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On Stability of the Bank Slopes around the Three

Gorges of Yangtze River

Abstract

Yangtze River is the longest river in Chian, and the length is 6300 km from east to its whole west
Yangtze River flows over 18 provinces, cities and autonomous regions, and the drainage area is 180X
10*km? (about 20% of the country’ s land). The water conservancy resources are very rich at the sec-
tion from Yichang to Chongging of the upper reaches of the Yangtze River. If the water resources are
"rationally developed, considerable economic and social benefits will be obtained.

Systematic ggological investigations and demonstrations on developing the resources of the
Yangtze Gorges area have been conducted by Chinese geologists since 1949 ﬁp&ially in the last four
years. Building a key hyglraulic'and hydroelectric f)rojact at Sandouping between Yichang and Zigui
was suggested by some government and research departments (The Hydraulic and Hydroelectric Project
of the Yangtze Gorges area is called as HHPYG for short in the following). The designed elevation of
the dam crest is 185m, the storage level is 175m.

I. Outlme of the Geographic and Geologic Features In the Dam
Area.

The teservoir area of HHPYG is located between Sandouping of Yichan and Tongguanyi of
Chongging in the upper reackes of Yangtze River. The type _of the reservoir is river v*y type, and
the length of it is 690km. The river landscape of the reservoir area is obviously controlled by geologic
structures, lithologic asscmhlagds, _and.'_nwtectonism_. The east part of the dam area to Fengjie is situ-
ated in the joining place of Dabashan Wushan, and Jingshan mountain ranges. The strikes of these
mountain ranges are NE-MEE, partly SE. Yangtze River bevels and transects the structure lines. The
types of the river valieys are mainly insequent valleys and transverse valleys. ‘The river vallays are
narrow , and the bank slopes are abrupt. The geomorphologic land scape belongs to erosion corrosion,
erosion- denudanon land forms, and mid-mountain narrow valleys. The west part of the Fengjie is sit-
uated in the region being of parallel ridges and valleys and with erosion denudation low-mountain hills
in the east part of Sichuan basin. The Yangtze River valley here belongs to the geomorphologic land-
scape of broad alternating with narrow valleys, while mostly broad valleys.

The climate of the reservoir is monsoon climate of the subtropical zone. The annual average at-
mospheric temperature is 16. 7~18. 7°C » the annual average precipitation is about 1000-1300mm,
but the distribution of the precipitation on time and on space is uneven, which is more abondant in the
east and mountain areas than in the west and river valleys, the water system is a dendritic water sys-
.tem. In the main stream section of the Yangtze River, the annual average runoff discharge is 3566~
4505 X 10°'m®, and the annual average discharge is 11307~14300m’/s, and ficods happen mainly in
July to September, and the largest discharge is 857 00~71100m?/s and the smallest discharge is 2060
~2770m?*/ S. The varying range from the largest discharge to the smallest discharge is 44 to 26 times
from west to east The difference of the highest and the lowest level is 20~72m. Because the larger
level range and ‘the big tising and dropping rate of the level can cause the mcreased change of the
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groundwater level and dynéunic pressure, the stability of the bank slope of the reservoir atea will be
affected. : o

Except lower series of Devonian system, upper series of Carboniferous system, some Cretaceous
system and Tertiary system strata in the reservoir area, other strata’ were developed completely from
presinia system to Quaternary system. The stratas developed from Sandouping to Miache section is
mainly presinia system Sinia system to the middle series of Triassic system from Miaohe to Xianggi sec-

_ tion, mainly Triassic system to Jurassic system from Xiangi to Niukou section, the middle series and
lower series of Triassic system from Niukou to Guanwuzhen section, Jurassic system from the west of
Guanwuzhen to the end of the reservoir, and Triassic system and little Permian system only at.the core
of the anticline. The accumulation of Quaternary system distribute’ piecemeal on the river terraces, the
planation‘p]ane, and the slopes.

The engineering geologic types of the rock andesoil masses on the bank slopes of the reservoir area
have been classified into four types according to their genesis, and into eight rock groups according to
the structure and physical-mechanical characters; .

