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The Three Gorges Project (TGP) is such a large project that it has aroused extensive concerns
both at home and abroad. Its ecological and environmental issues, in particular, have become
the focus of attention, so much so that there were worries on the feasibility study stage that
whether or not the ecological and environmental issues would affect the start of the project.
I was then working at the Chinese Academy of Sciences (CAS), participated in demonstration
of the project, and wrote a report on its ecological and environmental impact and other
researches. I was then appointed to lead the CAS leading group for the TGP Ecological and
Environmental Studies. On recalling my experiences, I am filled with deep feelings that it is
not an easy job.

It is often the case with a mega project that there are both advantages and disadvantages.
Since the state decided to build the project based upon a trade-off, the mission of our scientists
was to do whatever possible to avoid disadvantages and display advantages—reducing its
adverse impacts on the ecology and environment and trying to maximize the benefits.
The TGP eco-environmental impacts are very complicated and some are of long-term in
nature. The scope they cover is so extensive, the influencing factors so many and the concerns
so intensive that they have never been seen in the history of hydropower engineering at home
and abroad. With pressures mounting, we had to save time and start our planning of
TGP Ecological and Environmental Monitoring System (TGPEEMS) immediately and sum up
our experiences for perfection, just as Dr. Zhou Guangzhao, Vice-Chairman of the Standing
Committee of the National People’s Congress (NPCSC) and academician and president of
CAS, and Mr. Guo Shuyan, Vice-Chairman of the State Council Three Gorges Project
Construction Committee (SCTGPCC) said at a interview discussing the problems in
September 1993 that the pressing task was to establish as soon as possible TGP’s own
ecological and environmental monitoring system, obtain the baseline data and, on that basis,
get command of the changing trend and the logic governing these changes, identify problems
that might be caused by the dam and adopt timely measures to ease them.

Starting from 1994, coordinated by the Executive Office of the SCTGPCC, some related
CAS research institutes began to take an active part in planning and building the TGPEEMS.
A dozen state departments and many scientists poured their energy and sweat into the effort
from implementary plan and review to the official start of the project. Thanks to their 10 years
of hard work, the project has proceeded smoothly. After June 2003, a number of objectives
have been realized one after another, including reservoir impoundment, power generation, and
the permanent shiplocks open to traffic. The TGP ecological and environmental monitoring
system also accumulated a wealth of background materials before the impoundment. The
reservoir began to take shape. The impact of the project on the ecology and environment also
began to reveal itself. After the dam is completed, resettlement and eco-environmental pro-
tection would become a long-term task.

The TGP ecological and environmental monitoring is a massive work in terms of content,
scale, and scope. Many thorny problems have to be resolved such as how to make scientific
and rational arrangement and how to timely master and control changes caused by the dam.
This book, “Three Gorges Dam: Monitoring Network and Practice”, written by Dr. Zhenli
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Huang and others, who have participated in the planning and building-up of the system, is the
first exhaustive account of the experiences and shortcomings in building the system based
upon completing the baseline material monitoring, with theories well integrated with practice.
This is very important and of great significance. It is believed that the book may well serve as a
guide to further upgrading the monitoring system and is of great reference value in under-
taking similar work.

It is, therefore, my pleasure to write this preface.

April 2017 Chen Yiyu
Former Chairman of the National Natural Sciences

Foundation Committee, Academician of the Chinese

Academy of Sciences, Beijing, China

Foreword



The Three Gorges Project (TGP) is a mega-water control project that has attracted worldwide
attention. It is a key project in harnessing the Yangtze River, bringing about benefits in flood
prevention and control, power generation and navigation. However, the project will partially
change the hydrological regime of the Yangtze that will induce changes in and exert impacts
of different degrees on ecology and environment and even on the whole social and economic
development in the middle and lower reaches of the river. Prior to the start of the project,
China had organized national research institutions to carry out a demonstration work and
compile the “TGP Environmental Impact Statement (EIS)” from different perspectives,
including natural environment, social environment, public concerns and the impacts on
ecology and environment, on the basis of a huge amount of investigations, studies, and
scientific experiments.

In accordance with EIS requirements and official directions, the Executive Office of
SCTGPCC organized in 1996 the preparation of an Action Program to establish a TGP
ecological and environmental monitoring system, covering such areas as water power, envi-
ronmental protection, agriculture, forestry, meteorology, health, geology and mineral resour-
ces, earthquake, and communications, with a joint effort by a number of departments and units,
including CAS, the China Three Gorges Corporation (CTGC), and related departments of
Hubei Province and Chongqing Municipality. The system is designed to track down and
monitor the ecological and environmental impacts that might be caused by the construction
and operation of the dam, and to issue timely warnings so as to provide scientific basis for the
management and for the central leadership to take policy decisions and to accumulate a
complete data for a retrospective assessment of the TGP environmental impacts.

The monitoring system covers mainly the Three Gorges reservoirs area, with its extension
reaching the middle and lower reaches of the river, the estuary, and other related areas. It
mainly undertakes to monitor the changes and development trends of all ecological and
environmental factors to be affected by TGP, explores laws governing the changes before and
after the dam is erected and maintains a good dynamics of the ecosystem in the project affected
areas. Apart from the monitoring objectives, the system will also provide countermeasures to
mitigate adverse effects and carry out experiments and demonstrations to drive for a harmo-
nious development of economy and environment. In regard to issues which have no thorough
understanding, more active efforts will be exerted in experiments and applicable researches for
a systematic solution to construct the ecology and specific countermeasures to optimize the
solution.

A fair TGPEEMS has taken a complete shape through 10 years of hard work, including
several major adjustments and supplements in view of making it standardized, scientifically
and systematically. The system has 12 sub-systems, including 15 key monitoring stations, 4
for experiments and some dedicated to special purposes, covering disciplines such as
hydrology, water quality, atmosphere, terrestrial animals and plants, aquatic life, agricultural
ecology, eco-agricultural experiments, social and economic development, pollution sources,
and public health. Thanks to the Executive Office of the SCTGPCC, who played a key role in
mobilization and coordination, specialized monitoring networks have been set up, such as the
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one in the dam-site area, and those for possible induced-earthquake and geological disasters in
the reservoir area as well as the sediment stations in the reservoir and downstream one after
another on the stem of the river. Together, they have formed the TGPEEMS. By June 2003,
when the reservoir began to store water, the system had already accumulated a lot of baseline
data and materials about the ecological and environment.

The TGPEEMS has gone through a process of planning—adjustment—recompilation, which
is also a cycling of theory-practice-improvement. This system is China’s only trans-regional,
trans-sector comprehensive monitoring and research-oriented network involving multiple
disciplines. It is an essential part of the ecological and environmental protection program of
TGP. It is also an engineering network essentially different from those operated by relevant
governmental agencies. For the sake of saving costs, the system relies mainly on the existing
monitoring contingents of different departments and units and places it in the service of the
TGP.

The TGPEEMS had nothing to go by in its making-up, only with the approved TGP EIS as
its basement, while there were new situations and new problems cropping up in the course of
construction. Financial constraints and the segmentation control of Yangtze River by different
departments imposed great challenges to us both in the building and operating of the program,
so that it experienced coordination technically and administratively.

The book is a tentative account of the planning and operation of the TGPEEMS, over
which I presided, not only as a participant. I hope that it would be of some reference and
guidance in the ecology and environment monitoring particularly after the reservoir is
impounded. I came to work with the Technology and International Cooperation Department,
Executive Office of the SCTGPCC in September 1993. As a leading member responsible for
technology, I was fortunate enough to personally experience the compilation, building, and
improvement of the monitoring system, which is a crystallization of hard work and sweat of
scientists, technicians and people of central government departments. Without the wise
leadership and the support of the older generation of scientists, it would have been impossible
to complete this monitoring system, make it work efficiently and fulfill all the anticipated
monitoring tasks.

