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FOREWORD 1

This book contains the most extensive collection of case histo-
ries on the development and regulation of alluvial tidal estuaries a-
mong all books of the same kind that have recently come to my at-
tention. It features the adoption of a newly developed system of es-
tuary classification that is tied in with the schemes of estuary regu-
lation. Thus, following the system of classification presented in the
book, one would also be hinted on the possible ways to regulate an
estuary. This is considered quite significant in that classification is
now more than mere grouping of estuaries of similar features for
speedy reference. It also throws some light to illuminate the way to
the rational regulation of an estuary. »

So much information on the regulation of alluvial estuaries has
been gathered in this book that it may also serve as a sourcebook of
estuary regulation. With this book on hand, one may save much of
time and expenses otherwise needed in the search of pertinent liter-
ature for reference {rom extensive individual publications. This is
particularly desirable in the regulation of small estuaries where both
manpower and financial resources are usually limited, so that under
such circumstances it is often advisable to keep financing restricted
as much as possible to the immediate expenses of design, construc-
tion and relocation of inhabitants.

This book also contains detailed information on such large Chi-
nese estuaries as the Yangtze, the Pearl and the Qiantang. It could
be a good reference for those engaging in the regulation of large es-

tuaries.

In addition, it is obvious that the author is also versed in tidal



hydraulics. In-depth discussions of tidal flow problems may be
found here and there in the book. For instance, the author makes it
a point to indicate that the propagation of disturbances in sediment
concentration lags behind that of the tidal flow. This is often ob-
served in the field. It may also be derived from the basic equations
of motion by applying the theory of characteristics. The said lag
would affect both the amount and distribution of sediment deposi-
tion and is therefore not to be overlooked, especially in the cases of

non-uniform estuaries.

Member of Chinese Academy of Sciences , Professor

2009. 4. 1
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FOREWORD 2

Estuary is a contact zone of continent with sea and is the thor-
oughfare of goods exchange for the sea and watershed. There are a-
bundant resources, convenient communication, fluent goods circu-
lation, frequent human activity, advanced cities and long-standing
culture. The exploitation and protection of estuaries have been in-
tensely concerned by people.

There is a long-standing history for records of estuary phenom-
enon in China. The tide phenomenon, especially the tidal bore, the
water raising and their reason had been described and analyzed at
the front and back of A. D. There are long-standing records of river
regime change in estuaries, especially the Yellow River Estuary and
the Qiantang Estuary as well as the history of disaster prevention
with building dyke in more than thousand years. The ancient sea-
wall with the Great Wall and the Grand Canal are called three
ancient great constructions of China.

After the Second World War, the estuary research likewise the
sea research has been intensely concerned. As a constituent of the
coast, the estuary is the coast of non shoreline and there are a num-
ber of problems studied by scholars systematically. The research of
modern estuary in China began in 1950s. The special research or-
ganizations were established at the relevant departments. Spurred
by economic construction the essential data were collected and the
principal problems were studied for the large and middle estuaries.
Through accumulating data and research in tens years, the diversi-
fied special writings for the estuary theory, fluvial process and reg-

ulation including special writings of Changjiang, Yellow River,



Zhujiang and Qiantang estuaries were republished. which not only
has extremely promoted development of the related subjects but al-
so has brought forth plentiful content of close subjects such as ocea-
nography, coast and harbor engineering.

Accumulating abundant data and summarizing experience for
estuary research and regulation more than 30 years, Professor
Xiong Shaolong, who works in Zhejiang Institute of Hydraulics and
Estuary, wrote a book named Fluvial Process and Regulation for
Tidal Estuary recently. The classification of tidal estuary, the flu-
vial process and the regulation for each kind of estuary are studied
in this book. He presented his personal opinion for a number of
questions concerned estuary research. This writings carved out a
new thread of thought for estuary research.

As for the estuary classification, two levels are divided in this
book. First and foremost, according to delta and funnel-shaped es-
tuaries as all known gained from morphology, the transition estuary
named by predecessors is leaded to estuary classification. The sec-
ond, considering the reversing movement characteristics of flow and
sediment in tidal estuary and looking for combination classification
index consisted of flow and sediment factors reasonably, the transi-
tion and delta estuaries could be further divided into three sub-types
respectively. This is a new exploration for estuary classification re-
search,

Based on the estuary classification research, the essential law
of the flow-sediment movement and fluvial process for different
kind of estuary are further investigated by using corresponding typi-
cal estuary examples with emphasis on summary experiences of suc-
cess regulation. Then the common principles of regulation and ex-
ploitation for tidal estuaries, the difficulty and key point in regula-

tion for different kind of estuary are comprehensively analyzed. On



the basis of realization about common characteristics for each kind
of estuary, the comprehensive regulation and exploitation projects
of estuary could be made well with combination of their individuali-
ty and region superiority so that the reasonable exploitation of estu-
ary could be realized.

This book gives a series of enlightenment, special for basic
principles of estuary regulation and exploitation and for key point of
regulation in different kind of estuary. I think that the exploitation
of tidal estuary must obey fundamental model of estuary evolution
and basic law of fluvial process in estuary which could make exploi-
tation and protection of estuary more efficient. The mankind has a-
bility to carry out engineering control for estuary but the engineer-
ing measures must suit for nature law of estuary development. As
mentioned in this book, the estuary regulation construction “ought
maintain original type of estuary as full as possible” and the exploi-
tation of the estuary resources “should remain dynamic equilibrium”
to treat contradiction between exploitation and protection.