1. Magmatic and metamorphic rock type (It has been classified into two rock groups)

2. Clastic rock type (It has been classified into three rock groups) '

3. Carbonate rock type (It has been classified into two rock groups)

4. Loose accumulation type

According to the classification proposed by prof. Huang Jiging on the China geotectonic system,
the reservoir area of HHPYG i$ located at the SE edge of the Yangtze paraplatform, the folded belt of
the Upper-Yangtze platform and the Sichiuan syncline. From east to west along the Yangtze River, the
structures are the Huanglin anticline with NNE trend, the NEE-NW folded belt from Badong to
Fengjie,and a series of NE anticlines and synclines from Fengjie to Chongqing.

The neotectonism of the reservoir area is mainly the intermittent rising-dropping motion, and
various lerels of terraces are formed. The seismic activities are faint in the reservoir area (Ms<5.5
grades within 100km of the reservoir), the seismic intensity is all below 6 degree and there is no vions
affection to the stability of the bank slopes.

Due to the development of the economic construction and the aggravation of human activities, the

stability of the bank slopes is affected in some degree.
I . Deformatio~ and Failure Characteristics of Bank Slopes and Their

Evolution Patterns.

The bank slopes are deformed and damaged by .the exogenetic and internal geclogic actions. In‘t:‘p
reservoir area the main geolbgic hazards are landslides. rockfalls and deformed rock masses. According
to investigation, 404 times of landslides, rockfalls and deformed rock masses of the volume over
10000m® have been found along the bank slopes of the arterial stream and the main branch streams,
and the total volume is 2. 987 X 10°m®. On the bank slopes of the arterial stream 283 times of land-
slides, roc.kfalls and deformed rock masses have been found, the total volume is 1. 67 X 10°m?®, the
average linear density of deformation and failure is about 0. 205/km, and the avel;age linear modulus
of deformation and failure is about 1. 09 X 10*m*/km. Along the bank slopes of the main branch
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streams 121 times of landslides, rockfalls and deformed rock masses have been found, the total vol-
ume is 1. 317X 10°m?®, the average linear density of deformation and failure is 0. 074/km. and the
average linear modulus of deformation and failure is about 0. 9642 >< 10*m*/km. .

Landslides, rockfalls and deformed rock masses have been classified into four grades acéording to
their volumes,;

1. Huge scale (the volume_=100 millions cubic metres)

2. Large scale {10 millions cubic metres<(the volume<{100 millions cubic metres)

3. Middle scale (1 million cubic metres<Cthe volume<{10 millions cubic metres)

4. Small scale (the volume<<1 million cubic metres) ‘

Landslides, rockfalls and deformed rock masses are the main failure types of rock masses on bank
slopes, the formation parts of the slopes, and the key factors evaluating stability of the bank slopes.
According to the rock structure, scale, genesis and degree of significance, detailed e;p_lorations and
experiments have been made in 37 places of landslides, rockfalls and deformed rock masses with typi-
cal significance on the bank slopes. _

The loose accumulation landslides are mainly formed by the transformation of landslide masses or
the compound sliding of earlier landslides. The materials of the landslide mainly consist of the rock
masses with spallation and cataclastic texture. There is a soil layer with varijous thickness on the land-
slide surface.

Rock-landslides are develop on the bank slopes with soft alternating with hard layer rock masses.
The landslide masses consist of the rock masses with spallation texture, or cataclastic texture,or blocky
wexture. There is a thickness 0. 2~ 1m thick solil layer of the glide zone on the landslide surface, and
its lithology is subclay accompanied by rubble and gravelly clay. usually the landslide surface is a kind
~ of impermeable barrier. _ '

Rockfall is classified into slumping rockfall and falling rockfall according to its mode initial of
movement. Slumping rockfalls occur mainly in the high and steep bank slope sections formed by hard-
er carbonate rocks with flat, consequent and soft foundation. If there is a weak stratum at the base of
the bank slope compased of subhorizontal strata, under thé long term action of the weight of the over-
lying rock masses and the softening action of groundwater, the weak stratum may be squeezed out,
which often results in fracturing . toppling and falling of the overlying competent rock strata. Falling
rockfalls develop mainly in the high and steep bank slope sections formed by harder carbonate rocks
with soft and steep-dipping foundation towards outside or inside, or develop at the core of the anti-
clines. when the lower soft rock layers are emptied be the river water or human activities, the upper
hard rock layers will fall under the effect of gravity or vibration.

