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4 LECTURES,

Dr. Simpson, the late Health Officer of Caloutta, informed me that this
was having a very material effect on the fever death-rate of that
notoriously sickly suburban area; it remains to be seen whether the
system of sewers which the Corporation of Calcutta are now construct-
ing in that quarter will have a still further beneficial effect; personally
1 have very little doubt that it will. I have therefore given drainage the
second place on the little list of subjects with which I propose to deal
in these lectures. Now as regards the third item, Conservancy : in rural
areas and small villages the ewereta of the population are voided on
the open fields surrounding the areas and villages, and are disposed of in
a per?ectly natural and innocuous manner; but in areas and towns which
a good and pure water-supply and efficient drainage have rendered
attractive as places of residence or trade, this system is not possible, and
g0 we have to arrange for the removal of the waste matters of the
inhabitants as soon as possible after they are produced, and we have to
devise means for their destruction or conversion into innocucus forms.
We can mow picture to ourselves a town in which the water-supply
is wholesoma, tﬁm drainage good and the conservancy arrangements
efficient, but you will at once see that although we have made all these
arrangements for the welfare of the inhabitants our model town is
not likely to prove attractive as a place of residence oras a business
centre unless there are roads which are kept in & good state of repair,
and these form the subject of the fourth item on my list.

It must not be supposed that the four subjects that I have given
above constitute the whole work of a municipal engineer; they are the
four most important subjects, and did time permit, I should have some
remarks to make on the other subjeets included in Municipal accounts
under the head of Public Iealth and Convenience, namely :—

(7) Hospitals and dispensaries.
(#) Markets and slanghter-houses.
(¢) Pounds.

(d) Dik bungalows and serais.

(¢) Arboriculture.

But you will find all these subjects very fully dealt within that
excollent Manual by Mr. J. A. Jones, the SBanitary Engineer to the
Madras Government, on Hygiene, Sanitation and Sanitary Engineering
with special reference to Indian conditions. As far as I know, it is the
only work of its kind that has been published within recent years ; and
although it has been written rather with reference to the conditions
that prevail in the Madras Presidenoy, still there is much information
in it which is applicable to other parts of India. You should also study
very carefully the lectures on Hygiene which Major H, J. Dyson,
1.M.8., ¥.R.C.8, delivered at this College last year.

And now having pointed out to you how really useful a know-
ledge of sanitary and municipal engineering can be to all classes of
engineers, and what benefits can be conferred on the community at
large by putting this knowledge iuto practice on every possible ocea-
gion, I will now proceed fo take up the different branches of these
loctures in the order that I have already given,
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WATER-SUPI'LY.

WATER-SUPPLY.

TaE Sources oF WATER.

The rainfall is the source of all water-supplies, but it is not called
rain-water in connection with water-supply unless it is collected from
roofs or other artificially-prepared surfaces. The rain which falla upon
rocky mountains that are either bare or have but scant vegetation
when collected is ealled ‘‘upland surface water;” that which runs off
fields and cultivated lands is called * surface water from cultivated
ground ;" that which soaks thmug’;h the surface soil into a pervious
subsoil is known as “subsoil water ;" whilst that which travels through
a pervious stratum which underlies an impervious stratum, so that it can
only he reached by boring through the latter, is called * subterranean
* or deep-well water.” Where an impervious stratum comes to the sur-
face and throws out the subsoil water from the pervious stratum above
it, & *land spring  is formed, whilst subterranean water thrown to the
surface in any way forms a ‘““deep spring.” The water in streams
may be derived from any one or more of these sources; but river water
is usually a mixture of all. Speaking generally, deep springs yield the
purest waters and rivers the most impure unless they are of large
volume such as we get in this country. The different classes of
water that I have mentioned may generally be arranged in order of
purity as follows :—

1) Deep-spring water.

EE; Buhfi'rr?:lnegn or deep-well water.

(3) Upland surface water. :

(4) Subsoil water (if distant from any collection of houses).
(5) Land springs.

(6) River water.

(7) Burface water from cultivated ground.

(8) Subsoil water under villages and towns.

In England the above order has to be slightly altered, and river
water is put after surface water from cultivated ground, the reason of
this being that the rivers in this country are enormously large compared
to those in England, and consequently they are more easily capable
of purifying any sewage that may be discharged into them, and,
further, the quantities of sewage and waste matters per mile of course
that are discharged into Indian rivers are comparatively trifling to what
they are in England.

As far as possible I have adhered to the classification of waters
that obtains in England, because, should you care fo pursue the study
of water-supplies further, you will have to consult the text-books
E'uhliaha-rl in England, and if I explain this classification as far as

can with reference to waters in India, you will more readily under-
stand the subject.

You are of course aware that rainfall is the result of evaporation by
the beat of the sun from that portion of the earth that is covered with
water, which amounts to something like 145,000,000 square miles.
It is not a quantity that will probably enter into your caleulations,
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but incidentally I would mention that it is estimated that 186,240 eubie
miles of water are annually raised from the surface of the globe in
the form of vapour, chiefly from the tropical sens. The evaporation
over the surface of the ocean is so great that were it not restored, it
would depress its level about & feet annually. Another estimate is
that * about 7,000 lbs. weight of water are evaporated every minute,
on an average throughout the year from each square mile of ocean.”
These are large quantities, and it might naturally be supposed that
there should be ample water for everybody in all paris of the world,
but we only have to open a book on meteorology to find that there
are many thousands of square miles on the face of the earth in which
water is practically unknown; in this eountry we have all heard of
the ¢ Sands of Scinde,” a tract where the rainfall is practically =il
Then at Aden, which is on the sea-coast, rainfall is an event that only
ocenrs once in four or five years; and then no doubt you bave heard of
the great waterless plains of Australia, in attempting to cross which
so many travellers have simply died of thirst. The great desert of
Sahara in Africa and the rainless region in the United States of
America are other examples of the unequal distribution of rainfall
over the globe. Dut the reasons for this do not come within the gcope
of these lectures; we have only got to deal with the quality and
quantity of water as we find if in the situations I have mentioned.
Deep-spring water I have defined as subterranean water thrown
to the surface in any way, whereas a ‘‘land spring ” is the subsoil water
that is thrown out of the ground at points where an im ervious stratum
comes to the surface. You will naturally ask how is subterranean water
to be distinguished from subsoil water, and my answer is that unless you
know the geological structure of the country and can ascertain the
probable course of the water from its collecting ground on whici it fell
as rain, you must depend on the temperature of the issuing water, for
the temperature of the earth increases on an average 1° F. for every 60
foot below the surface. At grest depths water probably meets with
carbonic acid gas under pressure, which it abgorbs, and this combined
with the elevated temperature increases greatly the solvent powers of the
water which possibly explains the greater richness of these springs in
mineral constituents. The only deep springs in these provinces with
which T am personally acquainted are the celebrated Sitakund springs
near Monghyr; here the water comes bubbling up through the rocky
bottom of the tank and is go hot that it is only just bearable to the hand.
During & visit I paid in October 1897 I took the opportunity of
roughly gauging the overflow from the tank, and found that it amounted
to 14,000 gallons per heur, or 061 cubic foot per second. The water
from this and neighbouring springs has the reputation of great purity
and wholesomeness, and in old days it was carried down the Ganges in
boats for the supply of shipping in the Hooghly ; and for many years
past it has been used by Messrs. Kellner & Co. for the manufacture
of soda water. I find from Hunter’s Gazetteer that there are numerous
other springs of this sort to be found practically all over Indin—in
Karachi on the west, in Burma on tEe east, and in Kashmir in
the north, while nearer at home they are to be found in the Patna,
Singhbhum and Birbhum districts and the Sonthal Parganas.
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The next in the list is ¢ sublerrancan or deep-well water.” Hoere,
again, a knowledge of the geological structure of the country is rau.].l;,r
negessary to determine whether a certain well is a * deep” or “shallow ™
one. The term * deep’ in reference to wells is somewhat ambiguous,
gince different writers attribute to it different meanings. By some, any
well over 50 feet in depthis called *deep” whatever the character of the
stratum in which it is sunk or the strata through which it passes. By
others, the term is used without any reference to actual depth, but
to imply that the well is sunk through some impervious stratum into
a water-bearing formation lying beneath. But we need not trouble
about the definition that may be given to this class of wells in other
countries because there can be no such thing as a deep wellin the
alluvial plains that form the greater portion of these provinces. Land
that has been built up from the wash-down of rivers like the Ganges,
the Brahmaputra, or the Mahanadi, is of such a heterogeneous character
that a true deep well is an impossibility ; there is absolutely mno
uniformity about these deposits, for you may make a boring 50 or 60
feet deep in one spot and never come across a drop of water, whereas if
you make a second boring a hundred feet or so away you will come
across water a few feet below the surface and in comparatively large
quantities; this has been proved time after time in sinking what are
known as tube wells, which I shall describe later on.

In the valleys of the Himalayas or the hills of Chota Nagpur and
Aszam it is possible that true deep wells might be constructed, but there
again they would rather partake of the nature of Artesian wells. Bome
writers state that deep wells passing throngh impervious into pervious
and water-bearing strata are best designated as Artesian, but, on the
other hand, this name is generally reserved for those deep wells from
which water actnally overflows. In my opinion the question of the
area of the impervious stratum must always be taken into consideration
in deciding whether a well is *“ deep”’ or “shallow”; 1if, for instance,

ou have an area of some 15 or 20 square miles of clay some &
or 10 feet thick overlying a pervious stratum of sand and a well is
gunk in the middle of this area, it is more than probable that the water
obtained from the well will be of very great purity provided that the
collecting ground, that is, the outerop n% the sandy stratum on the
edges of the clay, is free of all chances of pollution. Iowever, this
is a state of affairs that you are never likely to meet in the plains of
thesa provinces.

I have referred to Artesian wells as being likely to be found, or being

ossible of construction, in the hilly districts of Chota Nagpur, the

imalayas and Assam. The theory of the supply to these wells
is this—Suppose we have a permeable stratum descending from
the sides or top of a range of hills down into the valley and probably
up the hills on the other side of the valley; and suppose that this
permeable stratum is eovered by an impervious stratum; then if we
gink a well in the valley through the impervious stratum into the per-
vious stratum, the water will rise up through the well considerably
above the level of the bottom of the impervious stratum—in fact it may
overflow from the mouth of the well. In temperate climates, where the
rainfall is spread over the whole year, the level of waterin these wells
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and the discharge from them will be fairly eontinuous the whole year;
but in this country, where the rainfall is confined to three or four months
of the year,the discharge must vary considerably ; during the rains it will
be large, but will gradually decrease from the close of one rainy season
until the commencement of the next. The waters from deep weils,
which as you see include Axtesian wells, have been given a high place
in the scale of purity, but they are not always fit for potable purposes
because they may hold mineral matters in solution which may render
them not only unpalatable, but even dangerous to health.

% [pland surface water” is water that is eollected from rocky moun-
tains which are bare or have but scant vegetation, and mountains and
hills that are not only bare of vegetation, but also of dwellings, and this
is a most important point. This is a condition of things which is not met
with in Bengal, for all the hills are covered with very thick jungle, or if
they are not, they are inhabited and cultivated. Iven the water flow-
ing from the inhospitable, gparsely-populated, rocky mountains across
the North-West Frontier is of a very dangerous character, as has
been proved by the very large number of cases of enterie fever that
occurred amongst the tmnEﬂ during the recent expedition against the
Afridis. I am rather doubtful whether I ought to have included this
class of water in my list, but my reason for doing o is to impress upon
you the necessity of having collecting grounds free from habitations
and vegetation if a very pure natural water is wanted.

We now come to subsoil water in wells that are distani from any
colleotion of houses. 1In this definition the word ¢ distant” may, I con-
sider, be understood to mean nothing under 14 to 2 miles. This is the
gource of supply of water to hundreds and thousands of wells that
are sunk by District Boards along roads in this country. Fortunately
little or no manureis used in cultivation in India: even that which
is used consists of cow-dung ashes, and so contains no matter liable to

utrefaction, and any disease germs that may have originally been
in the cow-dung will have been destroyed in the process of burning.
The water as it flows into wells of t{\ia class should be of a high
standrad of purity because it has passed through a large natural filter,
but it is linble to pollution from dirty lotaks being dipped into it, but
this subject of outside pollution will be dealt with later on.

FLand springs are found where an impervious stratum comes fo the
surface and throws out the water which has passed through the pervious
stratum lying aboveit. Coneequently great care mnst be faken to
see that the collecting ground is not liable to pollution., This source
of water-supply is mostly met with in the Himalayas and the hills of
(Chota Nagpar and Assam. As long asthe collecting ground is above
suspicion, the water obtained from this source must be of a very high
standard of purity, but it is a source which should only be br %ﬂ;
into nse after a most careful examination of the collecting uugléghy
experts in hygiene and sanitary engineering. A portion, and I am glad
to say a very small portion, of the water-supply of a well-known
hill station is derived from some small land springs and the wateris
discharged into the distribution pipes without filtration. Now the
collecting ground for these springs is largely used for grazing, and a
ponsiderable quantity of the droppings from the cattle must be washed
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into the springs, especially when rain falls after a long period of dry
weather which has caused small cracks possibly to open in the soil;
then there is a much-frequented public road passing right through the
collecting ground, and the droppings of horses, dogs and cattle
passing along the road are liable to be washed into the springs ; lastly,
there 1s a public latrine on the collecting avea. In spite of all the
chemical and baecteriological analyses that may be produced to ghow
that the water from these springs is wholesome, I have no hesitation in
condemning it as an unsuitable, and further as an absolutely dangerous
source of supply for drinking water.

In all hilly tracts and mountainous regions the only sources
of water are land-springs during the dry weather, and land-springs
mixed with surface water during the rainy season. If the collecting
grounds of these springs are reserved forests, as they are in Darjeeling,
the wal:Er-sup]]ajly will be very much purer during the dry season
than during the rainy, for during the latter season the water must
necessarily contain a large amount of decaying vegetable matter hoth
in solution and in suspension; in fact, I have heard the water which
is supplied to Darjeeling described as “a strong infusion of jungle
tea.” It is quite probable, though, that slow filtration of this water
through sand wuullzlr yield a water of a very high standard of purity.
If any one of you during his career is called on to devise a means
of supplying water from a source such as I have just now described,
above all things bear in mind the question of the possible pollution,
not only of the collecting ground of the spring, but also of the stream
formed by the spring along its course; it is of vital importance.
Upon this point only depends whether you will have a fairly pure
supply of water or an absolutely impure supply of the worst class,
A terrible example of the result of supplying water from Bprings
liable to pollution occurred towards the end of the year 1897 in the
town of Maidstone in England. The following description of the
springs is taken from the Local Government Board Report :—

“The Farleigh Ragstone Springs—These lie to the south-west
of the town, rise from the subsoil skirting the two banks of the
Medway, and include the following :—

Gallons per weels,

Ewell spring o 1,540,000
T utsham-in-Orchard it - 105,000
Tutsham-in-Field ik i 35,000
Big Church, South-Eastern Railway ... 105,000
Other South-Eastern Railway springs ... 1,050,000

Total v 5,080,000

“All the springs are derived from more or less shallow Sources
in the Hythe beds of the lower greensand, known locally as ‘ragstone,’
which is very liable to be fissured. The springs are not protected
n any way, and the gathering grounds of some of them are eovered
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with heavily manured hop or fruit-gardens, on which many persons
are at certain seasons employed. The water is collected by open-
jointed underground field-pipes, the situations of some of which are
not acourately known, and is conveyed to bricked catchpits with iron
covers, which are beneath or a little above the ground level.”

TLo state of affairs which an inspection of the above springs
disclosed is thus described :—

« At the Iiwell eprings he (the Deputy Medical Officer) found two
rabbits in one of the catchpits, and hnman feoces mear the cover of
two of them. About 50 yards from the Tutsham-in-Orchard spring
was a privy in a disgraceful condition, 8 large deposit of feeces
decomposing and flooding the ground with its constituents. The
catchpit of the Tutshem-in-Field spring was about 50 yards from a
ghed occupied by hop-pickers from Aupgust the 26th to September
13th, and close to a hedge separating the field from a hop-garden,
under which the open-jointed field-drain feeding the catchpit ran for
come distance. In the field, and especially near the hedge, were many
deposits of human excrement. On September 21st Dr. Washbourn
caw focal matter in dangerous proximity to the Bouth-Eastern
(including Big Church) springs.”’

In this epidemic there were no less than 1,908 cases of typhoid
fover reported between the lst September and the 20th January, or
on an average of 13 cases a day; in the 25 days between the 10th
September and 4th October there were 1o less than 1,270 cases, or
an average of nearly 91 cases per day. Epidemics of this sort oceur
nearly every year somewhere or other, but they seem to have but little
offect in causing the local authorities of non-infected places to put
their houses in order; nothing is done until disaster overtakes them.

The nest lowest water in the scale of purity that I have given
you is that derived from rivers. 1 have pointed out that the water
5f rivers in this country is probably not quite so impure as of those
in Turopean countries, principally by reason of the greater volume
of the former. As far ns possible the discharge into rivers of the night-
coil and liquid wastes of towns in this country is prevented, but in
spite of every care large quantities of polluting matter must find its
way into the rivers; and although the volume of water is generally very
large, still under mo circumstances could I approve of river water
being used as drinking water unless it had been carefully filtered.
As far as I am aware, Caleutta is the only town, on this side of India
at any rate, which has an unfiltered and filtered water-supply of water
derived from a river, but cases of cholera have been traced to the use
of unfiltered water laid on to private houses for washing carriages, ete.,
and the Corporation have within the past year or two replaced unfiltered
water at the bathing-platforms by filtered water, 8o as to prevent, as
far as possible, the users of the platforms taking cholera germs into
their systems. If for pecuniary remsons it is mecessary to supply
anfiltered water to a town for road-watering, flushing drains, sewers,
gto,, the greatest possible precautions must be observed to prevent
its being used for domestic purposes. In ench class of water that L
have brought to your notiee 1 have directed your atbention to ab least
one point which demands your careful enquiry and study before you
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can decide whether the water derived from that source would be a safe
water for potable purposes, and in the case of river water the point or
locality at which the water is abstracted from the river must be carefully
thought out. First and foremost, the intalke, as it is usually called by
water-works Enginm}rﬂ, must never be on the down stream side of the
town for which the water is required, neither should it be in the middle
of the river face of the town, although this is the most economical posi-
tion, the reason for these prohibitions being that it is not desirable to
have the surface drainage from the crowded parts of the town mixed with
the water that is to be afterwards drunk, Bpeaking generally, the slope
of the land is away from the river, that is to say, the highest land is to
be found on the banks of the river, but actually there is always a strip
or fringe of the river bank of varying widths, but never very wide, which
slopes towards the river, and it is the drainage of this portion of a town,
which is usually the most thickly populated, that has its outfall
in the river. Another reason why the intake should be above the
town is that the subsoil water under a town is always of a highly
polluted character, and the river is the natural outlet of snch subsoil
water ; you will rememler perhaps that subsoil water under villages
and towns occupies the lowest position as regards purity in the list
I have given you. Then, again, care must be taken to see that there
are no burning or bathing ghafs on the upstream side of the intake; or
that thare'sfra no ghats at whiﬁsi country buutfs aranalﬁawad to moor for

oses of taking in or discharging cargo, for all the waste products,
Jpnﬂuﬁgdin the nightsoil and urinﬁg of the Crews, are ﬁimplg,lr) thrown
overboard. It isan extremely difficult thing to disestablish ghats of
this character, which have perhaps been in use for generations, and so
the better plan is to try mlc{J place the intake of any water-supply on
their upstream side.

A very large quantity of the drinking and washing water of this
country is derived from exeavations and ponds that are known generically
as tanks, and the source of this water is mostly surfuce water from
eultivated areas, although more often than not the water comes from
semi-rural areas. The former source of supply is less dangerous than the
latter, but the rush of water from either area into tanks after a fall of
rain succeeding a prolonged period of dry and rainless weather is of a
very impure character, and this is one of the reasons that surface water
from cultivated and semi-rural areas is given such a low place in the
scale of purity. Amnother reason is that the surface water when collected
is so liable to contamination from bathing and the washing of clothes.
Surface water from cullivated areas is also obtainable from the drainage
channels with which the country is intersected; the main rivers flow
on the high lands, and, as I have pointed out before, the general slope
of the country is away from these rivers: consequently there must be
drainage channels at the bottoms of these slopes into which the surface
water eventually falls. The fields surrounding villages and on the
edges of big towns are used, as you are all aware, for purposes of
defmcation ; and although during the dry weather all this feecal matter
may be, and probably is, rendered innocuous by the combined action of
the sun and earth, still during the rainy season it must mnearly all be
washed off by the surface water into the nearest drainage channel ; the
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fcocal matter is deposited daily at all times of the year, and consequently
the surface water that flows off the land during the rains receives a
daily dose of sewage. I am bound to admit, however, that water is
purified to a certain extent both by sedimentation in tanks and by
flowing over the surface of land, buf at the same time water that has
recently been polluted by night-soil or sewage can never be saie for
drinking purposes. Drainage channels are therefore not desirable
sources of supply of drinking water. Not much choice is allowed in
the selection of the site of a tank, because as a rule they are constructed
for the convenience of the users, whether the tank bas to be nsed for
drinking purposes or only for irrigation, and, I am afraid, quality has
very often to give way to utility. Then again tanks are more often
than not made in order that the earth obtained from them may be
used for raising the level of the surroundiag ground, and so that
houses may be erected in comparatively dry situations. However, if any
choice is given you in the matter, you should endeavour to locate tanks
on the upstream side of the village when referred to subsoil water;
this will to a certain extent prevent the subgoil water from the village
getting into the tank. The direction of flow of the subsoil water can
generally be ascertained by obgerving by means of a level the heights
S bove datum of the water in wells or tanks in the vieinity of the site of
the proposed tank during the hours of least draunght on the well;
roughly speaking, the direction of flow is towards the nearest river
that is not merely a drainage channel. You should excavate the tank
to the very lowest level that you can get down to during the driess
season of the year ; this will ensure a greater proportion of compara-
tively pure subsoil water coming into the tank to dilute the impure
surface water. And finally, if funds are available, I would recommend
you to sink one or more wells, as deep as possible, in the bed of the
tank, which may bave the effect of creating a flow of subterranean or
deep-well water into the tank by reason of its higher temperature; buf,
in spite of all these precantions and expedients, I am afraid that suiface
water from cultivated areas as collected in tanks in Bengal must always
be of a very low standard of purity.

