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PREFACE.

HEN the original College text-book on Engineering went

out of print, it was decided that it should be re-written

in the form of several manuals. The first to be undertaken was

one on Hydraulics which was published in 1837. A Manual
of Building Materials and Construction was issned in 1894.

The want of a Manual on Irrigation Works was felt by
the College, and in 1896 a small work, adapted for the most
part from Mullinsg’ ¢ Irrigation Manual” by permission of the
Government, and with the late General Mulling’ consent, was
published.

Experience showed, however, that this work required revi-
sion and amplification to fit it for College requirements, and
it has accordingly been re-written. The present publication
does not aim at being a comprehensive treatise on irrigation,
it is merely a manual compiled for the use of students.

I have to acknowledge the courtesy of Mr. R. B. Buckley
in granting permission to make use of his book * Irrigation
Works in India and Egypt,” to Mr. Herbert M. Wilson in
regard to extracts from his ‘““Manual of Irrigation Engineer-
ing,” to Mr. James D. Schuyler for leave to reproduce several
illustrations from his book on ‘ Reservoirs for Irrigation,
Water Power and Domestic Supply,” and to Messrs. Ransomes
and Rapier for the notes on Stoney’s sluices.

I also express my gratitude to His Excellency Lord
Ampthill, Governor of Madras, for graciously accepting the
dedication of this work.

MADRAS, B. O. R,
January 1906,
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IRRIGATION WORKS.

CHAPTER I.

MEANING OF IRRIGATION—NECESSITY FOR IRRIGATION—
DIFFERENT MODES OF IRRIGATION.

1. Meaning of Irrigation.—Irrigation is a method of produ-
cing or increasing fertility in soils by an artificial supply of water. In
dry weather you take a watering-pot and sprinkle such plants and
flowers as you consider most valuable, or perhaps with a hose or water-
cart moisten more or less your garden. This is irrigation pure and
simple. The only difference between this form and that more generally
implied by the word irrigation as used in India is that in the latter case
the application of water to crops becomes a business by itself, and it is
the duty of the Engineer to design and introduce methods whereby
water may be applied in the easiest, least expensive and most certain
manner. This is by aid of the action of gravity, and irrigation by
natural flow is the result. Channels are constructed which lead the
water from the source of supply, be it well, reservoir or stream; and
they are so aligned and graded that the water shall flow through these
and from them into minor channels, and from these again be led by
ploughed furrows through the fields. :

2. The Necessity for Irrigation.—The rainfall in some parts
may be utterly insufficient in every season to mature the crops; this is
the case, for instance, in Sindh and in parts of the Punjab, where the
rainfall for the year averages from 2 to 4 inches only, and in the whole
basin of the Nile in Africa, where the rainfall, on large tracts, is
practically nothing at all. Or the rainfall may be amply sufficient in
total quantity, but badly distributed with reference to the scasons or
to the requirements of the crops. This is the case in Southern India
and in the Madras Presidency partioularly, where the rain, though the
total amount ranges from 40 to 60 inches in the year, gemerally
falls in short periods and it is not uncommon to have bursts of 12 inches
in twenty-four hours And even in parts of the Himalayas, where
the rainfall varies from 50 to as much as 100 inches, crops grown on
the terraces in the mountains are matured in the dry season by artificial
irrigation.

3. Value of Irrigation.—Of the incaleulable benefits derived
by a country from irrigation, not the least important are increase of
revenuo and protection from famine.

Irrigation works are consequently classed as Productive or Protective
according as they conspicuously fulfil one or other of these great
functions. In a productive work the revenue not only pays the cost of
maintenance but, in addition, a percentage on the capital expended.
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This pereentage is a profit to the State, that is to the community. In
the case of a protective work the revenue is generally insufficient to
yield a profit ; but the construction of the work is undertaken to protect
the inhabitants of the distriot from scarcity and famine.

The full advantage of irrigation works cannot, however, be estimated
by their direct results. Works are indirectly profitable in improving the
condition of the people, in promoting trade, and in developing the
resources of the country.

4, Different Modes of Irrigation.—Irrigation works may be
divided into two great classes, viz., gravity and lift irrigation. Gravity
works include all those by which the water is conducted to the land b
the aid of natural flow. They include— ]

(1) Canals, which may be either perennial or inundation canals.
(2) Storage works.
(3) Artesian well supplies,

Lift irrigation includes those forms of irrigation in which the water
does not reach the land by natural flow, but is transported to it by
pumping or other means of lifting. Lift irrigation is divided into
classes according to the form of power used. -

5. Sources of Irrigation Water.—The water required for irri-
gation may be obtained from underground where it is often met with at
a moderate depth by sinking wells to the water-bearing strata. The
water is drawn up, either by manual, animal or other power.

Where the rainfall is heavy, but of short duration, it may be col-
lected in tanks ; and the flow of streams, which fail in the dry season,
may be stored in reservoirs, formed by dams placed across the valleys
of streams at suitable sites. p

The most abundant supply, however, of water for irrigation is
derived from large rivers, by means of canals.

6. Water for Irrigation drawn from Rivers.—Water may
be drawn from rivers during their floods by means of inundation canals,
leading the water at a somewhat high level from the river to the lands
at the sides, the influx being sometimes regulated by sluice-gates, and
coaging directly the river falls. Water is also obtained for irrigation
from the upper parts of rivers, having a perennial flow, by canals
which, being given a suitable fall, convey the water for long distances
to irrigate arid plains at a considerable distance from any natural water-
course ; and shorter canals are constructed branching off lower down on
such rivers, to irrigate lower lands away from the river. Canals, more-
over, starting from the head of a delta, where the water is backed up
by a weir during the dry season, supply water for irrigation to the low-
lying lands situated between the branches of the river traversing the
delta. In the first case the irrigation is intermittent, only taking place
when the river is in flood, and depending for its extent on the height
of the flood; whilst the last two methods are intended to furnish a
perennial irrigation, discharging a constant supply of water throughout
the dry season.

7. Inundation and Perennial Canals.—The leading of water
from rivers and streams to irrigate adjacent lands was probably practised
oven before the time when the construction of tanks was undertaken.
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The most primitive system was that of making comparatively shallow
cuts, through the river bank, or through the ridge which scparates the
river from the low-lying surrounding country, into which the water flowed
when the level of the river was raised by the regular floods which oceur
annually in most tropical streams. The canals made on this system are
called, in India, inundation canals, The chief inundation canals of
India are found in the basin of the Indus and of its five tributaries.
Inundation canals give, at best, a precarious system of irrigation ; if the
floods of the rivers, from which the canalsare drawn, are regular, and
the duration of the flood is sufficient, the cultivation is secure, provided
that the canals have been cleared of the silt deposits of the previous
year ; but when the floods are low, or only remain for a short time at
their full height, it is impossible to pass the necessary volume of water
oun to the fields, or even to give any water at all to many of them.

A very large proportion of the area now under irrigation in India
is commanded by perennial canals taken from the large rivers. It
is impossible to draw afy very distinet line between inundation and
perennial canals. There are some canals which are perennial, in the
sense that the water does flow in them all the year round and yet the
discharge is so small during the dry season of the year, as compared
with that of the flood season, that they would more probably be classed
with inundation canals, although the term is usually only applied to
channels with an intermittent discharge. The extra depth to which such
canals arc cut may be sufficient to take in water when the river is at its
lowest, but the real object of it often is to increase the discharge in the
season of inundation. A perennial canal may be only an inundation canal
cut to a sufficient depth ; but usually it has head works in or across the
river from which it is taken. The construction of perennial canals in
India was probably first undertaken in Madras, where, as has already
been stated, there are numerous examples of channels leading a constant
supply of water from strcams, In some cases, and notably in that
of the channels taking off from the Grand Anicutin the Tanjore District,
these canals drew their supply from permanent weirs or anicuts, but in
many cases a dam or corwmbo was constructed across the river every
year as the flood fell, to retain the water at a sufficient height to compel
it to flow into the canals, The corumhbos were often made of sand and
brushwood only, and completely closed the channel of the river, diverting
the entire supply into the canal. The Grand Anicut is said to have been
constructed several centuries ago.

The earlicst examples of successful perennial canals are to be found
in the delta system of Madras; of these the Cauvery or Coleroon works
are the most ancient, both as regards the original portion constructed
by the natives, and with reference to the improvements of them which
were commenced in 1836.

The aree of irrigation dependent on this anicut system, before any
improvements were effected, was 669,000 acres; now it is rather more
than one million acres ; about 18 lakhs of rupees only have been spent
on the improvements. This irrigation system is the largest delta system,
and it is the most profitable of all the works in India. There are six or
seven somewhat similar delta systems in Madras, of these the Gédavari
system is a fine example. At the head of the delta of the Gédavari
the deep bed of the river is only some 8 or 10 feet below the highest
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arts of the delta’which require irrigation, so that it was casy to com-
mand the whole area by means of a weir which was constructed across
the river at Dowlaishweram, where the total width from bank to bank
is 3% miles, but where four islands reduced the actual length of weir to
about 2} miles. The river at the head of the delta bifurcates into two
streams, which divide the area under command into three sections, each
of which is watered by a canal taking off the river above the anicut. In
the castern section the main canal soon bifurcates, one branch following
the high bank of the river, and the other flowing along the foot of the
hilly ground bordering the delta at this part, both these branches throw
off many other channels to irrigate the lower land lying between them.
In the same way the canal in the central section of the delta throws off
branches along the high banks of the river, which command the country
between them, while one of them in its lower reaches crosses a branch of
the river by an aqueduct of 49 arches. In the western section the main
canal divides into several branches, one of which, as in the castern section,
follows the margin of the delta, and another follows the river bank.
The main lines of canal in this system are constructed for navigation as
well as for the supply of water. The area imigated is nearly 700,000
acres. :

8. Parts of a Canal System.—A canal system consists essen-
tially of the following parts :—

(1) Source of supply.

(2) Lands to be irrigated.

(3) Main canal and branches.
(4) Head and regulating works.
(5) Control and drainage works.
(6) Distributaries.

The prinecipal works of this system are the main canals and
distributaries. Between different canal systems the greatest points of
difference are found in the head works and in the first few miles of the
diversion line, where numerous difficulties are frequently encountered,
calling for variations in the form and construction of drainage works
aud canal banks.

9. Tanks collecting Rainfall for Irrigation.—One of the
earliest systems of irrigation in India, in those districts where the rainfall
is generally copious, but unsuitably distributed during the season, was
by surface tanks. They are found to some extent in all parts of India,
but are to be counted by thousands in Madras, where millions of acres
of rice crops are irrigated from them. These tanks vary in size from a
few acres to nine or ten square miles of water surface. They are
usually formed by throwing earthen embankments across small local
drainages, often with a catchment area of only two or three square miles,
or by a series of such embankments thrown across the valleys leading
from larger catchments. The floods are impounded in this series of
tanks and utilized subsequently for irrigation; the surplus from one
tank flowing by escape channels to that below. In years of very heavy
rainfall these local tanks are occasionally breached, and the supply store
lost, and in years of deficient rainfall many fail to fill at all. Inli![adras,
where there are some 60,000 tanks, the majority are provided with
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masonry works for draining off the water or for regulating the discharge.
The Madras tanks also depend mainly on local rainfall, but they are
sometimes fed from rivers or streams by means of channels taking oft
from weirs constructed in the beds of the rivers. In a return given by
the Madras Government it appears that there are 1,129 weirs across
rivers or streams in Madras, ecach connected with a series of tanks, or
with a single one. These weirs aro exclusive of thoso connected with the
larger irrigation works. The dopendence on local rainfall renders the
irrigation from these tanks to a cortain extent procarious, but the area
ordinarily irrigated from works of this kind in Madras exceeds 3%
million acres. In some cases the embankments, which, with one or two
exceptions, are all made of earth, are built in gorges; thus the embank-
ment of the Cumbum tank in the GuntGr district which is over 100
feet high, is little more than 300 feet long. but the water surface of the
reservoir is about' 8 square miles: while another example, the Chem-
barambakam tank, about 14 miles from Madras, has an embankment
3 miles long which sustains a minimum depth of only 20 feet or so; it
has a waterspread of 895 square miles and a capacity of 103 millions
of cubic yards. In Mysore the Miggar tank has an earthen embank-
ment 84 feet high and 1,000 feet long. In the north these surface
tanks, in almost all cases, depend on their local catchment, but in Madras
tanks are sometimes grouped together and fed from rivers. Plate
I shows one of these systems in the Salem district which has been
greatly improved since 1883 by the construction of & weir across the
river Ponniar, and of a system of supply channels and sluices.

10. Reservoir Dams for Storing up Irrigation Water.—
Large volumes of water can be stored up for irrigation by erecting an
carthen or masonry dam across the lower part of the valley of a stream
or river. The dam arrests the flow of water during floods till the water
has filled the reservoir space above the dam, the volume of water thus
stored up depending upon the height of the dam and the configuration
of the valley above. A narrow part of the valley is generally selected
which widens out higher up, so that a comparatively short dam
across a gorge retains a large volume of water. A waste weir is
provided, over which the surplus water flows away harmlessly into the
channel below when the reservoir has been filled. The water in these
reservoirs being deep, is much less exposed to loss from evaporation than
in shallow tanks.

Several reservoirs have been formed by earthen and masonry dams
in the hilly distriets of the province of Bombay for irrigating tracts
having a small rainfall, as being the only method available on account
of the variable flow of the riversin those regions. Harthen dams are
ordinarily used for moderate heights, and in places where compact rock
is not reached at a moderate depth below the surface; and masonry
dams are adopted for considerable heights, where a rock foundation can
be obtained.

11. Masonry Reservoir Dam with Flood Discharge
Sluices,—Reservoir dams for storing up water for irrigation or water-
supply are commonly constructed across the narrow, mountainous gorge
of a small river or stream, whose waters during floods gradually fill the
reservoir thus formed above the dam; and the moderate volume of
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surplus water in wet years passes over the waste weirs. When, however,
a dam is constructed across the channel of a large river, such as the
Nile, to store up a portivn of the flow towards the close of the flood
season as designed to be accomplished by the masonry dam at Assuin,
provision has to be made for the discharge of the maximum flood
through numerous openings near the bottom of the dam. These are
only closed when the flood has begun to abate, and the river, having
fallen considerably, is carrying along comparatively little silt.

12. Preparation of Irrigation Projects.—In considering
proposals for constructing irrigation works, whatever the circumstances
may be, there are certain points on which information is required.
These are—

(1) The average rainfall of the eountry and its character.

(2) The irrigation duty of the drainage from a square mile of
country or other definite area.

(3) The yield or quantity of water derivable from that definite
area.

(4) The average rates of assessment, for wet lands and dry lands,
respectively, per acre in the neighbourhood.

() Special circumstances regarding the site of the proposed
work.

————



CHAPTER II.

RAINFALL, RUN-OFF, FLOOD DISCHARGES, FLOOD LEVELS
AND THEIR REGISTRATION, EVAPORATION, ABSORPTION,
SILTING.

13. Rainfall.—Rainfall is the source of all water used for irrigation
purposes and therefore a knowledge of its amount, character, seasons or
periods, and of the effects produced by-it, is of primary importance to
all whose duty it is to design, carry out, improve, or maintain irriga-
tion works. : ‘

The resulting discharge, or run-off, from rainfall has to be consi-
dered in two ways : first, the water to be utilized ; second, the water to
be otherwise disposed of; and in connection with every irrigation work
these two points require to be concurrently taken into consideration.

14. Rainfall Registers.—Rainfall registers are the foundation
of knowledge of the water resources of a country. It is essential
therefore that they be kept in a convenient form at as many stations as
possible ; and indeed, wherever there is some one available, either
permanently or temporarily, to measure and record the rainfall. All
old registers should be preserved, abstracted, and used as data.

