-

PROBLEMS

-

CONNECTED Wigst

FLOOD DRAINAGE.

&

4

%

&

BERIES oF stX LECTURES DELIVERED AT THE SIBPUR
ENGINEERING €ORLEGE -

* 'y .

-
¥

kgl

BY

G. C.,MACONCHY, Egq.
'SUPFRINTENDING ENGINEER, P W D -

¥ 9,

DUBRING :MARCH AND APRIL 190: : . | &
L @ M7
* F

CALCUTTA:

R ) oy
§0E BENGAL SEGRETARIAT BOOK DEPOY.

~



Published at the BENG.AL SecreTARIAT Book Dreir, j
] Writers' Buildings, Caleutta.

B

QFFICIAL AGRINTS.
, In India—

. Mussns. Tmicxer, S8rivg &.Co., Caloutta and Simla.
Mzsses. Newasan & Co., Oalontta, -
Mzssns, Hicarnsoraau & Co., Madras.

Mgsses, Taackzr & Co., Lp., Bombay. s

Mzssgs.” A. J. Coxsrinee & Co., Bombay. '

Te® SuPEBINTENDENT, AMERICAN Baprist Missiox Prrss, Rangoon.
Mgs. RapHABAY ATMaRAM SicooN, Bombay.

Mzssgs. B. Camsray & Co., Caloutta.

Rar Sasrs M. Goras Sivar & Sons, Proprietors of the Mufid-i-am Press, ®
Lahore, Punjab.

- Mzsses. *S. K. Lamsr & Co., Printers and Book-sellers, College Street,
: Calentta. |

Musses, V. Karyamarama Iver & Co., Book.sellers, &o., Mhdras.
Mazeses. D. B. TararoBEvaLs, Sons & Co., Book-sellers, Bombay.
Mzsspe. G. A. Nateson & Co., Madras,
Mgz, N. B. Maraus, Superintendent, Nazair Kanum Hind Press, Allahabad,
Tar Carcorra ScHoor Boox Socrery.
Mz. SuxpER PANDURARG, BouBay,

In England—

Mz, E. A. ArxoLp, 41 & 43, Maddox Street, Bond Street, London, W.
““Meases. ConsTaBLR & Co., 16, James Street, Haymarket, London, W.
M?;ns. Kzoas Pavr, Trewom, TrOBx2R & Co., Charing Croses Road,
ndon. )
Mz. B. ALreep QUiRITCH, 15, Piceadilly, London. ’
Mzasgs. P. 8, Kixe & Sox, 3 & 4, Great Smith Street, Westminster, London,
Mzsses. H. 8. Kixa & Co., 66, Cornhill, London.
Mz. B. H. BLacEWEeLL, 50-51, Broad Siree®t Oxford.
- Mussgs. Darerror Brir & Co., Cambridge. N

On the Continent—

Mzsses. R. FrigoLinDER & Somw, Berlin, N. W, Carlstrasse, 11.
Mze. Orro Harrassowirz, Leipzig. ;

Mz. Karr HIERSRMANN, Leipzi%.

Mgz, ErNgst LErovux, 28, Rue Bonaperte, Paris.

Mz, Mawrinvs Neyaorr, The Hague, -
l . . # : 04

e

¢

CONTENTS.

I INTRODUCTION . . . . .
II FoRMULZE OF DISCHARGE FOR SLUICES AND WEIRS . ] .
T1I(z) TiME OF DISCHARGE, WITH OUTFALL AT CONSTANT LEVEL . )
WITH HEAD-WATER AT A CON-
0 A TIDAL OUTFALL,
I1I(b) DiscHARGE INT!
STANT LEVEL . . . . . .
: _WATER AND OUTFALL VARY
EN LEVELS OF HEAD
IV, DiscHARGE WH
SIMULTANEOUSLY . . .

IV(s) TIME OF DISCHARGE WHEN BOTH BASINS ARE OF RESTRICTED

AREA . . . . . . . .

v OACH
IV(b) DiscHARGE INTO TIDAL OUTFALL WHEN LEVEL OF APER
CHANNEL VARIES WITH THE TIDE . . -~ ..

) A AREA .
I1V(c) DIsCHARGE INTO TIDAL OUTFALL FROM A BASIN OF SMALL ARE

Vv VELOCITY OF APPROACH . . . . . . )
Vi SLUICE WITH BREAST-WALL IN FRONT OF VENTS . ; . .
ViI PRACTICAL DESIGN OF DRAINAGE SLUICES . . . . .
: ; s NOT
VIII DISCHARGE OF OPEN CHANNELS WHEN THE SURFACE I
PARALLEL To THE BED . . . . . .
X ExaMpLES OF DRAINAGE SCHEMES—
(@) Argowal Circuit . . . . .
(b) Challan Bhil . . . S .
(¢) Charoikul Swamp . . . .
(d) Magra Hat Drainage Scheme . . .« -

X  ExQUIRIES INTO DRAINAGE SCHEMES . .. ) )

PAGE

15

18

26

27

28
30

39
46

50

75
79
83

95
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Page 87.—Equation (63)
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PROBLEMS CONNECTED WITH FLOOD-DRAINAGE.

L.—INTRODUCTION.

TrRE subject which I propose to deal with in this course of lectures is one
for which I have had some difficulty in finding & suitable title. 'The title which
I have selected as being perhaps more nearly applicable than any other I could
think of is ¢ Problems connected with flood-drainage;” and the reason for its
selection is mainly that most of the problems for which I have endeavoured to
find practicable solutions have presented themselves to me while engaged in
the attempt to unravel some of the complicated conditions which confront the
designer of engineering works for the drainage of large flooded tracts of
country, and becoming specially complicated when the flood-water has to be
discharged into tidal waters. My subject, then, consists of a collection of
problems, arising out of the conditions I have mentioned; but I wish to avoid
1mplying that they are only applicable to questions of flocd drainage, because
some of them apply to the conditions met with in designing irrigation works,
or, in fact, wherever we have to deal with and control the flow of large
?antities of water. Now the first thing that the Engineer has to consider is
the cheapest and most efficient means of conveying water in large quantities ;
and to find the method by which this can be done he has only to use his eyes
and take a lesson from Nature. - In every country Nature is constantly at work
transporting water from the high lands of the interior to the ocean by means of
streams and mnivers, varying in size from the tiny rivulet to mighty rivers like
the Amazon, the Mississipl, the Ganges or the Mahanadi. This last-mentioned
river, when in flood, pours into the sea a volume of about 11 million cubic feet
in every second of time. It will perhaps enable you to realise better what that
figure implies, when I say that if you were to stand on the bank of the Mahanadi
at Cuttack in full flood, during one hour there would flow past you enough
water to cover the whole of the Calcutta maidan to nearly the height of the
Ochterlony monument. Thus the general principle of conveying water in
open channels is simple enough, and the Engineer has no difficulty in deciding
on the construction of an artificial river, or open channel, as the most economi-
cal method. It is in the way he sets about his work that he has to depart
from Nuature’s methods. A natural river is formed simply by the erosive
action of the water, as it flows over the land, down towards the sea. The
water thug scoops out a channel for itself, in the®process -of timie, and the
channel is of course just big enough to carry the quantity of water which has
scooped it out, generally speaking. The Amazon would not have so large a
bed if the greatest quantity of water that flowed down it were only as much
as is discharged by the Thames; and converse!iy the Thames would be very
much wider and deeper if it had been scooped out by a volume similar to that
.discharged by the Amazon, The Engineer, however, cannot, for obvious
reasons, follow this convenient plan of just letting the water rum, and allowing
_the channel to adjust its own size. He has first of all to find out what is the
quantity of water to be conveyed, and then he has to determine beforehand,
by calculation, exactly what width, depth, and slope of chanunel will suffice to -
convey it. .

By:lt fis work does not end when he has designed his channel. He also
has to dovise artificial means of regulating and controlling the flow of water
in his channel, so as to attain his end, whether drainage or irrigation or water-
supply, by the most efficient means; and with this object he has to construct
masonry works, such a8 sluices, weirs, regulators, falls, escapes, and so on. :

. To take an example. Let ussuppose that an irrigation canal has to be
constructed, and that the earth in the locality is of such a nature that it is
liable to be cut away by water flowing faster than a certain rate, so that the
speed of the current in the cana} must be kept below that rate. Now you
know that the velocity of flow depends largely upon the fall or slope of the
canal in the direction of flow; ani we will suppose that the Bmgineer finds by
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caleulation that the limiting velocity in his canal will be attained by a slope of
4 feet in the mile, But the levels he has taken show that the country through
which his canal has to be made has a natural glo e of 8 feet in a mile. In

such a case Nature’s method would be to re(fuce the slope of her river by

increasing its length, 7.e., by meking it crooked. If it was originally straight,
the banks would be cut away, on one side or the other, by the high velocity of
the current, until the course of the river became so crooked that its length
was about doubled, and thus the slope, and consequently the velocity, was
reduced to the limnit at which cutting would cease. 'Thus, if two places, A and
B, (fig. 1) were 20 miles apart, measured in a straight line, and the difference of
level was 160 feet, then the slope would be at the rate of (1a%*=) 8 feet per mile;
but if the canal were doubled in length, the slope would be (452=) 4 foet per
mile, which is the limit we assumed just now at which cutting would cease.
This is one of the reasons why rivers are crooked, and the fact is of importance
to the Engineer who has to deal with the training of rivers and the mainte-
nance of embankments, To return to our canal, it is manifestly out of the
question to design a canal of double the

uecessary length, and the Engineer
has to again depart from Nature’s methods and devise some other means of
reducing the velocity.

Supposing the depth of the water in the canal is to.be 8 feet, and at the
point A ?ﬁg. 2) the surface of the water is level with the ground, so that the bed
of the canal is 8 feet below ground-level, f.c., the depth of excavation is
8 feet. Now, if we make the hed of the carial slope at the rate of only 4 feet
per mile, while the ground slopes at the rate of 8 feet, it is clear that at the
end of & mile the bed of the canal will be only 4 feet below ground level,
and at the end of 2 miles the bed will be at the same level as the ground, while
the surface of the water will be 8 feet above the ground. In such « case the
banks of the canal would have to be built up with earth taken from the land
outside, to a height sufficient to hold up the water, At this rate the surface
of the water at the end of 4 miles would be no less than 16 feet above ground
level, a height which would in ordinary cases be quite inadmissible. You will
now see that, if we wish to grade the bed of the canal at a flatter sl

the ground, it is necessary to resort to the construction of artificial waterfalls at
intervals, each of which causes a sudden drop in the bed of the canal, which

is thus again brought below ground level, enabling the same method of grading
; and thus the flat slope can be continued

to be repeated for another length;
to any distance, proceeding by a series of steps, as shown in fig. (2).

Here, again, we are only copying the natural waterfalls which may be seen
m hilly country; but where we go beyond Nature is in applying to the soft
alluviz(ail soil of the plains the methods which she only uses insteep and rocky
ground. .

Another example of an artificial regulating work is a sluice. In the case
of an irrigation canal it is obvious $hat some means of regulating the admissjon
of water into ‘the canal 4s hecessary, so as to supply water only at such
times as it is required for the crops. This is done by means of a sluice,
which in this -case consists practically of a masonry dam across the
head of the canal, containing numerous openings, which are fitted with iron or
wooden shutters, which can- be opened or closed by means of. suitable
mechanism. But sluices are also very often necessary at the outfalls of
drainage channels, where they serve a different purpose. If the drainage
channel discharged into a river whose level never varied, and which was not
liable to flood, a sluice might not be required. If, however, the river was
liable to floods, then in flood time the level of the river might rise 'above the
level of the country to be drained, and then the channel, instead of drainin
the flood water off the country, would actually bring the, river water on to the
land, and increase the flooding. Besides, when rivers are in flood their waters
are usually heavily charged with silt, which would enter the channel and,
being deposited there, reduce its section, and cause heavy expenditure -in
clearing it out again. When this is liable to occur it is necessary to provide a
sluice or regulator, which would be closed so as to prevent water from the river
entering the drainage channel in times of %ood, and would be opened when the
river felkggain, 8o as to allow the floqd water to flow from the channe] into the
river, and thus garmit drainage to go on. The provision of & slujce is More than

( 3 )
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examples in the world of the enormous power of erosion which water possesses
is to be seen in the gorge of Niagara in North America, and the same force is
constantly at work, in a lesBer degreo, in every mountain rivulet, stream, and
torrent, which helps to swell the volume of the great rivers which issue from
the Himaluyas, and traverse the plains of Bengal. Thus these great volumes
of water, on their way to the ses, are laden with the silt and detritus taken
from the mountains; but while the water, after joining the ocean, is again
evaporated and condensed in the form of rain, the silt is loft behind in the
river=beds, on the surface of the country, or on the ocean floor, and thus forms
the material of which the plains are built up.

Let us now examine the uction of this silting process s little more closel .

The silt carried by rivers is of two kinds, the heavier kind consisting of
particles of sand, and the lighter kind of soft earthy matter, When a niver
1s in flood, the heavy sandy silt is rolled along the bed, while the soft
silt is held in suspension in the water, The heavier particles thus remain in
the river-bed, and, accumulating there, gradually raise it, until the banks can
no longer contain the floods, which then sweep over the country., If a
brzach ferms in the bank, so that a deep channel is formed, leading awa

from the river, then ‘the heavy sand may be swept through it on to the
fields, destroying their fertility ; but when only the top of the flood passes
over the bank, without breaching it, tne water spreads over the country without

violence, carrying with it only the soft silt in suspension, which, as the,

water subsides, is left on the country, and forms a richly fertile deposit.
'Thus, in time, the level of the whole country near the river becomes raised,
When the bed of the river itself is raised to & certain extent, there is & tend-
ency for breaches to form, and for the river to take a now course altogether,

or to form branches, which in thé&ir turn take part in the process of fertilising

and raising a fresh tract of country. When the courss of a river changes before

it has completed its work of raising the country near it, we see low-lying tracts
of land left unraised; and if the new course of the river is at a considerable
distance from its old course, these tracts are again left out from the action of
the new river and become permanently low-lying swamps; while the abandoned
beds of the old rivers remain in the form of deep sheels. A good example of this
action is to be found in the many swamps and jheels sarrounding Jessore, on
the Bhairab river, This, oncea broad and rapid stream, is now almost stagnant
the bulk of the water having found its way ;
ing incomplete its work of raising the country ;

problem to be solved by the Engineer. The drain
presents great .- difficulties, During the flood se
often higher than in the Jheels, which thus become filled up with water. When
the floods subeide, the water is caught, as it were, in a trap, and a channel
has tobe dug to lead it back again into the river. Even then, thelevel in the
Jheel T.ay be so l%w, compared bwéth that in the river, that careful levelling
operations may be necessary before i y : 1

¢ sp s le il y t can be pronounced whether drainage

even if feasible, the very small difference of level may

render it necessary to design the channel I .
may B prohibitively high%m €180 large that the cost of construction

So far we have been following the action of alluvial deposit in in]
Let us now examine the conditions near th coast, We han?e s;ee:l1 :ﬁa?g;:éﬁc?é
the sand and silt brought down by tb;" river has been expended on the
work of raising the inland traets ; but the amount thusleft behing 18 only a small
proportion of the whole volume, the bulk of which is i o ]
the Bay of Bengal, and deposited on the e sea., Fr th
mouths of the rivers which traverge the Gangeti , nds an

enormous heap of sand and myd thus brought 4 S L ”
to a rubbish heap, into the head of the Ba%r. Fg:v Iil’o;nixan shx;)xti’lesafs o
the shore this heap extends, or to what height it ig p; y loos
of the Bay, I have not the information

there is no doubt that it exists
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only discharge during a limited number of hours in the day. To add to the
difhiculties the sluices have to be constructed at the very mouths of the channels,
owing to the liability of the exit-channels to silt up, and in these sites the soil is
s0 treacherous and full of springs that the masonry works are liable to be washed
completely away. The situation is completed by the necessity for rigid
economy in designing the works, owing to the poverty or want of foresight
of the persons for whose benefit they arc intended, and the consequent
difficulty of raising sufficient funds for their construction. It isdiffieylt to
imagine a set of conditions throwing greater impediments in the way of the
diainage Engineer, That they are not inguperable is proved by the success
(greater or less) of the works that have already been constructed; but I think
1 have made it clear that great nicety of skill in design is necessary to enable
us to obtain the maximum of efficiency combined with the minimum of cost.
In order to attain this object it is necessary to be able to calculate, with a
sufficient degree of accuracy, what quantity of water yout channels, sluices, and
weirs will be able to discharge-in a given time, under the conditions which
you will meet with in practice. From your text-books and lectures on the
subject of Hydraulics you are provided with a quantity of formulm, easy to
understand and to use, giving you the discharges. you require. You might
think that you bave only to put your data into them, and that the rest is a mere
matter of arithmetic, It is of course quite necessary first of all to acquire &
thorough knowledge of the formule of the text-bool);,s, and of the methods by
which they are derived from first principles, and I shall assume that you
already possess this knowledge. These formule, however, are only applicable
under certain well-defined conditions, and one of the first things that occurs to
the young Engineer who uses his brains as he ought to, on attempting to put

' these results into practice, is tha§ very often these conditions are conspicuous
- by their absence, or that they are complicated by 6ther conditions for which

no allowance is made in the simple formule. Under these circumstances, he
18 driven to an attempt to reconcile the actual conditions with those of his books
by assumptions, which may or may not be justified, and which end in *‘rule.of-
thumb”’ results where there ought to be accurate calculations. As an example,
I have seen & case where a sluice had to be designed to discharge into tidal
waters at a given rate. The designer had calculated the requisite size by
saying “ assuming the sluice to discharge under a head of one foot, the velocity
will be so much; and the required ventage area so much.” Now it is quite
safe to say that the sluice would nof discharge under a head of one foot. Part
of the time it would not discharge at all, and part of the time the head would
very largely exceed one foot. Results of this sort cannot be looked on as
better than mere rule-of-thumb,

The main object of these lectures is to endeavour to remove a few of these

 difficulties from the path of the young designer, and to attempt to show how,

in some cases, the results you have learnt from your text-books may be applied
to practical design, under conditions not allowed for in your theory’; or how, in
other cases, the tormule must be modified, or re-constructed, to allow for the
conditions confronting you in practice. The subject is one which lends itself
only too readily to undesirable complications, and I shall endeavour to reduce
these complications to as simple a shape as possible, consistently with a sufficient
degree of accuracy in the resulte, ' :

I will first mention briefly some of the conditions which give rise to
complications, and indicate generally the means by which I have attempted
to arrive at the results, and to express them in a form ‘which will enable you to

~ make practical use of them.

One veq' common cause of complication is the existence of a velocity of
approach. This will be familiar to you, asit is dealt with in the text-books
and you are given formule to allow forit. You will see, however, that it
is allowed for by introducing into the formula an unknown quantity called
the ‘“head due to velocity of approach,” and you bave to assume siiccessive
values for this quantity, and work " out your result by trying one value after
another until you find one to suit. Now thisisa very luborious process, and
1 think {ou will admit that it would be a great advantage to get rid of
this troublesome unknown quantity altogether, as we do not want it except
as a means to an end. The way in which I have done this will be ée_scribed

(7))

in detail presently. Generally speaking, it consists in expressing the velocity
of approach in terms of the area of the channel of approach. To explain
this a" little more fully; you know that when water is Howing over a weir
there is a marked “drop ” of level immediately abdve the weir. I only men-
tion this in order to point out that this is not the *“ head due to velocity of
approach” which I am now speaking of, and that this “drop” can be eli-
'minated in practico by measuring the ‘“head” at some little distance back
from the weir. It usually, however, oceurs in practice that the water is led
up to & sluice or weir along a well-defined and comparatively narrow channel,
in which the water flows with a certain definite velocity. It is this velocity
which constitutes the velocity of approach we are concerned with. If now we
use ¢ to represent the discharge passing through the sluice, and A to denote
the area of cross-section of the stream as it approaches the sluice, then the-

mean velocity of the stream will be KQ, and if this quantity be substituted

for the “velocity of approach” in the ordinary formula, the troublesome
unknown quantity T have referred to can be eliminated. To save you as much
labour as possible in making calculations, I have constructed a table giving
you the results in every possible case. You have only to calculate what thes
discharge would be if no velocity of approach existed and then multiply this
by the %actor given in the table. There is no new principle involved in this.
1t is merely a labour-saving device which will be found very usefu! in practice.
A question which may give rise to extreme complications, against which
it is as well to guard, is the determination of the ‘‘time of discharge.” That
18, supposing a certain area is covered to a considerable depth with water, which
is being drained out through a sluice or over a weir, and it is desired to know
how long it will take for the level to fall a certain amount, owing to the dis-

. charge. The difficulty in this case arises from the fact that, as the level falls,

the “head” over the sluice or weir alters, and thus the rate of discharge is
constantly changing. The result has to be deduced from the formula which ex-
presses the rate of discharge at any given moment, by the mathematical process
of integrating the reciprocal of the formula. Now in some cases this can be easily
done, and you are of course familiar with the well-known calculation of the time
of emptying (or filling) a lock. But drainage may occur under circumstances
calling for the use of one of the more complicated formule of discharge, in
which case the solution by the rigid mathematical method is extremely com-
plicated or even impracticable. I have got round this difficulty by devising an
empirical formula which gives the discharge in the most complicated case, with
an error of less than 2 per cent. from the accurate formula, and by using which
the time of discharge can be obtained quite easily. But when we come to tidal
outfalls, that is, when the sluice or weir discharges from a basin of small area
into tidal waters, the level of which rises or falls independently of the fall of
level in the drained area, the matter becomes much more complicated. The
result I shall give you applies only to one, and that the most simple, of the

© discharge formule, The result is complicated, but it is not easy to see how it

can be simplified further, and I have worked out tables to lessen the labour of
reducing the result to arithmetic, applicable to every possible case. This case
is only applicable to basins of small extent, such as locks or dock basins, where
the rate of fall of the basins is-considerable compared with the rate of rise and
fall of the tide. Fortunately, in the case of most of our large drainage sluices,
the rate of fall of level in the drained area is 8o slow, compared with the rate
of rise and fall of the tide, that the former rate can be neglected altogether and
the case treated: as if the upper surface were stationary, This simplifies matters
extremely, and it will be found that most practical cases will_ be covered by the
simple expressions I shall give you shoyvmg the true mean discharge of a sluice
or weir, during the time that 1t is belpg gradually “drowned” by the rising
tide, expressed in terms of the initial discharge. :
The next cause of complication which I will mention is one of very
common occurrence in practice, and I do not think you will find the solution
of it in any of the text-books. Itisalso a very important matter, because it
concerns the discharge of water along open channels, .both large and small, and
has a very considerable effect on the result.. .The ordinary formula of discharge
for an open channel is based on the supposition that the surface of the water is
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{ arallel to the bed of the channel, but we often find in practice that the surface
p et p

' 1s by no means parallel with the bed, and we are not provided with any accu-

rate means of calculating the discharge. It is usual to use the ordinary formulz,

and reject the bed-slope of the canal in favour of the surface slope; but this

is not an exact method. A similar case occurs when the level of a canal is
artificially raised by means of a regulator or weir, so that the depth just above
the weir is greater than the depth some distance up-stream, and we wish to
know what the depth will be at a given distance above the weir. To solve these
cases we have to go back to first principles, and form the original equations of
fluid motion based on th& principles of the conservation of energy. These

equations do not, I think, form part of your course,-but they are of great

interest to the student of higher mathematics, and a thorough understanding of
.them is necessary to the solution of many difficult problems in Hydraulic
Engineering. The differential equation thus obtained is the equation of the

- curve which the surface of water assumes when it flows with “steady” motion
in a uniformly graded channel, the surface not being parallel with the bed ;
and the integration of this equation supplies us with a knowledge of the
difference in depth between any two places at a given distance apart. From

Jhe nature of the case it is not to be expected that the resuls can be a simple
one, but I have, as before, reduced as much as possible the labour of calculation
by working out tables covering every case likely to arise. ’

A complicated case of sluice-discharge occurs when the sluice is constructed
with a breast-wall in front of the vents. As all our large drainage sluices are
built in this way, I propose to go into this case in considerable detail. The
exact calculation of the discharge is rather complicated, but fortunately it is
possible to arrive at results which in most cases will give a sufficient degree of
accuracy by rather more simple methods, which I shall point out to you.

thus

(9 ) .

11.—FORMUL/ OF DISCHARGE FOR SLUICES AND WEIRS.

L4 . .
1 have now sketched tho general nature of the conditions which confront
the desi%ner of large drainage works, and some of the causes which give rise
- to complications in; and varations from, the original formula of the text-books.
I will next endeavour to show you in detail how these problems may be
solved:: qnd I will take first those relating to the capacity of sluices and weirs
discharging under varying “heads.” We start, &f course, with the original
formule, giving the discharge at any given instant, which you will find in
the text-books. They are, as you know, all derived by simple mathematical
deductioy from the relation, «first formulated by Toricelli, and known as
the ‘‘theoretical velocity of discharge.” This relation @xpresses the fact

_ - that, when water issues from a vessel through an orifice ata given depth

below the free surface of the water, the velocity with which it isshes is equal ~

« to that which would be acquired by a heavy particle in falling through the

" hei8ht 4, Expressed*in the notation we are now using, the relation is written -

. v= )\/2'9—}2: .'. . )
And in practice, as you know, it is necessary to introduce a coefficient
to allow for the small defect of the actual velocity from its theoretical

» value, owing to frictional and other resistantes, so that the actual velbgity is

s ¢ . V=Yl
¢ being some proper fraction. _ )
Thus we grrive at the expression for the discharge ¢ through an orifice
of area ¢ under a uniform head 4, so that every part of the stream isgues from
- the orifice with the velocity “dde” to the head 4. The discharge is
Q=@ =="ca v/ 2gh. . .

The discharge over a weir (ot noteh, as it is calted, ) of breadth & is arrived
at by estimating the sum of the discharges of each elementary strip of the
overflow, at a depth z below the free surfaee, and of height dz. The area of

. the strip (fig. 3)-is bdz, and the velocity of flow is ¢4/2¢z, so that the discharge

of the differential strip is  »-
" . . .. . dg:c‘/—%xbdx

. L 4
and the discharge over the whole height 4 is arrived at by integrating this
expression between the limits 0 and %, thus,— - .

L4

—h oy
g=c\/2gbf 2 dx
-' 0 aw 7 o ' ) *

The result is - : .
. .

9 ey i
=301/2gb;l

I am afraid that in going into these elementary details I am rather
trenching on the province of your regular lecturer on Hydraulics, but it is
necessary to dwell somewhat oh these original formulee, in order to familiarize

ou with the notation used, and to draw your. attention to certain points
about them. There are in all five original formule, expressigg-the discharges
of sluices and weirs, and the-conditions to which each is applicable will
be explained by the diagrams I shall show you. As fegards notation, in

case I have used the letter & to denote the width of the opening; D the

© eve
. totaliziepth of the cross-section of flow ; d the depth of the “free” portion of

the discharge, i.c., the part above the level of the'surface ofthe tail:water;

and A for the greatest “head” of discharge. First of «all, I want particularly

to point out that the five formulz may be divided,'broadly, into two classes.

viz.,, the “ sluice” class al_ld the ‘weir ” class, of which the two simplé

expressions I have j&st mentioned are the typical formulz. The distinction
. . : . : . ¢
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between the two is that in the “sluice” class the cross sectional arca of the
whole discharge, viz., D, is constant, whereas in the ¢ weir” class the area of

flow varies with the ¢ head.” , <
*  The following are the formule :=- - y

(6) Completely submerged sluice (fig. 4). ‘
We have just seen that the discharge in this case is

1
- g=0«/QZka9 _ e
This is the typical * siice ” formula.
- (4) Freely-dz’échmg‘z’ng sluice ( fig. 5).

In deriving this formula from the Torricellian relation, the glischarge
is treated as theMdifference of two weir discharges, viz., thé discharge over- -
a weir with head 4, less that with head (A—D), The formula is

g=2ey/T b (H —(—=D)'} B T

As, however, the area of discharge 4D does not alter with the ‘ head”,
it comes under the classof “sluice” discharges, according to. the definition I .

have just given yonw I will show you that this definition is rightly applicable
to this case, as follows :-—

’ Suppose, instead of measuring the head % to the botlom of the vent, we

measype it to thescentre of the vent; then, writing A" for this head, and writing

(1)

& instead. of g (or %) we have . ‘ '
h=H +4d, and (4 — D)=K—d'; and the formula becomes
2 . °
L g=se/mbiw+a) =@ —a)])
. -

Now, if we -expﬁnd-the two binomials in the lajrge bracket, and subtract
(I will leave you to verify the result for yowelvqs) the formula becomes
c1 @ .1 gt — o 2
= (1= 7 — o 2 ) e/ b24) A
Writing this in the form .
. * 1 . )
q="F.cy/% (2 d) B o . e (3)
.gou will see that this really corresponds with the typical ‘‘ sluice ” formula,
" %ith a factor F' introduced, and you will see also that this factor 1s n most

cases very nearly equal to unity. The value of F' may also be written in the

form : y .

(0 St 2 S
- . —_ : a - ses e ...-.

R . . ,
a forsy which is more suitaBle for calculating the arithmetical vedues than

that given above. You will seo that F is most nearly equalp to u_n[i:iy when the
depth of  the vent  is very small compared with the head ;-and it is least

ON

fl - . o - -
equal to unity when —ZZ, is as large as possible, i.c., when it is equal to unity,

and the case becomes one of simple discharge over a weir, I have drawntp
this Tahle T showing the values of this factor  for differens valuessofthe ratio

77 from which yol will see how close the approximation is,

TaBLE b .
* M .
.1 o | 1 2 3 4| 5 ) 7 s | 9 " 10
rd . 2
»
Fe 1000 999 998 ‘ 996 9938 \ 989 | 98¢ | 977 | pep | 968 | 948
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For practical pur 1 VAR .
p purposes, if great accuracy is not essential, i{ is usual to em-

. ploy the form
0=c/ZphDW . B -

o ) ) bes e 5
-as giving a sufficiently close approximation to ¢he true result. ®)
(#5%) Partially submerged sluice ( fig. 6). .

