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Abstract: The reservoir landslide stability is closely related to the fluctuation of reservoir level. The
main influence factors are fluctuation rate and permeability of landslides. The landslide was chosen
as the research object in the three gorges reservoir area, and studied the changing characteristics of
stability and seepage field by using the SEEP/W and SLOPE/W modules in Geo - Studio. The
results show that the landslide stability is worse when the smaller permeability and the bigger water
dropping speed happen; the bigger permeability coefficient is the less impact on the stability of
landslide when reservoir reduces the water table; the landslide stability will increase when the
permeability coefficient is very big. The study provides references for prevention of reservoir
landslide.

Thereservoir landslide

The stability of the reservoir bank landslide is closely related to the fluctuation of reservoir level.
The water level fluctuation changed the seepage and physical and mechanical properties of rock
mass, and affected the stability of landslide. Landslides had occurred, both a home and abroad,
caused by the reservoirs storage and changes of water level, in 2003, the landslide of Qian
Jiangping occurred when the three gorges reservoir area store to 135 m™ In 1963, the Vajont
reservoir landslide killed more than 2000 peoplein Italy!?.

Reservoir landslide is related to internal factors such as geological structure. Its external factor
is mainly water lifting effect *%. The reservoir landslides frequently occur in the three gorges. One
landslide was selected in the three gorges reservoir to establish geology model, and it is analyzed
under the action of water dropping by using numerical simulation software Geo-studio. The study
will provide some reference for prevention of reservoir landslide.

L anddlide geological model

The upper landslide material is Colluvial deposit, it mainly is the quaternary accumulation (Q™)
and residual diluvial layer (Q®* %), it includes clay and chipped rocks, loose structure and clutter.
The underlying bedrock of the landslide is lower Jurassic xiangxi group (JXx), the attitude of
bedrock is 268 °<27 °, the bedrock fissures developed. The engineering geological profile is shown
inFig.1.
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Fig. 1Engineering geological profile Fig. 2 Monitoring arrangement of landslide

Monitoring results of landslide defor mation

GPS monitoring network layout

According to the deformation characteristics of the landslide, one vertical and one horizontal
monitoring section are selected. There are four GPS monitoring points were arranged on the
landslide. They are ZG323, ZG324, ZG325and ZG326. The monitoring points arrangement are
shown in Fig. 2

The monitoring data analysis

Reservoir level and the cumulative displacement monitoring curves is shown in Fig.3, the
cumulative displacement curve has a obvious step, all four monitoring points have changed at the
same time, which means that the landslide deformation had occurred in the whole landslide. The
biggest deformation is ZG326, the cumulative displacement was always greater than several other
points, it shows that the landslide deformation is bigger on the right side. The three gorges reservoir
level declinesin April to June each year, the landslide deformation increase.
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Fig. 3 Time-cumulative displacement curves of GPS monitoring

Numerical smulation of landslide stability

The basic theory of saturated-unsaturated seepage
According to the law of conservation of mass and Darcy's law, two-dimensional anisotropic
saturated-unsaturated seepage control equation without considering the seepage on the Z axis
direction’® :
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In the formula, H is the water head, 6 is volumetric soil water content, ky, ky for permeability
coefficient on the direction of x, y. t istime, py is water density, my is storage coefficient. Formula
(2) isthe general expression of atwo-dimensional saturated and unsaturated seepage. It has multiple
solutions under the usual condition. Only with certain definite condition, such as the geometric
boundary conditions and initial conditions of seepage water head distribution, this can satisfy the
conditions of a specific solution.

Boundary conditions mainly include two types of constant head boundary and constant flow
boundary. When one of the reservoir scheduling scheme has been determined, if only considering
reservoir water function. The landslide on r; head is known. The constant head boundary conditions
are asfollows:

H(x 1)1 =i (x y.t) 2
In the formula, ¥ is the potential function. If the normal supply of the trailing edge of the
landslide mass or slide bed boundary r is established. The flow boundary conditions are as follows:

M
k—1| =qlx y,t 3
e alx .t) (3)
In the calculation of saturated and unsaturated seepage, the initial state whent = 0,the water head
distribution has the key influence on subsequent seepage calculation. So the initial state of stable

seepage calculation should be done before the unsteady seepage calculation, as the subsequent

calculations of initial conditions. That is:
H (X’ Y, t) li-o=H (X’ y) (4

Calculation model and the physical and mechanical parameters

The groundwater seepage field and the dope stability are simulated by using SEEP/W and
SLOPE/W module in Geo —Studio. The geological model is established from Fig.1.The finite
element calculation model is shown in Fig.4.
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Fig. 4The calculation model Fig.5 The underground water line