It should be remembered that an accurate record of the duration
of all very heavy falls of rain is of much importance, and this should
be impressed upon all in charge of rain-gauges. But even if the
rainfall returns of any particular district are complete, there is often
no little difficulty in deciding, first, the maximum discharges from the
catchment in periods of maximum rainfall : and second, the amount of
run-off or the proportion of the total rainfall which finds its way to the
point of discharge along the outfall line of the country. ;

15. Gauging Rainfall.—A common form of rain-gauge is shown
in Fig. 1. It consists of three parts, the collector A, tho receiver B,
and the overflow attachment C. A measuring rod graduated to inches
and tenths is furnished with each gauge and is used in measuring the
dopth of water. The gauge should be placed in an open space, prefer-
ably over grass soil, and, to obtain a free exposure to the rain, should
be at least 50 feet from any building or obstruction. It should be
enclosed in a close-fitting box and sunk into the ground, to such a depth
that the upper rim of the gauge shall be about one foot above the
surface, and care should be taken to maintain it in a horizontal
position. The scctional area of the receiver being only 0°1 of the area
of the collector, the depth of water measured is ten times the true
rainfall.
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Fig. 1. Rain Gauge.

16. Run-off —By “ run-off ” is meant the quantity of water which
flows in a given time from the catchment basin of a stream. The run-off
of a given catchment area may be expressed either as the number of
cubic feet per second,* of water flowing in the stream draining that
area, or it may be expressed as the number of inches in depth of a
sheet of water spread over the entire catchment. The latter expression
indicates directly the percentage of rainfall in inches which runs off.

17. Catchment Basin.—The ground or country over which the
rain falls, and then drains off into ome line of outfall or water-course,
is called the catchment basin; the boundary line of this basin is the
watershed.

Every irrigation work is dependent for its supply of water upon
the run-off or discharge, due to rainfall, from a basin of greater or less
extent, varying, in Madras, from the 115,570 square miles of the
God4avari basin above the anicut, to the fraction of a square mile supply-
ing a small tank.

The run-off or discharge of a catchment basin may be stored in
tanks or reservoirs, in which case the proportion of the whole discharge
intercepted may be large or small ; or it may be utilized by means of
irrigation canals or channels, with or without the aid of an anicut or
weir, to .raise the water-level in the water-course, which may be the
immediate source of supply.

18. Maximum Discharge of Catchment Basin.—Upon a
right estimate of tho greatest quantity of water liable to be discharged
from a catchment basin will depend the safety of any work which may
exist, or which it may be proposed to construct, to utilize a part of the
water for irrigation purposes.

As run-off bears a relation to rainfall, it would appear that, knowing
the amount of rainfall and the area of the catchment basin, the amount
of run-off, or discharge, can be readily ascertained. This is not
exactly the case, however, as the amount of run-off is affected by many
varying climatic and topographic factors. Many formule, none of

* The abbreviation now adopted in the Public Works Department for * cubic feet
per second ’’ is * cusecs.”
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which give perfectly satisfactory results, have been proposed for
obtaining the relation between run-off and rainfall. The run-off will
be affected by the depth of the soil, the amount of vegetation, the
steepness of the slopes, and the geologio structure.

Another difficulty in determining the run-off from any given
catchment basin is due to the ever-varying circumstances under which
heavy rain-storms occur.

While, however, an absolutely correct determination of this quantity
is not possible, it is, nevertheless, quite practicable, if a right use be
made of available data, to form a fairly accurate -estimate of the
maximum quantity of water which may have to be disposed of, and
then by allowing a reasonable margin for errorsin the estimate, the
requisite safety may be secured.

19. Formule for Maximum Run-off.—Several formulms for
ascertaining the maximum discharge from a given catchment basin
have been obtained both empirically from known measurements and
by theoretic processes.

In India the formule® which have been in general use are the
following : —
l. Ryves’ formula—Q = OM%
2. Dickens’ formula—Q = CMi

in which M represents the area of the catchment basin in square miles,
C is a co-efficient depending for its value upon rainfall, soil, slope of
ground forming the basin, ete., and Q is the resulting discharge, which
18 usually taken in units of cubic feet a second. By plotting a curve
derived from the flood discharges of some American streamsit was found

that the resulting equation became, @ = 200 M-

The first of these formul® assumes that the discharge from catchment
basins of different areas varies as the cubie root of the square of the
area, while in the second the variation is supposed to be as the fourth
root of the cube of the area. The general result is, in the former case,
a much more rapid diminution of proportionate discharge as the area
increases, than in the latter case. 'The data for deciding as to which is
the more generally applicable formula for Southern India do not as
yet exist, and either may be usefully employed if it be borne in mind
that, while these formulze may be confidently used for the practical
settlement of questions conmected with the design of works, when the
conditions of their applicability have been determined on adequate data,
yet they are otherwise to he relied on only as a guide to the reasonable-
ness, or the reverse, of tho conclusions independently arrived at.

‘The following additional caution should, however, not be lost sight
of. No such formula can be strictly applicable, with the same co-efficient,
to areas of various sizes, even in the same part of the country and
within the influence of the same intensity of rainfall, unless, as has been
already pointed out, the other eircumstances, such as the slope of the
ground, description of the soil, ete., be approximately similar.

The chief difficulty will be found in the selection of a suitable
co-efficient. KFor the comparatively limited areas in the coast distriets,

2
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where the country is flat, and the drainage takes a longer time to
ran-off, 400 to 500 have been found to be suitable co-efficients for use
with Ryves’ formula ; and 675 is a suitable co-efficient for limited areas
near the hills, though occasionally in hilly tracts, liable to heavy storms,
a much higher co-efficient is necessary.

20. Tables for Representative Areas.—The following tables
(see pages 11 and 12) giving for the two formulw, with different
co-efficients, the corresponding depth in inches draining off certain
representative areas, and the discharges in cubic feet a second, will be
useful in determining from recorded rainfall, from recorded discharges,
or from the two combined, what co-efficients would be likely to be
suitable to different localities.

The use of these tables may be explained by one or two examples.

Suppose the greatest recorded rainfall within, or near, a catchment
basin under investigation to have been 11 inches in 24 hours. The
nearest rainfall to this, in the line of 5 square miles (the standard
area) is 10'86 inches under co-efficient 500 for Ryves’ formula, and
about midway between 400 and 500 for Dickens’ formula. Were no
other data available, either formnla with the co-efficient indicated might
be used to obtain the approximate discharge. Were the area of the
basin 500 square miles, the resulting discharges obtained would be—

C. ft.

per second.
By Ryves’ formula 0.0 0 .. 31,5007 a very material
By Dickens’ formula .. A .. 47,500 difference.

Suppose, however, that for a part of the basin to be dealt with,
say, for 250 square miles, there should be recorded a maximum discharge
(over an anicut suppose) of 20,000 cubic feet a second, and that the
rainfall at the time at which this oceurred were the highest on record,
viz., 11 inches. These data would indicate Ryves’ formula to be
applicable, with the co-efficient 500 ; whereas, if the discharge had been
about 28,000 cubic feet a second, Dickens’ formula with the co-efficient
450, would be more likely to give a correct approximation to the flood
discharge of the larger basin.

Again, suppose that the recorded rainfall connected with an ascer-
tained flood discharge of 16,000 cubic feet a seeond from a basin of 250
square miles were 8:70 inches, and that subsequently (or previously) a
heavier fall of 11 inches oceurred ; then the co-efficient 400 with Ryves’
formula would be the one deduced from the smaller rainfall; and for the

greater rainfall a co-efficient of 500 would be indicated as suitable for
adoption.

In all such enquiries it is necessary to ascertain not only the
actual maximum rainfall, but also the amount of rainfall preceding such
maximum fall, and the duration of both, but especially of the latter,
otherwise a serious mistake might be made in deducing from the
discharge due to any one rainfall what that due to a maximum fall
would be. A rainfall of 6 or 8 inches in six or eight hours, after several
days of moderate but soaking rain, may produce a greater discharge
than one of 12 inches in 24 hours after dry weather.
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21. Flood Discharges.—In estimating flood discharges—

1. Rely chiefly on calculatious based upon ascertained flood levels,
and on the rainfall to which the resulting discharges were due. -

2. Study the rainfall register and see whether the highest recorded
rainfall is likely to have been a maximum, and whether its occurrence

was preceded by those conditions likely to make it produce the maximum
effect.

3. Use Ryves’ or Dickens’ formula to check caleulations otherwise
made, and do not rely on the discharges that they indicate until the

conditions of their applicability have been settled on adequate and
satisfactory data.

4. Ascertain the co-efficient to be used with each formula for the
different parts of the district, so that a ready means of settling approxi-
mately the requirements of anicuts, tanks, supply chauvnels receiving
land drainage, ete., as regards safety, may be available,

5. Make use of every opportunity of accumulating additional data.
Such opportunities occur every, or nearly every, year, and in ten years
data on which very valuable caleculations can be based could be collected

'@
|

==

RIVER BED
A i
12to" <
ot
Fig. 2. River Gauge, Fig, 3. River Gauge,

22. Flood Levels and their Registration,—Trustworthy cal-
culations and deductions must be based on accurate data, and the. careful
ascertainment and record of flood levels are of much importance ; where
there are masonry works the actual maximum flood levels may be marked
clearly and comspicuously, in most cases on a wing wall by a line
showing the level to which the water rose, the value of this level, and the
year of the flood, e.g., M.F.L. 1892—7/83. When there are mo
masonry works at or near the point at which flood levels are required
to be registered, gauge posts must be set up, and these will need to be
specially designed to suit the circumstances, for when the depth of water
is great, the selection of the position for the gauge will require care, and
a secure foundation must be provided. Having settled the general
arrangements, the form of the cross section may be as in Figs, 2

and 3.
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23. River Embankments.—In considering flood levels as affect-
ing anicuts it is requisite to determine the greatest height to which the
water has risen, or may rise, at only one point on the river, but in the
case of river embankments it is necessary to ascertain the maximum
flood level throughout the whole of that part of the river’s course which
is, or is to be, embanked. Advantage should be taken of all masonry
works, such as sluices, escapes, ete., forming part of an embankment ;
and the M.F.L. should be accurately marked as described in the
preceding paragraph.

24, Gauging River Discharges.—The cilculation of the
discharge of a river may be made in two ways:—

1. At a weir or anicut. The water-levels above and below the
anicut and the velocity with which the water approaches the anicut,
together with the length of the latter are the data required.

2. By ascertaining the mean velocity of the water in the river
and the sectional area of the waterway at the selected points.

The gauging of river discharges is dealt with in Chapter VIII of
the College Manual of Hydraulics.

25. Evaporation.—In all tanks and channels there is a loss
of water from evaporation, leakage and absorption into the soil.
The rapidity with which water is converted into vapour is dependent
upon the relative temperatures of the water and atmosphere and upon
the amount of motion in the latter. It is least when the atmosphere is
moist, the air quiet and the temperature of the water low. Evaporation
is constantly taking place at a rate due to the temperature of the
surface, and condensation is likewise going on from the vapours exist-
ing in the atmosphere, the difference between the two being the rate
of evaporation. The total loss by evaporation is believed never to
exceed 0°4 inches a day in the hottest and driest weather in India.

‘While several methods have been devised for measuring evaporation
none of them are wholly satisfactory. A simple apparatus and one
which is as successful as most of the more elaborate contrivances is that
employed by the United States Geological Survey. It consists of a
pan, Fig. 4, so placed that the contained water has the same tempera-
ture and exposure as that of the body of water the evaporation from
which is to be measured. This evaporating pan is of galvanized iron 3
feet square and 10 inches deep, and is immersed in water, and kept
from sinking by means of floats of wood or hollow metal. It should
be placed in the canal, lake, or other mass of water, the evaporation of
which it is intended to measure, in such a position as to be exposed
to its average wind movements. The pan must be filled to within 3 or
4 inches of the top in order that the waves produced by the wind
shall not cause the water to slop over, and it should float with its
rim several inches above the surrounding surface, so that waves
shall not enter the pan. The device for measuring the evaporation
consists of a small brass scale hung in the centre of the pan. The
graduations are on a series of inclined erossbars so proportioned that
the vertical heights are greatly exaggerated, thus permitting a small
rise or fall, say of a tenth of an inch, to cause the water surface to
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advance or retreat on the scale 03 of an inch. By this device,
multiplying the vertical scale by 3, it is possible to read to 0-01
of an inch.

Fig. 4. BEvaporating Pan.

26. Leakage and Absorption.—The loss from absorption varies
greatly according to the nature of the bed of the reservoir, but it may
be generally taken as not more than half the loss by evaporation during
the year, although, in the earlier months of the period when the run-off
of the catchment is being impounded, it would be much greater: the
loss lby leakage depends entirely on local circumstances and is generally
small.

The quantity of water which is lost by absorption can be deter-
mined by no rule; it varies both with the nature of the soil on which
a tank is constructed, or in which a canal is cut, and with the spring
level in the sub-soil. The loss is greater in flowing water than in
reservoirs. Mr. J. S. Beresford who studied the matter closely in the
North-West Provinces, came to the following conclusions :—

1. The more extensive the absorbing medium the greater the
losses from this cause, and hence loss by absorption is greater when a
canal is in cutting than when it is in embankment.

2. If the extent of the absorbing medium be limited by a
bed of clay placed under the reservoir or canal in which the percola-
tion occurs, then the losses due to this cause are greatly diminished
in quantity. The layer next the wetted perimeter limits the quantity
absorbed, and the greater its area the more willit pass through to the
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still greater area of the mext layer; hence percolation varies as the
wetted perimeter.

3. Under ordinary conditions the loss by absorption between the
head of a distributary and any point L miles from the head can be
approximately ascertained by the formula— -

Loss = AL®

where A is the loss actually ascertained by experimeut in the first mile,
and # the power to which L is raised, varies from  to .

4. There is more waste by absorption in village chaunels than
in all other parts of an irrigation system.

The loss by absorption is much greater, as a rule, in new canals
than in old ones, as the porous surface of an absorbent soil becomes
blocked by the silt which is deposited on it and drawn into the inter-
stices of the ground. This is of course more particularly the case when
the water of the canal is much charged with silt, and will not occur
when the canal carries clear water.

27. Amount of Losses in Reservoirs and Canals,—This
amount is difficult to ascertain and varies greatly with soil and climate.
If the bottom of the reservoir is composed of sandy soil, the losses from
percolation and evaporation combined will be about double those from
the latter alone. If the bottom of the reservoir be of a clayey material,
or if the reservoir be old and the percolation limited by the sediment
deposited on its bottom, this loss may be but little more than that of
evaporation alone.

On a moderate-sized canal in India the total losses have heen
found to amouat to about one cubic foot per second (* cusec ”’) per linear
mile. In new canals these losses are greatest. If the soil is sandy,
the losses on new canals may amount for long lines to from 40 to 60
per cent. of the volume entering the head. In shorter canals the
percentage of loss will be proportionately decreased, thuugh they will
rarely fall below 30 per cent. in new canals of moderate length. As
the canal increases in age the silt carried in suspension will be de-
posited on its banks and bottom, thus filling up the interstices and
diminishing the loss. In old canals with lengths varying between
30 to 40 miles the loss may be as low as 12 per cent. in favourable
soil, though in general for canals of average length the loss will be
about 20 to 25 per cent. of the volume entering the head. On the
Ganges canal the length of which is several hundred miles, the losses
in some years have been as high as 70 per cent, lixperiments made
on Indian canals show that the loss by evaporation alone on medium-
sized canals is about 5 per cent. of the probable discharge, showing
that the greater portion of the total loss is from percolation. '

28. Prevention of Percolation.—An excellent method for the
reduction of the loss by percolation is that recommended by Mr. J. S.
Beresford, who advises that pulverized dry clay be thrown into the
canals near their head-gates. This will be carried long distances and
deposited on the sides and bottom of the canal, forming a silt berm.