The book has nine chapters. Chapter 1 is an introduction to TGP, including the dam project,
people resettlement, and power transmission, together with an overview of the pre-TGP
ecological and environmental situation of the reservoir area and the Yangtze River basin as a
whole. Chapter 2 is devoted to the environmental impact assessment (EIA) of the TGP, which
contains basic and background information about the TGP ecological and environmental
monitoring system, including its arrangement and targets. Chapter 3 is a briefing of the
environmental protection and monitoring practice of big dams at home and abroad, such as the
Aswan High Dam, the Itaipu Dam of Brazil, the Glen Canyon Dam of the United States, and
the Ertan Dam of China, with a hope to draw on alien experiences. Chapter 4 gives a general
picture of the TGP monitoring system, depicting the course of events, general structure, and
the characteristics. Despite the difficulties and complicatedness, we have tried to present a
framework of the general structure and an indicator system from the perspectives of theory,
management, and operation. Chapter 5 is devoted to a detailed description of each major
monitoring station in the sequence of sub-systems, chosen according to the conclusions
reached in the EIA and the characteristics of the environmental impact of the hydropower
project. Chapter 6 is about the plan for building the system, which is essential for its man-
agement. There have been two scenarios for building the information system: one is decen-
tralized management (management by different key stations) and centralized management
(management by the information management center). We have chosen the centralized
management scenario for fear of data being lost and for the purpose of leaving comprehensive
and complete monitoring data to future generations. Chapter 7 is devoted to the achievements
at different key stations, which are only the tentative summation of the technical reports of
various key stations, without an integrated analysis of the monitoring system as a whole.
Chapter 8 gets deeper into problems about key stations and targets of monitoring as dictated
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by the new situations and new problems after water is stored. Chapter 9 introduces a series of
measures and progress with regard to environmental protection since the start of the TGP.

Presented in the book are also a large amount of color photos taken and carefully chosen by
the authors for the purpose of presenting additional visual information.

Our gratitude should go to Mr. Zhang Dazhi for his careful review of English.

The TGP ecological and environmental problems are very complicated, involving many
disciplines of study, which all have their own terms, standards, styles, and habits of writing.
Due to limitations of knowledge on the part of the authors, some terms and way of expression
may not be professional or accurate. What we can do is to base our analysis and judgment on
solid grounds and evidence. Errors may exist and it behooves us to invite in real earnest bona
fide criticisms and comments from the readers.

Beijing, China Zhenli Huang
April 2017
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trans-regional, trans-sectoral, multidisciplinary, integrated and research-oriented project,
targeted at the ecological and environmental problems that might be caused by the Three
Gorges Project (TGP). The system tracks and monitors possible ecological and environmental
problems during TGP construction and future operation, provides timely forecast and
warnings and lays scientific basis for the management of the ecology and environment in the
process of TGP construction and for the management agencies to take policy decisions in
addition to providing complete data for the retrospective assessment of the TGP’s
environmental impacts.

This book is the first academic monograph on the TGPEEMS, initiating a primary study
and an overview at an angle of planning level. It looks at the achievements in the assessment
of the TGP environmental impacts, sums up experiences of large dam projects at home and
abroad in this respect, forms a general framework of the TGPEEMS, plus its sub-systems and
the information system; discusses the key and difficult technologies involved in building the
TGPEEMS, and gives a brief account of the achievements in the baseline data monitoring. In
the end, this book studies modifications of the TGPEEMS to adapt it to the changing situation
after the impoundment of the reservoir and produces a general picture of countermeasures and
progresses already made in this respect.

The Chinese version of this book was published in September 2006 by China Science Press
and English version will be published in 2017 jointly by China Science Press and Springer
Press. The book is a valuable reference for researchers and professionals of universities and
research institutes in environmental protection and monitoring work, specialists of different
organizations in this field, relevant government officials, and readers who are interested in the
TGP ecological and environmental monitoring.
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1.1 Features of the Three Gorges Project

(TGP)

The Yangtze River (also called Changjiang in Chinese), the
largest in China and the third in the world, is originated in
the southern side of the Gela Dandong snow-capped
mountain on the Qinghai-Tibet Plateau. Measuring
6300 km in length of the mainstream, it drains about 1.8
million kmz, about one-fifth of the total land territory of
China. Its total volume of water flowing into the sea aver-
ages annually 960 billion m®. Its total water power potentials
come to about 268,000 MW, about 40% of the nation’s total
and the exploitable reserves are about 197,000 MW. The
Three Gorges section of the Yangtze is one of the places
holding the biggest water power reserves in the world.

The idea of developing the hydropower of the Three
Gorges and improving navigation conditions of the Yangtze
was initiated by Dr. Sun Yat-sen, the pioneer of the
Democratic Revolution of China. He first mentioned it in the
article “Industry Planning” in 1919; and again in 1924 in his
article “Principles of People’s Livelihood”, he further
expounded the importance of developing the hydropower of
the Three Gorges. The initial research started at the begin-
ning of the 1930s, when the Construction Commission of the
Kuomintang Government in Nanjing organized, in October
1932, a survey group to investigate the hydropower poten-
tials in the upper Yangtze. The survey team compiled a

© Science Press and Springer-Verlag GmbH Germany 2018

“Survey Report on Hydropower in the Upper Reach of the
Yangtze,” which recommended a low-dam plan at Gezhouba
or Huangling Temple upstream of Yichang, Hubei Province,
after deliberating the technical conditions and the scope of
power supply. The low dam proposed would be 12.8 meters
high, with a shiplock, and the installed power-generating
capacity would be 300 MW. In April 1933, the Yangtze
Waterway Control Committee put forward a “Hydropower
Plan of the Upper Reach of the Yangtze”. But the proposal
was pigeonholed in 1936, when Austrian Engineer Mr.
Brandt (Brown), advisor to the Yangtze Water Resources
Committee, advanced the idea that it was too difficult to
launch the mammoth project under the then poor social and
economic conditions and even it were a success, the huge
amount of electricity could not be marketed, had he studied
how to improve the navigation conditions of the Three
Gorges and develop the hydropower resources.

The earliest to offer a specific development plan was an
American Economist Mr. Passhal, who, in 1944, proposed a
power plant at the Three Gorges with a total installed capacity
of 10,500 MW so that the cheap hydropower would be used to
power a fertilizer plant invested and equipped by the United
States to pay off the American debtin 15 years. In May of the
same year, the Resources Committee of the Kuomintang
government invited Dr. J.L.. Savage to China, who was the
chief design engineer of the U.S. Bureau of Reclamation and
the world famous dam expert. With an on-the-spot on-foot

Z. Huang and B. Wu, Three Gorges Dam, https://doi.org/10.1007/978-3-662-55302-2_1



survey, he wrote a “Preliminary Report on the Yangtze Three
Gorges Project Plan”, suggesting a 200-m high dam some-
where between Nanjinguan and Shipai 5-15 km upstream
Yichang, with an installed capacity of 1056 MW, also to
benefit flood control, irrigation, and shipping.

Then, the Resources Committee of the Kuomintang
government organized a series of surveys. In 1945, it orga-
nized a Three Gorges Hydropower Planning and Technical
Committee to discuss the plan, covering issues such as
shipping, irrigation, flooding of the reservoir area, resettle-
ment of the displaced people, fertilizer manufacturing, and
the measurement of the reservoir. In August of the same
year, a Three Gorges survey team was formed. At the
beginning of 1946, the Changjiang Water Resources Com-
mission (CWRC) carried out surveys and came out with a
number of reports, including the “Survey Report of the
Yangtze Three Gorges Reservoir”, the “Investigation Report
on the Economy of the Three Gorges Reservoir Area” and
the “Yichang Report on Three Gorges Geology”. In the
same year, more than 50 Chinese engineers and technicians
were sent to the United States to participate in the designing
of the Three Gorges project, which was stopped due to the
tumultuous political situation of civil war in China.