When the surface 8f the tail-water, below the sluice, i ‘

' : e, 18 ab ¢
of the floor 8f the vent, the dxscharg:a takes the form o,f the su;zveoft}tlgeli:v%
\gyec}?dmg cases. ]-;I‘hat }g)rt;on‘of tlie vent below the level -of the "tail-water

ischarges as a submerged sluice, while the portion abovethe tail-water is i
fhe condition of a freely-discharéing shuice: P o tait wateris i
. The formula isewrittent as follows:—

-

g = /3 b [ggﬁ —(h = &)’} + (D — Q) iﬁj . (6)

formg;l;?, as wi.ll.be seen presently, is the ‘“general” form of all the other

We now come to the ¢ weir " cases
have the typical weir formula, viz.—
(tv) Freely discharging weir (fig. 7).

o, 3 .
q = g(]»\/“g Ah , .ss . are C LY e

\v) Drowned weir (fig. 8). - ..

r ° When the surface of the gail-water is at a higher level than the rest of the
- weir, the discharge becomes what is called *“drewned,” and th& formula is a
composite one, the upper part discharging as in a “free” weir; while the
‘““drowned ” portion-discharges as a submerged sluice. The formula ‘is

¢ = /3 b { %rhf'+ (D—d) }z} .

, of which there are two, and ﬁrst we

| (8)
- This may also b- written in the forms |
= (e hwment . .
(3 1 ryE )2 o o1
~andvg = {Q (l— 55) (D) } 3 a\/E‘g 6 D .. (10)

This. completes the five original formule, The next thing I wish to '
draw your attention to is that the complex expression for a partially-submerged ®
sluice may be considered as the ‘‘general” formula, and all the other-four may
be derived from it, by attributing suitable vahies?o the ratios %Zand a

. . . . . P Do
~ Looking at the formula for a partially-submerged sluice, you will see that
it may be written in the form : : : ' .

v _* 3
g = F ey/29 b Dh

AN e (11
Where F is a factor whose value, is : (11
2 (1A (29 |
p=1-2 s (73— G-3) R
=T D d o - (12)
h : :

I leave you to verify this for yourselves. From the figures it is clear

that the ratios ‘,% and g must,' in every possible case, Lie somewhere, between the

values 0and 1. I have calculated the value of F for eleven different values
of each of these ratios, and the result will be found in the annexed Table 1I
For any ,values intermediate between those given, proportional parts inay be
used, so that the value of F' can be found in every possible case. The values of
the ratios suitable to each case are as follows :— .

_ (ﬂ Submerged stuice.—In" this case there. is no “free” portion of the
discharge, and consequently Z— = 0 and % = 0. 'From the Table it is seen
that F = 1. ’ ' : " .
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(%) Freely-discharging sluice.—Here® the discharge is all” ¢ free,” so that

. o a7
5 always = 1, whﬂe-’—‘ (z.e., '%) may have any value between 0 and 1, )

The ‘corrésponding , values of F are given in th .
of the Table. ) given | e last column on the right

® (#) Partially submerged sluice.—To thi "
applicablo. - Y merged 8ltioe. =10 this cage tne.whole of the Table is

" (iv) freely-discharging weir.—Here the dischargé is all “ffee;” and the
head % is équal to the depth of discharge D; that is, 71‘3 —lad & =1
"FC D T e

It is seen from the table that in this case F = g ' .

. ®

There is, however, no advantage in using the ““general” forinula.(ll) .

here, bedause, D being equal to 4, and F being, aswe have seen, %, the

formula becomes identical with the original formaula (7).
(v) Drowned weir.—Since the depth of ‘¢ free” discharge is equal to the

. d . . .

head, we have here 7= 1; while 38 equivalent to-g and may have any

value from 0 1 1 fo i

e t‘ilzomrfigta oft('i‘ a.ll;Ye ’Il‘ll.w f:ogregpondlng. va}ues of F .wxll be found in the
If we look at the alternadive forms of the formula in this éa.se, viz., (9)

' ‘and (10), we shall see that (9)is identical with the formula we are now

considering, because the factor (l—-l—‘l' or (1—%%) is the form which the -

. . 3 D
. * d : \) L ) p
é.épresmon (12)'takes when 5= 1, "1 he f'emammg forr (10) is of the “‘ weir”
form, instead of the ‘“sluic” e written 2
. f the “sluic8” form und may be writteng = f % ey/29 b D+

discharge over a weir is only véry dlightly reduced by drowr{ing " up fo

."about half the depth of discharge. o

These formulse, and the tables I have gi i

I t ve given .

ogghc;lﬁ: ‘t}i; rate of discharge in any ggivenyzzéewqwlhzzabtlﬁe i%:&tq e
.. But wheh we come to draw mathematical deductions fr;itlna:it]l:

original -formule (as for imMtance ‘i ing i :
simple expresgion (}1) cannot. alway;_n%)ec::, uting the time of discharge), the

. the factor F. The general f :
complicated that no pgctie::l re:l\:l]:;%n(\f)zr the partialy submenged sluice) s so

! obtain i % obli
to search about for some empirical formula whigl(ul, t??mlgi:?fgv:sﬁfsﬁhged

g vih o i, by g o el il oot w00

: . : . ave alre 1

zggroixslm%t; 'fogln“]a’ which a.pplies to the case oai { If)x?;::]t e-%l" Ol;)t to you one

E » 0o ; ip by measﬁrmg the ¢ head” S the ceyt 15C. al’gmg Slmoe,
xP‘:eBsed in our general notation the formula is- nire of .the vent.

g=cy/% D (=} D) . (13)

~ Thisis quite accurate enough for pur i .
gather too wide of the truth wh%n d’ exceegg?:l;e :l?em{lzny poo though it is

on account of the variation in
-

» » .
‘ e« .(¥B)
where F has the value e .
5dd\i ,
| F=(1-523) | . (16)
In order to cofpare this formula with the accurate one (11) I have

.. . . .. d
calculated the value of Fin (16) for various values of the ratios }”) and 7, and

the results gre.given in Table IV. .Now, by comparing Table IV with
Table Il we can see what are the limits of. error of the approximate-

formula (15) in every possible case. The maximum discrepancy will, I think,

be.found in the case when _%='1 and ‘-ﬁ:.;'ﬁ. The error is, even then, only 2 per

cent. of the truth, wnd this occurs in s “weir” case, when the approximite
formula would not, as a rul®, be: employed. For the “tigluice” cases I think
the error will hardly ever exceed 1 per cent., and in most cases will be far less
‘than that. L

. ¢ : TasLE IL
e The figures in the body of the table are values of Fy where.
(2(1 d)% 2 d)\ 3 .
F=1 d}s P 37| .
] -
=l-p—a { - :
. L h J
____—__/_— " -
' . ' : : 9 10
djD=. "¢ 1 2 3 4 \ 5 6 7 g
l
= o 1000 | 1000 | w000 | 1000 | 109 | 1000 | 1000 | 1000
agh=0| v | e | s | ) ) E )RR e g W
2| 1000 995 990 984 979 o571 | oep | pea | o9 | 983 | 48
31 1000 992 o34 |. 976 ®8 bis | w52 | 945 | 037 | 920 ) 92
. : 989 |" 978 958 957 o1 | o35 | -92a | 914 | 903 | 892
dw| omlal B B BIE R B B B
‘g 1000 983 966 949 932 915 | -8os | w1 | 864 | 847 | #D
-7[ 1000 980 959 939 |- 918 o8 | 878 | 857 | 837 7
: : . 0r| 923 904 a79.| -85 | cga1 | 8o7 | 783 | 789
%1 1900 o7 043 915 287 oo | e | 82 | 714 | T 7L
19| 1000 967 |- . 933 900 +867 833 800 | 767 | 77
- )
Tasre IIIL. ©
*  The figures in the body of the table are values of f, where .
.
f__3 1 1% ) ( k )% : . .
- 2( 3 D/AD . .
' . ’ ¢ )
—_ | 1 2 3 4 5 6 7 8 9 10
Wo=; < | - \ \ \ \ |
/4_____—————_"/__—‘—_— ] ]
_ | 0000 ’ % 626 739 w2 | 88 \ ot ‘ oz | 984 | W7o 1000
S T I BN S R | L
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The figures in the body of the table are values of F, where

F=(l-—59 %%)% '

head, measuréd to the centre of the vent, is e ad 4, that is, wh
‘ ) 1 3 y when the
the wvent. It has, further, the fatal def,ect Of(ﬁ?ei:ogoi;;;s;ﬁ;gg?e :he depth of

a partia]ly-submerged sluice. I shall now give you an em

o the case

is very close to the truth in all cases, and which is applicag’rical tormula which

of discharge. The formula is

le to aull opnditions.

| ] : -,3
—ev/T bD (15 &\
_e=e/% 4D (b5 3) . (14)
aud it can be expressed 1n the form
g=F.o/% D8 L. s
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So far the formule have been quoted in terms of 4, the head of discharge,
and this is the simplest and most generally useful form, The ¢ head”
is, however, the differénce of fwo quantities, viz., the respective heights of the
head-water and tail-water, and it will sometimes, when dealing with tidal out-
Jalls, be found corivenient to express the discharge.in terms of the height of the
hedd-water only, the effect of the variation of ‘‘head” on the discharge being
allowed for by a variable factor, caleulated for all possible values and tabulated
for reference, Using # (see fig, 6) to represent tho height of the head-water
surface above the floor of the sluice, or crest of the weir, and y the height of
the tail-water above the same datum, the most goneral case of discharge is given -
by the formula o : ' . .

where the factor F has the value ' : ‘
LA ly) . Y\i 1 D)% . : 17
P2 (429 (=9 -(-3 o R
o 3 g D ‘ ] .

z : . -

"The values of F for every possible value of the ratios % and % are shown in
Table V below :— . ' © .

TaBLE V. ’

"

'iYgte-— ¥ cannot exceed 2. If y is actually gre;lter than D, then the quantity (y—D) must be subtracted
; o !

< &
‘he actual values of both z andey lgfore reference to the table.

’ -
D/;: 0 ‘0 41 9 3 4 5 .6 7 " 8 o) l 95 .99 {» 10
- I *
, |
[ ] |
Y o |10000| -9973 | o746 | -0482 |. -9207 | 8921} -8610 | 8300 | 7958 | 7988 7178 6939 . 6667
x .‘01 e 9950 e e . P e .u. o 5 -6339 ‘ -6641
. -0ig7 | 9358 | 9121 | 8856} -sbey | -B2py.| 7922 | 7556 | 714 _
§ -8944'| 8849 -8652'] 8405 | -g121'| 7805 | 7454 | 054 | 6826 . |, 6569
. 8367 | 8290 | 8115 -j880| 7509 | 7273 | 6893 | 6674 6414
3 7946 | 7670 | 7517 | 7287 | 7000 | 6651 | 6444 ... 6197
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H1(e).—TIME OF DISCHARGE, WITH OUTFA&L AT CONSTANT LEVEL .

The results we have just obtained place us in-a position tq t:

subject of the Time of Discharge, into an outfall of unI:rarying' ?eif:all{'f) u\l?)V}fEE.
water is being discharged through a sluice or weir from a basin of a given -
extent into an outfall of unlimited area, the surface of the outfall will not be
affected by the quantity of water-thrown. into it, while the surface of the basin.
will be lowered owing to the amount of water drawn off from it. The rate of
lowering of the surface will depend on the drea of the basin and the discharge
of the sluice or weir. In fig, (9), let A be the area:of the basin; 4 the elevation
of the basin surface above the outfall surface after time #; ¢ the rate of
discharge of the sluice or weir; 7' the time taken by the basin surface in falling
from the height &, to, the height 4,; ¢the time taken in fallingP from %, to .

L

. i . . . . . dh
. Then the rate at which the surface is falling, after time ¢, 18— 7P the quantity

diséharged by the sluice in the, time d¢'is ¢ d¢; and the quantity drawn eff from -

the basju, owing to the lowering of surface dh, is A dh. We thus have the
differentiak equation ‘ '

. g di=—A dh '
which can be wwitten
. . dh :
dt—.—A'hg- _ (18)

and the time % is obtained by integrating this equation between the limj
and T' on the left side and 4, and Fosy or% the rigqht sidey the walye ofeg lllrlln tIZ:m(s) ¢
of & beihg given by one of the five original formulee, whichever is applicable. *
If now we substitute for ¢ its value in the general formula (6) we have 9@
expression which is, to say the least, extremely difficult to deal with, and whose
result, if obtainable, would be very complicated. You will nov; appreciate
better the utility of the approximate formula (14). * : :
We will now consider each case in detail. . . '
The simplest case is the first one, that of a submerged sluice. Here, sub-

stituting the value of ¢ from equation (1) in equation (18), the differential
equation 18 . '

dt%=_—___ 4 _dh
/29 bD ;}

and the integration, between lfn_lits, is -

7= ;%W(/)oi-h,’}) . (19)

I§+is often capvenient, in solving questions of this nature, to determine the
true mean rate of discharge throughout the time, 1f ¢, denotes the true mean
» discharge, then ¢, is equal to the total quantity discharged divided by the total -
time; that 1s - .

(hy — o7 b4
A(hy =h)_(h —h) ¢ /29 8D
= 7 -t ot e \/ L = x/~2q.bD_bf—_2tL‘—
2 (’Io —hy ) . ® s
That is, the true mean discharge in this case is the arithmetic mean of the’
initial and final discharges, :

. . . . * T,
Another convenient way of expressing the result is to determine the  ratio.
of the frue mean discharge g, to the iritial discharge ¢,, which is seen to be

) 3
7m=é(1+"’i) o -« (21).

.t o

(20)

We now have ¢, =(* ¢oy the values of the factor ! for various values of
7 o/ . ) :

the ratio 2—‘-’0 béing given in the followirfg Table V;I.
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- . .
_ . TasrLe VI.

) oL T

Cl= 0 1 -2 »3 ¢ 5 6 7 8 | P 16

ﬂq s . ] y

e
. gﬂ-= 50000° | 65811 179361 77986 -81623 85355 | 88730 | 91533 | wwa722 | 97434 1:00000 ,
0 » :

The exact formula in tﬁe',éases of the freely-discharging sluice and the

hartiqlly-submerged stuice are too complicated for prickical use in this connec-
tion, and we must have recourse to the approximate formula (14); that is, we

must substitute the variable’ ({z—g g) for %, the result being clearly as

follows :—

94 T 5 5 a3 .
T= W{(ﬁ,,—gﬁ)‘_(m—gj)} o S
The true mean discharge is; as before, the arithmetic mean of the initial-
and ﬁnf:_l discharges ; and the ratio of the mean t8 the initial discharge is

. by — b a\3 . T g
%J _—_% 1+ (——_—iﬁdp—z)% v L e (2B)
(- 55)) "
* Table VI ap.plies to this also if for the index we write '
] b~ g‘»‘gz A )
T instegd of i
%55 . :
We might also use the exact formula (11), giving the result
22 al-nh .. e (24 -

, T = Fey/3g oD _ . _
but this would only be suitable when the value of F differed very slightly
for the initial and final discharges. If this condition is fulfilled, Table VI 1s

applicable as it stands. ® _ _ .
We next come to the “weir” cases, and in the sitaple case®f free discharge

the differential equation is seen to be

84 d#* )
dt- ——_—20\/2}6{7 Coe
the integral of which, between limits, is
=54 (—1———1-) oo @)

B 0\/274 b 51"}T bo%

. . L ]
In this case the true mean discharge is nof equal to the arithmetic mean ofs
the initial ahd final discharges. The ratio of the true mean discharge to the

_initial dischargeis

. AR ) -1 Tat .
AR S )S —  e ee
. P . o 0

The valudes of this ratio are given in the following Table VII :— .
TapLe YII. |

. »
f‘}_z 0 01 ‘1 2 3 4 5 6 7 8 9 10
ko . .
: I - | T
L PN 0 055 | 208 | 823 | 404 | 616 | e0a | 687 | 768 | w47 | -o24 | 1990
Qo .

(17 )

In the last case, that of a drowned weir, the approximate formula (14) 1s

of no use, and the result cannot be red A
instead of (D—d), the formula i3 uced to & simple form, Writing 5

— 6 = %
? = 3 c 2g ( h L 2 8 k ) e ‘o . veew ( )

1t may be noted that D is a variable quantity in this case, but 5 is a

constant. The differential equation is

of the factor in brackets for various values of 2 and
, _ D, D;

dt:-—‘_.gcsA_ ah ]
29 b 1t
V% lz*+galﬁ

The integration, obtained by substituting #* for 4, is

v 7= /64 ~1(f 2k, \} -1(/ h\}

TG b5 [tan {(?82 } — tan {(—3—81) }] v (28)
The calculation of results is facilitated by Table VIII which gives the value
)

TabLe VIII.
The figures in the body of the Table are values of the factor

o IR 2l

8 i |
———— == 0 01 ‘1 K . i *
3+/,0 2 3 / 4 5 6 , 7 l -8 / 9 10
2 ke
<R _ s 66 o . o ) .

P = 6 26667 1-5555 10 66667 | 44444 | 28571 *16667 | 074b7 0

) 2R
—— Pl -]
é+ by 38

0 [--] 0
% b
g 4 <28500 0
2 26667 *54949 42702 *16202 0 .
3 1-5555 67574 656327 *28827 *128: 0
4 10 78540 66203 39793 '235%? 10968 | O
5 66667 ‘88605 76358 49858 -33656 ‘21031 | 100851 O
L ‘44444 98262 *86015 59515 |- -43313 30688 | 19722 | 09657 | O
7 28571 107978 97531 69231 53029 40404 | 20438 | 193 .
8 :16667 1-18306 | 1:06058 79558 *63386 *50731 | +39765 '29738 gggig '(1)0327 0
13 '87407 1-30493 | 1-18246 *91746 *76543 *62019 | *51953 | 41888 | 32931 2251 12188 | o
. 157080 | 1-44833 | 118333 | 1-02131 *89606 | 78540 | ‘68475 | 58818 *49] *38775 | 26587

Formula (10), giving a simpler result, might be used in some cases, where

the variation of f is small, the result being

- A
r Do%) . (29)

4 (L _
Fe/290 D*
14 1

The values of £ are given in Table 1II.
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T11(b),—DISCHARGE INTO A TIDAL OUTFALL, WITH HEAD-WATER
AT A CONSTANT LEVEL,

We have naw seen how to compute the time of discharge in all cages where
the outfall-surface remains at a congtant level, while the surface of the head-
water falls, owing to the quantity of water drawn oﬂ'.‘ We next come to a set of
conditions which is of very frequent ocourrence in Bengal, and is of great
importance, because the resodts will enter into almost every case.of _dramage
nto tidal outfalls, and will be continually of use to you in designing such
schemes. I allude to the cases where the surface of the head-water .fans at so
slow a rate, compared with the rise or fall of the outfall sqrface, that it may be
taken as practically at a constant level, while the outfall rises and falls with the
tide. In schemes for the drainage of large agricultural are

88 in Bengal, the
rate at which it is usually considered necessary to lower the surface of the

drained area is three-quarters of an inch in 24 hours , whereas the rate of rise
of the tide may be as much as three feet in one hour, 7., more than a thou-

sand times as fast. Under these circumstances it is obviously correct to treat
the head-level as unvarying,

The final results will, for copvenience, be expressed in the form of the
ratio = that is, the ratio of the true mean discharge to, the maximum dis-

charge ;o and the values of the factor 2= will be given in the tables, so that

%, )
the frue mean discharge can be readily found by multiplying ¢, by this
factor.

First of all, it will be best to consider the manner in which the tide rises.

Our knowledge of this is obtained by observation. When we wish to_ascer-
tain the tidal dala at any particular place, we have to fix a gauge, marked in
feet and decimals, or feet and inches, in the water at the place, and appoint an
observer, provided with a good watch

or clock, who observes the height at
which the water stands on the gauge at certain definite intervals—say every
quarter of an hour, or half an hour.

If now we mark off on paper, toa con-
venient scale, these time intervals as abscissz, and the correspon ing heights of
the gauge as ordinates, we get a series of points through which we can draw a

contmuous curve, which is called the ‘‘ tidal curye.” "Thus, at each point on the
curve, the ordinate represents the height of the tidal surface above datum after

1888, 1t will be found on the

) t that the shape of the curve is
somewhat as shown in the diagram in fig. (10). The front of the ourve, i.e.,
during the rise of the tide, 18 very neagly a parabola, and g0 is the portion
correspomi.ing with the first part of thd ebb. Then the curvature changes,
and the remainder of the eb corresponds fairly nearly with an inverted
parabola, but the curvature is somewhat flatter, The duration of the ebb is,
roughly, about twice that of the flood,

Now all drainage-sluices in thege &

dal waters are fi
outside the vents, opening outwards, g

tted with flap-shutters
] 0 a8 to allow drainage water to pass from
the inside into the tid

eway, but to close automatically as soon as the tide rises
above the level of the water in:the drained area, yl‘hns the sluice will only
discharge while the tide is b

elow the level of the surface of the water to be
drained, and all discharge ceases wh hat level,

od, an ot O en the tide lrises above t

e diagram in fig. ropresents a sluice, inside which the water is
standing at the level AB, AEgD represents th’e tide-curve, E being the
level of high-water. Suppose the tide i riging, and the sluice is opened when
tide-level stands at CD. Then the discharge will continue at g gradyall
decreasing rate until the tide has risen gg hi
close, and discharge will cease.
falls again to AB, when the shutter will again open, a
pess, at a gradually increasmﬁ rate, until the tide hag again fallen to CD, at
which level we have supposed the sluice to be closed.  Now the #ime during
which the sluice remains open is reﬁresented on the tide curve by the lengths
C M and N D, but the discharge of the sluice during this time (g M4 N D)
will not be that due to the *‘head” A

M, but something less. Calling the ‘

nd allow the discharge to -

( 19 )

due to the head A M==g, the mean discharge throughout the time
discharge due 1o !
(C M + N D) will be— _ &)qa

Im = (90 .

. ” . - w about to
d ibis the determination of thig factor (%o—) with which we are no
an ; nd B D
deal, ill observe that, in the curve C A Ii B D, th% po(ximg;lnﬂ Ctlf; :ime con-
Y(;-; vgmlearly straight lines, indicatlﬂlg that‘f?r?:xf 1 l‘i’te ’ W%xen, however,
are very nearly uni . . ide-
falls at a very oh 1 drained, the tide
cerned, rises and el of the water which is being ed, :
Fghwatr o o el tho loel of the e which b lng e, oo (5
curve wou into account. . t
o posibl. fhat thia- parabilic form may introduce unplossnt
Now 1t i3 tgoour equations, and the idea suggests fltie - c}’l t lines asg shown
complications u:; is, of assuming itto be composed of straig to. | iving us
tide-curve; tha ;Xé a fact, the tide rises and falls at a varying r:s u;negi ving 1
in the dla‘graﬁl. urve A }i HCKD LE, .SUPKOSB.BOW Wet aremain at that
(see fig. 10) ¢ Otec as shown by the straight line A F; thent OM K and K G;
ats uniform m'ch:a time F C M ; then to fall at the uniform l‘::hefi by placing our
height during constant during the time G E. It is obv:%ussa n?e’reZu{)t e ould
then t}?trel[izag: suitably, it will be possible %harrg(z}iizltye is to attribute such
straig A d form. ¢ _di .
be given b k‘?epm% g}e (}clﬁ‘;e&nd G E; as will bring about the :ﬁéri%te:gsuvlé
'Yi‘allxue?‘ ﬁgirtin(;?’mc?fs curves in mensuration is t?l 0‘;‘;;‘%%‘; 1?;2(3:2?1’ the curve; that
e .t losed between the s .  position of the
by pero iy msing o srons, s shoukd o it e oo, f B
is, if we W F as to make the area In this case, how-
straight line A T the areas K D L and L,G E. In 8 3 Ton d
similarly we sho:;drgglugnhggr t}?at at the top of the tide th»c:l “af:;;d coll;s’sle?i:} :ﬁy
ever, Wwe havfess than it is at the bottom of the tldel,1 anthe upper ones. Sup-
the dlsc}l-argrzas are of greater relative importance 11;,emiovere(};PWi'ch pice and
the lower 1? illustration, the area H F' C was to ke them of the same value,
p}?se, to ta z 31131 H with rupees, it is 01elar thaté tfonmt?h : lattta;er The difference
the area h arger a . <y s
1d have to be muc - eat as that, but it is
the former area wou considering is not nearly so Br J
. - H F C may be
in the actual case we uafreﬁ'i ” of our tide curve, the area d
the area L. G.
evident that, for a true " ialting H, and the area K D L to excee o
he area A B H, an jes from about one-third
expected to exceed tv distance F C varies TO
E.P Wf 81:;111 :ge Ir%s?n:zi ﬂ;:: f;gss t therefore expect the distance G Etobea
to one-iou ?

i ing G E about equal to ¥ C. . '
probabyy bo not farr(‘;ga%?lgt:)nd?tﬁ?f and we will take the SImpIest case first, viz,,
We can now

1 i ide rising at & uniform rate.
d sluice, with the tide rising at . o
thet o2 completle ty lzsul?emt%zggriginal l’lead; h the head after !;11)111‘?1 t,ufi[i‘ gl;z] (:; lfe .
Ifn tﬁg.t('(llz),inetheatime T'; y the rise in time 7, The rise being unitorm,
rise of the t1

i 1 y == —-,[, z.
.(1 Ive A B iS a straight line, and the 1 f Yy t f ti1sy =
ti1ae-cu . vaiue O n terms o
i i t18
Tbe dmcharge after time
q-" 6'»\/29 bL (ﬁo y)

. . _fgqdt.
and the mean discharge in time T' is ga=Jo 7

Hence ¢n =1fc\/2'g b DJ' (ko—- 71'_t) at

i H integration of this is
Substituting 2* for (k"—'T t), the integr:

a
— /5D 2 Gf ) ]
=g 3

d since §o =¢/29 b D hf, the value of the ratio we require is
ang since 9, ~—

9w — 2 ho% - (ko—‘H){

o« °  me
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or, as it may be written,
gt
- (-5)
gv

Ay

In — 2
In — 2 (30)

=

4

We can now calculato the values of I for various values of the ratio :g, i.e.,

the ratio of the maximum rige of tide to ‘the original “head.” The results are
shown in the following table:—

TasLe IX.

AR

'10\ 2 ‘ 3 4 \ 6 8 7 \ 8 9 '05‘ 10

( 21)

We can now find the correct *fairing” of the tide-curve in the case of a
submerged sluice. Buppose the tide to rise at a uniform rate for the time
T—+ and then to remain constant at the full height for the time r (see fig. 14),

Then, denoting the final discharge by g,, where ¢, = ¢v/2y 8D (h,~ A} and
calling the factor = in Table IX, F,, and the factor in Table X, F;, we have

for the whole disch;.rge throughout the time 7, according to the ¢ faired ” curve,
Fg(T'—")4+qr
and, according to the parabolic curve, the discharge is F, ¢, 7.
Now, if the curve is properly faired, these two results must be equal.
Hence, equating,
(FIQo - 91)7 = (Fl - FZ)QO T
From this we obtain the relation

-’_'__Fl_Fg — Fl—Fg
.T—

F‘"Z_l' TR — (1__ g)% . (39

0 he

The values of %, for the various values of }hi are easily obtained with the
help of Tables IX and X, and are shown in Table XI below :—

qZ_.-= ‘ 1:00000 ‘ 99400 | 98760 ‘ -97460‘ -943231 92075 | ‘89207 | '86193 | 83002 | 79588 -mso“ -71732\ msn\ 86867
We now see that, when }_‘H_ =1, that is when the high-water level corre-
sponds with the head-water le;el, so that the original head is just extinguished
by the rising tide af a uniform rate; then the mean discharge is two-thirds
of the maximum, in the case of a submerged sluice. .
Let us now see what is the effect of allowing for the parabolic shape of
the tide-curve (see fig. 13).
. . « Hey - z:t .
B The parabolic equation is -5 = ( 7 )
“hnd, as in the last case, :
- ¥
q=c\/2ng(h.-y) .
Thus we obtain the value
T .
go = V2D J 70 (B—1)+@—o @
The substitution of z for (T—¢) and & for T* (Z'Hf - 1) gives the form
— D - )
q:":_‘—/*%q-bivﬂf\/a'-}-gdz. |
and the further substitution of tan 6 for Z enables the integration to be readily
performed, the final result, between limits O and 7, bbing
) k, B\t _
gn_1 1_‘_117_.—1‘1 (ﬁ)___“ (31)
g. 2" T2 (@,)% %Be ) haF_, -
T ()
. The values of q;ﬁ for various values of 7, are shown in Table X below.
. TasLe X.
Hih, = 0 02 05 l 10 2 3 4 \ 5 6 l T ‘ 8 9 9% -0
he [H= ‘ o 50 20 ‘m 5 \3-33333 250000 2 1-66667\ 14286 | 125 1-1111‘ 10588 | 10
I/t = ‘ 10000 | 99330 -98316\ 96595 | 93040 | 89209 | 85346 | -81163 ~7ssse‘ 71889 | 66143 | -59562| 55684 ‘ "50000

Thus the effect of sllowing for the parabolic shape, when the head is just
completely extinguished, is to reduce the factor from grda to 4.

