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PART I BASIC COURSES

I — 1 Rivers

Rivers differ greatly in character. There are swift-flow-
ing rivers, slow, sluggish rivers, mighty rivers with several
mouths, rivers that carry vast loads of alluvium to the sea,
clear, limpid rivers, rivers that at some seasons of the year have
very much more water than at others, rivers that are made to
generate vast quantities of electricity by their power, and rivers
that carry great volumes of traffic®.

Most rivers begin in springs or by the joining-up of numer-
ous rivulets and streams of water®@. Some emerge from lakes.
Practically every river has an upper, a middle, and a lower
part®. (upper or lower reaches)

In its upper part a river usually occupies the whole of the
foot of its valley — for the valley is likely to be® narrow,
stexp-sided, and ravine-like. It flows swiftly and turbulently
and its bed is generally rocky.

Lower down®, in its middle reaches, the river flows more
slowly, but still swiftly enough to cut away® its bank. So it
usually runs between well-defined margins, and there is little®®

@ great volumes of traffic: X AZFIEH, RIUMZAER. RET
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danger of flooding. The lower stretches of rivers show consider-
able varlety. Many wind across their valley floor in broad
loops. These are continually being changed by the cutting ac-
tion of the water, so that near the river there are usually rem-
nants of earlier courses. Such rivers often cause floods, since
their banks are low and the ‘flood plain® bordering them is
flat. Other rivers flow so slowly that the alluvium they carry is
deposited on the river bed and in time of flood, along its sides
in embankments®. Eventually this may result in® the river
being raised above the level of the surrounding country. Still
other rivers deposit their load® as a delta — a fan-shaped
deposit -— through which channels wind their way to the sea
or lakes into which the river flows®,
All rivers change in volume with the season of the year®
— some vary considerably. In tropical areas, variation results
mainly from the uneven distribution of rainfall: with the rains
the river rises. In regions where rainfall is distributed through-
out the year, rivers are fullest in winter, since rainfall is greatest
then and there is less evaporation. Rivers which are fed from
snow-fields become swollen with the melting of the snow and
ice, but in winter they have practically no flow. In countries
with Mediterranean climate, hot weather and lack of rainfall
coincides — so that rivers which have been torrents in winter
often have dry beds in summer.
’ (to be continued)

(@ along its sides in embankments: 34 T i§i% is deposited. @
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I — 2 Rivers (continued)

Rivers have many important functions. They have been
used [rom earliest times as boundaries and as routeways and in
dry countries to irrigate the land. More recently they have
provided power for the generation of electricity. Tn early times
before the development of efficient land transport, rivers were
often the only route-ways. Frequently the country through
which® they flowed was marshy or forested, or very hilly, and
the only easy means of movement was by water. 1In other re-
gions river fransport is important, because it is cheaper than
road or rail transport, especially for heavy raw goods® such as
grain, iron, or coal.

Electricity is generated by water-power in practically every
part of the world where the need exists and the water is avail-
able. Then, locks are construcied to enable shipping to over-
come obstacles such as shallows, rapids and waterfalls, dams
and reservoirs are built to regulate® flow for power or irriga-
tion schemes, as well as to reduce flooding.

I — 3 Applied Hydrology

The applied science of hydrology, in the broadest sense of
the word, is concerned with circulation of water from the sea,
through the atmosphcre, to the land, and thence via over-
land and subterranean routes, back to the sea. For this reason
many textbooks, devoted exclusively to hydrology, contain

@ ... the country through which they flowed ... : LAl %&K ... the
country which they flowed through .... © heavy ...: A BN,k
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chapters not only on precipitation and run-off but also on cli-
mate, soil physics, river morphology, open-channel hydraulics,
and regulation of reservoirs. In this chapter, hydrology will
be treated in a more limited sense, as being the applied science
that provides the hydraulic engineer with the stream flow data
that are needed for the planning, design and operation of water
development projects.

