tests on stratified materials usually revahles forhydraulic conductivig that aredifferent

in the horizontahndvertical directios. This can occur in lacustrine or marine deposits, or in materials
compacted in layers such as in embankment daheshigherconductivitytendsto occur parallel to the
stratification. Thismakesthe hydraulic conductivity anisotropic; that is, ttenducivity is not the same

in all directions.

Anisotropy at the scale of laboratory teistreadily understandablé.ayering can easily extend from one
side of the sample to other as in illustrated inRigairel. The lorizontalconductivity of such a sample
could be significantly higher than the verticahductivity

Figure 1 lllustration of a stratified laboratory sample

The significance of laboratory measured anisotrogield flow systems is howeveajuestionable. The
purpose of this document is to explore this issue and to make some recommendatiorgstba us
anisotropic feature in SEEP/W.

2 Homogeneous embankment

Let us start by considering seepage through a homogeneous embankshemtras Figure2. The
embankmenis 20m high with 2:1 side slopes. The downstream face is protected from seepage erosion
with a toe undedrain.

20 —
18

FSL=18m

16 —
14 — *‘
12 — 1
10 —

Elevation - m

N o N B O ®
I

\ \ \ \ \ \ \ \ \
0 10 20 30 40 50 60 70 80 %

Distance - m

Figure 2 Homogeneous dam

The classic solution for flothrougha homogeneous dam is showrigure3. The total head contours
or equipotential lineflabeled) are nearly verticaBeveral flow paths are also shown on the diagram

These ar¢hepaths a droplet of water wouldllow from the reervoir to the drain. These are not flow
lines as in a flow net.
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The dashed line is a contour of zgmessure or what is often referred tdtespiezometric line. Notice
that one of the flow paths crosses the piezometricwhech confirms that theezo-pressure line is not a
flow boundaryin a saturatedinsaturated flow system
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Figure 3 Flow through a homogeneous dam

3 Effect of perfect anisotropy

SEEP/W has the capability of considering an anisotropic coefficidra efect is specified as
K, =ratio* K,
K« is alwaysspecified and, is alwayscomputed fronK, and the specified ratio.

A ratio of 2, for example, mea#§ is two times greater thafy, and a ratio of 0.1 meais is 10 times
greater thark,.

In SEEP/W using the anisotropyatio physically meanthatthe material is perfectly stratified; thaf &l
layering extends from the left side to the right silehe model domaiand that the layering is the same
throughout the embankmenit is important to understand the physical significance of this ratio.

The following diagrams show the effect of various anisotropic rattas.evident that the flow tends to
be more lateral as the horizontal conductivity increases relative to the vertical conduttigtifow is
almost totally horizontal by the time the ratio is 0.01 (i.eiskL00*K,; Figure8).

FSL=18m

Figure 4 Flow with anisotropic ratio equal to 1.0 (homogeneous case)
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Figure 5 Flow with specified anisotropic ratio equal to 0.5; K, =0.5K, or K, =2K,

Figure 6 Flow with specified anisotropic ratio equal to 0.2; K, =0.2 K, or K, =5K,

Figure 7 Flow with specified anisotropic ratio equal to 0.1; K, =0.1 K, or K, =10K,
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