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Abstract. The changes of underwater level have great impacts on the seepage field and the stability
of reservoir landslide. The permeability coefficient is the principal factor that impacts on the
changes of underwater. Based on the landslide in Three Gorges Reservoir area, the computing
model was established to analyze the change law of seepage field and stability with the change of
permeability coefficient. The results show that when the permeability coefficient is relatively large,
with gradual increase of the degree of submersed slip mass, its stability decrease gently and then
sharply. When the permeability coefficient is moderate, its stability keep constant and then decrease
slightly. When the permeability coefficient is small, its stability increase dramatically and then
gently.

Introduction

Reservoir landslide is one of the major geological disasters. The rise and fall of reservoir water
levels change the seepage field of landslide which is closely relate to the permeability coefficient of
landslide, and affects its stability. There are many geological disasters in the Three Gorges
Reservoir where the reservoir water levels periodically fluctuate between 145m and 175m.The fall
of water level fluctuation is 30m. The studying different permeability and discussing the change
properties of seepage field and stability of reservoir landslide have significant to it’s prevention and
treatment.

Theinfluence of permeability coefficient on the seepage field of landslide

Seepage computing model
Based on a landslide in Three Gorges Reservoir area, the landslide is ancient rock landslide
consisted of layered quartz sandstone and silt block crack rock in Jurassic system under the xiangxi
formation. The landslide bed consists of two rocks drata. Bedding consists of medium bed
carbonaceous siltstone at the bottom of xiangxi formation and cutting bed is made up of shape
quartz sandstone in the middle of xiangxi formation. In the seepage computing model ,the water
level fluctuation on the underground water is mainly considered. The model is established, shownin
Fig.1, which divided into 13412 elements and 13233 joints.

Seepage computing scheme
Considering the normal reservoir storage is 175m in Three Gorges, the water level is periodically
fluctuate from 145m to 175m. The velocity of water level is 1.0nvVd and continuously run for thirty
days until the end of December, the reservoir level rises to 175m, then the reservoir level maintain
for ninety days, then drops to 145m. The relations between water level elevation (H(t)) and time (t)
is founded as follow, shown in Fig. 2.
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Fig.1 The finite element grid of seepage computation
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Fig.2 The curves of reservoir water level

Seepage computing parameters
In order to study the saturation line of underground water under different permeability behavior,
according to the rank criterion of rock and soil permeability in the code for engineering geological
investigation, choosing six order of magnitudes from four permeability ranks to compute the

seepage of slip mass under the condition of reservoir water fluctuation, shown in table 1.

Table 1 The classification of landslide permeability

Calculation type | Permeability coefficient k (m/s) Permeability rank
1 1.0x10% strong water permeability
2 1.0x10° strong water permeability
3 1.0x10" strong water permeability
4 1.0x10° medium water permeability
5 1.0x10° medium water permeability
6 1.0x107 weak water permeability
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The analysis of seepage computing
In the rising stage of reservoir water level, with different permeability coefficient
(k=1.0x10-3mVs-1.0x10®m/s), during 90 days the distribution laws of underground water saturation
line in the landslide was plotted.(Fig. 3-7)

(1) The permeability behavior of landslide is the principal factor that affects the seepage
distribution. The shape character of seepage field depends on permeability behavior of rock and
earth mass, when the reservoir level rise to a certain elevation and the permeability coefficient is
larger, the smaller the angle between relative saturation line and horizontal negative direction(Fig.3),
vice versa

(2) The relation between the saturation line and reservoir water. When the permeability
coefficient is lager(>1.0x10“m/s), the change of saturation line keep pace with the change of
reservoir water level. When the permesability coefficient is relatively small(<1.0x10“mvs), the
change of saturation line lag behind the change of reservoir water level , and the reservoir water
tend to ‘backward’ the slope. When the reservoir water reach the highest point, with the increase of
time, the effect of ‘backward’ gradually die away until disappear.
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Fig.3 k=1.0x10"m/s(0-90d)Landslide Fig.4 k=1.0x10"m/s (0-90d) Landslide
groundwater seepage line groundwater seepage line

Fig.5 k=1.0x10"m/s (0-90d) Landslide Fig6 k=1.0x10°m/s (0-90d) Landslide
groundwater seepage line groundwater seepage line

Effect of wade degree on the stability of the landdide

The wading degree of landslide is also aimportant factor which influence the stability of landslide,
and define wading degree parameters for s.
4h
=TH 2

In the formula(2), Ah——the reservoir slope waterhead of landslide surfacethe unit is m.
AH——the height of the landslide, that is elevation difference of leading edge and trailing edge,the
unit ism.

The wading degree parameter range is 0.034 to 0.135, seven kinds of working condition of
wading(0.034, 0.04, 0.06, 0.08, 0.10, 0.12, 0.135) are designed, taking the permeability coefficient
of landslide k for 1.0x10°m/s, 1.0x10°m/s and 1.0x10'm/s, analyzing the relationship between the
degree of wading and landslide stability. The results are shown in Fig.8-10.
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Fig.9 Mixed landslide stability with different Fig.10 Dynamic water pressure type landslide
stability degree of wading(k=1.0x10"m/s) with different degree of wading (k=1.0x10"nvs)

Fig.8 shows that when landslide permeability coefficient is larger, with the wading degree
increasing gradually, the stability of landslide reduces slowly at first , and then has a rapid trend to
decrease. This is because of the reservoir water has a process of infiltration to the landslide,
underground water seepage line is low changing at first, the floating effect scope of sliding
resistance segment is small, the landslide stability decreases slowly, and when underground water
seepage line has reached a certain height, the floating effect scope of sliding resistance segment is
large, the landslide stability decreased rapidly.

Fig.9 shows that when the permeability coefficient is moderate, with gradual increase of the
degree of submersed slip mass, the landslide stability keep constant and then decrease slightly. With
the degree of wading gradual increasing, reservoir water has a deep supply to the underground
water in the landslide, but the rise of underground water in the landslide slightly lags behind the
reservoir water level rising, below the reservoir water line(vertical direction) landslide exists
floating force effect which is produced by the hydrostatic pressure, so the landslide above water
seepage line (vertical direction) combined with the floating force effect by the hydrostatic pressure
and the seepage force effect by the dynamic water pressure, with infiltration deepen, floating force
gradually increased and stability decreased gradually.

Fig.10 shows that when the permeability coefficient is small, landslide stability with the wading
degree increases gradually speeding up at first and then trend to increase slowly. This is because of
the initial stage of reservoir water can only carry on the shallow underground water in the landslide
supplies, failed to timely replenishment of deep water, so as to make between reservoir water and
the underground water seepage line in the landslide body form pressure difference, and forming
seepage pointing to the body, the reservoir water has a counter pressure effect which is favorable to
the landslide stability.

Conclusion

(1) The permeability coefficient has a great influence on the postion and the change of the
underground water level.

(2)when the permeability coefficient is relatively large. with gradual increasing of the degree of
submersed slip mass, the landslide stability decrease gently and then sharply.

(3When the permeability coefficient is moderate, with gradual increase of the degree of
submersed slip mass, the landslide stability keep constant and then decrease slightly.

(3)When the permeability coefficient is small, with gradual increase of the degree of submersed
slip mass, the landslide stability increase dramatically and then gently.
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