The People’s Republic of China was founded in 1949,
when everything was awaiting for development. The Three
Gorges project caught the attention of the Chinese govern-
ment. But it took 38 years from the verification to its
approval in 1992, with several generations of Chinese sci-
entists and engineers endeavoring heart and soul to the
project. Also, many experts from the former Soviet Union,
the United States, and Canada participated in the project
planning, designing, and consultation. As result of meticu-
lous studies, full discussions, and repeated reviews, a
“Feasibility Study Report of Three Gorges Water Control
Project” was completed in May 1989, with the main con-
clusions as that the project is necessary for China’s mod-
ernization program; it is feasible technically and reasonable
economically; it is better to be built than never and it is

1 An Overview of Project and Its Environmental Issues

favorable to be built earlier than late. In the following, the
State Council set up a temporary Three Gorges Project
Examination Committee (TGPEC) inviting 163 experts of all
disciplines to scrutinize the feasibility study report and got it
sail through an executive meeting of the State Council. On
April 3, 1992, the fifth session of the 7th National People’s
Congress adopted a resolution, giving green light to the
construction of the Three Gorges Project.

The TGP is a superlarge hydropower project with huge
comprehensive benefits in flood prevention and control,
power generation, shipping, and water supply. It is so large
that it has attracted worldwide attention. In a narrow sense,
TGP refers to the Three Gorges Water Control Project, that
is, the Three Gorges Dam. But in a wide sense, it consists of
the Dam, people resettlement, and the power transmission.
Construction preparations started in 1993, with the State
council Three Gorges Project Construction Committee
(SCTGPCC) being set up, for which the Premier was the
head, and empowered it with taking major policy decisions.
Under the committee, there established an Executive Office
(responsible for organization and coordination), a Supervi-
sion Bureau, a Resettlement and Development Bureau (re-
sponsible for the organization and coordination of
resettlement affairs)', and the China Three Gorges Corpo-
ration (CTGC) (owner of the water control project). Con-
struction, operation, and management of the power
transmission were entrusted to the former State Grid Cor-
poration of China (SGCC) affiliated to State Power Corpo-
ration of China (SPCC). The people resettlement project was
put under a mechanism of unified leadership by the central
government, separate responsibilities to Chongqing Munic-
ipality and Hubei Province and the counties as the basic
units. On December 14, 1994, TGP construction was set to
motion officially. On November 8, 1997 the river was closed
successfully. After June 1, 2003, the water pool level of the
project reached 135 m; the permanent shiplocks started
operation; the first group of turbine-generator units went on
operation. Benefits of the project began to reveal.

"In December 2001, the Executive Office of SCTGPCC, the Supervi-
sion Bureau and the Resettlement and Development Bureau of
SCTGPCC merged to become the new Executive Office of the
SCTGPCC, responsible for organization, service, coordination, and
supervision.



1.1 Features of the Three Gorges Project (TGP)

Three Gorges Dam holding water. The barrage structure on the left bank is completed and those on the right bank are still under construction.

(Photo by Xinhua Reporter, May 2005)

1.1.1 The Dam Project

As defined in the “Brief Report (revised in 1990) on the
Comprehensive Utilization of the Yangtze River Basin”
officially approved by the State Council in 1990, the Three
Gorges Dam is the key project for controlling and devel-
oping the Yangtze River. Its main tasks are to prevent and
mitigate disastrous floodings in the middle and lower reaches
of the river, especially in the Jingjiang section of the main
stem, provide electricity to central China, east China, and
eastern Sichuan Province, and improve the navigation con-
ditions of the Yangtze River section from Chongqing to
Yichang and to the middle reach of the river as well.

To carry out the Three Gorges Project, a principle has
been set as “one-cascade development with the dam to be
compiled at one go, while reservoir impoundments in stages
and people resettlement in a continuous sequence.” It means
to build one dam in the section from Chonggqing to the Three
Gorges dam site and complete it to the final scale one time,
while to impound the reservoir stage by stage to ease the
difficulty in people resettlement and to obtain actual obser-
vation data about siltation of the reservoir at the beginning of

the operation and verify the experimental research. The
continuous resettlement means to resettle the people of the
reservoir area under a unified plan without any suspension
once it starts.

The Three Gorges Dam is located at Sandouping town,
the middle section of the Xiling Gorge, one of the three
gorges, about 40 km from the Gezhouba Dam. The dam
commands a basin area of about one million kmz, with an
average yearly runoff of 451 billion m®. The normal water
level of the Three Gorges reservoir is at EL175 m
(Wusong’s sea level hereafter is a reference point for the
altitude in this book), and the flood storage is up to E1.145 m
and the lowest drawdown in the dry season is at E1.155 m,
corresponding to a total storage, a flood control capacity and
an active storage, respectively as 39.3 billion m’, 22.15
billion m?, and 16.5 billion m>. Figure 1.1 shows the general
layout of the Three Gorges Project, including the water
barrage structures, the hydropower plants, and the navigation
facilities.

The dam is of a concrete gravity type dam, with its crest
at EI.185 m, an axial length of 2335 m, and a maximum
height of 175 m. The spillway section of the dam is situated
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Fig. 1.1 Layout of the Three Gorges Dam

centrally, flanked by the power plant sections plus the
non-overflows.

The power houses are of the behind-dam type, the left
equipped with 14 units and the right with 12 units, 700 MW
each, totally 18,200 MW, for an annual electric power
generation of 84.7 TWh.

The navigation facilities are all arranged on the left bank,
composing of the double-line five-step shiplocks and a
single-line one-stage vertical ship lift, for a combined
one-way throughput capacity about 50 Mt/year.

The main working volumes of the project include 10,283
million m> of earth and rock excavation, about 31.98 million
m’ of backfill, about 27.94 million m® of concrete, 260,000
tons of metal work and 460,000 tons of steel bars. Calculated
by the price at the end of May 1993, the total static cost is
estimated at ¥50.09 billion.

The project has been undertaken in three phases: The first
was to build a longitudinal cofferdam on the small Zhongbao
Island on the right bank for making a construction pit of the
open channel; and to build a temporary shiplock on the left
bank. The second was to build the spillway section, the dam
section of power house, and the power plant on the left bank,
plus other the permanent facilities. During that phase, water
and ships would pass through the open channel, but during

flood season ships would also be handled by the temporary
shiplock. The second phase was to see water blocked,
electric power generated, and the permanent shiplocks open
to traffic. The third phase turned to the open channel again,
which was to build the dam section of power house and the
power plant while constructions on the left bank were going
on for completion.

The first phase including preparatory work covers 5
years, from 1993 to 1997, symbolized by damming the river.
The second is 6 years, marked by the operation of the first
group of generating units in 2003. The third is 6 years, up to
the year 2009. Therefore, it had taken 11 years from the
preparation to the first power generation covering the per-
manent shiplocks ready for traffic. The whole project has
been completed in 17 years, everything going as scheduled.

1.1.2 The Resettlement Project

The number of people displaced and the physical substances
to be resettled of submergence are rare in the history not
only of China but also of the world. At the normal water
level, EI.175 m, it affected 6301 natural communities of
1680 administrative villages belonging to 277 townships of



1.1 Features of the Three Gorges Project (TGP)

20 counties in Hubei Province and Chongqing Municipality.
Two cities and 11 county seats and 116 towns and townships
have been relocated and rebuilt partially or entirely. The
water surface of the reservoir against a 5-year-frequency
flood (a flood that has one-fifth chance of occurring in any
given year) is 1045 km?, inundating 600 km? of land areas,
but that against a 20-year-frequency flood is 1084 km?, with
632 km®> (1.11% of the whole reservoir area) of land
submerged.

There are eight county seats submerged wholly or par-
tially: Guizhou Town of Zigui County, Gaoyang Town of
Xingshan County, Xinling Town of Badong County, Wuxia
Town of Wushan County, Yong’an Town of Fengjie
County; Shahe Town of the former Wanxian County, Han-
feng Town of Kaixian County, and Mingshan Town of
Fengdu County. The Yunyang County Seat, Yunyang Town,
has been under water for most part of it. The city districts
and county seats submerged partially include Wanzhou
District, Fuling District, Zhongzhou Town of Zhongxian
County, and Chengguan Town of Changshou District.
According to the 1991-1992 survey, there were 26,000 km?
of cultivated and vegetable land to be inundated and 847,500
people to be resettled, (288,200 rural and 559,300 urban
people including those of factories and mines). In consid-
eration of the natural growth and other reasonable factors,
the people to be resettled by 2009 would come to about 1.13
million. The static investment in resettlement would come to
¥40 billion (at the price level at the end of May 1993).

