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ABSTRACT

The plan of this book covers two parts. The first part includes Chapter 1,2,3,4 3, and 6
in which hydrlogy information collection on precipitation,, stream flow measurcment and stream
flow hydrograph, hydrology routing, rainfall - runoff telations and design flood have heen stud-
ied. Tn Pant 11, we begin with relatively established technology { models) for the design or op-
eration of the surface water reservoir. The presentation will be by function, beginning with wa-
ter supply proceeding to flood centrol, and then hydropower. These three functions will be inte-
grated in a model of a single reservoir operating in a deterministic environment. In this part of
the hook, irrigation as well as its in — sitream releases will be added to the list of functions.
Through most of the discussion, it will be assumed that a division or allocation of reservoir serv-
ices between these finctions has already taken place.

Finally, we have shown how, in both a deterministic and randem environment, to allocate
services between functions for new and existing reservoirs that provide water supply, flood con-
trol, and hydropower. It is in Chapter 12 that we encounter the critical need for a new model of
a water supply reservoir, a model that can in an efficient fashion ensure the reliability of the
water supply function. Such a model is created and demonstrated in chapter 13. In Chapters 14
and 15, the new model is folded into the allocation and reallocation of reservoir services.

It is suggested that the fist part be used as a double language learning material for univer-
sity students and graduated students. The second part may be as a reference for graduated
students, senior engineers and researchers in the field of hydrology and water resources. I am
sure that the practicing engineers, senior professionals, researchers and umiversity students
(including graduated students) who deal with hydrology and water resources should benefit

from this book both in their language learning and their professional studies.

Zhenmin Zhou
24, Nov. 2004



Preface

In preparing this book the aim has been to provide an understanding of the theory and ap-
plication of water resources measurement and optimization in reservoir. The past few decades
have heen vast developments in the technology of water resources, usable hydrolegy, slochastic
processes, probabilistic methods, system engincering and decision analysis, most of which are
aimed at conjunctive use of new theory and practice. New techniques have been developed and
propounded in hooks and an increasing number of journals in the pure and applied sciences,
but the complexity of the subject matter has encouraged authors 1o adopt styles which do not aid
assimilation by the majority of potential users.

At the present time, there is a necessity for improved techniques to tackle the uncertain-
lies and random effects, which pervade water resources design and planning. Knowledge about
the mechanics of atmospheric processes, oceaﬁic temperatures and other factors influencing eli-
mate is often inadequate. The same may be said about the land phase of the hydrological cycle.
The practitioner cannot wait until mathematicians, climatologists and physicists solve the prob-
lems of engineering relevance. This book is designed to bridge the gulf that exists between the
academic and the technologist and serves to introduce some useful techniques that may aid the
design of water resources systems.

It is thought that the treatment in this book will be valuable to advanced students and
practicing engineers. Prior requirements are an understanding of basic statistical theory and
methods, and a haékground of elementary calculus and matrix algebra. Researchers, in parti-
cular, should benefit from the comprehensive reviews given here. It should also appeal to stat-
isticians interested in practical applications.

Serious notice has been taken of the opinions of university students; in recent years they
have had to cope with original sections of the text in the form of lecture notes. It is utmost use-
ful for them to try to read and use directly the foreign press of scientific and technical books as
well as magazines and other forms of articles to facilitate their advanced knowledge. This book
may be extreme]}; helpful for those whe want to raise their special knowledge as they are learn-
ing English.

The fundamental components that make up surface water systems include not only reser-
voirs, but their withdrawal structures and spillways as well as associated pipelines, irrigation
channels, and hydropower units, components that reflect the multiple functions of the reser-
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voirs. These functions include water supply for municipal and industrial use, irrigation, flood
control, recrealion, hydropower, and flow maintenance for navigilion or anqualic life. All these
functions will be modeled in this book although water supply, flood conirol, and hydropower
are emphasized.

The reservoir takes different structural forms depending on its design funclions. If the res-
ervoir 1s used only for flood control, it can he almest as simple in design as a bathtub, with a
single, limited size, un — adjustable outlet structure as well as a spillway. Alternatively, the
reservoir can deliver water through multiple hydropower units or through complex units such as
a submerged tower wilh inlet ports at mulliple levels of the reservoir. Such a tower might be
used to mix water for temperature control or ever oxygen control.