- The forming condition of the deformed rock masses on the bank slopes of the reservoir area agrees
with that of the rockfalls. Although the deform.ad rock masses ave small in quantity and scale, most « *
them have grown into hazardous unstable rock masses, so a‘tention should be payed to their harmful-
ness.

Because of the differences of geographic and geologic environments among the bank slopes, the
degree of deformations and failures of the bank sl .pes is different on different sections stream. The
_bank slopes at most sections the stream have a low degree of deformation and failure so the stability of
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the reservoir banks is good. In the bank slopes of a few stream sections the degree of deformation and
failure is serious, and landslides, rockfalls and defermed rock masses distribute intensively and the sta-
bility of the bank slopes is poor or quite poor. .

The stability status, deformation and failure of the bank slopes are mainly related the geological
surroundings and dynamic environment factors. The bank slopes where the landslieds, rockfalls and
dangerous deformed rock masses are densely distributed consist of stratified clastic and carbonate rocks
interspersed \u;ith weak seams and discontinuities, particularly, the mudrock intercalated with sandrock
and carbonate rock of Middle and Upper Triassic as well as thessandrocks intercalated with weak seams
of Upper Jurassic. The contact surface between the hard and soft rocks is usually argillized and its
sheaﬁng_—strength lowers obviously , ‘so the deformation and failure of the rock masses is relatively in-
tensive and dominantly massive, large-middle scale landslides. Due to the endogenic process of tec-
tonisms, the status stress of rock masses varies at different tectonic parts. Furthermore deformation
and failure are different among the bank slopes, of which the more intensive ones are mainly distribut-
ed in the segments associated with dense folds and relatively developed fractures and fissures. More-
over, the influence of geological structures on the stability of the bank slopes depend to a large extent
on the combined relation ship between the running direction of river and the structure, when the river
runs parallel to the axis of folds, the dip bank slones are formed in the place where landslides occur
easily, especially, in the convergent part of fold belts and on the uprising end of synclines.

' Dynamic environment factors are mainly rainfalls, erosion of river water and human engineering
activities. The rainfall, especially rainstorm is an important dynamic factor inducing old landslides -to
revive and move. The meachanism of rainstorm-induced landslides containes mainly_the following,
(1)rainfall saturating rock and soil masses, increasing its capacity, (2)the claysoil of slipped zone be-
ing watersaturated and its mechanica strength being lowered to a large extent, (3)infiltrated rainfalls
making the groundwater table lift rapidly and flow, which produce massive dynamic and static water
pressure, (4)the scarp of gullies and the slopes surface being eroded, which destroyes the integrity of
rock masses, even the key part holding the balance, (5)the rainstorm in large range making the river
water level lift quic.kly and lower rapidy after the rainstorm, causing an additional force to the bank
slope, such as the decreacse of anti-sliding resistance due to undercutting of the slope base by lateral
erosion , dynamic pressure resulting from the rapid lowering of the water level, etc. The erosion action
of the river makes the river bed be gradually deepened and scooped out in the segment of soft rock.
The lateral erosion and under cutting of slope base make the bank slope be steeper or become freeing
surface so that the upper rock masses without support can be easily-sheared to move and are easy to
slide when, especially, the weak intercalations were exposed in the slope base by the erosion. Human
engineering activities, which were mainly located in the slope within the reservoir of the Three Gorges
Project, road mainly mining, urban construction, building and unjustified cultivation, etc. These ac-
tivities changed the environment of slobes’. resulting in the deformation and failure of the bank
slopes.

Most of the landslides distributed along Yangtze River around the reservoir of Three Gorges Pro-
ject are stable or quite stable landsliding events which appeared in recent decades are mostly the revival
of old ones landslides. These revival of old landslides were induced by different external dynamic fac-
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fors ynder some ceriain natural geological actions. The type of the revival machinism of landslides may
be summarized as follows; rainstorm induced, erosion of runoff-induced, fluctuation of water level-
induced and loading-induced.

Rainstorm induced landslides; Rainstorm usually cause groundwater table to lift, forming abnor-
mal pore pressure or dynamic water pressure an;! driving the slipped mass to revive. a

Erosion of river induced landslides: the erosion of river water, which can not only change the
shape of slopes to cause the variation of the stress status of slopes but also make the sliding plane expose
directly and the free surface, presm resulting in part failure or complete revival of the slipped mass.