The Three Gorges Reservoir is of a typical river-type,
600 km long and only 1.1 km wide on average, about twice
as wide as the natural river, affecting 277 townships of 20

Guihua new village for displaced people in Wushan County (Photo by
Huang Zhenli)

Street view of the new county seat of Xingshan (Photo by Huang
Zhenli)

counties, without a submerge of a whole county. Inundation
is only a small territory portion of those affected counties, 1—
4% of the total cultivated areas of a county, with Zigui
County, being suffered most heavily, losing 5.9% of the total
cultivated land.

1.1.3 The Power Transmission Project

The power transmission project is an important TGP part,
equipped with a total installed capacity of 18,200 MW,
supplying electricity to central China, including Henan,
Hubei, Hunan, and Jiangxi, with a designed transmission
capacity of 9000 MW through 500 kV AC facilities. To east
China, covering Shanghai, Jiangsu, Zhejiang, and Anhui, it
has a capacity of 7200 MW through 500 kV DC lines. It
supplies also electricity to Guangdong through a 500 kV DC
line with a transmission capacity of 3000 MW. With all the
above completed, a TGP power grid is formed linking
central China, east China, and south China, which can also
connect to the neighboring power grids for a purpose of
establishing a whole nation power grid. The total cost of the
TGP power transmission is estimated at ¥27.532 billion as
calculated at the price of late May 1993.

1.1.4 The Reservoir Characteristics

At the normal pool level, El.L175 m, the reservoir water
extends 660 km upstream from the dam site to Jiangjin, with
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an area of 1084 km?, flowing through low hilly land and low
mountain valley areas of east Sichuan and Hubei, typically
of a river alike, for a width from 700 m to1700 m on the
main stem, mostly not more than 1000 m in width, but the
section of 150 km from Wanzhou to Fengdu, which is more
than 1300 m wide. The tributaries are generally 300—600 m
in width and there are 171 tributaries with a backwater above
1 km in length, totalling about 1840 km. There includes 16
tributaries with a backwater over 20 km each, totaling
1083 km, 59% of the total tributary length of the reservoir.

The reservoir is operated to satisfy different requirements
such as for flood control, power generation, navigation and
sediment flushing. The operation process is shown in
Fig. 1.2. Every year from late May to early June will see a
water level drawdown behind the dam to the flood storage
level, EL.145 m, which is normally kept during the flood
season from June to September, to discharge a flow almost
the same as that of the natural condition. If a big flood
occurs, the pool level will be raised to hold flood water, but
when the flood peak is over, it is reduced again to E1.145 m.

At the end of the flood season in October, the reservoir
begins to store water to raise the water level gradually to
EL175 m, and it will be kept at high levels as many as
possible, to make the power plants operating according to
peak load requirements. By the end of April the pool level
should not be lower than 155 m in order to ensure a nec-
essary power head and an adequate water depth for navi-
gation upstream. Then, the next May will start another pool
level drawdown, indicating that the dry season downstream
discharge of a normal-water-year and a rich-water-year will,
therefore, increase significantly as compared with the natural
conditions.

According to the reservoir operation scheme, the reser-
voir water of dry season can extend back to Jiangjin of
Chongqing, but in the other seasons, due to the regulated
water levels lower than those of the natural conditions at
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Fig. 1.2 Operation mode of the Three Gorges Reservoir
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Cuntan hydrological station, the river section at Chongqing,
known traditionally as “Chongqing section of the Yangtze”,
appears in a natural condition. However, the hydrological
regime undergoes a great change at Fuling and Wanzhou,
where the river channel has become a part of the reservoir,
the middle section of the reservoir.

1.1.5 Main Benefits of the TGP
Flood Control

The TGP is deemed to be an irreplaceable key project in
controlling serious floods in the middle and lower reaches of
the Yangtze, for the upper Yangtze generates flood peaks
much larger than the carrying capacity of the middle and
lower reaches, especially at Jingjiang where the ground
outside the banks is lower than the flood water level, like a
“suspended” river. Once an extraordinary flood occurs, it
would overtop the dykes, directly threatening the 15 million
people, 1.53 million ha of farmland and a number of big and
medium-sized cities and enterprises and vital communication
facilities in the Jianghan plain and the Dongting Lake areas.
That had always been a potential danger to China. With the
completion of the TGP, forming a large reservoir of 39.3
billion m® in storage, 22.15 billion m’ of which is set for
regulating flood peaks and storing flood water, it thus raises
the flood control capability of Jingjiang up to a standard
against a 100-year-frequency, and if combined with other
measures, it can prevent the occurrence of devastating
floods. So, the building of the TGP is an important move to
ensure the safety of the people and economic development in
the middle and lower reaches of the Yangtze.

Power Generation

The TGP is an important component of China’s energy
program and power production, and one of the important
measures in balancing the proportions of energy sources,
realizing electricity to be transmitted from west to east and
unifying the arrangements of electricity supply of the whole
country.

The total installed capacity of the TGP is 18,200 MW
(26 x 700 MW/unit), with an annual output of 84.7 TWh,
and if plus the six generating units of the underground plant
and the two plant power supply units, the total installed
capacity is up to 22,500 MW, accounting for one-tenth of the
national total in 1996. At the same time, Yichang of Hubei
Province, where the Three Gorges Hydropower Station is
located, is about 1000 km from the main power load areas in
the east and south of the country, all in a scope of economic
power transmission. Therefore, the TGP power station is the
leading station in the national power grid in the future,
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obviously, occupying a significant position in the country’s
energy development program and power production.

Navigation

The Yangtze River is regarded as China’s “golden water-
way”, with a navigable length of more than 70,000 km, or
70% of the national total for an annual shipping volume
about 80% of the national inland waterway transportation,
and in particular, it has always been a shipping artery for the
east, mid, and west China. But the navigation channel,
especially the 660 km-section from Yichang to Chongqing,
runs through steep canyon, where the water head is as high
as 120 m, the current is rapid and dangerous reefs are
numerous; the depth and width of navigation routes are not
enough; and the shipping cost is high.

The TGP will improve fundamentally the navigation
conditions of the section from Chongqing to Yichang, with
dangerous reefs submerged, navigable depth increased,
water current gentle and navigable water surface widened,
allowing a 10,000-ton towboat to Chongqing from Shang-
hai. The one-way annual handling capacity will be raised
from the current 10 million tons to 50 million tons while the
shipping cost will be lowered by one-third. When the golden
waterway comes true, low shipping cost and great handling
capacity will be realized, demonstrating a far-reaching sig-
nificance in mitigating load pressure to rail transportation
and accelerating cargo flowing between east and west and
changing the industrial arrangement.

Other Benefits

Hydropower is a kind of clean energy. The Three Gorges
Hydropower Station can replace seven 2600 MW thermal
power plants, thus saving 50 million tons of coal annually
and reducing emission about 100 million tons of CO,, 2
million tons of SO, 10,000 tons of CO, 370,000 tons of NOx
compound, and other industrial wastes. It thus plays a major
role in reducing acid rain, fly ash and other pollutants for
China, so as to mitigate the global warming effect caused by
CO, discharge. Besides, the TGP will help slow down sil-
tation and shrinkage of the Dongting Lake and improve water
quality of dry season for the middle and lower reaches of the
Yangtze, as the reservoir is an important water source of
China.

1.1.6 TGP Construction
Dam

The project officially started in 1993 and has been pro-
ceeding well on schedule, under an effective organization

and coordination by the China Three Gorges Project Cor-
poration (CTGPC) and the support of the governments at all
levels and the people of the whole country and by efforts of
nearly 20,000 stuffs from designing, engineering, and
supervision units.

The river was closed successfully in November 1997,
with the second-phase cofferdam completed before the flood
season, which stood tests of eight major flood peaks in 1998,
ensuring the safety of the construction pit. In 1999, the dam
construction turned from excavation to concrete pouring on
a large scale, with a world record of annual 4.58 million m®
of concrete placement created, averaging 554,000 m® a
month. But the record was renewed in the following year,
when 5.43 million m® of concrete were placed.