The losses by absorption are greatly increased by giving the canal
a bad cross-section. Thus depressions along the line of a new canal are
often utilized ‘to cheapen construction by building up a bank on the



17

lower side only, thus allowing the water to spread and consequently
increasing the absorption. The least possible wetted perimeter and
the least surface exposed to the atmosphere will cause the least loss
from this cause.

29, Silt.—The silt which is borne in suspemsion in the waters
of rivers, consists of organic and mineral matter, which, while it is
often a source of advantage to the fields, is, not unfrequently, the cause
of much trouble in the channels of irrigation works. It is desirable
in all cases to pass forward to tho fields as much fertilizing material as
possible, but it is also desirable to prevent the deposition of silt in the
channels, where it impedes, and sometimes completely chokes the
discharge.

It is well known that for ages the fertility of Egypt has been
preserved by the silt laden waters of the Nile. KEvery year the Nile
deposits its load of rich slime on the land, and, in consequence of this,
the soil retains the fertility for which it has been famous since the
earliest years of history. Such muddy water furnishes not only moisture
to bring the crop to perfection, but it also brings manure to the land,
and thus prevents it from being exhausted. The silt annually deposited
is merely manure, which is consumed in bringing the crops to maturity.

Of all water used for irrigation, river water is, generally speaking,
by far the best. The water is led direct from the rivers by canals to
the fields. It deposits in the channel only the coarser parts of the silt
it has brought down from the higher levels and forests, much of which
is only sand. A large quantity of its most fertilizing silt is, however,
conveyed to the land. So completo is the effect of this fertilization,
that lands so supplied will continue to bear one or two grain crops for
hundreds of years without other manure. Thus the district of Tanjore
is believed to produce as large crops now as it did ages ago.

Silt varies enormously in its nature, according, generally speaking,
to the velocity of the river which carrics it and to the character of the
catchment area of the river. Thus in the canals taking off the Ravi,
the Jumna, and the Ganges, near the points where these streams first
debouch from the hills, and where the fall of the beds is from 10 to 19
feet in a mile, and the velocities are as great as from 10 to 15 feet a
second, the matter which is occasionally swept down to impede and
sometimes to block the channels consist mainly of shingle and boulders.
Lower down the courses of these same rivers and other similar ones,
shingle and boulders give place to coarse sand mixed with mud, carried
by velocities of perhaps 5 to 8 feet a second, at surface slopes of 1
to 2 feet a mile : and nearer the sea, where, as in the case of the
Nile in Egypt or the Ganges in Bengal, the surface slope of the
floods is from 5 inches to as little as 3 inches a mile, the silt consists
of the finest sand mixed witha large proportion of mud, borne by a

_stream flowing with a velocity of only 2 or 3 feet a second. This silt
when deposited is a soft slimy mud of a highly fertilizing nature.

Experiments were made on the Ganges near the head of the Ganges
canal where the velocity is great (probably 10 to 12 feet a second), with
the result that the maximum amount of silt found was 733 by weight
of the water, but this appears to have been an extreme example and
a somewhat doubtful one, an average of four examples in August and
September giving only w15 The Ganges at this point is fed mainly by

3
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the melting of the snows in the Himalayas, and the water is conse-
quently comparatively free from silt; but in its lower reaches, after
receiving the drainage of a large tract of country, the water is heavily
charged with material in suspension. Kxperiments have shown that the
water in the Ganges canal at Roorkee, some 18 miles from the point
where the canal draws its supply from the river, is, at times of full
supply, sometimes far more heavilc charged with silt than the water in
the river, the proportion of silt being as high as -,. This circumstance
is interesting as confirming the fact that water which is not fully
charged with silt, will pick up silt from the bed of a canal, even
although its velocity in the canal is far less than it was in the river
from which it was drawn.

Different rivers are more or less fertilizing according as they pass
through different rocky strata. Thus the Kistna river, which passes
through a lime-stone country, has a delta which has been found to
produce crops 50 per cent. larger than the delta of the Gédévari which
passes chiefly through a granite country. In Midnapore the rainfall is
sometimes as much as ten inohes in twenty-four hours, but the cultiva-
tors are not satisfied with this. In order to gain the advantage of the
manure in the river water, they drain off the rain water as quickly as
possible and admit the former. l.ong experience has proved to them
that they get better crops by irrigating with the silt-laden water of the
river than by the rain water.

The water of the Indus is preferred to well water, owing to the
fertilizing silt it contains.

General Scott Moncrieff, R.E., states that the price paid for the
water of the Po in Italy was three times the amount paid for the water
of the Dora Baltea, the extra value of the water of the Po being due to
the fact of its alluvial silt being highly fertilizing, while that of the
Dora Baltea is not. He also refers to the marked difference between
the fields irrigated with the silt-bearing waters of the Durance canals
in France, and those of the clear; cold Sorgues, so much so that culti-
vators prefer to pay for the former ten or twelve times the price
demanded for the latter.

One of the most important points to be considered before an irriga-
tion work of any kind is undertaken is the amount and quality of the
silt in the source from which the water is to be obtained. In the case
of canals taking off rivers of high velocity, and which probably carry
but little fertilizing matter, but a good deal— at certain times—--of sand
or even of shingle, the problem is to design the head-works so as to
exclude to the utmost the coarser materials lest they materially diminish
the discharge of the canals. In the case of rivers with a more moderate
velocity, the problemn is how to arrange matters so that the heavier
particles, which float in the lower strata of the river and which are some-
times swept along the bed of it more than actually held in suspension
in its waters, may be excluded, and the lighter fertilizing atoms may
not only be taken into the canal but may be carried along it and its
branches and finally deposited on the fields. Again, in rivers with still
lower velocities, the problem is rather how to design the canals so as to
carry to the fields all the silt which can be obtained.
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CHAPTER III.

CANALS, CHANNELS AND DISTRIBUTARIES.

30. Classes of Canals.—Canals aredivided into three great
classes—

1st. —Those for Irrigation alone.
2nd.—Those for Navigation only.
3rd.—Those for Irrigation and Navigation combined.

31. Irrigation Canals.—The conditions required to successfully
design and carry out one «f the first class are:—That it should be
carried at as high a level as possible so that there may be sufficient fall
from it to irrigate the land for a eonsiderable distance, on one or both
sides of it, and also that it should be a running stream, fed by a con-
tinuous supply from the parent river, in order to compensate for the water
consumed in irrigation.

32. Navigation Canals.—The requisite conditions for a canal
for navigation alone, are, in many respects, contrary to those required
for a canal for irrigation alone. The former should be, as much as
possible, a still-water canal, so that navigation may be equally easy in
both directions ; and, as no water is consumed except by evaporation and
absorption, and at points of transfer at locks, the required quantity
of fresh supply is comparatively small, and the canal is thus most
economically constructed at a low level.

33. Combined Irrigation and Navigation Canalsc—It has
been found impracticable to combine irrigation and navigation economi-
cally in the same canal, and to make it a good working machine for the
two purposes.

In a canal intended for navigation only, a still-water channel is
the most suitable, and the lower its velocity is, the less obstruction will
it cause to boats proceeding upstream,

In an irrigation canal, on the contrary, the greater the veloeity of
the water, so long as it does not damage the works, the more economi-
cal and better machine it is.

The cross-section of the channel can be diminished in proportion
to the increase in velocity of the water, and consequently all the works,
such as head works, cmbankments, cuttings, bridges, aqueduets, falls or
drops, etc., can be diminished in size and expense. In addition, locks
to pass the falls would be required for navigation.

Mean velocities exceeding 4 feet per second cause waves, which
injure the banks in the greater number of canals, especially in sandy
loam.

An irrigation canal requires, for average soil, a velocity of at least
23 feet per second. It follows, therefore, that when forcing its way
against the current at the rate of 4 feet per second a boat is actually
making headway only at the rate of 14 feet per second, and any attempt
at higher velocities would injure the banks, so that, irrespective of the
loss of power the banks could not stand if there was quick navigation,
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It therefore appears evident that for economical working and the safety
of the banks, an almost still-water canal is required.

Indian experience has fixed about 14 feet per second as the maxi-
mum veloeity which ought to be allowed in a navigable canal. The
small slope would increase the number of falls required to overcome the
greater surface slope of the country, and in addition, the greater cost
of all the other works would make the cost of a navigable canal almost
double that of the channel required for irrigation alone. Again, in a
navigable channel, a certain minimum depth and width, for the passage
of canal boats, must be allowed everywhere ; and the amount of water
required for this minimum must be allowed over and above the
quantity required for irrigation.

The canal of Bernegardo, in Italy, is a notable example of the
great difficulty of combining navigation and irrigation in the same
channel. It is with difficulty, and only by the strictest measures,
that the supply for navigation is secured during the summer, on
account of the urgent demand for the water for irrigation. When
boats are passing, the whole of the irrigation outlets, between each pair
of locks, are necessarily closed, and, with the supply accumulated in
the channel by this means, the passage is effected, though with great
inconvenience, and with the stoppage of irrigation from this veach of
the canal during the time of the boat’s transit.

In his report on the Sutlej canal, Major Crofton, K.E., gives some
of the items which cause an increase of cost for navigation. They are,
the necessity of providing for a navigable ecommunication throughout,
which involves, besides lockage at the overfalls, increase of excavation
in the form of tow-paths, and considerable additions to every bridge to
give towing passages on either side, as well as extra height to afford
headway for laden boats. Navigation appears to be satisfactorily
combined with irrigation on the Madras canals, and here again, the
small declivities and low velocities come into their aid. In areport by
Sir A. Cotton, on some of the Géd4vari channels, he mentions a mile
an hour (or 1'47 feet per second) as the maximum velocity which ought
to be allowed in the current of a navigable channel. Were this to be
taken as the basis of the caleculations for the Sutlej canal the cost of
the works in excavation, and falls, to overcome the superfluous slope,
would be well nigh doubled. The latest information on the sub-
ject of navigable canals, in India, is strongly in support of the above.
In the Revenue Report of the Irrigation Department of the Punjab,
India, for 1889-90, it is stated with reference to the Sirhind, or
Sutlej canal, that: “ On this, as on the other imrigation canals of
Upper India, the cost of providing navigation is not likely to prove
remunerative.” This is conclusive.

34, The Alignment of Canals.—The first point of importance
in the alignment of the chanuels of an irrigation system is that all of
them should, as far as may be possible, run on the watershed. In that
position they both avoid interference with drainage and hold command
the requirements of the Engineer, and, in almost all cases, the alignment
of a main canal has to be determined by a balance of many consider-
ations. One of the most weighty of these, of course, is the best position
for the head-works : if there are several possible sites for these, the align-
ment of the canal in its upper reaches is primarily determined by the
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ocost of the head-works and of the different routes which are possible.
The highest site for the head-works may involve less depth of cutting
in the canal, but a longer channel : or it may necessitate crossing heavy
torrents or drainages which can be avoided by a lower head : or, it may
require that the canal should be carried through an unculturable country
for a long distance before the fertile land is reached. The first reach of
any canal drawn from a river is always unprofitable in itself, as it is
necessarily in cutting, and little or no irrigation from it is possible.
The problem to be solved in connection with it is the cheapest route
by which it can be constructed, so as to deliver the water on the surface
of the ground at a point where the canal can be carried along a main
watershed of the tract to be irrigated. There are, of course, cases, such
as that of a canal leading from a reservoir in hilly ground, or of one on
the upper margin of a deltaic tract, in which the alignment of the
canal must necessarily follow a contour—or very nearly follow it—along
the foot of the hilly ground. In such a case the alignment may be said
to be marked out by nature : but in most other cases there is room for
much skill and judgment in selecting the line for the first fow miles of
any system.

35. Canals and Channels.—The term “ Canals” is usually
applied to the larger channels for the conveyance of water, otherwise the
terms “ Canals > and ¢ Chanuels " are used indifferently.

36. Purposes for which designed.—-Canals or channels are
designed to corry water for—

(1) Irrigation only, or for irrigation and navigation combined ;

(2) Irrigation without the intervention of tanks or reservoirs,
commonly called direct irrigation ;

(3) Ilrrigation partly direct, and partly indirect; or through
tanks only ;

(4) Navigation only.

(5) Water-supply of Towns.

The conditions, therefore, are very variable, and the design and
arrangement have to be varied to suit them. Moreover, the conditions
are in most cases constantly changing, as the quantity of water to be
conveyed is diminished by the successive off-takes.

37. Data for Design.—The information needed to enable a
channel to be properly designed includes the following data : —

(1) Levels. ;

(2) Quantity of water to be carried.

(3) Limiting velocity of current, as dependent upon the nature
of the soil.

(4) Limiting velocity and minimum depth in the case of navi-
gable canals.

{5) Extent and circumstances of the cross drainage, and disposal
of surplus generally.

(6) Maximum water-level, and, in connection tkLerewith, the
minimum height of the channel banks.

7) Normal height of channel banks where no cross-drainage
has to be taken into account.
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38. Levels.—The levels required are, first, the general levels of
the whole area of country or ground to be dealt with, so as to show its
fall and the configuration of the ground. Usually there are two main

LINES OF LEVELS FOR DETERMINING COURSE OF CHANNELS

SCALEBOMILES TO I FOOT
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lines of inclination, the one in the direction in which the river flows, the
other transversely to the axis of the river, and this latter slope may be
either towards the river or, as in the case of delta or deltaic formations,
away therefrom.

It is generally advisable to take the levels in the first instance on
lines of from 6 to 9 miles in length, forming zigzags, the axis of which
may be more or less parallel to that of the river, and the individual
lines at right angles to the river from 30 to 45 degrees to each other,
80 as to make the salients from 4 to 5 miles apart. According to the
extent of country to be examined, one, two, or more sets of such zigzags

Such levels may require to be supplemented by lines joining the
salients, or by intermediate levels to show particular features of the

round.
£ The data thus supplied will enable the best approximate line for the
main channel, and also for such branches as may be required, to be laid
down. A suitable distance apart for the back and fore staves in these
general levels will usually be 600 feet, or 300 feet on cither side of the
levelling instrument.

In the next place, having settled the best apparent line for a channel,
levels should be run along that line with readings at intervals of about
200 feet, and a longitudinal section of the ground plotted therefrom ;
also cross-sections of the ground should be taken at every station, or at
every second or third station, depending upon whether the ground is
more or less uniform in its slopes and general features, extending to
from one to two or three hundred feet on either side of the longitudinal
section, and at right angles thereto. These data will suffice for fixing
the line of channel and plotting its cross section in due course.

Longitudinal and cross sections of every stream and water-course
crossed by the line of the channel should be taken and plotted on a
suitable scale, on one or more sheets of paper, bearing the same plan
number as the longitudinal section, so as to establish their connection
therewith, and these sections should be numbered consecutively from
the upper to the lower end of the longitudinal section. The longitudinal
sections of the water-courses should extend to a somewhat greater
distance, on either side of the line for the channel, than the cross sections
of the ground ; and the cross-sections of each stream should be at least
three in number, viz., one on the selected line for the channel, and one
at either end of the longitudinal section, the limit of information
being such as will allow the best point for taking the channel across the
stream to be settled. The area of the catchment basin, or extent of
country above the line of channel drained by each stream should be
ascertained, and noted on the sheet of sections relating thereto, as also
on the channel survey and longitudinal section.