Stability calculation and results analysis

The four different kinds of reservoir water dropping rates are used to reflect the influences on the
stability of the landslide, and it is determined for four working conditions according to the real
change of the three gorges reservoir level. The four conditions is as followed: (1) water level
decreased from 175 m to 145 m at a speed of 0.4 m/d. (2) water level decreased from 175 m to 145
m at a speed of 0.8 m/d. (3) water level decreased from 175 m to 145 m at a speed of 1.2 m/d. (4)
water decreased from 175 mto 145 m at a speed of 1.5 m/d.
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The SEEP module was used to simulate the groundwater seepage field change under four
working conditions, which is that water level declines respectively by 0.4 m/d, 0.8 m/d, 1.2 m/d and
1.5 m/d. The underground water levels in the sliding body as shown in Fig.5. when the water levels
is descend to 145 m in the reservoir, it is discovered that the basic law of the underground water
level presents a convex, and the convex trend of underground water level is the more obvious when
the decent speed of reservoir water levelsis gradually increasing from 0.4 m/d to 1.5 m/d. When the
water level drops to 145 m the underground water level in sliding body is significantly higher than
the water level. There is a hydraulic head pressure in the sliding body, and the dynamic water
pressure is point to outside.

The stability changes of the landslide are simulated in the four different reservoir water level by
considering the matrix suction Morgenstern - Price analysis™ in SLOPE module. Four conditions
are also considered which the reservoir water dropped from 175 m to 145m at the speed of 0.4 nvd,
0.8 m/d, 1.2 m/d, 1.5 m/d respectively. The stability coefficient is obtained under three working
conditions with the relation of water level change as shown in Fig.6. As shown in the Fig.6, the
stability coefficient of landslide is gradually reducing with the falling of water level under three
kinds of working conditions. While water level fall to around 158 m the stability coefficient will
continue to fall, but the rate of descent become slow. For each kind of condition, the stability
coefficient with the greater dropping ratesis relatively smaller than that with less dropping rates.
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Fig. 6 The change rule of the stability Fig. 7 The underground water level
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The influence of the permeability coefficient on stability

Permeability coefficient (k) is the main influencing factors of the stability of landslide. The
dropping speed v isset to 1 m/d, and it is calculated ask/v = 0.1, k/v = 0.5, k/v =1, kiv = 10, kv =
100, namely k = 0.1 m/d (1.2 x 10° mvs), k = 0.5 m/d (6.0 x 10° mv's), k = 1 m/d (1.2 x 10° m/s), k
=10 mvd (1.2 x 10™* m/s), k = 100 mvd (1.2 x 10 mV/s). Water level is set to fall from 175 mto 145
m.

The change law of underground water level is shown in Fig.7, there are almost on the convex
tendency, and the tendency is more obvious when the permeability coefficient decreases. The
attitude difference of the underground water level inside and outside is bigger at the same time, and
dynamic water pressure pointing to the outside of the sliding body, there are more harmful for the
stability of landslide.

When water level decreased from 175 m to 145 m, the changes of the stability coefficient of
landslide is shown in Fig.8. It is shown from the Fig.8, when k/v isequal to 0.1 or 0.5 or 1, and the
water level drop down, the sability coefficients of landslide reduced. When the permeability
coefficient of landslide reduce from 1.2 x 10° m/s to 1.2 x 10° nvs, the stability coefficient
decreases, it is shown that the stability decreased when smaller permeability coefficient is smaller
and the faster dropping of reservoir level. When k/v is equal to 10 and 100, it is the permeability
coefficient of landslide is bigger, the stability coefficient increase, therefore it's good for the
stability of landslide, because the groundwater of landslide body can faster outflow the landslide
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Fig. 8 The change rule of the stability under different k/v
conclusion

Stability of landslide is closely related to the water level dropping speed and coefficient of
permeability. When the permeability coefficient of landslide is smaller, and the bigger water
dropping speed, the stability of landslide is worse. When the permeability coefficient of landslide is
bigger, the water dropping speed has no influence on the stability of landslide decreasing, and even
it makes the stability coefficient to increase.
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