TarLe XI.
| ‘ %
Hih, =\ 0 02 05 1 \ 2 ‘ 3 \ 4 \ 5 \ 6 \ 7 ‘ 8 9 \ 95 \ *100
. | !
T= } \ 17284 | 34365 \-33372 33141 -aaoxa\ 32867 '3'2489\ +32208 '31880\ 31250 -30293\ -msol 25000

The remaining sluice osses and the weir cases can be solved from the

%enerai case of a partially-submerged sluice. The solution of this case is as
ollows : —

Fig. (15) represents a sluice where the initial outfall-level coincides with
the floor of the vent. The initial head is %, the final head %, and the head-
water stands at a height 4 above the top of the vent.

We will, as before, take first the case where the tide rises at a uniform
rate, 8o that the rise in time ¢t is y = -'5.,{ t. You will observe, of course, that

H=h, — h. Now,after time ¢, the head is %,and the discharge, as a partially-
submerged sluice, ig—

g=cv/2gb (b= M) K + 207 = A%

Again, since h = A, — g, it follows that & = — ¥ = _ H

h ———
dat a& — 7

T T
‘Thus we have ¢,, = ,},J‘ q dt =7}’- jq % dh = — % %'I_SZ’dh,
L

]
Now substituting the value of ¢, we have

a5l (& " T

1 3
gn = — V% {"oj'h“ dh — ljh' dh —§A*sdh L
ho 3 ka ko J

H

The integration of this, in general terms, is
qm____g"«/?gbf(hoh*_%h%_zs%'h} .. (33)
and between limits
__2¢,/2%b ¥ 4 IO N AN |
‘Iu“ﬁ“‘{"ﬂiiho(ho*hl)-g }‘o""hx)""A (h "hx)}

. and since the value of ¢, is% cy/29b (}zf - A%) .




(22)

we have, dividing ¢, by ¢,, and then dividing both numerator and demomina-
tor by ho%

I T - (-t)

I . (34)
- h-@)

The values of this factor, for different values of the two ratios 7:' and 2
(]

are’ given in Table XII below :—
Tasre XII.
Iy [ho = ‘ 0 1 \ 2 3 ‘ " \ % l % 1 7 \ 8 1 9 l 10
Hih = ‘ 0 9 l 3 7 l 8 l 5 l 4 \ 3 ‘ 2 | 1 ‘ 0
Alho=o | 80000 | 85446 | 80368 | 92220 | 04543 | 96360 | -97752 | 08773 | -0p4s0 | 59874 | 1000
S 84069 | 88016 | 02064 | 04365 | 06241 | -07670 | -08733 | -0945s | -0os67 | 1000
2 88995 | 01456 | 04007 | 96002 | 97530 | 08753 | 99431 | -96s61 | 1000
3 90690 | 93470 | 95644 | 97311 | ‘0ub33 | 40878 | -09d6 | 1000
" - - 92696 | 95128 | -06991 | -08358 | -9o305 | -00823 | 1000
5 94367 | +06523 |. -08102 | 90107 | -00807 | 1-000
5 - | 95790 | 47708 | 99028 | 99748 | 1-000
7 w1 07038 | -9e744 | 99678 | 1-000
8 98170 | -00562 | 1-000
9 o 9ol18 | 1-000
10 o | 1000

. You will see that the case of a weir-discharge occurs when A = 0, .., the
factors applicable will be found in the top line of the table. When in addition

the degree of submergence is complete, i.e., when%‘ also = 0, or in other

words when a weir, discharging freely at first, is gratlually submerged by a
uniformly-rising tide until the discharge ceases, then the mean discharge during

the whole time is gths of the initial (maximum) discharge.

We now have to deal with the case (fig. 16) where the initial outfall level
does not coincide with the floor of the sluice, 7.c., when the sluice is “ drowned ”

from the beginning. Supgose the initial depth of submergence to be §; and
we will use 4, to denote t

e initial head, nof the head measured down to the
floor of the sluice,

‘The sluice may be treated as made up of two portions, of which the to
portion, of depth (D—8) acts as a sluice discharging freely to start with, ans
gradually submerged, just as in the case we have been considering. The lower

portion, of depth 5, acts as a completely submerged sluice during the whole
time. Now, calling ¢,, the initial discharge of the upper portion, the mean
discharge of this portion throughout the time may be represented by—

gm = fl 901
Where f, is the factor obtained from Table XII, using the index-values /1
hy
and %-

Similarly the mean discharge of the lower portion may be represented by
. I = N 4s
Where f; is the factor obtained from Table IX, using the index-value

,o-h - . " -H . o o, .
.= which is the same as 3 ; and g, is the initial discharge of the lower
portion. Thus the mean discharge of the whole sluice is—

In = qm + Qe =/ o+ i Qa
or, since the initial discharge is ¢, + ¢, , we can write

In __ Srgatfiga
e = Twvn .. (39)

(%)

. . .
/ the level of bigh-water is below the level of the top of the vent,
the p?rggglic shape of the tide-curve has to be allowed for.

T ¥, 208 4
Woe have, as before, g = ¢+/2g & {{,—%) R5 (B —A")]
T bl
/ d
and g, = | qdt =7 ’%Ifdk
0 h,at
dh _ _dy
and =7 = — i
The value of c;yt is obtained from the equation of the tide-curve

Y= T e I“TI(T_’t)z

o
h dy _ _2H gy 2EH

a — <A1 v = —
so’%hata-z—’:—gi—"p T Vv H—y
2 —

We now have, for the value of ¢,

.

_ (h 3 § .
BT 1{hohdkl_%hdlz%__32_A, dh %}
" AWHp U (h=h) " (h—h) (h—h)

ey —~h .
The integration is obtained by the substitution tant 8 = 2=M and is as

I
follows, in general terms:

c/2g b OIS VL ST SN WAL
== %7 | (-1 5) (h=h) ~ga” (h-h)

b M
Lyl h="1Y ug, ___._.__1+(1—_")
3 b fom ) b By

‘ » Ividi 2 — 3 3
Inserting the limits %, to A, and dividing by ¢, = 5¢,/293 (’lo A )’ we
get as the final result—

%,

1

. 9;:.—_ = f—)% -62500 — 18750 (1 — .,"i') - (%o)*-;-

09375 (3 + g) (- .h’i’) o jrl + (7?)*]
‘ 3

(36)
(3 =]
This may aleo be written— -
! . 09375(4— 1)1
f - 1— (_2\;)* 62500—-18750 ™1 ( Izo)éo

h, "(%)% + (1_ %})*

()

log, { ————
R
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The arithmetical results are shown in Table XIII.—

TapLe XIII.

b ftho = , 0 1 2 . 4 } 5 < 7 '8 9 | 10

Hikho = 10 9 8 7 6 5 4 3 2 1 0
Alhg==q | 62500 ' ‘74641 | 81749 l 86746 00000

: : 90962 | 94021 | 063
1 73813 :%g% 2oa12 g%i 93827 “oed 3?8%% o0z :857'733 1-00000
: ! . -93437 | 95078 | 97823 | « “00000
3 84140 | 89185 | -92850 | -95618 | ‘97627 -gggg %Zg }ooooo
-4 *

' 87903 )} -92001 | ‘95008 | *97346 | * 00000
3 ~ | 'B0757 | 94337 | -96933 388863? 33;% 1.00000
3 - w | 93168 | -06204 | -08412 | 99610 | 1-90000
8 - w1 95214 | 497947 | 99495 | 149000
2 - . | '87011 | 09284 | 1-00000
2 | "98501 | 1-00000
1-00000

As before, the top line of the Table when hé = 0 applies to weir dis-
charges, It will be seen that whena weir, dlgsoharging freely at first, is
. - ,
gradually submerged until the discharge just ceases at high water, the mean
)

. . O .
discharge is g ths of the maximum, so that the effect of allowing for the

curvature of the tide-curve is to reduce the mean discharge from #ths to §ths of
the maximum. ) i
The “fairing ” of the tide

-ourve (see fig. 17) is done ¢ ..
as before, and we have— fi- 17) is done on the same principle

Fl — q.l_ see oo (Y Y (37)

Where F, and 7, are the factors obtained from Tables XII and XIII
)

2
=3/ b (k' —at)

wud gy = oy/%y b {(hh W} 3 (! = ')

or, a8 it may be written,

0= ovigh {Hh~ B ~3 (0~ 1)' -2 a*)
This supplies us with the value

o HRGI G- @ 1EYe b - ey

- L= () . Y (38)

( 25)

The arithmetical values of -% are given in the following Table XIV :—

TapLe XIV.
+
by fhy = 0 1 2 3 “4 % 6 7 | 8 o | 10
. .
H/ho = 10 9 -8 7 % 5 4 3 2 1 0
Alho=0 | 21975 | -27op0 | -2se07 | 20843 | 20007 | 20306 | 20465 | 20677 | ‘30192 ] -31680
1 G157 | oso05 | 29946 | 20072 | +29328 | 20447 | -09622 | ‘29867 | *30855
2 29233 | 29950 | 20060 | -29304 | 20445 | 29559 | 30283 | 81597
3 29947 | 20057 | +29291 | -29475 | -29608 | ‘30222 | ‘30968
4 20050 | 20307 | 49467 | 20573 | 20259 | '20532
5 | 29283 | 29453 | -20579 | 30160 | ‘31773
6 20492 | 20600 | 30166 | 29324
7 e 20572 | 30213 | 20756
#* g 30182 | +30638
-9 s *34820
10
TasLe XIV(a).
. T
Table showing values of .
(o]
hyfho= | © 1 2 3 4 5 6 7 8 9 | 10
A/bo=0 0 +45853 62610 *73042 *82219 -83389 | +92953 | 96217 | -98387 | +09612 | 1-00000
‘1 *44085 61389 73090 81638 °88010 | +92721 | 96093 | 98333 | 99598 |10
2 aes 58987 71382 80473 87249 | -92261 | *95845 | 98229 | 99573 | 1'0
3 69818 | 78723 | 86105 | 91567 | 95473 | 98071 | 99536 | 1G
4 76197 | ‘84458 | 00567 | ‘94036 | -97841 | 99481 |10
5 .. | 62039 | -89101 | -94150 | 97506 | 99401 |10
6 - 86834 | 92931 | 96986 | 99275 |10
7 w. | 90870 | -96106 | -99033 |1
8 64330 | -98612 | 10
9 v | 97346 |10
10 A O

Suppose now the sluice, at the beginning of discharge, is submerged to the
depth & over the floor (see fig. 18). As before we will now use 4, to denote the
initial head, 7o the head measured down to the floor of the sluice. The whole

* depth of the vent may be divided into two portions, the upper part [ (D—S3) in

depth] acting as in the case just considered, while the lower part (§in depth)
acts as a submerged sluice. The mean discharge of the upper part 18

gn = J1 dar ;
where f, is the factor obtained from Table XIII using the index-values 1 and ;‘é ;
ar;d the value of ¢, 18 ¢,; = § ¢/ 29b (Izo% - A%). 'f'he mean dischargoe of ﬂol‘e
lower part 18 ¢, = f; ¢os, Where f; is the 1factor obtained from Table X, using
the index-value o and g, = ¢4/2yb 8 h, . Thus the ‘mean discharge of the

whole sluice is

qm = fi 901 +f£ 902 “ee ove ors (39)

_with the above values.
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IV.~DISCHARGE WHEN LEVELS OF HEAD-WATER AN ! 'ARY
. R AND OUTF ‘
SIMULTANEQUSLY. AL VAR

We have now determined the mean disch i
) arges in all .
level falls and the tail-water level is constant,gas weill a:‘a::l?e:l;gz }tllt::df]lzt\lr(:l

18 constant and the tail-water level varies, To complete the investigation we.

have to consider !
simultaneously, the cases where the lovels of both head and tail-water vary

-

(27 )

IV(2).—TIME OF DISCHARGE WHEN BOTH BASINS ARE OF RESTRICTED AREA.

We may take first the case where the outfall, us well as the head-basin, are
both of restricted area; e, when wator drains out of one basin into another
of about the same size. The case is not of very great importance, as it does
not often occur in drainage problems, but it may be mentioned, in order to
complete the subject. We will take first the case of a submerged sluice, and
use z, = %, (Jfiy. 19) to denote the original difference of the levels of the head
and tail-water; # the elevation of the head-water above the same datum after
a given time #; and y the rise of the tail-water in the same time; 4, = area of
head-basin; and 4, = area of tail-basin. The differential equation is clearly

gt = —A,de=+ A, dy.
and since the total quantity of water which has been emptied from the
head-basin in time ¢ is equal to the quantity which has flowed into the tail-

basin, we have
(z,—2z) 4,=y A,

4
Whence y = 1—47" (%,—2)
The discharge is ¢ = ¢4/29 5 D 2t
_ P — 4 A !
g =10c/2 bD(z—y) =2 0D { (1 +A_f) L~ A_hl'o};
[4
. Ay + A \3 A
9= c\'/ilgbl)(h—At—');7 {x—dh +h.4z xo}%
From the differential equation we now have

" A dz Ay A _At% dx ’
dt = — Ap — = — — —_—
q ¢/296 D LI O
(Ah t At) (x Ay + 4, xo)

The integral of this between the limits 2, and z, gives the result

o4 AF {( 4, z)%_(x__ﬁw)%}
T oa/2gbD gy gy (kA A+ 4

4n 4. {ﬁ_(A“’Atx_ﬂ' )7}} 40
T=_ 726D 4+ 4 4 T 4" - (40)

. . 4
Now 7,1s equal to &, and 4, =2, — y, = 2z, — 2—:‘ (z, — z,)

1+ 4—" ) A
”’_( 4, 17T 4, %
Hence the time of discharge is
p . . .
24, A (}10“ _}z,’) . (4]_)

T=0"5bD 4 + 4
This corresponds with the time of discharge in the simple case of equation
A '

(19), with the additional factor T 4

. A4
The levels will be equalised when 2, = g, = j (2, — )

A}, Ah
i.6., 'When (1 + Z) 2= 4 %o )
and the time taken to equalise the levels is thus :
1

2Ah A; q . 49

T=C"72abD 4+4 ™ (42)

The temaining kinds of discharge, viz., those through partially sub-
merged EZluices 1andgover weirs, are best solved by using equation ( 11?, with the
lu% of F given in Table 1I, and if necessary working out the result by divid-
va the total fall into increments, for each of which the variation of F will be
ng The result will of course be in the form just obtained, with F ¢y/2y

all. f
ZmD written instead of ¢4/2g & D. )
E
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V() —DISCHARGE INTO TIDAL
‘ OUTFALL W
VARIES WITH THp TiDg, - AT ACHCHANNER

The results which I have gi ;
when } h 1 have given in Section 1 . .
g uadurcrd e N A oy VL peacticn, loweres
, .tha o draina h . ctico, however,
swamp to the sluice through a 1 ge bas to be conducted f th
in @ channel with & freeg P ong approach.chaunel, or drain T ae,
lovol, 3 follows thot h surface, water can only flow f age-cut ; and as,
e surface of the ch W from a bigher to a lowe
must assume i f the channel, while the di i wer
difference ofa1:32;]llt)ztf;}alénortggclmﬁy, in ;he hirect?on eog 15‘;:11(1:;'05: l?:ar;‘:'smg’
swamp, and at its tail, just ab surface of the channel at its head e the
“drowns” _tail, just above the sluice. Th ead, near the
e s b S o o i,
the sluice and rai ead of the channel t » B
causing a ﬂattengilgseo; lilaﬁ llevel- at_the tail, reducing tigd(?iﬁt':r;fg: mfu }ate and
of the channel-dischar ¢ longitudinal surface-slope and a con of lovol ane
sluice. ge, corresponding with the reduced disclsxiguglltgeduﬁtt?xn
e =i ' g ough the
o ductionnosfe :li: eth:l ‘1;11(()1: ?ii;ter “drowning” begins would cause an immediat
constant level : but. a scharge if the head-level at the sluice remained u:- .
Tevel of the Cht’mnel,) Sl we }lave seen, the head-level at the sluice (i.e., the :’ai{':
discharge along the 0?1 80 Tl’ies, causing an increase of the cross-sectional®area of
in the welocity. iy t 1;a.nne . 'Ijhus increase of area is accompaliied by incr
which causes t);’m;nt o coefficient, and in the hydraulic mean deyth ﬁase‘;
area exceeds that of (t)hénig;‘:?:ﬁ tiheldlschaggeé If the frflucnca of (‘hé) in’cfeasgd
the tide rises u sttened slope, the discharge will act ¥
o o e s, et i afcpieofth aienod
oth channel and slui ischarge wili decrease. The di
estimat ce must be consid . : e discharges of
Tl?eolfotrli;;lzzﬁ driajze of discharge tsl;r:;:lllofgggg il::i fo arrive ot o correct
continuing, in the ca.st;o%fn?zvel;' ° tak"in as that whi;he'occurs at lo te
ir, 80 long as t . . W wWailer
g he weir discharges ¢ free” i.e,’,

nntﬂ €¢ drownin ” .

e g” begins. The slui

to 8 - . o sluice and ch

uit this condition, subject to alteration cifarfl::ghzl;miﬂd ast 8 rule be designed
nvesti

be necessary. !
. tion shows 1
Unfortu i ’ -
nately the expression for the discharge in the channel i
nel is so com-

plicated by the variation i
A > nm t icti :
%gnmeter and dischargo-acca, thatlz frictional coefficient and in the wetted

he channel discharge is given by th};u;c:llgaggzl_y.tical solution is impracticable,
pe 2 I
where f = total surface-fall in chan CIL
L = length of channel "
2 = wetted perimeter
0 = cross—gectional area
¢ = coefficient of friction

These quantities are il
1 .
The above equation m:;tgffﬁgaeig- (0).

o q’ = (f I_:.;s

C bei'il‘ Kautter's coefficient r

e general expressiox; fo ice-di ‘
o 92 ;h%lu:cg-dxzscharge is

is the factor given in Tabl Ic Ana
or, more conveniently, o Il;
S e
where F' is tl.xe factor given i% ’]Ta.ge 0:729 "D )
In practice the data are the dimens'ions of the ch
ann

rate of rise of the tide, so that th m is el
: e ; annel and gly;
discharge of the channel and sluice, igr:‘?::ns of to eliminate at?«liu lo(féa?nd the
: 1n ¢, the

;s known in terms of ¢ from the tid ¥, the rise
: e-curve. As the oo Of the stide, wh
quantities £, o, | which
» @) p and &

are all more or less complicat
also varies considerably with z,

rohibitive, even 10 the cases of the simpler formulse of discharge. The

solution can, however be obtained in sny particular case by the method which
1 will now point out.

First, the discharges of the channel must be caleulated for several different
deptbs, remembering that not only the area of waterway, bub also the surface
slope will vary with the depth. With these depths as abscissze and the
corresponding discharges s ordinates, plot the curve of discharges; and then
the discharge at any intermediate depth can be scaled from this curve. For
the sluice-discharge the formula (17) should be used, coupled with Table V,

and we require it in the form

=L
/290D Al

Now, selecting from the gurve of channel-discharges any convenient pair
of values of z and ¢, calculate the value of F from the formula just given,

and then, referring to Table V, see (using proportional parts if necessary)
*

what value of ¥ corresponds with this calculated value of F. This being deter-

z

mined, the value of y is at once known. Caleunlating a fow values of y in_this
way, wWe obtain corresponding values of g and ¥ ; and, if we are dealing with a
case where the rise of tide occurs at 8 uniform rate, y i8 'proportional to ¢, and
we can plot a curve with values of ¢ (or y) as abscisse and ¢ as ordinates.
The area of this curve, divided by the maximum abscissa T will give the value
of ¢, the mean discharge throughout the time 7. The initial discharge ¢,

(43)

LI x]

being known, the value of the factor %’1' is directly obtained.

If the tide-cutve js parabolic (or any shape other than rectilinear) we
must, after obtaining corresponding values of ¢ and y 88 above, find the
corresponding value of ¢ from the tide-curve, and plot these values of ¢ a8
absciss to the g-ordinates in the final curve of mean discharge.

The method I have just described was employed in the calculations for the
Magra Hat Drainage Scheme, which I will quote in one of my gubsequent
lectures,* and which will serve as a good practical example.

e

# See Section IX(d) of these Lectures.
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1V(c)-  DISCHARGE INTO TIDAL OUTFALL FROM' A BASIN OF SMALL AREA.

A third case of simultaneous variation in the lovols of both head and tail-
Water occurs when u basin of small area is drained into o tide-way. The case
resembleg the one I have deseribed in Section 111 (4) (seo i, 9 and equation 18),
with the difference that the quantity 4 is subject to a double variation, being
affected by the fall of the surface in the basin, a8 well 48 by the rise of the
outfall, {t is clear that this cage only applies to basing of such small arca that
the ratio of the rate of fall of surface in the basin to the rate of rise of tide i
of appreciable magnitude—say 45th or over, This will usually occur only in
the case of dock-basins, or of double locks with basins, to accommodate fleets of
boats. Tt will also be seen that four different cases may occur, as the basin
may be either emptying or filling, and the tide may be rising or falling.

The following notation must now be introduced : —

. % =&, = original height of basin-level Bbove outfall surface.
% = height of basin-level after the lapse of time ¢.
7 = rate of rise or fall of tide. ®

¥ = rt = height of outfall above its o
time £,
rT'= Total rise of tide in time 7',
A = head of discharge after time £
£ = rate of rise or fall of basin-surface. )
= alteration of level of basin-surface in time ¢,

These quantities are illustrated in figs. (21) to (29).

fall of the tide r is taken as a constant. If the rate varies,
fall must be divided in

the calculations made

ginal level -after the lapse of

The rate of rise or

the whole rise or
to portions, for each of which 7 is sen ibly counstant, and

1 separately for each portion. )
You will now see that equation (18) must be replaced by the following: —
+ dz 9

A= =°r .. e (44)
where the value of ¢ is expressible in terms of 4,

the form depending og the nature of the conditions.
complicated formule would introduce

this investigation, to consider only th
9 = ¢4/25b D i
It may be possible to apply these results to other «

use of the factor F and Table IT, but such cases are
in practice. .

Looking now at the figures (21? to (29
increased or decreased by the rise or fal

the head of discharge,
As the use of the more
prohibitive compligations, [ propose, in
e case of the submerged sluice, where

ases of discharge hy the
not of common occurrence

of the basin surface and g] by the rise
or fall of the tide, that is— 80 by the rise
dh ,
.(i_t = i p j: r oo vee (45) .
We also have, from equation 44) combined with )0 discharge aquation
p=Kn cee .. (46) H

Where K isan ébbreviation for Cll/—jiip

The solution is

o obtaiiled from equations {45) and (46)
tiating (46), :

as follows, Differen-
b _ K i
dt — okt dit

Now substituting in this the value of %

i from (45) and of 4} from (48),
the differential equation takes the form—

do _ K dh _ K _
i =% @t =g (et (47)
which is easily integrable, ¢

) you will see that the head 4 is

( 31 )

‘ | hich can arise.
i i eparately each of the four cases w on axise.
We will now Czni:,(}i;;st}?e basin_is being emptied, and tgedgé(}:a;;lnls)l}?%,
The ﬁrs'hll()(;i:;ted by fig. (21). Then A 1s decreased By p an
This case 18 11lu )
slohtlﬁat equation (45) becomes—
and equation (47) becomes
dp _ KPp + 7

B8, _
The integration is performed as follows :
ptr
K2 ™ p . d (p+1‘)
—5 | di=\ dp — ——————p+r
0 Po o
Whence, e
Po + T “se e s
!i;_.t:po—p—rloge (‘;‘_ﬁ)

the time when the ““head” is completely
0

Teking the integration up ¢ e same level, then ¢ becomes 7' and ¢

ive at th
xti ished, and both su?faces arrive > 8¢
ﬁztc?g:;s}clf and the equation takes the form:

Po
. K;T= ‘p, — 1log, (1 + —;—)
Dropping the suffix from ¢, resent their initial values)
46) (remembering that the quantities p and 4 now rep /
(the equation becomes finally v

2 -
and writing for K its value f from equation

P ) .. (49)
p_ 1 ,
r T _or ]°g‘(+r) .
——— = Pﬂ
h ~

the value of T the time required to reduce the

. . g i io p/r. Values of
“hea:lc‘lk’l’lstﬁqz‘:;g ?;ong; its initial value %, in terms of the ratio p/

i are given in Table (XV).
r I corresponding with different values of the ratio p/r are g

- . . - . - . f . . h
o rla‘ ?

out ﬂSK3 pow tgt 1ilrieréfl'uired to find how much the level of a basin will be lowered
uppose

1 i ) i tation
i -von time Z, the initial head % being also given. The following no
1 s t
‘1;111211 r{fow be used, illustrated in fig. (22).
A = initial head. . | N
B il.ead ifggzi?;?le tt.o equalise the surfaces, starting with the initial
T = time T

head él‘ time required to equalise the surfaces, starting with the initial
;= um

h : . . .
headl = lowering of basin-level in time .

L= ” ” tH) g' !
T ok  work i ‘ he time ¢ is the difference hetween the
\ inel ork on is that the fime
1'me;1 l;? S;::ﬁgi?gtzh: surfaces from the head % and from the head %, The
1 3

following relations are obvious:

b=T =T, .. . " o (20)
=L Lomheh—r(T—T) .. . (51)

The value of p is given by equation (46) as K ¥, and the values of % and r
are part of the dafa, ,

First, using the value of p/r corvesponding with the initial head A, find
the vaiue of’-}- from Table (XV), This determines 7, since r and # are
}

given. Next, taking a trial value of 4, find the corresponding value of 7', .
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also from Table (XV), in the same way. If this value of 7 satisfies equation
(50) then the trial value of 4, is correct. If equation (50) is not satisfied,
select another trial value of %, and continue until a value is found to satisfy
this test-equation (50). These will be the correct values of 4, and 7,. The
required fall (7) in time ¢ is now given by equation (51).