When the hydraulic engineer collects stream flow data for
the planning, design and operation of water development pro-
jects, he makes an important assumption: he assumes that the
characteristics or the recorded flows of the past will apply to
stream flow behavior in the future. In most cases this is a rea-
sonable assumption, to a degree. If one has observed, for in-
stance, at a certain gauging station, a minimum stream flow of
9,870 cusec, during the past 40 years, it is likely that the mini-
mum stream flow during the forthcoming 40 years will also be
about 10,000 cusec, plus or minus a few thousand cubic fect per
second. However, to usc the figure of 9,870 cusec in power or
irrigation studies for determining the scope of development®,
without considering the consequences of substantial devia-
tions from this figure, would be® a bit unrealistic. In the ap-
plied science of hydrology it® would be a good policy to keep
the refinement of computations commensurate with the chance
nature of the basic data and with@ the fact that we are primarily
interested in an intelligent estimate of future stream flow condi-
tions and not in® a precise analysis of the past. Admittedly,

@© ... to use ... development: A FRMEE.EDPETE, 6}
. woild be ...: AT, THRL AEBELFCORBRITR AEMN, D
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the precise analysis will improve the intelligent estimate, but
even the most precise analysis of the past is only a vague indica-
tion of what may happen in the future®,

I — 4 Function of Hydrology

I. Water resources inventory® (the collecting and pro-
cessing of all data pertaining to the availability of water in the
drainage basin).

I. Data collecting (the systematic collecting of stream flow,
precipitation, ground water and other pertinent records).

2. Missing records (analytical studies to complete or to
supplement the above records).

3. Data processing (transformation of the raw data in-
to hydrograph, duration curves, mass curves, etc., so that a quick
appraisal of the available water resources can be made).

II.  Project planning

(to assist in project planning the hydrologist will often make
special studies of available records; for instance, dependable
flow for an irrigation project or evaporation losses of a pro-
posed reservoir).

III.  Design of structures (for the design and construction
of hydraulic works, the hydraulic engineer must determine de-
sign conditions such as the spillway design flood, or cofferdam
design flow, or a culvert design flow. To obtain such design
flows, a statistical analysis of recorded flows must be made.
In exceptional cases a synthctic study of extreme river flow
conditions is required).

IO what wmay happen in the future: 7E8 5wl at% b3 iE, 73]
water resourves jnventory: KWFEMHGEH),



IV. Econoinic analysis (to appraise the relative merits of
a proposed project, a benefit-cost analysis is required. To deter-
mine the benefits of a water development project, statistical
data are needed; for instance, duration curves for roughly deter-
mining the benefits of irrigation and power project; flood fre-
quency curves for 'determining the benefits of flood control
projects).

V. Project operation. (the efficiency of operating reser-
voir for water supply, power or flood control purpose can be
greatly increased when river flows can be forecast. To this end,
a study must bc made of® the rclationship between antecedent
moisture conditions, precipitation, and runoff).

(From Water Resources Development, by E. Kuiper)

I — 5 Surface-water Supplies — Yield

The quantity of waler that may be drawn® continuously
from a stream or lake depends upon the area of the watershed,
the topography, vegetation, rainfall, climate and amount of
storage. The maximum quantity of water that may be drawn
continuously after deducting® losses due to evaporation from
the proposed reservoir surface, lcakage through and under dams,
and necessary withdrawals for riparian owners downstream™®
is called the safe yield®. The estimated safe yield must oxceed
the estimated i'ut?rc demand if a proposed water supply is to be

-

@ a study must be made of the ...: EKigfE% “a study of the ...
must be made”, HTFEGERK,HFHTRE muost be made BHRA,H
LLE BT iA0F. @ drawn: % draw @i aiE, sk sl
H" W, @y deduct: fnfk, k2, (@) riparian owners downstream:
Bh b downstream AR, MEFEHR 41 owners HJFHE,LARH A
is] i & . 3 safe yield: {RiEHAH, L k®,
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adequate®.

The safe yield of a source of supply can be estimated only
from records of the past. The most reliable information from
which to predict yield® is a hydrograph of the stream for a long
period of years at the location of the proposed intake of dam.
The hydrograph should be of sufficient duration® to include a
period of extreme drought. If no such hydrograph exists, it®
is necessary to supply equivalent data by adjusting hydrographs
made at other points® near by® or by computing runoff from
rainfall records. The methods that may be used for estimating
runoff are described in the next section. Surface supplies are
more frequently taken from small up-land strcams than from
Jarge rivers both because of the superior quality of the water
and because of the savings to be had® in pumping costs. Hy-
drographs are seldom available for the smaller streams, although
rainfall records are usually available at near-by stations. Hence,
the computation of runoff from watersheds by means of the rain-
fall loss method is more commonly desirable for water supplies
than for water-power projects.