We have now reached the least pure of all the sources of supply,
namely subsoil water under towns and vidlages, and it 1s from this source,
I regret to say, that ab least three-quarters of the population of these
provinces obtain their drinking water. In villages pﬂrﬁapa the subsoil
sater which passes under them is not of guite as impure a character as
that which passes under towns, because in the former all fcecal matter
is voided over the surrounding fields, where the beneficient heat of the
sun, the fresh air, and the upper layers of the soil quickly render
it comparatively innocuous, and it is only the cooking water and
liquid wastes of a household which soak into the ground ; in towns,
however, the night-goil, urine and liquid wastes are more often than not
run into wells or cesspools excavated for the purpose in the court-
yards of houses, and these most objectionable matters are thus thrown
fito direct comtact with the subsoil water without having been
subjected to any purifying process whatever. I am fully aware that
in all municipal towns every endeavour is made by the Commissioners to
convey the night-soil and liquid wastes as far away as possible from the
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inhabited portions of the towns, but I regret to say that in many
cases much opposition is shown to these good endeavours by the inhabi-
tants themselves, and I do not think that I shall be exaggerating when
I say that in most towns only about one-half of the night-soil and one-
quarter of the liquid wastes are ever properly removed; the balance
must go somewhere, and it goes to pollute the subsoil water, The
germs of cholera and typhoid will lie dormant in the soil for Venrs ;
snd when once the soil has been infected with these germs, it is
hopeless to try aud get pure water from wells whose source of supply is
the subsoil water ; nothing short of the absolute removal of the town
would aceomplish so desirable an end, and this we know is beyond the
bounds of possibility, and so we must devote our energies {o mitigating
the evil as far as possible by not adding fuel to the flame ; that is to
say, we must endeavour by all the means in our power to stop the
further pollution of the subsoil water in town areas by elosing all these
cesspools, and providing means for purifying the liquid wastes and
removing them from the houses in carefully constructed surface drains.
The method of doing this will be dealt with in the section of these
lectures which deals with conservaney.

Tae Quariry or WATER.

So far we bave only discussed the various sources of water, but
before we can make use of the water we must make enquiries as to
its quality and quantity. The actual examination of a water as to
quality and suitability for potable purposes should always be carried
out by a medical officer, and his advice alone should bhe relied on,
Here in Bengal the matter may also be referred to the Sanitary Board,
which has as members the highest experts in hygiene and sanitary
engineering at the disposal of Government. But you may be ealled
upon to take samples of water for the medical officer fo analyse,
although as a rule 1t is more desirable that the person who makes the
examination should also take the samples, and instructions as to how
these samples should be taken will not, therefore, be out of place in
these lectures. The leading text-book on the theory and practice
of hygiene is that by Notter and Firth, and I thiok I cannot do better
than quote what is said on the subject of collection of samples by such
high authorities :—

“Great care must be taken that a fair sample of the water is collocted
in perfectly clean glass vessels (not in earthenware jars). Winchester
quarts, which hnlg abouf half a gallon, and can be obtained of most
chemists, are most convenient; they should be repeatedly washed out
with some of the water to be examined. In taking water from a
stream or lake the bottle ought to be plunged below the surface before
it is filled. In drawing from a pipe a portion ought to be allowed to
run away first, to get rid of any impurity in the pipe. In jndging
of a town-supply, samples should be obtained direct {rom the mains,
as well as from the houses. The bottle should be stoppered; a cork
should be avoided, except in great emergency, but if used it should be
quite new, well tied down, and sealed. No luting of any kind (such
as linseed meal and the like) should be used.”
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“Tor n complete sanitary inyestigation half a gallon is necessary,
but with a litre or a couple of pints a pretty good examination can be
made if more cannot be obtained. If a detailed mineral analysis is
required (which will only be seldom), a gallon ought to be provided. Ib
is always advisable to have a good supply in case of breakage or
accident ; two Winchester quarts of each sample will generally be found
sufficient. 'The examination ouglt to be undertaken immediately after
collection, if possible. If this cannot be done, then as short a time as
may be should be allowed to elapse, for changes in the most important
constituents take place with great rapidity. Pending examination it
ought to be kept in a dark cool place.”

And now we come to the most important part of the extract, to
which you must pay the greatest attention—

«he fullest information ought always to be furnished with the
gample, the following being the most important particulars:—

(a) Source of the water, viz., from tanks or cisterns, main or
house pipe, spring, river, stream, lake or well.

(b) Position of source, strata so far as they are known.

(¢) If a well, depth, diameter, strata through which sunk,
whether imperviously steined in the upper part, and how
far down. Total depth of well and depth of water to be
both given. I1f the well be open, furnished with cover, or
with a pump attached.

(d) Possibility of impurities reaching the water; distance of well
from cesspools, drains, middens, manure heaps, stables,
etc., if drains or sewers discharge into streams or lakes;
proximity of cultivated land.

(¢) If a surfnce-water or rain-water, nature of collecting surface
and conditions of storage.

(/) Meteorological conditions with reference to recent drought
or excessive rainfall,

(g) A statement of the existence of any disease supposed to be
connected with the water-supply, or any other special
reason for requiring analysis.

Any further information that can be obtained will always be useful.
Each bottle should also be distinetly labelled, so as to correspond with
the official letter or invoice.

When it is possible, it is most desirable that the medical officer or
analyst should visit the locality itself whence the water is obtained ; in
this way he may obtain information which might otherwise escape him.
Tf the analysis can be made immediately on the spot, it will ke all
the more valuable.”

You cannot be too careful or too accurate in describing to the hest of
your ability the sources of supply of any samples that you may be called
upon to collect, because water that is collected from a polluted area or
one that is linble to contamination must always be classed as dangerous,
even although analyses, both chemical and biological, may show that the
sample is one of potable water. You will remember my description of
the collecting ground of some springs in a hill station, how it was used
for grazing, and bad a much-used public road passing through it, and
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that, worst of all, there was a publie latrine on it; the Municipal
Commissioners forwarded a sample of the water issuing from this
spring to the Chemical Examiner, but it was not accompanied by a
description of the collecting ground. The analysis showed that the
water contained in the sample was potable; but, gentlemen, the analysis
of one sample of a water collected from an area that is manifestly liable
to pollution proves nothing, and is not worth the paper that it is written
on; all that the analysis in such a case would prove would be that the
particular eample was potable and not the whole water-supply. An
analysis of a sample of water such as I have described is not only useless,
but 1t is worse than useless, because it leads people who donot understand
anything about water analyses—and they form the majority of the
consumers—into a false sense of security. In the case of the Farleizh
springs at Maidstone, which I have already described to you, the

orporation of that town were quite satisfied with the results of analyses
of samples faken four times a year, and yet we have seen what were the
terrible results of the false semse of secwrity brought about by these
analyses ; the springs were liable to pollution, and the disastrous
epidemic of typhoid was not stopped until the water from the eprings
was cut off. The following extract is taken from the Local Govern-
ment Board report on the Maidstone epidemic :—

*The specifio pollution of typhoid fever, which is certainly beyond
the reach of chemistry and also of bacteriology, to detect, may escape
detection in a water in which it is nevertheless present. Further, it has
to be borne in mind that detection of a specific pollution of a supply
may come too late to prevent the consumption of the contaminated
water. Cléarly chemical analyses and bacterivlogical ezaminations should
be supplemented by skilled inspections of the actual conditions, geological,
topographical, and sanitary, of the surroundings of the sources o supply.”

The italics are mine.

Mr. Hughes in the course of the lectures which he delivered in
this College quoted the case of a similar epidemic at Worthing in
1893. Beventeen hundred cases of typhoid occurred in this town,
which is a favourite seaside place of residence, with very healthy
surroundings; the water was carefully analysed both chemically and
biologically, and the analyses gave most satisfactory results; it was
eventually found that the wells from which a portion of the water-
supply was derived was being polluted with surface drainage and
leakage from a defective sower,  The cases of Maidstone and Worthing
are by no means exceptional, for in nine cases out of ten the history of
typhoid epidemics shows that the outbreaks have been due to a polluted
water-supply ; in this country, however, notonlyis a polluted water-supply
responsible for typhoid, but to it can generally lljae traced the tam]hla
epidemics of cholera that are the scourge of the hard-working and

overty-stricken inhabitant of this country. It therefore behoves us to
Ee doubly careful out in India of our sources of water-supply, and if
I weary you by my repeated warnings against the pollution of sources
of water-supply, it is because I am satisfied that three-quarters of the
sickness and misery that we see around us on all sides is due to this
cause. Once more let me repeat that the report on the chemical or
biological analysis of a sample of water is useless unless the sample has
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been accompanied, at the time of despatch to the analyst, by a minute
and correct deseription of the surroundings and present condition of the
source of supply of the water from it was taken.

Tur QUANTILY OF VW ATER.

We must mow take up the question of gauging the quantity of
water available from the sources of supply which I have %ruught to
your notice. In temperate climates, where rainfall occurs at all times
of the year, the measurement of the yield of springs and wells is a long
and tedious process involving a course of rainfall observations and
measurements of discharge over a very prolonged period, not of days or
weeks, but often of months and years, because we must obviously ascer-
tain not the maximum, or even the average, discharge, but we must find
out the absolutely minimum discharge that may be expected after a pro-
longed drought or absence of rainfall. The consumption of water Fer
day in any one town or village is a constant quantity, but the rainfall
that replenishes the springs and wells is not constant by any means, and
co all caloulations have to be based, in temperate climates, on the
minimum discharge observed during a period of four or five years. In
this country, however, we all know that the rain which causes the rivers
to flow full to their brim, and which replenishes the vast underground
cea of subsoil water and causes the level of such water to rise, falls only
during certain months of the year, s0 that if we make our observations as
to lovels and discharges just before the first downpour of the rainy season,
wo shall obtain results which are sufficiently accurate for all practical
purposes. There are of course some years in which the rainfall is below
the normal, but there are no recorded observations, as far as I am aware,
except those at Umballa, of the offect of short rainfall on the discharge
of springs or the level of the subsoil water; in the case of springs a short
rainfall may reduce the discharge to a cortain extent, but in the case of
the subsoil water, the level of which really depends on the heights of
the water in the rivers to which it is always flowing, I am inclined to
think that the minimum level is practically the same after a season in
which the rainfall has been below the normal as after one in which an -
abnormal quantity of rain has fallen. I do mot wish to be understood
to say that the minimum Jevel of the subsoil waler is absolutely fixed,
because we do hear of wells and tanks becoming dry during an
abnormally hot year, but what I do believe is that if we observe the
level of the subsoil water in any ome year We can 80 construct our
tanks and wells that they will never run dry, or, in other words, that the
variation of the minimum levels of subsoil waters cannot be measured
in feet. Consequently I am of opinion that the minimum flow of a deep
epring in this country is not likely to vary much from year to year.
n conducting all enquiries as to minimum flows and levels you should
always refer to the inhabilants of the villages in which your enquiries
are being made, because I have found in course of my inspections that
much useful information in this respect is handed down from generation
to generation.
The water of desp springs is generally found just welling-up
through a hole in the ground, and the most convenient way of ganging
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the outflow will be by arranging that it shall be discharged through a
small masonry or otner impervious channel, and then observing by
means of floats the maximum surface velocity from which it will be
easy to deduce the mean velocity. The method of caleulating the
discharge of channels has been explained to you in the lectures on
hydravlies, but it will not be out of place to reproduce the leading
equations here—

Let ¥V, = the mean velocity.
V. = the greatest surface velocity.

¢ = a co-efficient depending on the roughness and form
of the channel (Darcy and Bazin’s co-efficient).
C
B Vo S onsd
C

The following table of the values of the co-efficient ST

the above formula, taken from Professor W. (. Unwin’s article on
hydromechanies, will probably be of use : —

. Very smooth Smooth Rough Very rough

H*Fd];imhti .f]lﬂ.ﬂ:.,rﬂE]H with channels in channels in chHﬂels %u
TERDICRDEL-: | memnont plaster. | brick work. |[rubblemasonry. earth.
025 083 0-79 069 051
050 -84 081 07 068
075 084 (82 078 0-63
1-00 085 s 077 085

From the values given in the table you will see that for the first two
classes of channel—and these are probably the channels that you will
have most to do with—the value of the co-efficient is about 0:80, while
for a rougher channel in rubble masonry the walue is ahout 0:70,
while for a very rough channel in earth it 1s about 0'60. “If you desire
very great accuraey, you may work out the value of the co-efficient
for other values of the hydraulic mean depth, but for all practical

oses the mean velooity of a stream flowing in a masonry channel
may be taken as 08 times the surface velocity, and in an earthen
channel as 0°7. The channel in which the gauging is carried should
be 30 or 40 feet long, so that the stream of water may be as steady and
free from eddies as possible. As regards floats, you will probably
find that flat dises of wood will be as useful as anything; you require
a pattern of float that will not be caught by the wind, and for rough
purposes a chip of wood or cork will be quite good enough.

f the source of supply is a deep or shallow well, the water, except
in the case of true Artesian wells, has to be raised to the surface by
mechanical means. The flow from Artesian wells can be measured in
the manner I have just described for deep springs, but that from

C
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other wells is more conyeniently measured by causing the water to
pass over & notch or weir. 1 have frequently seen it stated that the
easiest way to measure the yield of a well is to reduce the level of the
water in it by pumping or otherwise, and then observe how long it
talkes the water to regain its normal level. This may be an easy way,
but it gives very misleading results ; at least, I found it so when testing
the yield of a well at Patna; in that case I found that by lowering the
curface of the water in the well about four feet I could get a
discharge of 5,400 gallons per hour for as long as I liked, but that the
discharge calculated in the manner T have referred to above worked out
to only 800 gallons per hour. You have been told elsewhere that motion
is produced i water by the differences of level in the free surface;
euch difference being generally known as the *head,” and that water
consequently will always flow from a higher level to a lower ; therefore,
it the level of the water in a_well is below that of the subsoil water
outside, motion must take place, and so the water in the well is
replenished and brought up to the same level as that of the subsoil
water ; the greater the difference in level the greater the pressure and
therefore the velocity of the water ; so that the water will flow into the
well at a gradually diminishing rate, and all that we should get by noting
the time of replenishment would be an average rate, and not an actual
possible discharge. The correct method of ascertaining the yield of
o well is to arrange, either by pumping or bailing, to keep the water in
the well at some fixed level below that at which it normally stands ; the
differences in level should be small at first, and should be gradually
increased from duy to day or week to week until it is found that the
rush of water into the well is strong enough to bring in sand and so
raise the level of the bottom of the well; while, therefore, pumping or
bailing is going on constant soundlngs must be taken to see that there
is no jnrush of sand. The rate of yield of the well will then be the

uantity of water that can be abstracted continuously without disturbing
the soil or sand in which the well is sunk. In addition to measuring the
quantity of water which can be got out of the well you must also
observe the effect that this econtinuous abstraction of water has on
neighbouring wells within radii, iucreasing, say, by 250 or 300 feet ; if
you are testing a emall well in a town you will have to take the
existing wells and make observations of the level of the water in them,
but if your enquiries are being conducted with a view to a possible
supply for a whole town, you can sink these observation wells at
regular intervals. In either case, however, you ghould make an
accurate plan showing the positions of all the wells with regard to
the main well the yield of which you wish to ascertain. It will be
instructive, I think, if I give you an account of an experiment on the
gield of o well at Patna which was carried out under my direction

uring May 1897; the results were 80 satisfactory that I am now
preparing a scheme of water-supply for the city of Patnain which it is
proposed to obtain the whole of the water entirely from wells.

The experiment was made with a view to ascertaining whether it
would be possible to obtain a supply of drinking water from wells sunk
in the old bed of the river Sone, which, if tradition and ancient maps
are to be believed, used to flow at one time much more to the east of



WATER-SUPPLY. 19

its present position, and actually joined the Ganges close to what is now
known as the civil station of Bankipore. You will better understand
the advantages of such a source of supply when I have spoken to you
about the various works connected with schemes of water-supply for
large towns, and so I shall refer to this well again later on; at present
we are only considering the question of gauging the yield of wells.
A little while ago I spoke to you of the value of local traditions in the
matter of the supply of springs and wells, and I found these very useful
when I was called in to select the site for the experimental well,
Before my arrival on the spot several borings had been sunk with the
most unsuccessful and hopeless results, as the boring tool had simply
gone through 50 or 60 feet of stiff clay, and in several places without
reaching a drop of water, and this in the month of April, when the
subsoil water was by no means at its lowest level. As soon as I was
informed of this, 1 asked to be shown some of the wells in the
locality which were used for irrigation purposes, and the very first one
that Iexamined was found to have its bottom in what was undoubtedly
river sand, and the water was standing a few feet below the surface ;
and it was the same with several others. This, to me, was conclusive
evidence that these wells were obtaining their supply of water from the
oid bed of a river, and the inhabitants all stated that the water was
that of the Sone. I therefore ordered a boring to be made in the
neighbourhood of one of these existing wells on a spot of high ground
which would be suitable for a pumping station, and the result was that
fine sand was found at 6 feet, water at 12 feet, and coarse sand with
pebbles at 20 feet below ground level, the pebbles showing unmistakable
signs of having been worn by water. Several other borings were sunk,
and all with the same results. Plate No. 1 shows in diagrammatie
form the strata through which the boring-tool passed, and the sites of
the borings. TFrom this plate you will see how the main experimental
or pumping well was surrounded by a series of observation wells for
aaaﬁrtaining the effect of lowering the water in the main pumping
well.

The main pump-well was four feet four inches internal diameter,
and was sunk to a depth of thirty-one feet ten inches below ground level ;
it was lined throughout with brick set in lime mortar, so that water
should, as far as possible, only enter the well through the bottom, the
aren of which was a known quantity ; this will enable me to say with a
fair degree of accuracy what area of wells will be required for the larger
supply of water that will be required for the city of Patna. At the sites
of all the other borings wells with ordinary country-made earthenware
rings were constructed and used as observation wells. Now these obser-
vation wells serve two purposes: they indicate the direction of the flow
of the underground or sub-goil water, and they also show whether water is
being abstracted from the well more quickly than it can flow through the
sub-soil. From the diagram you will be easily able to see that the flow
of sub-soil water is from south to north becanse the level of water in the
wells to the south of the main pump-well is higher than that in those
to the north. If water had been abstracted from the pump-well more
quickly than it could flow through the soil, the levels of the water in the
wells on all sides would have been depressed while pumping was going

c 2
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on. In some similar esperiments that were carried out at Gaya some
years previously the obsorvation wells consisted simply of a series of
two-inch pipes sunk vertically into the ground, but in my opinion
these were much too small, becanse the mere ekin-friction would be
anfRicient to hold up the water in the pipe, and so prevent its true
level being nseertaived. All the wells were fitted with floating gauges,
EO t(l]mt tLo lovels of the water could be rcad off easily at any hour of
the day.

Fﬂ{: lifting the water out of the pump-well one pulsometer and one
duplex pump were provided; the pumping machinery was provided in
duplicate, so that there might be no interruption of the operations owing
to the breakdown of a pump. The water was delivered into a brick
masonry tank measuring 5”x 2’ x 3’ built at the side of the well, the
idea being that any intermittent delivery of water by the pumps should
be steadied down before the water reached the point where its quantity
was to be measured, and also that the tank should act as a eatch-pit for any
sand that might be brought up by the pumps. The water flowed {from
this tank over a broad notch or weir into a masonry trough twenty
feet long and two feet broad and two feet deep. At intervals along this
trough baffle-boards were built into the masonry, over and under
which the water flowed so as to’ ensure having a smooth water surface,
but owing to the height of the weir in the delivery tank above the trough,
even these were not found sufficient, and one end of the trough had to
be partially filled with broken bricks. Inany future experiments of this
kind 1 should feel inclined to eonnect the tank and the trough by an
orifice cut in the tank at thelevel of the boitom of the trough; this
arrangement would probably give a much steadier flow into the trough,
as the water would not come out of the tank in waves. Near the end
of the trough a wrought-iron plate was fixed in which a right-angled
triangular notch six inches deep, and therefore twelve inches wide at the
top, was cut, and over this all the water had to pass,asit left the trough.
For small streams a triangular notch is much to be preferred to one of a
rectangular pattern, because in the latter the relation of the breadth of
the stream passing over the notch to its height is never a constant
quantity, and consequently the co-efficient of discharge would never be
a constant quantity. The esperiments of Professor James Thompson
have shown that a triangular notch gives much more accurate results
than a rectangular one. The formula which gives the discharge over &
right-angled triangular notch is

Q =294 H';-r

where Q is the discharge in cubie feet per second ; if the discharge is to
be given in gallons per hour (G), then the formula will be

G = 57059 T2,

whore H is the height in feet of the free water surface above the notch
at a point where it is not affocted by the fall due to the notch; with
a mnoteh such as I have described the gauge should be fixed about
three feet above the notch on the upstream with its zero on a level
with the lowest point of the noteh,
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The following table giving the discharges of a right-angled triangu-
lar notch in gallons per iuur will probably be found useful :—

Discharge of a right-angled triangular nofeh.
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Trom this table you will see that a 6” notch is capable of discharg-
ing a very large quantity of water, and it is hardly likely that you will
ever be called on tv gauge the yield of a well giving the maximum
discharge shown in these tables. ¥or a discharge of 10,000 gallons an
hour, a notch 5” deep would be quite big enough.