. Next, suppose it is required to find the time taken to lower the basin by a
given depth /. As before, begin by finding 7, and then gelect successive trial
values of A, and calculate the corresponding values of T) by using Table XV ;
but in this case the test-equation to be used is (51). When corresponding
values of %, and 7, have been found to satisfy equation (51), the value of { is
given at once by equation (50). :

Secondly, we will consider the case where the basin is being emptied and
the tide is falling. (See figs. 23,24, 25 and 26.) You will ‘see that % in
this case, is decreased by p and increased by r, so that equation (2) becomes—

dh

(-i-z = —p + r ves vee cas (52)
and equation (47) is—

d, __ Kyr—p |

B=g = (53)

In order to determine the limits of integration suitable to the
conditions of the present cuse, I must now call your attention to the
fact that, in this case, the rate of increase of botﬁ h and p depends on
the difference of the quantities » and p. Suppose, now, that both surfaces
are originally at the same level, and that, as the tide fall3, the value of 4,
starting at zero, begins to increase ( figs. 23 and 21)., The quantity p, which
was at first zero, will increase concurrently with 4 (see equation 46), unti! p ap-
proaches the value of », which has, you will remember, a constant valus. As

p approaches r, the quantities %and :TP approach the value zero (see equatins
52 and 53); that is, both p and 4 tend to become constant. . Thus whenever
p is less than r, its value will continually increase until it becomes equal to r,
after which it will remain constant and equal to r, and the head and discharge
will also remain constant. It can be shown mathematically that p will always
remain constant, when once it reaches the value r, as follows: —

By successive differentiation from equation (53), we have—

2 tf_g — _ p*® dp
Ky dit — dt
- 2 ap = 9p% do __ p? dzp

B @b Ty ar

2 dp _ 4 4-3{'7'_18__2(130
o oar s G T T g

and generally
i dﬂp. _— — p2? d"'l.p -3 d"'zp —_ N, o4 s
Kir C—it_” - d _Jt_n:i + NIP e e P dt”-sp
o (=1 N T (1) B,

ar dt

where N, N, &c. are numerical co-efficients, )
From this we see at once that when p=r, a/l the successive differential
coefficients of p vanish, and therefore the value of p at which this occurs is

neither a maximum nor & minimum, Thus p must remain constant, since %p'
' '
- is zero. In this case p must always be either less than or equal to r,

Suppose, on the other hand, that the sluices are opened when the ¢ head?”
is 8o large that the initial value of p exceeds that of » (#gs. 25 and 26). Then
the basin-surface falls faster than the tide-way surface, and the head (and

" consequently p) will continually diminish until p becomes equal tor, after
which the surfaces will continue to fall at the same rate r, and the head and
discharge will remain constant. In this case p must always be either greater

. than or equal tor. You can now see that the limits of integration applicable
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i ad on whether p is less or greater than », Taking the former case
fvi‘:;i, dt%%e suitable limits vgﬂl be meas%;red from the time that has elapsed (or
that would have elapsed) since the surfaces started level. That is, 7' will be
the time that would be required to bring the surfaces to-a difference of level 4,
assuming them to have started at the same level. Returning to equation (93)

and integrating—

B di = dep —_— - pdp-—r r—P(ﬂL—_p__)
2 r—p . , r—p

WhenceK2 - :
rt_—-e S
T2y _r+10g"(1 r)
)
and, since K* = %
P _f
rl_ _ort toe. (1 ’) . (54)
e T — 5} s

7.2
The values of L/?j corresponding with different values of f« will be found in

I. . s .
Tabl?l‘ffev trial method has to be employed, as before. The notation used is

i it 1 ire i in whick
illustrated in fiz. (24). Suppose 1t 18 required to find the time ¢, in w
;lﬁgsbl;aéii-surface 'gvill) fall through a given difference of level /, starting with a
given initial head 4, From these data calculate the value of p/r, which, under

Vi .
the presen‘c. supposition, is less than 1, and find % from Table XVI. This

ives the time 7 in which the surfaces would have arrived at their initial
position if they had started level. ,
,
Nesxt, take successive trial values of £, and find 7{—5 from Table XVI,

1
until values are found which satisfy the equation—
[=L — Ly= (T, —T) —(h—h) ... (85)
The value of ¢ is now given at once by ¢= I} — T (h56)
the value of ¢ is given, and it is required to find 7, the test-
e uatlirclmc aﬁ)‘:‘ the trial values of 4 will be (56), and the required value of /

1 from (55). i
wil l%eef (;:g;s come (to t)he case where p is greater than r (see figs. 25 and 28),
which, as we have seen, occurs when the sluices are opened under a consider-
able “’head " which at once begins to diminish and continues to do so until
p tends to become equal to 7. As a matter of fact p can never become

a
actually equal to r in less than an infinite time (because the term log, (1 -5

: f

infinite when p = r), and we must consequently choose as one o
lt)l?goltiﬁistslgf integration some value of p slightly greater than r, say p=101r.
The integration of (53) will now be as follows : —

T
If @t = - ﬂZ_P_
2 p—r
1otr o
d(p—7)
= - |4 -5
p pr
T 01, i
S5 = p—0lr+ log, (5r7)
KT _ B 101 + log, 100 -+ log, (€ — 1)
2 "
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( 3¢ ) TapLe XVL
s . 77 .
Substituting the value & ='p721 this becomes— Showing corresponding values of £ and —-; where
85052 + £ 4 log, (2 = 1 P oytog, (1= 2
1;7-’ =9 r g (r ) . (57) rT _ -9 p + e ( -'_-—7-_—)_
h P\I XY __,_;_ - : pg
o ’ r -
"The values of r—,? satisfying this equation are shown in Table XVII. T Ta o Tale w|e|o]7|m=]" w5 | o | 03| 95 | o7 | e8| 98 \ 1406
The method of working is illustrated in fig. (26). 7 ’;/17:/;,: :‘1-074 1158 | 1260 | 14385 | 1645 | 1643 | 1757 | 1893 | 2056 2Mi{ fﬁs" 4534|5302 6106179771 w
‘As before, obtaining' from the data the value of p/r, find 17.— from = - .
Table XVII. Next, taking successive trial values of A, find 'hT ! from the same _
table, until values are obtained which satisfy the test-equation ’ TasLe XVIL
1-01r\?* 1017\ .
l=L,—Li=rT+h— —{rT + A - } . rT
. cheh b (T—T) ( K ) . P ( K ) (58) Showing corresponding values of f; ?,nd 7 where
' see eee . p
and, of course, 59) r 3:5952 -+ ; + log. (; - 1)
=1~ T1 vor ose ese one 9 7'__ = 2 2
P
The third case occurs when the basin is being filled and the tide is rising. b o
In this case % is increased by » and decreased by p, so that : 1
dh _ . _ . | ' T o | 106 | 108 | 1a0| 122 175
a= "¢ pfr=  -|1010|1011 | 102 1013 | 1-014 L 1:015 | 1°016 | 1018 1'?;2 1107'2753 ::30: :'619 g.78] 8686 3965 4137} 4307
. . . D 1 *

Taking first the case where p is less than r (fig. 27); then, as before, p must rTfh= .| 0000] 0188} 0368 o317 | o2 fo7or | 0922 | 1300 4y | o |2 | 20 \ 98 | 30
always remain less than r, and 7' will be the time that would have elapsed - 118 |10 |120 |12 |1o0 f1e |15 e 17 18 |19 S I O O et
i AN surfacosé% i dii}:erencg o ?’ 1T they 2ad started lovel. P/;'/;l 2396 | 4413 | 4425 | 4427 | 4°368 | 41262 3913 3660 | 3418 | 3193 | 2:986 | 2798 21470
Equation (54) and Table XVI apply, and equations (55) and (56). rifh= % . |15 2o |50 oo

When p exceeds r, the conditions, illustrated by fig. (28), are similar to the pfrE e |avo |87 (40 ) 48 50 |55 |60 (7 |8 |°® 10. 6 12.250 I O AW
former case, p being always greater than r, and 7 being the time that would PT/h = .| vaso| vaoy | vise | vost | 05 | 0| ez| s sl s} @ | B M
elapse in reducing the difference of level from % (or 4,) to the amount LALEQW

=
Equation (57), with Table XVII, must be used, and equations (58) anda( 59).

There remains the fourth case, when the basin is being filled on a fallin
tide (see fig. 29). The head is now decreased by p and decreased by r, and thge
case 18 similar in every way to the first case, when the basin was being: emptied
on & rising tide. Equation (49) with Table XV must be used, and equalzions
(50) %ud . ) '

inally it may be mentioned that, when p is very nearly e
solution is very simply obtained from equations (44) agl' (46), vsv'itlil:gl :gna’itg::

that [ = ot,
Taste XV,
Showing corresponding velues of -':-and '-'7.1-:, where
. p .
LA ﬂ)
rT __ 9L 9. {1 + r
Ao P
r*
= ~lo1. {o2 |08 . : ‘ :
plr ; o |os Jos o7 08 | 09 | 10 | 11 | 32 | 18
»T/h = ~| 989 1 884 | 836 | 788 | 758 | 722 | o0 | 663 | 687 -eng| .go2| .sre| -sgs
p/r- et 144 15 146 18 20 22 24 26 2-8 80 326 35 375
y/Th = ) 86 ) w10 ) 605 | wre | oy | 428 | va08 | 80| a7a| ain| an| ase| g
p/é;/; ~| 40 45 50 60 70 80 90 10 12 15 20 50 100
r = .
20 | 276 | - . . : .
7 %, | W | owt | o) o6 | 12| g0 aoe| oss| o] -ore
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V.—VELOCITY OF APPROACH,

It will pow be a : .
« . ! ppropriate to deal with the very i tant subject of
cheloclnt).r of Approach,” which I have already mention);dtmp‘(\)fre l:lavesuseelzn that
and Zeﬁogolgﬁg ?OV‘;lthr.ough a submerged sluico is ¢/ 2g 4, h being the head
the area of 8199 , allowing for the effects of friction and contraction. If, now,
: ‘ uice-opening is a, the discharge is given by the equation ¢ =

| cha v/ 2g k. Thus the theoretical velocity of discharge is v = /294 = L 0

t 1, . -
taig r(i :hgnas}lfu})ccelgzx? ogl as the ¢ virtual” area of waterway. In this \\"‘eailave
o taxen the o a3 ischarging direct from a basin of large extent, so that the
Tater in the basin as noPgene_ral velocity of any appreciable amount, in the
uice. Practically, however, drainage water is gencty'ally e

tO 1 e ‘ restl 1 I -8 1 ) g ©

of the channel. 1In the fi i
. P kxe— rst ;::ase, the? “ head” necessary to impart the velocity
ra =% (caf In the second case, the water already pos-

sesres the velocity L : : w ¢
ol N y a’ corresponding with the ‘“head” 2—9—9—‘—2—;, so that the
ance of head required to make up the velocity is only

A= ¢ - 7 A
29 (ca)® 2907 e ... (60)

Bernouilli’s theorem supplies us with an accu ini
@he relation between_ the head and the discga:g't: g):;hgg. zﬁcdetirmfmnlllg
unpo;‘tagce of t.he\ subject, I propose to deal with it in detail, e 00 the
ao \:in gl;re(dt()}{, ABC represents a filament, or stream-line, along which water
ls Lowls gorrgnéf lf prroach channel, through the sluice, away down the recess
suppose, thatubo":h‘(:a pa;;:;g}}i a:;l((li t:ec[;):sksl the cllemonstration complete we wili
so that the water approaches the sluice lvg?trllle tsh: rge(l)gciff;h:ctiisr%?:: (;txo: :

19 W

from it also with a definite veloci

. ity 4. The veloci e 3

]:e“” and ?}é 2y @, are the elevatio;s .of the es:rc;:.ym-tllil;:ug:l t;lhe eluice itself
are considering. 'Then the total head at A4 is as follows:— © three places

Head due to elevation

’ pressure . ;‘
v =Y —z
. velocity C e e = u:2 '
25
The total head at B is as fqllows : — !
Head due to elevation - —

’s pressure R ;’

” velocity - u:'h *
and let the proportion of head lost in frietion and °0
contraction in the sluice be represented by = %

Q

Equating the total head at A to that at B we have 29

2

2
I+ 5 =n—un+g,

L s+ g)

T+ 6

That is, 4, =

(87 )

1
. S t
It is usual to use the cocfficient ¢ to denote the quantity JiTe so tha
e have, 88 the tormula of discharge when velocity of approach exists,
w ! - ulg)% (XX s (61)
g::ﬂ%;:c‘\/zga(k—‘-‘z—&

The quantity "’ is usually called the «head due to velocity of approach.”
29 ) i
Next, the total head at C 18 a8 follows:—

Head due to elevati?n _—: ;32 .
’ pressure =5
velocity v F g,
Head lost in griction and contraction in the i
sluice . l = ;’0_2_‘&
i 1dyi tion in the tail-
Headcdgfltnell,n o;i;(igy;g%;hefl(:(;laxxge of velocity o
from %, to Uy o vy = élg..- 55

2 . . . .
The total head at C is thus = (1 + &) _2’_‘.9. + yu which identically

head at B from which we see that the existence of the

equal to the tota! on the discharge of the sluice,

residual velocity %s has no effect .
£ now, in equation (61) we substitute for % its actual value ) the
3
equation can be written in the form

9 2

¢ ot | |
which 18 identical with the expression (60) I gave you just DOW. This
may &lso be written in the form )
1 1 .
1 €@ (2 g k)

Z-%) » v (82)

+

That is, g=0: ¢ @ (294 | d
Where C; 18 2 factor allowing for the effect of velocity of approach an' .
(: '1\16 /’L’Ti The values of C; for various values of the ratio
ipg the v& T\

having L — W)
given in Table XVIIL |
j btained applies to cases of sluice-dl'scharge, The

i i i d at. The
i . discharges is not quite so easily arrive
facto? appglczgfatitgn‘,wa;\ich yougwill find in the text-books, 18—

ca
__ are
n

fundament i % :
g=2eH ) T }
2
- u.
Where k 18 the head due to velocity of approach, and 18 = —2};
This equation cal be written a8 follows :— |
g = C, % ch \/é-!—'? .. (63)
Wh C’ the factor allowing for the offect of velocity of approach, is
ere Oy ¢ 0 |
wy _ (2)') e (64)
Co ={(l+75) - (k) ]

y, in terms of g and 2, we have

Now, expret ging s
g = wn= a{2gn)
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quating this ¢ (63) above,

it follows thqt and using g to denote the ares of w

aterway b4,

4
1(%n) = ¢, g ea (20}

Whenee %% =~ 8 rhy3
. a =3 C..(W)
© Corresponding valyes of ¢

a
) . n and O, are .
is caleulated s follows o o ore shown in Tablo XVIIL, which
; .
upwards, and for each

. (65)

Select any conye

val ranging from 0

socondly tho e, - fue calculate firstly the value of €, from e4°m
4 - Irom (65) Tabulate all the » ( ) and
and then any required int values thus obtained;

to the values of €2 '
. and O, are not quoted in the table,

of 0:' Th
e factor may be used for gJ) the ““slyice”

where the top of the oo it those

vent is below the surface of the head ¢8ses, 7.e., in all cases
~water.

—_— TasLe XVIOT,

\

ﬁ= T, [] | 05 ‘10 15 2 | 9 30 | - ‘~:TT .

_— ] J B0 455 | g | -

C - v [ 1°000 | 140013 1-m5m1_0&3f ] \J\“m\m " "“’ 1T e
‘0,0- w1000 10015 [ g | 101 - 11048 1068 [1°091 | 11120 | 115 1188 1250 [ 1316 | 1409 ml‘m ] T ——
* —_— ) | ] 1040’1'059 10811108 [1114p 1180 | 1998 | 11900 | 1.301 1458|1578 g B b LT I
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VI.—SLUICE WITH BREAST WALL IN FRONT OF VENTS-

I nave elready sketched the general nature of the conditions under which
large sluices, draining into tidal waters, are constructed in Bengal, The
tidal water is excluded from the land by embankments, in which sluices are
necessary, to allow of the rain-water being drained off the land at low tide,
The land is low, and the range of tide considerable, so that, while the level
of the tide-way at high water may be a good many feet above the land,
the low-water-level may be a very considerable depth below it. Thus, it
may very well happen that the level of low-water is some 12 feet or more
below the level of the flood-water lying on the protected lands, and with this
“head ” of discharge the velocity through the sluice would be about 20 feet
per second. Now the sluices are, as I have mentioned, built near the mouths
of khals on alluvial soil, which is sometimes treacherous and full of springs.
The material used is brick, and it is desirable, for the sake of economy,
pot to use too great thicknesses of masonry. A sluice of this nature would
be subjected to very heavy vibration and strain by such a high velocity,
even without the danger of scourin the channel below the sluice. Failure
is, however, most liable to occur by a deep pot-hole being scoured out just
below the apron of the sluice and this cavity extending backwards underneath
the apron, which, being undermined, falls into the hole, until the sluice
itself is threatened. Cases have occurred of sluices being cowmpletely washed
away in this manner. To throughly protect the channel below the sluice
against scour would be very expensive, even if practicable; but it is not
necessary to do 'so, if we can adopt means to ensure that the velocity through
the sluice shall never exceed some safe limit. This is always done now
by the construction of a breast-wall in front of the vents (i.c., upstream of
them), so that the water has to flow over this wall, as over a weir, before
passing through the vents, Thus supposing the flood level on the country
to stand at - 12:00, and the crest of the breast-wall to be at 4 8:00, it
follows that the velocity can never exceed that due to a weir discharge with
a ‘“head” of 4 feet. The discharge would begin when the tide fell below the
level 12°00, would gradually increase until the level 8:00 was reached, and
after that would increase no more however low the tide fell, instead of
increasing to a velocity of perbaps 20 feet per second, as it might were there
no breast-wall. Here, then, wehuve a new case of sluice discharge, where
the water passes over a weir situated close in front of the sluice vents, and the
determinafion is somewhat complicated.’

" The special notation employed in this connection is as follows :—

H = height of surface in head-pool.

B = height of weir wall. )

z = height of surface in the intermediate space, between the weir
and the vents. )

R = height of surface in tidal outfall.

D = height of vents.

b, = breadth of weir wall.

b, = ,,  of intermediate space,

b, = ,,  of waterway of vents,

¢, = coefficient, of discharge over the weir.

¢, = ” ’ through the vents,

C, = s  velocity of approach to the vents,

The discharge occurs first over the weir into the space between the weir and
the vents, and secondly out of this space, through the vents, into the tideway.
As the tide rises, the vents are gradually * drowned,” causing the water in the
intermediate space to rise also and * drown” the discharge over the weir.
The waterway in this intermediate space may be only slightly greater than
that through tge vents, and there will, therefore, be a considerable velocity
in it, as the discharge passes forwqrd to the vents. As we havq seen above,
when considering the subject of velocity of approach, this velocity will pot
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affect the weir discharge, but it will constitute a fairly high velocity of
approach to the vents, and thug, in estimating tho velocity through the vents,
we must employ the approach coeflicient €, If the waterway in the space
were equal to the waterway through the vents, this coefficient would be infinite,
implying that the heading up would be zero; that is, that z = B, Practically
the waterway in the space will be the larger, especially where there is more
than one vent, and tho waterway of the sluice is reduced by the thickness of
the piers between the vents. Even when there is only one vent, there will be
some coefficient of contraction of the flow, and the virtual area of the ventage

- may be taken as ¢, b, z against the area b, z of the space. In any case the
heading up of the level in the intermediate space, caused by the vents, will he
less than it would be if the space contained ‘“dead” water. The question
next arises as to the point at which the width 3, and the depth z in the
intermediate space are to be measured, as the wing-walls gradually converge
from the weir to the vents. As the velocity in the space has no effect on the

- weir discharge, it will make no difference to the weir where the dimensions are
reckoned ; and it appears corrcct to regard the sluice discharge as affected by
the velocity immediately above it, rather than by the velocity in any more
remote place. Hence the dimensions &, and 2 will be measured close to the
vents. The height # is hardly susceptible of practical measurement, as the
water in the space is in a state of violent (Fisturbance, and in some cases is
subjeet to a general oscillation, its surface rising and falling at intervals. The
height z must therefore be looked on as the equivalent height due to the mean
pressure, reckoned over a considerable time, in the filaments passing through
the space, immediately above the vents.

We can now form the equations of discharge for each condition that
presents itself during the rise of the tide, First, we will take the simplest
case, which occurs at first, when the level of the tide is low, and the level in
the intermediate space is below the crest of the weir-wall (see fig. 31). So far

as the weir is concerned, we have here a simple case of * free” discharge over
a weir, and the equation is obviously

=2c¢, /b, (H - B v (66)

Coming now to the vents, we see that the discharge is similar to that over a
drowned weir, for from the height z down to the height R the discharge is
““free,” while throughout the height R the head of pressure is constant, and the
discharge is similar to that of a submerged sluice. 'I'o the whole discharge the
* approach ” coefficient C, has to be applied. Thus the discharge of the vents is

g= C,c, /Q‘q_b,{g(x—R)*-{— R(x—R)%} .

__For our present purpose it will be most convenient to write this equation
in the following form -

R y
x + e (x — R)‘ = 2“‘*?:__—~~ sse e 67
( Z) §¢a \/ngs 0: ( )
In this equation the value of €, has to be obtained from the v

approach Table XVIII, using as the index-value elocity of .

This completes the first case,

The second case occurs when the level in the intermediate space has risen

above the crest of the weir, but not as high as the top of th .
is greater than B and less than D (see ﬁg.g32\,. p of the veuts, i.c., when

The weir discharge is now ““ drowned ” and its equation is consequently

¢ = ¢ v3bo {3 (H=5) + (a—B)} (H=2)' ...

The discharge through the vents is clearly of the same form as equation
(87) above,

(68)

.
[

( a)

In the the third case, the level in the intermediate space has risen above

the top of the vents, while the tideway level is still below that point. That 1¢,

« is greater than D, and & is less than D (see fig. 33),

i ir is identical in form with equation (68),
p harge ovar tho welr 18 identical in form wi : 68),
but tEeeii‘;s(fl?:rg%li%riuggh the vents takes the form of that of a purtmlly -sub

merged sluice, a8 follows :— - . %
g=0en/Ph e — 1) —jle—=D) + RE—H) b
Which may be written as follows

R 3 _ % 7 . oes (69)
(:c+g)(x—-R) = (¢ — D) +§03x/@bs c,

In this case the value of Cis obtained from Table XVIII, using the
b, D
indGX'Value EEI = Es—b:"x——‘. ‘ 1 D (ee
. Lastly, the fourth case occurs when both z and B are greater than S
?

s is evi in the second and third
' .discharge is evidently the same as 1n s rd
Heredt};tesv‘;zaatiz(ill isggiven in (68)above. The vent-dl_scharl,%e occgrstfb
cas‘es,qﬁna comp]etely-submerged sluice, under the head (« -1- ){ and the

;k;;[?l}:);clﬂ coefficient Cy has to be applied. The equation 1s as follows —

N
q:‘.occa'\/é—g-bap(x—h)
and it may be written, for convenience, as follows :—

r=—(;75%m0) "

where the value of Ci is obtainad from Table XVIII, using the index-value

ew_ el D
2 bea

i indi uations may be solved in practice. The
A Wﬂ.lH.nf’W ‘if.(.};m;iclf va:a tll;:frz :g find what wyl'alues of ¢ correspomj with any
valuo Of] sl:)fg R; ihat is, we have to find the discharge of the sluice at any
iven vt:.: lte of the tide. In order to do this, we have to find also the valug
given sta. ﬁis value is only required as afstepping stone to the v.alues of ¢ an
of x’"}i‘ﬁ ' lution has to be obtained by trial, as follows. First, select some
R, T -:n:(:ralue of z. Then calculate the value of ¢ from the Welr-eque:;clo}?,
gonv(}m whichever of equations (66) or (68) is applicable. Then %p lfle
.6y r%mR from the vent-equation (67), (69), or (70), whichever 18 applica f.
value o tion must be carried out by trial ‘methods, except 1in the
This opera ltion (70). We mnow have one complete set of corresponding
case Offequa ond H. Next, selecting & second convenient value of z, a
values 0 :ﬁ;’ g% values can be obtained, in the same manner. When geveral
secondf " lues have been thus determined, a curve can be plotted, to any
st o vat scale, with the values of R as absciss® and of ¢ as ordinates.
convenlien of z f;.S I have just mentioned, are not required any further. When
Theg’ a ges lotte’d this curve, we can then scale off from it the values of ¢
s ga‘;nd}i)ng with any particular value of B required.
R it must be admitted that this solution is exfremely cumbrous and
Now 1 én ‘;Ithough it might be necessary to use it if we wished to make
labor1ous, alnte « discharge table,” showing the discharges of the slulge at all
out & comfptﬁe auges, yet we want something much simpler for practical work
!lelghts' i vgvhe%e soveral trial designs might have to be re)epted.b.efore a
in_designing, arrived at. As a first step in the direction of simplicity, we
smitablo one Was A T ethod, which I will call the “first approximation.
may, t,akeﬁt te tﬁe case where the weir discharges “free” at low water,
Taking firs 35) be the height of the tideway level at the moment when
let Bo ('seebfgi.ns to be ¢ drowned,” .., when z is equal to B; and let 7 be
the weir .

G
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the time the tide takes in rising from 0 to R, and £ the time of rise from

R,to H. Let ¢,be the discharge when the tideway stands at the height R,.
Then sinee the weir discharges *‘fres” when the tideway is below R, the
discharge throughout the time ?, is uniformly \

) equal o' ¢, We now come
to the apfrroxnn&tion, which consists in assuming that the rate at which =z
increases

om B to B is proportional to the rate at which B increases from R,
to H ; that is,

t—B __R—R,
H'—B—H—Ro

H—E(R—R) . (1)

We can now proceed as follows. First find the value of ¢, from' equation

- (66). Next, using this value of ¢, find &, from equation (67) or (69), which-

ever is applicable. The form ( 69) may be taken as the general form, on the

understanding that when 2 is less than D the term ﬁf — D) vanishes. In this
case we have to write B for z, 8o that the equation ta

es the form—
3 ) : o
(5+2) B-n) =3-0) 4 2

3Cs \/2‘9 bo 00
Thg zalue of C, is obtained from Table XVIII, using the index-value
ca__c,b,

. ca _c,b,
2= LB when B is greater than D, and a=

3 when B is less than D,
Now the value of R, has to be found b

y trial from this equation (72), and
when this has been done the value of g fora

ny given value of R can be found
from equations (71) and (68).

This completes the solution in the cage when the weir discharges “ free
at the beginning. It may, however,

gin , happen that the weir is “ drowned” from

the beginning, at low water, owing to the smallness of the vents or the

lowness of the breast-wall. In this case 7z, is not equal to B, and

%ﬁs to llr.;e mofdiﬁeg., as foltl)gwfs. ‘gfefnow have ¢, equal to gers and R zero, and
e value of 7z, has to ound irom equations (67 whi

the following forms (since R, = 0) o * (1) and (63), yhxch take

This gives us the relation z = B +

w (72)

2 57 1
g,=-30',c”/296,x,,

2 - . 1
and g9, =3¢, /35 5, {(H—xo)+g(x,—B)}(H-x,,)’

Dividing, the following expression ig obtained,
(H—-x)*; C,cb, z, ,
z, T e b, He—z, '+‘% (%-—B) . (73)

From this equation (78) the value of :
of ¢, in this case would g)e perhaps m:;ecigl?r%fopnd by trial. The value
of C, in Table XVIII

» using the index-valyg % = b

Now that we have thus determined the

asoume as before that the increase of # is proport‘ir:xllﬁstooghzz oafn}lz Zlax, We can
. us :
22, - R ’ .
) Hez, T I
Thatis, 2 =2, 4 R -2
. 3 z + (1 H) ease PYY)

We can now find any other veqy;
This completes the first approgun sy ¢, °f

. : ion (68)

. roximation. It will be see th (
trial methods are not 'alto etﬁe . Q that t
detenalining R,,t or z‘,.:t . 'I‘;heg% }is’r :;‘:3:1“1” 88 they. have t;a ibtfi
over the accurate method, e tri n simplicity
using another method, which ] irial method may be comp}

( 48 )
ter, the value of R,
;¢ discharges “free” at low water, |
is g8 follows. When fﬁ:ﬁi‘é Illlzihodg, to be found by trial from equation (72).
hos, in tho Erst 8P %Y, and the equation then becomes
.3 this, write S0 instead of (B + 52 ), =n
To avaid this, write 5 D)

2
g (B—.D)% qi— ) 3 (70)
B=B-\iTF T o ymnn ) o
The value of €, is obtained from Table XVIII, using the index-value .
e :

9 = L5 when B is
ca _ &b D here Bis greater than D, and the value o = —

- & . d

i i tion (66) as before: ap
¥ £ ¢, is obtained from equa ! Y

loas than - lThe o“ria}cuzlgd qqo can be foupd from “equat’l’on: , (S:'v 1277:;2.( )
Th: otherl za utfe solution when the weir discharges fx('iae " athe T od
Thw%}r;g (:hzsweir is “drowned” at low 'Wz}ter,( %e) ha 3 n;void B e
trial from equation (7). _ e

v ﬁng. :}I)lgr:;gzti?)fn ﬁ?rebayir;trililoute to x,, on the right-hand side only of equatio

gecon

i es
(78), the value E_th, and the equation then becom

(Fz2) = S i s

That is,

H . (76)
Zo 2 0‘ c, b‘ H+ B)Z

1+ 5 ¢, b, H—DB

be ggi ion (73).
. €8 _ C % g5in equation (
The index value for C, being 5 = 7 as q

i i i t e ﬁi‘st

imati el cedin
appr%;mat{zna: third approximation, less accurate than either of the pre g
ere i

i nd it consists in
hods, but still sufficiently near the truth_ mhrna‘rrxg;1 ::sgsi,d anot ¢ conslste in
s i)ts-,n the discherge o i always o0 P eR and it follows, of course,
ch;u?v:a,lgnt to assuming that # is always equal to K,
ise

= ischarge
. s ; hen B < B, the dischar
— the weir is ¢ free,” i.e., W he weir,
that z, = bRo ;:llﬁ.tiozv(lé%t; When the tide rises above the crest of the
is given by .

. = ischarge is
ie., when B =5 B, the disc ! v (TT)
, g=~Cyp \/2?]- bw{g (H—'R) +$Bv‘—B)} (H— £)

dually increasing simplicity,

W ifferont methods, of gra f comparing

£ d teitg?gnl::ﬁefglil:cg;rg of our sluxce,t aaride ;:fn p‘f{:St %:Y w(;ll selelt):t the

or ae i take an actu . ot

gge'resgltsso:f e:(’h 3?21{3&;121; designed for the 24-Parganas embankment,
imension 8

” . 1 data :— ‘. — ’
which gNEus tilg’fo%ozmsg’ ; BB —¢; 8, =18; b= 13"; 5, = 10",
-_— ] -

i i trac-
1t, there is very little contrac-
G = As regards the result, ‘ Iy, and the pier is
is *62 and ¢,/2g = 5. 5= nverge gradually, a :
:;011:, as the floor is flat, the wm‘%i Z;’:}}: ;31(:1 o t%er e;gfore be ‘a5 least a8 high ns

fitted witheg cx;t};;;atiir. , 'I__‘}le.si?e With thes? figures the equations are as
c, 1/29 = 0%, y Vs ™

81— )
fou_ovE".quation (66) is

v (862)
2 —6)% = 480 C. f. 8. XY
=3Xx5x18(10 N
9 tiin (67), the index-value for deterrining the value of C, from
In equa )

| . oa _ 8L X 10 _ .609. and the corresponding vaiue of C, is
Table XVIILis 7 = —q3—

1-262. Equation (87) now becomes—

(67a)
¥
C+r)eR=mgm - -

62



( 4 )
Equation (88) becomes—
2
g =5%18 { 3(10— )
; 3 X —_ -\ .
and (69) is as followg— )+ 6} (10-2) ... (08a)
R 3 .
) (= + 3) (=B) = (28} ¢ P -
where the indes.valug for find; - : 2 e (69a)
A * finding C, f ; :
ca 4%85 rom Table XVIIJ is
- - n - I
The remaining equation (70) is
‘ R =gz — (. q 2
© \92 C',)

o1 we. (70a)

e

where the index-value for €, js ¢ —. 498
L}

e,
-—

In obtainin i *
ng the solution b
whether the woir will hcharge “fi’eet’l’leatacl%‘i:ate txgethod, we must first see
water,

and (67, 103 i
(674) and writing R = 0, we have Using equations (66a)
- 5 = _zﬁST(':'s‘

whence we obtain for ' .

the v?lm 3 i?icharges “Oflreex‘;: the value 4:256. Thus z, is less than B, and

ext, find the value of B . "
. o the el i 1
begina.  Tn oquation (67a) write 5 & B 6 ne oy S
=B= a

(6 +F) 6—r) = 5719

N by trial that this is sati
ext,Tﬁi?n;hgr g;acharge as ¢ drown;gg,s,ﬁggob}r’ezge vz;]ue R = 4.994.
=7, we have from equatiogn (6%1’) rowm (68a)

g=5x18 { 2 5
| 1=ox 8 { Sx3+1 ;\/3=467-65,
n s(nbstxh;;;mg this value in (67a) |
7 + £ 7—':R ql__ 467'65
7) (7—=) =51e7g = 8953

This i .
L 18 18 found by trial to be satisfied

g another valune of
(684) and (674) are e of 7, say 2 = 8 "th
. = 4924. e valu :
gain, when zq.—-_ 2427 and R = 73566. °8 obtained from equations

. 9 f
tide-way level will be oo, 4he valug of ¢ from ( 68a) is 330. In this th
. case the

above the t
be the proper o op of the vents, so th H
. : netouse. The index-value for 0, is a = 4?.;865quatmn (70s) will
’ ] = .554’ and tl]e

by the value B = 6-289

R=9- (\_ ’
e 50% 1-200) =871
king on.
g one m(2>re value of 7, viz.,, 2=9-8, the 1 '
9=90{-x.2 = R vaueoqurom(68a i
S X 2+38 } VT = 15832 o

For the solutien of (7 04) we have %% — 4985

C, from Table XVIII is 1163, and ¢ — 98 =009, 50 that the value of
R=98— ( 158

quation (70a) becomes

2
Al these val sEx15) <9791
ese vaites are shown in col
This will be quite a sufficient g
intermediate glent o of
values oflR ”V:éuep cam be scaled off rou‘: eluc 0 caloulato as '
Fyoh _abscissz and of ¢ as ordinat a curve plotted w; any other
of the calculations we are now making is t;’il. The principal With the above
co

the use of the approximate methods described 3)%?: :v]i:h ms&lge?i’t:izﬁv?’;
. those of the
exact

( 45 )

method, THaving got our results by the exact method we will now see
what values of = and g will be given by the approximate methods, for the same
values of B. I peed not occupy any more time in tracing the arithmetical
steps ofsthe process, but will briefly mention how the results are obtained.
Coming to the first gpproximation, the value vf B, is obtained in exsctly
the same way a8 in tho exact method and i of course the sare as above,
viz., B,=4924. Now taking equation (71), and using this value of K, and
substituting in it successively the same values of & as we obtained by the first
method, we can calculate the corresponding values of 3. The values of ¢ cor-
responding with these values of # are calculated from equation (68a). These
results of the first approximate method are shown in column (2) of Table XIX.
We next come to the second approximation, The value of R, is got from
equation (75). We have first to obtain the value of €, from Table XVIIL,

which is given by using the index value cﬁa = _81%—1-9 — *623 (since B 1is less
than D), the correspouding value of C, being 1'28. From equation (75) we
get the value R, = 5-079, which is a very fair approzimation to the true
Salue 4924 obtained above. The remaining values of z and g are caleulated
from equations (71) and (68a) exactly as before, and the results are shown in
column (8) of Table XI1X. o ) .

