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Foreword

An estuary is the confluent zone of salt-and fresh-water masses, where saltwa-
ter intrusion occurs frequently. Many important estuarine processes are closely con-
nected with the saltwater intrusion, such as estuarine circulation, flocculation set-
tling, maximum turbidity. So the understanding of saltwater intrusion has an im-
portant implication for various phenomenon in the estuarine environment.

The region near the estuary is usually densely populated and highly developed.
With the rapidly increasing population and economy, more substantive and cleanly
freshwaters are required. The main freshwater supply in Shanghai is presently from
the Huangpu River, which has not satisfied the ever increasing requirements. After
the construction of Baogang and Chengxing Reservoirs, the Changjiang Estuary has
become another important freshwater source of Shanghai. So fully exploited fresh-
water resource in the estuary becomes imperative under the situation. The saltwater
intrusion, however, occurs frequently in the dry season, and makes the water qual-
ity not meet the requirements of people’s usages. Now lots of huge projects are un-
der way in the Changjiang River, such as the South-to-North Water Transfer Pro-
ject, the Three-Gorge Project, the Deepwater Waterway Regulation project. What
and how these projects produce influences on the saltwater intrusion are not yet ful-
ly clear. The saltwater intrusion also influences the aquaculture and fisheries near
the river mouth.

Since the end of 1970s, a series of research projects supervised by the author
have been conducted to deal with the saltwater intrusion in the Changjiang Estuary.
Major projects related include: the impact of the South-to-North Water Transfer
Project (eastern route) on the saltwater intrusion in the Changjiang Estuary (1978
~1979), the impact of the Three-Gorge Project on ecologies and environments and
the countermeasures (1984 ~ 1990), the programming study of the Changjiang
River as the second freshwater source for the Shanghai water supply (1986 ~
1991), the runoff and salinity variation in the Changjiang Estuary and their rela-
tionship based on spectral analysis (1993 ~1995), the evolution of the saltwater in-
trusion in the Changjiang Estuary (1994~1996), the preliminary feasibility of the
Qingchaosha Reservoir (1994 ~1996), the impact of Three-Gorge Project on the
environment and ecosystem in the Changjiang Estuary and adjacent waters (1999 ~
2000), the impact of the South-to-North Water Transfer project on the saltwater
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intrusion in the Changjiang Estuary (2000~2001), the impact of the Three-Gorge
project and the South-to-North Water Transfer project on the water environments
in the Changjiang Estuary (2001), the environmental analysis and strategic selec-
tion of the water sources in Shanghai (2002~2003), etc.

In the above projects, lots of field measurements have been conducted, and
various approaches such as harmonic non-parameter regression, subsection linear
model, spectral analysis, Markov model and linear dynamic model, artificial neural
network, two/three — dimension numerical models, have been used to systematical-
ly study the sources of saltwater masses, salt-and fresh-water mixing types and
temporal and spatial variability of salinity. The underlying impact of huge projects
(i.e., the Three-Gorge Project, the South-to-North Water Transfer Project, etc. )
on the saltwater intrusion has been predicted, which provided important scientific
supports for the plan and design of the engineering construction. For example,
when the plan of the South-to-North Water Transfer Project (eastern route) was
made in the 1970s, it was once put forward that the project would not change the
degree of saltwater intrusion. But our studies showed that the project would surely
aggravate the saltwater intrusion according to a new concept of controlled dis-
charge, as was later accepted by the policymaker. When the study of the impact of
the Three-Gorge Project on the environments in the Changjiang Estuary was imple-
mented in the 1980s, the viewpoint was raised that both advantage and disadvan-
tage consist in the influences of the project on saltwater intrusion. On the advanta-
geous side, increasing discharge in the dry season will flat the salinity peak, where-
as on the disadvantageous side, the decreasing discharge in October will make the
occurrence of the saltwater intrusion ahead of the normal condition and prolong the
whole duration affected by the saltwater masses. The above research results have
become a part of an important report submitted to the Nationwide People Delegation
Plenary Meeting for discussion, entitled by a report on the environmental assess-
ment of the Three-Gorge Hydraulic Engineering. According to our study of the
evolution of the saltwater intrusion in the Changjiang Estuary, an original schedule
of water supply from the Dianshan Lake to the Baoshan Steel Factory was discarded
and was replaced by a reservoir characterized by escaping salt waters and storing
fresh waters, which was relocated at the beach of the Changjiang Estuary. The
successfully building of the reservoir saved lots of investments and searched a new
measure to exploit estuarine freshwater resources in Shanghai and other coastal re-
gions. A short- and long-term water supply schedule was raised in the 1990s in the
Plan of the Changjiang Estuary as the Second Water Source, based on the evolution
laws of the saltwater intrusion in the estuarine zone. This scheme provided impor-
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tant scientific support for solving the water supply problem in the Pudong New Zone
and even the whole Shanghai. In order to mitigate, or even stop the negative im-
pact of the saltwater masses from the North Branch on the South Branch, a com-
prehensive regulation countermeasure in the North Branch was brought forward in
the early century.