The water that was discharged over the notch was carried far away
in an earthen channel carefully made of pugged clay so as to prevent
the water soaking back into the pump-well.

I have already explained that the motion of water entering a well
is due to the * head” or difference of level between the subsoil water
and that in the well, and the following table shows the different
*“heads” on the water in the well, the number of hours during which
such “head” was maintained, and the discharge per hour while pump-
ing was continued. As a rule, the pumps were at work from 10 to 104
hours daily; but when the number of hours during which the fixed
head was maintained was less than 10 hours, the balance of the time
was taken up in lowering the surface of the water so as to obtain the
required * head” on the well : —

Statement of daily average discharge.
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Statement of daily average discharge—concluded.
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The bottom of the well was not weighted when pumping was first
gtarted, and it was mnot until the 13th May, while the well was being
worked with a head of 2:50 feet, that the sand began to rise; on the
18th May the sand has risen 8 only, but on increasing the head from
4-0 to 50 on the 19th May the well sank 91 and the sand rose 3 feet ;
it therefore became necessary to weizht the bottom of the well with
stone-metal, with the result that, :ﬁthuugh the head was increased, the
yield was less, as may be seen from the above statement. On the 28th
May the well sank 17 and more stone-metal had to be spread over the
bottom, with the result that the yield was reduced from 5,288 gallons
per hour on the 28th May to 4,878 gallons per Lour on 29th, Ou the
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3rd June an attempt was made to work the well ata 10 feet head, buf
after two hours’ pumping with this head the well sank. It would
therefore appear that the most suitable head on the well was 4+00 feet,
which gave a discharge of 5,400 gallons per hour, or 016 cubic feet
per second per square foot of area of the well.

The time taken for the water surface to rise in the well after pump-
ing had been stopped was observed daily, and the following table has
been abstracted from the daily reports:—

pae

TiMEs 1IN MINUTES.

6" depths | Tead, | Head, | Head, | Head, | Head, | Head, | Head, | Head,
rising from| 1.5 200 | 250 | 400 | 600 600 | 700 | 800
lowest level

of water.

Date, | Date, | Date, | Date, | Date, | Date, | Date, Date,

8.5.97. | 7-5.97. | 14-5-97. | 18.5-97. | 19-5.97. | 24-6-97. | 29-6-97.| 2-6-97.
Ist ... 1Y 1% 1’ 3 1 1! 1 1’
ol 24 2f 1¢ 1’ 1’ 1! 1’ 1
Srd Ak 6 a2y 2y I 1 1! be 1
*th BEE nEn ?t' 3'&; ]." ].]I 1.' ].JI l'
Bh .. 41°(?) 13 1 1 iy 1’
6th 2r 13 1 1f 1
Tth . A & 23! 13 ar 1’
gih: ot 15' 94 g 3! iy
gth &' & at 11
LTy 20 84’ 2y’ 2!
ll.th LER] CER S BEE . T mEn ﬁ’ 2‘}' 2‘.
12th e o A 20° 4 gf
lat’h TEEE A EE s EE CEEY L 4" EF
14th 20 4’
7] 15 8
2 3] | RN re a 20!
Totals ... 1 183 49'(7)| 27 364 40 457 (g

Average rate of replenishment in cubic feet per minute = 2113
Ditto ditto in gallons per hour = 798

In this table the time taken for the replenishment of the last six
inches on the 14th May is evidently wrong, and the mistake was
probably due to the floating gauge having got stuck.

The gauges of the observation wells were read three times a day—
the first time just before the pumps were started, the second time about
the middle of the period of pumping, and the third time just before
pumping was stopped, but on no oceasion did the lowering of the level
of the water surface in the pump-well have any effect on the water
surface in the auxiliary wells. Towards the end of May four more
wells were sunk within a radius of 50 feet of the pump-well, and the
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average of observations extending over the last eleven days of the
experiment, when heads of 7 and & feet were being used, shows a
lowering of the water surface in them, while pumping was going on,
of 010 foot only.

The total cost of the experiment was as follows :—

Hs.
Porings oo 800
Wells oy e ... 1,000
Tools and plant ... s 1,800
Coals, oil, and stores e i 400
Labour i, o OO
Total e 4,500

o —

I have now placed before you the details of an experiment in ascer-
taining the yield of a well as actually carried out, and if you are ever
called upon to make a similar experiment, I think you cannot do better
than carry it out on these lines. As regards small Municipal or District
Board wells, it 18 not probable that you will ever find 1t necessary to
gauge their yields, because they are as a rule only used by a few persons
at & time, and the water that is drawn out is replaced before the mnext
draw is made. In deciding what size of well to construct, you cannot
go into any question of yield, of course, until after the well has been
constructed, and g0 you should just sink a well of the smallest practi-
cable diameter, that is to say, of the size of the ordinary baked earthen
ring, and then if the yield from this is not sufficient, a second, or even
third, well ghould be sunk, or if the original well can be thrown out of
use, a masonry well of large diameter might be sunk round the original
well. '

We now come to the comsideration of the measurement of the

nantity of water yielded by land springs, such as may be found in the
?Jm:jealing or Chota Nagpur Hills, The measurements would of course
bemade at the driest season of the year, that is, just before thesetting in.
of the rains, and consequently in most cases the quantity of water to be
ganged would be small ; for instance I had occasion in May 1897 to
gauge the springs or jhoras from which the water-supply of Darjeeling
© " obtained, and I found that the maximum discharge from any one
gpring was only 2,567 gallons an hour, or 0'11 cubie foot per second.
Where only such small discharges have to be dealt with, the easiest
method of measurement is to observe the time taken to fill a wvessel of
known capacity; for very small aprin%s a kerosine oil tin will be found
a5 useful and handy as anything else, because its exact cubical contents
oan be calculated; for larger springs, such as the Darjeeling ones, special-
ly-constructed rectangular tius of two cubic feet capacity were used.
Tn making these observations care must be taken to arrange that there
“hould be ne little leakage as possible in the sides of the channel in
which the epring runs, and also that the water should be delivered with
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a free overfall into the measuring hox, so as to prevent any water
escaping down the sides of the tank and the bex. In Darjeeling the
springs ave made to discharge into artificial reservoirs formed by build-
ing & masonry dam across the bed of the stream or jhora; closing the
outlet pipe through which the water is conveyed to the town causes the
water to flow out of the overflow pipe or over the overflow weir, from
both of which it was a very easy matter to get the water to fall freely
into the measuring boxes.

For springs or streams the flow of which is too large to be measured
by the method I have just deseribed, the notch-gange method must be
resorted to, and the following description taken from Tudsbery and
Brightmore's work on Water-works Engineering will show how it
should be ecarried out :—

“ The dry-weather flow of small streams and those of larger size,
whan a suitable fall exists in their beds, may be accurately measured
by causing the water to pass over a mnotch-gauge. This apparatus
consists essentially of a wide slot or depression in the upper edge of a
vertical plate or board, placed across the stream, normally to its axis.
The maximum quantity that can be measured by a notch depeuds upon
its length and the fall that can be obtained for the water from its up-
stream to its downstream side. On the upstream side, to prevent the
water from approaching the notch with sensible velocity, it is desirable
that the channel should be wider and deeper than the notch; so that
the body of water above it may be practically quieseent. If the area of
the water, as i passes through the notch, be more than one-fifth part
of the area of the channel of approach, the velocity of approach must
be taken into account in calculating the discharge over the notech. To
avoid sensible velocity of approach, the depth of water below the sill
of the notch on the upstream side should be at least three times tha
depth of water flowing over the notch, and the sides of the approach
channel should be distant a like amount from the ends of the notch.
By a notch 20 feet long, when a fall of one foot in the bed of the
stream can be secured, a flow of 20,000,600 gallons per day may be
conveniently measured. Larger quantities than this may be gauged b
notehes; though for such considerable flows it is generally desirable to
resort to eurrent-meter observations, or to the method of gauging by
float measurements,

“To construct a noteh-gauge a water tight weir is first made across
the stream, and in this is set a frame of wood or metal, on the upstream
side of which are atfached thin metal plates, forming the edges of the
gauge. 'T'he latter need not be bevelled on the downstream side, if
they present a square }-inch edge on the vertical plane. In the
eommon rectangular notech-gauge, three plates are used—one of them
forming the sill and the others the wvertical ends of the notch. The
sill is fixed level, and its length must be accurately known. The
noteh may be provided with moveable sides, in order that its width may
be reduced when the flow is small, as it is undesirable that the height
of water over it should be less than about 4 inches. The level of the
water on the downstream side must be sufficiently below the sill—not
less than one-half the maximum depth of water flowing over it—to
allow for access of atmospherio air under the discharging stream.”

S SN






WATER-SUPPLY. 27

Table of Discharges of a thin-edged reclangular noteh per lineal

JSoot—concluded.

DiscHARGE. DisomARGE. TiscHARGE.
Head. | Cubic |Gallons | Had- | Cubic | Gallons || Head | oubic | Gallons

feet per| per feet per| per feet per| per

second. | hour. gecond. | hour. second.| hour.
78 2:296 | 51,683 '3 4941 | 111,000 i 14789 | 8%2,210
080 2:385 | 63,680 4 522 ['128,410 'R 15:G18 | 850,840
B3 2:476 | 565,804 | *B 6124 | 187,660 || B 16-462 | 365,830
B4 2:666 | 57651 i G746 | 161,220 ! a0 17:321 | 359,140
86 2658 | 69,718 L | 7-388 | 166,000 1 18:194 | 408,700
B8 2:762 | 61,816 | ‘8 8050 | 180,850 -2 19081 | 428,660
080 2:846 | 63,930 ! 8:730 | 196,120 3 19-98% | 445,960
92 2041 | 66,086 27 9428 | 211,790 4 20°898 | 409,470
04 8088 | 68,260 b | 10-144 | 227,850 | b 21'826 | 490,360
06 3:185 | 70,437 L 10-87T 244,800 G 22768 t 511,460
=08 8334 | 72,661 *3 11:627 | 261,220 &l 23724 | 532,970
100 2:333 | 74,880 4 12:394 | 278,420 B 24:692 | 564,760
=] J:B4f | BG,308 6 18:176 | 298,010 i -9 25-873 | BTB.7T0
12 4°382 | 08,447 ‘B 13+076 | 315,980 i 40 2¢-6e6T | £99,11D

From this table you will see that a rectangular weir only one foot

wide can pass a great deal of water, and it 1s hardly likely that you

will ever be called upon to gauge such a large discharge as 599,110
llons per hour for water-supply purposes, but these tables may also
e used by those employed in irrigation or drainage works.

It may so happen that you may have to gauge the water flowing
over a notch in a masonry wall to which the above table would be
inapplicable, as it only gives discharges over sharp-edged weirs; in
that zlasa the discharge in cubic feet per second would be given by the
formula :—

Q = 309! I +/ H.
See Article 40 of Unwin’s Hydraulics,

or if end conirnctions are to be taken into account, as would be
necessary in the case of a narrow notch—

@ = 3:09 (\—0-1 n IT) H*,

I have already described to you the various methods of gauging the
quantity of water yielded by wells and springs and, as a matter of
fact, I have given you, in the table of the discharge from a rectangular
weir, sufficient information to enable you to gauge quite a large stream,
and from large streams it is very easy fo carry our thoughts on to small
rivers, and then on to large ones. DBy rivers, as I have explained before,

T ——

T e T T

e

S


















WATER-SUPPLY. d3

Caleutta, which althongh sewered has but few water-closets, there being
only about 2,000 privies connected with the sewers.

I have now deseribed to you, gentlemen, the sources from which
water is obtainable, the steps to be taken to ascertain its quality, and
the methods of finding out the quantity of water yielded from each
of these sources. There still remains for consideration the questions
of collection, purification, and distribution, and this part of my lectures
I shall endeavour to make more interesting by laying before you and
explaining designs of works that have been actually constructed.

Tue Covnrecrion oF WATER.

It will be more convenient if we do not adhere any further to the
list of waters classified according to their order of purity, because
waters of varying degrees of purity may have to be collected in the
same manner; for instance, subterranean or deep-well water, a very
pure water, has to be collected in a well in the same way as a very
impure subsoil water. I shall discuss the collection of water in the
following order: (1) from springs, (2) from wells, (3) from tanks, and
(4) from rivers.

Ordinarily speaking, when the water from springs, whether deep or
shallow, is to be used as a source of drinking-water, all that is required
to be done is to build a small covered masonry well or vat round it,
and then if a pipe with a tap at the end of ‘it is built through the
wall, the water from the spring can he drawn off hefore it can q|_;-;-:at
polluted by the dipping into it of dirty pots and pans. This
arrangement will do as%nng as the spring delivers enough water to
supply all wants during the hours of biggest demand, but it may
so happen that although the total yield of the spring during the 24
hours may be even more than the day’s demand, the rate per hour
at which the water is discharged falls much below the maximum
rate of demand, which is generally assumed to be half the daily
supply delivered in four hours. It will then become necessary to build
a somewhat larger reservoir round the spring and impound in it a
whole day’s supply of water; with this arrangement all the water
that is not actually drawn off by the consumers will accumulate in
the reservoir against the time of greatest demand. The figure below
will give you an idea of the arrangement :—
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The walls of the reservoir should be built either of stone or brick set
in the best hydraulic mortar; you will be able to decide the thick-
ness of these walls from the lectures you have received on the stability
of retaining walls, The floor should be of hydraulic conerete at least
9 inches thick, and if the depth of water exceeds 6 feet, I would advise
o brick-on-edge course in cement over the concrete : it should be given
a slight clope so asto facilitate the draining and cleaning out of the
veservoir.,  Overflow and wash-out pipes must be provided. ~The
whole reservoir should be covered in, and water should only be drawn
off from it by taps fixed in the side-walls. It will add greatly to the
appearance of the coservoir if a concrete or terraced floor is laid
ander the taps; this will prevent the ground getting muddy and
sloppy from the eplashing from the taps. This floor or platform
should be given a good slope away from the reservoir, and should end
in a small drain which will carry off all waste water.

Water collected in wells, whether deep or shallow, is the source
of supply of the bulk of the population of the world, for it is by this
means that wecan tap, and obtain for our use, the great underground
pon of subsoil water, and we can also by the additional aid of pumps
draw on the subterranean reservoirs of water. In the case of the
former, wells are an economical method of collection, but, unless
duo care is exercised, an exceedingly dangerous one; as regards the
latter the very reverse is the case, for deep wells in subterranean water-
bearing strata are exceedingly expensive to construct on account of
their great depth, and the water, although it is of great purity, has
generally to be raised by expensive pumping machinery. We need
only, I think, confine ourselves to the consideration of wells which
derive their supply from subsoil water, because the art of deep-well
boring is a speciality and one which you are not likely to be
called upon to exercise, and E0 T must refer you for further inform-
ation on the subject to such books as Spon’s Practice of Sinking and
Boring wells, Tudshery and Brightmore’s Principles of Water-works
Engineering.

Now the ordinary well of this country is usually constructed by
excavating a eircular hole rather higger than the earthen rings with
which it 18 lined ; little consideration, except that of conyenience, 18
ﬁiven to the site that is chosen for the well; the hole is carried

own to dry-weather water-level, or perhaps a foot below it ; the earthen
rings are then lowered into position, the earth filled in round the
backs of them, but no mortar or cementing material is used for keeping
the rings together, In some cases an earthenware top (dhakna) is
fixsed in position, but more often than not the top of the well is left
flush with the ground surface. Now, I am not going to utterly condemn
o well that is constructed in this way, for the simple reason that no
amount of disapproval will ever stop their being made, for they suib
the needs and pockets of the people, but what I would do is to try and
suggest some inexpensive improvements which would possibly render the
water in the well much safer and less liable to pollution. I am
gupposing that a well of this description is one to be made by a private
individual, for I trust and hope tﬁut no municipality or other publio
body would ever be guilty of constructing a well with only earthen rings.
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The choice of site therefore is limited ; in fact, I might almost say there
is no choice in the matter at all; we must therefors endeavour to
improve the site we have. The first thing to do is to completely fill
up any cesspool that is on the premises, and you must try and persuade
your neighbours to do the same, so that the percolation of offensive
matter from their cesspools may not pollute your well. Good materials
for this purpose are einders or broken brick, or the remains of masonry
buildings, both of which are often procurable for the mere cost of cartage.
You must then see that proper arrangements are made for prevent-’
ing the urine and cook-room water soaking into the ground anywhere
near the well. They must be removed to a distance, preferably in open
magonry drains. If the ordinary black earthenware rings arve used,
they should be carefully plastered with lime mortar all round the back,
so a8 o prevent the water percolating through the open joints; if
burnt elay segments such as are found in Bihar are used, they should be
set in lime mortar, aud all the joints carefully filled and pointed. The
top ten feet of the well should be lined with brick masonry in lime
mortar, one brick (10”) thick. The object of all this careful lining
of the well is to get all the water to come through the bottom,
as it will be much purer, having had to pass through a greater depth
of straining or filtering material. Every attempt should be made to
prevent water coming through the lining or steining. The well above
ground level should be finished off with a raised wall, about 2’ 6*
above ground level, and a sloping masonry platform all round the well,
so that any water that may be spilt may be quickly carried away from
the neighbourhood of the well. 1f the level of the water in the
well never falls more than 20 feet below ground level during the
driest months of the year, a small hand rofary pump might be added,
and then the well could be entirely covered in by a brick dome.

Now, as regards wells constructed by publie bodies, such as Municipal
Commissioners or Distriet Boards, these in my opinion should invariably
be lined with masonry in lime mortar from top to bottom. They should
be sunk at least five feet below the lowest known water level, and from
water level to ground level the brickwork should be surrounded by
about 12* of carefully puddled clay. The well, of ecourse, from
water level downwards will be sunk by excavating theinterior with an jron
excavator, but from water level upwards it can be built. The well should
be finished off with a circular wall about 2 6” high, round which should
be constructed a d sloping concrete platform about 10 feet wide,
This conerete platform should be constructed on a layer of carefully

ngged clay not less than 127 thick. If the water level is less than
ED teet below the ground level during the driest season of the year, & small
rotary pumyp should be fixed on the top of the well, which could then be
entirely covered in by a brick dome. Should the water be deeper than
20 feet, arrangements should be provided for obtaining water irom the
well, so as to prevent the indiscriminate dipping of lofaks, buckets, eto.,
which may be very much polluted, and any of which might destroy the
purity of the well. It is customary in this country to leave the tops of
wells entirely uncovered, but I think the water would be much improved
if light corrugated-iron, or even thatched, roofs were provided ; such an
arrangement would give shade to the users, and it would to a certain
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These simple rules will, Thope, be sufficient to guide you in selecting
proper sites for wells, but it will be as well if you can obtain the advice
and opinion of the local medical officer on the subject.

en the level of the sub-soil water is never more than 20 or 22
feet below ground level at the driest semson of the year, a very con-
venient method of obtaining water is by what are known as tube-wells,
and the water obtained from them is less liable to contamination than
that from an ordinary open well. Wrounght-iron tubes (the point being
steel pointed and drilled with holes for a few inches) are driven into
the earth by means of an annular weight, falling upon a clamp,
which grips the tube near the ground, the tube itself forming the guide.
The driving weight is raised by pulleys attached to a triped and allow-
ed to fall on the clamp until the tube penetrates the earth and the
clamp reaches the ground. The clamp is then shifted, and the process
repeated until the whole length is driven. Fresh tubes are connected
and driven in this manner until water is reached, when a pump is
gcrewed on to the tubes, and after a short pumping clear water is
obtained. When tube-wells were first introduced it was supposed that
any kind of common gas or other pipe would answer the purpose, but
experience has shown that inferior tubing is very apt to crack during
driving, or that the serew threads, by which the tubes are joined, strip
and consequently prevent the tube being quite airtight. It is almost
as easy to lift a tube-well out of the ground as to drive it by
gimply reversing the process of driving, and in the conglomerate
soil of the plains this is of epecial use, for if water is not found
in one place, it will often be found in another only a few feet off.
After the tube has been driven and it has been ascertained that a
plentiful supply of water is available, the soil round the fube should
be removed, say, to a depth of a foot and a concrete platform
constructed. This keeps the pump firm, and also prevents any dirt
water from percolating down the sides of the tube. If the tu{e-we
is for public use, & masonry reservoir to hoid about 300 gallons
should be constructed in front of the pum}[ji It should be provided
with a heavy sheet or cast-iron cover, which can be padlocked if
necessary. At the opposite end to the pump there should be, elose
to the bottom of the reservoir, a tube with a plug, and above that a
brass tap. The base of the reservoir should slope slightly towards
the lower tube. The spout of the pump opens inside the reservoir,
go that during pumping the water canmot be contaminated. The
sloping bottom and lower tube permit the reservoir being cleared of
any deposit. When water is required it is withdrawn by the tap. I
will leave the question of the class of pump to be used for later consid-
eration. In 1896 the Sanitary Board asked Municipalities and District
Boards to report any experiences they may have had with tnbe-wells,
and from the replies received it appeared that tube-wells had been tried
by 16 out of 38 District Boards, and by 19 out of the 146 Munici-
palities in Bengal, In the Districts 78 wells had been sunk, of which
58 sunk in 10 districts were successful, and in the Municipalities only
13 were successful out of 40 sunk. In many cases the failures were
due, not to the absence of water, but to the tubes cracking during
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driving, and so ceasing to be airtight. I have already explained to you
how very inferior in the scale of purity the subsoil water mear towns
and large villages is, and consequently I consider that tube-wells should
only be used by District Boards and in places remote from large collec-
tions of houses and huts; they are, however, very useful in small
villages, isolated houses, camps, ete.