If the minimum runoff from a watershed is insufficient to
satisfy the estimated demand but the average runoff over a

(@ is to be adequate: is 4 g to be HFHE",“RE"Y4TH"
ZE, ETREN: EEREALER. @ from which to predict
yield: BTN, & information —if, b HMs T we are, Bl&41:
“from which we are to predict yield” & *“which we are to predict yield
from™. @ should be of sufficient duration: should be B E#liE%,H#
SRR MER, “of sufficient duration”Z®iE,{# M IiE “hydrograph”
1ok d @it BBk, & “necessary” JREAAELIE, H
B Yo" ST ERAE. (3) made at other points: ik sy ifAfH
BEE)E, SN “bydrographs”. near by: BHE,B%iR%81E, by
2R, @ to be had: Fp“feBH". BahiEd.



period including the driest period of record is more than suf-
ficient, the demand can be met by the construction of one or
more impounding reservoirs. The methods of cstimating the
amount of storage necessary to provide or, conversely, the
safe yield from a watershed having a given reservoir capacity are
described in the next section.

(From Handbook of Applied Hydraulics, by C. V. Davis)

I — 6 Flood Control

It is generally understood that flood control includes all
measures which aim at reducing the harmful effect of floods.
It® is important to place the emphasis on the word ‘reduce’,
since flood control measures very seldom, if ever®, eliminate the
hazard of flooding. Flood control measures may be divided
into the following categorics:

I Engineering measures: (1) the construction of reservoirs,
(2) the construction of dikes, (3) the diversion of flood
flows, (4) the improvement of river channels;

[T Administration measures: (1) flood for-casting, (2) flood
plain zoning, (3) flood insurance.

Levees are small carthen dams placed at varying distances
from the banks of a stream to serve as artificial banks during
flood periods when the stream gets out of its natural banks, and
to protect the major portion of the bottom land from overflow.

Levees are justified and should be used in any valley where
the interest on their first cost and the cost of annual maintenance

@ It: A FE.RESHHEEEE: “to place ... ‘reduce’.”
if ever: R4ERR s IRIFEMA, Il flood control measures ever eliminate the
hazard of flooding” FE MR,
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is less than the annual increase on the returns from the land
which is protected by them.

Levees are the oldest known form of flood protection,
and have been used more extensively for this purpose than any
other form of either flood protection or flood prevention. On
the lower reaches of long rivers they afford the only sure means
of Hood control.

It is clear that reservoirs as a means of flood prevention,
are appreciable mainly to small watersheds, and that they are
especially effective in preventing floods from iatense precipi-
tation of the cloud-burst type. The total run-oif for small
watersheds is such that large reservoirs are not required; and
further, the lands to be protected are near enough to the reser-
voir to receive the protection desired®.

For medium — size watersheds of about 5,000 square
miles, a single reservoir is seldom suflicient to® prevent floods
at the lower end of the watershed; but a system of reservoirs,
one on each of the principal flood producing tributaries, will in
many cases prove the solution of the flood problem. The
Miami watershed in Ohio is an example of this type of water-
shed. The flood protection works recently completed in this
valley consist of five retarding basins, one¢ at the head-waters,
one on the mainstream above Dayton, and one cach on the
three tributaries.

For large streams, however, flood protection in the lower
reaches cannot be economically secured by the construction of

D ... are near enough to the reservoir to receive the ...: 4P near”
BE%E:) “to”, fEEEEF.. 82, esoush to receive: RLAHE..., “enough”
HBNR, R RIE near. (@ ...sufficient to.... BAE-,



storage reservoirs or retarding basins. For example, it is estima-
ted that to have prevented the Mississippi River from overflow-
ing its banks during the 1912 flood, a reservoir in the vicinity of
Cairo, Illinois, would have been required, covering 7,000 square
miles to a depth of 15 feet-assuming the reservoir to have been
empty when the river reached the bankful stage. Evidently
it would be out of the question® to use such a large area in this
part of the valley for reservoir purposes.

In any case, two main requirements must be met in estab-
lishing a reservoir site for flood protection, one physical and the
other economic. First, the physical conditions of the water-
shed must be such that one or more reservoirs can be constructed
of sufficient size to store or retard the excess flood waters; and
second, the cost of such reservoirs must be reasonable and less
than the benefits which will result from their construction.

(From Drainage and Flood-control Engineering, by G. W.
Pickels)

¥ — 7 Open Channel Flow

We may divide open channel flow into steady and unsteady
flow. Steady refers to time. If the discharge in a channel at
any one point does not change with time, we are dealing with
steady flow. If it does® change with time, we have unsteady
flow, for instance, when a wave is travelling in a channel or when
the discharge is gradually increasing.