During the past over 20 years since the end of 1970s, the systematic studies of
the saltwater intrusion in the Changjiang Estuary have continually been conducted.
Most of the research results have been accepted or adopted by the government de-
partments, part of which was published in various academic journals. In order to
comprehensively understand the saltwater intrusion and its application in freshwater
exploit, all the above research results have summarized in this book. In the mean-
while, some results published by the other scientists are also cited in this book.

The book is composed of eight chapters. Chapter One is an introductory sec-
tion. It deals with the scope and subsections in the Changjiang Estuary, definition
and conversion of chlorinity and salinity, impact of the saltwater intrusion on water
usage and estuarine processes, and the state of the art on saltwater intrusion in es-
tuarine environments. Chapter Two is about the factors on the saltwater intrusion
in the Changjiang Estuary. Runoff, tides and tidal currents, offshore current sys-
tem, sea level change, estuarine evolution and its impact on the saltwater intrusion
are discussed in this chapter. Chapter Three concentrates on the mixing in the
Changjiang Estuary. It includes classification of mixing in the estuarine waters,
mixing types in each sub-channel in the Changjiang Estuary, temporal and spatial
variability and its impact on suspended sediment settling and transport. Chapter
Four focuses on the spatial and temporal variability of salinity off the Changjiang
River mouth. Characteristics and sources of high-salinity water masses, spatial dis-
tribution of salinity and salt fronts are discussed. Chapter Five is dealt with spatial
and temporal variability of saltwater intrusion at the Changjiang estuarine zone.
Temporal variability is examined over daily, fortnightly, seasonal and interannual
scales, respectively and spatial variability in longitudinal, lateral and vertical dimen-
sion, respectively. In the next section follows the mechanism, modes and pathways
of saltwater back-intrusion from the North Branch, and its impact on the water
quality in the South Branch and the South and North Channels. Chapter Six is dealt
with the impact of huge hydraulic engineerings on the saltwater intrusion in the
Changjiang Estuary including the South-to-North Water Transfer Project and the
Three-Gorge Project. Chapter Seven details various mathematical models of the
saltwater intrusion in the Changjiang Estuary, including multi-regressive analysis
and harmonic non-parameter regression, subsection linear model, spectral analysis,
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Markov model and linear dynamic model, artificial neural network. Chapter Eight
shows the numerical model on the saltwater intrusion in the Changjiang Estuary.

The Chapters 1, 2, 3, 4, 6, 7 are written by Shen Huanting , Chapter 5 by
Mao Zichang , and Chapter 8 by Zhu Jianrong and Xiao Chengyou . The design,
outline compilation, manuscript finalization are done by Shen Huanting. The book
can eventually come out, owing to multi-years of studies of the saltwater intrusion
in the Changjiang Estuary by the group of the author. Main members on this issue
include: Professor Mao Zichang, Professor Zhu Jianrong, Associate Professor Xiao
Chengyou, Dr. Wang Xiaochun, Dr. Yang Qingshu, and Hu Song of State Key
Laboratory of Estuarine and Coastal Research, Institute of Estuarine and Coastal
Science, East China Normal University; Xu Pengling, Senior Engineer of Shanghai
Water Supply Corp.; Professors Yuan Zhendong, Zhou Jixiang, Chen Shuzhong
and Associate Professor Pan Renliang of the Mathematics Department of East China
Normal University. I am grateful for the assistance and support to the following
colleague: Professors Chen Jiyu (an academician of Chinese Academy of Engineer-
ing), Pan Ding’an, Hu Fangxi, Li Jiufa, Hu Hui of State Key Laboratory of Estu-
arine and Coastal Research, Institute of Estuarine and Coastal Science, East China
Normal University, and Dr. Wu Jiaxue of the School of Ocean and Earth Science,
Tongji University. I am in debt to Rui Youren, Cheng Jisheng, Yu Jixing of the
former leaders of the Shanghai Public Utility Administration. Mrs Wang Peiqing
drew the figures in the book. I am also thankful to Gai Guangsheng, Proprieter of
China Ocean Press (COP) and Chen Maoting, Editor-in-General of COP. The
book publication is jointly funded by the Key Subject Construction of Shanghai and
Subject Construction of the 211 Project. Special thanks to Professor Su Jilan, an a-
cademician of Chinese Academy of Science, for writing a preface of the book.

[t should be pointed out herein that the saltwater intrusion in the estuaries is a
complex problem, especially for the Changjiang Estuary with three — order branch-
ing and four outlets to the East China Sea. The problems raised in the book are
partly solved and need to be further studied. The author should be responsible for
mistakes or errors in the book and any response will be greatly appreciated.

Shen Huanting

Summer 2003

At the Liwa riverside

State Key Laboratory of Estuarine and Coastal Research
East China Normal University

Shanghai, 200062, P. R. China
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