A group or system of wells is very often used for the collection of
water Tor large towns, and the water-supplies of Delhi, Lahore, and
Umballa in the Punjab are instances of this; thesa are systems which
I have had an opportunity of inspecting personally, buf there are many
other towns which have this system of collection. T have already
described to you the experiment that has been made at Patna, and I
hope it will not be very many years before this scheme of water-supply
is taken up in earnest; Gaya also will eventually get its supply of
water in & similar manner, Water-supplies obtained from wells are
very economical, because the water is so pure that it can be pumped
directly into the supply mains, and has not got to be lifted first into
gettling tanks, purfied by passing through filters, and then pumped
a second time into the distributing mains; the cost of one pair of engines
and pumps, the settling tanks, filter beds, and clear-water reservoir is
thereby avoided, and with only one set of pumps at work the annual
maintenance charges are very materially reduced. I am bound to admit
that the system of wells at Delhi has not been an unqualified success,
and I think the reason is not far to seek. The line of wells has been
sunk parallel to, and on the edge of, the river Jumna. PFPlate No. 2
ghows the general arrangement and construction of the wells. Now, as
they are parallel to the river, they must intercept all the subsoil
water on its wu{ to the river, and when the draught on the wells
becoreg, during the hours of pumping, greater than the subsoil water can
supply, the river has fo be indented on; during the rains the river
contains a large amount of silt, and it i believed that this silt must have
been drawn against and into the bank of the river between the river and
the wells, and so has elogged it so heavily that 1o water can pass
through it, or, at any rate, in such small quantities that it does not make
up for the deficiencies of the subsoil water. At Lahore and Um-
palla the wells have been sunk in the old beds of rivers, and great care
was taken to lay out the lines of wells at right angles to the direction
of flow of the subsoil water. The yield of these wells has at all times
hoen satistactory. Plate No. 2 shows the design and general arrange-
ment of the wells at Umballa, and I do not thivk they can be imEruvad
upon. The following deseription is taken from the Completion eport
bljlr Mr. O. E, Goument, Assoc.m.axst.c.E., the Executive Engineer in
oharge :—

«The site of the wells is o tract of sandy waste about three-
qﬁartera of a mile from the Tangri nala and a quarter of a mile from
the Tangra, a flood-spill channel of the Tangri. It is on the Um-
balla-Nahan Road, about half a mile from the village of Handesra and
eight miles from Umballa city, in a north-easterly direction. The
source of supply is a subsoil water basin between the two nalas above-
mentioned, which have a large discharge of water in the monsoon
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months, but are dry the rest of the year. An area of land 2,000 feet by
1,000 feet has been taken up all round the wells, and is strictly
preserved. The wells are constructed of bricks in lime mortar and
covered +with conerete domes, which project 2° 3" above mean
ground level. They are 7 feet internal diameter and piteched 60 feet
apart centre to centre. This spacing was defermined by the following
considerations: Iirst, the length of suction-pipe which could be
effectively worked by the pumping engines. Second, the cone of
exhaustion observed at water surface in an experimental well when if
had been pumped down to the maximum depth fixed for pumping. As
regards the latter, it might be noted that this cone, as observed in tests
made about five months after the wells had been in continuous use,
was found to be very much larger and more depressed under the
same head than that observed in the preliminary experiments, which
lasted a few days only. The estimate of the yield of the wells had
been based on extensive experiments on trial wells by Mr. Campion,
Bxecutive Engincer, and Mr, Yeoman, Assistant Kngineer. oth
these sets of experiments were printed and are on record. It was
assumed in the original project, from Mr. Campion’s experiments, that
20 wells would give 800 gallons a minute under a pumping head
of 7 feet below spring level. The actual yield of all 20 wells working
together under this head has been found to be 195 gallons per minute.

«The wells are connected by a line of 9¥ cast-iron pipes laid

arallel to the line of wells with 4* pipe connections to each well.
hese pipes are laid 3% feet below mormal spring level, and act as
suction pipes for the pumps when these are at work, and collecting
pipes for the gravitation main when the pumps are not working. As
these pipes are laid under water in a treacherous sandy soil, they are
provided with flexible joints. The main 9% pipes have Maclaren’s
rubber joints, and the joints of the 4” branches are ball and socket.”

I have recently been informed by Mr. Campion that this system of
obtaining water has worked perfectly in all its mechanical and physical
arrangements, but owing to a severe fall in the spring level at the wells,
due to the drought during the past two monsoons, there has been a
deficiency in the supply of water.

We have now to consider the question of the collection of water in
tanks. In England and America the word “tank” is understood to mean
an artificial cistern or reservoirused for holding water or other liquids, and
such cistern or reservoir is generally made of such materials as wood or
iron, and its size is therefore to a certain extent limited. In India, how-
ever, the word “tank’’ includes not only the artificial cisterns made of
wood or iron, but also excavations in the ground containing water, such
as you may see in any town or village in these provinces, and the large
lakes formed by throwing embankments across the mouths of valleys,
a closs of tank very common in the Madras Presidency, there being no less
than 42,000 on the Government list alone. The majority of the tanks
in Bengal have been excavated for the purpose of obtaining earth
wherewith to raise the neighbouring ground for building sites; in
the suburbs of Caloutta it is estimated that at least 20 per cent.
of the whole area is occupied by tanks; in very low-lying places
like Chittagong with its large Muhammadan population the earth
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axcavated from tanks is also used for making burial-grounds. In
both these cases the subsoil and surface water flowing into the tanks
is of a very foul description, but I regret to say that this does
not prevent the tanks being used for the collection of water for
drinking and washing purposes. Small tanks, 1 am afraid, are
evils which we must put up with for many years to come, but
their further construction should be discouraged in every possible
manner, because I feel quite sure that they merely act as centres for the
dissernination of water-borne diseases, such as cholera and typhoid. It is
supposed by many that the coustruction of & tank confers a great bene-
fit on the community, but in my opinion much more good would be
done if the money that is now spent in excavating tanks were devoted
sither to completely filling up existing insanitary tanks or to improv-
ing those that are at present necessary for the water-supply of the
locality. The improvements might consist of 8o raising the Ebanka of the
tunk as to prevent the access of all surface water, or of providing small

umps and iron or masonry raised reservoirs in order that the
ow level tank might be completely enclosed, so as to prevent all access
to it. In the former case there would be no diminution in the supply of
water in the tank, as is commonly supposed, because the level of water
in a tank is regulated entively by that of the surrounding subsoil ,water,
and unless the sides and bottom are made watertight by means of
masonry or pngged clay, it does not matter how much surface water is
discharged into the tank, for it will simply percolate out of the tank
antil the level of the water is reduced to that of the surrounding subsoil
water., After a prolonged period of rainless weather such as we are
subject to in this country, the first rush of surface water into a tank 1is
of an extremely foul description, and so, if we can keep this out of a
tank, we sball have sccomplished some little purification. As I have
already pointed out, the subsoil water near towns and villages occupies
the lowest place in the scale of purity, but this is no reason why we
chould add to its impurity by allowing it to be further polluted and
contaminated by foul surface water ; and besides, if surface water is
kept out of the tank and the slopes are carefully turfed, the water of the
tank will remain clear throughout the rains and therefore more pleasant
to look at and drink.

A year or so ago a proposal was received from a town, whose name
I need not mention, to fill up some of the tanks, used for drinking pur-
poses, by passing water from the river, while it was in flood, down the
open side-drains of the bazaars and streets and so into the tauk. The
proposal could not be accepted for one minute because it simply meant
the washing into the tank of several days, possibly weeks’, sweepings and
filth from the streets.

As regards the provision of a pump and small iron or masonry
reservoirs, all thet has to be dome is to ascertain rou hly how many
people use the water from the tank, and then, allowing about two
gallons per head, you will be able to calculate the size of the reser-
voir necessary to give, say, two or three days’ supply in ecase the pump
requires to be repaired. It is better to divide your reservoir into
two compartments, sothat one can be kept in use while the other
is being oleaned. The ordinary 400-gallon iron tank has been found
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very useful for this purpose, and one, you will see, will contain sufficient
water for 200 people for one day; but it is better to provide them in
pairs for the same reason that a masonry reservoir should be built
with two compartments. The bottoms of these reservoirs need not be
more than one foot above the ground. The taps for drawing off the
water should be fixed one foot above the bottoms of the reservoirs or
two feet above the ground; this will give a foot depth of the reservoir
in which some of the impurities in the water may be deposited. Wash-
out taps should be fixed in the bottoms, so that all the water may be
drawn off and the inside of the reservoir cleaned and either painted with
a good silicate or oxide of iron paint at intervals, or even whitewashed.
The reservoir should be surrounded by a good sloping conerete platform
with a drain such as 1 have already described for wells. The rest of the
installation consists of the pump and the iron suction pipe through
which the water is drawn up from the tank and discharged into the
reservoir; the points in these which require attention will be discussed
later on.

The larger tanks or lakes are, as I have said, formed by throwing
a dam of masonry or earth across a valley, and thereby impounding
the rainfall that flows off the surrounding hills, The majority of
the tanks in Madras, and also in Mysore, are used for irrigation
pm;pi]oaea only, but there are several towns in India in which this
method of collection has been utilized, for instance, Bombay, Jubbulpore,
and Nagpore. Proposals have been submitted for supplying the
town of Chittagong in this manner, but funds are not forthecoming, and
so nothing is being done at present. The water is impounded at a very
high level, and consequently can be easily distributed by gravitation.
The water is withdrawn as a rule from the tank through a vertical pipe
enclosed in a large masonry tower built preferably at the side of the
tank, so that the discharge pipe may pass round the end of the dam
instead of underneath it ; where the dam is not very high (over 20
feet) and the discharge of water not great, a syphon laid over the top
of the dam is a very convenient method of drawing off the water. An
overflow weir must also be provided for the discharge of rain falling
when the tank is quite full.

The questions involved in the designing of projects for the colleo-
tion of water in large tanks or lakes are too intricate and complicated
for me to describe to you in this short course of lectures, and all that
I can do is to give you a list of books in which you will find the subjects
of available rainfall and the construetion of dams and their accessories
fully dealt with. Should you ever be called on to colleet information
for or to design such works, you will find in the following books all
the latest information and the results of the most recent researches :—

(1) A Practical Treatise on Water-supply Engineering, by J. T.
anning.

(2) The Principles of Water-works Kngineering, by Tudsbery
and Brightmore.

(3) The Proceedings of the Institute of Civil Engineers, volumes
CIX, CXIIl, CXV,CXIX, CXXVI1I, CXXX, CXXXII.

(4) A Manual of Hygiene, Sanitation and Sanitary Engineering,
by J. A. Jones.
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Burdwan, and I believe it has never given the slightest trouble as far as
the supply of water is concerned. The cutting is 75 feet long at water
surface, and at the end of it a horse-shoe well has been provided, into
which the water passes over weir boards, so that only the surface water
is taken. 'The suction pipe from the pumps dips into this well. In
spite of these precautions, however, the filtered water contains an im-
palpable silt which gives it rather an unpleasant milky appearance
during the rains j during the past two or three flood seasons a *¢ bund”
made of broken bricks and cinders has been thrown across the mouth
of the cutting, and all the water has to pass through what is
practically a very coarse vertical filter, and this has had the effect of
considerably improving its appearance, With a river that has a great
range between bigh flood and lowest water level this system is not
quite so suitable on account of the great depth, and therefore the great
width of the cutting, and the horse-shoe well would have to be a some-
what massive strueture in order to withstand the pressure of earth on the
back. A modification of this system has been adepted at Lucknow
and Uawnpore, where a structure corresponding to the horse-shoe well
has been built on the river face; being on the river face the foundations
had to be built on wells, so as to prevent the structure being undermined
by the eurrent, and wing walls, also founded on wells, had to be provided.
These structures, therefore, are very massive, and consequently very
expensive. - At Allahabad and Bhagalpur the water gravitates from the
river through an iron pipe laid in a tunnel, or eulvert, into a well under
the engine-house. As long as there is deep water at the mouth of the
supply pipe this system works well, but at Bhagalpur we are now
aving considerable trouble, because a large char has formed over
the mouth of the pipe, and it has now become necessary to redesign
the whole intake. While mentioning Bhagalpur I must bring to your
notice that this is a case in which the intake has been located in what I
consider to be an insanitary position ; it is just below the town, and
flowing past it is all the surface drainage water from the most thickly
populated localities; and further not 200 yards above the mouth of the
pipe there is a bathing ghat largely resorted to by pilgrims, and about
a quarter of a mile above it is a ghat much frequented by country boats.
There is no good site, certainly for an intake, on the upstream side of
the town, but in that case I should have felt inclined to go at least a mile
below the present site, where the large body of water in the Ganges would
have been able to purify the drainage water before it got to the intake.
At Arrah, Dacca, Howrah, and Mymensingh the pipe from the
pumps communicates direct with the river and is what is called & suction-
ipe, and this is the most satisfactory form of intake, provided the
Emgth is not too great. At Arrah the pipe is simply laid up the face
and along the top of the river bank, but a traveller 1s provided, so that
the length of the pipe on the river face can be shortened or lengthened
according to the height of the water in the river. When the pipe reaches
the engine-house it dips down into a well in which the pumps are
gituated ; this is an exceedingly bad arrangement, because if you have
once succeeded in raising your water no good can be done by letting it
fall down to a lower level; and, moreover, unless an air-valve is
provided and care taken to see that it is always kept in working order
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air will accumulate at the highest guiut of the pipe and interfere with
the flow of water. At Dacca an Mymensingh the suction pipes are
carried on wooden jetties, and they have neyer given iy trouble.
Dacea is another instance of a bad selection of site for the intake;
it is [practically in the middle of the town, and crowds of boats are
allowed to moor within 100 feet of the pipe, and to make matters
worse it was not placed on the deep-water side of the river, and now a
ohar has formed right across the intake, and money will have to be spent
in remodelling it. At Howrah the suction pipe i8 carried on a screw-
pile jetty, and then passes into the engine-house in a brick masonry
funnel or oulvert, so that it is practicable to get at the pipe at any
part of its length. The total length of the suction pipe is 277 feet.
A movel departure has been made at Howrah, in that the suetion pipe
js made of mild steel and rivetted like a boiler throughout its length,
go that it is practically one long pipe with no joints to let in air;
ordinary suction pipes are usually of cast-iron flanged pipes in
9’ or 12 lengths, and these pipes are liable to leak at the joints, unless
the latter are very carefully made. Plate No. 3 shows the design of
the Howrah intake.

At Berhampore, the water-works of which town are now under
construction, it has been found necessary, owing to the pumps having
to be placed behind the flood embankment, to have a suction pipe,
nearly 900 feet long; but if the joints of the pipe are all carefully
made, there is no reason, as far as I can see, why tﬁu's pipe should give
any trouble; for the greater part of its length it is laid in & masonry
tunnel or culvert, so that it will always be possible to examine the pipe
at nll states of the river.

I must now explain to you the principles on which suction pipes
are designed. It is usual fo arrange the works on the basis that
Eumping shall go on for 10 hours out of the 24, and you will therefore

o able to caleulate the quantity of water required in gallons per hour
or cubic feet per second. The velocity of water in the pipe should
never be less than 2 feet per second on acoount of the large quantity of
silt and mud in the water during the flood season, and on the other
hand, too high a velocity is objectionable on account of the momentum
of a comparatively long column of water. From these data you will
be able to fix the diameter of the pipe. It is hardly necessary to
provide a foot-valve to retain water in the pipe while the engines are
not working, because a patent ejector has been invented which, by the
expenditure of a little steam, soon charges the pipe. All guction pipes
should be provided with a good-sized air-vessel, fixed as close to the
pumps as possible; the function of this air-vessel is to take up any
shock that may be due to the reciprocating action of the pump valves
and prevent their being injured. The air-vessel obtains its supply of
air from the water passing through the suction pipe, and to prevent
too great an accumulation of air a snifting-valve should be provided.
I should point out that the pir-vessels on suction pipes are very often
called vacuum-vessels, because they abstract the air from the water.
Suction pipes should rise continuously from the water level to the
pump-valves, for the reasons given in the previous page in the case
of the Arrah suction-pipe.
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The question of how high water can be raised in suction pipes
will be left, more appropriately I think, to stand over until I come to
discuss the methods of raising water by means of pumps because on it
depends the disposition of the pump-valves.

Tae PURIFICATION OF WATER.,

You will have gathered from these lectures that most of the
water that is available for water-suppliee in India is more or less
impure, and steps have to be taken to free it of its objectionable
matter, whether in suspension or in solution. Impurities in suspen-
gion can mostly be seen with the naked eye, and they are by far
the easier to deal with; those in solution, however, can only be dis-
covered by means of chemical and biological analyses, and they are not
nearly as difficult fo find as they are to get ridof. However, Nature
comes to our aid, and we arcable to clarify water by sedimentation, the
force of gravity coming into play and causing the particles whose
gpecific gravity 1s greater than that of the waterto gradually settle down
to the lower depths; and by filtration through sand, which not only
strains out any grosser particles which are too light to be influenced
by gravity, bui also acts to a certain extent chemically by bringing
films of air into contact with the noxious organic matters in the
water, and biologically by the filtering media becoming the breeding
ground of the beneficient micro-organisms which destroy the disease-
producing germs contained in the water. I do not propose # such
a short course of lectures to deseribe to you the various mechanieal
and chemical devices that have been invented from time to time
for the purificalion of water, because as a rule their employment
means a heavy expenditure for machinery, apparatus, and chemicals,
which the incomes of local bodies even in Europe, and much less in
this country, cannot be burdened with; all that I shall do will be to
bring to your notice the simplest and cheapest methods—those that you
may be called upon to devise and look after, whatever branch of the
profession you may take up. In my opinion such mechaniecal and
chemical processes are only suitable for dealing with the water-supplies
of large institutions, such as hospitals, jails, barracks, colleges, ete.,
where they can be carefully supervised and looked after daily and
hourly. The only exception that I am bound to make is in the matter
of the purification of water in wells, which is below the sorface of
the ground and away from the influence of sun-light and air, although
there is mno doubt that sedimentation has a great deal to do with the
purification of water even in wells. We all know that, as a rule, as
long as there is a good depth of water in a well the water drawn from
it will be suitable for drinking, and it is only during the hot, dry weather,
when the water in the wells is getting lower and lower every day and
very near to the bottom, that we hear of outbreaks of cholera. The
reason of thie, to my mind, is that the disease-producing germs have
gradually sunk by the action of gravity, and have all become collected in
the lower depths of the wells; and it is the same thing to a certain
extent in tanks, the water at the bottom is always the most impure. I
dare say many of you have heard that lime is a good thing to use to
purify the water of wells: some of you perhaps have actually seen it
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used. If quick-lime is used it no doubt acts chemically on the water,
but in a manner that we do not exactly require for purification purposes,
because it actually takes up oxygen from the water in order to
become caleium hydrate, whereas for real purification oxygen should
be added to the water in order to oxidize the organic matter that may
be contained in it, and which is deleterions to health. When
quick-lime is added to water if causes a great rise in temperature, and
the water often boils, which no doubt will destroy nearly all microbes
and germs, and thus, what is called, sterilize the water; but quick-
lime 1s only obtainable where lime is being manufactured, and as you
know it slakes by exposure to air, consequently there ae very few
towns or villages in Bengal where this method of purification could be
used. 1If slaked lime is used it simply clarifies the water by its particles
adually sinking down through the water and dragging down with
gem the filmy mass of bacteria. To my mind clay or brick-dust
would have just as great a purifying power as glaked lime, and these
materials are of course much cheaper. By far the best thing to use
for wells, and probably every bit as cheap as lime, is permanganate
of potash (the principal ingredient of Condy’s fluid), a substance
which, as you have learnt from your chemistry, is ever ready to park
with some of its oxygen; mnow, oxygen has the effect of rendering the
beneficent germs more active and more ready to .attack and demolish
the disease-producing germs, and, combining with organic matter,
oxidizes it and renders it innocuons, We thus see, and know from actual
experiment, that permanganate of potash has a much greater purify-
ing effect on water than lime or any other substance. I therefore
commend it to your most careful consideration. As soon as a well in
your charge ceases to have less than six feet of water in it, calculate
out the quantity of water it contains and obtain permanganate at the
rate of 10 ozs. per 1,000 gallons; the cost in Calentta is about a rupee
per pound. If the water is very impure, you may require more. Then
as to the method of applying—throw into the well about 3 or 4 ozs.
per 1,000 gallons and then agitate the water by drawing up buckets of
water and then pouring it back again; keep on doing this until the
water nssumes a pink tint and then Stﬂ%for five minutes ; if the tint
disappears, add an ounce or 80 more and then allow to rest for five or six
hours, If the permsnganate or Condy’s fluid is added at night, the
water should be quite purified and ready for drinking by the following
morning.
The permanganate cure can also be applied of course to tanks, but
T am afraid the cost in most cases will be prohibitive, and g0 we musk
trust more to the action of the air on the exposed surface of the water.
Here again Nature steps in to our assistance, not only with the uncon-
uerable force of gravity, but by causing the winds to blow and ruflle
{he surface of the water, so that every little ripple enfolds in its cluteh-
es a particle of air which is made to part with some of its oxygen for
the purifieation of the water. If it were not for this action of the
wind on the surface of water, thus prodneing waves and ripples, there
is no doubt that every large body of water, and even the sea itself,
would becomo go utterly obnosious and impure that life on this earth
would be quite impossible, and if Nature assists us in this way it is our
duty to try and help ourselves by not willingly or deliberately polluting
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the water provided for us so bountifully. I have already explained to
you how every effort should be made to keep the foul surface water ouf
of tanks, but you must protect your tanks from individoal pollution by
fencing them in and absolutely forbidding any human being to go
near them. It has always been the policy of the Sanitary Department
to endeavour to get municipalities and other local bodies to reserve tanks
for drinking purposes only, but it almost seems a hopeless endeavour
when people are so careless and thoughtless that even the very
custodian of a tank has been found washing his own clothes in it!
But sanitary officers must not be deterred by incidents of this nature:
Eatienca and perseverance must ever be their watchwords. Therefore,

repeat, the best method which we can adopt for the purification of the
water eollected in tanks is to prevent all access from the outside and
obtain the water therefrom by raising it by means of a pump into
small tanks or reservoirs accessible to the general publie. At Faridpur
the Municipal Commissioners have not only done this, but they have
also constructed a small installation of sand-filters, which, I understand,
have been much appreciated.