Lastly, we come to the third and roughest approximation, 1 ‘which 1t 18
assumed that z is always equal to B, and consequently when ¢ drowning "
begins z,= B, =B =0 The values of ¢ are obtained from equation (17),

which becomes

e

g =60 (H%)Jm‘-‘zz e (TT0)

The results are shown in column (4) of Table XIX. An examination of

this table shows you that- in this example the approximate methods give
discharges, as a rule, in excess of the truth, especially the 3rd approximation;
and that the results of the ond method are practically as close to the truth as

those of the 1st.

TasLe XIX,

[
Comparative Sia tement,
|
1 2 3 4
First Second Third
gx&f ¢ o, | approxi- | approx- approxi-
ethod. { yhation. mation. mation.
D= e 4924 4924 5079 6:000
{ co= .| 6000 6000 6-000 6-000
go= .| 480 480 480 480
— sor 6289 6289 6289 6289
{ = . 7-000 7076 6934 6289
g= .| 468 466 468 479
R= .| 1566 7°566 7666 |  7'666
r= ves 8:000 8082 8022 7:566
q= 424 419 4238 448
R= 8721 8721 8721 8721
{ = 9:000 8-092 8'960 8721
9= 330 331 335 364
R= e 9731 9731 9731 9:731
I= e 4800 9788 9-781 9731
g= .| 188 163 165 183
R= ..| 100 100 100, 100
== e 100 100 100 100
q= 0 - 0 (1] . 0
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The value of qn a,p?ropriate to the case under consideration must be

o gelected from the l'BmolltS I have given you,

VIL—PRACTICAL DESIGN OF DRAINACE SLUICES ° The foregoing results may be exemplified as follows :—

In actually designi ; . o s desired to drain & swamp whose level is 7 feet above mean sea
ly gning sluices of thia type, Suppose 1t 1» FO8 i ing into = tideway where the mean typical

rocgeding will be to i . the most practi f 5 sluice dischargin
Sesign the sluice com 132‘5“ {)n the first instance by the Pthirde:ble method of , l?"e}r by ?ﬁ:;’i or;:]g‘: from 9 ffen above to 3 fect below mean sea level.
more exact method pletely by this method, and then test th pproximation, tidal cur¥ :>lod from the swamp to the gluice by an open channel
design enormousl iy gec?d torrect the design if nece ; erﬁi;e-’“l tl.by the Theﬂdralmt? 8o va;ﬁf;r;:e: to bre drained is .%)0 square miles, and the water over
in regarding the sy;;'u A use the third approximation, as we hay simplifies the ~ § mi'cs oh g.t be lowered at the rate of §” in every 94 hours. .Now in this
low it, and con, cture ag if it consisted simply of a wei o seen, Conslsts this area 185 10 h?l‘h known are those of the swamp and of the tideway,
out to y(’)u in Sectsf(gluselllﬁy We are enabled to apply the r::;lglthﬁ?:hmy Tt cas(f theﬁevel:owdégi’dgrgn the dimensions of the channel, as well as those of
curve thenumber of hours Eﬁgn“’o of %\ese Lectures. We knov:V f:omlt : ’gf,‘ﬁ :1!]19 sﬁgce?veNow you know that the discharging capacity of a channel depends
of course occurs, on the present a%‘sune e that the weir discharges “ freq” (which - partly on its breadth and depth and part!%v:zl:;inilirf:ictﬁ-siogiée;osfggg 2(1)'
‘ n 8 nar

a given discharge we can desig _ y
 rad o s Qo far us the channel is concerned, the

al, but in the present case we have also
the channel involves a lower level
and a smaller “head” of discharge .

B), and we ma ; mption, while the tide-level i ;

, y call this ¢, 1, » WiL'0 the tide-level is below the b

considerably above the he ightet Hus supp;)lse, 1n this case, that the tide e;%: o broad channel with a flat slope. *
» 80 that the rate of rise from B to H is former is of course the more eclonomlp

to remember that a steep slope in

at its tail, d.e., just above the sluice,

* then have ¢ = evel H may bo repre . i 3 cdessitates & bigger sluice. In other words, the
time ¢, g, fuo:- tlixl:r ;:3;113. Writing ¢,, for the true l@)ne:;nctl?gchzry et'(’l and wo otv o eihfvesﬁffé ’cvl;’tla1 I:II(l)pe the cheaper wiﬁg%e the channel, and the dearer will
while the weir is discharm“lm 2 lschm; e which occurs during theg timmng the ieilﬁe sluice ; and we have to decide which will be the most economical slope
time ¢, is zero, we ha.veg:;g thfree; and noting that the discharge d 8t 2., te ive the ch’a,nnel This can only be done by trial in each case, but, as a
which we will representt’) e true mean discharge during thg wﬁn']mg'the olng‘i il robably be found more effective to design the sluice so as to

: ey : e tde, rlilvz’ ;atl‘;velr a? flat lepe to the channel, and thus keep up the level of the water
Gom (Lt 1+ ts) = g% + 9—"‘90 L+0 above the sluice as high as possible, as this will enable the sluice to discharge
p %o . for ‘a greater number of hours during the qay. Suppose 1n the present case we

tL+1m ¢ decide to allow for & surface-slope of 6 inches per mile in the channel. The

That is, ¢, = 9 idered ptly, but so far as the sluic
. = 9 imensions of the channel may be considered. prese Y. r e
Su - - (78) - idsl?:xlxlcerned we have to motice that the drop of level in the 6 miles from the

Ppose now if is required to desi gwamp to the sluice is 3 feet,so that the level of the water in the channel

capacity as to lower the flood-level ovegn 8 sluice with & breast-wall of such inside the sluice is 400 above mean sea level. Suppose, again, we decide,

fri : r . ; !
of r inches in 24 hours, an area of M square miles at the rate from previous experience of similar sluices, that 4 feet depth of water passing

; . We kno .

1inch in W, 88 8 matter of ar : A 1 A
26-89 c. f.2: le?s?il;g f?: 1514111 square mile is equal to'l:hzgttli%uts:: :li'iﬂow.oﬁ of over the breast-wallis as much as 18 desirable. Then th e crest of our weir I8
ours, 8o that we have for the value of scharge of fixed at the level 0:00. ) he abscissm being times and the

hoas Imm %= 26°89 M; O Zmm . Fig. (86) represents the tidal curve, the abscissee being )

and substituting this value i o g ordinates the respective elevations of the tidal surface at those times. We
ue in equation (78), we have for the val ‘ can now proceed to the design of the sluice; and first we will accept the third
— 330 Mr alue of ¢, approximation &s sufficiently accurate. That is, we will assume the discharge
’ In : ' ' : t(? I:,ccur as over a weir, with no yents in front of it. Since the crest of the
Th %+ % A Tt see v (79) weir is at + 000, the discharge will be free”” while the tide level is below
e breast-wall must be of suficient width to + 0-00, that is during the times represented in fig. (36) by E F and K L. This

equation (78). We now have to remember, that, as
er the weir, the water at the lower
The discharge will be gradually

discharging “‘free.” Th

water passing over the J’asﬂ this discharge when corresponds with the 7, of

e discharge, of t
B eou epends on the depth of the tide rises, and backs up the discharge oV

rse
crest of the wall, i.e., on t

must be fixed arbitrarily, at he quantit P 1 will rise at the same time.
;l_nd. the hammering i’tion"“:fht% value that the veloglty thrzu( T{f ) Yh-mh enguzidtggtglh :]111: t'zide ri:elas to nearly the level of the swamp. The height at
‘;mlt. For instance, suppose we coe y:iater on the floor, may not;8 ex : ds uice, rehich cut-off will actually occur, and the discharge cease, is uncertain, but for
epth of overflow should not nsider, from practical experi ceod & safe M f this calculation we may assume the height to be 4+ 6:00 and the
lb;mlf; up to a height 4 feet belo‘::(ﬁxeedﬂ4 (fiaet, then the bl‘eﬁst-::ﬁtla’ th?ltldthe th: %I;rfizze:ngy be taken as uniform. The time Z, is thus given by the distances
3:1:1(%0 for the actusdl height of the w:fl gevel. Some allowance s,l:;osh u}l)s 1‘Fa(}e and HK in fig, (36). The time during which discharge entirely ceases (#)
quantity of water falling from . because it is clear h o : GH. while the tide is above the level 6:00. In section 1V(3) of
action on the fl & great helght uld that a small is of course , whie .
oor than a greater q would cause more bammering these Lectures 1 have shown you how to calculate the actual value of the ratio

the other hand, the scouri : de : 4 ! . e .
; uring actio : . With a low fal), d sluice of given dimensions. As a preliminary trial
greater with the greater depth of noj))e]ow the sluice all; but, on qm/g, for 8 chgvn::}; :fita 1:13 dimens%ons, Ay assume that value to be -y

o0 8 would in ap i ¢ .

g;lﬁtingv?;ﬁ 3‘:;31 o????ﬁwmes’ amf rz:: ' onlll;r fﬁf,’t 1 :h}g ei; a mattyermv‘?r%i(l:l:a ' lv!\lr: faif ngv:r;{)tain the value of b, from equation (81%))5, s)l(ﬂ(é% v)v(egxave M= 30;

© — C1. . £
q owl(OHb B), we have by experience. r=1; 1, =4; h=46; (H—B)= 4. Thus b, = CEEEXE) ; 4 =863 or

o . . °= 30 (H‘B)% / t .

and combining this with (79), we have for th - (80) "y 3%;:: ts. the weir must be at least 37 feet wide, and, with a depth of
105 e value of b, . 4 foot of * wator passing over it, the waterway will be (4 X 37=) 148 square
b, = Mr foct. The vents should be designed so as to have at least this waterway, and

(% + g—"’ ) (H— B)! ore - (81) it will be amply given by four vents each 5 wide by 8 high.
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VIL—DISCHARGE OF OPEN CHANNELS WHEN THE SURFACE IS NOT
PARALLEL TO THE BED,

I bave already mentioned that tho cheapest and simplest means of convey-

Ing large quantities of water is to excava te open channels in the ground, along
which the water flows under the influenco of gravity. We now have to
consider in detail the capacity of these open channels; that is, we have to
find an expression which will inform us what volume of water will flow pa-ta
81ven point in a given time, in terms of the breadth, depth, and shape of
cross-section of the channel, and of its longitudinal inclin ation or “slope ”’; and
we also have to take into consideration the material of which the bed and
sides of the channel are composed, as this has an important effect on the
result, owing to the action of fluid friction. Let us take first the simplest
possible case, and as you will find it dealt with in your text-books I will not
dwell on it long. I ‘mean the case where, looking at a longitudinal section
of the stream, the surface of the water is parallel to the bed of the canal.
We have here two opposing forces, viz., (1) the force of gravity acting on the
water, and causing it to virtually fall along the canal, in the direction of the
longitudinal slope ; and (2) the force of fluid friction, which, acting on the
water in the opposite direction, resists this tendency to fall. hen once
“ steady ” motion has become established these two forces are equal' and
oppotite. The gravity force, s.c., the weight of the water, has of course to be
resolved into two components, one of which acts perpendicularly to the bed
of the canal, and simply causes pressure on it, an effect which does not
concern us at present ; while the other aots parallel to the bed, and this is the
force which is opposed by fluid friction. In estimating the magnitude of the
force of friction, we have to be guided by experiments, which have shown that
forre varies a proximately as the extent or area of rubbing surface, and

as the square of the velocity of flow. You will find the details worked out
n your books, and [ will simply quote the result, which is as follows:— -

q=wu=w'J,?'qmi .
¢

where ¢ is the discharge in cubic feet per second ; » is the mean velocity in feet

per second ; o is the area of cross-section of the stream ; m is the hydraulic

mean depth ; ¢ the sine of the angle which the bed of the canal makes with the
horizontal ; and ¢ is the coefficient of friction.

The formula is used in this form by D’Arcy and Bazin, and the experi-
ments made by them supply us with values of £ applicable to various conditions,
But the formula is very commonly used in another shape, and it is important
to recognise the relation between the two shapes. Suppose we agree to repre-

sent the quantity ,\/ E—Z » in the above formula, by a single symbol C. We then
have ' . '

I =ou=oC \/ mi it
or, u = C,/mi
and in this form it is usually called the * Chezy” formula.
the coefficient of fn'cti'on ¢ has been-abandoned, and the coe
used instead.- In this latter shape the formula is used by Ganguillet
whose exhaustive experiments %ave provided us with valuesgglf thea%ie%ﬁgé

suitable to almost every possible case. For convenience the
cient C in the form 100¢; and we now see that the corresp(’,nd en);e P“lfe:he coeffi-
coefficients of friction and velocity is as follows :— ween the

0= 10003,\/?.{
29

and conversely ¢ = F = 29

Here we gee that
ﬂiment of vglo“ty T84

- =

(100c)3
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is i t to remember this relation, whenever we wish to compare
Itulftf;]:: (I)Br;:ﬁ’s c:eiﬁcient with those of Kutter; or, in other words, when-

the nz}sm coofficients of friction have to be compared with those of velocity. 1Iln
%vl:;t follows it will be necessary to go back to first principles, and employ the

i f friction &
coeﬁzwgl:hzr l;gliﬁi I have to notice is that the form’l,zla as generally used con-
tai t}?e quentity m, the ‘““hydraulic mean de th.” Now there is no special
v?:::e about this qua,ntity in itself, it being simply a convenient abbreviation for
area

the quotient g meter !
detailed formwi(:xsteadpof the abbreviation m. The formula then becomes

WO op g = Gl
q=mJ~'—§~p‘7°r9 tp

i lv to use it in this form. )
and 1181111811 hiarr z (;)‘}l‘zaﬁgssp{gzte::e? referred generally to the divergence of the
have,

sth i i m those dealt with in the text-books, and
conditione wm:nlonrep:?:itlgzgf;z important instance of this than the case {
there is periape ]<110a1 with in detail, viz., the flow of water in an open channe
mow propose o ef the stream is not parallel to the bed of the channel. One
when the suriace 0 ef this want of parallelism is the existence of a weir or
very common cause O If o stream is flowing in a uniformly gr:«,mdedh canal,
regulator in a ?treattfléciany raised at any place by a weir, the depth at the fweu-
and its surfacs 1s arhl ormal depth for a considerable distance, perhaps for a
is increased above t (‘i ns we proceed upstream from the weir the depth beqonﬁas
ood many miles, aﬁ . arrive at a place where it again becomes practically
oss apnd 1 R u?ltrf o arallel to the bed. Theoretically the distance is 1nﬁn1§e,
normal, with the Sl a‘:;)l;ve the weir where the stream absolutely regains its
there being b lI)) a{:c:ve are not concerned, from & practical point of view, with
normal depthl, i tions of depth, and we can calculate, from the equations
infinitely smal lvarug, o vou, at what distance above the weir the depth of the
I shall presently g1V ’zen’deﬁnite amount, however small, from the nort_nallll.
e & bo bydmt1 a%lthe profile of the surface is a curve, and not a straig 11:
It must be noter’ . asymptotic to the straight line representing the norma
line, the curve bf e chase of depth occurs when there is any sort of obsftruﬁ:-
surface. A simiar u; for instance a sudden contraction in the widfho tf e
tion in th(gnst?}::agtll’x:r hand, when a fall, or sudden drop, occurs in the bed of a
stream.

i low the normal, and as we proceed upstream it
stream, the dept:e;f‘ :sfﬁe?:%izines again very nearly normal, with the surfaci
gradually mcreﬁi) d. Near the drop, the decrease of depth reduces the area l<1)
parallel to the £ fh . stream, and consequently increases the velocity, as the
e o € ess throuéh a smaller cross-section, This increased velocity
didcharge bas b pat scour away the bed and banks of the canal, and to prevent
may be so great o a teract the effect of a fall by placing a weir on its cxi;ast,
th}ils ﬁ‘ 18 us:ﬁl;oﬁz::&: with boards, to enable the surface of the upper reach to
which 18 us .

i L . .
bo regulg.t:g’ﬁ: afxg,f e:gljeficlgvgarallelism are common in drainage schemes.
arla

is flooded to a depth of 10 or 1:& feet, the flood
Supi)ose, a ;Bage:fibg(‘)’:?g‘z s;:, and it is desired to drain it into a:il ou;:fall,
leve belngf o is 30 feet above the sea, by an open channel 191 miles 2ofngé
T afce Jove is fixed for us, amounting to 20 feet in 10 miles, i.e. e'(il
Here the surdace 8 03 rade the bed of the channel at that slope. But hyoubw1

r mile, an Wt:i can g o progresses, and by the time thatthe flood level has ee;n‘
see that, 0s thef rzta.m_ag %0 40 feet above the sea, the surface slope will be only
I%erl‘id. bylol (:niel’gs’ :)':'},agf what it was at first. Here we have a bed slope of
10 rees 1% . { slo f ;
2 feet per m‘li and ”}:;Z“'{ssgrf:ffve, gnd the slope is not uniform) forming

inted out, ¢ fe surt of surfaee parallelism. You will readily see that w}
marked ¢asé 0 'v;a:}da.l outfalls, where the level of the outfall may vary/! :
have to d.eal fot lh urs, and never remains at the same level, this a gﬁcegga .
12 feet f o ex(i)stS-’ This problem, of determining the dlsclfla,’rgeé'b L
paralle]lsm siway ?th steady motion, when the inclination of the surfgce ;
stremltlhﬂ::;n%hzlbed’ can only be exactly solved by forming the equa
from tha

that is, 2 ; so that if we please we can use this

e of 1foot per mile (for, as I have just
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can ]'.f i 1 &) [1
We y U 80 desn'ed, obtain the other quantities . and q Thus q the
m . o mm } :

equivalent mean disch
o arge th :
Mr = 2689 X 80 X 2 — 60;01;.gh£('m: tl;c:l dWhOb time, is given VY gua = 89

weir, will be given by squation (70) thus— the ““frec” dischargo of the
_ 5350 x30x ¢
¢ 4+.9x4_6=9680.f.s.

Supposing now i :
have callod tha we wish tq work by the more ace :

the water ab?) vesiiondlapproxmatwn,” we shall have, ::a lt:;f?:;hgld e ot
The level of the f.ll?) : uu;e at + 400, and the crest of the w’eirle lovel of
connected with the na.(t)r of the sluice depends on practical co a'td+ 9.00-
as low as the level Olfu(la()(:fezl{},e] site, b;lt it should as a general ml: ::e e::. ?e(:a.u:
be at — 4:00. Then ow water in the tideway. 3 s
. . we-have H =4 . y- uppose the floor to

at equation (76), it is + 4 = 8 foet; B =4 feet. Now looki
which bav 3 seen that the solution invol . . Now looking
ve not been determined. It is therefore0 Zg:egsls;;’n:?nxzo(r% anl(:i tb};)
ou Q

design at first b :
y the third 'oxi :
afterwards correct it, if necessaappmxnnahon’ as has been done above, and

the slaice wi : : by th '
re sluice with the dimensions ca].?(,:’ulat};d agor;lgx?vi;cﬁgﬁte methods. - Designing
, —

b = . —
0 =237;¢c, =62;b,=20; 0, =29; c, =81

We have to find th
i e value of 2, from equationt (76). The index value for

= '56, and the value of C )
equation (76) " from Table XIV is 1:208. Hence, from
z, = 8

1 4 (2 L1208 x 182 X 12y
6 orxarx i)

= 3-906

Now the value for .
400 that i %, assumed in the third ST
tne AB i:f égfef(:g 6s;bove the floor, i.c., at the levzll)p-:—o?)%gloahoilf (above) was
caloddate th . . at the height — ‘094 instead of + O'OOWC;S? ;V tl}e

. ° quantity (% + ;Lm {,), the difference will be : e
appreciably affect the result of zquation (81) "o small s mot fo

Let us see now what di
t differ
value of R raa erence it would hav i ,
o by the third approximation, had been a.es Ir?l?i((j;l :Lfs tlht?ot?: rorTlln the
. 1at 1s,

suppose that drowni 1
ppo at drowning begins when the tide i3 at — 1°00 instead of + 0-00. "

Then in fig. 1 1
e tln g (36) drawing the lines A’B’, A'F’, B'K’, we find 1
en — g : , N s
hat &,= 8'1, ¢, = 55, and the value of ¢, + 1* ¢, is 805 inst )dmef%ure
A P ‘05 instead of 8-14

as it was before. The resul
. t . . o
e e ult of equation (64) will now be
. bo=gos X 863 =367

instead of 36'3. The error i ite 1
- ° B 1
our selecting the dimension as gl';ltfietnappremable’ and is already covered by

In fact, we m n
’ ay a8 & rule accept the third approximation as sufficie tl
y

accurate for the present pur :
the results by the more egacgosfétgga‘fh it would slways be as well to check

We maynow ret ;
these Lectuz"es 1 hl:v::geto t}t: e design of the channel. IR Secti

mean discharge of a comb'scn ed to you an accurate method ection 1V(b) of

Betore. howeer, that ined channel and sluice through of calculating the

y , that method is employed, we have tous{fal :cl:;t the whole tide.

) &

messure, certain defini i : sl
) efinite dimeunsions for the channel and 8 a preliminary

approximate ions; : 1
PP calculations; and in selecting the dimensi()n:lgicet,h bazed on -
e channel,

there is an i i .
i foe d’ﬂrt)l:r:?sit: gc.m’)c{.l to bear in mind, viz., that the dut
it shall be capable of i at is, the capacity of the channely of the channel
is required to dischar Vf‘yllng. towards the sluice whatever must be such that
1,000 c. f, s, at low wat%? 'ft 1:5 of no use designing a S::a piity the sluice
(say) 600 c.f.s.; the sl , I the channel is incapuble of ca ico to discharge
; wice can only discharge the water th;tr{:%g Bmol:e dthan
‘ rOught down

.

Thi i 1 i
is 1s a mistake that is very liable to occur, and should be carefull d
refully guarded
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ggainst. In the present oxample, the maximum discharge of the sluice,
oocurring at low water, is 068 c.f.s., and the mean discharge, while drowning
is in progress, js (-9 % 968 =) 871 ¢. f. 8 Now suppose the channel were
designed so that at its greatoest capacity 1t Wos ounly capable of carrying the

. mean discharge of 871, or, still worse, the mean discharge during the whole

time, viz., 609 ¢ f.s., there would be 2 congiderable loss of efficiency, the extent

of which will perhaps be best shown graphically.

In fig. (37) measure the times as absciss® along CB, and let the gradually
decreasing ¢ head 7 be represented by the ordinates of the line AB, and the
discharges by the ordinates of the curve EDB. Negleet, for the present,
the favourable effect produced on the discharges by the increased carrying
capacity of the channel at increasing depths. Then fhe total discharge during

the time that the weir is being drowned ? is shown by the area of the curve

EDBCE, and the mean discharge, being %ths of the maximum, i represented

by the ordinate MD. Now, if the channel can only carry the mean discharge,

it follows that all higher discharges are prevented, and the total discharge 18
CFDBC; or, in other words, the total discharge 18

When the discharge oceurs through a submerged sluice, the mean discharge

is grds of the maximum, and the eurve EDB becomes a parabols, while the

proportionate reduction of discharge is greater.
If the favourable effect of the deepening chanvel is taken into considera-
tion, the curve of discharges, in the case of a weir, will be gomewhat of the
character shown in the diagram given as Appendix X of the example which
forms Section IX(2) of these Lectures. lu this case the error is less. 'The
rinciple, however, is well exemplified, in any case, that the channel should be
capable of carrying the mazimum discharge W ich the sluice is required to pass.
In the present example the maximum discharge is 968 c. f.s., and the
slope is 6" per mile. Using Kutter’s formula with N =0025 and side-slopes
one to one, the required discharge would be given by a depth of 8 feet and a
bed -width of about 51 feet.
It will be useful to enquire what offect on the discharge of the sluice is
toduced by the velocity of approach in the channel leading to the sluice. The
discharge, 1t will be remembered, takes place as over & weir, and the ¢ virtual”
area of waterway over the weir 18 ¢, by (H—B), that is =62X 37 x4 =90176
square feet. The area of waterway in the channel itself 18 (514_—8) 8 = 472

. . 92
square feet, 80 that the index-value for use in Table XVIII 18 f’:g =75 = 195

and the corresponding value of C,, is about 1-02. This small increase of 2 per
cent. is in our favour, and we need mot alter the design, but may accept 1t

as giving a small increase of efficiency beyond the calculated result.
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motion in detail, The curve of the profile of the surface is determined by the
differential equation of motion, and the integration of this equation gives us the
difference of depth between ax:iy two places ; or rather, in tho form which the
equation takes, 1t gives us the distance apart of any two crossssections of given
area, when a given disharge is flowing along the canal. This integral
equation i8 necessarily complicated, and the only way in which I have been
able to simplify matters is by calculating out tables, enabling you to find at a
glance, in all cases likely to occur, the value of the very long snd troublesome
factor which occurs in the equation. You will notice that I have retained «, the
area of cross-section, as the variable, instead of the simple depth, and that I have
introduced the quantity £ representing the area of cross-section which would

give the same discharge i/ the surface were parallel to the bed.
The differential equation is most conveniently formed in what is known

as the “Eulerian” form, by estimating the changes which the external forces
produce in the momentum of the ﬁuig, considered with reference to a definite
region in space. To do this we have to equate (i) the net rate of inflow of
momentum into the region p/us (ii) the externf?l forces acting onthe fluid in the
region, to (iii) the rate of change of momentum in the region, and since the
motion i8 ‘‘steady” this rate of change is zero, :

Fig. (58) represents a longitudinal section of a-portion of the canal, the bed
being inclined to the horizon at an angle whose sine is 5. The axis of z is
taken as coinciding with the bed of the channel, and, as drawn, the depth of

the water is increasing in the direction of motion.
Consider now the region A B C D, of length dz, and let o represent the

cross-sectional area of the stream at A B, and « its mean velocity past A B.

d
Then the area of the sectionat C D is o + E;—’ dz and the velocity u + %‘ dz.

The quantity of fluid which enters the region past the boundary A B in

unit time i8 ¥, and the rate of inflow of momentum is 7 oy, The out-

¢ d

_ . G
flow of momentum past tke boundary C Dm;qu‘ r 77(*%" )dz, eo that

X . . Gd
the net inflow of momentum is— F pACLY e
Next, we have to estimate the value of the external forces acting on the

fluid, parallel to the bed. They are three in number, viz.—
(a The component of the weight of the fluid, resolved parallel to the bed.

Thesvalue of this is clearly 4 Giodz. .
(8} Then thereis the force of fluid friction, which acts in & direction

opposite to the motion of the fluid, and is proportional to the rubbing-surface

G
{(pdz) and the square of the velocity («*). The value of it is — 2 ¢ puds,
(¢) Lastly, wehave the resultant of the hydrostatic pressures on the houndary
sections A B and C D. Now, if o is the aren of the section, y its depth, and 4y
the depth of the centre of gravity of the section below the surface, the pressure
on the sectionds G. yy. . This is the pressure on A B; and the pressure on

CD is——-{G we + @G ;; (v¢ ») dx} ; so that the resultant pressure is
d »
—G 2 (vy0)de.
T'he canals we have to deal with are mostly of trapezoidal section (see fg.
39), and it will be found that for a section of this shape, of depth y, side-slopes

o to 1, surface breadth 5, and bed-widih 3, the value of 5 y & 18 (34 +§ o) ¥

: . . dl
where o =y (8, + y). From this last relation we have % = (% + 20 y) Z‘Z

—
—

d; . d d
= 675, and we can now see that Z(Ve) =g {(%60-}-;@)54’}
dy _ dy _ odo
(b +er)gl= o5 = 3%
There 1s a rather convenmient way of represonting the value of v for
various sectious, which I may mention in passing. Using the symbol 8 to

¢ 3 )

-,
represent the ratio of tho difference of the surface and bed-widths to the surface®
by =k gay

\ .. b— 0 . .
width, ¢.e., writing B for *5—‘-‘, and the value of bexngm); we can write

] .
1 —2
v in the form y = é ?B
1—38

Now clearly in a rectangular section the surface and bed-widths are equal,

and 8 =0, so that the arithmetical value of 7 is %, a8 it obviously should be.