In June 2003, the TGP reservoir storage reached E1.135 m,
and in 2004, the dam successfully blocked about 500 million
m® of flood water, demonstrating initially its anti-flood func-
tion. By November the same year the storage level came to
El.139 m, making it possible for the dam to display its func-
tions in flood control, power generation, and navigation. Up to
the end of 2004, the TGP had used a total investment of
¥66.043 billion (or ¥40.369 billion in static terms, accounting
for 80.59% of the total estimates), covering a total earth-rock
excavation 139 million m® and the earth-rock backfill 52
million m?, 26 million m> concrete placement, machinery, and
electrical equipment installation 97,100 tons, and metal works
177,100 tons, when the dam portion on the right bank reached
a maximum height, EI.138 m and the power house thereof
reached EL.105 m as the maximum.

From August 2003, when 11 generating units on the left
bank (totaling 7700 MW) were put on line, to the end of
December 2004, the power plant had produced 47.642 TWh
of electricity, 15.521 TWh of which was transmitted to
central China, 23.105 TWh was to East China, 0.776 TWh to
Chongging and 8.240 TWh to Guangdong, to ease effec-
tively power shortage in those areas.

The TGP has a stringent quality control system over all
the procedure from raw material procurement, equipment
manufacture, workmanship to construction sites, replete with
testing, experiment and supervision, according to very strict
project quality and management standards, some of which
are even severer than those issued by the state. The super-
vision departments exercise independent supervisory powers
and set up on-the-spot supervisory stations at concealed
work and during concrete pouring, plus a complete set of
onsite tests. World-known foreign companies were invited to
provide consulting service and/or supervise manufacturing
of some key work and equipment. In order to tighten quality
control, the SCTGPCC has set up an expert group of quality
inspection made up of a number of academicians of the
Chinese Academy of Sciences and the Chinese Academy of
Engineering to carry out regular checkups and quality
evaluation.



People Resettlement

The Chinese government has paid a great deal on people
resettlement, pointing out by Central leaders that the success
or failure of the TGP lies in people resettlement. A proper
resettlement is related to the whole national situation of
peace and stability. It is, therefore, essential to make it
possible for the displaced people to move out and settle
down stably and gradually get rich. Only by doing so, is it
possible to ensure the smooth-going of the TGP.

People resettlement work officially started in 1993, when
the TGP officially got moving after eight years of pilot work
since 1985. Up to the end of 2004, ¥45.582 billion of
investments had been put in place for 980,900 people to be
displaced and resettled, accounting for 87% of the total,
including 534,000 urban people, 124,300 people living
towns and 322,200 people of the rural areas, with 13 new
cities and county seats (wholly or partially inundated by the
reservoir) rebuilt, according to the rehabilitation principle of
original standards, sizes, and functions, much better in terms
of land space, transportation, telecommunications, power,
and water supply. Houses and buildings completed amount
to 39 million m”, 31 million m” of which is of rehabilitation,
or 89% of the total. Of the total factories and mines, 1428 or
88% were displaced; roads built came to 1105 km, 135% of
the total planned length; power transmission lines erected
came to 2955 km, 90% of the total planned.

In order to improve the ecology and environment of the
reservoir area and raise the living standards of the local
people, the State Council has modified the resettlement
policy, to increase the number of rural people moving out of
their own counties and enhance the structural adjustment of
enterprises in the reservoir area. The major policy amend-
ments have a far-reaching and profound impact on the sus-
tainable social and economic development of the reservoir
area.

Power Transmission

The power transmission project is another important part of
TGP. The Three Gorges power installed capacity is
18,200 MW, to transmit power by 15,500 kV lines, with
two reserved for expansion. Among them, the 500 kV AC
line transmits electricity to central China, with a designed
capacity of 12,000 MW; the 500 kV DC transmission line
carries electricity to east China, with a designed capacity of
7200 MW. The 500 kV DC line transmits electricity to
Guangdong, with a capacity of 3000 MW. Another 500 kV
AC line transmits electricity from Ertan Hydropower Plant
to central China via the Three Gorges and, after a
change-over, transmits it to Guangdong, with a designed
capacity of 2000 MW. The completion of the Three Gorges
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Power Station and its corresponding transmission projects
will give rise to a complete Three Gorges power grid cov-
ering central China, east China, and Sichuan and Chongqing.
It will then connect up to the neighboring power grids to
form a national power grid.

Since 1999, the Three Gorges power transmission pro-
jects have been adjusted according to the requirements by
the State council to market electricity to Guangdong, while
the power transmission capacity to east China will be
4200 MW after 2003 when the power station is completed
and the exchange capacity between central China and
Sichuan—Chongqing power grids will reach 1000 MW, with
two lines from the Three Gorges to east China capable of
transmitting electricity of more than 2000 MW.

From 1997 when construction of the power transmission
project started to the end of December 2004, a total of
¥22.981 billion of dynamic investment or ¥ 21.047 billion
static investment was used, calculated at the 1993 price,
equal to 65.2% of the total static investment. Completed and
put into operation during that period were 38 AC individual
works, totaling 4875 km in length, or 74.8% of the total; 18
AC transformer stations, with a total capacity of
12,250 MW; two DC projects, including two DC lines,
totaling 1865 km, 62.95 of the designed total and four DC
converter stations, with a combined capacity of 12,000 MW,
66.7% of the total. The Three Gorges-Guangzhou DC power
transformation project was accepted by the SCTGPCC on
December 19, 2004; the Three Gorges-Shanghai DC power
transformation project started officially on December 28,
2004; the northwest to central China back-to-back DC pro-
ject was completed basically in civil construction and
installation. All the AC power transmission projects were
going on well with superior quality.

1.2 Pre-Dam Environment
1.2.1 Overview of the Environment of the River
Basin

The Yangtze River is divided into three sections: the upper, the
middle, and the lower reaches, with the main stream running
6300 km through Qinghai, Tibet, Sichuan, Yunnan,
Chongqging, Hubei, Hunan, Jiangxi, Anhui, Jiangsu, and
Shanghai, plus its tributaries involving 19 provinces, autono-
mous regions, and municipalities. The section upstream from
Yichang is the upper reach, the mainstream extending
4300 km for a drainage area of one million km?, accounting for
56% of the whole river basin. The section downstream from
Yichang to Hukou in Jiangxi Province is the middle section,
which extends 950 km in length. The section downstream
from Hukou to the estuary is the lower reach, 930 km long.
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Most of the Yangtze drainage areas are in the subtropical
zone of the middle latitude, with an annual mean tempera-
ture ranging 6-20 °C and the mean temperature in January
ranging 4-10 °C. Part of the area belongs to high altitude
and high cold climate, with modern glacier and frozen earth
development.

The Yangtze River basin is situated in the southeast
subtropical monsoon belt, where the southwesterly and
southeasterly monsoons are the most active and big rains or
rainstorms often occur with the monsoon meeting the cold
current from the north. That makes, therefore, the main
source of water in the basin. The annual mean precipitation
in the area is over 1000 mm. May—October is the flood
season. The annual runoff into the sea is about 1000 billion
m°®, 35% of the total runoff in the country. The Yangtze
River has the richest water resources in China. Its annual
discharge of sediment into the sea is 486 million tons,
mainly coming from the sections upstream from Yichang.
The annual mean runoff at Yichang is 451 billion m’ , with
the sediment washed downstream averaging 530 million
tons. Of that, 46% come from the Jinsha River and about
27% from the Jialing River.

The Yangtze is also a treasure house of aquatic life. The
output of freshwater aquatic products makes up 50% of the
nation’s total. There are more than 350 fish species,
one-third of which is endemic. Black carp (Mylopharyn-
godon piceus), Grass carp (Ctenopharyngodon idellus),
Silver carp (Hypophthalmichthyys molitrix), and Bighead
carp (Aristichthys nobilis) are the major native species,
famous commercial fishes in China.