‘When a water-supply is derived from a river gpecial arrangements
have to be made for ridding the water of the large amount of earthy
matter in suspension that is brought down in the flood season ; this is not
a state of affairs peculiar to India by any means, and large subsidencs
reservoirs are provided in all European and American water-works
deriving their supplies of water from such a source, but these subsidence
reservolrs have, as a rule, an additional use, in that they also serve as
storage reservoirs against a time of drought, when the discharge of the
rivers becomes very small and hardly sufficient to keep up the supply of
“mm]iansn,tinn water,” which is due to riparian proprietors for any
possible damage to, or interference with, their interesis caused by
the abstraction of water. In India, with its huge everflowing rivers,
the question of storage has seldom, if ever, to be considered, and
consequently we only have to construet subsidence reservoirs, or, as they
are called in this country, settling-tanks, of such a size as will give suffi-
eient time for the water to he cleared of its silt before it is drawn off
into the filter-beds. As a rule, a settlement of 24 hours is found quite
sufficient, although in the case of Burdwan, which draws its supply
from the Banka river, a settlement of even 24 days is insufficient to
clarify the water, but this is due to the fact that the Banka is rather
a drainage channel than a river. If arrangements can be made, as af
Cawnpore and Lucknow, whereby only the surface water of the river is
drawn upon, the time of settlement can be reduced to a minimum, but
usually the water is practically drawn from the bottom of a river,
and consequently it contains much more silt than if it had been
drawn from the surface. At the recently constructed works at
Howrah four settling-tanks have been provided for a daily supply
of 1,300,000 gallons. The effective contents of each tank is 1,573,670

allons, and ﬂonaﬂquemlg the water can be quiescent in them for at
east 48 hours. At Berhampore, where the river water is less laden
with silt, and where the water will not be taken from the lowest
depths of the river, only 24 hours’ eettlement has been provided by
coustructing three tanks, that is to say, one being filled, one quiescent,
and one discharging water on to the filter beds. Plate No. 4 shows
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the general arrangement of the settling-tanks, with the details of the
weir over which the water is discharged 1oto the tanks, and the outlet
with its floating pipe. The daily supply for Berhampore is 200,000
gallons, but each of these tanks will contain 229,414 gallons, so that
it will never be necessary to draw oft the bottom two feet of water,
which, as I have shown in the case of tanks and wells, contains the
most impure water. The settling-tanks at Howrah were simply made
with earthen banks and floors similar to those of the Calecutta water-
works at Pulta, but they have given go much trouble from leakage
and loss of water by percolation through the floors that it was decided
%o line the tanks at Berhampore with masonry. Six inches of concrete
has therefore been laid over the floor, and the inner slopes of the
banks have been covered with 3 inches of brick khoarammed into clay
puddle, on top of which brick-on-edge pointed with lime mortar was
laid ; the brick-on-edge on the slopes was laid dry and only pointed
with lime mortar; so that ifany sottlement occurred in the banks, all
that would be required would be a little fresh pointing. This method
of lining the slopes of settling tanks has been found most effectual
in the water-works of the North-Western Provinces.

The water from the river is pumped up into a masonry trough,
from which it descends in a thin stream 1 to 2 inches thick over
o series of steps into the settling tank; by this method of cascade
discharge the water gets very thoroughly wmrated. You will be able
to caloulate the required length of such a weir from the formula for
broad-crested weirs that I have already given you.

The water is drawn off from the settling-tanks on to the filters
through a pipe 80 arranged that it can revolve about its base, and by
providing a float the inlet mouth of the pipe is always kept near the
surface of the water, and so only the clearest water is drawn off. A
small jetty has been provided, on the end of which a hand-wineh is fixed
(not shown in the drawing), go that the pipe may Le drawn np above
the surface of the water when no water is required to be taken from
the settling-tank. The outlet pipe is also provided with a sluice, but
this may always be kept open and only used in case the floating-
pipe gets out of order. A second outlet pipe should always be provided
so that the bottom two feet of water in the tank may be periodically
drawn off ; this is generally called the sludge-outlet pipe.

T have hitherto only described to you what is known as the inter-
mittent form of settling-tank, which, as you all have seen, is alternately
filled and emptied, the clarification of the water being principally
due to the period of absolute rest when there is neither inflow nor outflow.
An alternative form is the constant settling-tank, in which water is
constantly ﬂuwiﬂ% in and out of the tank, the sedimentation being due
fo the extremely low velocity with which the water passes through the
tank, It is claimed for this class of tank that the surface of the water
need never be any great height above the full supply level in the filter-
beds, and that consequently tie lifl on the unfiltered water pumps will
be reduced; and further that the cost of construction 1s muuH less than
that of intermittent settling-tanks. The former of these contentions is
undoubtedly correct; but in order to get the necessarily small velocity
tho tanks must either cover a very large area of ground, if they are to
be kept above the influence of the subsoil water, or they must be
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practically low-level tanks with a considerable poxtion of their depth below

round level. As regards the less cost of construction, I am very douht-

ul, for I find that at Meerut the cost of three constant system settling-
tanks has been Rls. 25,000, or Rs. 8,333 per tank, whereas at Howrah,
where the quantity of water to be clarified is about the same, four tanks
have cost Bs. 30,000, or Rs. 7,500 each. I mmust admit, however, that
the Howrah tanks are vot lined with masoory as those at Meerut are.
Again, the water-supply of Meerut is obtained from the Ganges caral,
and I can hardly believe that the quantity of silt in a canal at a point
80 miles from its head works can compare with the quantity in the
river Hooghly or any of the other rivers of Bengal. I have therefore
very great doubt whether, for water that is very heavily laden
with silt, the constant system of settling-tanks is suitable or even more
economical. Plate No. 5 shows the design of the settling-tanks recently
constructed at Meerat.

To give you some idea of the effeet of storage or settlement on
water, I have compiled the following table from Appendix B of the
Twenty-sixth Annual Report of the Local Government Board, this
appendix being Sir B. Frankland’s report on his bacterioseopic
examination of the London water-supplies during the year 1896-97 :—

Microbe determinations tn East London Company’s water,

T

River River

River water River wator

QT Bafore aﬁm;u MoxTi, ;.?:?; B;E.::Eu

slorage. for BLOTIEE. for

15 days. 15 duys.
January o | 6,720 | 3,140 || July | 2,680 | 1,620
February e | 7,880 | 1,600 || August e 803001 2,140
Murch o | 20,640 | 1,460 || September . | 32,000 | 2,160
April b Lost Lost || October we| 12,200 | 1,480
ay = 8,180 1,180 | November oo | 10,880 H,20d)

J une wee | ILT20 2,341 || December wee | 13,420 3,066

The average reduction in the number of mierobes was therefore
83 per cent.; but although there had been this great reduction, the
water after storage was by no means considered fit to drink, and
was submitted, as usual, to filtration through sand. When I come to
explain to you what the standard of potable water from a bae, eria
point of view is, you will understand better why it is that water even
after 15 days’ storage is by no means a pure water.

T now come to what I regard as one of the most important dutics
of engineers and others in charge of water-supplies—I mean the purifica-
tion of water by means of filtration. Before, however, deseribing to
you the means by which filtration is carried out, I think it wiil 1mpress
the matter more on your minds if I explain to you why it is so0 neces-
gary. The following extract is taken from the Appendix to the Army
Medical Report for 1892 :—

“ Filtration of Potable Waters,—In connection with an enguiry infe
the canses of cholera at HMamburg, Professor . Koch has j ublished

i
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a paper on Water Filtration and Cholera, which is, perhaps, one of the
most interesting raonographs that has ap eared during the year.
Cholera broke out in the three towns of Hamburg, Altona, and Wands-
beck, which are contiguous to each other, and really form a single
community, and do not differ except in B0 far as each has a separate
and a different water-supply. Wandsheck obtains filtered water from
a lake which iz hardly at sll exposed to contamination with foeeal
matter ; Hamburg obtains :to water in an unfiltered condition irom
the Elbe, above the town, and Altona obtains filtered water from the
Elbe, below the town. Hamburg was notoriously badly visited by
cholera, whereas Wandsbeck and Altona, if one excepts the cases
brought thither from Hamburg, were nearly quite free from the disease.
The conditions of the cholera epidemic along the boundary between
Hamburg and Alfona were also remarkable. On both sides of the
boundary the conditions of soil, buildings, sewerage, population, every-
thing of importance in this respect, were the same, and yet cholera in
Hamburg went right up to the boundary in Altona and-then stopped.
The cholera not only marked the political boundary, but even the
boundary of the water-supply between the two towns. In fwo great
populations nearly o1l the factors are the same—one only is different,
and that the water-supply. The population supplied with unfiltered
water from the Elbe is seriously visited by cholera ; the population
supplied with filtored water is only visited by the disease to a very
small extent. The difference is oll the more important, as the water
of Hamburg is taken from a place where the Elbe is relatively but
little contaminated ; whereas Altona resorts to the water of the Elbe
after it has received all the liquid and foecal refuse of 800,000 people.
‘Under these conditions there is no other explanation for the scientifie
thinker but that the difference in the increase of the cholera on these
two populations was governed by the differences in the water-supply,
and that Altona was protected against the cholera by the filtration of
the water of the Elbe.

« Professor Koch, after briefly reviewing the various theories advanced
as to the probable causes of the outbreak, enters fully into the questions
of filtration. The problem, he says, of fltration is to purify water
from the matter held in suspension. Matter which has been dissolved
passes through the filter with hardly any or no perceptible change. He
atiributes little importance to the chemical esamination, as this inquiry
deals only with the dissolved impurities.

¢ The renl filtration, where sand is used as a filtering medium, does
not take place in the sand, but by a deposit from the still unpurified
water o layer of mud is formed on the top of the sand, and this layer
of mud which is over the wand is the real filter which retains the
snspended constituents from the water. This has been very clearly
atated in the Report of the Royal Commission on the Metropolitan Water-
supply as follows:—

«'he action of a filter-bed appears to be partly mechanical, partly
vital; but the mechanical action which i8 confined, or almost confined,
to the holding back of the comparatively grosser substances sus-
pended in the water, and which was supposed until recently to be the
only operation in a flter, is now held to be of far less importance
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than the vital action, which depends on the activities of the gelatinous
layer of living matter gradually deposited on its surface. A new filter,
composed of perfectly purified sand, has little or no effeet in producing
either chemical or bacteriological purification, but in the course of use
a layer charged with living microbes is deposited upon the surface, and
it is by these organisms, which constantly inerease in number, and also
penetrate the sand to a slight distance, that both the nitrification of
organic matter and the arrest of other microbes is effected.

““Thus the longer a filter has been in use the more efficient it
becomes, provided, of course, that the surface layer has not acquired
such density as to interfere with the passage of the water; and con-
sequently the recommendation which was commonly given in former
times, that a filter bed should be cleansed as often as possible, appears
to have been a mistake; cleaning by which the efficient superficial
membrane is removed should only be carried out when the filter
becomes unduly blocked.

“The sand layer should never be allowed to get below a certain
thickness—about 30 centimetres (12 inches), and it is also necessary that
the rate of flow through the layer should be a fixed one—about 100
millimetres (3:95 inches) in an hour,”

“If a filter works satisfactorily in every respect, there will be found,
as experience shows, less than 100 germs capable of development in
1 cubic centimetre of filtered water, and thisisindependent of the amount
of bacteria contained in the natural water, whether such amount should
be 100,000 or only a few hundred in acubie centimetre. But the slight-
est disturbances in the process of filtration, for instance, the quickening
of the pace of filtration to over 100 millimetres per hour, disturbances of
the surface mud, covering, ete., tend as a consequence to an immediate
increase of germs in the filtered water. Hven the very best filtration
processes are not sufficient to keep back all mixed organiems, and,
according to all appearances, we have with the present processes reached
the limits of that which is practicable. Dr. Koch then shows that the
epidemie of cholera at Altona affords ample proof that we may be
satisfied in practice with these results.” ;

The dire results of the non-filtration, or even the improper filtra-
tion, have been brought to light in numerous instances, but the experi-
ences of the inhabitants of Hamburg, Altona, and Wandsbeck, are I,
think, quite sufficient to show you how important and really necessary
the filtration of potable water-supplies is, You will remember, I have
no doubt, that I told you that filtration through sand was not only a
mechanical, but also a chemieal, action, but you have now heard that
Professor Koch says that the problem of filtration is to purify water
from the matter held in suspension, and that matter which has been
dissolved passes through the filter with hardly any or no perceptible
change. Fn defence, therefore, of what I have told you I must refer
to the classic experiments on water filtration carried out by the Btate
Board of Health of Massachusetts. The experimental filter consisted
of sand of varying degrees of fineness, and held about 28 gallons of water ;
the experiment was continued for a whole year, and the weekly chemical
analyses showed that ** the sum of ammonias of the filtered water for the
first six months was 63 per cent. of those of the unfiltered water, and in
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the last six months was 69 per cent. of those of theunfiltered water. The
ammonia of the filtered water has for the year averaged 0°0010 parts
per 100,000, or two-thirds of that of the unfiltered; and the
albuminoid ammonia has averaged 0-0086 parts, which is also two-
thirds of that of the unfiltered water.

«The quantity of water filtered by this tank (20" diameter) in the
year has been about 15,000 gallons, or the equivalent of 300,000,000
gallons upon an acre; and it appears as if it would continue, with the
ome treatment, removing about cne-half of the colour and about one-
third of the ammonias, as it has done during the past six months.

«To test the effect of exposing the water to more air while passing
through the sand, the quantity of water was decreased to one-half a
million gallons per acre, applied on six days in the week. This
quantity was continued for o month with the result that the purification
was muech more complete. The oclour was reduced to one-third ; the
freo ammonia to 30 per cent., and fie albuminoid ammonia to 44 per
cent. of that of the applied water. The nitrates were 22 per cent.
more than these of the applied water.”

I submit. therefore, that the process of filtration through sand 1s nob
only a mechanical, but also a chemical, one. I shall have to refer to the
improved results obtained by exposing the water to more air while
passing through the sand when explaining to you the rules under
which I consider filtration should be conducted.

A filter-bed consists of a watertight tank or reservoir containing a
pumber of layers of the filtering material, with arrangements for
admitting water on to the surface of the top layer, and for drawing it
off after it has passed through the fltering material. The walls
chould be of solil masonry, of a thickness that can safely with-
stand the pressure of the ear backing and of the water in the filter
when either is removed, because in this country the earth backing is
50 liable to shrink away from the masonry that cracks may be set up
sear the footings through which the water from inside or outside
can E:\fmhtsl The floor should be of brick-on-edge in good hydraulie
mortar or Portland cement over 9 inches or 12 inches of concrete.
Running down the centre of the filter bed a main drain should be
constructed not less than 12 inches square towards which the floor
on either side should slope. On the floor at right angles to the main
drain rows of bricks, either on @d%e or flat, should be laid, so as to form
passages for the water, which has escended through the sand, to run
off into the main drain. These passages should be covered over with
bricks 1aid flat and close together. ‘The main drain is most conveniently
ervered over with slabs of stone. Many engineers have advoeated the
making of the main_ drain ijmpervious to water from above, buf this
has one drawback in this country, and thatis that the main drain
eannot bo thoroughly cleaned when the filter is run dry,and I have seen
main drains one mass of water weeds and green slime, which look most
objectionable, and moreover interfere with the purity of the water.
The real filtering material is the fine sand; but in order to prevent this
heing washel away by the passage of water through it, it 1s necessary
to interpose same layers of materials of varying degrees of coarseness
botween the bottom of the fine sand and the underdrains, go as to
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once into the sand, and which was therefore collected on the surface.
With ordinary clear water, such as is obtainable in the cold and hot
weathers, this film collects very rapidly and eventually clogs the filter, so
that it has actually to be seraped off about once a month. In the flood
season, in spite of the olarification of the water in the settling tanks, a
large quantity of impal able silt still remains in the water that is
discharged on to the filter-beds; g0 that not only have we to deal with the
film of protoplasm, but this silt has a great deal to do with the elogging
of the filters, and it seems to pass right into the sand. Consequently
filters have to be scraped at least every week or ten days during the rains.
During the cold and hot seasons only about ” of sand need Ea removed
at each scraping, but at other times of the year as much as'an inch has
at times to be taken off every time; the aggregate of these gerapings may
amount to 12" or 18Y. During the flood season 1o sand is obtainable
from the river beds, and the scrapings removed at this time of year are
generally too dirty to be washed, and so we have to wait well into the
cold weather until we can replenish the filtering material. The minimum
depth of fine sand for efficient filtration is 12", and consequently the
primary thickness of the fine sand ought never to be less than 2 6";
allowing for the slope of the filter-bed floor, this meansthat we must have
9’ 6 of fine sand at the sides and 2" 9" or 3" at the centre over the main
drain. I do not think anything is gained in India by having a greater
thickness than this, as it is extremely doubtful whether any exftra
thickness of fine sand has any greater purifying powers; and, of course,
it has the great drawback in increasing the depth of filter-bed tanks,
and therefore the cost of eonstruction, The depths of fine sand in
the flter-beds of the London water-works vary %etWEEll 1'8 and 40
foot, the average of all the works being 25 feet ; the total depth
of filtering material varies from 8 to 3’ as agninst the 8’ which has been
found to be sufficient in this country. The filter-beds, however, of the
T.ondon works were constructed before the true principles that regulate
the purification of water by means of filtration through sand were
mtuafl}r ascertained. In 1893 I was deputed b Government to report
on the water-supply of the Uity of Berlin, and I found that in the most
yecently constructed filter-beds the depth of fine sand was 2 feet, and
the total depth of filtering material was 3 foot, this depth being arrived
at after a rerieg of experiments, extending over two or three years,
with the various forms of filters that were best caloulated to smit the
water that had to be purified. In the course of these experiments it
was discovered that sand that had been used in filters was much more
effective as a filtering material than fresh gand; for it appears that each
particle of eand gets covered, after having been used m a filter, with
an envelope of gelatinous matter, simply teeming with the microbes
that have the most beneficent effect on water. It is, therefore, most
important that as much as possible of the sand that s soraped off filter-
beds should be washed and cleaned and then returned to the filter-beds,
oven if it costs more than bringing in fresh sand. In the older water-
works of Bengal, such as Dacca, Bhagalpur, and Burdwan, no provision
for sandwashing was made, but this state of things is now heing gra-
dually renm:ling, and in all recently-designed water-works both iz the
North-Western Provinces and Bengal this omission has been supplied.
1 have given in Plate No. 6 a desiga for o sand-washer which has been



=

WATER-SUPILY, a5

found to work very effectively. It consists of a masonry vat at the bottom
of which are placed a series of frames covered with zine or iron sheets
full of small holes. TUnderneath these frames pipes connected with the
high pressure main are fixed. The sand to bewashed is filled in on top
of the frames. The water is then turned on, and it forces its way up
through the sand, carrying with it the particles of silt mixed with the
dirty sand. The dirty water overflows into drains provided for the
purpose, and only the clean sand is left in the vat. hile the washing
18 going on the sand should be continually stirred with long rakes or
bamboos, go as to loosen it up and allow the water to pass through it
freely. BSeveral machines for washing sund have been devised, but
they are hardly suitable in a country where labour is so cheap.

Having thus explained to you the considerations that must guide
you in deciding on the design of the cross-section of a filter, we must
now go into the question of the area of filter-bed that will be required
for a given quantity of water. This must necessarily be decided by
the rate at which the water is to be filtered, which in the case of the
London water-works is as follows :—

Rate in gallons | Rafe in inches
CoMraxy. per square foot vertical per

per houor. hour.

