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he Three Gorges Project 15 the fagest vdropower complex i the workd
T [he reservorr covers a tolal length of 374 km along the Yangize River
More than |2 nullion peaple have been resettled, and 12 counties and 116 towns
have been moved. Accompianying the Harge-sc abe construction of the relocation
project. all kinds of engmeered slopes are formed, meluding the  slopes mads
of residual =oil. clinosol, colluvial |,|n.,'||1--\. 1. earth |i;ill'lt'_. AT |II'|:.' sl and the
rock slopes with vanous strectures. According 1o the engimeering charactensics
of ditferent types ol slopes, many Kinds of reinforcement measurcs have been
adopted. such as shoicrete, frame beam, retaiming wall, slope stablizing ples and
sheet-pile wall. open cut wnnel chite, anchorage shear kevs, tlexible protecting
net and drainage. A svsiem for fiidgioring the slope deformation has been
established at the same 1ime

ks |'||,'||_|k '|1r;_'~.|_'|||w. mank |I.:'|II|EI‘- and selected cases on -..'I'|:_'II1I.'I.'I.'L"|.| :||l.'l|1l.'*- Ly
Tr.l'.n: reservolr area. 11 systemically introduces the pnncipal types ot slopes
and thear detormation and '-:_||||_||L' OGS, LN L'.“I'T'II'IL'L'I'II'I_ﬂ measures for :-||IT':.
protection, as well as slope protecting projects and construction achievements
This book also exhibits 1he new views of UMIMIErant wswns on the reinioreed

slopes.
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Forword

With its large and mountainous topography, China has suffered from serious landslide and mudflow hazards. The
large-scale economic construction has also raised serious slope stability concerns. Catastrophic landslides happened in
the engineered slopes created in mining, hydropower and transportation projects, bringing huge losses of human lives and
properties. On the other hand, valuable experiences have been obtained from many successful engineering slopes such as
those involved in the projects of Three Gorges, Xiaolangdi. and the Qinghai — Tibet Railway, etc.

The Chinese engineers and scholars working on geohazard mitigations and slope engineering are particularly privileged
to have the opportunity of hosting the 10th International Symposium on Landslides and Engineered Slopes in 2008. After
a warm discussion, we decided to publish the sister-volumes of albums entitled ‘Landslides in China — Selected Case
Studies” and ‘Engineered Slopes in China — Approaches and Case Studies’ respectively as gifts to the Symposium. The
landslide volume was edited by Dr. YIN Yueping and published in December, 2007. This ‘early bird” brought great pressure
and encouragement to us who had taken the responsibility of compiling the latter, an even big collection that consists of 4
volumes concerned with slopes of mining, highway and railway, water resources and hydropower, and the Three Gorges
Reservoir projects respectively. We are happy to see that this album has now come to reality as a result of the joint efforts
made by our colleagues working on different industrial and civil areas.

This album describes some important slope failure cases in engineering. The landslide of Yanchihe and the large ground
movement of the Hancheng Power Plant are typical examples of slope failures induced by underground mining. The former
buried a village and killed 284 people, and the latter caused more than 20 years sustaining slope movement and damages to
the power plant. Landslides triggered by excavations are common and the slope failure cases of Tianshenqiao II, Xiaowan
and Manwan projects are certainly worthwhile to be studied. Qianjianping Landslide is one case of slope failure caused by
filling of the Three Gorge reservoir. Although 128 people had successfully evacuated, it still resulted in 24 fatalities.still
many engineered slopes on highways and railways in the area of loess, frozen soil and deserst are specific in China.

This album contains a number of large-scale successful engineered slopes. The navigation lock of the Three Gorges
project involves an excavation of 22x10°m’ rocks and the issue of stress release had been a serious concern, to which
the answer is available now. The intake and outlet slopes of the Xiaolangdi Project were built in Tertiary inter-bedded
sandstones with thick clay seams. As these slopes accommodate all water diversion facilities of this 165 m high embankment
dam, the successful performance during construction and operation has been a great contribution to this key project in the
Yellow River. The left abutment of the 304 m high Jinping arch dam necessitates a 530 m deep excavation with a sloping
of 0.5~0.3 (H) on 1 (V). Readers will also be impressed by the pictures that describe the new cities for the 1.2 million
resettlement people of the Three Gorges Project. Tremendous efforts have been made to ensure safe performance of these
slopes.

We would like to extend our sincere thanks to Office of Three Gorges Construction Council under the State Council.
China Hydropower Engineering Consulting Group Corporation, China University of Mining & Technology, Beijing and
CCCC First Highway Consultants Co., Ltd for their financial support and efforts in collecting all the necessary information.
Special thanks also go to those who offered their valuable photos and documents. To mention them one by one appears to be
impossible, but their contributions will be remembered. We are particularly indebted to Professors George Tham, Zhongqi
Yue, Charles Ng, and Jianhua Yin from Hong Kong, who organized the English translation work. We are especially grateful
to Mrs. So Po Yuen, Cynthia, who edited the English language voluntarily for all the 4 volumes based on her technical

assistant’s work. Without their effort, the English texts of this book would not have been made possible.