The terrestrial animals and plants are also available in
abundance. There is China’s second largest forest zone in the
upper Yangtze, which is noted for such rare species as Dawn
redwood (Metasequoia glyptostroboides), Dove tree (Davi-
dia involucrata), and Cathay silver fir (Cathaya argyro-
phylla). Many have been listed in the category for a prior
protection by the state. They include animals such as
Snub-nosed monkey (Rhinopithecus roxellanae), Giant
panda (Ailuropoda melanoleuca), and cloud leopard (Neof-
clis ncbubosa), Baiji dolphin (Lipotes vexillifer), and Thor-
old’s deer (Cervus albirostris), birds such as Siberian crane
(Grus leucogeranus), Scaly sided merganser (Mergus
squamatus), Red-breasted goose (Branta ruficollis),
Red-crowned, crane red-crested crane (Grus japonensis),
reptiles such as Chinese alligator (Alligator sinensis), and
fish such as Chinese paddlefish (Psephuyrus gladius), Chi-
nese sturgeon (Acipenser sinensis), Dabrys sturgeon (Aci-
penser dabryanus), and Chinese sucker (Myxocyprinus
asiaticus).

The Yangtze River basin abounds in beautiful natural
landscapes and historical relics. Of the 44 national key
scenic areas in China, more than half are in the Yangtze
River basin. Huangshan, Jiuzhaigou, Zhangjiajie, and Dazu

Stone Carving have been listed by the UNESCO as natural
and cultural heritage of the world. The Three Gorges is one
of the most famous canyons in the world and one of the best
scenic areas in China. The Ermei Mountain and the Jiuhua
Mountain are two of the four most famous sacred places of
Buddhism in China. Hengshan Mountain is one of the five
best known mountains in China. Lushan Mountain is the
most famous summer resort.

The Yangtze River is the cradle of the Chinese nation and
also one of the economically developed areas in China. It
has a population of 400 million and the land under culti-
vation accounts for one-third of the country. Its total
industrial and agricultural production value accounts for
40% of the nation’s total, while the grain output accounts for
one-third of the country’s total.

Three Gorges are the most famous scenic spots (Photo by Huang
Zhenli)
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Little Three Gorges at Daning River, Wushan County (Photo by Huang
Zhenli)
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Fig. 1.3 Administrative division map of the Three Gorges Reservoir Area

The reservoir area referred to is the general term of administrative
units related to the inundated land and resettlement of people based on
the County and District, rather than the term of watershed. According to
a survey by the Changjiang Water Resources Commission (CWRC)
from the end of 1991 to the beginning of 1992 on the inundated
amounts, the reservoir would inundate 19 counties (districts) and part of
Chongqing city, which is called reservoir area. They included Yichang
County, Zigui County, Xingshan County, Badong County in Hubei
Province, Wushan County, Wuxi County, Fengjie County, Yunyang
County, Kaixian County, Wanxian City, Zhongxian County, Shizhu
County, Fengdu County, Fuling City, Wulong County, Changshou
County, Jiangbei County and Baxian County of Sichuan Province, and
parts of the poulder areas of Chongging city. In 1997, Chongqing city
was made a municipality under the direct administration of the central
government, enjoying the status as a province. The reservoir areas
belong to Sichuan was returned to Chongqing Municipality. The names
of counties/districts in the area have been changed on several occasions.
These names in this book were adopted after 1997 when Chongging
was made a centrally administered municipality. By June 2003, the
Three Gorges reservoir area covered Yiling District, Zigui County,
Xingshan County and Badong County of Hubei Province, Wushan
County, Wuxi County, Fengjie County, Yunyang County, Kaixian
County, Wanzhou District, Zhongxian County, Shizhu County, Fengdu
County, Fuling District, Wulong County, Changshou District, Jiangbei
District, Seven-main-districts, Banan District and Jiangjin City of
Chongqing Municipality, totaling 20 counties or districts.

1.2.2 Environment of the Reservoir Area

The reservoir area of the TGP is situated at a point 106°00"—
111°50’east longitude, 29°16'-31°25'north latitude in the
lower part of the upper reach of the Yangtze, stretching from
Yichang of Hubei Province back to Jiangjin City of
Chongqing Municipality, covering the inundated area and
the places involving people resettlement, i.e., affecting 20
counties or cities, as shown in Fig. 1.3. They include Yiling,
Zigui, Xingshan, Badong of Hubei Province and Wushan,
Wuxi, Fengjie, Yunyang, Kaixian, Wanzhou, Zhongxian,
Shizhu, Fengdu, Fuling, Wulong, Changshou, and Jiangbei
districts of Chongqing as well as the seven main city districts
and the Banan District of Chongqing and Jiangjin City.? The
reservoir area covers 57,900 km?. 2001 statistical data show
that the total population in the reservoir area was
19,621,200, including 14,389,300 agricultural population
and 5,231,900 nonagricultural population. The land area is
57,939 kmz, including 9777 km? of cultivated land,
accounting for 16.9% of the total, averaging 0.76 mu per
capita (one mu ~ 1/15 of a hectare).
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The TGP reservoir stretches in valleys of the medium
high or low mountains or hilly land areas in the boundary of
Chongqing and Hubei Province, flanking the Daba Mountain
to the north and the Yunnan—Guizhou Plateau to the south,
topographically higher in the west and lower in the east. In
geomorphology, the west part, divided at Fengjie, is quite
different from the east part, the former of mainly low hilly
areas with wide valleys made up of clastic rocks of the
Jurassic Period and the mountain range ranging from an
elevation of nearly 1000 m at Fengjie gradually to 300-
500 m at Changshou County; while the latter of the
Sichuan—Hubei mountainous area made up of carbonatite of
the Sinian System to the Triassic System, usually at eleva-
tions from 800 to 1800 m. In the reservoir, 74% is of
mountainous areas, 21.7% of hilly land, and 4.3% flatland.

The reservoir area has a humid subtropical monsoon cli-
mate, warm in winter, hot and dry in summer, rainy, humid,
foggy, cloudy, and breezy in autumn. The annual mean
temperature is 17-19 °C, with 300-340 frost-free days, and
the annual mean precipitation ranges 1140-1200 mm, evenly
distributed in general from place to place, but over 80% of the
year concentrated in April-October and rainstorms are fre-
quent in May—-September, often resulting in floods. So
summer droughts often occur in July—August. There are 16
subtypes of soil in seven major categories, including yellow
soil, mountainous yellowish brown soil, mountainous brown
soil, purple soil, lime soil, moisture soil, and rice soil. The
purple soil occupies 47.8% of the total land area, rich in
phosphorous and potassium, soft and easy to till, suitable for
different crops, particularly, it is important for citrus pro-
duction in the reservoir area. Lime soil occupies 34.1%,
mostly distributed in low hilly areas, while yellow soil and
yellowish brown soil make up 16.3%, which is the basic soil
type in the reservoir area, distributed in the river valley and
hilly land below EL.600 m, where the soil is fertile. The
cultivated land is distributed mainly on slopes on banks of the
mainstream and tributaries of the Yangtze River.

The main vegetations are evergreen coniferous forests,
deciduous coniferous forests, mountain bushes, and eco-
nomic forests (timber forests). Due to agricultural develop-
ment and human activities, the hilly vegetation and natural
vegetation is gradually replaced by agricultural crops. The
forest cover is low in the reservoir area, only 16-17% of
Chongqing and 25-38% of west Hubei.

There are 363 land vertebrate animals in the area,
including 26 species listed in the catalog for priority pro-
tection by the state. The area boasts a rich variety of native
produces, with the cash products having their unique

Shibao Zhai (Photo by Huang Zhenli)

advantages, such as tung oil, lacquer, goat skin and silk. The
reservoir area is also a natural medicinal herb-producing
area, with a variety of famous and precious herbs reaching
more than 1900 species. The Shizhu County is renowned as
the “home of China goldthread (Coptis chinensis).”

Mineral resources in the area are also rich, verified up to a
dozen types, including gold, silver, iron, uranium, coal,
phosphorous, natural gas, and rock salt.

Agriculture, especially plant culture, is the main occu-
pation in the reservoir area, where its industrial foundation is
weak and outdated in equipment, plus backward land com-
munications, showing an underdeveloped commodity econ-
omy. It is one of the poor areas in China, with the per capita
GDP and income all lower than the average of Chongqing
and Hubei and as well the average of the nation.