Chelsea 176 . 34
West Middlesex ... 1-26 24
Southwark and Vauxhall 150 29
Grand Junection 163 31
Lambeth g 208 40
New River : 1°89 36
Hast London ass 1:33 26
Average s 1'63 31

In the Berlin works the rate of filtration is 2:08 gallons per square
foot, or 40 inches vertical per hour, which is in ﬂﬁcm‘t}j with the
recommendations made in the Report of the Royal Commission on the
Metropolitan Water-supply.

In designing new works for this country I should feel inclined to
make the rate only 3 inches per hour, because this would then leave a
margin for increasing the supply without going to the expense of build-
ing additional filters and so D'Bviata, what is frequently done, foreing the
filters as the demand increases. Now with regard to the number of
hours that filtration is to be carried on. Opinions are many and various
on this point: some contend that filtration should be continuous day and
night until the filter gets clogged, while, on the other hand, the experi-
ments of the State Board of Health of Massachusetts show, as I have
already explained to you, that chemieal purification was mueh more
complete when the water was exposed to more air while passing through
the sand. In fact, it is another case of the intermiftent zersus the
constant gystem. In European countries, however, the supervision
18 very perfect, -and the filters are carefully watched night and day ;
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but in this country work done during the night is always more OrF
less of an untrustworthy character. Filtration, as I have already
observed, is a very delicate process, and should therefors mever be lelt
to take care of itself. Consequently I am of opinion that for this
country the intermittent system of filtration is the better; it has been
in use at all the water-works in Bengal for the past three years, and
I have never heard any complaints against the quality of the water
produced by the filters. ixtecn hours ou$ of the twenty-four, or,
gay, from 5 aar until 9 r.u., appears to me to be the proper period
during which filtration should be carried on, and for the other eight
hours the water is run out of the filter-beds and air rushes in and takes
its place. We may therefore design our filters to pass 25 gallons per
square foot or 4b” vertical per working day, as agaiost the 39 gallons

er square foot per working day of the London filters, the difference

ing due to the length of time during which the filters are at
work, At ihe Caleutta Water-works the rate of filtration varies, accord-
ing to the season, from 33 to 40 gallons per square foot per 24 hours,
or about the London rate, Now, having determined the rate of
filtration per square foot per day, an algebraical sum will give the
total filtration area required. "

Taking into consideration the cost of construction and that of work-
ing, it has been found in England that 30,000 square feet is the best
superficial area for each filter-bed when a large quantity of water has fo
be dealt with ; and this area can most ceonomically be supplied by a filter
900 feet by 150 feet. At the Calcutta works the filters are all 200x
100 and are 36 in number, of which 39 are in general use. At Howrah
four filters 180 x 80 have been provided ; with one under repair, this
allowance is hardly sufficient, as a rate of 29 gallons per square foob
only gives 1,000,000 gallons per day, and 1,300,000 wiﬁ eventnally be
required. This installation of filters, however, was designed before the
good results of intermittent filtration were fully ascertained and recog-
Sised. In the newly-designed works at Berhampore two filters have
been provided, each measuring 103 x 78, and these can each provide the
whole day’s discharge when working at the rate T have recommended.
Tn small works like those of Berhampore perhaps it would have been
more economical to provide three filters, each capable of delivering half
the day’s supply ; there would thus have been two filters at work and
one under repair, but there were other considerations which prevented
{his arrangement being carried out. In deciding the number of filters
required for a given supply you must always remember that each filter
must be thrown out of work af least once o week during the flood
8EASOTL.

The arrangements for discharging water into and from the filter,
as nlso those for ventilating the under-drains, will be best understood
from the drawing which I now place before you.

Plate No. 7 shows the design of the Derhampore filtor-be ds, which
you will seé have becn designed on the principles 1 have already
explamed to you. There ate one or two deviations from the usual
design of such works which I think I should explain. The first one
38 regarding the filterin material: this consists of 1”7 6” of fine sand
lying over 12" of coke-breeze; the reason of the insertion of this latter

materia) in a water-works filter-bed :s that it has beén proved to be so
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Notes for Form No. 5.

1. All ganges should be read every two hours at least, and also, whenever it
is necessary, to open, close or alter the inlet or ountlet valves.

2. All levels to be referred to the bottom of the filter-bed, i.s, the zero of
the gaunge to be on the floor of the filter-bed.

3. In the column of remarks should be entered an account of repairs, ete.,
done to the lilter-beds, such as seraping, or renewal of filtering medium, number
of cubic feet of sand removed from a filter-bed, and the quantity washed, ete., ete.

I think I should now explain the reason of each of these rules,

. In European countries the depth of water on the top of the sand
has to be sufficient to prevent the latter from heing disturbed by the
formation of ice in the winter. In the London water-works the depth
of water in the filters varies from 3 to 7 feet, the average being 4 fest
8 inches; in the new Berlin filters it is 4 feet 3 inches. In this
country we are not bothered with low temperatures, and all that we
have to do is to give such a depth of water as will prevent the growth
of vegetable matter and algee on the surface of the sand. TFor filtra-
tion purposes it would be quite sufficient if we had a thin layer of
water, say 1 inch deep, just flowing over the sand, but the heat of the
sun quickly penetrates so small a depth of water and at once canses the
vegetable germs and seeds to sprout. KExperience has shown that a
depth of 2 feet is all that is necessary to prevent any growth on the
surface of the sand. I need hardly point out that the greater the
depth of water over the sand, the more costly the filters will be.
The filters should be designed for a depth of 2 feet of water, but
there is no reason why this depth of water should not be increased as
the sand is scraped away ; in fact, perhaps it is better to keep the surface
of the water always at the same level, because then the floating gauges
will always show the filtration head correctly. Marks should be made
on the walls of the filter-beds to show the normal water level.

The next rule (No. 2) is the most important of all, relating as it
does to the filtration head, and consequently to the rate of flow in the
filters, The first principle of all efficient filtration is that the flow
through the filters should be regular and at a constant rate. The
flow of water in a filter is produced by the difference of level
of the water in the filter and that in the outlet-weil. As I have
already explained, filters got gradually clogged by the deposition
on and in the sand of the microbe slime and silt from the water:
consequently, if the rate of filtration is to be constant, the filtration
head must gradually increase in order to overcome the resistance
offered by the slime and silt. The amount of head necessary to
force water through a clean filter depends entirely on the design,
for the head is entirely absorbed in overcoming the friction between
the water and the grains of sand, and that between the water and
sides of the under and main drains. A large filter with long drains
and a great thickness of sand will therefore require a greater head to
produce a given quantity of water than would another with shorter
drains and a less thickness of sand. It is therefore very difficult to
lay down any rule as to the filtration head required to produce a
certain discharge. All that can be done is to fix a limit above which
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enclosed, By exposing the sand to the air after it has been removed
from the filter-bed the micrcbes in the sand are given a fresh lease
of life as it were, and any organic matter that may have been deposited
in the sand is thoroughly oxidized and rendered innocuous. Unfortu-
nately air is not capable of destroyirg and removing the impalpable
gilt with which the fine sand gets choked during the flood season, and
by about the end of four years this silt has penetrated right dewn tothe
bottom of the fine sand, and more often than not into the coarse sand
and pebbles. The fine sand is generally so dirty that it costs a great
deal to thoroughly wash if, and very often consumes more filtered water
than the works can spare ; the only way then is to bring in an entirely
fresh supply of fine sand, wash it in filtered water, and then place
it in the filter-beds., Here I should remark that in constructing filter-
beds 1n the first instance only one bed should be filled up with filtering
material at first, and then the filtered water will be available for wash-
ing the fltering material for the other beds; when these have been
completed all the material should be removed from the first bed and
thoroughly washed in the filtered water obtained from the other
filter-beds.

It has been found that water from a {freshly constructed or
recently scraped filter-bed is never so pure as that from a filter that
has been in work for some days, the reason being that it takes some
little time for the scum or film of microbes to be deposited on the
surface of the sand. This will explain the last sentence of rule 9.

It is usual in water-supplies in India to arrange that half the daily
supply shall be delivered in four hours, but if the filters only deliver
the whole daily supply in 16 hours, it follows that there must be some
arrangement for stming the water as it leaves the filters. This is
generally done in covered brick masonry structures which are known
as “ clear-water reservoirs.”” ‘I'be roof may be carried on pillars, but
the preferable arrangement is to have a series of walls running across
the reservoir and between which arches are turned. These walls serve
a double purpose, for not only do they carry the roof, but they cause
a constant circulation of the water inside. If half the daily supply
is discharged in four hours and the filters can only give the full
day’s supply in 16 hours, a*simple arithmetical calculation will show
that the clear-water reservoir must contain at least a quarter of
a day’s supply; it is usual, however, to provide for mot less than
half a day’s supply, but if it can be managed it is desirable to provide
for a whole day’s supply, more especially if the pumps that lift the
water from the river are not in duplicate. The clear-water reservoir
then acts as a storage reservoir also.

Plate No. & gives the design of the clear water reservoir for
Howrah, and in plate No. 7 is that for Berhampore. It will be
observed that the reservoir at Howrah is built with two compartments;
this is to enable one side to be closed for repairs without interfering
with the daily supply, but as a rule both compartmeunts are in use at
the same time. This would have been done at Berhampore, but funds
were not available.

To give you some idea of the extent of the purification that is
effected Ly filtration through sand I must quote another extract from






WATER-SUPPLY. 63

the water left the filters and before it was pumped into the distribu-
tary mains. It is of little use examining filtered water delivered from
the mains, not only because it is a mixture of the effluents from many
filters, but especially because the multiplication of ordinary river and
harmless microbes is so rapid, that the number is generally increased
many times over between the filtration works and the standpipes.
By the examination of the water ns it issues from the filters the utmost
freedom from microbes or maximum degree of sterility of each sample
of water is determined. This utmost freedom from bacterial life after
all sources of contamination have been passed is obviously the most
important momentin the history of the water, for the smaller the number
of microbes found'in a given volume at that moment, the less is the pro-
bability of pathogenie organisms being present, and, although the
non-pathogenic may afterwards mnltipf}r indefinitely, this is of no
consequence in the initial absence of the pathogenie. The results given
in the above tables are, I think you must admit, most instructive; they
show us how very impure even unfiltered water in England is, and they
prove beyond all doubt how great are the benefits of careful filtration.

I think it will be desirable if T say a few words to you regarding the
methods of ascertaining the purification attained in ﬁrga water-works
by filtration through sand. There are two methods employed, namely,
the chemical and the bacteriological, but the investigations of Miquel in
Faris, Koch in Berlin, and Angus Smith in England have shown that
the latter method is much more reliable in warning us of the purity or
otherwize of onr drinking-water. It must not, however, be supposed that
the bacteriological test in any way replaces or supplants the chemieal
test; such is by no means the case. But the former is by far the
simplest test to carry out, and it has consequently become the more
popular, thanks to the method of plate cultivations in nutrient
gelatine propounded by Koch. By this method a small quantity
of the water to be examined is intimately mixed with fluid gelatine,
which is spread in a thin layer upon a glass plate, or it may be left in
the test tube which is laid in a nearly horizontal position; the gelatine
is allowed to solidify and the germs or miero-organisms thus become
fixed and proceed to grow or form “colonies,” each germ growing
separately in the gelatine wherever it may have lodged, and not
interfering with the development of the other germs. After a day
or two spots about the size of pin-heads begin to be visible in the

elatine : these are the colonies of germs; and if they are counted,
the number will be that of the original germs in the sample which we
examined. In this country Japanese isinglass or agaragar appears to
be more suitable than gelatine as the nutrient medium on account of its
being able to resist somewhat higher temperatures. The method
of mixing the water with the gelatine and the precautions to be
observed are very clearly described in a small pamphlet written by
Mr. E. H. Hankin, Chemical Examiner and acteriologist to the
Government of the North-Western Provinces and Oudh, for the use
of Municipal Engincers and others interested in providing water for
drinking purposes; the pamphlet is entitled * The ﬁucterinlﬂgiml Test
of the Purity of Water.” At some of the water-works in Bengal this
method of examination of the water-supply is being carried out by the
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an open nozzle. This eylinder is enclosed in a metal or glass jacket,
a space intervening between the two, above and at the sides, while
below they are fixed together by a screw tap, with an opening in the
centre for the passage of the nozzle. The outer cylinder is closed above,
except where it joins the water-pipe. The water passes through the
porcelain from without inwards and under a pressure of from 14 to 24
atmospheres, such as is usually present in the pipes of a water service,
at the rate of about three quarts per hour. These filters can he easily
cleaned by brushing under a stream of hot water, and afterwards, if
deemed desirable, by submitting them to the action of steam, or by heat
applied direct from a spirit lamp or Bunsen burner. This filter acts
mechanieally, and is most efficacious in removing the finest suspended
matters, and even micro-organisms are stopped by it. The Berkefeld
filter is on the ;ame principle as the Chamberland-Pasteur; it is made
of infusorial earth, which iz somewhat soft and friable and liable to
fracture. This filter, however, possesses distinct sterilizing aetion,
inasmuch as it is capable of removing bacteria from samples of water and
other impure liquids passed through it. Tts action is practically similar to
the Chamberland-Pasteur filters, Eut whether it possesses any superiority
over them is doubtful. On the contrary, the bougies are brittle and
Liable to fracture when moist, and further experimentul proof is required
to show whether or not the frequent cleansing of the filter by brushing
will not wear away the bougie too rapidly—a contingency which we
know in the case of the Chamberland-Pasteur filter does nof exist.”

‘Where a larger quantity of water than three quarts per hour is
required, a larger number of candles or bougies must be used, and if they
are working under pressure they must be enclosed in a screwed-down
iron case. In the ordinary domestic filter of 4 or 6 candles the action
is syphonie, and is therefore due to the pressure of the atmosphere
alone ; the candles can therefore be placed in any receptacle. As regards
the cleaning of the candles of the ordinary domestic filter, I have
found the simplest way is to disconnect them from the rubber tubing
and then boil them for half an hour in an ordinary saucepan. These
filters are no doubt most successful in large institutions where they can
be properly looked after, but they are out of the question for town
water-supplies. 1 have heard it argued that, if you have a 100 filters in
100 differert houses, these houses can be equally well supplied with
water if the 100 filters were all collected under one roof. Theoretically
this is a correct argument no doubt, but it is quite certain that it is not
a practical one, as EI::a been shown in the case of a town in which these
filters have been installed to deal with the whole water-supply. At this
installation 8,750 candles contained in 33 ecast-iron cases have been
supplied, and a recent bacterioscopic examination of the unfiltered and
filtered water has shown that the latter contains more microbes than the
former. The reason of this probably is that the microbes have grown
through the pores of the candles, for the cleansing is accomplished by
rubbing the outsides of the candles, which are for this purpose removed
from the cases, with ordinary soap, and then soaking them for 12 hours
in chloride of lime solution. This process of cleansing is evidently
not efficient, for the chloride of lime will not act on microbes growing
in the pores of the filter walls.

F
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buckets pulled up by means of a pulley or an ordinary wooden roller
and winch-handle are, T think, preferable/and more guitable to the wants
and pockets of the users than a complicated heavy pump. However,
in those places where the cost of working a hand-pump can be borne
by users of the well or tank or whatever else is the source of water,
you shouald always remember that o rotary pump is always preferable to
a lever pump, but beyond this 1 do not think I have any recommend-
ations to make ; there are so many different patterns of pumps to be had,
and, as far as my experience goes, one pattern is as good as another.

Where water has to be raised from a well into a vat or TesErvoir
for flushing drains or watering roads, and the depth of the water 18
greater than 20 feet below the top of the well, a very useful pump is
what is known as the chain-pump. This consists of an endless chain
carrying a series of discs and passing over a wheel above ground. The
discs descend into the water with the chain, and on their upward jour-
ney pass through a tube, carrying with them a considerable quantity
of water, Owing to their extreme simplicity these pumps are parti-
cularly well suited for rough usage; they can be readily repaired and
altered to suit different depths. Although not economical in action for
any but very low lifts, owing fo the dead weight of the apparatus
to be moved, it is capable of working with a lift of 50 or 60 feet, but
I do not think 1 would recommend it for depths over, say, 35 feet at the
very outside, and for this two coolies at least will be required. If it
were not for the simplicity of construction, it would no doubt be more
economical in the matter of labour to use, in cases there the water is
over 20 feet below the surface, one of the numerous patterns of lift
and force pumps.

When large supplies of water are required the pumps are generally
actuated by steam-engines, although, when plenty of water is available,
some form of turbine or water-engine may be used with advantage.
With the perfecting of electrical motors, we are even reading of the -
stallation of electrically driven pumps. Steam-pumps, however, are likely
tohold the field for many years to come yet on account of their compara-
give economy and regufarit}r of working. The art of designing pumps,
and steam-engines to drive them, is a special branch of the profession of
mechanical engineering, 8o that should you ever have anything to do
with the purchasing of steam-pumps, { should strongly advise you to
.gimply state what your requirements are, which will be so many gallons
per hour hifted so many fect, and then ask some of the leading manu-
facturers to submit tenders or proposals. In stating your requirements
for the information of manufacturers, you should also explain with
levels the position of the engine-house with regard to the source
of supply of the water, giving, of course, the lowest knmown level
of the water; this information is required to enable the manu-
facturers t fix the position of the pump-valve chamber, because if
the suction pipe is a very long one, a certain amount of pressure will be
absorbed in overcoming the friction of the water in the pipe, and the
head of water producing this pressure will have to be deducted from
the actual static lift. I have already explained why small pumps
ghould never be more than 20 feet above the water level, and these
remar] 8 apply equally to steam-pumps; consequently if, say, 2 feet
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of head is absorbed in overcoming the friotion in the suction pipe, the
pump-valves must be placed only 20—2=18 feet above the water level.
The principal item of cost in maintaining and running steam-
pumps is the cost of coal; manufacturers should t]mrefcrre%:e called
upon to state in their tenders the “duty” which they are prepared to
guarantee. I daresay most of you remember, from your lecturss on
the steam-engine, that the word ¢ duty” means the ‘amount of work
done in foot-pounds per owt. of coal per hour, and ii is usually
caleulated from the indicator-diagrams and the quantity of coal actuall
consumed; in pumping engines, however, the duty is usually eal-
culated, not from the indicator-diagrams, but from the actual work
done by the pumps, that is, the product of the actual weight of
water delivered and the height to which the water is lifted. The duty
of small pumping plants cannot be compared with that of large ones
for the reason that their mechanical efficiency is not so high, and
on account of the external losses from radiation and leakage being
obviously larger in proporticn to the steam used. Again, as regards
ths boilers, the coal used for ““lighting-up” and “ bankiug ” also bears a
larger proportion to the total coal burnt in small installations than
it does in large ones. Thus, for the small engines at Berhampore,
which are designed to raise 25,000 gallons per hour to a height
of 124 feet, a duty of only 28 millions of foot-pounds per 112 lbs. of
best Welsh coal is guaranteed ; whereas at the West Mid?ilﬂﬁsx Water-
works, with an engine raising 14§ million gallons per hour to a
height of 51 feet, the ascertained duty was 101 millions of foot-pounds
per cwt. of coal. In a batch of tenders, therefore, all other things being
equal, you will accept that onein which the pumps five the highest duty,
or, in other words, burn the least coal, and here I should observe that
the heating power of Indian coal is only about twc-thirds that of good
Welsh coal, and so you will never get quiteas good aduty with pumping
engines out in this country asyou do in England. The most satisfactory
pumping engines are triple or compound, direct-acting, non-rotary, duplex
engines, working with high-pressure steam of something over 100 Ibs.,
and fitted with surface ocondensers. It ie, I take it, quite unneces-
sary for me to explain themeunings of the words triple or compound, but
the other expressions used in the above description may require a little
explanation. A direct acting pump is one in which the pump rod
i8 a continuation of the piston rod ; it is in direct action with the
steam end of the pump. Non-rotary engines are those that have ne
fly-wheels in order to maintain continuous motlion or get over dead-
centres ; cranks and eccentrics therefore are not necessary. Duplex
engines, as the name implies, aro two separate engines placed side
by side, but so arranged that the steam-valves of one are actuated
from the piston rods of the other, and consequently there is always
continuity of motion, as in the case of single fly-wheel or rotary engines ;
and the action of the valves is so designed that one pump commences
its stroke before the other finishes, so that the motion of water in the
suction and delivery pipes is very regular. Surface condensers are
preferable to jet-condensers in water-pumping machinery, because the
water can pass through a condenser of the former pattern without i‘s
quality being interfered with, whereas with the latter a certain quartit y
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of oil is always brought over from the oylinders. The only pumping
engines in Bengal that are not provided with condensers of any sort are
those of the Dacca Water-works, and the result is thLat the consumption
of coal is at least twice ag much as it ought to be.

As regards the pumps, for the unfiitered water single-bucket pumnps
and piston and plunger pumps, which give a varying discharge, should
be avoided, because the column of water in the suetion pipe, which is
of considerable weight, has to be brought to rest at each stroke of the
pump, aud unnecessary trains are thrown on the valves and suetion pipes;
the best pattern to use is a duplex pump or a single acting three-
throw bucket pump, driven cither by a vertical or horizontal engine,
but preferably by the former. For both the filtered and unfiltered
water-pumps & design which has a number of small valves is infinitely
to be preinrred to one that shows only a few big ones; the former
are much easier to repair, and do not give half, or even a quarter,
of the trouble that large eumbersome double-, or treble-beat, or flap-
valves do.