CHEN Zuyu
FENG Maorun
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PREFACE

The Yangtze River Three Gorges Project is the largest
hydropower-complex project under construction in the world.
Since commencement of the project in 1994, construction and
resident relocation have made smooth progress. First phase
goals including impounding water level to 135 m, ship lock
navigation, combining the first batch of units to the grid had
been achieved by June 2003. The reservoir water level had
been raised to 156 m by October 2006. According to the design
schedule, the Three- Gorges Project will be completed in 2009.
After completion, its normal pool level will be 175 m, the
total capacity of the reservoir will be 3.93x10'" m’, the flood

control storage will be 2.216x10"° m’, the installed capacity of

hydropower station will be 18,200 MW, the average annual
energy output will be 8.84x10'° kW-h, and 10,000 DWT
commercial ship fleets will reach the Chongqing Harbor
upstream of the reservoir.

The dam of the Three Gorges Project is located on
Sandouping, Yichang City, Hubei Province. The reservoir is a
long narrow valley one 574 km in length along the mainstream
of the Yangtze River. There are over 50 main tributaries in
the reservoir segment, namely Xiangxi River, Daning River,
Xiaojiang River and Wujiang River. The total length of
the reservoir bank line is about 5,300 km. The area of the

reservoir water surface is about 1,000 km” and the area of

ZIEEE, 2001818178

The Yunyang Landslide happened on January 17th , 2001
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submerged land is 600 km® approximately.

The relocation project of the Three Gorges Reservoir
Areas involves 20 counties (districts) of Hubei Province and
Chonggin City including 277 villages and towns. They are
Yilin District, Zigui County, Xingshan County and Badong
County of Yichang City, Wushan County, Wuxi County,
Fengjie County, Yunyang County, Wanzhou District, Zhong
County, Kai County, Shizhu County, Fengdu County, Fuling
District, Wulong County, Changshou District, Yubei District,
Banan District, Jiangjin District and downtown of Chongqing
City, etc. Among them, twelve counties (cities) need to
be partly or completed relocated. They are Zigui County,
Xingshan county, Badong County, Wushan County, Fengjie
County, Yunyang county, Wanzhou District, Zhong county,

Kai County, Fengdu county, Fuling county and Changshou

District. Over 1,200,000 people and 1,629 industrial or mining
enterprises need to be moved. Besides, 820 km roads and 198
bridges need to be rebuilt.

The Three Gorges Reservoir Area is located on
mountainous terrain, where the landform varies éreatly, the
geological conditions are complex, and the environmental
capacity is limited. Under the large-scale relocation
projects, many engineered slopes were inevitably formed
along with the construction of new towns. Among them,
2,874 slopes totaling about 8.38x10° m” in surface area
are found in densely populated zones and zones affected
by engineering establishments. They need to be protected
by using engineering measures. The Chinese government
puts high priority on slope protection in the Three Gorges

Reservoir Areas, and a special fund has been put in place and

BRFK CEBREE

A new cities resettlers built in the slopes

implementation plans have been formulated.
‘ Effective protection measures have also been
" carried out to ensure slope stability and the

prevention of disasters.

The relocation project of the Three

Gorges Reservoir Areas has been in progress
for over ten years and has achieved initial
results. 12 relocation counties (cities) and
116 towns requiring relocation have basically
been completed. The project has amassed
abundant knowledge and experience in
resident relocation, ecology construction,
environmental protection and management
of geologic hazards, and is a paradigm of

successful large-scale hydraulic relocation

projects.
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1 Geologic Background to Town Construction
in the Three Gorges Reservoir Areas

1.1 Geographical Environment

The reservoir area of the Three Gorges Project spans the south side of the
Daba Mountain and the west of Hubei Province. The region to the east of Fengjie
County, a mountainous area bordering between Sichuan Province and Hubei
Province, is composed mainly of middle mountain canyons. The Yangtze River
cuts the canyons perpendicularly or at an angle forming many valleys, whose
elevation variations are 800 ~ 1,500 m. These valleys are narrow and their
slopes are steep. Most slopes have gradients of 30°~50°. The region to the west
of Fengjie County is a hilly valley segment. It comprises a series of anticline
low mountains in a NE ~ SW direction, arranged in a parallel spread in the area.
The elevation declines gradually from the east to the west, from middle or low
mountains with elevations of 800 ~ 1,000 m gradually to hills with elevations of
400 ~ 600 m. About 74% of the Three Gorges Reservoir Areas are mountainous
regions, 21.7% are hilly areas and 4.3% are valleys and flat land.

The Three Gorges Reservoir Areas has a subtropical monsoon climate with a
large quantity of heat, abundant rainfall and a mean annual precipitation of about
1,100 mm. The mean annual temperature of the valley areas with elevations
lower than 500 m is 17~19°C. The mean annual runoff of the Yangtze River
segment at damsite is 4.51x10"" m’ and its mean annual sediment discharge is 0.53

billion tonnes.
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