The reservoir will be an impoundment created by either an earth dam or a conerete dum for
our purpeses. It will have a spillway to get rid of excessively high and unexpected flows—if it
should become absohtely necessary to do so. And it will have one or more outlet structures, at
least one of which discharges water to the stream below the reservoir, possible through gates, or
through a urbine — generator,

The water discharged 1o the stream may be a planned release to the stream to maintain de-
sired aquatic life or navigational flows, or the discharge may be used later for water supply
withdrawal. Alternatively, this water released 10 the stream may be " wasted” from the reservoir
through its gates to keep the reservoir sufficiently empty to prevent use of the spillway. Since
most spillways are never tested (for fear of their destruction) , this latier practice is only com-
mon sense. If the water used for water supply or irrigation is nol drawn from Lhe stream but
from the reservoir, a separate structure will provide the means of withdrawal. The structure
might be a submerged port connected to a pipeline that directs water to municipal and industrial
use.

This basic reservoir structure provides the flexibility needed to begin to model the arrival
of waler at the reservoir, its storage in the reservoir, and its dispatch to various uses. Allerna-
tively , this template of uses can be used to model the design process that determines a required
reservoir capacily.

Therefore, The contents that we focus on in this book fall in two categories; (1) hasic
theory of hydrology enginecring and hydrolagic information collection, (2) deterministic and
stochastic water resources models lor rescrvoirs. The simplest of the deterministic models are

the linear programming models that choose oplimal releases or capacities and simulation models

c 2.



that experiment with varieus releases and capacities. Both miodel types deal with known inflows
to the reservoir. Interestingly, the stochastic form we investigate in Chapter 12 reduces to the
linear programming model as well.

Indeed, we are fortunate that many of the hydrologic optimization models that have been
built fall naturally in the category of linear programming or into categories strongly related to
linear programming. We are fortunate because these optimization models are the simplest 10 ex-
plain and the simplest lo solve. We unapologetically emphasize linear programming models in
this book because of the ease of problem statemenl and ease of solution, The analyst does not
need to write a computer code for the sclution of any particular linear programming model; mul-
tiple , easy — to — use solvers adaptable to all linear programming problems are already available
in the marketplace. Further, solutions obtained are optimal to the problems at hand. Alterna-
tives derived under multiple ohjectives can be generated easily. Finally, a linear programming

problem statement is as much an explanatory device as it is a means of solution.

Zhenmin Zhou
24 Nov. 2004.
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PART |
HYDROLOGY ELEMENTS MEASUREMENT AND CALCULATION

Pari | of the book , consisting of Chapter 1 through 6, considers the most important hydrol-
ogy information collection related to hydrology and water resources research. Chapter 1 discus-
ses the measurement methods of precipitation, including instruments of precipitation measure-
ments { non — recording rain gage, recording rain gage) , testing and adjusting precipitation re-
cord, extending point rainfall records, calculation methods of regional average precipitation,
etc. The average depth of precipitation over a specific area on a storm, seasonal or annual ba-
sis is required in many types of hydrologic problems. The simplest method of obtaining the av-
erage depth is to average arithmetically the gauged amounts in the area. This method yields
good estimates in flat country if the gauges are uniformly distributed and the individual gauge
catches do not vary widely from the mean. These limitations can be partially overcome if topo-
graphic influences and area representative are considered in the selection of gauge sites. The
Thiessen method attempts to allow for non — uniform distribution of gauges by providing a
weighting factor for each gage. The isochyetal method, when it is used by an experienced ana-
Iyst, is the most accurate method of averaging precipitation over an area. Various hydrologic
problems require an analysis of time as well as area distribution of storm precipitation. Depth —
area — duration analysis of a storm is performed to determine the maximum amounts of precipi-
tation within various durations over different areas. The method discussed here is widely used.
The procedure has been computerized. Chapter 2 deals with stream flow measurements, which
includes water stage measurements, discharge measurements, storage — discharge relations cal-
culation and analysis and interpretation of stream flow data. Water stage changes continuously
with the time owing to the influence of the factors such as rainfall, snow — melting, ice —melt-
ing, evaporation, diversicn and drainage. The change of stage is an important ground for hy-
draulic engineering construction, navigation, flood control, drought defying, etc. Therefore,
there is a need to carry on a long term and continuous observation on- stages. The stage record
is transformed to a discharge record by calibration. Since the control rarely has a regular shape
for which discharge can be computed, calibration is accomplished by relating field measure-
ments of discharge with the simultaneous river stage. Chapter 3 deals with stream flow hydro-
graphs, including analysis of complex hydrographs, total runoff calculation, unit hydrograph
and its application. Chapter 4 analyzed the rainfall ~ runeff relations which play the important
ground for hydraulic facilities design and planning. Through Chapter 5 to 6, we dealt with
hydrolegic routing and flood design, including reservoir routing, routing in river channels, de-
sign flood based on stream flow data and estimation of design flood based on rainfall data. Fi-
nally, we introduced the empirical metheds of flood design which is normally a very important

method dealing with no data and small - sized basin.