A table can, if necessary, be constructed giving the values of 4 for various
values of 8 which may vary from 0 in a rectangular section to 1 in a triangular
section, Cases where the surface is narrower than the bed are not likely to

oceur in practice. _
Returning now to the differential equation, we can write it down

completely, as follows :—

_%% wti?) dz +Giwdz—%§puﬁdx—6‘bﬁgﬁ; dz =0 (82)

Now, if we write for » its value 3—, g being the constant discharge of the
stream, the equation will be expressed in terms of one variable, viz.,, o.
: d o d (Y fde _y .
Remarking also that o (wtd) = o (;) =— S ,and multiplying the

2
whole equation by ¢ 2, it can be written in the form
q Y 9%

. d
gtw"’-—-—g—p 92-—%0)33-;* -+ 92% = 0 (83)
or as follows
\;.\\ N 9—2 6 —_— (‘)3 d ‘
TRe =L e (84)
Fg’ip —t

This, then, is the differential equation of a stream when the surface is not
parallel to the bed. Before going any further, it may be interesting to com-
pare this with the ordinary expression applying to a parallel surface. The
comparison, however, will only apply over such a short length of the stream

that the surface is approximately a straight line. In fig. (40), let ac represens
a unit length of the actual surface of the stream, and draw ab horizontal and ad

g
parallel to the bed. Then the surface slope is the height #c, which we will

represent by the letter s, and the rate of increase of depth, viz, %, is ed. The
bed slope is of course & We now have, when the depth is increasing in the

direction of motion,

- dy . 1 do dy _ . _
2_8+d—:§’ whencegd_{__._%._z s
and the differential equation (84) becomes 0
P (1 g) = (I s}, that is 2=—-—~‘2£———~g3
(yb w)(t 8)—-(2gz~17—-w)’ » 4 [ 20— v

Now the ordinary expressionmas we have scen ahove, if we substitute & the
surface-slope for / the bed-slope, is

_ 2gs o

' T
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and eomparing these two, we can write our differential equation in the form
*=F -2!3 33 ) | |
E p 1
whore F has the value I—m - 69
That is, the true resuit is obta.inedtby I:nultiplyin th i
this facker p. ; g ‘he approximute result by
As an exam

i5 '85. Then Ple, let us take a cage where the value of ¢ in Kutter's formula

= %‘ = 0089, The value of}b—) will not

» in most cases, differ much from 1.
Hence the value of F g 1

2 ..
' e (-9

The values of F for a few values of (¥ — &) are shown below: —

(f — &) = (inches per mile) ' 0 6 t 12* ‘ 2w

=

F=

l 1000 | 1-0218 ] 1-0445 | 1-0930

These results, of course, assume the constancy of ¢ and 2

y, which is not
%uite exact ; but they are near eng
8

1 I enough to show that, in a short length, for small
s}gﬁs, there is mot much Inaccuracy involved in working with the surface-

A slightly closer result can be obtained by using the mean between the

surface and bed slope, ie., ’-2!-8 » instead of the surface slope. The values of F

just given must then be multiplied by the quantity 72_8—3'

Z When the depth is decreasing in the direction of flow,
d% = — (#—19), and the result will be

F= 1
2 ...
l+ '-m 8- l)
where 2 in this case is arithmetically greater than .

When we have to deal with considerable lengths of canal, so

file of the surface is not approximately a straight line, it becomes necessary to
integrate the differential equation (84). The variation of 3 and » com
with that of o, is taken to

© 80 slow that they can be treated as mathematical
constants.

we shall have

that the pro-

Now returning to equation (84) and writing a* for
equation becomes
T a*— o do
il Bl -
put since we are considering the case where the depth inc
o is greater than 2, and it will be more consistent to write
. S—ad d do B—a do
g =2 "2 20 =22 4 T;@:ﬁ3. ™ R (86)
The integration of this, in general terms, is
® {3--g3 ’ (0—02)3 . 2w+ N
*=3+ o [l"g‘ {iomay | - 2vamr 2o J

7 o8 for 57
g b and for 29‘: § 3 the

reases down stream,
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ross-section just above the weir, where
Now (see fig: 41) 1? 0:1263}131?::9;{02-another section distant L feet ll_plii'il"’ﬁ_imfl3
g e of djschango into an ontfall, 2, would bo'tho section just
from it, T ttf ?lcand », the scetion just below the head-pool. C;‘omp‘ar m%all ol
above tho out ﬁ the ordinary expression for discharge where the surface is pa &
value of £2 witl een that £ would be the ares of cross-section far upstream, 11) .
td the bd, 1 Sbed by the action of the weir, In a short stream, ‘hz mﬂ¥
the part undlstm‘t tiZn which would result in the discharge g, if the sur f.ce
Jooked on as tha rzel}fel In the present case @, 18 less than o, aﬁd n wt.es:
alr:d befithv;:re fx?tegraf;i ng now between the limits O and L, the equatio
thap el .

becomes

$__g3 (0, —A2) (o2—0%) _
==+ g (oo | @ @) ey
1 2 ()] . ‘oo (88)
2 o\ _tap? (s 2 ™ .
2¢3{tan“ (;713 +7sm) ™ (¢3 + 7 H)B
F venience in constructing labour-saving tables, this equation may
or oD

be written in the following form :—

G-1)
WL _ oy _ w1y 11— 2) ) log B 1 3404 ten~ ( +57736 +
= 112 e

(-,

5 see 89
.+ 3464 tan™ (-57736 + 115472 %,) (89)

“’zs —

. 3
115472 ) | — § 10870,

% b .

ity %, by its origi . 2,and denoting the

Now replacing the quantity &3 by its orlgma% value £y v

! term, in brackets by the symbol Fi, the equation becomes
ong

; | 90)
A ] —— %E_b. F ass b oo (
élg = :’—;‘ - % + 8 (1 ¢ p) 1

ined from Table XX, ) )
Thetvazluet}(:g {:';s?s‘rl}::rgb:%?edepth of the stream is decreasing in the
Next, 1n

s s i hanged
> tion, in general terms, 18 unc )
. ot tion, the form of the equation, 1 tegration is taken, as before,
direction of motion, ter than s and the integr
8 greater w3
but (see fig. 42) o, 1

£ @ v i @ @® )y @, @, T
—_ § — o J— 1) 3.00’ l- —e hus
roll ) tO 93 80 that the alue Of the ; term 1 (

the equation becomes

3
. (B o)) (P—ar) |
a3y =5 (e G

w - (01)
2./3 { tan™ (—}3 + \72-3 %1) — tan™ (\71'5—3 + 723 h’)}] (

As before, this may be written in the form

]
1 - 21—3 -1
: 1(; _ @ (.—-i’-— + 3464 tan (57736 +
blL Wy ___ - 11— = loga 8
o Yo =a 6( m) (l -5

(-7

-~ {1lo
115472 21 B a)s
n (1 a

+ 3464 tan™ (57736 + 1'15472 7). (92)
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Using the factor F,to represent. this long term in brackets, the result
can be expressed as follows:—

o wy 1 % b
A it 1+ LU

where the value of F; is obtained from Table XXI,

This is the result, and you will see that it has worked out in a very incon-
venient form. In most cases we are given the distance apart L of tbe two
sections w, and w;, and the levels of the surface at those sections, the unknown
quantity which we have to determine being either the depth and breadth of the
canal or the discharge ¢. This necessitates the use of trial methods which are
tedious, even with the aid of these labour-saving tables; while without them the
calculations would occupy an almost prohibitively long time. Probably the
shortest way, in most cases, would be to assume, as a first trial value, the result
obtained from the use of s, the mean surface slope, in the ordinary fo;-mnla and
then correct the result by means of these equations. There sre two p’oints
about the equations which must be borne in mind, to ensure their successful
application. 'The first point is the variation in the quantities b and p, which
have been treated as mathematical constants. You will see from the e’xamples
I propose to give you that the variation is, in most

3 . ractical il
and the arithmetical mean value may safely be use (P cases, very small,

] without sensible error.
What has to be considered is the variation of b and p between the limits w,, and

;- The variation of w,, of w, from 2 does not, it should be noticed, affect the
result; it isonly the variation between o, and o, over which the limits of
integration are taken, which concerns us, The second point is the variation of
¢ the coefficient of friction. The value of this is computed from Kutter's
coefficient of velocity,in the way I showed you above, andl the latter coefficient
" must be obtained by reference to some of the many published tables on the
subject. The best known are Jackson’s tables, and Mr. Odling has aleo: drawn
up & convenient set, but the range they cover is rather limited. Sir Thomas

igham has also published some, and there are others. You will ind from the

examples that a small error in ¢ makes a very small difference indeed in the

result, so that no sensible error is likely to arise from this cause.
Example 1 :~— '

As an example let us take the case of a canal whose bed-width is 100 feet,

side-slopes 1 to 1, bed-slopes *1 per 1,000, or very nearly 6 inches per mile; and
length 4 miles. The depth of water at the head ig 7 feet angde at the tail
3 feet; find the discharge, :

Now in this case we-are not given the value of g, so the value of ¢ cannot
be exactly determined, and we must work with an approximate value of ¢,

derived from some assumed value of g. This can be treated as a trial value,.

a?d the results can’ be corrected, if necessary, after we have found the value
of g.

Now we see that the depth is increasing as we proceed up-stream, and that
the normal depth, where the surface is parallel to the bed, would be greater
than 7, the depth at the head of the canaY. Let us assume, for the of
~ calculating ¢ the normal depth to be 8 feet. Now from Jackson’s Tables

(pp. 292~293) we find that, with these dats, the value of ¢ is 1,967 and of C

is -858. The value of ¢ is therefore (8254%"’ that is, *0087478, We now have

2 _2x°0001 . .g90863.
T~ 0087478

Next. as regards the values of & and p, the surface width at a depth
7 feet is ’114 feeég and at & depth of 3 feet & is 106 feet. The variation (;:
small, and the mean value 110 feet maiy bo taken. The value of p ig 119§ tee
at the head and 1085 fget at the tail. We can take the m
Thus the factor % (1 _2_£ % ) in equation (76) becomes r (1 -~ *0220681 ), that
is; *16209. You will notice what very little difference the valye of ¢ makes
in the result. ) ‘
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The 751‘1'65 of @ and o, are 749 and 300 respectively and the equation

(76) becomes

WM+%§‘?’%’='NQQ9E

which may be written as follows :—
‘.;%2- = 16299 F,; or

4123
F=—q

2 t trial values
where F, depends on the values of i"ﬁ‘ and 2. We have to selec. I

i i i tion.
0 until we find one to satisfy thxe equa
of };‘lirst, try the value 2 = 800. Then we have

: ] .
;’71 = *93625; .‘"ﬂ“ — -38625; and from Table XXI the value of F; is found

as follows:— . @ s . :
Gorrespondtng with the valiie 72 = 40, we have when 718 93, Fy 16

5 6479; and when %1 is -95, F, is 6:3625 ; hence, by proportional parts, when
b

. v @Wo ___ .0R ~.

o i -036, F, is 58623, Again, corresponding with the value 5 = 35, we

L . - a . 2 by

have when %l is 03, F, is 5°9646; and when %1 is *95, F, is 6:6792; hence Dby

proportional parts when %‘ is *936, F} is 61790, ®

is §° @2 js +40 and
We now have, for the value ;’—2‘ =936, F, is 5:8623 when ' is

6'1790 When @y iS -35.
o w3 _ .386 we have F,=0'9510.
Hence by proportional parts, for the value 0= 386 we have £,=

The trial equation now becomes

4123
2 . ial must be made
These two values arc inconsistent, so a fresh trial m
Next try 2 = 1000;

Then we bave (' = 749 and %g — -309 or very nearly ‘75 and 3l

The :,Zslgzcgifv%yfurom Table XXI is thus 32648 and thé equation hecomes—

ag
F, = 32648 = —1‘06(’) = 4123
This is also inconsistent.

Next try 1 — 85 so that—

)
749 309

w. . . — 4
n='—8’2;=881 andn‘=749 X *85 = 350
now F, = 42677 123
and the equation is 42677 = gg] = 4680
@ .l
Again try %‘ =80; 7= 33
Then 2 = = 932 and F, = 3703
: 4123 _
and the equation i8 3703 = gag =4 4237.

[} ax
Again try ;—;‘ = -86; o = "355

74
F,=44200; = 35 = 871
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The equation is 14200 = H% _ 474
Again try 2t = '90; 7 = 372
F, = 5-0484; g ='_7—:g = 832

The equation is 5-0484 = %523 = 49555

: “1_..80.® _,
Agtnntryrz 89; o = 367
Then F, = 4-8962; a = z;—g = 842

The equation is 4-8962 = %ng = 4:8991,
This is very nearly exact.

The above results may be tabulated as follows:—

4123
Q ==
A Q
932 8703 44237
881 42677 46800
871 4:4200 47400
84% 48962 4:8991
832 . 5'0484 49 55 5

It is seen thyt the correct value is 2 — 84
The value of 0 bein &

g 842 square feet, the de th of th nal 1s 7-81
feet. In calculating a value for ¢ we assumed th ° 8 foot;
this small difference will not affect the ; Gepth to bo 8 foot; and

N result, so f i
concerned ; no correction is therefore required. b or as the value of ¢is

We can now find the value of g by reference to Jackson’s Tabl It
value is that corre'sfonding with a depthyof 7-81 feet a:t;.: aso ?)e'd s?(l))p:&of 'f

per Ik()t(zg;pk’léh.zz.a ue is, using proportional parts, 1,885 c.f.s.

A canal has a bed-width of 50 feet, side slopes of 1 to 1. & Jongitudinal
;Sfeigf t‘f pebu:m, and ishidlilscharging th’,,gm cte At 5 certain place a
the occurs, which passes the disch: ith a depth of 2 feet.
What will be the depth at a place 1,000 feet.'upstre:geof‘?he ftllgp o e
By reference to Jackson’s Tables (paﬁe 283), we find that the ‘‘normal”
depth of the canal, when the surface is parallel to the bed, is 8 feet, and the

1 . . . 644 20 __ 2x ‘0002 . .
value of Cis 826, Hence {-m and T= —eag— X (82:6)'=-042378.

b .
Next, the value Ofi’ at a depth of 2 feet is 3{;—56 = 97024 and at a depth

-2 - 66 1
of 8 feet itis o83 = 900878, The factor {1 —%‘}’) thus lies somewhere
between ‘95888 and ‘96149. It will be near enough to take it as 960,

The remam.ug quantities are as follows:—
1 == 464; & (say) 60; o, =104

b L __ 60 x -0002 x 1000 _ 12 _ . :
0 —104 464 T 464 025862
% __ —

2= =92414

And the equation is— _
025862 + X — 22414 = _966_0. F,

Which may be written % ~+16 F, = -1983

( 88 )

7 = -224, we have from

First try % = '40. Then, for the value

ble XXI, Fy= 1091
' | ang zhe left l,mnsd gide of the equation becomes == 40 —+16 X% 1091
= -225

9 i. Next try o!='35. Then F,= 7746
f and we have 35 — 16 X ‘7746 = -226
5| Next try 2t =50. Then F, = 17462
| and 50 — 16 X 1746 = *2206
4 { Next try %‘ =+80. Then F,=4'3485
and ‘80 — 16 X 4:3485 = 10424
Next try o =60. Then F, = 24671
and *60 — 16 X 24671 = 2053
Next try i =65. Then F, = 28656
and 65 —-16 X 2:8656 = 1915
By proportional parts between the values of % ‘60 and ‘65 we have, -
when the result is ©1983, then
;')1 = 625 and F, = 2'6663.

5

6

From this value of %1 we have «;, =625 x 464 = 290 square feet, and

 the depth is 5-25 feet. This is the answer required.

a practical point of view it should be noticed that, unless this
ca,nafi?ﬁcava%ed in roclg, the design is -unsuitable, for the, velocity at the
fall will be % = 13:67 foet per second; and at 1,000 feet from the fall it

willbel-ggg = 473 feet per second; velocities far too high for an earthen

canal. :
ﬁ'zag{hle zft; be found convenient to plot the whole section of the stream,

by selecting successive convenient values of %‘ and calculating the resulting

values of L. Any desired intermediate values of %‘ can be measured by scale

-curve thus determined. o
fromstll:;pzfaggec bed-width to be 100 feet, side-slopes 1 to 1, longitudinal
bed-slope 1 per 1,000, and discharge 1,885 c.f.s. Suppose at the tail the water
is backed up to a depth of 14'7 feet by a weir. As in example 1, we find
from Jackson’s Tables that the depth corresponding with a discharge of
1,885 c.f.8. is 7°81 feet, implying a cross sectional area of £ =842 square

feet. The value of o, is (1147 X 14'7 =) 1686, and the value of %’ is almost
exactly 2:00.
o .4
The mean value of & is (_1_13%129_ =) 122'5 and the mean value

b. 19225
of pis (122;142 = ) 132, so that the mean value of 7 is 35 = '92804.

The value of %Z is the same as in example 1, viz.,, *022863; and the value

- 1 N -
of the’ factor %}(l - % s) is thus g (1 — 022863 X +92804), that is, *163986.
Equation (73) now becomes—

1925 x 0001 o 0w ,
—WL—200 ) + 164 F|

That is, L = 68734 (2-00 — %|+ ‘164 ﬁ;)
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The values of F, obtained by reference to Table XX, are as follows :—

o, | ’
1= 101 | 1 . 90
P } 05 | 110 | 120 | 130 140 | 150 | 1460 l 1-70 \ 180 | 1
ut J 200 | 200 | 00
P 2:00 | 200 | 200 > 200 \ 200 | 200 [ 200 | so00 |2
F. = . ‘ .
| = 7-725 5 9
i 43841 a*zsal mssl 1'448‘ 1-033l '738l -m\ *345 207 | 4
(4 * i ‘

and by calculation the following values of L are obtained—

‘164 F, = ’ '
1 1-2669 7518 I 5290 I *3424 l 2375 l 1694 ‘ 1210 | 0848 l 0568 ! 0339 ‘ 0154

L= ‘155 ‘
= J124 | 116,972 | 98,220 l
e ‘ s l 78,522 64.438‘ 62,883 ‘ 42,684 \ 83,332 l 24_510| 16,077 ‘ " 7,932

. TapLE XX.

Table showing values of the factor B,

° where .= [{L+ 1} — {L + i}
© s—_ o 3_ .
_aﬂd L, =log, gg—g‘i——'{s} ; L, =log, (If:) lsz
o =1) (?z""l) ]

T, = 3464 tan (-57736 + 115472 %‘) . T, = 3464 tan"('57736 + 115472 2

Applicable to a siream whose depth is éncressing in the direction of flow, and consequently

where w; > w1>.ﬂand—zl>v%‘> 1
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Table showing values of the factor F,,
’ where F,= (L+T) — (L,+T.)

3

— (Y. e (@
— Ll=log,§1—ifi}—§ ; L, =log, sl——(ﬂ—)@

(*-%) (-2

A )
T, = 3464 tan“('57736 + 1-15472%); T, = §464 tan‘1(°57736 + 1-15472.3%)

and

Applicable to a stream whose depth is dec;'eaaz'ng in the direction of flow, where 2 > o, > o,
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IX.—EXAMPLES OF DRAINAGE SCHEMES.

In my last lecture I propose to show you some examples of actusl drain-
age-gchemes which have como before me in the course of business, §ud which
embody principles that have to be frequently used in making caleulations for
such schemes, but cannot be very conveniently expressed ina general form.

IX (2)-—DRAINAGE OF THE ARGOWAL CIRCUIT.

The Argowal Circuit gsee plan after page 74)is the name given to an
embankment in the Midnapore district, which was originally constructed a ve
long time ago for the protection of certain lands subjected to floods from the
Bagda river and the Sadar Khal, or Etabaria Khal, as well as from the floods
which sweep over the country from certain rivers farther inland. The embank-
ment i3 continuous, and forms a complete ring-bund round the interior lands,
with the intention of completely excluding the flood-water. The effect has,
however, been such as was certainly not anticipated by the people who made the
embankment. The rivers here are very heavily charged with silt, and as the
miver-water has been completely excluded from’ the lands inside the circuit, these
lands havo received no deposit of silt, and consequently have remained at their
original levels. Not so the lands outside the circuit, along the margins of the
rivers, These lands (jaipas lands as they are called) have, day by day, and year
by year, been receiving deposits of silt from the rivers, until the have, in pro-
cess of time, been raised toa level very much higher than the lands inside the
circuit. The natural process of land formation, which I have described before,
hag, in this case, been artificially prevented from taking place inside the
embankment, and the intetior lands have been left unraised. I'he evil effects
of this are seen when high floods occur in the rivers. Before the embankment
was made, the water used to spread over the country, without doing much
harm, This cannot occur now, for a double reason ; first, the existence
of the embankment shuts out a great deal of waterway from the flood-spill, and
thus throws a greater quantity of water into the river bed ; and secondly, the

capacity of the river bed itself is decreased largely by the silted-up high” lands
along the margins, and it can no longer carry off the volume of water thrown
into 1t. These causes, acting together, cause the flood-water to rise to a
height sufficient to overtop and breach the embankment, and then the flood
enters the low lands with a rush, devastating the land and flooding the home-
steads. The condition of these lands bas been receiving the attention of
the Bengal Government for many years past, and many proporals have been
made for improving their condition, the principal = one being to remove

ortions of the embankment, and admit the river-water freely to the interior
fands, which, it was thought, would thus become gradually raised by deposits
of silt to a height sufficient to admit of their being successfully drained and
cultivated. I cannot here enter into the reasons for.and against, this proposal.
The whole question was exhaustively considered in the year 1900, and the

proposal was negatived, mainly on account of the great length of time that

wounld be required to carry it out, and the smallness of the advantages that
would result when the operations were completed. The conclusion arrived at
was that the most advantageous course would be to drain the circait, Estimates
were accordingly called for and prepared, and I will now explain the principles
followed in designing the necessary works. .

The works consist mainly of a drainage channel 7} miles long, aligned as
shown in the plan, and discharging into the tidal waters of the Bagda river.

At the outfal! a sluice is necessary to exclude the tidal waters when the
level of the tideway rises above the level of the water in the channe]. Besides
these, some minor works are necessarf, in the shape of small drainage channels
to lead the water into the main channel ; and an existing khal hLas to be cleared
of silt. What we are here concerned with is the waterway required for the sluice
and the dimensions of the main channel.
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rst essential point in- this as in all other cases is the determination of
the l;lv‘r}gl]es,ﬁz'.e., the grounlx)i levels of the lands to be dl'?.ined, th.e existing flood
lovel on those lands, and the flood level which we wish to maintain when the
works are constructed. Equally important are the levels at the outfall, which
were determined by a series of tidal o.bservauons,. from which the average levels
of high and low water wero gegermmedf. I will now quote from my note,

i hen the project camo before me for revision.

wnttﬁnTvl;B rulingp cgnditions are (1) the rate of flow-off to be provided for,
(2) the level of lowswater in the river, (3) the nat'ure.of the tide-curves, and (4)
the maximum flood level to be allowefl in the circuit. _It has been. decided to
allow a flow-off of § inch depth of rainfall over the area in 24 hours, with whick
I agree. As regards (2) and (3) the data given appear to be correct. As regards
(4) some care 18 required. Mr. Horn in his preliminary rough estimate took
112:00 as the flood level in the circuit. In the present estimate, prepared after
the survey had been completed, the flood leve_l in the eircuit is _taken as
110-30,* {e., the sluice is considered to cease acting when the.tx‘de rlses_abm:e
110-30. In the detailed plans, the level 110-30 is shown a8 obtaining at mile 43,
i.e., 23 miles from tho sluice. I cannot quite make out what surface fall is
rec’koued on from 0 to 4% miles. From 4} miles to the sluice ‘l.;he surface-fall
is taken as 6 inches per mile, and the bed-level of the channel is graded at a
uniform slope of that amount from the sluice up to the heald. This vs:ogld
imply a surface-level, at the head of the cut, of (11080 4 45X 5=) 11255,
which I do not think is intended. It is, I think, meant to be implied that the
surface fall inside the circuit will be ¢‘ eased” by a good deal of the discharge
flowing over the low ground itself, and not entirely along the channel. In this
principle I quite concur. I propose, therefore, to design the channel from 0 to
41 miles on the basisof a surface slope of 6 inches per mile, but to assume that
thze actual difference of level between 0 and 431 m11clas vylll be that fiue toa
surface slope of 4 inches per mile. The fall \f.rom 41 miles to the' f‘sh_uce must
be taken as equivalent to the actual slope of 6 inches per mile. This ruling
gradient (6 inches per mile) is, I think, quite suitable, as anything less Woulg
involve a very wide channel, while a greater slope with narrower ehannel woul
unduly reduce the head over the sluice, or unduly pond up the water in the
remote parts of the circuit. The actual surface levels may, then, be taken as

follows:—

At head of drainage out, 7.¢., at mile 0 ore H égg
ﬁg :lé .lnﬂes .se ees ose see R 108‘68
ulce voo e oo ves e

and the widths of the channel may be calculated on a uniform slope of 6 inches
1 M ,
per I??:’lee.now come to the design of the sluice, First it has to be noted that
the soffits of the arches of the vents are des:igned at .the level 107°30, while
the level of low water is 107°40, so that the discharge is that qf a completellv
submerged sluice. ‘Next, we must notice that the surface-level in the channel,
immediately inside the sluice, is given as 108:68. This, however, refers to the
im el at low water ; and we have to remember thgt, as thp level of the
?:1’ wav rises, the sumrface-level in the chanmel will also‘ rise, though at
. e-tl }; slow:zr rate. The flood level in the circuit at 2% miles from the
al ra 12}6 110:30, and it may be taken that the surface of the ghanne} close
,Bmige sluiee w’ill rise until it reaches the height 110-30, at which point the
:;)de-way will rise above the channel-level, aud discharge will cease. It \3'111,_
I think, give quite a sufficient degree of accuracy to assume? that this reduc-
tion of ’head will occur at a uniform rate; so that we are confronted with
i;o case 1 have dealt with before, that of a completely-submerged sluice,
: 1;3 ‘e the maximura head which occurs at low water 13 gradu.aIIY. reduced, at
v e“;form rate, by the rising tide, until it is completely extinguished. Now,
I 11?'1 at the le,vels given above, we see that the .channel is graded so as to
lqo e surface-level of 10868 at low water, while the loYv water leyel of the
ﬁg;wa;y is 107°40, giving a working maximum head of 1'28 feet. Thus the

- 100 fest below mean sea level. ] )
;?r‘,‘f“ c‘:ff,,'f,"ﬁf} ',f,fii“.ﬁpgfuf: Could be tested by the wothod explaived in Seotion IV(b)of
e accurac

these Lectures. L
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time occupied in extinguishing the head will be the time taken by the tide in
rising from the level 10740 to the level 110-30, which we can obtain from the
tide-curve. If you refer to equation (30) and Table IX of these Lectures,
you will gee that the mean discharge, during the time the head is being

extinguished, is %rds of the maximum head, occurring at low water.

Quoting again from my note; ‘ now, coming to the tide-curves, the shape
as drawn seems a little unusual, but if there is an error in this respect, it is on
the safe side. The averge time during which the sluice will be closed, owing
to the tide standing above the level 110-30, is shown by these curves to be 62
hours out of the 24, but I think it would be safer to take it that .the sluice wil
work only 16 hours out of the 24, that is, for two-thirds of the time, especially
a8 floods might occur at an unfavourable state of the tide. In the 24.Par-
ganas we usually get sluices to work only 13 or 14 hours, and in the Magra
Haét drainage scheme the time allowed was only 12 hours. Thus 16 hours is,
I think, as much as should be relied on. The mean discharge for 16 hours will

then be gql, where ¢, is the discharge at low water.
“The drainage area is 27 square miles, and a flow off of % inch per 24 hours
over this area is equivalent to a continuous discharge of (% X 27 X 27=) 547 c.f.s.

lasting for 24 hours, which is equivalent to & mean discharge of (% X 547=)
820 c.f.s. lasting for 16 hours. The required low-water discharge is now
. given by the equation gql, = 820; that is, ¢, =1,230 c.f.s.” '
The dimensions of the channel can now be fized. The dala given above
are as follows; surface slope 6 inches per mile; depth 668 feet (since the bed-
level is designed at 102:00 and the surface, as we have seen, is at the level
108-68); discharge 1,230 c.f.s. From Mr. Odling’s tables it is seen that a bed-
width of 88 feet will just suffice; and it will be better to make it 90 feet. - -
In calculating the water-way required for. the sluice, we may take into .
aecount the effect of velocity of approach, involving the quantity 43, the area of
cross-section of the approach-channel, With the dimensions just determined,
the area will be [(90 - 6-68) 6-68 =] 648 square feet, The expression for the

discharge of the sluice, involving velocity of approach, given as equation (62) of
these Lectures, may be written in the form

a =

: q
e v+ g L)

29 02
the values of the quantities in this case being as follows :—
.
g =1280; ¢/ Tg=6; h=128; 2 =648

and the resulting value of 4 is 177 square feet. The sluice is designed with six
vents, each having 3137 square feet of waterway, which gives a total of 188:32
square feet, which is slightly more than sufficient. ,

As regards the widths of the upper portions of the channel, the full dis-
charge will only be carried by the lower portion, and the volume of drainage
in the upper parts will be less. Besides, it is not necessary that the upper
portions should be capuble of carrying the maximum discharge at low water, on
account of the reservoir-like action in the channel itself and in the low lands of
the circuit, which will absorb a certain proportion of the flow-off when the
lovels rise at the sluice, The channel, as revised by me, is designed with a
‘bed-width of 20 feet at the head (mile 0), gradually increasing to 90 feet
at mile 4}, and remaining at 90 feet from 43 miles to the sluice.-
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IX(b)—CHALLAN BHIL DRAINAGE SCHEME.