Fluctuation of water level-induced landslides;abnormal fluctuation of water level caused by the
abrupt variation between high and low water. stasons and the impoundment of the projected reservoir
decreases anti-sliding resistance of the slipped mass near sliding plane in the front of landslide deposits
because of lowering density, or lifting buoyancy, or instantaneous dynamic water pressure with high
abnormal gradiert, which revived old landslides.

Loading-induced landslides: accumulated loads resulting from rockfall mass or other mass in the
top of landslides made ihe downward sliding — force of landslides mass exceed the anti —sliding resis-
tance of sliding bed and revived the old landslides.

. Types of Bank Slopes and Analysis of Development Mechanism.

K -1 Classification of types of bank slopes

Large number research data and information show that the factors, which control the stability of
the bank slopes of Three Gorge Project, are chiefly the forraation and structural characteristic of bank
slopes and the combined relation between. strata strike and flowing direction of river. The types of
bank slopes can be divided into four main types aoco}ding to engineering geological characteristics of
rock and soil mass of the bank slopes. I

I Bank slopes qf soil;

I Bank slopes of clastic rocks;

I Bank slopes of carbonate rocks;

IV Bank slopes of crystalline rocks.

Each main type can be subdivided into several types according to the texture of the rock and soil
mass of bank slopes.

Type 1 Can be sudivided as follows;

I ,; Bank slopes of alluvial sandy:gravelly soil;

I ;. Bank slopes of rockfall and landslide-acemulated detritus.

According to the attitude of rocks, types 1 B can be subdivided as floows

I, 1,; Gentle-stratified bank slopes, a<(10° -

I .0 ,; Transversal bank slopes, y2260°;

1,1, Dip bank slopes, y< 30°;

1,0 ,; Reverse bank slopes, y=>150°;

I ;K ;; Obligue bank slopes, y=30"~60°

or 120°~150°;
1,0 ¢; Bank slopes with special structure, Rock mass is more fractured due to the intensive tec-
5



tonic action. This type of bank slopes include the one with a weak basement. (note; y represents thé
angle between the dip direction of stratified rock and the slope, « represents the dip angle of stratified
rock. )

Type NV can be subdivided as follows,

N ,: Bank slopes composed of magmatic rocks with massive structure.

N :; Bank slopes composed of matemorphic rock with massive-plate structure;

On the basis of the classification mentioned above. the bank slopes can be subdivided further in-
to: gentle dip, steep dip slopes, etc. according to the dip angle of slope (8) and strata (a) of bank
slopes etc.

¥ -2; Development mechanism of each main type of bank slope

(1)Gentle-stratified bank slope

This _lv.ind of bank slope (a«<:10°), which is mainly distributed in gentle and broad river section.
is composed of sandstone, mudstone intercalations of Middle and Upper Jurassic. Groundwater in the
slopes exist as multiinterlayer water, ind is concentrated usually in the contacted zone between sand-
stone and mudstone to cause argillization on the surface of mudstone. The bank slope is geomorpholog-
ically, situated at hill country, and take a stepliked form. The step Scarps are usually composed of
sandstone and are several to several tens meter high the step surface are generally composed of mud-
stone. The stability of cank slopes depends to a large extent on the engineering feature of mudstone
strata &:d anti-sliding characteristic of the contact surface between sandstone and mudstone as well as
the shape of slopes. The deformation and failure of bank slope occurred predominantly at spurs. Its
developing process, can be summarized as follows; plastic flowing failure, shearing failure and hori-
zontal-push-sliding failure.

Plastic flow failure ; the failure is delveloped from the deformation of plastic flow—tensilé fractur-
ing in a certain broad and gentle slope composed of stratified rocks of which upcovering sandstone mase
can be dissected and destroyed because underlaying mudstone mass can be dissected and destroyed, as
underlaying mudstone mass is dissected by the plastic flow-tensile fra.cturmg.

Shearing failure; the failure is developed in mediately dip slopes composed of sandstone and mud- '
stone intercalations because a step connected-zone was sheared, and is mostly little — scale oblique
landslide. '

Horizontal-push-sliding failure; the failure is induced by the combined actions of the static water
pressure in fissure with the buoyancy in potential slipping surface resulting from an abnormal water
level during rainstorms.