The fist part of the book is a hasic knowledge for the next part. Therefore, it is strongly
suggest that readers read the first part before deepening the second, especially for those whose

original specialty is not hydrology and water resources,



CHAPTER 1 PRECIPITATOIN

1. 1 Measurement of Precipitation

The precipitation is a basic element in hydrology study. The measurement of precipitalion
plays very important action both in hydrology and water resources researches. A varicty of in-
struments and techniques have been developed for gathering information on precipitation. Ini-

struments for measuring amonnt and intensity of precipitation are the most important.

111 Types of Rain Gages

Rainfall and other forms of precipitation are measured in terms of depth, the values are
expressed in millimeters in most countries in the world.

Rain gages are based on the simple idea of exposing in the open . A hollow cylindrical ves-
sel is used with a bottam but no cover. Rain or other forms of precipitation falls into the vessel,
and its depth (or volume or weighl) is measured. Snow or other frozen forms are melted before
the measurement.

The principal difficulties are as follows: the presence of the gage may disturb the wind
field so that the free fall of precipitation is interfered with, piled — up snow or ice on the open-
ing of the eylinder also may interfere; trees, huildings, a roof serving as a catchment area, or
other objects may make the exposure sile unrepresentative; some of the precipitation may be
lost by evaporation or by wetting the sides of the gage or the measuring tube; various other fac-
tors such as dents in the rim of the recciver or the measuring volume may give false answers; in
extreie cases, splash into or out of the objegts may modify the true value of rainfall. Most of
these causes may be minimized with proper care.
Types of gages are as following: !

(1) Non - recording Gages. The gage consists of a copper vessel, a receiver (or fun-
nel), and a measuring tube whose cross — sectional area is one — tenth that of the gage. During
warm weather the measuring tube is placed in the gage and the receiver is fitted on the top of
it. If the depth of precipitation is less than one — tenth of the height of the gage, it is simply
measured in the tube by dividing the actual depth in the tube by 10. In case of that the meas-
uring tube overflows, the water must be poured back from the gage into the tube in successive
filling until the total depth is measured. During cold weather the receiver and tube are removed
from the gage so that they will not interfere with the accumulation of snow.

The rainfall is measured every day at 08.:00 a. m. During heavy rains, it must be meas-
ured three or four times in the day. The total amount of all the measurements during the previ-
ous 24 hours is recorded as the rainfall of the day in the register. Thus the non — recording rain
gauge gives only the total depth of rainfall for the previous 24 hours (i.e. daily rainfall} and
does not give the intensity and duration of rainfall during different lime intervals of the day.

Tl is often desirable Lo protect the gauge from being damaged by cattle and for this purpose

3.



a barbed wire fence may be erected around it.

(2} Recording Gages. In order to know the intensity of rainfall or the amauvots of shorter
durations that can be obtained by manual measurements at a regular rain gage, recording gages
are used, which gives a continuous pen trace on u clock — driven drum. Several mechanisms
are provided for moving the pen: floats, weighing devices, or the tipping bucket. I is usually
desirable that the total rainfall he retained so that manual measurements can provide a check on
the total rainfall and a means of calibrating the rates of fall.

There are three types of recording rain gauges: tipping bucket gauge , weighing gauge and
float gauge.

Tipping bucket rain — gauge consists of a cylindrical receiver of 30 cm in diameter with a
funnel inside, see Fig. 1 — 1. Just below the funnel a pair of tipping buckets is pivoted such
that when one of the bucket receives a rainfall of 1mm it tips and empties into a tank below,
while the other bucket takes its position and the process is repeated. The tipping of the bucket
actuates on electric circuit, which causes a pen to move on a chart wrepped round a drum
which is revolved by a clock mechanism. This type cannot record snow. The tipping — bucket
type (Figl —2) is especially adapted to remote recording and has been in use in China since

1960° S,
30 om

e Receiver

— Funnel

—.— Tippng bucket
g |~ To recording device
T

Fig. 1 -1 Tipping Bucket Gauge

In case of weighing lype rain — gauge, when a certain weight of rainfall is collected in a
tank which rests on a spring - lever balance, it makes a pen to move on a chart wrapped round

a clock - driven drum, Fig. 1 —=3. The rotation of the drum sets the time scale on which the

4.