It has hitherto been usual to provide large air-vessels on the filtered
water main, so that the oushion of air inside may take up the shock
due to the variation in the rate of flow of water in the main. These,
no doubt, are very Tecessary when the pumps are single acting or
where water is delivered direct into distribution mains without
first passing through cither a stand pipe or an clevated reservoir. It
has been found quite recently, however, that with large duplex pumps
the air-vessel often cnuses them to work very noisily, althongh no
explanation for this is forthcoming, and so 1 am inclined to recom-
mend that air-vessels chould still be provided on all delivery mains
that do not discharge over a stand-pipe or into an elevated reservoir.

As regards boilers, you will probably do well to accept those
recommended by the makers of the engines. Lancashire or Cornish
hoilers are very hard to beab where large quantities of steam are
required. The Baboook-Wilcos tubular boiler has no particular merit
beyond its being a quick-steamer and convenient for carriage. The
ordinary locomotive multitubular boiler gives very satisfactory results
for small installations of pumping machinery.

‘I'he cost of steam-pumping machinery with boilers and all the
necessary auxiliary feed-water engines is rather difficult to calculate,
becnuse with engines less than 100 effective or pump horse-power the
cost increases as the power decrenses, although for engines over that
power the cost does not vary very much, The following table of the
eost in India of Worthington triple-expansion, condensing engines and
pumps, with all necessary boilers, steam pi%ing and connections, waste
pipes, and erection, etc., i taken from Jones' Manual of Banitary
Kngineering already referred to :—

o e

Effective or pump horse-power, . 30 H 25 l a0 16 l 10 \ ] . 2t
£ | £ | £ P P P e
Cost por horse-pawar horizontal ougines... 48 | b& (1] 75 108 150 170
Ditto, vobtionl . O 5l |I né T B | 110 140 180
L I S
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Hitherto I have only described to you what I might term perma-
nent pumping installations, and being permanent they have to be
capable of running for a pumber of years with the minimum
expenditure of money in repairs, and of coal in raising and supplying
steam. It may, however, so happen that you may require only a
temporary installation of pumping machinery, say for supplying
water to coolies building a bridge, or for dewatering a tank, in whiech
case a pulsometer or a centrifugal pump comes in very useful.

The pulsometer consists, briefly, of two pear-shaped vessels cast
together, the necks terminating in one chamber, in w ich two valve-
ceats are arranged, with one ball-valve which oseillates between
them. Air-chambers, suction and delivery valves are also fitted.
When the pump is charged with water steam is admitted, and pressing
on the surface of water in one chamber forces it through the delivery
valve into the delivery pipe. When the steam reaches the opening
leading to the discharge it comes in contact with the water in
the pipes and 1s immediately condensed, forming a vacuum in the
chamber just emptied of water. This vacuum draws the valve-ball
over to the seat opposite to that which it previously occupied, and
preveats for the time being a further admission of steam. T fill the
vacuum formed water rises through the suction-pipe and fills the empty
chamber: this operation is repeated again and again, and with s‘u.t:{
rapidity that a nearly continuous stream of water is forced through the
delivery pipe. There being practically no moving parts in this pump,
woar is reduced to a minimum. The height of suction varies some-
what according to the size of the pulsometer, but it should be from € to
12 feet with the small sizes that you will have to deal with; but the
aotual total lift depends on the pressure of steam supplied ; thus for lifts
from 20 to 40 feet the pressure of stenm should not be less than from
90 to 30 lbs. per square inch, and for lifts from 40) to 80 feet not less
than 80 to 60 1lbs. The pulsometer is well suited for raising watev
grom out-of-the-way places, as it occupies but little space; one that will
discharge 2,000 gallons per hour being only 23 inches high.

The centrifugal pump consists, as dare say you know, of a series
of ourved blades mounted on a spindle and made to revolve very
rapidly in a cast-iron case. The revolution of these blades produces
a partial yacuum in the case, which, aided by the pressure of the aimos-
plrere, brings up the water. For lifting a large quantity of water toa
moderate height the centrifugal pump 1s unsurpassed, but it has this
drawback, as far as we are concerned ; it requires o steam-engine to work
it, whereas the pulsometer only requires a steam-boiler. The design of
centrifugal pumps has been so greatly improved within Jate years that
they will draw water from a depth of 25 feet and force it another 50 or
60 feot: and if they are placed in series it is understood that water
can be forced up to 500 feet. I have not had any experience with such
pumps, but 1 have seen here in Calcutta a series that is guaranteed by
the makers to pump up to 150 feet. :

There are innumerable patternsof pumps always on the market, and
no doubt it will cause you a firlrent deal of confusion and uncertainty to
ascortain the best pump. The only advice T can give you is, first and
foremost, avoid all patent motions of valves, cylinders, pumps, ete.; at
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present the best forms are those that have not been patented or whose
patents have expired. In the second place, take the engine which is
guaranteed to have the highest duty, and therefore the least coal con-
sumption. And, thirdly, do not teke afpump by an unknown maker or
by a firm thatwill make you anything from a pin to a steam-hammer,
for pump-designing and manufacture is a specialily.

Tae Distrisurios oF WATER.

We now come to what 1 consider to be the most important part of

these lectures, in so far as they deal with water-supply, and that is the
distribation of the water which gives us so much trouble to collect
-and purify And it will, 1 trust, be an interesting section of my
lectures, because many of you no doubt have got your daily supply of
water by one or other of the methods which [ am proceeding to
deseribe; you have an example of one system in the water-supply that
18 now laid on to this College.

All through these lectures you will have perhaps noticed that the
subjects could be divided into two classes—intermittent and constant.
I have explained to you the intermittent and constant systems of
purification, and you have seen how even the rainfall is intermittent
in tropical countries and constant in temperate climates, and so it
is with the question of the distribution of water. In wells, tanks, and
rivers the supply is a constant one, because it can be drawn upon at any
time, but in large town supplies we can have either a constant supply
or an intermittent one: in the furmer case the water is always available,
whereas in the latter the water is obtainable only at certain hours,
that is, while the l?llru.n:\pa are at work. You have examples of the two
systems close at hand : in Caleutta water is only to be had for certain
hours in the morning, and again for a few hours during the afternoon,
whereas here in Howrah you can obtain water at any hour of the
day or night. When water-supply systems were first installed
in England 1t was thought that less water would be used if it were
only made available at certain hours of the day. In supplies that were
pumped this, no doubt, was a convenience, because it prevented the
engines being kept under steam continuously, and it therefore saved
money for coal ; %ut the matter was carried still further, for even with

vitation supplies from reservoirs the sluices were actually closed down

uring certain hours of the day and night to prevent the water reaching
the consumers. But it never occurred to the projectors of these works
that it would n®t suit the convenience of every consumer to take water
at the same hour, and the result was that tanks of cisterns had to be
eonstructed in every house which could be filled during the hours of
supply and then kept for drawing on at the convenience of the
inmates. Tanks and cisterns are not things of beauty, and the result
was that they were erected in all sorts of odd places and eorners,
and when the water-carriage system of removing sewage came into
vogue, the cisterns were made to serve a double purpose—that of sup=
plying drinking and washing water and that of supplying water-closets.
The result of this was the most insanitary practice of connectin
water-closets directly with the cisterns, This system of private cisterns



78 LECTURES,

or vats prevails in Caloutta, although care is taken that they shall not
be conneoted with closets or latrines. The experience of recent years
in England has amply proved that with a constant service of water
in connection with 8 proper installation of what are known as waste-
water moters, and to a careful and regular system of inspection
of house-fittings, such as taps, etc, the consumption of water can
be reduced to onme-half what it was under the intermittent system,
and with an undoubted improvement in the health of the con-
sumers. Under the intermittent system taps are left constantly open,
and as soon as the pumping engines cease working, pressure is
roduced and the air rushes back through the taps into the mains to
supply the place of the water—air coming perbaps from a cistern
connected with a water-closet, or, asin many instances in Caleutta,
air coming from near a filthy house drain, the contents of which are
ever giving forth the feetid gases of putrefaction. In this country
an intermittent system has another objection. Many, in fact, I may
say most, of the consumers are poor people living in miserable huts
and unable to afford the cost of a cistern or vat in which to store
water, and a supply of water has to be kept in earthen chattis;
ghould this meagre supply of water, by some mishap, be lost, the hard-
working man coming to his home after the hours when water is supplied
has to resort to the nearest tank or well for the water necessary for his
evening meal. No care is taken as & rule of tanks or wells in towns
where there are water-supplies, and consequently their water is of the
flthiest and most polluted character, and numbers of the wage-earning
portion of the commu ity come fo an early death from cholers,
or, if it is not quite as bad as that, they are incapacitated from
work by bowel-complaints, which in nine cases out of ten are due
to drinking unwholesome water. You will thus see that the only
gafe and proper system of water-supply is one that provides for a
constant service. In the comparatively recently-construoted works of
the North-Western Provinces, which were originally designed for an
intermittent supply, this has had to be acknowledged, and the necessary
service reservoirs are now being construoted. The more recently-
constructed works at Meerut, Howrah, Arrah, and Berhampore are
designed for a constant gorvice: and provision has been made in
the new Caleutta Corporation Bill that is now under the consider-
ation of the Bengal Legislative Council for the gradual introduction
of a constant supply of water; and as soon as funds are available
T hope to see the same system introduced in the other water-works
in Bengal. -

T must now explain how it is possible to have a constant service
without keeping the pumps constantly at w.rk, If we only had to rely
on engines and pumps to do this, we should probably find that the
gaving in the cost of the watet actually supplied would be less than
the extra cost of keeping the engines working against a varying
pressure, or, in other words, at & varying speed, for there is no more
uneconomical method of working pumping engines than against a
varying load; to get the highest economy, that is, the cheapest work, out
of a pumping engine you must have a fixed load on the engine, that is,
it must work at a constant speed, and the nearer this approaches the
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masimum speed the better. But the conditions of demond of water
revent this completely, becanse the demand for water varies at different
Eﬂura of the day. As a rule, the greatest demand for water occurs for
four or five hoursin the morning and again for three or four hours in the
afterncon or evening ; but water is required in between these periods,
and if we had {o depend on engines alone, we should have to make
them work at full speed in the morning, at half or quarter speed during
the day, then full speed again in the afternoon, and then half or quarter
speed during the evening, and perhaps dead slow during the night.
lgumping would therefore have to be continuous throughout the twenty-
four hours, which would entail a very large engine-room staff, and the
consumption of ecoal would be out of all proporticn to the power
developed, for the reasons that I have already stated, namely, that a
umping engine only gives the most economieal results when it is
Eeing worked with a full load. I believe in some cases two different
sets of engines have been provided—one set to meet the heaviest
demand during the morning and afternoon, and the other to meet the
small demaud ; this is an economical arrangement s far as the working
of the engines goes, but it necessitates a ver{; large initial outlay, which,
in this country at any rate, is a thing to be avoided. In the case of
the supply being derived from large tanks or reservoirs, no such arrange-
ment 18 necessary, for the supply, being due to gravitation, is necessarily
constant. It is not, however, always possible, more especially in this
country, to get natural or semi-natural reservoirs at such an elevation
as will enable us to make use of gravitation to force the water through
the distribution pipes, and so we have to design our works, at any rate
in the plains, so that the water shall be pumped up into an entirely
artificial reservoir, and then allow it to gravitate into the pipes from
which it can be drawn off by the consumer. Plate No. 9 gives the
style of reservoir that is usually designed for this purpose: it consists
of a circular wrought-iron covered tank supported on rolled joists restin
on & brick masonry pedestal. The reservoirs are usually calculated to
hold from one-third to half day’s supply, but in my own practice
I prefer the larger size. In many of the reservoirs of this design brick
arcbes are substituted for the rolled joists to carry the bottom of the
tank, but unless the two annular rings settle exactly the same amount
these arches are likely to crack open, and, moreover, they are very
difficulty to build. TInstead of a flat hottom a spherical one is sometimes
provided for these tanks, and such a bottom requiring neither internal
stays mor supporting girders may be supported ona single row of
columns or piers or upon a tower. The only example of this design
that I know of in India is the one that was constructed some two
years ago at Umballa to hold 220,000 gallons ; it is 58 feet diameter,
and has a maximum depth of 19’ 6° of water at the centre and 9 6%
at the sides. The cost was Rs. 48,738. Although this reservoir has
been perfectly successful and has never given any trouble, I do not
think that it is a suitable design for this country on account of the
great care that has to be taken in getting all the plates of the spherical
bottom properly bent to their correct shape, and further the weight

on the foundations is probably greater than would be safe in this part
of Bengal at any rate.
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I have seen it stated that with the comparatively soft water of
Bengal it is never necessary to make any allowance for incrusted or
rusted pipes. I find, however, that the water supplied to Howrah and
that which will be supplied to Berhampore is every bit as hard as that
of London water. By using the formul® for rusted plFea you also make
allowances for losses of Lead at bends, elbows, etc., and for any unfore-
seen increase in the population, and in this latter connection I recently
had a conversation with that eminent hydraulic engineer, Professor W.
Cawthorne Unwin, on the subject, and he strongly advised the use of
the formulw for rusted pipes, and you cannot do better than follow that
advice. For all pipes under twelve inches diameter a separate co-
efficient must be used in the formula :—

F=o,.!/¥

or if @ = the discharge in cubic feet per second,
% = loss of head in frictiop in feet,
! = the length of the pipe in feet.

;E
Then @ = 0:39 C, ]/%* o ()
1@ ;
and & = 01507 & sou. (¥1)
r
~where C, has the following values :—
Diameter., G, [ ﬂinmeter.r Cp Diameter. C. |1 Diameter, Cr
Inches, 1| Inches, Inches. l.nr.hsa.

& 46-18 13 63-83 3 69:29 8 7543

3 | 6241 2 66-33 4 7167 9 7590

1 5667 2} | 6668 b 78:08! || 10 7628

1} 6964 | 2% B7-61 6 7408 | 11 7660

13 | 6108 2t | 68850 | {7 | TaBe || ...

| A 1

For pipes ranging between 1 foot and 4 feet the equations giving
the discharge and the head lost in frietion will be—

Q = 80 V%ﬁ wes  (¥il)
1 02

These are the formulwm that I always use, and I have always found
them very accurate; for instamce, on two occasions the observed
discharges of the 4-inch main supplying the town of Darjeeling, which
isupwards of 4 miles long, were 5,988 and 6,088 gallons per hour
respectively, and the discharge caleulated by the above formulm is
9,962 gallons perhour. On another occasion the observed discharge of a

e
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ipe was 4,084 gallons per hour as against 4,118 gallons caleulated
y the formulee, .

The maximum velccity of flow in the largest class of pipes i8 about
threo feet per second, but unless there is plenty of power available, it is
very seldom that the velocity exceods two feet per second. When

ower is supplied from steam-pumps you will have o consider whether
E}r the mains supplying the service reservoirs it will be cheaper to
have a pipe main of large diameter and 8 small engine, or a large
engine and a small main; various formule have been pmpmed for
the most economical arrangement, but there are so many circumstances
to be considered that the only way to solve the problem is by actual
trinl and calealation.

We now have to consider the method of distributing the water, col-
leoted in the reservoir, to the actual consumer. ‘This, as you are probably
aware, is effected by means of iron standposts fixed at the sides of the
streets, about 300 feet apart on an average, and by taps fixed inside the
houses, known as house-connections. In the constant system the stand-

osts and house-connections receive their water through service mains ox
distribution pipes connected with the service reservoir, whereas in the
sntermittent system the distribution pipes are connected directly with the
pumps. Now, in designing a system of distribution pipes for a town it
is not possible to say with any certainty where and when water will be
required. When works are first designed the positionsof the street stand-
posts are decided by the Munieipal Commissioners in meeting, but after
thoe works have been opened it is generally found that more standposts
are required in some districts, while in others the standposts are but
little used; then, nign.in, the richer people like to have the water laid on
to their houses. Then it may so happen that every few minutes all the
standposts and taps are discharging at the same time, while at others
only half or a quarter of the qumber are open. Under these cireum-
stances it is safer, I think, to assume that all the standposts, the positions
of which have been decided by the Municipal Commissioners, are Opent
at the same time. Bearing in mind that half the daily supply has to be
discharged in four hours, you will be able to caleulate the mecessary
discharge from each standpost, and using the formulee given above, you
will be able to decide the diameters of the pipes and the total head lost
in friction. The minimum diameter of cast-iron piping that should be
used in distribution systems is 3 inches; for diameters smaller than this
the pipes have to be inordinately thick, and consequently much heavier
in proportion to the quantity of water they carry. I have recently
published a set of tables based on the Darey formulm which 1 have
described to you above, and these will save much labour in calculating
gizes of pipes, ete.

Now in the case of a constant service another element has to be
introduced into our caleulations, and that is the maximum height to
which & reservoir can safely be built. As far ns my experience goes, the
base of the reservoir should mot be more than 85 to 40 feet above
ground level, and then if wo allow 10 feet as the head of pressure
ot which the water is to be delivered at the standpost most remote
from the reservoir or the pumps, the head available for foreing water
through the distribution piping will be the height of the floor of the
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reservoir above ground level less 10 feet, and this height divided by
the length of the distribation main (omitting the branches) will give
you the hydraulic mean gradient of the distribution main; if this is
less than 2 or 8 per 1,000 in pipes below 6% and 4 or 5 per 1,000 in
pipes above, then a second reservoir must be provided. A very ready
method of designing pipe lines for approximate estimates is given below.
The total length of distribution piping is scaled off the plan, and
from this we can ascertain the discharge per 1,000 feet of the distribu-
tion piping. Then measure the length of the main distribution pipe
as before from the map, and you will be able to ascertain the hydraulic
mean gradient. The statement given below should be carefully worked
out with the map of pipe lines given in plate No. 10 :—
BHADRESWAR. Reservoir No. 8.
Sovrr Districr.
LPopulation = 10,000. Daily supply per head Total length of distribution piping
= 10 gatlons. = 20,295 feot.
Half daily supply in 4 hours = 2% * 10 Discharge of distribution piping

g xd 18,500
= 12,500 gallons per Per 1,OOO feet = .95 — 016 gal-
ur. lons per howr.
Mean hydraulic gradient = 35
per 1,000,
Diasmoter -
Name of Btrest. Main. Branch, Discharge in gallons of
per hour, ¥
Pipa.
Grand Tronk Boad ... e 1,800 1,108 . s S ar
Ditto i) 1,109 + 160 = 280 ... ... &
Sirkar Bagan Lane .., ... .. e60 | 407 3
Grand Tronk Boad ... .. .. 250 L 1,260 + 407 + 154 = 1,530 ... &
Majherpara LAne .o e e 300 | 185 3
Grand Trunk Read ... .. .. an 1,530 -+ 185 + 370 = 2,385 ... &
Ditto P e S 1,540 2,585 + 885 = 8,210 ... .. [
Btation Road o il Ge0 [ 358 oy aus 8
Ehattacharjeopara Lane ... ... 1,120 | 353 + 690 = 1,048 ar
apara Lames ... . L. 150 | 1,048 + 02 = 1,140 8"
itta P e 650 | 1,140 4+ 400 = 1,668 ... . 4"
Grand Tromk Boad o e o 2,360 PEs 3210 4 1,650 + 1,454 =6,223 &'
B‘h itﬂ;‘- L!-I!IB A sag A Tl i 3‘?’5 m ek CEE] (T ung 5"
Harnipara Lana S R R o 1,280 |28+ ME=1,006 .. .. o
%ru:.ht:un ? L;l[;ann 1g3 1,018 + &b = 1\\115EI 3
1 n Ha Fl T e B L1165 + 611 = L6268 ... . 4!
Plhm.[m (1] LT ETT) EELd Mu ].m & m = E.Dﬁ T} T 'f"
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Nonti DisTRICT.

: Dinmetar
Mame of Street. Main. Branch, Digeharges in gallons of
per hour,

pipe.

Enmarpara Lana AT, 1) an7 g
Telinipara Farry Ghat Road 1,250 457 + 70 = 1,187 .. g
Ditto ditto e 2,050 1,127 + 1,263 = 2,3H . &

Tritto ditia o 1, 16 e 2808 4 1,170 = 3,580 5

Grand Trupk Road . e ik G0 »Eﬂﬂ N ar
Grand Trunk Road ... .. o ] 3,500 + 393 4 343 =4,250 i
Ditta S R 1,730 $256 4 450 = 4,706 G

Total .. 7,100 540 l

Head Jogt in friction = &5 ® 71 = 2485 leat,

| | u f

The pipe lines have been divided into two distriots, and it will be
seen that the pipe running along the Grand Trunk Road in the district
couih of the reservoir is the longest, and therefore ghould be taken as
the main, The hydraulic gradientis 35 per 1,000, and the discharge of a
3-inch pipe with this gradient is 1,136 gallons per hour, but the discharge
of the distribution piping is 616 gallons per hour per 1,000 feet, so that
180 will be the length of 3-inch pipe that can be laid; the rest of the road up
to the junction with Sirkar Bagan Lane must be laid with a 4-inch pipe.
The length of this laneis only 660 feet, and so only m—alf‘ﬁ@ﬂ gallons per
hour is required for the supply of this lane, and a 3-inch pipeis quite big
enough. Coming back again to the Grand Trunk Road, the pipe now
has to carry 1,269 4407= 1,676 gallons per hour, plus an allowance of
me x50 = 154 gallons per hour for its own length, or 1,830 gallons in all.
A 4-inch pipe with an hydraulic mean gradient of 85 per 1,000 will
carry 2,893 gallons per hour, and o a pipe of this size will suit. And so
we can go on gradually working up to the reservoir. Strietly speaking,
this method 18 not absolutely correet for branches, and it makes 1513 pipes
rather too large, because no allowance is made for the gradual rise on the
hydraulic mean gradient towards the reservoir. The true hydraulic mean
gredient in Sirkar Bagan Lane is the head in the main at the point of
junction divided by the length of the lane, that is, EL“f_%i’;;“ﬂ — 109
per 1,000. Similarly, for the branch beginning in Shitola Lane, the

hydranlic mean gradient is 55’%‘1&—%% = 7:0 per 1,000, and conse-

quently 500 feet 8-inch piping might have been substituted for the
anme length of 4-inch piping. But the method I have shown you is
nite near enough for approximate estimates. When the detailed
estimates come to be made out you would have to caleulate out earefully
the hydraulic mean gradient of each main and branch.
Vou will observe on the plan that the full lines which indicate the
pipe lines whose sizes and discharges have been paleulated in the manner
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I have just explained to yon are joined together in many cases by
dotted lines ; these dotted lines indicate the extra piping that should
be laid down so as to promote the cireulation of the water through the
gystem, and thus avoid what are known as “dead ends,” that is to
say, the ends of pipe lines in which the water is dead or has no flow.
Water that collects in *“dead ends” is liable to become very unwhole-
some, and so they should be avoided as far as possible. IE the end of
the pipe-line is in a populous quarter, a standpost may be provided so
that the water may be drawn off through it. If a stand-post can-
not be erected, or if erected, remnins unused, what iz known as a
scour-valve must be provided, so as to discharge a small quantity of
the water at least every other day into the nearest drain or nala. The
best plan of all, though, is to connect the “dead end” of one line of
piping with that of another ; it adds slightly to the cost of the pipes,
but it is by far the most satisfactory way of getting over the difficulty.