' (2)Dip bank slopes composed of stratified rocks.

This kind of bank slope is composed of Jurassic clastic rocks composed dominantly of sandstone
and mudstone with the height of hundred to several hundred meters. The shape of the bank slope are
obviously in the control of lithologic charater and structure, most of which are equivalent dip slope or
reverse dip slopes (reverse steped slope) and undulating dip slope appears only in the sections with ge-
nile dip (dip steped slope). Meanwhile, slope shape and character determined the concentration and
strength of precipitation and dynamic feature of groundwater in slopes. The studies thow that the de-
velopment mechanism is related to the structural types of the bank slope, and can be summarized as
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follows .

Sliding failure is mainly developed in stratified slopes in which the strata dip is 10°~20° and 20°
~40° or steep in the upper and gentle in the lower under the condition of the exposure of weak slipped
surface due to the undercutting of slope base. The forming condition and developing mechanism can be
divided into sliding falling. slow slidingtensile fracturing and rotating sliding — tensile f}acturins.

Shearing failure is caused by the exposure of sliding surface due to the undercutting, and devel-
oped in middle to steep dip bank slope composed of stratified rocks.

Sliding-bending failure is mainly developed in middle dip slope and chair-liked slopes compased of
stratified rocks, and can be divided into three stages; gentle bending, intensive bending and connecting
of sliding surface, sliding-failing. ’

(3)Reverse bank slope composed of stratified of rocks.

The bank slope are composed of the sandstone and mudstone of Jurassic and ones intercalated with
carbonate rocks. Groundwater is concentrated usual'y in the weakened zone of bank slope. Bank slopes
are stable, but a certain number of small-scale rockfalls and landslides were developed in high and
steep bank slopes. and larger scale and oblique landslide o.ccurred at one or two slopes.

The development mechanism of the reverse dip bank slope compased of stratified rocks can be
summarized as follows;

( I )Toppling deformation it appeara: in the bank slopes with dip angles of 10°~50°, Because rock
masses may be dissected by a steep dip fracture perpendicular to bédding plane, ther can topple or fall
. when the slope base suffer lateral erosion.

( 1 )Bending-tensile fracturing appears in the bank slope composed of brittle rocks in which the
strata dip into slope with a dip of 30°~60° and intersect at an acute angle with slope surface. The de-
fopmation develops gradually from surfacial to deep and cause the iensile farcturing of the rear rocks
and the breaking and shearing of the root rocks. i

( ¥ )Creep sliding-tensile fracturing. When the deformation mentioned above develops to a cer-
tain degree, the gradual accumulated failure occurrs in the part where strain energy exceeds the
strength of rock masses, gardually extends the deformation and connect the slipped surface, and at last
cause a large scale landslide whose arcuate slipped surface to cut through the strata.

(4)Bank slope composed of carbonate rocks _

Carbonate rocks along.Yangtze River in the reservoir of Three Gorges Project is mainly exposed
in deep valley area and forms high, steep bank slope. When there is a thick weak stratum or seam in
the base no rocks or between rocks, bank slopes are stable. The landslides, rockfalls and dangerous de-
formed rock masses in this kind of bank slope usually occur in the sections where the upper is composed
of hard carbonate rocks and the lower soft strata. The mechanism of deformation and failure of the
slopes can be mainly divided into three kinds i. e. falling. toppling and sliding pattern.

IV Evaluation and Prediction of the Stability of Bank Slopes.

The evaluation and prediction of the stability of bank slope include (A) the stability of the re-
mains after landslids and rockfall (B) the stability of bank slope. These two aspects are related and
complemental to each other, and play an important role in the stability of bank slope. Furthermore, it
must be emphasized to study the statu of the bank slope and the remains of landslides and rockfalls,
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and predict the stability of them after the impoundment of the projected reservior or under a certain
special condition when evaluating and predicting the stability of all bank slopes.