39. Dimensions of Main Channels.—The dimensions of a
main canal are primarily determined by the “ duty ”’ of water during a
period of pressure, and consequently by the quantity of water which it
is nccessary to pass on to the land in a shurt period of maximum
demand. Mistakes have not infrequently occurrea by working on
‘““duties” based on the whole irrigating season instead of on this
period. It will be shown later how greatly ‘‘ duties ’ vary, and any
particular case must be treated accordingly. As a general rule, main
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canals irrigating monsoon crops should be capable of carrying a maxi-
mum discharge of one cubic foot per second for every 66 acres of that
crop which it is intended to irrigate, and they should be capable of
carrying one cubic foot for each 100 acres of dry weather crops. The
extent of land which can be irrigated may be determined either by the
quantity of water available in the source of supply, or, when that quan-
tity is abundant, by the area which can be commanded by the system.
In some cases it is held to be desirable to irrigate only a portion of the
area which is commanded, while, in others, no restriction is imposed.
Thus, in the Madras works, and in Orissa, water is thrown widely over
the largest area possible, but in the North-West Provinces it is generally
considered desirable to restrict the area irrigated to a certain proportion
(varying from 40 to 80 per cent.) of the culturable area, and in the
Punjab a smaller proportion is sometimes taken. On the Sirhind canal,
for instance, only one-fourth or even one-fifth of the culturable areas is
allowed to receive water. This restriction is partly due to the desire to
spread the available supply of water to as many parts of the district as
possible for the benefit of the people, and partly because the light soil
of Upper India is liable to become water-logged, and the spring level
unduly raised, if irrigation is spread over all the area commanded.
This evil is not feared in less permeable soils; in Egypt, for example,
the whole face of the culturable land may be said to he covered with
water during a portion of the year.

The dimensions of a main canal—indeed of all channels —are usunally
determined by the necessities of the monsoon irrigation, for it 1is
during that crop that the largest quantities of water are, in most
cases, required. It is rarely wise, in those cases where the average
supply available is greatly in excess of the minimum supply, to base
the capacity of a canal on the former quantity, but rather to provide a
discharging power only moderately in excess of the minimum. For,
although the minimum may occur only at comparatively long intervals,
it is, at the same time, when that minimum does occur that it is
most desirable to be able to fully irrigate the arca on which cultiva-
tion from the canal is practised. If the discharge of the canal, and,
consequently, the area dependent on irrigation, is based on the average
available supply, it is inevitable that, in a bad year, the canal must fail
to fulfil the anticipations of cultivators who have sown crops to the
extent whieh the average supply may justify.

40. Typical Sections of Indian Canals.—'T'ypical sections of
Indian canals are shown in Figs. 6, 7, 8. The particular form of
cross-section suitable to any particular case can only be determined by
a system of trial and error, but the caleulations may be greatly

facilitated by the use of tables such as Jackson’s ‘Canal and culvert
tables.’ :
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Where a canal is in deep cutting, as in Figs, 6, 7, 8 and especially
in light soils, it is necessary to make a system of drains on the inner
berms, or else the slopes will gutter badly : the drains on the ground
level can be either led out through the spoil bank on to the fields or
into the canal. In the latter ecase it is nocessary to make paved
masgonry ducts leading down the slopes into the canal. In Fig. 6 the
case is shown whero a canal is in embankment, and the cutting is
insufficient to form the bank above ground level. In such cases it is
sometimes made up by cutting silt traps below the canal bed. This is
a good plan where there is much silt, but, if that is not the case, it is
not a good plan, as there would be considerably increased loss of water
by absorption, especially in porous soils. Under those circumstances
side borrow-pits are better.

‘When a canal is carried on side-long ground, one bank is sufficient
to form the canal ; many of the canals leading from the larger Bombay
tanks are made in this way. Where the slope of the ground is steep,
this method is suitable, and, indeed unavoidable; but where the slope
is gentle, the width of the canal at the water-line is necessarily great,
and there is much loss of water from absorption and evaporation.
-Considerable lengths of the Kurnool canal in the Madras Presidency
are made with only one bank, and in parts the side bank is as much as
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50 feet in height : there are some miles of banks more than 35 feet in
height. In most cases the banks are made of earth only; in others of
dry rubble walls, with a puddle core between them, faced on the water
side with a gravel slope covered with puddle and rubble pitching.
Figs. 9 and 10. .

Branch canals and distributaries may be designed on the same
general principles as main canals: that is, that they shall be capable of
aarrying the discharge which is necessary during the period of maximum

emand.

41. Irrigation Channels.—There are but very few rivers in
Madras, which have, throughout the irrigation season, such a supply
as would suffice to keep channels ranning full: consequently, except in
these few cases, in which the usual allowance of water is one cubic foot a
second for every 60 to 70 acres, it becomes necessary to carry more water
than would otherwise be requisite, when available, and to store it either
in the fields themselves orin tanks. The proportion of the whole supply,
which must be stored to ensure suceessful cultivation, manifestly depends
upon the circumstances of the river freshes at the point of off-take ; and
this, again, is dependent not only upon the natural character of those
freshes, but also on the extent to which water may be drawn off above
the place selected for the head of a new channel, or at which the head
of an existing channel, which it is intended to improve, is situated.
Reliable information as to the frequency, extent, and duration of the
freshes is therefore essential to the proper designing of a channel ; and
this is obtainable either from the records of weirs or channels higher up
or lower down the river, or from gauges established for the purpose at
or near the site of the channel head under investigation. From the
data thus obtained, the time within which a given quantity of water
must be conveyed will be deducible, and the quantity of water per
second which the channel should carry will then be known; e.g.:—

Area to be supplied .. 5 oo b 000715000 acres.
Normal quantity of water required .. .. 16 c. ft. per second.

Month in which river is lowest during the season (September) in which
thehriver contains sufficient water during six small freshes lasting three days
each:

Average supply during the intervals . . .. 5 c. ft. per second.
Required capacity of channel will he —

182 = 30 X 16 — 12 X 5= 420

And 7 = 422> — 23-33 cubic feet per second.
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It may be assumed that storage in the fields themselves must be
limited to cases in which the freshes during the season occur at intervals
of not more than a week, and in which the quantity equivalent to a ten
days’ supply can be distributed over between six and seven days, when
a discharge of one and-a-half times the normal will suffice for the channel,
For any great interval between freshes tank-storage will be needed, and
the normal full quantity of storage required (for a 5 months’ crop)
may be taken to be 216,000 cubic feet per acre, while that required in
any particular case will depend upon the quantities receivable from the
tank catchment or from the river, and in the intervals between such
accessions. The ordinary rule for the storage capacity required will
be, taking = as the interval in days between the freshes, and S as the
store in cubic feet :

2 .
P s XG‘:’)OO X808 _ 9160z X acres X number of seconds in

one day.

And the capacity of the channel, if T be the duration in days of
the freshes, @ the normal discharge, and Q, the required discharge,
will be—

Q = Q.(ltii). ; e.9., area to be supplied = 1,000 acres ;

Interval between freshes = s .. .. = 30 days;
Duration of freshes = ¢ =10
Normal supply = @ = 16 c. ft. per second ;

S — 4_5_%361(;16&0;1,_099 = 45 X 1'44 millions,

= 64'80 millions of cubic feet;

O— wﬁﬁ(ﬂ = 64 cubic feet a second ;

or, in this case, the capacity of the channel would need to be four times
that requisite were the source of supply a stream with never less than
the quantity of water required. It has been mentioned above that the
normal supply for direct irrigation is, in the case of large canals, 1 cubic
foot a second for every sixty or seventy acres. This is a good and
sufficient average for large areas, but when the latter are small, the
demand for water for preparing the land, and occasionally at other
times during the season, is liable to be much in excess of the above
allowance; and it is desirable therefore as regards small channels and
distributaries, to base the discharge which they should be capable of con-
veying as a maximumni, and whenever circumstances may render such an
increase necessary, upon a sliding scale proportioned to the arcas. The
following scale may be taken as a guide, the normal area which can be
supplied by one cubic foot a second being taken as 66 acres:—

Area under 5,000 l40(10 3,000 '2,000 1,000 | 500 250 100
channel— %bo%\;,e to ,to to | to to to to to Ulr(l;(i)er
Acres. EE6,000.) 5,000.) 4,000. i3,000. 2,000. | 1,000.{ 500. | 250. :

|

Number of
acres to be !
suppliedby| 66 | 63 | 59 | 55 | 50 | 44 40 | 35 | 30 | 25
1 cubic foot | |

a second. ; ‘
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FExample.—The maximum discharge which achanuel should be able
to carry for the irrigation of 1,537 acres would be “ng: — 34-93 cubic feet

a second, and 35 cubic feet would be a proper provision. The table
should be used, not arbitrarily, but as a general guide, otherwise a
channel for 100 acres would be arranged to carry 4 cubic feet a second,
and 1 for 144 acres only 38:80 cubic feet. About 4 cubic feet would
be proper in both cases.

The table is not intended to apply to the supply channcls-of tanks.
The carrying capacity of such channels is determined by the quantity
of water to be conveyed in a given time to the tanks.

‘When from the sandy nature of the soil of the area to be irrigated
or from other exceptional circumstances, the normal duty of one cubic
foot a second requires to be reduced below 66 acres for large areas, the
proportionate duty for small areas should be reduced accordingly.

‘When circumstances admit of the maximum discharge being obtained
by carrying an increased depth of water in a channel, this will be a more
convenient and economical arrangement; and it is possible whenever
there is sufficient head to spare at the head sluice. When this is not
the case, an increase to the width of channel appropriate to the average
or ordinary supply, will be necessary.

42, Distributaries.—The variation in the discharge of a distri-
butary introduces some new difficulties in the grading and section of the
channel ; it is generally better to grade the channel, so that the surface
of water, when running in low supply may be on the average about one
foot above ground level. Slopes of distributaries are usually cut at 1
to 1, but where there is silt in the water the sides generally silt up to
slopes of about ¥ or £ to 1, so that it is best to base all caleulations of
discharge on these reduced slopes. These silt berms are a great pro-
tection against percolation and absorption, and they should never be
Eut al\'lvay unless the discharge of a distributary is injuriously affected

them,

4 In the Punjab the Government not only constructs the larger
distributaries, but the minor channels are made from them into each
village, so that the villagers never have to construct their own channels
beyond the boundaries of their own ground. A “ minor” is defined
as a channel carrying less than 10 cubic feet a second : if a larger dis-
charge has to be carried the channel is classed as a branch distributary.
These channels in Bengal and in the North-West Provinces have gene-
rally been constructed by the villagers themselves, or at the expense of
the villagers who have rights of ownership in them. In Madras, where
rice is mainly cultivated, small village channels are rarely made, and
the irrigation is sffected by wide-spread flow from field to field. Under
this system villages which are near the distributaries are well protected,
but, in a time of pressure, those which are far from distributaries, and
can only obtain water through intervening villages, are in a very
unfavourable position.

43. Limiting Velocity of Water,—In determining the velo-
city of flow which can be allowed, consideration has to be given to the
question of silt deposit, of the scour of the banks, and, if the canal
is to be navigable, of the impediment to traffic. It is usually con-
sidered in India that a higher velocity than 2 feet per second, 13
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miles an hour, is undesirable in a navigable canal, and a velocity of 2}
feet a second is a marked impediment to boats towed by men or animals.
If the canal is not to be navigable, the most economical velocity, as
regards tho size of the channels, is, of course, the highest one which the
soil will stand. On the other hand, a low velocity, with, consequently,
a low surface slope, will shorten the length of the upper reach of the
canal, and bring the water more quickly on to the surface of the
ground. But low surface slopes and low velocities mean larger channels,
and, if the river carries silt, larger silt deposits in the canal head.
Here all the matters concerning silt which have been discussed in
chapter require consideration. As a general rule the highest velocity
which the soil can stand without erosion will be found the most
suitable ; with the proviso that it is advantageous, in almost all cases, to
increase rather than to diminish the velocity of the water as it advances
from the larger to the smaller channels of the system, for this tends to
carry forward to the fields the matters in suspension, which are almost
always beneficial.

In irrigation channels it is necessary to limit the velocity of water
in order to prevent the erosion of the bed and sides and the consequent
alteration of the capacity of the channel, in addition to the greater or
less damage which might result. Various authorities have given parti-
culars of the substances which water at different velocities is capable of
moving or carrying off, but it is more than doubtful whether such
information is of any practical value, if only for this reason that the
substances experimented on were in a state of disintegration. It
appears also that velocity alone is not a complete index of the action
and power of water, and that volume is an important factor; for,if this
be small, an effective attack or commencement of ercsion may be
impracticable, whereas with the same velocity and larger volume great
effect may be produced. Small volumes, moreover, soon become satu-
rated as it were with suspended matter, when the velocity is in excess
of that which the soil can effectually resist, and such matter occasions a
decrease of velocity. 'This result was very remarkably shown in the
channels used for the silting process on the Nilgiris : not only was
the water, though running in channels having gradients as high as
1in 2to 2in 3, incapable of causing further erosion, but it actually plas-
tered the channels with clay. Ordinarily for small channels running
not more than 3 feet deep, suitable velocities will be—

In alluvial soil 2 feet a second,
In hard red soils 2% feet a second,
In compact gravelly soils 3 feet a second ;

but the best guide will generally be the fall, velocity, and condition of
the river and of the streams in the neighbourhood, as also of artificial
channels if there be any. I'rom these it can be ascertained what
velocity 1s in excess of the resistance of the soil and to what extent, and
a fair approximation to a proper limit will be obtained.

44, Details of Channel.—The settlement of the details of the
channel will depend further upon the fall or gradient which may be
conveniently adopted so as to deliver the water on to the lands, or into
the tank to be supplied. The fall will always be less than the fall of
the country, because at its head the channel bed will be below the
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surface of the ground, and genmerally considerably below that surface,
while sooner or later it will be at, or slightly below, that level. Special
considerations apart, it is desirable to bring the bed of the channel as
speedily as possible to that level at which the cutting will just suffice to
form the banks to the height deemed necessary. This desired level may
be secured, when the character of the country is non-deltaic, by carrying
the channel approximately parallel to the river until the bed reaches
the proper depth below ground, and then on a falling contour while in
deltaic country the channel would be aligned to recede from the river
until the desired depth below surface had been reached, and would
then be contoured as before.

The quantity of water to be carried, otherwise called the discharge,
the limiting velocity, and the fall having been settled, the determina-
tion of the other details has to be made. The next point is the gradient
of the side slopes, which may vary from } to 1 in stiff clayey soils, to
13 to1,0r even 2 to 1 in sandy soils. The steeper the side slopes,
provided they be stable, the less the excavation, and the cheaper the
channel will be, but it is not advisable to adopt steeper slopes than
would be likely to stand, and when the cutting is in excess of 9 to 12 feet
in depth, the selection of suitable side slopes becomes a matter of
considerable importance. In the next place, the deeper the water, the
smaller and less expensive will be the channel, so the velocity should
be fixed as high as may be deemed quite safe.

45, Best Form of Channel.—The best or most economical form
of rectilinear sided channel is the half-square, or one with vertical sides
aqual, up to water-level, to half the bottom width, but this form
Fig. 11, is applicable only to rock or rocky soil so compact as to stand
against all causes of disintegration. The best trapezoidal form is a
semi-hexagon, Fig. 12, in which the width at water surface is double
the bottom width, and equal to the sum of the side slopes: the ratio,
however, of the latter is only 0-58 to 1, and the soil must be more than
ordinarily compact to stand at this slope. For any given area, A, of
waterway required, the bottom width is equal to 4/ %) and for any
givon bottom breadth b, A = 866 b (b + 2) = 1-299 b,

For any other trapezoidal form of channel, if # be the mean width of
waterway, d the depth of water, 4 the bottom breadth, A the area of water-
way, and # the ratio of base of slope to d the height of slope (Fig. 13).

w=b+ni; A=wd=d(b+ nd);b=2""0

HALF SQUARE.

-4 _
b s 2d
A=3,

&

Yig. 11.
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SEMI HEXAGON.

b=,/ .
1299’
A=1229902

Fig. 12.

TRAPEZOIDAL.

-j W.L.