The level of science, culture, and education is also low,
because of a serious lack of scientific and technical per-
sonnel, whereof, there are more than 25% illiterates and
semi-illiterates among adults. The Three Gorges is the
general term for the Qutang Gorge, Wu Gorge, and Xiling
Gorge, which starts westerly at Baidicheng, Fengjie in
Chongqing and ends easterly at Nanjingguan, Yichang in
Hubei Province, totaling 192 km, flanking with beautiful
landscapes on both banks and in tributaries, the Three
Gorges magnificent and picturesque and the lesser three
gorges gentle and elegant, dotted with many historical relics,
such as the Baiheliang stone carving in Fuling, Ghost City in
Fengdu, Shibao Zhai in Zhongxian, Temple of Zhang Fei in
Yunyang, Baidicheng in Fengjie, Temple of Qu Yuan in
Zigui, Sanyou Cave and Temple of Huangling in Yichang,
all having a great value in tourism.
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1.2.3 Main Environmental Problems
of the Yangtze River Basin
and the Reservoir Area

The Yangtze River basin is vast in territory and superior in
natural conditions. Most places were developed long, long
time ago, with human activities leaving a strong impact on
the natural ecological system, especially in the recent dec-
ades, when the population increased sharply and resulted in
springing up a large number of cities, townships, and
industrial enterprises and mines. The land reclamation index
has been rising steadily. All those have stimulated the local
economic development but at the same time brought
increasing pressures on the environment, harming the local
ecology, and hampering further development in the river
basin.

There were mainly the following environmental problems
of the pre-dam period [1-4].

Water Loss and Soil Erosion in the Upper Reaches

The upper Yangtze is rich in forest resources, and it is, in
fact, the second largest forest zone in China, next only to
Northeast China. It is also an important guarantee for the
protection of the water sources of the Yangtze. Owing to
long time destruction of forests and land reclamation, most
of the natural forests in the upper reaches of the river have
been destroyed and its water containing abilities have
dropped significantly and so did the ability of preserving the
soil and blocking the sand. Those areas and intensity of soil
erosion have been expanding. The natural ecosystem has
been destroyed. The forest cover in Sichuan Province
dropped from 20% in the 1950s to 13% by the 1980s. It is
now only 4% in the Sichuan basin. The annual amount of
soil erosion has reached 1.027 Gt. The total areas suffering
from soil erosion have reached 355,000 km?, accounting for
62.6% of the total soil erosion areas in the Yangtze River
basin, with the annual amount of soil erosion reaching
1.57Gt.

The land degradation in the upper reaches of the river has
been expanding. Such natural disasters as debris flow and
landslide have become more and more serious, causing death
and injuries every year.

Ecological Degradation in the Reservoir Area

The Three Gorges reservoir area is predominated by
mountains. But still, the population density is high and the
land reclamation index is big. Even before the TGP started,
the ecological and environmental problems had already
become outstanding due to intensified human activities.
Before the TGP started, great changes had already taken
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places in the vegetation and outlook of the current reservoir
area. Apart from high mountains in the fringe areas, little
primitive vegetation had survived. Distributed were large
expenses of Pine (Pinus massoniana), Cypress Tree
(Platycladus orientalis), and shrubs and grass. Agricultural
vegetation occupies a large proportion. The forest cover was
low. Few forests could be seen in areas at an elevation below
800 m. Instead, there were mostly terraced fields and culti-
vated slope land. Only terrestrial animals with shrubs and
grass as habitats had survived. Rare terrestrial animals have
hidden up in mountains at a high elevation, where vegetation
was good.

e Forest cover was low and water loss and soil erosion was
serious. Before the start of the TGP, the forest cover in all
the counties of the reservoir area ranged 7.5%-13.6%,
except the three counties in western Hubei. The forest
cover along the river was only about 5%. There were not
many species of trees surviving. The shelter belt occu-
pied a small proportion. The standing timber structure
was simple, being mostly pure forests, with pine occu-
pying 70%, mostly young trees. The cultivated land with
a gradient of bigger than 25° made up 17.6% of the total
slope land and 25% of the arid land. The areas subject to
water loss and soil erosion occupied 58.2% of the total
land area. The vegetation assumed a state of reverse
succession, say degrading from forest — shrubs — thick
growth of grass — grass slope — barren slope.

e Natural disasters were serious and ecological system
became weak against adversities. The reservoir area was
the most famous summer dry area, with frequency of
drought during summer reaching 80-90%. The area was
also a rainstorm-prone area, subjecting to floods and
mountain torrents, with such mountain disasters as debris
flow and landslide taking place frequently, often causing
serious injuries and deaths or causing shipping to stop.

e Some species is on the verge of extinction. The vertebrate
animals used to be dominated by forest communities. But
now it is dominated by grass and shrub communities,
with the number of musk deer, leopards and ferocious
animals that used to live in forests dropping significantly.
Tiger and leopards were on the verge of extinction. But
the species adapting to the farmland life, such as Striped
field mouse (Apodemus agrarius), which has the maxi-
mum catch of 19.1/per clamp/day in the reservoir area,
seriously threatening agricultural production and
spreading leptospirosis, epidemic hemorrhagic fever, and
other diseases.

e Environmental pollution was serious. Chongging and
Fuling suffered the worst acid rains in China. Before the
start of the TGP, there were no sewage and garbage
treatment plants in Chongqing, Fuling, Wanzhou, and
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Yichang cities. More than one billion tons of sewage and
industrial wastes were discharged directly into the
Yangtze, creating serious pollution belts at cities.
Besides, the high mercury background of the Wujiang
River basin had a serious impact on the water body and
sedimentation. The solid wastes along the Yangtze also
constituted pollution and caused environmental
problems.

Floods and Waterlogging on the Plains in the Middle and
Lower Reaches

The lake area covers 126,000 kmz; cultivated land covers
60,000 km?; and there is a population of 75 million on the
plain of the middle and lower reaches of the Yangtze, which
is the major commodity grain, cotton, and edible oil pro-
ducing area in China. The area is also economically devel-
oped. As the ground is usually several meters or a dozen
meters lower than the flood water level, it has to rely on the
3600 km of mainstream dykes and the 30,000 km tributary
dykes for protection. It is all times threatened by floods.
Whenever there is a big flood, it would fall victim. It is an
area where the flood and waterlogging are the most serious
and the most frequent in the Yangtze River Basin.

According to historical records, in the about 2000 years
from the Han Dynasty to the end of the Qing Dynasty, there
were more than 200 floods, averaging one in every 10 years.
In the twentieth century, there were floods in 1931, 1935,
1949, and 1954. The floods did not only cause huge losses in
life and property but also seriously damaged the ecology and
environment. Concomitant with the floods there come epi-
demics such as snail fever, causing a large number of death
and mental injuries. The dykes are usually of a standard
withstanding a (10-20)-year-frequency flood. If there is a
flood more serious than that, flood diversion measures have
to be taken, but the flood diversion areas are reclaimed areas,
with a dense population and flood diversion would cause
great losses. The plain on the two banks of Jingjiang totaled
about 40,000 km” and has a cultivated land of 15,300 km”
and a population of 15 million. The anti-flood standard is
able to withstand 10-year-frequency floods. During the flood
season, the water level of the Yangtze is usually more than
ten meters higher than the ground level on the northern bank
of Jingjiang. If a 100-year-frequency flood occurs, especially
extraordinary flood like that in 1870, it is likely to breach the
dykes on both banks, thus bringing about devastating
calamities to the people, the eco-environment and
social-economic development. A flood would bring about
serious consequences and it would take years to restore the
ecosystem and natural environment.
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Eco-Environmental Problems in the Lower Reaches and
Estuary Area

Water quality of the lower reaches and the estuary area of the
Yangtze was generally good before the start of the TGP,
with water only nearing the city’s banks polluted. The pol-
lution of some tributaries was very serious; all the cities
along the river were facing serious challenges of water
pollution. In Suzhou, Wuxi, and Changzhou cities, 80% of
the water bodies were polluted. In Shanghai, about 5 mt of
industrial wastewater and sewage water were discharged into
the river, making the Huangpu River smell badly for 5
months a year. Shanghai had to seek clean water sources and
make great efforts to control pollution.