This book presented researchers with reference and enlighten-
ment and the principal point of view will be examined and enriched

by estuary researchers.

Member of Chinese Academy of Engineering , Professor

2009. 3. 24
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PREFACE

With the geographical advantages of connecting land and sea, the tidal es-
tuaries characterized by abundant resources and dense population have usually
become national/regional hubs and economic centres. Building dykes to prevent
disaster and navigation used to be the focus of etuary regulation, which has now
advanced to an integrated level where human and nature can develop in a harmo-
nious and coordinated manner. The interaction between runoff and tidal current
leading to the typical unsteady reversing flow in tidal estuary makes both the
flow and the sediment transport more complicated with highly varied fluvial
process than those of uniflow. On the basis of researching kinematical charac-
teristics of current and sediment, grasping always the dynamic and material con-
ditions, focusing on the unique to-and-fro movement characteristics of flow and
sediment in tidal estuaries, the new systematic classification of tidal estuaries is
presented in this book by adopting the combination index named o8'/? in 26 estu-
aries all over the world, in which « is the ratio of river runoff to tidal flow, B is
the ratio of sediment concentration of runoff to that of tidal current. In other

words, « stands for dynamic influence of alternate action with runoff and tidal
" current, and B represents the tie action in reversing movement of sediment.
Both o and § are the main independent factors affecting the estuary morphology
and fluvial process. The rationality about the classification index of tidal estuar-
ies is verified by using the Projection Pursuit Dynamic Cluster Model (PPDC).
With the index 8", the tidal estuaries are classified into three types including
firth estuary, transition estuary and delta estuary, in which the latter two types
could be further divided into three sub-types. Then the formation conditions,
the essential characteristics of the flow-sediment movement and fluvial process
could be summarized well for different kinds of estuary. The essential charac-
teristics of the flow-sediment movement and fluvial process for each kind of tidal
estuary are further investigated by using corresponding typical estuary exam-
ples, with generalization of practice and experiencing circuitousness in regula-

tion. On the basis of above mentioned undersdading, the common principles of



regulation and exploitation for tidal estuaries, the difficulty and key point in
regulation for each kind of tidal estuary are comprehensively analyzed. Accord-
ing to the main characteristics for different kinds of estuary, the comprehensive
regulation and exploitation project for tidal estuaries could be made well with
combination of their individuality and region superiority.

Chapter 1 and Chapter 2 analyze respectively the common characteristics of
the flow and the sediment movement. Chapter 3 discusses the classification in-
dex for tidal estuaries, the formation conditions and the essential characteristics
of the flow-sediment movement and fluvial process for different kinds of estuar-
y. Chapter 4 generalizes the general regulation principles for tidal estuaries.
Chapter 5 to Chapter 9 describe further the essential characteristics of the flow-
sediment movement and fluvial process, the regulation practice and the experi-
encing circuitousness for different tidal estuaries by using typical estuary exam-
ples of each kind, Chapter 10 analyzes comprehensively the common principles
of regulation and exploitation for tidal estuaries, the difficulty and key point in
regulation for each kind of estuary. According to the author’s experience of 30
odd years in estuary research and design, the Chapter 11 expounds a reasonable
application of research methods and several construction techniques for estuary
regulation.

More than 20 years ago, Professor Xie Jianheng (Member of Chinese Acad-
emy of Engineering, my supervisor) asked me to write a book about fluvial
process and regulation for tidal estuary by acumulating knowledge energetically
and summarizing experience and lessons attentively, The research and design
practices of more than 40 years provide certain realization to complete this book
by using work intervals and holidays in more than 2 years. The Zhejiang Institu-
te of Hydraulics and Estuary (my employer) provided much support to the
book’s compilation. Professors, Senior Engineers Dai Zeheng and Li Guangbing
always showed much concern and reviewed the book’s draft. The late Deputy
Chief Engineer Yu Jiong had consistently concerned for the compilation about
this book. Professors, Senior Engineers Lin Bingyao, Gen Zhaoquan and Pan
Cunhong reviewed the Chapter 3. Professors Yun Caixing, Chen Wenbiao and
Li Zegang reviewed the Chapters 7~9 respectively and furnished their unpub-
lished data and latest reseach results. Senior Engineer Zen Jian in estuary classi-

fication verification by using the Projection Pursuit Dynamic Cluster Model (PP-



DC), Engineer Li Jun and Associate Librarianship Lang Wangyou in drawing
and data collection gave much help. Professor Lin Bingnan (Member of Chinese
Academy of Sciences), Professor Chen Jiyu (Member of Chinese Academy of
Engineering) expressed deep concern and wrote the forewords for the book re-
spectively as well as presented valuable suggestions. I take this opportunity to
express my sincere appreciation for their concern and help.

In the field of tidal estuary classification, the fluvial process and regulation
for the estuaries and so on, the analyses and conclusions of this book are only
preliminary and not free from errors. 1 wish it will play a part in promoting fur-
ther research and make reference for engineers in relevant science/technology
organizations (such fields as investigation, project planning, design, construc-
tion and management) , as well as for teachers and students of relevant profes-
sion in universities and colleges.

The publishing of this book got financial aid from “water pollution control
and management technology major project (2009Z2X07424-001)”. 1 take this op-

portunity to express my gratitude,

Shaolong Xiong
2009, 4.7
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