Fig. 13.

46. Details of Full Cross Section.—So far the details of the
waterway only of the channel have been under consideration, and it
remains to complete the cross section.

In the interests of economy, the side slopes above the water-level
should be as steep as the nature of the soil will allow, because not only
will the first cost be the smaller, but the expense of maintenance will be
diminished the less the area of slope exposed to rainfall. In cutting, the
soil above water-level will stand at an equal or smaller slope than below
water-level ; but when the ground surface is below water-level, and the
former has to be raised artificially to complete the waterway of the
ehannel, some care will be needed to make this supplemental portion of
the side slope stable, if the slope in cutting be at all steep. It will
usually be best whenever the side slopes below are stecper than 1 or 11
to 1 to form a revetment of turf sods, and to consolidate the made soil
thoroughly in layers the thickness of the sods, carrying up the two
descriptions of work equally. With flatter slopes the sods may he
dispensed with entirely, or laid flat on the slope, if the earthwork be
properly consolidated. The slope should be carried up to 6 inches, as
a minimum, above water-level.

The next thing is to settle whether a berm should be provided
between the top of the channel side slope and the toe of the inner slope
of the embankment to be formed with the soil from the cutting, with or
without any additional material from side cuttings. As a rule, in the
case of small channels, when the top of the bank will not be more than
9 feet above the channel bed, and the side slopes not steeper than 1to 1,
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berms may, with advantage, be dispensed with, so as to reduce the area
of ground the drainage of which has fo run into the channel. When,
however, the cutting is deep, berms are generally necessary, and need
to be carefully laid out with a slope of about 1 in 15 away from the
edge of the channel, and the drainage of these, and of the inside faces
of the banks, should be specially arranged for, either by carrying it
under the banks at a higher level than M.W.1.. in the channel, or by
conducting it into the latter at suitable intervals. It is of the greatest
importance that, from the first, all guttering of the side slopes, the
formation of pot holes, ete., by drainage water, should be prevented, for,
if once allowed to commence, very great trouble and considerable
expense may have to be incurred to put matters right, and the efficiency
of the channel may be materially affected.

47, Height of Channel Banks.—For channels, or reaches of
channels, which receive no drainage, the margin to be allowed above
full supply or maximum water-level, if there be any difference, need
not exceed 2 feet, and should never be less than 1 fcot. Half the depth
of water, subject to the above limits, will be a suitable guide to the
margin. When in cutting, a smaller margin than when in embankment
will generally suffice.

For canals the margins to be allowed are—
1. When the discharge is 750 cubic feet a second, or more, 3 feet.
2. When the discharge is less than 750 cubic feet a second, 2% feet.
When the berms are wide and below full supply level, it is often
necessary to provide inside banks to confine the water to the proper
waterway, and, for such banks, which are also useful as towpaths, a
margin of 18 inches will be ample if the main banks in rear be retained.
When channels receive drainage, the margins must be allowed above
the maximum water-level at which the surplus works may be designed
to dispose of the drainage, which level will regulate and fix the
maximum in the channel,

48, Width of Top of Channel Banks.—The top width of
channel banks should be sufficient to admit of an easy passage for the
purposes of inspection. Four and-a-half feet may be taken as a suitable
width for small channels, and, except for these, 6 feet will be more
suitable. For such widths, at least, in the case of wider banks formed by
depositing spoil, the surface should be made and kept in good order,
with a slight transverse slope towards the outside. The banks of canals
should be from 6 to 9 feet in width.

49, Mile, and Intermediate Stones or Posts.—On every
canal, and on every channel, there should be milestones or, where stone
is exceptionally costly, posts ; and, between these, smaller stones or posts
which need not project more than 3 or 4 inches above the ground-level.
These intermediate stones should not be farther apart than one-eighth of
a mile and it is better to place them at half that interval, so as to have
a bench-mark at every 330 feet. When a channel is about to be newly
made, the stones should be set up immediately after the centre line has
been finally settled and lockspitted, and when there is a berm above
water-level, the stones should be placed on the berm near the toe of the
bank : otherwise the ground near the toe of the outer slope of the bank
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will be a suitable position. Unless the artificiul bank be an old one, and
thoroughly consolidated, these stones should not be placed thereon, even
when the alternative position on the outside of the bank may seem to be
somewhat inconvenient. Care should be taken to fix the stones so as
to obviate all risk of disturbance. In some soils all that isnecessary is
to place a sufficient length below ground and to tamp the filling-in
thoroughly ; in other soils the hole may be made 2 feet squaro and then
filled in with gravel well wetted and tamped, while in some soils, e.g.,
black cotton or whitish sandy loam, nothing but a bed of concrete will
render the stones secure.

Suitable patterns of mile, and intermediate stones are shown in
Figs. 14 and 15. It is not necessary to dress the stones, except at the
table for the figures and for the seat of the levelling staff, while as
regards the part below ground some irregularity is au advantage. -
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50. Cattle Crossings.—Whenever it is necessary, owing to the
absence of bridges, to allow cattle to cross canals or important channels,
it is requisite that the places where such crossing is to be permitted
should be selected, and that proper arrangements for facilitating the
traffic and preventing injury to the channels should be made. The
simplest cases are those in which the soil is good, the water so shallow
a8 to be fordable, and the water-level below that of the ground : then
nothing more is required than tho removal of the banks for a length of
from 20 to 30 feet, according to the number of cattle to be accomme-
dated, the soil removed being placed on either side of the approach to
help to direct the cattle to the crossing : the flattening of the side slopes
of the channel to not less than 4 to 1, and the laying down of some
gravel or small stone from the top of one slope across the channel to
the top of the opposite slope.

5
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.

CANAL CATTLE GROSSING

BATTER OF REVETMENTSZ TOI.

Fig. 16.

When the depth of water is so considerable that the cattle must
swim, the difficulty is not great if the current be but slight ; the width
of the crossing has to be increased to from 40 to 50 feet, and that
isall. (Fig. 16.)
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If, however, the current be strong, the difficulty of laying out an
efficient crossing, and of getting it worked properly, is great, for the
cattle will land on the one side some distance below the point of
departure on the other side, this distance varying with the strength of
the current and the width of the canal. It follows that either the width
of the crossing must extend over this full distance, and that the cattle
must be made to start from the upper end of the ramp on the off-take
side, which is a matter of difficulty; or the crossing may consist of a
double ramp on each side, parallel to the axis of the canal, the one part
pointing up and the other down .stream, and the lower ends of each pair
of ramps being sufliciently far apart to ensure the cattle, starting from
the up-stream ramp on one side, landing at or above the down-stream
ramp on the other side.

The approaches to cattle crossings should always be fenced, and in
selecting and forming the fencing it should be remembered that the
fences require to be very strong. The best and cheapest form of fence,
when once establisbed, is the common aloe planted on a bank 2 or 2}
feet high and 2 feet wide at the top; the lines of aloes should be carried
in continuation up the slopes of the canal banks, and across the berms.
On navigation canals special provision will usually have to be made by
means of a light foot-bridge, stilts or swing gates, or otherwise, for the
passage of the towline and the men. In some cases the ordinary Y fork,
used by the natives to allow of the passage of men through field fences,
will meet all requirements, especially on non-navigable canals.
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CHAPTER 1V.

HEAD-WORKS AND ANICUTS OR DIVERSION WEIRS.

51, Head-works,—One of the most important matters to be
settled in conneection with any irrigation projeect is the proper site and
the nature of the head-works. These consist of—

(1) The weir or anicat across the river.

(2) The uuder-sluices in the anicut.

(8) The regulator or head sluice, at the head of the canal for its
control, and, if the canal is to be navigable.

(4) The head-lock from the river to the canal.

Sometimes to these are added river training or regulating works for
the protection of the banks of the river above and below the anicut.

The selection of the aite of the head-works is often a matter of
considerable difficulty. The problem is geunerally to find the best site
on a given river in order to command as large an area as possible.

The ideal spot for the head-works of an irrigation system would be
the place where the river emerges from the hills. At such a point the
slope of the country and of the stream is steep, making it possible to
conduct a canal thence to the irrigable lands with the shortest diversion
line. Moreover, the width of the channel of the stream is generally
contracted, and it flows through firm soil or rock, thus permitting a
reduction in the length of the weir and in the cost of its construction
and maintenance. As one of the principal objects of the diversion
weir is to vaise the level of the water and force the water into the canal
head, one of the controlling factors in determining the site of the head-
works is the height of the weir. This again is dependent on the effect
of various weir heights on the location and the cost of the remainder
of the head-works and of the diversion canal; also on the flood dis-
charges, amount of sediment carried by the stream, the foundation,
the depth of water in the canal, and other factors.

It may, however, be taken that the most suitable position, as a
rule, for head-works of a canal system of irrigation is on a portion of
the river where the channel is straight, the velocity uniform and the
sectional area of the stream fairly constant. A narrow gorge of a river
appears to have the advantage of cheapness, but it may be the most
expensive on account of the greater velocity and greater depth of water
which produce a stronger frictional action on the works, and necessitate
heavier materials and stronger work. Again, when the volume of flood
water occurring in the stream is great, it is sometimes necessary to
locate the head-works at a point where the width between banks is
greatest, in order that the depth of water flowing over the weir may be
reduced to a minimum and danger of its destruction reduced accordingly.
While such a site may be the most permanent, it is also usually most
costly for construction. The site of the head-works should be such that
the most permanent weir can be constructed at the least cost, and yet the
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works should be so situated that the diverting canal can be conducted
thence to the irrigable lands at a minimum cost. The placing of the
head-works high up on the stream is usually antagonistic to the last
object, since it generally results in heavy rock cutting and difficult
construction until the canal gets away from the river banks.

In the case of irrigation projects in deltaic tracts there is usually
but little option in these lection of a site for the head-works; if the
areas lying between the various branches are to be irrigated, the anicut
must necessarily be at the point where the branches leave the main
stream,

Too careful attention cannot be given to an examination of the
stream at thé¢ point of diversion. Soundings and borings should be
made to ascertain the depth of water and character of the foundation.
The velocity of the stream and its flood heights should be studied, as
should the material of which the banks are composed. Where possible,
a straight reach in the river should be chosen for the site of the head- .
works 1n order that the siream shall have a direct sweep past them, thus
reducing to a minimum the deposition of silt in front of the regulating
gates. If possible, a point should also be chosen where the velocity in
the river will not exceed that in the canal, so that the deposition of silt
shall be further reduced.

It should be borne in mind that the head-works of a canal are the
most vital portions of its mechanism, and that through them the
permanency of the supply in the canal is maintained, and any injury to
them means paralysis to the entire system.

592. Anicuts or Weirs.—Anicuts, or weirs, are dams built across
rivers to divert water into canals or channels. Their height, form and
arrangement depend upon the level at which the water should be turned
into the channel, the nature of the river bed, and that of materials
available. Woeirs are also used to raise the water-level in a river, or
canal, and so increase the depth, or diminish the current, for navigation
purposes.

It is not, in all cases, necessary to construct a permanent weir, as
it may be possible to divert the water from the river to the canal by
means of temporary spurs, constructed right across the river when very
low, or thrown out for some distance into it when it is not necessary, or
possible, to draw off the entire discharge. But this method is generally
only practicable when the river is a shallow one and the banks low, as
otherwise the canal would have to be in very deep cutting ; and it can
only be employed where the bed of the stream is narrow and either
in boulders or rock ; in broad rivers with sandy beds the annual cost
of the spurs would be very great and it would be impossible to construct
them in time to ensure a constant supply.

At the head of the Ganges and the Jumna canals there are no
permanent diversion works, the water being turned into the canal head
by means of temporary structures of boulders, or by means of training
the water of the river so that it shall flow directly against the canal
head.

There are several well-known dangers which threaten all river
weirs. There is, first, the danger of the weir being breached by the
actual force of the current sweeping the material of the structure away.
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A second danger to which river weirs are exposed is that of being
breached by water flowing below them and undermining the foundation.

A third danger is that a weir may be out-flanked by the water in
the river. 'This is most likely to occur in rivers with friable banks and
especially when the course of the river above the weir is not straight and
shows signs of change.

A fourth danger to which weirs across large rivers are subject, is that
of parallel currents. These currents geuerally threaten the front face of
a weir ; they tend to undermine the foundations and thus breach the
weir.

Another of the dangers which threaten some river weirs, and which
may be a serious one, is that of a retrogression of levels in the bed of
the river below the weir. In certain portions of a river course, after
it has emerged as a torrent from the hills, the velocity of the water is
too great for the soil, and an action is continually going on which
generally deepens the level of the bed, and reduces the surface slope,
until the velocity is suitable to the soil in which the river flows. If a
weir be constructed across a river in which this action is in progress, it
stops it at and above weir by forming a bar to further cutting of the
bed at that point. But the cutting action below the weir is not checked,
and the bed of the stream is gradually cut away, it may be at a slow rate,
but still by degrees the head on the weir is increased and the tce of the
apron of the weir is attacked.

53. Component parts of Anicuts,—Anicuts of modern design
consist of (1) a crest or body wall to retain tlie water at the desired
level ; () horizontal aprons of masonry, conerete, or uncemented stone
with a retaining wall at the lower edge, and, in case of rough stone
aprons of considerable width, with intermediate bind walls parallel to
the crest wall; {8) an outer or lower apron, usually horizontal or nearly
so, beyond the retaining wall; (4) an apron, with or without groynes,
on the up-stream side of the crest wall to protect its foundations from
scour; and sometimes (5) hanging or trailing groynes, projecting from,
and at right angles to, the outer edge of the lower or outer apron, to
direct the course of the water down-stream. It is usval also to provide
(6) a set of under-sluices to prevent the silting up of the river bed
at the head of the off-take channel ; and if there be such a channel on
each side of the river, under-sluices are required at each end of the
weir. In cases in which the construction of a permanent anicut, of
sufficient height for irrigation or navigation purposes, would involve an
undue or dangerous raising of the flood level, a greater or smaller extent
of the length of the weir is made movable, so as to leave the water-way
at such parts unobstructed when the river is in fresh; (7) wing walls
to connect the weir with the river banks, and, when the latter are not
above the maximum flood level, with flood banks, or with the channel
head-sluices.

54. Crest Wall.—This wall needs to be securely founded, and so
constructed that no material leakage may take place near the level of
the surface of the river-bed, if this be of deep sand ; and no leakage at
all, if the wall be founded on rock or on clay.

The simplest form of weir is that required when the bed of the river
consists of solid, or nearly solid rock, of sufficient hardness to withstand



To face page 38.

‘ . ; - TR R T

b 1ol v gt )

Plate Il (a). Austin Dam, Texas. View taken during flood ajfew minutes
after the break.

Plate Il (b). Austin Dam, Texas, after subsidence of flood of April 7, 1900.
Showing section of masonry moved bodily down stream,
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the action and impact of the water. Then the details to be settled are
the thickness of the top of the wall, which should be sufficient to prevent
the coping being easily displaced by floating logs or débris; and the
consequent thickness of the base of the wall, which is usually fixed by
giving a batter of from 1 in 6 to 1 in 4 to the rear face, and the width
of the wall at base is then dependent upon the height at each part.
The mean thickness should not be less than one-third of the height, e.g.,
for a height of 20 feet, a top width of b feet, and batter of 1 in 6, would
give the least mean thickpess allowable, and a batter of 1 in 5 would be
preferable generally, as giving not too strong a wall for the height
named. On the other land, for a height of 10 feet, a wall so arranged
would have a mean thickness of 6 feet, or three-fifths of the height;
consequently, when the rocky bed of a riveris of very variable level,
it will be economically advantageous to strengthen the crest wall, where
high, by offsets on the front face, and to reduce the batter of the rear
face. The rock should always be benched or dressed level for the full
width of the wall-base : the length of each bench at this level may vary
from a foot upwards according to circumstances.