The dykes in the estuary area and the delta area were
eroded. Of the 449.7 km coastlines in Shanghai, 48.44%
were eroded, with the silted up sections reaching 37.94%. At
present, there are 63 km sections having hidden dangers.
There were also about 100 km on the northern bank suf-
fering from erosion.

The Yangtze estuary and the offshore areas are the
important fishing ground of China. But excessive catches
and offshore pollution have reduced the fishing resources.
The amount of large yellow croaker (Larimichthys crocea),
little yellow croaker (Larimichthys polyactis), hairtail
(Trichiurus haumela), and silver pomfret (Pampus argen-
teus), the major traditional targets of catching, has been
diminishing sharply and the weight of single fish caught was
low.

The invasion of salt water in the estuary area was serious,
especially in the dry season (November—April), with the
situation more serious in the northern tributaries than in the
southern tributaries. A survey shows that the instant
cholorides density at Wusong reached 1850 mg/L and that at
Baoshan Steel Corporation, 2256 mg/L, far exceeding the
drinkable standard. From the winter of 1978 to the spring of
1979, the salt water invasion during the extraordinary dry
season caused more than ¥14 million direct economic losses
to 44 factories in Shanghai. The indirect losses were ines-
timable. The saline land in the estuary area and the coastal
sections totaled 2330 km?.

Snail Fever

No snail distribution was found in the reservoir area before
the start of the TGP. But Sichuan and Yunnan in the upper
reaches of the Yangtze used to be Snail fever infested areas.
Through more than 40 years of prevention and control since
the 1950s, the areas infested with Snails (Oncomelania
hupensis) in Sichuan Province dropped from 2.5 x 10°m? to
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4.2 x 10’m? and the number of patients was reduced from
1.1 million to 880,000. Hubei used to be one of the areas
with the most serious snail fever infestation. The more than
40 years of control efforts are very fruitful, but the areas
infested with snails have remained large. The transformation
of sandbars and shoals holds the key to eliminating snails
and snail fever. Up to 1989, the snail-infested areas in Hubei,
Hunan, Jiangxi, Anhui, and Jiangsu provinces 3.4 X 10° m?
in 1989 and the number of Snail fever patients was nearly
900,000. Acute breakout happens sometimes. It remains an
arduous task to control and prevent snail fever.

Other Environmental Problems

Although the Yangtze River basin is better than other Chi-
na’s river basins such as the Yellow River, Huaihe River in
terms of water quality, water pollution of the Yangtze is still
very serious. The pollution of water near city’s banks of the
mainstream is already threatening the water safety of cities.
Most of the tributaries have been polluted. The eutrophica-
tion of major lakes is worsening. The increased use of
chemical fertilizers and farm chemicals in the Yangtze River
basin, plus serious water loss and soil erosion, has enabled a
large amount of chemicals to flow into the Yangtze. It is
estimated that the sediment transportation at the Yichang
hydrological station in the upper Yangtze is 530 million
tons, containing about 5 million tons of nitrogen, phospho-
rous, and potassium, occupying a significant proportion in
the pollutants. In Taihu Lake and Dianchi Lake, farm fer-
tilizers contribute to over 50% of the eutrophication of the
lake water bodies.

Biodiversity has been diminishing. Land reclaimed from
lakes in the middle and lower reaches of the Yangtze has
reached 13,000 km>. The excessive utilization of biological
resources has led to attenuation of major economic species.
The fish catch in the Yangtze has dropped from more than
400,000 tons in the 1950s to about 100,000 tons in the
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1980s. The shrinking living space has thrown more and
more rare species into the verge of extinction. Some rare
water species, such as Baiji dolphins is already on the verge
of extinction.

The water shortage in local areas has already become
outstanding. Despite the rich water sources of the Yangtze
River basin, the flow is unevenly distributed. Plus the lag-
ging in water conservancy projects, water shortages have
occurred to the central Yunnan plain, the fringes of the
Sichuan basin, the Hengyang hilly areas and southern
Hunan, Jitai basin of Jiangxi and Beigang of western Hubei.
In part of the areas, urban and rural people have difficulty to
find clean drinking water.

Water shortages caused by water quality problem need
urgent solution. Due to lack of the treatment of industrial and
sewage water, part of the areas, although rich in water
sources, have begun to suffer from clean water shortages. In
the densely populated towns on the plain area in the middle
and lower reaches, it often happened that the water extrac-
tion places have to be moved due to pollution of water near
banks, thus causing great investment in water extraction
facilities.

Since the 1990s, the state has organized and implemented
a series of major water-related projects, such as the eco-
logical protection and building-up program in the Three
Gorges reservoir area, the natural forest and headwater
protection scheme in the upper reaches of the Yangtze, the
returning reclaimed land back to lakes in the middle reaches
of the Yangtze, the water pollution control projects in the
Three Gorges reservoir area and in the upper reaches of the
Yangtze and the urban sewage water and garbage treatment
projects in major cities along the Yangtze. The completion
of those projects will have a big role to play in rational
utilization of the River water sources and water environ-
mental protection. Favorable conditions have been created
and a solid foundation has been laid toward this direction.
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2.1.1 Research and Scrutinization

China started its environmental protection in the 1970s. But it
did not start the study of the impact of engineering projects on
ecology and environment until 1986, when the State Planning
Commission (National Development and Reform Commis-
sion) and the State Environmental Protection Administration
(SEPA) issued a joint document “Management Rules on
Environmental Protection Concerning Construction Pro-
jects”, demanding that every construction project must have
an environmental impact report at the feasibility study phase.
However, the study of the possible ecological and environ-
mental impact of the proposed TGP can be traced back to the
1950s, when the Yangtze Valley Planning Office carried out
investigations and study on environmental factors such as
backwater, human activities on runoff, stability of reservoir
banks, induced earthquake, sedimentation, biology, flooding
of reservoir and resettlement of displaced people, natural
epidemic foci diseases and endemic diseases, those resulted in
documents, “Highlights Report on Yangtze River Basin
Planning” and “Highlights Report on the Preliminary Design
of the Three Gorges Water Control Project”. Those studies
were brought onto a new stage of development in 1976 when
the Yangtze Water Resources Protection Bureau (CWRPB)
and the Changjiang Water Resources Protection Institute
(CWRPI) were established.

After 1979, CWRPI cooperated with more than 40 uni-
versities and research institutions in carrying out research
and assessment of the environmental impact of TGP and
produced in the following year a report on the environmental
impact of TGP under an operation alternative with the nor-
mal water storage level at El. 200 m. Then it went on with
the assessment of the environmental impact for the feasi-
bility study of an operation alternative of a water storage
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level at El. 150 m. In 1983, it completed the study “Envi-
ronmental Impact of the Three Gorges Dam”. On this basis,
CWRPI completed a number of studies, including “TGP
Impact Study on Water Quality”, “TGP Impact Study on
Soil Environment”, “TGP Impact Study on Forests and
Vegetation, Rare Plants and Cash Trees”, “TGP Impact
Study on Public Health” and “TGP Impact Study on the
Spread of Snail fever”. In July 1985, CWRPI completed the
“TGP Environmental Impact Statement (EIS)” (operation
alternative of normal storage level of 150 m).

The TGP environmental impact research is so fruitful that it is rare in
the history of hydropower projects in China (Photo by Huang Zhenli)

In review and verification of the preliminary study of a
175-m operational alternative, CWRPI focused on the study
of the environmental carrying capacity of the reservoir area
in respect of people resettlement, the waterlogging of the
middle reaches of the Yangtze River, habitat of the Poyang
Lake for migrating Siberian crane (Grus leucogeranus) and
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the environmental impact on the estuary area, which are the
foci of concern in China and abroad.

In November 1984, the State Commission for Science
and Technology (SCST) entrusted the “TGP Impact Study
on Eco-environment and Counter-Measures” to the Chinese
Academy of Sciences (CAS) as a major research project for
the preliminary design stage of the TGP. In December 1984,
CAS gathered a contingent of more than 700 researchers of
all disciplines and specializations from 38 research institutes
and universities to undertake in-depth comprehensive studies
and review of 12 categories and 65 topics. The project was
completed in 1987, yielding such results as the “Review
Report on TGP Impact on Ecology and Environment”,
“Selected Papers on the TP