The Challan Bhil is the name given to a very large swamp, or rather
collection of swamps, in the districts of Rejshahi and Pabna. The area under
water is about 421 square miles in the rains, decreasing, as the water dries up,
to about 150 square miles in November, and 50 in April and May. The lowest

arts of the dkils never dry up througout the year. Much of the land is waste,
and the greater part of the remainder is cultivated with a special description
of rice, which grows in the water, keeping pace with the increasing depth.
Some portions are cultivated with &doro, a hot-weather crop. The bkl is
traversed by several rivers, the water in which is, in the flood season, laden with
silt and sand, in consequence of which the river beds have silted up to a large
extent, and they are no longer able, as they once were, to serve the purpose
of draining the 4l after the flood season is over. These rivers, after
traversing the bAil, ultimately discharge into the Burral river, near Noornagar,
which is there of sufficient section to serve as an efficient drainage outlet. It is
.now proposed, in order to drain the 84sls, {0 excavate a drainage-cut from the
centre of the bkil to Noornagar, A regulator has to be provided at its head,
to exclude silt and prévent the channel from deteriorating, as the rivers have
done. The circumstances are as follows:—The bdkils which have to be drained
constitute, in effect, a large reservoir, which receives the discharge brought
down by the rivers. During flood time the levels rise, the rivers overflow
their banks, and the water accumulates in this reservoir until the level is raised
sufSciently high to enable the silted-up beds of the rivers to carry off a volume

ual to that entering. As the volume brought in by the rivers decreases, the
levels fall, the depth in the old river beds decreases, and they become less and
less efficient as drainage outlets. At the low levels necessary to drain the bkds
the rivers would be quite unable to carry off the volume entering, as there
would be little, if any, depth of water on their beds. Hence the drainage-cut,
which it is proposed to make, must serve as a bye-pass for the incoming volume
in addition to its legitimate duty of lowering the level of the bkils.

Now it will be found that the discharge necessary to pass the incoming
volume is much greater than the discharge required to drain the bbils in a
reasonable time, 8o that the size of the channel must depend very largely on the
former volume, and it is very important to determine it correctly. What is
required is'a knowledge of the discharge brought in by the rivers, on each day
during the time that drainage isin progress. Unfortunately in this case the
obserfations were incomplete. .The discharge at the beginning of drainage (on
the 1st November) was determined approximately, but there was very little
information as to the rate at which the discharge decreased ; and, as might
of course be expected, the discharge of the*ivers falls rapidly during the months
- .of November, December and January, I have been obliged, therefore, to
proceed largely on assumption, and I have drawn up the statement I annexed
showing, according %o the best information available, what the incoming

discharge may be expected to be, on various dates.
) Next, we have to deal with the discharge necessary to drain the &kils.
That is, in this case, we have to find out by what amount the surface of the
biils will B& lowered in a given time, by a given discharge. Now this of
course depends directly on the area of the bkils at various levels. An accurate
knowledge of these areas would involve running contours, at close intervals, all
over the bkils, which for many reasons could not be done. We know, how-
ever, that the area of the bkils varies from 150 square miles on the 1st Novem-
ber to 50 square miles in March, and the levels which have been taken enable
. us to see at what level these areas hold good. We also know the level of the
lowest part of the bkil, when the area to be drained is zero. The areas at inter-
mediate levels are filled in proportionally, and you will find them in column 5
of statement II. One thing more about these areas. You will see in statement
II that the area of 150 square miles occurs when the level of the surface of the
drainage-channel is 92:50. As a matter of fact, the dkils measure 150 square
miles in area when the level at the margin is 94:00. I have, however, allowed

L2
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for a fall, or slope, of 11 feet from the margin of the Al to the channel, to
~allow the water to drain into the channel, so that when the channel-surface
stands at 92'50 it is actually draining an area of 150 square miles. The level
of the bkils, when they measure 50 square miles, is actually 92-C0, but I have
allowed a slope of 1 foot in this case, so that this area corresponds with a
channell-level of 91°00.

In making the calculations, we have to select the dimensions of our
channel, such as we think will be likely to be suitable, and then to calculate
the time it will take to drain out the b&kils. Drainage will begin about the
beginning of November, when the levels fall low enough, and must be completed
1n time to allow the land to be cultivated and the crops sown. It is believed
that if the awamps are dry by the end of February, these requirements will be
met. It would be better to dry them rather earlier, but this would involve
greater expense ; and it has to be remembered that the higher portions of
the swamps will be dry considerably earlier than the very lowest portion,
which is really onlfr a very small proportion of the whole area. We have to
note further that, although the beds of the old rivers are too silted to be of
any use as drainage channels at low levels, they will assist the drainage
channel by carrying off a certain amount of discharge at the beginning of drain-
age, when the levels are high. We have, again, no dafa to show what the
extent of this assistance will be, but I have assumed certain figures, which
seem probable, and which you will find in column 4 of “statement II. Before
beginning the actual calculation, it only remains to draw up a table of discharge
of the drainage channel, i.., a table showing what the discharge will be at
various depths. In column 3 of statement II you will find the discharges
corresponding with the depths shown in column 2, which occur when the surface
stands at the levels shown in coloumn 1. 'The dimensions selected are
as follows; longitudinal slope ‘44 feet per mile, 7.e., ‘033 per 1000; bed-width
100 feet ; and side slopes, as usual, 1 to 1.

. We can now proceed with the calculations. As the conditions (discharges
of rivers and chaunnel, and area of dAils) are continually changing, it is neces-
sary to divide the period of drainage into small intervals, during each of
which the conditions may be assumed constant. Periods of five days each
will give quite sufficiently accurate results. Looking at statement III, in the
top line, write down in column 1 the level of the surface of the channel when
drainage beginos, viz., 92:50. From statement II we sce that, at this level,
the discharge of the drainage channel is 4,273 cfs. and the discharge
carried off by the rivers is- 1,000 c.f.s. Entering these figures in columns
2 and 3, the total oufgoing discharge (entered in column 4) is 5,273 c.ts.
Now the is-coming discharge brought in by the rivers is 14,000 c.fs. on
the Ist November, and it is obvious that no drainage can begin until this
in-coming discharge falls below 5,273 c.f.s., say, to 5,000 c.f.s. Statement I
shows that this will oceur about the 27th December ; but this date is a little
uncertain, owing to the imperfect natire of the dala, and in any case will vary
slightly every year. We calculate, then, our time of drainage from the date
on which the in-coming discharge falls to 5,000 c.f.s. Entering this figure
in column 5, and substracting it from the figure in column; we have a balance
(column 6) of 273 c.f s., which is the excess of the out-going over the in-coming
discharge, and consequently represents the discharge available for draining
out the water accumulated in the dAils, Now a discharge of 27 c.f.s, will lower
1 square mile by 1 inch in one day, so that the rate of lowering’per day of

M square miles by ¢ c.f.8. is given by the formula r inches = 579—}2; that is,

divide the discharge in column 6 by 27 times the area in column 7, The result
is shown in column 8 in inches, and the lowering in five days is shown in feet
in column 9. The figure in this line is ‘028, so that at the end of five
days the surface of the channel (assuming the channel to fall concurrently
with the bAil) will be (92:50—028=) 92:472, as shown in column 10. For
the second period of five days, enter the surface level 92:47 in column }, in the
sec line, and from column 3 of statement 2 obtain by proportional parts
the df8¢harge of the channel, viz., 4,257, and enter it in colunm 2. In column 3
is shown the discharge carried off by the rivers, obtained by proportional perts
from column 4 of statement II, viz.,, 986 c.f.s. The sum of these two, Viz.,

»
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4 as the total out-going volume. The in-coming

: jonal parts from statement 1, is shown in column 5, and the
gﬁiﬁaczg:,v:i aglrg I;g:tdrainigg the &hil is given in column 8 as 743 c.i.s. The
area of the bhils at the level 9247 is found from co]umn..5 of statement II to be
14'8 square miles and the depth run off in five daysis found as before, and
shown in column 9 as .08 feet. Thus the level of the channel at the end of the
socond period of five days is (92:47—08 =) 92:39, as shown in column 10 of

tement I1I. I need not go through the whole of the calculations, which are
staty with the results shown in statement III. It will

i tly the same wa v 1
ll)l;ag:e;ntﬁi:ioydrafn the b}ziz:,to a level of 86-14 will occupy seventeen periods
of five days, i.c., 85 days in all. No allowance has been made for evaporation,

:onllv the time would be somewhat shorter, unless there was any
:gigg.fl praiczftlggaiﬁag: blegan on the 27th December it would, on this calculatlop,
be cou;pleted by the beginning of March, and the greater part of the bdhils

would be dry much earlier,

5,243 cf.8, is shown in column

TeMENT 1.
e STATEME

Showing discharge trought in by the rivers.

o P ™ . 5 = . . . = o B X
AESEREAR AR AR AR R UE AR AN AN AR N
2 3 8 a g s | B g 1
Date- | E| 2 || |8 |&|53]f(8|a|&|=|=
2 z 2 £ £ 4 4 a 3 = g 5 2 Z g
: 212 |2|lglg|g|8 &8s |2 18]~ &
-t -t
2 3 4 5 6 7‘ 8 9 10 11 12 13 14 15 16
1
h 14 000'12 000 10,000 | 8,500 | 7,000 5,750 | 4,750 l 3,750 | 3,000 { 2,500 2,100 {1,700 | 1,350 | 1,000 750
Discharge . ) ‘» f) 3 )

. Starement II.

Discharge of | Discharge carried Area of

Levc:lto}fet;lzfnnel lc)}fs},)xtxlx;ecl).f channgel. off by rivers. bhils.

1 2 3 4 5

Feet. C.1s C. 1 s 8q. miles.

1327?6 1325 4,273 1,000 150
9200 1275 4,001 765 115
9150 1225 3,739 , 560 80
9100 1175 3,485 375 50
9050 1125 3,237 220 44
9000 1075 2,996 95 38
8950 1025 2,764 Nl 32
8900 975 2,504 Nil 26
88:00 875 2,085 N}l 20
87+C0 775 1,694 Nil 14
86:00 675 1,338 N}l 8
85:00 575 1,013 Nil )
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1X (&) —CHOROIKUL SWAMP.

This swamp is situated near Kumarkhali, in the Kushtia subdivision of
the Nadia district, and is probably one of those low-places which escaped the
action of land-raising carried on by the rivers, and has now been left at a
pérmanently low level. It is, in any case, a permanent swamp, where crops
cannot be grown, and it is desired to drain it out, so as to enable it to be
brought under cultivation. It is not required to construct drainage works to
carry off the water that inundates the land during the rainy season. That is
accepted a8 a necessary evil, or at least 8s one whose remedy is beyond the
financial resources of the district. All that it is proposed to do is to drain out
the swamp after the rains are over, so as to enable the cultivators to sow winter
crops on the higher lands, and ‘ boro” rice on the lower lands, later in the

ear. _ _
d The swamp is situated near the Goorai river, and it is proposed to excavate
a drainage-cut leading into that river. Close to the swamp runs a line of
railway, in which there is a bridge with a span of 14:25 feet clear, and the
water must be led throogh this bridge, so that the drainage-cut extends from
the bridge to the Gorai river. Between the railway and the river, again,
there runs a District Board road, which will have to be provided with a
bridge to carry it over the proposed drainage-cut. Now the first question that
arises is, whether the drainage-cut, if constructed, will be liable to silt up
and whether it is necessary to construct a sluice to exclude the silt, and also
to exclude floods from the river. Enquiries made by the Executive Engineer
seem to show that the floods of the Gorai river do not overtop its bank and
enter the swamp. If, however, a cut is made, there would be a chance of the
floods entering through the cut; and hence it will be advisable to construct
gome sort of masonry work to exclude them. As regards silt, there will be a
very good fall in the cut, towards the river, and there will probably be more
danger of scouring than of silting; but if any silt were deposited, the
villagers are prepared to clear it out themselves every year, so that no
expense need be anticipated from that cause. The level of the swamp, when
drainage will be in progress, will be so much above that of the river, that
we can choose any slope of bed that we wish. A slope of 9 inches per
mile has been selected, as any higher slope might cause scour of the bed and
banks, the soil’being friable and soft. As, however, the level of the river
will be much below the level we wish to maintain at the tail end of the
drainage-cut, it will be necessary to construct a_regulator, to hold up the level
in the cut, and prevent excessive velocity, Thus the regulator will serve the
* double purpose of excluding floods from the river in the rainy season, and of -
maintaining the proper level in the cut during drainage. The next question
is, where to locate the regulator, The banks of the river are unstable and
cutting, and the soil is friable, so that any work situated on the river bank
would be liable to be washed away. The site selected is about halfway
between the railway bridge and the river. Between the regulator and the
river, it is probable that scour will occur, but it will be in a place where it
does not matter.

In making our calculations as to the time of drainage we have to remem-
ber first that the discharge bas to be passed through the railway bridge, which
has o rather small waterway, and that consequently there will be a consider-
able loss-of head (i.¢, a drop of surface level) at the bridge. But now it
will, I think, be best to quote from the report I made on the subject,
modified in one point after subsequent consideration. The final recommend-
ations are-as follows.

The Executive Engincer’s. report may be accepted as regards the follow-
ing points:—(a) Itis not required to drain the bAil during the rains, bhut to
Jower it nearly to the level of the existing floor of tlge railway bridge, within
a reesonable time after the rains are over. (5) A sluice is not necessary or
desirable, for the reasons given. (¢)Some measures are necessary to exclude
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floods from the 3Ail. (d) The size of channel proposod by the District
Engineer is quite inadequate.

As regards (a), the existing floor of the bridge. should be lowered, for the
reason that, as the level of the swamp falls to nearly the same Jevel as the bridge-
floor, the discharge over the floor will be very small, and the last foot of
drainage will take a very long time. The bottom of the swamp is 2 feet
below the existing floor, and I consider it essential that the floor should be
lowered to this level, s.c., by 2 feet.

As regards (5) and (c), although a sluice on the river bank is not desirable,
it would be advisable to provide a regulator in the channel about midwdy
between the railway and the river, to regulate the level in the channel, and
prevent any scour near the head of the channel. The lower part of the channel
may be leit to scour if it likes. The regulator can also be goarded up during
the flood season, so as to prevent the floods from the river from eutering the
bhil.  Further, the bridge on the District Board road must be given plenty of
waterway so as to cause no heading up of level in the channel. Next, as to
the size of the channel, I think the channel should have a bed-width of 30 feet,
with side-slopes of 1 to 1, and it may be given a longitudinal bed-slope of 9
inches per mile. The channel will be ¥ fed * by the discharge through the
railway bridge, and the two discharges (of bridge and channel) must be
considered together. The discharges of the channel at various depths are
shown in statement I attached. Now, supposing the floor of the bridge is
lowered 2 feet and the bed of the channel is 1 foot below that again, the
conditions will be as shown in the diagram attached.®

. Assuming, as a trial value, that the head over the bridge (7.c., the difference
of level between the surface of the swamp and channel) will be 1 foot, then the
depth in the channel will bo 7 feet, and the discharge through the bridge will be

_— 2 __ 2
g=cy/Tg bAR + ey b A

2 3
=3¢/29 b /1% (od + 4)

The coeflicient applicable to the sluice portion of the discharge is about
¢\/2g = 6. In the weir portion there is no contraction, and the coeflicient
should be at least as high as for the sluice portion, Using these vulues, we
have

¢ =488 5d+A)

That is, since § =1425, '

® L3
g=5Th (2d + %) .

Now in this case our trial value of % is 1, so that ¢ = 570 c.f.s.
Looking at statement I we see that this is almost equal to the channel discharge
at a depth of 7 feet, viz., 562. 'This trial value therefore holds good, and the
* head ” over the bridge will be just 1 foot. :

Next, when the level in the swamp has fallen to such an extent that the
depth in the channel is 6 feet, we shall have the channel discharge 428 c.f.s.

and the bridge discharge 57 At (7-54-4). Thus we have to determine A,

—57 4 o7 oo o T5120
428 =5T A" (75 4+ h);ie, A =755k

From this we find by trial that %2 = ‘82, very nearly. Then the level of the
swamp will be 5-82 feet above the (lowered) floor.

ext, when' the channel depth is 5 feet, we have in the same way as
above :—
54913
64+ h

By trial 4 is found to be ='68 feet, and the level of the swamp will be

4'63 feet above the (lowered) floor.

313 =57 &' (64 4); A=

i

* Sec liagram facing page 82.

(81 )
When the depth of the channel is 4 feet we shall have d = 3 and ¢ = R14,
and to determine /4 -
214 37544
_, STA5Fh) = 544 .
By trial 4 is found to be ='55, and the level of the swamp will be 355 feet

above the (lowered) floor. ] .
When the depth of the channel is 3 feet, the value of d will be 2 and of
g, 130, and we have

k=

_2:9807
LY

By trial % is found to be = *44, and the level of the swamp will be 244 feet
above the (lowered) floor, . . ,
"When the depth of the channel is 2 feet, d will be 1, and ¢ = 64, and

o 1:228
T 1544

By trial § is found to be="36, and the level of the swamp will be 1-36 feet
above the (lowered) floor. ]

This is quite a sufficiently low level to drain the swamp to, and we may
now calculate how long the drainage will take. The calculation depends on
the area of the swamp, which will of course become less and less as the level
falls. No data as to the areas at "different levels (other than full level) are
available, 80 they have to be assumed. The area at full level is 75 square
miles, and it will probably be on the safe side to assume that when the depth of -
the swamp has been decreased .from 7 _feet to 1:36, the area V&:lu not excged
-5 square miles. The areas at intermediate depths are ﬁ}led in ar?ntranly.
We can now fill up columns 1 to 5 of statement II, showing the d.mc_harges
and areas at the different depths. ] A

The time of drainage, shown in the last column of the statement, is calculat-
od as follows. It is known that a run-off of » inches in depth from M square miles

h

27 M
is equivalent to a continuous discharge of " e fs. lasting for z days. Thus
we have o7 265
z = 7

Now, while the swamp is being lowered from 7 feet to 5:82 feet, we have
the mean .discharge q'-_-% (562+428)=495 c.f.s. The mean area M 15=7
square miles; and the run-off 1'18 feet=14-16 incheés. ‘

Hence—
_ 2TXTx1416
T=TT405

For the second period, from 582 to 468, we have ¢=370; M=6;
r=1'14 feet=13-68 inches. )
"Hence—

=5-406 days.

__27Tx6x13:68
T="7370
For 1;he third period, from 4'68 to 3'55, we have ¢=263 ; Y=5; r=1356
inches, and .

— 27 x 5 X 1366 _ 59603 days.
363

For the fourth period, from 355 to 2'44, we have ¢ =172; M= 4
y = 1332 inches, and
z =0 X4X 1332 _ 83635 days.

=5'9896 days,

172
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For the fifth period, from 2:44 to 1-36 we have ¢= 97 ; M =3 ;r = 1206
inches, and

2T x 3 X 12:96
z = o7 = 10'822 days.

. The above figures are entered (approximately) in the last column of the
table. ’

Thus the swamp will drain nearly down to the existing floor level
of the bridge in 27 days, and down to 8 inches below the existing floor
level in 38 days. This will, if anything, more than meet ¢he requirements
of the cultivators. The maximum velocity through the bridge will be
about 6 feet per second, and there will bea drop of 1 foot to the bed of the

channel. To avoid scour, a masonry apron below the bridge will be necessary.
Suroming up, the alterations neces#hry are as follows ;—

(1) The floor of the railway bridge must be lowered by 2 feet, and
an apron provided.

(2) The dimensions of the channel must be; 30" bed-width; “side-slopes
1 to 1; longitudinal slope 9 inches per mile,

(3) The bed of the channel, at the head, to be 3 feet belogr the existing
bridge-floor.

() The district road bridge must have ample waterway, so as to cause

: . Do obstruction or heading-up.

(5) A regulator should be provided  about midway between the railway
and the river. .

The estimate should be remodelled accordingly.

SraTEMENT 1.

_ Bhowing discharges of channel at various depths.

Depth= .o ¥ l ¥ ‘ ¢ ‘ . \ ¢ .

|
Discharge = ... .ﬂ 130! 214] 313‘ ml 662

Sraremext 11

Showing areas and discharges at different depths, with ‘time of drainage.

Depth Ares Dg}f)ﬁh Head Discharge Time
of of over- of of
swamp. swamp. channel. bridge. channel. drainage.
(4
1 2 8 4 ] []
Foet. 8q. miles. " Peet. Foet. C.ts Days.
700 7% 7 100 862 .
583 65 6 082 as 4
468 55 6 068 313 i
356 46 4 086 314 7
s 36 ] 04t 1% R
1 25 3 036 64 1
* * Total 38
. —————
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IX(@.—MAGRA HAT DRAINAGE SCHEME. -

The calculations for this scheme are based mainly on the principles
pointed out in Sections IV(3) and VII of these Lectures, so that it will constitute
a good practical example. It will, I think, only be necessary to quote the
report on the revised rough estimates for the Magra HAt portion of the scheme,
which runs as follows:—

The remova) of the outfall gluice from Usti to Diamond Harbour increases
the length of the outfall channel by about 9 miles, without any compensating
advantage in level, as the tide levels at both places are the same. This causes
a ﬂatbenin§ of longitudinal slope, and necessitates wider channels. Again,
since the levels for the scheme were taken, the Diamond Harbour Creek has
gilted up rapidly. From Usti to Bendal the average rise of level of the bed
has amounted to 6 feet in the 2 years that have elapsed. Both these causes
point to & considerable increase in cost, and necessitate & revision of the
calculations, .

2. In the former calculations the depth of water passing over the weir-
wall of the sluice was taken as 4 feet, in ca]cufating the breadth of
weir Yequired. In order to gain as much slope as possible, it may now
be taken as 3 feet only, and the wing-walls splayed out to give the
requisite breadth of weir. For the same reason the crest of the weir is lowered
from + 200 to 4 0-00 M. S. L. This fixes 4 3:00 as the level of the surface
(during free discharge, at low water) at the tail of the channel. The level at
the head of the outfall depends on the flood-level over the country. First
consider the high flood-level. In the previous report, the surface level of the
channel at Nainan (the head of the main outfall) was takén as 6'4, which,
allowing a slope of 0-264 feet per mile to lead the water from the north part
of the Kaorapokhar basins to Nainan, gave a flood-level of 8517 three miles
north of Andharmanik. - With these levels, a rate of a flow of % in¢h in 24 hours
was allowed for the channels leading to Nainan, as most of the flow would
occur over the ground itself. These subsidiary channels may remain as designed
on that basis, but in designing the main outfalls it isnot now practicable to work to
such low levels. Ip the flood of 1901 the levels at the sluices in the embank-
ments varied from -10°00 to+412:00. The height 10°50 may be taken as the
full flood-level and a rate of run-off of §”* per 24 hours may be allowed, With
the levels at that height, the whole country would be under water, and no
slope need be allowed for from tLe remoter parts of the swamps. The ground
level in the Kaorapokhar basins is mostly between+6-00 and 47°00. It is
a little higher towards Surjipur. In the Sangrampur basin, on both sides of -
the Railway, it varies from about 4-7-00 to+-800, with only one or two
lower places, of small area. The lowest level is in the great Joynagar swamps,
which run from about+4500 to46:00. Thus, for a medium flood-level, a
height of 4 900 will not give an undue depth over the ground. The lowest
parts will be drained after the top of the flood bas run off. Two sets of
calculations are made, both allowing a depth of 3’ over the weir, with cut-off
at7’, viz., (1) for a flood-level of 10°50 at Nainan and in the Joynagar swamp,
with a run-off of £'* per day, and (2) for a flood-level of 9:00, with a run-off
of 3.1
*'3, Inthe previous scheme the drainage from the Joynagar swamps was
taken round »ié¢ Nainan, but, as the waterway in the Railway bridge at Magra
Hat is small, it will be more economical to conduct this drainage through the
Sangrampur cut, as there is plenty of waterway in the bridge over the Nazra
khal.

4. The efficiency of the sluice depends largely on the level of ¢ cut-off,”
s.c., on the level at which the surfaces inside and outside the sluice coincide and
discharge ceases. Unfortunately this has not been previously recorded in
our observations at drainage sluices, and the information will take time to
collect. In the present case it will be assumed that discharge ceases (on a rising

- * The aotual rate of run-off will be ‘609,inches.
. f Ditto ditto 408 do.

™ 2
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tide) when the levels sta.ﬁd at +7'00. Ona falling tide the level will bo
higher, as the water inside has heen collecting and ponding up at thy tail of
the channel during high tide, but it will be on the safe side to take it at47-00
in both cases. The conditions are now as follows.  As the tide rises above
the weir crest, the dischdrge beeomes ¢ drowned,” but the level inside the
sluice rises at the same time, until the levels coincide and dischargzo ceases.
That is, the tide rises from 0-00 to+7-00 and the channel surface rises from
+3:00 to+7-00 at the same time.

3. The mean discharge during the period of ¢ drowning ” is a function of
the discharges of both sluice and channel, and its determigation is effecteld
partly by analytical and partly by graphic methods, as shown below, The
fomulz for 4., the initial discharge, and 4, the width of the welr, are derived
from numbers 32, 34, 55 and 36 at page 17 of my paper on “ Flood Drainace,”
but with a slight modification, making them of more general application (see
equations 78, 70, 80, 81 of Section VII of these Lectures)

The notation used is as follows ; —

M=area of drained tract, in square miles.
r=rate of flow-off per 24 hours, in inches,

¢, =time of “free” discharge, in hours.

t;=time of partially drowned discharge, in hours.
g,=rate of ‘“frec’ discharge.

¢m=mean discharge during time /,,
gy=maximum discharge during time #,.

7 -»=mean discharge during whole tide.
6.=width of weir.

z,=depth of flow over weir-crest at low tide,

And the formgulz are as 'follows —

(2) 9,= 3!?0}1"

zﬂﬁ-%"jn

®) :12 is determined by the methods mentioned above,

Q

6. As a preliminary trial, the outfall channels and weir wore designed (o suit
a discharge of 5,115 c. f. s. at low tide, with a weir breadth of about 295 feet.
Two sets of caleulations were made, shown in Appendices 11, 1L, 1V, ana V.

At that time the value of Z—" had not been properly determined, and the two

o

sets of figures wercassumed to represcnt rates of run-off of 3" and 3" respect-
ively. These rates have now to be modified ; but it is believed the scheme will
- be of sufficicnt capacity as designed, and the calculations will indicate the
actual rates of flow-off which the different parts of tho schemo are capable of
carrying., _

7* The channels were designed as follows. The first thing was to
determine the drainage area served by esch channel. This js shown in detail
in Appendix I anuexed. Appendix If shows the discharges in each channel,
calculated at different rates of run-off. The values of 7. and ¢, are shown
for the outfall channels, reduced, for the upper reaches, roportionately to the
areas served. The dimensions of the channels aro sc{ccted 80 as to give
discharges as nec.i7 up to the maximum requirements as is practicable and
suitable, The dis.. .cges worked to are shown in antique type in this statement.

8. The deta’" - calculations for the sizes and levels of the outfall channels
are shown in Appendices III and IV. The bed-levels sclected are the lowest,
and the width the greatest, resulting from these two sets of calculations. The
details of the remaining channels are calculated in Appendix V, ou the basis

( 8 )

i 1 1 . As rogards the outfall channels, the channels
ﬁdOptOd "Tt'thocgr:;lz:igsgt‘;g;agoatte? slopoes, with wider beds, in the l.ower part
are )ropol l}?n where a good channel already exists, and comparatively ]}ttle
o h~e 'Lrecis’require& rescrving the steeper slopes and smaller cross-sections
ex?a\laml):i) her ;_'round,, as far as possible. In the Sungrampu'r outfall, the
fm' lt-)?md %cnxrt}i of channel necessitate a low slope all the way. The dlvi;sut))n
cvcst Diamond Harbour is through such high ground that it wou e
z::re;ely lexpensivc if a high slope were not allowed, and the short length of

v .v 3 l . . .
the Cflg atlllx(())“}iii)rﬁlgfhrgéa%s??hz effcet of tidal action is less, t?ere' is ’hﬁ
lifference hetween the maximum and mean discharges, and the 11equ1ﬁr
Qischir 1 be nearer those calculated on the basis of a continuous run-o 2
f the channels is calculated in Appendllces”Vill[ z‘a,n(}l1 V.%,. whls df
cxplain themselves. The “mean level of ground or _kna‘l _ '(;1 the : tl?(linob
II'Irbom' Creck was calculated from tho cross-sections jus 0’00mp1?50’ , n?;
plgtting on them a channel with bed-width varying from 300" to , a

taking out the actual quantities, I'or the smaller bed-widths as now designed
Lol

there will De less excavation at the sides, and the true bed-level of the creek
] (>

sulting 1 saving.