If the river-bed be sandy, and if the depth of the sand be not more
than 12 feet, with clay or impervious soil below, it is desirable to put in
concrete foundations laid at 1} feet, as a minimum, below the surface
of the impervious soil. 'With deeper sand than 12 feet, it will be more
economical, and it will save time, which is often of great importance, to
found this wall on wells. In that case, the crest wall would consist of
three parts, viz., wells from not less than 12 feet to 3 feet below the
surface of the river-bed, masonry foundations above the wells to the
latter level, and the crest wall proper above that level. The form of
the crest wall will differ somewhat, with horizontal and sloping aprons
respectively. For the former it should be of the same thickness as for
a wall founded on rock, and it should have a batter on the rear or down-
stream face. 'With a sloping apron the top width will be fixed as may
be convenient for use asa foot-path, etc., and both faces may be vertical.
Fig. 17,

The level of the crest of the wall should always be somewhat higher
than the full-supply level in the offtake channel; the exact amount of
difference will depend upon the relation between the area of water-way
of the vents of the head-sluice and that of the channel supplied. It is
but seldom necessary to make the anicut erest higher than 1 foot above
such full-supply level, and often much less will suffice.

The dimensions of the coping stones are dependent upon the character
of the'river, the velocity of the water, and the liability to logs or trees
being brought down by floods. Generally, the length of the stones
should be of the full width of the crest, when this does not exceed
5 feet ; the width should be not less than a foot, and the depth of the
course not less than 8 inches. At anicuts across large rivers, coping
stones of 10 cubie feet are none too large. The upstream top edge of the
stones should be rounded, or bevelled at an angle of 45 degrees with not
less than 4-inch sides to the bevel, to lessen the risk of trees being fixed
by their branches on the crest.

65. Horizontal Masonry Apron.—The proper width of the first

apron, if horizontal, is dependent upon the depth of water passing over
the anicut before the tail water rises to the crest level, and upon the
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velocity of the water, or, as it is called, the velocity of approach. The
latter is convertible into head or depth, and the greatest distance from
the crest wall at which the water can strike the apron is ascertainable
by the equation # = 2 4/ (d + 2) H, in which 2 is the horizontal
distance on the apron, d the depth of water on the crest, 2 the head due
to velocity of approach, and H the height of the crest wall above the

horizontal apron. In practice the width of this apron should be net less
than double the distance so found, and not less than twice d + 2 + H.

The thickness of this apron must be sufficient to stand the impact of
the water. Two feet may be taken as the minimum thickness for small

depths of water and weirs of low elevation, and 2 + ('z—%oi)}—{ will be

an approximation to the proper thickness, generally with 4} feet as the
limit, which is a sufficient thickness in any case in which this form of
weir would be suitable. The surface of the apron should be made of
material able to withstand the cutting action of the water with the sand,
gravel, etc., with which it is mixed when a river isin considerable fresh.
Hard stone is the only really suitable material, and it should usually be
one foot thick with the vertical faces dressed so asto make thin joints.
It is best to lay the stone with its length parallel to the crest wall,
Concrete is the most suitable material for the apron below the surface
stone.

56. Retaining Wall.—The retaining wall to the apron is a very
important part of the work. It should be substantial, and should be
founded at a level considerably below the foundations of the crest wall
in sandy beds, or whenever there is not a bed of compact or tenacious
soil to make it unnecessary to go lower. In the absence of such soil,
well foundations will generally be essential. The top of the retaiming
wall should be at, or somewhat below, the level of the deep bed of the
river. Itisagreat mistake to place it higher, as a retrogression of level
in the river-bed is a nearly invariable result of building a weir.

57. Sloping Aprons of Masonry or Concrete.—General
Mullins considered that sloping masonry aprons should be curved
(Fig. 18) and that such curve would discharge the water at the foot
of the fall in a horizontal direction, and with a velocity elosely approxi-
mating to that of water falling vertically from an equal height. They
would get rid of impact, and the eurved apron could be efficiently
constructed with concreto whenever, as is very generally the case in
Southern India, stone or nodular lime of excellent quality is obtainable.

s L)

Fig. 18, Ogee curve,
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This form is termed an ogee curve and may perhaps be best under-
atood from the accompanyihg diagram Fig. 18. Bisect AR, and from
the point of bisection at A draw a perpendicular cutting the perpendi-
cular let fall from A at C. Join CE and prolong this line until it cuts
the perpendicular projected on B at D. From the points C and D as
centres, draw the curves of the ogee.

bB = 3Ab  Ap — AB
g 3

This opinion, however, does not appear to have been proved by
actual experience. On the Gtanges canals nearly all the falls were
originally built on what is called the “ Ogee " shape, with the idea of
delivering the water at the foot of the fall without any shock on the
floor. The crests of these falls were at the upper canal bed level, and
were usually of the full width of the canal and sometimes even wider;
when a large discharge was passing down the canal the effect was to
increase the velocity in it, and to decrease the depth of water for a
considerable distance above the fall, so that the veloeity of approach
at the weir crest was great. The velocity increased of course as the
water ran down the “ Ogee ”and the friction on the slope was enor-
mous ; the shock on the floor was reduced, but the friction did as much
damage as the shock would have caused, and the velocity was so great
that a standing wave was created below the fall, and the washing of the
banks was considerable. These ogee falls have given endless trouble ;
they were constructed in brick and the lower slopes were constantly
torn up : ashlar was substituted in some cases at considerable expense.

58. Sloping Aprons of Rough Stone,—The usual gradient for
anicut aprons of uncemented stoneis 1in 8 or 1in 9. The lower por-
tion, i.e., the part below the surface stone, may be composed of stone of
all sizes, with a proportion of quarry rubbish. It should nowhere be
less than 3 fect in depth below the surface stones, and usually, from the
subsidence of the stone put in during the first season, it will be thicker.
In cstimating, the allowance for this part of the work between the erest
and retaining walls should not be less than for an average thickness of -
43 feet. The surface should be formed with large stones of from 14 to
2 tons weight, and should be packed with the length of the stone, which
should not be less than 2% fect, at right angles to tho slope. The
rougher the actual surface the better, as then the velocity with which
the water will pass to the outer apron beyond the retaining wall will be
the lower, and the action of the current on this outer apron, and on the
river bed beyond it will be reduced to a minimum. The gradient of the
upper part of the siope may be made steeper, and of the lower part
flatter than the average, but it is not desirable to allow a steeper slope
than 1 in 6 for the former.

‘When the horizontal width of the slope exceeds 40 feet it will be
desirable to insert a bind wall half-way between the crest and retaining
walls. Tts function is to limit the area of disturbance of the surface
stones, should any of these get displaced. It should not be less than
3 feet in thickness, and a depth of 4 to 5 feet below the surface of the
slope will usually suffice. %f the width of this apron exceeds 75 feet,
two bind walls, at intervals of 25 feet, will bo needed ; and generally,
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such walls should be inserted at from 20 to 30 feet intervals, whatever
may be thoe total width of the sloping apron. The retaining wall at the
toe of both sloping masonry or concrete, and sloping rough stone aprons,
should be constructed in the manner indicated for an anicut with a
horizontal masonry apron.

59. Outer Rough Stone Apron.—The object of this apron is the
full and complete protection of the retaining wall, and, both as regards
depth and width, the dimensions allowed must be ample for this purpose.
The size of stone to be provided or prescribed will depend upon the
velocity of the water. This at anicuts with a vertical fall will be but
little more than the natural velocity of the river, and consequently with
anieuts of this type, the needful width and the size of stone for this
apron arc the least. The minimum width admissible may be taken to
be 24 fect, and generally it will be proper, subject tc this limit, to make
the widths not less than for—

Anicuts with vertical fall .. oe . 2 (d4+h+H)

. »»  sloping masonry aprons .. 3 (d4+h+4+H)
rough stone aprons .. 24 (d+h+4 H)

» bR b2

Three feet may be taken as the minimum thickness and 6 feet as
the maximum. The surface stone for one-third of the width from the
retaining wall should not be smaller than about 4 cubic feet. In the
first instance the best way to form this apron is to clear away the bed of
the river to 3 feet below the top of the retaining wall for two-thirds of
the full width of the apron, and to throw in a bank of stone with its top
about 3 feet higher than the wall, the highest line being at 5 or 6 feet
from the wall with a rough slope towards the outer edge. The first
fresh will cause considerable settlement and widening, and in the second
geason the material can be adjusted to the normal level and dimensions.

60. Water-cushions.—The principle involved in the water-cushion
is that which nature has laid down for herself on all natural falls,
namely, that of having a deep enough cistern below the fall to take up
the shock of the falling water and reduce its velocity to the normal.
It has been noticed below cataracts and falls, for instance, that they
erode a cistern the depth of which bears a certain relation to the height
of the fall. The method of constructing a water-cushion is not to
excavate suoh a cistern below the weir, but to create a corresponding
depth by building a subsidiary weir below the upper weir. This subsi-
diary weir backs the water up against the lower toe of the main weir to
the required depth, at the same time practically reducing the height of
the subsidiary weir.

It is difficult to find any set rule for determining the depth of
water-cushion for a given height of fall. From observations of several
natural water-falls it has been discovered that the height of fall is to the
depth of the water-cushion as from 5 or 7 to 1. In an experimental fall
constructed on the Bari Doab canal in India it was found that, with a
height of fall to a depth of water-cushion as 3 to 4, the water had no
injurious effect on the bottom of the well. On canals where the height
of fall is not great it is considered that the depth of the water-cushion

may be approximately determined from the formula D = ¢ 4/ 4% 4/ d,
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in which D represents the depth of the water-cushion below the crest of
the retaining wall ; ¢ is a co-efficient, the value of which is dependent
on the material which is used for the floor of the cushion and varies
between *75 for compact stone and 1'25 for moderately hard brick; h is
the height of the fall, and d is the maximum depth of water which
passes over the crest of the weir. The breadth of the floor or the bottom
of the cistern of the water-cushion parallel to the stream channel is
dependent on the section of the weir and will not exceed 8 d and should
not be less than 6 d. A rule laid down for determining the dimensions
of water-cushions and their eisterns on the smaller canals in India is
that the depth of the cistern at the foot of the weir shall equal one-third
of the height of the fall plus the depth of the water. Thus on a fall 4
feet deep on a canal carrying 5 feet of water the cistern depth will
equal 1 (4 + 5) = 3 feet. The minimum cistern length is equal to
three times the depth from the drop-wall to the reverse slope of the
cistern, which latter will be 1 in 5. The width of the cistern must be
twice the mean depth of the water in the channel.

61. Apron and Groynes above Crest Wall.—Usually it is
necessary to protect the crest wallon the up-stream side from scour along
the face. The best way of doing this is to throw in a bank of stone,
which may be of moderate size, up to 2 cubic feet, and quarry rubbish.
At the junction with the wall the bank may be from 3 to 5 feet below
the crest level, and it should slope at about 1in 5 to the river bed.
Such a bank will ordinarily be a sufficient protection against
currents induced by the action of the under-sluices, but when the
river current is made, by the formation|of sand banks or otherwise,
to approach the anicut at an angle (other than a right angle) a
greater development of this protection than that above indicated may be
required.

The use of groynes above an anicut is sometimes attended with risk,
unless great care be taken to prevent their being breached, and with
the formation of holes on the off-side. Their action is similar to that
of small weirs, and consequently it is necessary to provide them with
a small apron on the side against which the current sets, and with
much wider aprons at the nose or salient and on the off-side. They
should when used be kept as low as possible, and their action should be
carefully watched.

At the outer up-stream wings of under-sluices groynes are neces-
sary in all cases when the bed of the riveris sandy, and they need to be
of considerable length, say, twice the length of the set of sluices from
abutment to abutment, as a minimum. The current will necessarily be
rapid, and the groynes themselves should be substantial and the aprons
wide and about 3 feet thick. The groynes should be founded at about
3 feet below the under-sluice sills.

62, Principal types of Anicuts—
(1) That in which the water passing the crest is dropped at once,
or by steps, on to a horizontal apron or on to rock. 7

(2) That in which the water is lowered by means of a curved
apron to the level of the river bed.
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(3) That in which the water runs down an inelined plane with
a uniform slope; or down a series of two or more planes,
the slopes of which decrease from top to bottom.

63. Sunkesala Weir.—An oxample of a weir on a roeky bed,
and where the water passing the crest 18 dropped at onee on to rock is
the one across the Tungabhadra at Sunkesala in Kurnool. The weir
forms the head-work of the Kurnool canal, which was constructed by the
Madras Irrigation and Canal Company in 1866-70. It has a total length
of 4,500 feet clear overfall ; the average height of it is 18 feet, but it
varies from 6 feet to 26 feet in different parts of the river bed. The more
lofty parts of the weir bave the section as shown in Fig. 19. In these
parts the wall is of solid guneiss rubble masonry faced with limestone
ashlar ; the up-stream side of the wall has a batter of 1 in 4, the down-
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Fig. 19. Sunkesala Weir.

stream face being vertical. The lower parts of the weir have the same
width of crest, but hoth faces of the weir wall are stepped to a batter of
1in 8; and in these parts the wall is either of rubble masonry, or of gravel
concrete with gneiss rubble facing. The whole length of the weir is
coped with limestone 12 inches thick, every alternate stone being 8 fect
long and weighing about 1} tons. The rock of gneiss and trap, on
which«the weir is built, appeared perfectly hard and sound at the time
the weir was erected, but it was subsequently found that the force of the
scour was sufficient to dig out several deep holes in the rock and these
have had to be built up with masonry in cement.
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64. Jutoor Weir.—The Jutoor weir, Fig. 20, on the Kurnool
canal is built across the Kali river, which has a bed of soft shale.
The weir is 6 feet broad on the crest, has a batter of 1 in 4 on the up-
stream side and is vertical on the down-stream side. Below the weir an
ashlar floor of limestone is laid to protect the shale from the scour of

Fig. 20. Jutoor Weir.

the overfall. The floor, which is recessed below the river bed, ends in a
dwarf wall, so that a water cushion is formed which aids in the protec-
tion of the floor. Experience has shown that in this case the length of
the floor is insufficient. The weir is protected on the up-stream side by
a bank of broken shale-reveted with shingle.

65. Srivaikuntam Anicut.—Figs. 21 and 22 show the sections
of an anicut built acrcss the Tambraparni river in Srivaikuntam.
This anicut is 1,380 feet in length between wing walls;— its crest is
6 feet above the average level of the deep bed of the river, and has
a width of 7} feet; there is a front slope of 1 to 1, and in rear a
perpendicular fall on to a cut-stone apron 24 feet wide and 41 feet in
depth ; beyond there is a rough stone apron of the same depth and 36
feet in width, protected by a retaining wall. The foundations of the
body of the work and of the cut-stone apron in rear are of brick in mortar,
laid on wells sunk 10} feet in the sand, and raised 4% feet above the
wells, including the cut-stone covering ; the retaining wall is built of
stone in mortar, also resting on a line of wells sunk to the same depth
of 10} feet. The body of the anicut is of briek in mortar, faced
throughout with cut-stone, and is furnished with a set of under-sluices at
each extremity of the work to let off sand and surplus water. Each
set of sluices consists of nine vents of 4 feet width each, lingd with
cut-stone. It was originally intended tohave three more similar sets
of sluices at equal distances throughout the work, but, with the Kistna
anicut, as an example, the intermediate sluices were dispensed with,
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66. Goddvari Anicut.—The Gddivari anicut is an excellent
example of the second type on a large scale. It is well suited to the
conditions met with and has, as regards both first cost, and expense of
maintenance, been found to be economical. The general arrangement
of the cross section is found in Fig. 25.