We may divide open channel flow also into uniform and

@ ... out of the question ...: AT FRE.... @ ... does change
with time ...: jkih does FMLIRINEN, & FH XN, TEHRAMNM R
i e A,
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non-uniform flow. Uniform refers to distance. If the wetted
cross-sectional area of an open channel is the same from one
location to another, we are dealing with uniform flow. 1If it does
change from place to place®, we have non-uniform flow; for in-
stance, when the slope of the channel steepens, when the chan-
nel contains an obstruction, or when the flow is backed up®
by a dam.

In the following paragraphs we shall first deal with steady,
uniform flow. The main problem here is to determine the dis-
charge of a channel when its characteristics are given, or vice
versa. In order to solve such problems we will derive the Man-
ning formula™®. Thc next topic will be steady, non-unitorm
flow. This subject will be divided into two parts. The first
group of problems will be concerned with situations where®
friction losses are relatively unimportant. In other words, the
non-uniformity of flow takes place over short distances: for
instance, channel transitions and channel obstructions. The
main problem here is to determine the water surface profile.
This will be done by using the Bernoulli equation® and by in-
troducing such concepts as the specific head®. The seccond
group of problems in steady, non-uniform flow will be concerned
with situations whereby® friction losses do play an important
role. This group includes back-water problems.

(From Water Resources Development, by E. Kuiper)

@ ... does change from place to place: RGCHEHEEE L, )

. backed up: #itt, @ Manning formula: 2258, EY TN

where friction losses are ... : where &3 B, FEM B &8 M4, {&tﬁ

BIEAY siluation. ) Bernoulli equation: fasfEa, ® ... such

concepts as the specific head: 4 “such™ MR W, “as” M. 88

RRH £ &7, concepts  [&) ifrh ) & 18 introducing” Ry 1%, @
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I — 8 Flow Development in Closed Conduit

Flow in closed conduits involves a combination of steady
or unstcady flow, uniform or nonuniform flow, laminar or tur-
bulent flow, and flow over smooth or rough boundaries.

At the up-stream end of a pipe there is a region of flow
development in which the boundary layer is developing and the
flow is technically nonuniform because the velocity varies from
point to point along the streamline. Therefore the velocity
distribution changes from section to section, which means that,
in this region of flow development, a standard calibration of
measuring devices and the standard loss coeflicients for pipe
fittings (minor losses) are not applicable. In other words, calib-
rations must be made and cocfficients must be determined in
place® if reasonable accuracy is to be achieved. Furthermore,
in this region the greater boundary shear and any intial separa-
tion cause a greater amount of energy loss per unit length of
pipe than in the region® of fully developed flow downstream.
The length of the region of flow development in a pipe of dia-
meter D is approximately 0.06 ReD® for laminar flow and 0.7
Ree# pDafor turbulent flow throughout the length from the
pipe entrance.

@ ... in place: T MR, (@ ... than in the region of ...:
£ “than the amount of energy loss per unit in the region of ...” K%
BR 1% i 006 Reb: %y ‘“point o six Renold number (CEXO
multiplicd by D", 0.7 Re™® D: %% “point seven Renold
number {0 ihe point two fifths power multiplied by D™ “point seven
ane-fourth power of Fenold numler multinlied by D™,
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I — 9 States of Stress

A bricf review of the relationships existing among the
stresses acting on various planes which pass through a point in
a stressed body will serve as an introduction to the basic
mechanics to be used in this chapter. The relationships given
apply cqually wcll to steel, concrete, wood, soil, or any other
substance because they are independent of the physical proper-
ties of the material.

The state of stress at point P in a body acted on by a
system of forces Q may be described by reference to the
stresses on one or more planes N, which pass through the
point P. In general, it will be found that the resultant stress
on any plane has an obliquity 8. The resultant R may be re-
solved into component ¢ and the component t. The component
o perpendicular to the plane is called the normal stress, and the
component T or § acting tangentially to the plane is called the
shearing stress.

If plane N, passing through the stressed body, is rotated
in space, it will be discovered that there are three mutually
perpendicular planes on which the shearing stress is zero®. The
normal stress acting on one of these planes is algebraically the
largest normal stress acting on any plane. On another of the
plancs the normal stress is algebraically the smallest, while
on the third planc thc normal stress has a value intermediate
between the stresses acting on the other two planes. The three

@ it will be discovered that there are three mutwally perpendicular
planes on which the sheariny stress is zero: kAl “it” A L3108, 1€
FHE that” B[y, ok “on which ... zero™ Boiis A, B0 H &
M 4id plancs.
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