111 work out lower than shown, resulting 1n some ‘ . §

wil “;m]’itou:ay now be enquired what the actu(aitl ratle}s of u;n-(;ﬁ v;vdxgl b(())E :vtatili
i ir It as desiened. The actual w

-nsions of weir and channels as g widt] ‘
the' ;ll)ll‘)(( de 300 feet, but in the calculations the figure 296:64 will be used,
e ’ 5,138 c. f.s. which is the figure given
curve has to be plotted showing the

discharges wil
The cost o

as it corresponds with the discli}argﬁa
se calculations. I'irst of all, a as_ | ; he
ﬁiclglz::';r(és of the channel at different depjch.ts. '1‘311}:;t1s ‘g;(;)?ﬁl 101; fpg:néigﬁnglby
S ] o
» this curve the discharge at any interme ia be
i;(;éu itfli'?squired. The discﬁargcs are calculated from the formula
S ?

Q=10004/R 8 T e
ained from Jackson’s Table II, for the value

and the values of O are ob The remaining quantities are calculated.

AN'=-0250, using proportiox}ml parts.
The calculations arc as follows — |
" At tail, channel level varies from + 3:00 to + 700
. 5 depth o 10" to 14 .
Length of channel = 16 miles

Total full, at low water=1.0'50-f’300=7'5 fefalt.
Mean slope, at low Watcr=l7,;=0t'4 14 fef;t _Ee'zr- (;1(1)1 o.

is assumed that discharge ceases at leve 00, '
f\ttlfo:: :'rz;ir, the level 700 is at (7% X 16=) 8:53 miles from sluice.

Then. for various depths, the quantities are as follows : —
, -

L1 1 , 12/ SEA VY
Depth= . . 5 o | »
=
feet per . 85 0235 01176 | 0:G0O
Mean slope=" ... e;m{,’f’ 047 03525
: . ‘1175 -
feet per | 1056 | 2326w 1.08h 34315_x 1'056 --i} x1:058] 00CO
mile, . ‘47
0 diversi -hannel
Slope in diversion ¢ { ' . ‘
per 1,000 20 16 10 06 00
Ath= 130 130 130 130|130
e 1,409 1,551 1.704 1,869 | 2,016
Area== A= ’ . ' - .
4 perimeter=P= .. o | 15828 161°11 163-94 166:76 | 169-59
Weed ¥ . ‘845 9 6270 10°894 11'148 | 11-888
_A_ .| 88151
R= T 920 15 ‘10 (6 ‘G0
S= e . e
| 87202 89822 92247 98266 -
N=026; C= ...
(irom Jackson’s Table IT). ' & 264 5 068 413 .
I N 5,1d8 ; s 3 ’ .
(2:]0‘) CAJER S= | I S N

e ource i i Appondix VIIT is plotiel

PP

From these res



( 86 )

10, The weir discharges are most conveniently obtained from Tuble V ot.
niy Lectures, because that formula gives the discharge in terms of ., und not of
k. The Table is reproduced as Appendix IX, The height # is mcasured from
the weir crest, and its value at diiferent channel depths has been shown in the
foregoing statement. Using the corresponding values of & and 4 therein shown,
we have next to calculate the corresponding values of # from the formula~—

Y -
F = /_,_-711 , where ¢\/2¢g=5; $=296-G4,

/T
*

ahd then from the Table in Appendix IX to find what values of‘g correspon:i
with these values of F, and thence compute the corresponding values of y.  Simnce
we are dealing with a weir, the quantity > is equal to 1, and the last column of

the Table is applicable, The results are shown below:—

e
= .. oy 6 T
= ... L.l 5138 5264 5068 4313 0
F=g+1475: 1=, oo | 66667 | 44611 | '30733 ' ‘19896 | o
i l ~ ?
! , |
3;.= e 0 7620 -BIY8G 9570 10
' " {
y= ... ‘ 0 | 305 } $49 571 T
! i |
j__,_.A_‘,, ol e S —— T o e _— . N — e e I T LTI

11. We have now calculated corresponding values of «, 4, and y, and sinee
¥, in the case under notice, is proportional to the time that has elapsed since
‘“‘Irowning” began, it follows that if a curve be plotted with valucs of y as
abscissz and values of ¢ as ordinates, the true mean value of ¢ during the time
of “drowning " will be given by thearea of this curve, divided by the maximum

abscissa (i, 700); and the value of g" is then obtained directly.

In the diagram (Appendix X), the value of Y7 i3 the ratio of the curve

OABCDE to the rectangle OAFE. -

(It may be noted that if the tide did not rise at a uniform rate, the corre-
sponding values of y and ¢ would Lave to be obtained from the tide-curve, and
the values of ¢ plotted as abscissie to the g-ordinates, instead of the values
of y.)

In the present casc the arca of the curve is as follows: —

BuHxH245 L, e = 15,997
T4 x 5,010 .., .= 7,502
125 x 4,720 ... e = 5,912
026 x 4,160 ... oo = 1,082
100 x 2,850 = 2850
Total e TUOXATHI L e =33343

Dividing 3,343 by 7, we get the vulue of the mean urdinate, 4., a8
4763 ; and since the initial discharge 7, 135,138, the value of the required

o 8= s (1763 - ) 927,
ratio 97 13 (5,138 2

The maximum discharse is about 5,264, occurring when jths of ¢, has
elapsed.

( 87 )

12. Now returning to the formula (a) of paragraph 5 above the actual
rate of run-off is found from the expression—

(b A= t)
n (14

o = 350

i 1 1 Appendix II of my
It is found by scale from the tide-curve given as App f m;
former ::port, dated the 5th September 1902, that 7, =4°1 hours and ¢, =572

hours. This gives, for the value of 7—

5,138 (4'1+027x52) _ 5138x892
= 350X 215 ; 350 X 215

r= 609
That is, the run-off is at the rate of nearly Sths of an inch in 24 hours

i 37 ag at first assumed. 'This rate is probably sufficient.
msteglglhgflngs ?ate of run-off used in the preliminary calculations will now be

609 % +5 = )-408, instead of 3" as at first assumed.
‘75?I‘he dimensions of the channels may remain as designed. They are

shown, with the estimated cost, in Appendices VI and VIIL,
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APPENDIX L

ST p e
Statowcid showing oy Wage areas sorved Ly cac e 1

Dray, aree - . T
RAINAGR BASIY, Area. Channels in Remar figures, with arcas servel ju antigu~ f;
N ; [SL RS Iglll’(‘.:.
Kaorapokhar khal I ... 24 , f—i ] | - ! - !
———— /‘ 24 ’ “; — l | :
’ P42
Kaorapokbar khal II ... 18 | 1 "
I - j [ ]
‘ 66
Hotar khal .14 S—7
14 I
Kaorapckhar khal 11T ... 10 |
. > 4= ‘
_ o N J P13 |
‘Burjipur khal 25 [ o—t0 | l
s 25 i |
_ ) b1~y !
;o1 '
Kaorapokhar khal IV .. 9 ’
——— N ‘
Main outfall channel ... 20 ‘ I
|
S S J
; b Y I Y
oynagar khal . 14 H—12
| | L1 ' S 5—20
—_—— ) 1213 191
o ' T
atta khal 10 b=l | :
! | 10 | f >~
— ] y 1817 i
Dbhangota khal T =
| {
f |
Sengrampur khal 2 :, IS—16—4 ’
o j J i 50 f
Dhanpota khal f 5 15—17 |
S ;
—_— 7
_ |
Sangrampur khal 4 | I
_ i} ] J
Sangrampur khal oo 14 : . ‘
. ¥
I
—— / i
o : |
Srichandra khal 1=
. 28 o |
J—“ e J
Bendal, ete. . 14 -
]
!
Creek ... - 10 ’

. .
— ll—('

215
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APPENDIX II.

Statement showing discharges of each channel at differeni rates of Aow-off.

Nore.—The selected discharges are shown in heavier type.

é DISCHARGE.
Aren AJLLOWING FOR FULL TIDAL AT CONTINUOTUS RUN-
CHANNBL. served, ACTION, OFF.
At 3 run-off; (1) | At §” run-off ; ()
3’ over weir; cut | 3’ over weir; cut 3. 3", ¥,
offat 7. off at 7', -
1 f 2 ’ 3 ’ 4 ‘ 5 ¢ 7 8 0
9o, Tmm, %, | Imm,
Diversion - . . 215 3,410 | 2,804 | 5,115 | 4,341 4,336 2,800 1,445
Creek e 0— 0, 215 3,410 5,116 4,336 2,890 1,445
Creek, to Bendal . . 0,—20 215 3,410 e 5,115 4,336 | e 2,800 1,445
Creck, Bendal to Usti . 20— 5 191 3,029 4,544 8,852 2,568 1,284
Qutfall, Usti to Nainoa . we 65— 4 113 1,792 2,888 2,279 1,518 759
Creek, Nazra Khal " . 5-16 50 793 1,190 1,008 672 336
Sangrampur outfall - 16—18 50 793 1,190 1,008 872 33¢
Ditto . 1817 36 p 871 85 (3] 484 242
Kaorapokhar khal e e 44— 7 66 1,331 858 ¢ 444
Kotar khal ... ase " 8—17° 14 282 188 04
Kaorapokhsar khal ... . 7— 8, 42 847 564 282
Ditto ] 24 484 322 181
Ditto, conpecting channel 4—10 27 . 545 864 182
Surjipur khal T L 25 . 504 338 168
17—13 27 428 - 242 gﬁ; 182
enld
Jaynsear and katta khalg, and outfall {{é__i; %1 .?81 2882 1%8 19841
12—11 10 "o . 202 134 87
Dhanpota Jhal 1/—15 5 . 101 68 34
Brichandra knal 5— 1 28 585 376 188
Connecting channel 13—10 »

0 NoTE.~The :;;{tual rate of run-off will be ‘609 inches.
*) i

itto ditto ‘406 do.

APPENDIX IIL

Statement showing levels and sises of channels to suit §*(1) run-off, with 8’ depth over weir, and cul-off at 7', and 900

flood level in swamps.

’ LONGITUDINAL
SLOPE OF
SURFACE. Total |Resulting|Resulting| Selected
Required ! L(:,‘;M Depth. Bed C’.‘lf'g]ated Length.' surface | surface bed bed REMARKS,
CHASNEL LETTERED. | discharge. | 0 Feot width. | discharge. |/ fall, level, level. level.
Per g
per
t L0 | mile,
s
1 ' 2 ! 3 ' 4 5 6 7 8 9 10 ’ 1n 12 13 14
— e \ ' *
Ft Ft.
. . 3000 | =700 | —700
’ { sat0 i} 300 | 015 072 0] 100 3,432 s 0'495 { A B 4 B
Diversicn " ’ i .
; . 3496 | —6350 ] —700
5 '} 3,410 ) 005 | 0264 10 170 3602 | 1) 0396 { 3800 | —611| e
9.
' . 3891 ~61 | -700
o } 3,410 0-05 | 0°264 0] 170 3,602 31 0024 { 4815 | —519 | —600
' (Bendal) 481 519 600
] o e
20 (RepdaD) w1} 80 08| 04224 10 120 8,084 | 3% vest1{ TSe6| T3e0| ove
5 (Tsth)
2,746 6300 [ —2%0| —400
5 (Tsti) +oed} wwz | ous| 008 | esen 9 80 Lz | ooy |f 6145 [ 9148 | 4016 -100
¢ (Saipan) o . : :
. 6308 | -26 | -300
s (Usti) A } 73 005 | 07264 9 &0 852 23 0-¢od { 7050 | ~194 | —234
16 (Sangramipur " 7050 19 .
; w0 —19s|  -23
1 } 3 005 | 0°254 9 50 582 3 1'056 { 8'1;5 —~0'88 —128
1 j ' . 815 | +012| -0
» '} 5 0'08 | 0°264 8] 40 g7 |2 oses | BOi8 | 201z e
i7 | ) 8643 [ 4064 | +04
. ;e 0'05 | 0264 8 30 437 i 0-330 { 8913 | +097| +097
13 i
13 . . . 8973 4097 |  +097
, l pom - 005 | 0264 8 2 367 | 1 0°264 { 9237 |  4124| +194
i :
. } e .
)
1 — BTt S —— —— - L — —
%_________,___————’“—‘,,,_——4—— (') The actual rato of run.otf will ba *40%5 inches.
' N
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APPENDIX IV.

B and-sizs of Channels to sui 271
weiry and cut-off ot ¥ and 10°59 flood.

i

Loxgrre.

DINAL 8LOTE

fevel in sicimps,

1k runsofl with 3 depth orer

. iRequired. CF SURFACE. ' U oCalen. ol
l(EBT;;::; dis- L“':f)l of ——————— Depth Bed ‘ Iated Taral m“”“ Rusnlt. o, .
\ charga, . Sutface, T ‘ pth. Width,  dis. Length, surfyce “NY‘:-'(- it bt .J‘-‘- - d
Por pr i charge, | fail, - puthee HET bedieel,
Y er | i .
Lo wle, / i ! ;
—_— | i
| i T ——— e T e B
1 5 | a . I ! .
¢ = ; 3 : Y 3 i ;
i L6 7 ‘ 8 , ) LU F N B 1
—_— SR N N
Diversic f | ’ FoboFe | ’ ; —
iversicn w |osus } 300 | 020 ' 193¢ oo D s l s 1 ggu fl e -
! i | > 208 . :
o ; { ! | l i { (, 3,0 -~
5,15 ! 005 L ogogy |10 240 5,100 X ! " N
o }; L4 ! " i v ¢ n " 2 51”9/'}, 4 o 3:";{ :Hbg : -’uu
! Y s ‘ : i ! i T
20 Berd, ) 5113 . 00 0 o 2w 5,020 5 1 or, -
— i Rl LI S vest {0 A
0 Bezdal ) } " . ) 11 }[ oy ‘ .00 i ' o
. 4 . 31 1 gexe = , 1020 . ey g .
6 st .. 4 01 s { . I over U 33 | e § G
, 2 130 4511} .
4 Usti . ! f ; Gl gy oer,
5 Na.nan Ty 2,843 1639 w10 00528 11 ) ‘ 2,700 0," 4432 f! B0 g g P
5 Coi ; ( | [ O )
16 Sangrawpur ::}; BB eas L o0ws | ozes 10 55 1,168 2} o-coo‘{ coon | Co e
16 ' (’ YRS} ‘ - — uoag
25 } 1.003 0°C5 | 0204 , 10 50 1,062 4 1-05.;{‘ P 204
4 . L - ~ 1'umk
1¢ L . ! | -
17 )' T2 “ 063 0264 | 9 40 700 ! o ’ oo f “:"-,'. R SR
1 Sy 515 . { ! | f ] “ Yok Do tly
1 } 5 G503 § o ‘ s g 541 | 1 ! 0336 ! g I - | et o
11 : i l ; ’ | ¢ I R R
o < N he , o
12 } 4 j e oy ‘ 81 8 50 1 o':m‘J Ol R T S
,\ J { - i l kLI + 1 ~ 124
B ) | i : , \
19 5 I [ ’ I 39 . ; ¢ -
] ! -t
1 g S TOWY L 010 | o ’ § 25 08 | e e 1 ewe |- o - 1ees
| i | 37168 | :
e b : i i | t] loL2x i + 2luy 4 2
(') The actual rate of run-off will be *609 inches.

Statement showing levels and g,

APPENDIX V.

305 of inland channels, suited to run-off or }",

|

I Losgrrepr. | °
i FaL sLOPR ’

: . {  oF BED,

CHANYRL Re%ul:ed Levelof '~ "7t |
IRTTERED, | charge, | Surface. | .. Depth
1 . H g

Il | j‘ Per E{::.I‘t )
. ’ ! L% il !
[

LS Y

7 00

- 2 , 3 ;
' -
'::}ﬂ, H ovsw
...3* o
gt >3 -,
|
i

oS OO o

-
€ o

—
e

14

12
11

)

2

£ iz

5
}‘ L 6904
)] s'
:I" B e
|
i
::;‘ 153‘? +4°00

Calen.
I Bed lated
L wadth, disa

( charga.

Ft. i Pt
0°264 7 40 435
|
over
0% | 5 12 8
E
LT [ 32 AN
I [ ‘
: !
026y -; 20 176
i
o
[IRLVR 6 30 231
S
;
52234 } ¢ 20 176
! |
264 5 l“ 1% ' W
07204 [ I 12 L
L0284 5 1) 7
323 5 23 i 221 ;

Length.

<

]

Total
surface
full,

1083

{
1320 ;
{

|
{

|

Resultinu'Reanl(mx B8ilected v

surfuee |

het Yoo
level. |

level, f" level,
|
i

'
1

REMARA™.

6 400 ' -06v . _ggg
7720 | 40 329 L toTe
o304 ‘ + 3404 I 49200
772 i +22 | gan
T 41Ty ' +1°72
BOIZ 42512 g !
i i |
szl osene | g
9-54:si +3'563 +299 zCnnn(-t'(anthunnrl-
|
6400 1 400 4004
628 +0yey + 00y .
t
Griny + 0112y ! 41000 ¢
877G L 3 TH 4 1w
{ .
+1°004 +2°00 ‘)Smf;, ©oat fr)+ e
! slepe 11 miles st Bod
i i romils, fall 17904
hade 32y ey } 1
+ N
+ 10 I
7969 +2 42000 !
+1350 420
7°102 +3 1Y +89u |
4
+ 400 =100 ' 0 I
+ 7164 | + 210y : +8°1s ¢
———— ‘_,“"' [ - . N
RS

Statement showing

APPENDIX VI.

dimensions and cost of channels as designed.
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i |
S ; - | BEp WIDTH. , Mean Per MILE. ] Total |
BRD LEVEL. Mean Mean CTORS Length, _€ost Rexangs
| i level of | depth of sgchon Quantity| Rate - of Mr}zh' ; o,
S EL, ground | excova. i L|.orexca- | of exca- | per | Cost. work,
N i At tail, ; At head.| Mean, | or khal, | tion. {Attail. | At head, { Mean vation, | O X8 L.
]
! i
’ 5 16
! T ! 5 } 6 ‘ 7 ’ ] | 9 10 ( 1 12 13 ‘ 1t { 15 .
2
1 2 l !
i Ft Ft. Ft. Cit. | Rs.| R& | Miles, R, | Rs.
! . ; 5,000 6 | 84,336 s1 2 48 Diversion ... 52745
) ; 0 —700 —700 | 41100 18°00 | 130 13 130 2,604 14,060,0(}0{ 2 |
e | | 230 w66 | smmooo] s | 4% il eow
. - 62 075 | 240 200 2 877, 3 Ncreek 1o
o-0: ‘ e - " o o i Bendal ., B3.33%
* 600 650 4700 2:50 ' 200 200 200 506 | 2.672,0000 5 | 13,360 3L 48700
! — 700 -G -85 - . |
¢ —20 Bendal 7 ’ } ‘ V
‘ : 7 5 | 48,60 33 | 1,84,420 | Creek, Bendu!
! ) —500 | =50 4500 1050 | 200 130 165 1,841 9"21'000“ B 860 ' ’ toUsti .., 1,654,450
40 (Bendal) to  —€00 ! |
5 (Usti). l o
100 =230, 4700 0501 60 ) 60 850 | 4,488,000, 5 | 22,440 611 145,550 |
¢ (Tsti) 1o 4\ —400 ] I i
( Nainan). , . "
w . 4o | 65 5 53 759 | 4,007,500, 5 | 20,039 21| 59,008 |
Nazra l -300 —~2:34 =247 +8°75 11742 j .'
—168 Naz L
4 khal, | ‘ , . 5 50 538 | 2,840,600 5 | 14,203 " 56,612
| —o3p ! —18! —181| 4730 g1y 50 50 i ‘ ; o
o ‘ . | 02 7°00 2| 40 10 40 299 | 1,757.000] 5 | 8056 5 17,37 |
18=~17 e +02¢ —002 + . o ' \ s 00 : s
i i 95 .- 75 | 3 213 | 1,124,700 40 } i
13 0 4068 40T 4080 +575 495 375 37 ‘ : o '
7= : ’ . . 4 | 8,208 3,2
Cogoar H124 } +110 ] +500 390, 35 35 35 156 324.000,* o | n3ee !
B2 l } ! 400 35400 500 30 3y 30 175 924,000, 4 3,698 2 7,392
. B + ¢ . 5 | -
13—10 4’ #0000 | :
APPENDIX VIL
; ; 1 3 . designed.
Statenent showing dimensions and cost of channels as desig -
- P {1LE, 1 ~
5£D LEVEL BeEp WIDTH, Aean PER M | ot
i den | tion costof | pyyangs
T 13‘52?2( depth section g uantity | pate Length. ooty 2 .
: a - of er | Cost. work, I
CHAYNEL. ground | yona. il |, At | Mean. oxeava-| oy . p ‘
At tail. | At head.| Mean. | or khal. /“"pi0." (At tail. | poad. Gon. | © rava 1.000, , |
- is
' L 5 6 ‘ 7 ‘ 8 ’ 9 l 10 ' 1 I 12 s 13 ] 14 { 15 i
o 3 T B - -
NN Tls e
— f T Re
)’ - C. t. Re.| Rs. | ’ Rs. .
26 5 21,330
| 72 * +0°06 +500 404 40 32 36 22‘; l,égg,ggg ".4 4,§<5)<13 ; & | P
4-7 2'3-f3 ig:m [0 +500 ;5:(1)2 él) % ‘11(2: ol ezl 1‘92:; ,‘ 2 3,:{; !
Tl HE IR fR) e B0 B OBL S Em) o 1) 8
~8 +2m 2400 | ; ‘. -0 w0 39 5 924,000 5 9 7 Lo
A | ) i Hwo) BB BDW R LG
1069 +1°00 o.on | e +5°00 300 14 ; ; S gt il 7160
12-14 :?,3'6 :;:{3 ; té% +£'00 3100 }‘2) ]16 %(Z) 5(5) f’}gfwo . },921 ’ :§ y ‘)!13,{‘93 o5.120
2ol S | 42001 200 | 4875 B0 0 5| 15| 167 | 881760 627 6 | 21162 :
-1 1 : 055 : : -
Z1os ) 4213 4+
5-1
T




«E’
]

1\

\ @;L)

APPENDIX vy -
APPENDIX IX,

The Sgures in the body of the table are values of F, where
Y Niaal Yy — D¢
_2(1—-—;)(“‘:2?) ¢ x).

oy

and g=Fry/2gb Dr

P/
cannot exceed P In case the actual value of y exceeds D, deduct the quantity (y~D) from the actual values of

Nore.— Y.
BOOQ“ e both rand g, and ase these reduced values for reference in the table.
! T T e e L — 1 0 -
,' , ' o I Da= | 01 05} 1 ; 2 ; 3 | 4 I 5 ] 6 [ 7 l ‘8 I 9 ! 95 [ 99 l 100
! 1 ¢ ' ' ;
! i " . ' ’ l |
! i px 0 23] ‘9748 | 0482 ' 0207 . 8921 | BC19 | 8300 [ 7958 | 7588 | ‘7173 | c939 8667
' i [ 01 995 o o . e or e
. | ' 05 e P B, e
! . ) . 1 ‘9487 | ‘0353 ‘l ‘9121 ; 5836 | 8567 | 8267 | 7822 | 7561 V145 ] 6912 ‘6641
l i
| ’ .
{ . . . . 2044 B0 C8E52 | 8405 | €121 | 7805 | 74h4 | 7054 | 826 *8559
$000 ! § R . ‘8367 ¢ 'B290 | 8115 {7880 | 7398 | 7273 [ '68u3 [ “U6T4 *B414
! W e we ] CTT46 | 07678 | c7I7 | (72871 (7000 | 6631 | ‘G444 *6197
; 5 o e .o : 6L (7010 | -G53 | ‘eeer | 6313 6124 *5893
' I : ; !
' -8 } ,' - . ‘6325 | 62651 6106 | 6856 | 5601 5481
' -7 . ; ‘ - . 5477 | 5417 | 5243 [ 5111 44999
8 o o M7y [ Mt | 4316 4174
' -9 - . l ” 3162 | 3139 ‘3067 -
t
95 | .. . ’ " 2236 *2199
. . . . 1000 0997
99 I - | ! N I w e
-

. 3000
; i
! T
] : l
: ' :
H
: . 5
e ! : : |
] : :
' ]
t i A T N |
; ! i : e
: : ; X ) A
1 ) ' ‘ '
e ‘ | : |
N l. : " : ;
N ! ] ' ; :
]
. 11
9 1000} __ ' : . .
' ' . I '
[] ' ' i o
] ! ; ' .
P ; ! i :
[} . o ‘
1 ' :
g ! E f
: ! = ’
‘ '
i

4

*



X.

APPENDIX.

o discharges/y ,

-~

ping cor/w.s'/oondz'ny values

R

-

and, tideu

2%

'
i

£
..

Y,

.

ey /wuy/zt«s

i
5

4
2}

P T

1.

©

t
*
~
v

'
[
1
B ittt s

|

’

'

’

’

'
k-

A [

+
'
|
i
i
! .
e v e am e o= ‘

[ B
' ¢
)
[}
¢
L}
f
'

|
l ! 1 | M
; \ < _ 2
; _ . . W. — 6
: nm N ' .
.. : L PRI RIS AP |, -
e R V#._ L Rt SorR et geg 4_..-...-.- _ 0 W
. " , . _ |
N __ “ ! ! { \ )
_ ! . ' | \
' 1)
) b . : ..
] n , : —
. — ' . _ A ..
1} 1 . — -n : .
[}
\ _ | .. \ u : :
L & B A SRRkt S -~ i
Y
o I .. : ! “
.. i / | K ;
1 i . ] |
: ' ! ! ; ! P
] )
) - .. [ ' Py .. : .
’ N [} .. ] N
] - ’ v :
' H f I . ! .
[ . ' [ 1 —.- lnll%\lll I ) .
;T § [ S ;
1 | ¢ ' “ ; i |
... I i .. ; : ! .
) i ! ; .. .
: ' | . . ; |
: ! | j ; i
H ! ) ; _~ :
' | 1 | ] ;
’ ’ |
Tttt R S S Se eSeR SRR L B R R o
o O = o S : .
S A 3 S S o S 4
© © M Asd nN =



; - o INDEX PLAN
\ OF

MAGRAHAT DRAINAGE SCHEME

"

SCALC.'}: - ] MILE .

LGk

. HOO AT Q 0taMOND HARBOUA §
RN V) ,
A N\
g <J-< [}
, AN OUIFM.L)',f HARAH SLUICE
PAROPOSED M_ ; ] TMIGHATA RILUICE "
; £ AML LOCK AN -
SLUICE N R, '
\ A NAL UAN SLWLICE
PN
° \ » KANTIBERIAH BLUICE

pr




APPENDIX.

X.

Ov\

X.—ENQUIRIES INTO DRAINAGE SCHEMES.

‘I will, in conclusion, indicate briefly the main points which have to be
enquired into when.investigating schemes for flood-drainage. The nature
ang scope of the works will, of course, depend on the object to be attained,
and it will be necessary to enquire what their object is, and what isthe
nature of the damage it is intended to remedy or prevent. If the object is

" to avert damage to standing crops during the rainy season, the works

must be of sufficient capacity to carry off the rainfall in sufficient time
to. prevent the crop from being destroyed. It must be remembered that

" rice will, as a rule, bear being submerged for seven days without being

killed. A certain amount of water, too, is held up by field-ridges, &e.,
and some is absorbed, so that it is not necessary to provide for carrying off
the whole rainfall at the same rate-that it falls. The usual allowance in
Lower Bengal is to provide for a run-off of £ inch in 24 hours, over the .
whole of the catchment area. Do not make the mistake of “calculating

our run-off over only the low-lying part, which forms the swamp proper.
If, on the other hand, the object is to reclaim land, not by draining it during
the flood-season, but by drying it after the rains are over, so as to enable
cold-weather crops or “doro” dhan to be sown, you will have to enquire
from the cultivators by what date they require the land to be dried, and you .
will have to calculate the time in which your channels will achieve this object
in the way I have indicated to you. _ )

As regards the observations to be made, the whole locality should be
carefully examined, so as to determine the general extent of flooding, the
sources whence the water comes from, and the best direction in which to drain
it off. The general direction of the slope of the laiid (if there is any slope)
and the lotality and direction of flow of the natural drainage channels (if
such exist) should be determined. Having determined the direction in which
the drainage should be conducted, the capacity of the outfall is of the first
importance. If it is a river, its capacity should be ascertained by velocity
observations, so as to determine whether it will be able to carry off the éxtra
volume it is proposed to throw into it, If the outfall is t1da1,. a. gauge should
be erected, and tidal observations taken over as long a period as practicable
during the time of year that drainage will be in - progress, Even if the outfall

1is of sufficient capacity, its liability to silt up and thereby become useless must

be most carefully considered. In case there are any rivers or streams coming
into the area to be drained, the amount of water they bring in must be carefully

. determined by observations extending over the time of year that the drainage

will have to be carried out: The respective levels of the outfall and of the area
to be drained are absolutely essential, and must be very carefully ascertained.
Lines of flying levels should be run across the area to be drained, to determine
the general level, and the level of the lowest part. These lines should be
sufficiently numerous, if practicable, to determine the area of the flooded
tract at various levels, from full flood level down to the lowest level. It will

' pot, as a rule, be possible to run complete contours, at any rate for a preli-

minary estimate, but in a finished scheme it may be necessary to do 50, not
only to determine thé area but also for purposes of assessing the cost un the
cultivators of Jands situated at different levels ; the low-level lands receiving, of
course, mwore benefit from-4he scheme than. the fields at higher levels, The
area of the whole catchment area must also be ascertained. The existing
flood-levels must be carefully determined, though they may, of course, be
somewhat sltered by the operation of t}le dyainage works, when constructed,
and you will have to take into consideration, in making your calculations, the
effect which the drainage works will probably have on the flood-levels.

" B. S. I'rers—902J=5600~16.9.1906—C, A. P.
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