In the research, geological analysis, probability statistical analysis and calculation stability are,
made on the basis of the obtained data and information, incorprated to form a perfect and tight system
to carry out the evaluation and prediction, including the following

N —1 Evaluation and prediction of the stability of the remains of Landslides and rockfall

Special explorations and tests have been used in Targe scale and typical landslide and rockfall dur-
ing the reseatch. On the basis of the works mentioned above,geological analysis can be made on the re-
lation between landslide. Rockfall and the character of themselves,dynamic factors of surroundings.
Then, foremost factors controlling the stability of landslide and rockfall can be determined with the
help of the calculation of stability and the probabilistic analysis and then proceed to comprehensively e-
valuate and predict the stability of all bank slopes.

(1)Geological analysis on the stability of landslide and rockfall : Through a systematic analysis to
exploring and testing data on landslide and rockfall ,geological signs should be recognized by which the
influence of contour,structural characteristic,and environmental factors on the stability can be distin-
guished. The characteristic of contour contains mainly average slopes,status of freeing surface in the
rear of landslides and rockfalls,degree of cutting valley and state of slosed basin which can influence
the stability quite seriously. Structural characteristic is mainly the shape feature of sliding surface and’
the feature of rocks and soils in the remains of landslides and rockfalls. The shape feature of sliding
surface incfude 'average dip,its shape,antisliding ratio (ratio of the length of antisliding section to the
whole length of sliding surface). The feature of rock —soil in landslide and rockfall remains can be di-
vided into three type:loose,disintegrated and blocked structure to feﬂect whether or not it is easy per-
meating and draining in the remains. Environmental factors ccntain mainly lateral erosion of river,spe-
cial climate ,additional loading in landslides,earthquake and human engineering activities.

(2)Probabilistic quantitative analysis ; probabilistic analysis of failure,sensitive analysis of stabil-
ity and fuzzy comprehensive assessment,etc,have been applied to systematically analyze and evaluate
a large scale and typical landslide and rockfall ,calculate the resulting probability of stability ,and make
a quantified analysis on the influence of various distinguishing Signs of geolégy on stability.

(3)Calculation of stability ; The limiting eguilibrium stability has been calculated for a large —
scale, typical landslide and rockfall for which there have been detailed data. A thrustt‘ransmitted coeffi-
cient has been taken as a dominant method and associated with other calculation methods in the calcu-
lation. Except for the self — weight stress of landslides and rockfalls, dynamic water pressure, and
bouyancy of groundwater have also been considered,and earthquake effect has been checked.

(4)Comprehensive evaluation and prediltion ; Three methods mentioned above were incorporated.
Stability analysis on landslides and rockfalls with detailed exploring and testing data were made ,by the
system,to get assessing results more suitable for practice. In addition .the -system wés applied. to evalu-
ate the stability of landslides and rockfalls in the area without detailed geotecnnical testing data and ob-
tained a satisfactory results.

There are 24 massive, 13 middle scale landslides and rockfalls which were explored and tested a-
long the bank slope in the reservior of Three Gorge Proiect. All the deposits of landslide and rockfall
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are stable or basically stable at low and normal water level befgre the impoundment of the reservior of
the project, but Hang lashi, Sandengzi, Xiangjiawan , Qianciaotuo, Western Yunyang,and Longwang-
miac old landslides and Yagianwan rockfall are unstable when a flood is met in one hundred years and
continuous rainfall , rainstorm occur in local area. After the impoundment of the reservior,the stability
of all old landslides and rockfalls will be similar to one in flood water level met in one hundred years
during continuous rainfall or rainstorm in local area,or at flood — controlled , limited water level. Ex-
pect Qianciaotuo, landslide whose stability is not good.the others will be stable or basically stable at
normal water level of the impoundment (175m) and without abnormal filuctuation of water level in
dry season.

IV —2 Evaluation and prediction of the stability of band slopes

(1)Classified assessment of bank slope

Accordinglto the classification criteria and geological signs of the development mechanism of bank
slope, the stability of the main kind band slope was assessed.

(2)Probabilistic quantitative analysis on the stability of band slope

The influence of various key elements of slopes and environmental dynamic factors on bank slope
were quantitatively analyzed by the mathematic methods of probability and statistics,such as message
methods , multi —factor methods,to make a combination and evaluation of stability band slope.

(3)Analysis of the developing mechanism in important bank slope and guantified evaluation and
prediction the stability.

N —3 Comprehensive evaluation and prediction on the stability of band slope

Summing up the evaluation and prediction result menfioned in 4. 2 and 4. 1 with reference to
marking assessment by experts,evaluation and prediction were made on the stability of bank slope of
each river section. . _ .