At the time when this work was undertaken, there was no weir in
existence across a river of the width and capacity of the Gdédavari.
This river issues from the hills at a distance of about 60 miles from the
sea ; between that point and the coast the fall of its bed is very irregular,
it varies from 8 feet to as little as 43 inches in a mile, the average fall
being between 5 inchesand 6 inches. The rise of the floods at the point
where the river issues into the plains is as much as 38 feet, and at the
site of the weir the rise is 27 feet or 28 feet. The bed of the river is of
pure sand. The Gdédévari weir is built in four sections, the united
length of which is nearly 12,000 feet ; three islands in the bed of the river
divide these sections from each other. Across these islands earthen em-
bankments are constructed aggregating more than 6,000 feet in length.
These connect the four separate portions of the weir. '

The original idea for the weir contemplated a vertical drop wall
with an ashlar floor below, but this design was abandoned in favour of
that shown in consequence of the difficulty in cobtaining skilled workmen
to execute it. The main wall of the weir is founded on circular wells
which are 6 feet in diameter, and are sunk 6 feet in the bed of the river.
The main wall itself is only 4 feet thick at the base, and 3 feet at the top.
Over this there is a solid masonry flooring, 47 feet in width, of which 19
feet are horizontal, and 28 feet sloping and slightly curved in section.
This floor terminates in another row of wells similar to those under the
main wall. The masonry floor consists of 4 feet of masonry covered
with cutstone strongly clamped together. Below the lower row of wells
there is an apron of rough stone pitching which varies in width, but is
generally about 70 feet or 80 feet. The body of the first section of the
weir, between the two rows of wells, rests on a core of sand which was
thrown into place wetted and rammed. The second section is very
similar to the first, with the exception that the front wall is founded on
.a mass of rough stone which extends under the body of the weir in the
place occupied by sand in the first section. The apron is strengthened
by a bind wall of masonry, 4 feet by 3 feet, which is carried longi-
tudinally through the length of this section of the weir. The third
and fourth sections are generally similar to the first one, but the fourth
section is rather stronger, the masonry is a few inches thicker and the
front slope is protected by a rough stone apron about 6 feet or 7 feet
wide, which is carried along its entire length. :
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67. Third Type of Anicut.—The third type of anicut is that
generally constructed in Indian rivers, where the banks and bed are of
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Fig. 80. Section of the Kistna Anicat.

sand, gravel, or other unstablematerial.
These weirs generally rest on shallow
foundations of masonry, in such
manner that they practically float on
the sandy beds of the streams. The
foundation of such a weir is generally
of one or more rows of wells sunk to
a depth of from 6 to 10 feet in the
bed of the river, the wells and the
spaces hetween the rows of wells
being filled in with concrete, thus
forming a masonry wall across the
channel. A well or block is a
cylindrical or rectangular hollow
brick structure which is built upon a
hard cutting edge like a caisson, and
from the interior of which the sand is
excavated as it sinks. After it has
reached a suitable depth it is filled
with concrete, the whole depending
for its stability on the friction against
its sides. This form of construction
is illustrated in Figs, 26, 27, 28 and
29 which exhibit several different
types of such works.

68. The Kistna Anicut.—The
weir across the river Kistna is one
of the most remarkable of this class.
Plate IV and Fig. 30. Tt was built
in 1854-55. The body of the weir
itself is about 3,000 feet long, but
the entire length of the weir, includ-
ing the under-sluices and piers, is
nearly 4,000 feet. The crest of the
weir is 16 feet above the summer
level of the river, and from 20 to 25
feet above the deepest parts of the
original bed as it was before the weir
was constructed.

The river Kistna above and below
the site of the weiris from 11 to 1}
miles in width, but it narrows at the
point where the anicut is built to the
dimensions given. A spur of sand-
stone runs down to the bank of the
river at each side ofthe anicut. The
fall of the bed of the river above the
anicut is about 13 inches a mile,
below it the slope is about 11 inches

a mile, The ordinary greatest rise of the river, at this spot, before the
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anicut was built was 85 feet, and in extraordinary freshes as much as
38 feet has been recorded. The velocity of the river in freshes was as
great as 10 feet a second before the construction of the anicut ; the
velocity -over it now is said to attain 16 feet a second at which times
there is a depth of as much as 20 feet over the crest.

The construction of an anicut at this point presented many difficul-
ties, but they were successfully overcome. The bed of the river was
very uneven on the line of the weir; the floods scoured out deep holes,
sometimes on one side of the river, sometimes on the other. It was at
one time intended to have filled up all the inequalities of the bed with
stone, but sand was used for this purpose instead. . In the bank of sand,
thus thrown up in the deep parts of the river, wells were sunk to a
depth of 7 feet below the summer level. On the top of the wells a
heavy course of ashlar masonry 3 feet thick was laid. Above this a
massive wall of rubble masonry, 13} feet high, 12 feet base, and 6 feet
top, coped with ashlar, was built. Behind this wall a mass of rough
stone of all sizes, up to 5 and even 6 tons in weight, was deposited. At
100 feet back from the main wall another one was constructed, the top
of the wall was 6 feet below the crest of the weir ; between the two walls
the surface of the weir is packed with the largest stones placed on end,
the interstices of these stones are filled as far as possible by quarry
rubbish jammed well into them. Behind this second wall the apron of
the weir is continued for about another 100 feet with large stones.

This anicut obstructs from three-sevenths to one-half of the former
water-way of the river at the site where it is built, and although the
action on the weir is consequently great, very little has been needed in
the way of repairs since the work was first completed in 1855. Some
stone has been added year by year, and, on one oceasion, a short length
of the body-wall was washed away. The cost of the yearly repairs has
averaged about 1} per cent. on the original cost.

69. Soane Weir,—The weir at the head of the Socane canals,
which is typical of this class of structure, consists of three parallel lines
of masonry running across the entire width of the stream, and varying
from 2} to 5 feet in thickness. The main wall, which is the upper of
the three and the axis of the weir, is 5 feet wide and 8 feet high, and
all three lines of walls are founded on wells sunk from 6 to 8 feet in the
sandy bed of the river. Between these walls is a simple dry-stone pack-
ing raiséd to a level with their crests, thus forming an even upper
surface. The up-stream slope is 8 to 1, and the down-stream slope 12
to 1, the total length of this lower slope being 104 feet, while the total
height of the weir including its foundation is 19'3 feet. The Soane weir
has a total length across stream of 12,480 feet, of which 1,494 feet
consist of open weir disposed in three sets of scouring sluices, Fig. 31,
one in the centre and one adjacent to either bank and in front of the
regulating gates at the heads of the canals.
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Fig. 31. The Soane Weir.

The third type of anicut has been adopted for the Kistna at Bezwada,
and for the weirs across the Pennar at Nellore, Sangam, and Adima-
palli. It is suitable where stone is cheap and abundant, and it is not

necessary that this material should be specially adapted for masonry
work.

These are the three types of weir generally in use in India, but in
America, Europe and Australia, where much attention has lately been
paid to irrigation works, many other types of weir are in use. Among
others the following may be noticed.
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70. Lawrence Weir.—The weir across the Merrimac river at
Lawrence, Massachusetts, appears to have an unnecessarily heavy cross
section, Fig. 32. Itis 33 feetin maximum height, its extreme breadth
at the base being 35 feet. The down-stream face has a batter of 1 in
12, and the structure is surmounted by a ecoping stone which is level
for 3 feet and then slopes downwards up-stream with a batter of 1 in 6
for 12 feet, beyond which the weir is stepped off with a batter of 1 to 1
to within about 10 feet of its base, which latter portion is vertical. If is
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Fig. 32. Lawrence Weir.

composed of rubble masonry founded on firm rock, the front of the dam
resting against the edge of a trench excavated in the rock. The face
and coping of the weir are of dressed ashlar, headers and stretchers being
dovetailed together, and the coping stones are dowelled to each other
and the next face stone below. The body of the weir is of rough rubble
in cement and is backed up to a level with the top coping by an earth
filling having a slope of 6 to 1. The level of the water may be raised
by means of planks, 16 feet in length, to a height of 3 feet.
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71. Moveable Iron Weirs, French Type.—The weirs on
the river Seine in France differ materially from the open Indian weirs.
They consist of a series of iron frames of trapezoidal cross seetion, on
which rests a temporary footway, and on their upper side is placed a
rolling curtain shutter, or gate, which can be dropped so as to obstruct
the passage of water across the entire channel-way of the stream, or can
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Fig. 33. Moveable Weir.

be raised to such a height as to permit the water to flow under them. In
times of flood the curtains can be completely raised and removed on
a temporary track to the river banks, the floor and track can then be
taken up, leaving nothing but the slight iron frames, which searcely
impede the discharge of the river and permit abundant passage-way
of the floods over, around, and through them, Fig, 33.

8
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Fig. 34. Goulburn Masonry Weir. Down stream Elevation.

72. Goulburn Masonry and Iron Drop-gate Weir.—One of
the most modern and interesting weirs which has recontly been designed
for the diversion of storage water is at the head of the Goulburn Tnri-
gation system in Australia. This weir isa clear overfall weir for its
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whole length, and at each of its abutments there leads a main line of
canal. In addition to acting as a diversion weir this structure is
intended to act as a storage dam for a small portion of its height, its
available storage capacity being about 431 million cubic feet, though it
is expected that this can be filled up several times in a season. On the
crest of the masonry structure are built up iron pillars between which are
slide lifting gates which can be raised and lowered by hydraulic power,
these add thus to the diversion height of the weir and furnish storage
capacity equivalent to this height. The highest flood known in the river
was estimated to discharge 50,000 cusecs, and the waste-way capacity
furnished between the crest of the masonry work and the soffit of the
overhead bridge is capable of passing a larger volume than this.
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The Goulburn weir is founded on alternate beds of sand-stone, slate,
and pipe clay, standing almost vertically on edge. _

This weir is of sufficient height to raise the summer level of the
river about 45 feet, or to a total of 50 feet above the river bed. It is
695 feet in length, exclusive of the canal regulators at either end, which
have a further length of masonry work of 230 feet. The body of the
work is of combined concrete masonry, composed of broken stone, sharp
grit, and Portland cement backed with stepped granite. In the portion
of the weir across the natural water-way of the river are six temporary
tunnels, Fig. 34, each with a sectional area of 44 square feet, which
were designed to carry the ordinary flow of the stream during the
process of construction, about 3,750 cusecs and which were filled in with
masonry after the completion of the work. The water-way in the upper
portion of the weir above the masonry crest is supplied by 21 flood-
gates, each having a clear opening of 20 feet horizontally and 10 feet
vertically. These are lowered into chambers or recesses in the body of
the structure, Fig. 35, and can be so adjusted as to maintain the
water-level in front of the canal off-takes at the normal full supply
level. The chambers are lined with skeletons of cast iren ribs between
strong cement mortar, and the wall in front of each chamber, that
takes the pressure-of water, is strengthened by a series of rings of
wrought iron, built into the concrete, which are strong enough to
take the entire thrust, so that should the concrete become fissured
from any cause the skeleton would still take the pressure, the masonry
merely acting in detail. The gates are framed with wrought iron T
beams filled with cast-iron plates, and weigh 7 tons each. They are
worked by screw gearing actuated by three 30-inch Leffel turbines,
which can be worked either together or sepavately. The available
head for working them varies from 3 to 13 feet, according to the
volume of water in the river, and they give from 8 to 27 horse-power.
Hand-gearing is provided for each gate in case of emergency.

73. Open and Closed Weirs.—Diversion weirs may again be
classified as open or closed. A close weir is one in which the barrier
which it forms is'solid across nearly the entire width of the channel,
the flood waters passing over its crest. Such weirs have usually a short
open portion in front of the regulator known as the “ scouring sluice ™,
the object of which is to maintain a swift current past the regulator
entrance, and thus prevent the deposit of silt at that point. An open
weir is one in which scouring sluices or openings are provided through-
out a large portion of its length and for the full height of the weir.

The advantage of the closed weir is that it is self-acting, and if
well designed and constructed requires little expense for repairs or main-
tenance. It is a substantial structure, well able to withstand the shooks
of Hloating timber and drift; but it interferes with the normal regimen
of the river, causing deposit of silt, and perhaps changing the channel
of the stream. Open, or scouring sluice weirs interfere little with the
normal action of the stream, and the scour produced by opening the
gates prevents the deposit of silt, while their first cost is generally less
than that of closed weirs.

The closed weir consists of an apron properly founded and carried
across the entire width of the river flush with the level of its bed, and
protected from erosive action by curtain walls up and down stream. On
a portion of this is constructed the superstructure, which may consist of
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a solid wall or in part of upright piers, the interstices between which are
closed by some temporary arrangement. This portion of the weir is
called the scouring sluice. The apron of the weir should have a thick-
ness equal to one-half, aud a breadth equal to three times, the height
of the weir above the stream bed. During floods the water backed
against the weir acts as a water-cushion to protect the apron, and as the
flood rises the height of the fall over the weir crest diminishes, so
that with a heavy flood over an ordinary weir its effect as an obstruction
almost disappears.

An open weir consists of a series of piers of wood, iron or masonry,
set at regular intervals across the stream bed and resting on a masonry
or concrete floor. This floor is carried across the channel flush with the
river bed, and is protected from erosive action by curtain walls up and
down stream. The piers are grooved for the reception of shutters or
gates, so that by raising or lowering these the afflux height of the river
can be controlled. The distance between the piers varies according to
the style of the gate used. If the river is subject to sudden floods these
gates may be so constructed as to drop automatically when the water
rises to a suflicient height te top them. It is sometimes necessary to
construct open weirs in such manner that they shall offer the least
obstruction to the water-way of the stream. This is neeessary in weirs
like the Nile “ barrage ”’ below Cairo, Egypt, or in some of the weirs
on the Seine, in France, in order that in time of flood the height of the
water may mnot be appreciably increased above the fixed diversion
height. Should the height be increased in such cases the water would
back up. flooding and destroying valuable property in the towns above.
Under such circumstances open weirs are sometimes so constructed that
they can be entirely removed, piers and all, leaving absolutely no
obstruction to the channel of the stream, and in fact increasing its
discharging capacity, owing to the smoothness which they give to its
bed and banks. '
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CHAPTER V.

SCOURING-SLUICES—OPEN WEIRS.

74. Scouring-sluices,—Scouring or under sluices are placed in
the bottom of nearly every well-constructed weir or dam, at the end
immediately adjacent to the regulator head. The object of these is to
remove, by the erosive action of the water, any sediment which may be
deposited in front of the regulator. If the flow in the stream is suffi-
ciently great to permit it, these scouring-sluices are kept constantly open
and they perform their functions by keeping the water in motion past
the regulating head and thus preventing the silt from settling. If
sufficient water cannot be spared to leave the scouring-sluices constantly
open, they are opened during flood and high waters, and by creating a
swift current are effectual in removing silt which has been deposited at
other times.

The scouring effect of sluices constructed in the body of the weir is
produced by two classes of contrivances; namely, by open scouring-
sluices and by under-sluices. The open scouring-sluice is practically
identical with the open weir, as the latter consists of scouring-sluices
carried across the entire width of the channel, Where the weir forms
- a solid barrier to the chavnel and is only open for a shors portion of its
length adjacent to the canal head, the open portion is spoken of as a
scouring-sluice. The waterway of a scouring-sluice is open for the entire
height of the weir from its crest to the bed of the stream.

Under-sluices are generally constructed where the weir is of consider-
able height and the amount of silt carried in suspension is relatively
small. In these the opening does not extend as high as the crest of the
weir, nor does the sill of the sluiceway necessarily reach to the level of
the stream-bed. 1t is chiefly essential that its sill shall be as low as the
sill of the regulator head. Under-sluices are more commonly employed
in the higher structures, such as weirs and dams which close storage
reservoirs.