(1)The band slopes are rather stable along the mainstream of Yangtze River. In Three Gorges
Project, 959 of the bank slopes are stable and basically stable before and after impoundment. And
bank slopes with poor and not good stability. are about 53. Bkm long and only makes up 3. 9% of the
whole bank slopes before the impoundment.

(2)The impoundment has no imﬁortant influence on the stability of the bank slopes. Lianziya and
Daping-Huanglashi sections which account to 5. 5km long are bad in stability before and after the im-
. poundment. There are B sections of bank slopes which account ta 48, 3km and are not good in the sta-
bility before the impoundment, The number will be up to 65. Bkm after impoundment,increasing 12km
mostly in the urban slope of Chongging city. ' I

The bank slopes with poor and not good stability mentioned above are mostly the ones in which
landslides . rockfalls .and dangerous deformed rock masses are densely distributed. Tt's predicted that the
movements and failures of bank slopes wﬂl maostly be caused by the revival of ald landslides and rock-
falls as well as unstabilization of dangeocus deformed rock masses

V . Harmfulness prediction and control to the failure of bank slope.

V — 1 Harmfulness analysis to the failure of bank slope

The harmfulness of the failure of bank slopes along Yangtze River around the three Groges-Pro-
ject is manifested mainly by the influence on the building of the key proiect,storage capacity,life ex-
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pectancy , shipping of the reserveir,safety of cities and towns along the bank.,planning of migration.
and siting of cities and towns, etc.

(1)The influence on the construction and utilization of Three Gorges Project

Large scale landslide and the bank slope with bad and not good stability are domjnantly ovef
25km away from the dam —site of sandouping movement and failure or revival of old landslides ean
not make direct harm to the construction and utilization of the project. The rising wave from the masses
sliding into the river will not exceed 2-3m high when it reach at the dam — site ,so it will not form a se-
rious menace to the dam and construction coffer. '

(2)The influence on the stbrage capacity of the reservoir

There are 4104 landslides and rockfalls whose volume is over ten thousands m®. Total volume of all
the landslides and rockfalls will be 2. 987 billion m® which only makes up 7. 59% of the total storage
capacity of the reservair 393 10°m®  at normal water fevel (175m) of impoundment of the Three
Gorge Reservoir. Among them ,there are 59 large and middle —scale landslides and réckfalls with bad
and not good stability whose volume is 0. 4 billion cubic metres. If ,according to a high estimation
12. 5% of the whole movement of slopes slide into the river, which makes up 0. 2% of total storage
capacity of the reservoir. So, landslide , rockfall and collapse is not a main source of deposits of the
reservoir ,so that has no essential influence on the life expectancy of the reservoir. '

(3)The influence on shipping

The landslides and rockfalls slipping into the river block the shipping in different degrees at low —
water season. If Lianziya and Huanglashi landslides move into the river at high water season or in ini-
tial stage of utilization of the project a certain influence on shipping will also be exerted. Because the
river will widen and deepen at normal water level of the impoundment , landslides and rockfalls sliding
into the river will not seriously blodk shipping. But,the harm resulting from the rising wave caused by
the landslide and rockfall into the reservoir. In influenced range to the shipping should not be
ignored. ' )

(4)The influenec on cities and towns and migration.

The landslides and rockfalls in the bank slope with bad and not good stability will influence .di-
rectly or indirectly, the migartion of local people and the movement of cities and towns along the
Yangtze River. .

V —2 Protecting measures against the failure of bank slopes.

Studying result of Xintan and Jibazi landslides shows that landslides undergo a rather long process
of deformation before sliding. Each of the large and middle —scale landslides and rockfalls, with bad
and not good stability ,have a volume of 340 million m®. 1t is highly estimated that there is 12. 5%; of
the whole unstabilzaition with 42 million m® in volume,in additional to ?0 million m* of soil land-
slide deposits. Furthermore ,by means of detailed exploration tests and long — term observation to the
landslides and rockfalls, it is possible to predict the time and place of the movement of bank slope and
landslides and rockfalls. An indispensable harness can also avoid and decrease the harm of the move-
ment of slope.

(1)Protecting principles;Based on the reality of the Three Gorges Project, protecting work should
comply with the following principles
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