Scouring-sluices aro practically open portions of a weir and consist
of a foundation, flooring, and superstructure. The floor must be deep
and well constructed and carried for a short distance npstream from the
weir axis, and for a considerable distance below it. Omn it are built
piers, grooved for the reception of planks or gates, so that the sluice
may be closed or opened at will.

It is nearly always necessary to have a set of scouring-sluices below
the offtake of a canal, in order to prevent the accumulation of silt,
immediately in front of the head-sluice, and it used to be held desirable
to have an additional set in the centre of long weirs ; it is now, however,
considered that central sluices are not of much practical value. There
can be no doubt.that the weirs of the future will be of the open type,
raised little, if any, above the bed of the stream and fitted with move-
able shutters on the crest; and, since it is necessary that some kind of
bridge should be erected over them, from which to work the lifting gear
of the shutters, it follows that these weirs practically become regulators.
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In almost every case, except perbaps for very broad rivers, the shutters
will be of the lifting type ; falling shutters, while useful for broad rivers,
have the serious objection that once they fall the flood-water must drop
nearly or quite to the level of the floor of the weir before they can be
raised again, while with lifting shutters the water can be held up to any
convenient height and all excess safely passed.

Such being the case, the openings of the weir become scouring-sluices,
and by judicious lifting and closing of the shutters the river-bed above
the weir can be kept clear of silt. In some few cases, where the head-
sluices occupy a considerable breadth, as at the Grand Anicut across
the Cauvery, it may be necessary to provide some means of increasing
the scour immediatoly in front of the head-sluices and this can be
done by under-sluices below the floor of some of the openings in the
weir nearest the sluices (Plate VI and Fig. 36). The sills of the under-
sluices being considerably below level of river-bed will naturally induce
a heavy scour and the under-sluices must be strongly built and manipu-
lated with ecare and judgment.

75. Construction of Under-sluices.—The construction of under-
sluices needs care as the velocity of the water passing through them is
at times very considerable; and, moreover, the meeting of the current
through them, with the less rapid current of the water passing over the
weir, is liable to induce whirlpools, and the formation of scour holes.
The wings and front aprons of the masonry should be of a length and
width respectively of about three times the height of the weir above
the sluice sill, which latter should be placed at the level of the deep bed
of the river. The apron should be completed by a retaining wall
founded at the same level as the crest wall. On the upstream side of the
retaining wall a rough-stone apron should be provided of about the
same width as the masonry apron, and this should extend from the
groyne connected with the outer wing to the wing of the weir.

On the lower side, the wing wall on the weir side should conform
to the slope of the apron of the weir, if it have a sloping apron, and
should be a wall sloping from the weir crest to the retaining wall, if
the whole apron be horizontal and at one level ; while, if in steps, it
should slope to the edge of the first step, and thereafter conform to the
section of the apron ; it will thus act as a lateral retaining wall to the
apron of the weir. The width of the masonry apron on this (the lower)
side should be the same as that of the weir apron, 7.e., to the line of its
retaining wall, if the weir apron be of masonry, horizontal or sloping,
and to four or five times the height of the weir, if its apron be a slope
of rough stone. A retaining wall of the same depth as that of the weir
should be built at the edge, and the rough-stone apron beyond should
be of large stone, extending to the outside line of the outer apron of the
weir, and laid to as great a depth, below the surface of the floor, as the
exeavation ef the sand, for this purpose, can be conveniently carried. A
reserve of stone should be provided to be thrown in as soon as any
settlement >or disturbance Eeeomes apparent. Generally additional
material will have to be placed in this apron, from time to time, for
four or five years. One or more bind walls may, with advantage, be
inserted, to check displacement, after the freshes of one or two seasons

have consolidated the stone, and made further material settlement
improbable.



JOAlY AJeANBQ ‘INOIUY PUBJD 'MOIA JBOY ||A O1B|d

‘F9 a6vd 990f o,









‘wededeUBHS 1B SOOIN|S=I9PUN  ‘INdIUY BUISIY °|]|A O¥eld

e S ¥ g : it ot
. ; 5 ooy

__T
%5

*eq abnd 9onf o,



65

76. Scouring-sluice Shutters and Moveable Dams.—The
old works on the Gédédvari, Kistna, Cauvery and other rivers had
sluices with vents only 6 feet wide, and of a height equal to about only
half that of the flood. In these works the scouring-sluices were closed
in the dry season, either by baulks of timber dropped one after another
into the grooves in the piers, or by gates, sliding in vertical grooves,
which gates were raised and lowered from above by screw-gearing
working on long rods attached to the gates. 'T'his system necessitating
the construction of a masonry superstructure above the level of the
highest floods, was found to -oppose great resistance to the free flow
of flood water, and also to stop floating debris in the river, so that the
sluices not unfrequently became choked with trees and brushwood.

As these earlier works were inafficient, steps were taken to increase
both the size and number of the openings with the result that, as
already stated, the anicut or solid barrier across a river has become,
under most conditions, a thing of the past, and nearly all new works
will be constructed on the open weir principle, while many existing
works either have been or are being converted to the same class.

SONVGN RN ,/,;@\&*(//A&f@s\&z@f%@&\»-@fmL/f.%\\\
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Fig. 38

Suppose it is required to impound the water, in the stream indicated
in Figs. 87 and 38 from the point A. 'The level of the bank at B
represents the maximum height to which the water can be permitted to
rise at any time without flooding the adjacent lands. It is obvious that
a weir cannot be built to the height B. Asall the water must pass over
the weir, inundation of the land can only be avoided in time of flood by
keeping the crest of the weir below the point B by a distance equal to
the maximum rise of the river above the normal level. 'The greater the
rise which must be provided for the lower must the cvest of the weir be
made. If the distance CD represents the rise of the stream in time
of flood, then the crest of the weir must be kept this] depth below the

9
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point B, and the height CE represents all the head and all the storage
that can be provided by the construction of a weir. But, if, on the
other hand, the stream be controlled by a properly-constructed sluice-
gate, as indicated in the second figure, or by a barrier of sluices in a
gtream too wide for one, then the head available for distribution becomes
the full height DE, because it is not necessary to provide any margin
for the passage of flood-water over the sluice. The shutter being raised
clear from the bottom according to the volume of the flood, permits the
flood-water to flow freely along the bottom. The theoretical advantages
of a sluice over a weir, have, of course, been long recognized, but
engineers were formerly loth to adopt sluices because of the defects
which were inseparable from the older forms, The most important of
these were the large amount of power, required to open the sluice owing
to the {riction hetween the shutter and its bearings. The first attempts
to improve matters were made by cutting down the crests of existing
weirs and fitting them with automatic shutters. The shutters held up
the water till a certain height was reached and then fell. The impounded
flonl-water was released and all that remained to be done was to raise
the shutters and leave them up till such time as the water again rose
sufficiently high to cause them to fall. The method of working these
shutters will be understood from the following paragraph. T

77. Fouracres' Shutters on Soane Weir.—Figs. 39, 40 and 42
give three different views of the shutters of the Soane weir in different

Fig. 39. Fouracres® Shutter Open.

positions. Fig. 39 shows the sluice open, with both shutters lying
on the floor, the flood being supposed to be running freely between
the piers, which are 8 feet in beight, 6 feet thick and 32 feet in
length. When it hecomes necessary to close the sluice and shut off the
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water flowing througl it, a clutch worked by a handle from the top of

the pier is turned, and frees the shutter from the floor, and . it then
floats partially up from its own buoyancy, when the stream, impinging

RS

Kig. 40, Upper Shuiter Lifted.

upon it raises it to au upright position'jwith great force Fig. 40.
But if a shutter, 20 feet long and 8 feet in height, were allowed to
come up with such velocity, it would either carry away the piers or
would be carried away itself. To destroy this sudden shock six
hydraulic rams or buffers are fixed on the down-stream side of the
upper shutters. These rams which are simply pipes with a large
plunger inside, also act as struts for the shutters when in an upright
position. Fig. 41.

A A @”;_‘"ﬁmwm L

Fig. 41. Arrangement of rams,
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The pipes fill with water when the shutter is’ lying down, and as
soon as it commences to rise, the water has to be forced out of them by
the plunger in its descent and, as only a small orifice is provided for the
escapé of the water, the ascent of the shutter, forced up by the stream,
is slow and gentle instead of being violent. The orifices in the pipes
are covered with India-rubber discs to prevent them being filled with
sand or silt.

The water is now effectually shut off, as shown in Fig. 40; but
without other means being taken it would be impossible to open the
sluice again, as the shutter could not be lifted against the force of the
stream. ''ke back shutter is therefore provided as shown in the same

Fig. 42. Rear Shutter Lifted.

view. This back shutter is so arranged as to be lifted by hand and placed
upright, ties being placed to support it, as shown in Fig. 42. The
water is then allowed to fill the space between the two shutters, and the
upper one ean then be lowered to the floor again, but the lower one is
held up by ties which are hinged to it at one-third -of its height, and by
this means it is balanced and resists the pressure on it till the water
reaches its top edge, when it loses equilibrium and falls over, thus
opening the sluice again.

The sluices can be left to fall of themselves if the river rises in the

night; or, if required, they ean be made fast by a clutch on the pier
head as shown in Figs. 39 and 40.
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Falling shutters have been tried in Madras, but they were found to
be very troublesome to manage and were the cause of a great loss of
water, they leaked considerably when up, and after a flood they could
uot be raised until the water was comparatively low and the process of
raising them was difficult and slow and somewhat dangerous for the
lascars employed. Attention was again turned to the design of suitable
sluices and the most satisfactory arrangement was that of the late
Mz. Stoney.

78. Stoney’s Sluices.—As already stated the theoretical advan-
tages of a sluice over a weir had been long recognized, but the use of
sluices had not been adopted because of the defects which were inseparable
from the older forms. These defects were principally the amount of
power required to operate the sluice and the risk of the sluice becoming
jammed. In any form of sluice where the gate worked between or
against fixed guides directly, excessive leakage could only be avoided by
making the guides and valves a tight fit. The power required to
operate such a sluice under pressure was found to be not less than six-
tenths of the total load, and might be more; whilst, in some instances
such sluices were never opened because of the uncertainty as to whether
they could be closed again when required. It was the late Mr. Stoney’s
experience of these difficulties when in charge of the head-works of the
Madras Irrigation canal, that led him to make a special study of sluice
construction, and to initiate a series of experiments which resulted in
the form of sluice with which his name is associated. The problem
may be briefly stated.

To construct a sluice which shall be—

1. Water-tight.
2. Basily operated under all conditions,
3. Always to be depended upon to open or close when required.

The final solution of the problem, as found by Mr. Stoney, is marked
by great simplicity. In the Stoney sluice the valve, or door, hangs freely
between abutments as indicated in Fig. 43. FEach jamb is rebated
or recessed, as shown, but instead of the door being made to fit tightly
against this face, as in the common sluice, a series of anti-friction
rollers is interposed between. The contact between the two faces,
when the sluice is being worked is therefore not a sliding contact, which
means excessive friction but is a rolling contact. The rollers are not
fixed to either face, but are simply mounted in a hanging frame so
arranged that it may travel up and down with the door, the rollers
revolving easily on the faces during the operation. The load on the
door does not pass through the axles of the rollers: friction and wear
and tear thus being reduced to a minimum. KEase of movement is in
nearly all cases further secured by the addition of counterbalances to
the shutters.

The requisite tightness of the door is secured in an equally simple
manner. [n the angle formed by the edge of the sluice and the face
of the jamb, a turned bar is hung freely as shown. 'The pressure of the
water forces this *Staunching rod ” into the angle against both the
sluice and the jamb, a perfectly water-tight joint being thus secured.
The freedom of movement and ease of manipulation thus obtained may
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The Belleek, Sluices, Lough Erne, Ireland.

Plate IX.
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79. Examples of Stoney’s Sluices—The Belleek Sluices.—

These sluices furnish an important example, on a large scale, of the
value of the Stoney sluice in maintaining water-powers and preventing

floods. Plate IX.

Lough Erne, properly speaking, consists of two lakes united by a
short river. The total length of the lakes and the connecting river is
over 42 miles, while the water-surface at water-level represents an area
of about 40,000 acres. The lakes drain a most important agricultural
district many hundreds of square miles in extent. The outlet from the
lakes is by way of a short river to the town of Belleek. Formerly the
waters were held up by a barrier of rock in the bed of the stream, form-
ing a natural weir.

The country has a heavy rainfall and was formerly always subject
to floods which, owing to the outlet being limited by the natural weir
at Belleek, would yearly rise more than 10 feet above the normal
summer level, flooding nearly 20,000 acres of valuable land. In one
year the lands adjoining the lakes remained under water during the
entire summer months, resulting in a loss of over £40,000. It became
necessary, therefore, for the public authorities to take steps to avoid
the recurrence of these yearly disasters.

Mr. James Price, m.1.c.E,, the Engineer placed in charge of the
works, after carefully investigating all known methods of water-control
by personally visiting works in various parts of the world, finally
decided upon adopting the Stomey system and the work shown in the
Plate were consequently erected.

The sluices are four in number, each having a clear opening of 29
feet and a height of 14 feet 6 inches above the sill. The weight of each
gate is over 12 tons, and works against a water-pressure of 85 tons.

The sluices have been in continual use since first erected, and have
never failed to give perfect control over the heaviest flood-waters. The
lakes, instead of rising 10 or 11 feet in the rainy season, with disastrous
results to the adjoining country, have never varied more than 7 or 8
inches since the sluices were put up. 'The flooding of the country has
been avoided, the navigation and all water rights preserved, and the
beauty of the lakes maintained.

80. The Weaver Sluices.—Before the construction of the As-
suin dam, these were the largest sluices' made. The sluices are situated
at Weaver Point on the Manchester Ship canal and their function is to
control the discharge of the waters of the river Weaver into the estuary
of the Mersey, after they have served their purpose in the Ship canal.
Plate X.

The following are the details of the sluices—

Span of each gate ot oc 3% 5% .. 380 feet.
Depth of sluice oc 20! o0 oa oo =0 u
Lift of sluice .. &% olo o . aol. HEw 15
Pressure against each gate .. i o0 .. 120 tonx.
Combined width of waterway.. 00 oc .« 300 feet.

In Plate XI is an illustration of the hand gear used for controlling
the Weaver sluices. In order to raise a shutter, the attendant simply
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releases a small friction break on the hand gear, and the shutter which
is counterbalanced, comes up rapidly of itself easing off to repose when
equal balance is reached. While such an operation would be impossible
with a shutter of the old type of construction its feasibility under the
Stoney system will be readily understood when the fact is grasped that
the friction to be overcome is in the new type of shutter only one four-
hundredth part of what it would be in the old. Hence the striking
feature of the gate on the Weaver Dam, where one man, by means of a
hand gear, closed a sluice against the pressure and flowing eurrent, not-
withstanding that the shutter, as it becomes more immersed, is gaining
buoyance and is finally two tons lighter than the eounterbalance by the
time it reaches the sill.

81. The Assuin Sluices.—There can be no doubt that the inven-
tion of the Stoney sluice played a most important part in enabling the
storage and control of water at Assuin to become an accomplished
fact for we have it on the authority of Sir W. Willeocks, k.c.M.6., to
whom the credit for the original conception of this great undertaking
is due, that he considered the Stoney system of sluices was the only
one which could deal with the problems at Assuin. Plate X1I.

The sluices in the dam are built at various levels. Sixty-five are
designed to work with a‘maximum head of ¢1 feet; the sluices also
vary in size, 120 being 22 feet 11 inches high by 6 feet 63 inches wide
and the remainder 11 feet 5§ inches high by the same width. The
sluices are unbalanced, that is, have no counter-weights, and are operated
by crab winches from the top of the dam. T'wo men work the sluices
notwithstanding that the weight of the heaviest is 14 tons.

These, of course, are only a few instances of the case with which
large works can be broug<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>