In the matter of designing extensions for existing water-suppiy
systems, you must first of all ascertain, by means of a pressure-gauge,
the average pressure during the hours of greatest demand in 15.\5
distribution main from which the extension is required ; this is usually
done by screwing the pressure-gauge on to the stand-post nearest to the
proposed extension. Ecrm the average observed pressure you must
deduct 10 feet for the residual head, which is always desirable, and the
remainder will be the pressure available for forcing the water through
the extension.

Now, as regards the thickness of the cast-iron pipes, you will find in
all the text-books on the subject formul® from which you can, if you
have the time, ealculate out the thickness of the pipes, and conse-
quently their weights. But this takes time, and unless you have plenty
to spare I should advise you to refer to the makers’ catalogues and find
what sizes and weights of pipes are to be had to withstand certain
pressures, which are usually double the working pressures. Cast-iron
pipes can now be had varying by ' inch in thickness. Pipes from
J inches to 12 inches in length are usually 9 feet long, exclusive of the
socket, and from 12 inches upwardg, 12 feet long. For ordinary pipe lines
pipes with turned and bored joints have been found to be about the most
convenient, but for suction pipes flanged pipes must be wused, so
that one pipe can be disconnected from the rest whenever necessary.
In the former class of joints it is usual to make every tenth joint with
lead, but every one of the latter has to be most carefully made with
lead wire.

KFor turning round corners in the pipe line “ hends” are provided,
designated as a “ quarter,” “eighth” or sixteenth” * bends, ”’ according
to whether its circumference passes through the quarter, eighth or sixteenth
of a cirele. With pipes of small diameters, say upto 12 inches, all bends
must be carefully leaded, but for pipes above that diameter, not only
must the joints of the bends be leaded, but the bends themselves should
be set in concrete, so as to prevent the thrust of the water, due to the
change in direction of the motion, drawing the bend out of its joint.
With very large pipes the thrust is so great that in addition to the
concrete the pipes have to be anchored with large wrought-iron bolts
on to the straight portions of the pipe line, For branches taking off
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at right angles to the pipe line t“gpecial ”* pipes are made, ordinarily
known as T pieces, their name explaining their shape.

The accessories of a gystem of distribution pipes are (1) the sluice or
stop-valves, (2) the seour-valves, (3) the air-valves, (4) the relief-valves,
(5) the reflux-valves, but the time at my disposal will not permit me to
explain these details. I must refer you to text-books on water-works
engineering.

Now, as regards the standposts from which the water is actually
drawn, there are numerous patterns to be had, but I have come to the
conclusion that the Glenfield pattern is by far the best. In this pattern,
in order to cause the water to flow, a knob must be turned and kept
turned until sufficient water is drawn, because if it is let go a balance-
weight inside the standpost causes the spindle to revolve, and so shut
off the water. The push-cock pattern of tap is not very satisfactory,
because pieces of bamboo ean be wedged in between the push and the
uaain% thus causing the tap to run continuously, or it can be kept
open by tying a piece of string round the post with a small stone just
on top of the push. As a rule the tap should not be more than } inch
diameter, because with heavy pressures the water comes out in too great
volume from a tap of larger diameter, or, in the case of low pressure, it
does not issue with sufficient velocity fo shoot straight into the mouths
of the water-vessels, whereby & great deal of water is wasted. Then,
again, the standpost should not be too high, und in my opinion two feet
is quite as high as the tap should be above the ground. This keeps the
tap asnear as possible to the water-vessel, and it further prevents people
sitting under the tap and bathing, for as a rule we cannot afford to give
filtered water for bathing purposes. The standpost ‘should be erected
on a small equare masonry platform provided with a good slope towards
the nearest drain, so that all the water that is wasted may be carried off
as quickly as possible. The best and most efficient form of platiorm
has yet to be decided.

When the owner of a house desires to have the water laid on to
his house, what is called a house- connection has to be made. A hole 18
bored, with a special machine, in the dietributing main, and a brass
ferrule is screwed into the hole. The water is taken from the main, in
wrought-iron pipes, either galvanized or coated with & & ecial prepara~
tion of asphaltum, which are sorewed on to the ferrnle. Now in fixing
the diameter of the connection pipe, you should first ascertain the
quantity of water that the householder is entitled to for the amount of
water-rates he pays; and the piﬁe will have to be large enough to carry
half the day’s supply in four hours. You must then ascertain-the
pressure available at the nearest standpost, from which you will be able
to calculate the diameter of the pipe. It has been customary hitherto to
try and regulate the quantity of water admitted into a house by means
of the ferrule, but a ferrule is so short that the head lost in foreing
the water through it 1is practically nothing to that lost in forcing
the water through the connection pipe to the taps. Therefore decide
the size of the pipe in the mauner I have indicated and then use &
ferrule 1 smaller, or if the discherge in the pipe is very much in excess
of the correct discharge, 8 ferrule 1” smaller might be used. A stop-
cock, with a surface box, must form part of the connection and should
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be placed as close to the outside of the premises as possible, so that the
supply may be turned off whenever necessary. In my opinion all
water for house-connections should be sold by meter, that 1s to say, only
the actual quantity of water taken should be paid for, at so much per
1,000 gallons.
I think perhaps it may be of assistance to you if I give you a gample
form of genaml specifications for the works that I have deseribed to
ou. I have made use of the following specifications, modified, of
course, to suit various conditions, for some years now, and they have
always been the means of producing satisfactory work :—

GENERAL SPECIFICATIONS.

1. All materials supplied and all works executed under this eontract will
be subject to the :Ep wroval of the Engineer.

2. The sites 'hw head-works and the elevated reservoir will be handed
over to the contractor as they stand, and the cost of clearing the ground for
building operations must be borne by the contractor. The cost of all tempo-
rary land required for stacking materials, eutting earth, ete., ete., will be borna
by the contractor. When the works are compleied, the contractor will clear
away all surplus and unused materials, brick, rubbish, ete., free of cost. The
tender to include a kutcha-pucka wall with lime pointing, lime plaster coping,
and one pair of iron entrance gates, round the site of the pumping-station.

3. TUnless otherwise speeiﬁd, all materials are to be of the best quality :—

Brieks—To be soand, hard, well-burnt, of good shape and uniform colour,
and to measure 10" X 5" x 3",

Zime—To be obtained by burning clean kunkur in_ properly constructed
kilns at the site of the work. All lime to be ground in a patent
pulveriser. No lime that has been burnt for more than 14 days
15 to be used in the works.

Surki—To be made from well-burnt but not vitrified brick-bats, and to be
perfectly clean and free from foreign matter. The brick-bats
to be broken to pass through a ring 1} inch in diameter, and
to be ground up in a steam mortar-mill.

Sand—To be sharp, clean, river sand, rather coarse than fine, perfectly
free from all admixture of earth or other matter.

Khoa—To be made from good sound hard brickbats and to pass through
a ring 1} inch in diameter; on no account are vitrified brickbats
to be used for this purpose.

Portland Cement—Only the best English Foriland cement to be used,
and the contractor must state the name of the maker and the
date of importation into India, but no cement that has been
med in India more than three months will be allowed to be

4. All concrete in these works to be composed of 100 parts of khoa, 20
parts of lime, and 40 Ea.na of surki, of the qualities specified in paragraph 3;
the khoa to be soaked in water for at least four hours before mixing. All the
materials composing the concrete are to be thoroughly mixed in the dry state,
and are to be turned over at least three times. Only sufficient water 1s to be
used as will suffice to keep the materials damp. 'lhe concrete to be laid in
courses of not more than six inches in thickness, and each ecourse to be well
rammed and consolidated with rammers weighing not less than 12 1ba. ; while
the conerete is being rammed, it should be sprinkled with water and kept
constantly damp.

5. Lime mortar to consist of one part of lime and two paris of surki, of tha
qualities specified in paragraph 8. All lime mortar to be ground and mixed in
steam mortar mill.
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8. - Cemiont mortar to eonsist of one part of Portland cement aid two parts
of sand, of the qualities specified in Farngrapl:. 3.

7. DUnless otherwise specified, all brick masonry is to eonsist of bricks, as
specified in nrn%l'n'ph 3. laid in lime mortar, as specified in paragraph 5. The
bond used shall be English, and no more half-bricks or brick-bats shall he used
than are necessary to complete the bond. In walls more than three feet thick,
20 per cent. of half and three-quarter bricks may be used. No bricks to be used
until they have been thoroughly scaked in clear water for at least two hours, and
all masonry in progressis to be kept constantly moist.

8. (Cement pluster is to eonsist of one part of Portland cement and two parts
of sand, as specified in paragraph 3.

0. Sand plaster to consist of lime and sand as specified in paragraph 3,
in the propurtions of one and-a-half parts of lime and two of sand.

10. All pointing is to be rule pointing, unless otherwise specified ; the
joints 1o be raked out to a depth of half an inch and filled flush with lime
mortar, consisting of equal parts of lime and surki, carefully ground and strained.

11. All reduced levels Smwn on the drawings are referred to a datom which
is feet above mean sea-level. The contractor will fix a permanent bench-
mark at the head-works, so as to enable any Engineer, deputed to inspect or
supervise the work, to easily check the levels of work in prugress.

12, The intake—The intake is to be built strietly in accordance with the
drawing. Theriver end of the pipe is fo be provided witk a cast-iron strainer,
the aggregate area of the holes in which must be at least three times ihe area of
tne pipe. Where the pipe passes through the sides of the pump well or of the
manholes, relieving arches must be built round it in order to take off as much

ressure as possible. Step irons to be provided in the mnanholes to facilitate
egcent or ascent.

13. Settling tanks—These are to te constructed strictly in accordance with
the drawings. All trees and jungle and their roots must be entirely removed
from the site of the tanks, and the ground on which the banks are to be con-
structed is to be thoroughly dug up and examined fora depth of two feet, and
all roots of trees, remains of brick buildings, ete., eic., entirely removed. Before
the new banks are constructed, this loosened earth must be thoroughly rammed
and flooded with water to a depth of six inches for at least 24 hours. The earth
for the embankments to be thrown up in layers not exceeding six inches in
thickness, and each layer is to be thoroughly consoldated with iron rammers or
heavy rollers: every alternate layer is to be thoroughly well flooded with water
to & denth of at least six inches for not less than 24 hours.. Care should be
taken that all elods and large pieces of earth are entirely broken n;E. The slopes
:f'i'heru not covered with masonry to be carefully dressed and tur ed with good

kub prass.

The weirs are to be built strietly in accordance with the drawing; the
foundation pits are to be dug with vertical gides, of the exact dimensions of the
-concrete ; before the concrete worl is commenced, the foundation to be carefully
examined with a erow-bar for soft places.

The water will be drawn off from each tank through a wrought-iron revolv-
ing pipe; the end of the elbow-pipe and the inner surface of the gland to be
faced with gun-metal, The centre piece or trunnion to be east on the elbow-pipe
and to rest in a cast-iron plummer block with gun-metal bearing. The mouth
of the pipe to be covered with a galvanized-wire strainer, 5 meshes to an inch. A
‘hollow float of galvanized sheet-irom, made watertight, with all arms aad attach-
ments for suspending the mouth of the pipe at the required depth to be

rovided.
= 14, Filter-beds and elear-water resorooir.—The filter-beds and the clear-
water reservoir are to be constructed strictly in accordance with the drawings. The
foundation trenches to be cut to the exact size of the conerete, and before any con-
crete is laid in the trenches they must be carefully examined for soft places with
o erow-bar, All conerete, brick masonry and other kinds of work to be carred
out as specified in paragraphs 4 fo 10. The floor of the clear-water reservoir
is not to be construnted until the centres carrying the arched roof have been
struck and the carth-filling completed, buf spaces must be left so that the floor
may be bonded into the side walls; similarly, the floors of the filter-beds are
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not to be constructed until the side walls of the filter-beds are entirely completed
and bonded into those of the clear-water reservoir, and the floors must be
bonded into the side walls.

The inside of the main drain to be plastered with }" cement plaster 2 specified
in paragraph 8. The brick drains are to be constructed in the usval manner,
and a special projection or fillet i3 to be built near the foot of tho side walls, so0
as to provide an sir passage beteen the ends of the drains and the ventilators.

The filtering material will consist of—

3" pebbles averaging 1" diameter.
6" coarse sand similar to Magra sand.
24" fine sand.

The filtering material to be thoroughly washed in filtered water before heing
placed finally in the filters.

Relieving arches are to be built over all pipes passing through the walls, and
the pipes are not to be fixed in position until the main bedy of the masonry is
completed. The inside faces of the side walls and of the filter-beds and the
interiors of the filtration wells to be sand-plastered, as specified in paragraph 9.
The interior faces of the walls, the floor, and all sluices and pipes in the filtra-
tion wells to be painted with white silicate paint.

Gauges having their zeros at the floors of the filter-beds to be painted on
the walls of the filter-beds and filtration wells. Floating gauges to be provided
for the filtration wells, so that the filtration liead may be observed withount
removing the casi-iron covers of the wells ; a floating gauge is also to be provid.
ed for the clear-water reservoir.

The four manholes provided in the clear-water reservoir to be lined with
white Raniganj glazed tiles or bricks, and they are to be covered with stone
slabs set in%ime mortar.

The earth-filling over the clear-water reservoir to be carefully dressed and
torfed with dAub grass, and sufficient slope is to be given to the surface to
prevent rain-water lodging or draining into the filter-beds.

16. Sand-washing pit.—The sand-washing pit is to be constructed strietly
in accordance with the drawing and of the materials, and in the manner specified
in parsgraphs 3 to 10.

16. Elevated vreservoir.—The elevated reservoir iz fo be built strictly in
accordance with the drawings. The pedestal is to be construeted of the materials
and in the manner specified in paragraphs 3 to 10. All wrought-iron in the
structure to be well and cleanly rolled to the full seetions shown in the drawings,
and free from scales, blisters, laminations, cracked edges and defects of every
sort. The shell of the reservoir is to be the best boiler-work. Rivet-holes may
be drilled or punched at the option of the contracfor, and the sizes and pitches
of the rivets are to be those recommended by Unwin in ““ Machine Design,”
pages 117-118. For the sides of the tank, all joints are to be butt-jointed
with double cover-plates, the horizontal joints to be single-rivetted, and the
vertical joints double-rivetted. The iron P}.utEE in the roof and ventilator to be
lap-jointed and single-rivetted.

Where theironwork of the shell is supported on masonry, asphalte 1" in
thickness is to be laid between the masonry and the ironwork.

Sufficient slope is to be given to the floor of the reservoir, so that water will
flow readily towards the sludge-pipe.

The interior of the tank to be coated with two coats of Dr. Angns-Smith’s
composition, applied hot. All exterior ironwork to be carefull inted with
two coats of stone-colour paint, laid over a coat of boiling linm:{ oi]im and a coat
of Ll"m'min , but before any ironwork is painted, it must be thoroughly cleaned
and scrubbed with wire brushes, so as fo remove all rust. A floating gauge,
ghowing on an exterior gauge the depth of water in the reservoir, to he provided,
a8 also an exterior staircase, and the necessary wrought-iron ladders for obtain-
ing an entrance to the interior of the reservoir.

The spaces between the ontside row of pillars to be filled with an ornamental
wrought or east-iron railing four feet high. A marble memorial tablet, with a
xuituble inseription recording the name of the donor of the water-works, ete,,
to be pmvidedp and fixed in a suitable posilion on the pedestal.
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17. Engines, puimps and Boilers—~The unfiltered water has to be lifted
from the pump well under the engine-house to ihe level of the weirsin the
settling tqn'ks. The pump well 13 16 feet in diameter, and the top of the conerete
plugging is feet below the floor of the engine-house. The tender for the
unfiltered water-engine to include the suction pipe in diameter with the
usnal strainer, and all wronght-iron heams necessary to earry the suction pipe,
pump-valves, ete,, and wrought-iron ladders to enable the suction pipe, pump-
valves, ete., to be examined. The lowest known water-level in the river 18
above datum,and the crests of the weirs in the settling tanks are above
datam. Allowing for friction in the delivery main, which is  in diameter,
the unfiltered water-engine is req{nimd to deliver gnllons in  hours,
against a head, including suction, o feet. The level of the pump-valves must
not he above above datum, thatis, a little over foet above the lowest
water level, and the floor of the engine-house i3 above datum.

The filtered water-engiues, which will be in duplicate, must each be capable
of delivering gallons in  hours, against a total head, including suction,
of fect. The suction pipe from the clear-water reservoir will be inches
in diameter, and the delivery ipe inches in diameter. The bottom of the
clear-water Teservoir 1s above datum, and, as before noted, the floor of the
engine-house is above datoum.

18. The engines to be componnd or triple expansion, rotary or non-rotary
gondensing engines of the most *nodern design and manufacture. All the steam
cylinders to be effectually jacketted with oiler steam, and have efficient steam-
supply and drain arrangements ; they are to be thickly covered with non-conduct-
ing material and lagged with laminated planished steel-plates fixed with brass
button-headed screws, Laépped into the castings; no wooden lagging or lagging
grounds will be allowed. All the cylinder covers to be covered with non-con-
ducting material and to have bright false covers secured with bright delta metal
get-scTEWS.

The engines to be &mvided with steam apd vacuum gauges, sight feed-lubri-
cators, indicators with the necessary cocks and Attings, and all other fittings
that are necessary and ususlly covided for the efficient and economical running
of engines. Separate engines in duplicate io be provided for workin both the
air and boiler feed-pumps. The condenser to be of efficient type, and all steam
and water-pipes, valves and connections for the same fo be properly arranged.
The temperature of the injection water may be taken as 90° Fahrenheit.

The enzine-maker must state In his tender the duty in foot-pounds of water
raised per 112 pounds of English coal, which he can safely guarantee will be
obtained by the plant in actual useful work.

j9. The pumps to be double-acting on both ihe suction and delive sides.
The filtered Water-pumps to haye nomerous small valves cn the Worthington
or similar principle. All plungers to work in gun-metal barrels. Air-and
yacuum-vessels, provided wit gauge-glasses, to be fixed on the delivery and
guction-pipes inside the engine-house; the air-vessels to be provided with appa-
ratus for keeping up the supply of air, and the vacuum-vessels to be provi ed
with snifting valves. Steam ejectors to be provided for the suction- ipes. FPres-
gure-gauges to be provided and fixed on all delivery-pipes, and 2 Bristol's
Recording Pressure-Gauge to be provided and connected with the filtered water
main delivery-pipe. Ample manholes to be provided for access to the pump-
valves, The pumps must be supplied with apparatus to ensure their making
their full stroke, and recorders or counters recording the aggregate travel of the
plungers, and not the number of strokes, to be provided.

T%w tender must specify and include all spare paris which the contractor
may consider 10 be a fair provision against aceident and wear. The price of
those spare parts $o be shown separately from that of the engines.

All pipes inside the engine-room to form part of the coniract. A suitable
clock for the engine-room to be provided. : )

o0, A traveller, capable of lifting any art of the engine-room machinery,
to be provided, as algo the track rails an holding-down bolts. A detailed
drawing of the track rails and holding-down bolts, to ether with a note of the
total weights of the carrier and its heaviest load, to be enbmitted, so that the
walls of the engine-house may be so constructed as to carry the extra weight.
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91, The finish of the engines and pumps must be the best of its kind, all
working parts being accurately machined, fair, square, and in line. Each part of
the engines and pumps musk be centred or have its exact position defined by
turned grummets or planed edges, and not be -:lu{mnd.unt on the fixing bolts or on
steady pins for that purpose. The engine shall be a bright engine in every
respect, having all parts exposed to view, got up * bright,” which are usually
go finished by the best makers of water-works engines, and those parts mot
finished bright shall be carefully rubbed smooth and painted with two coats of
good oil before shipment, and after erection puinted with three coats of good oil-
paint of an approved colour and two coats of copal varnish.

23, The boilers to be made of mild steel and tested according to the English
Board of Trade Rules, allowing a factor of s&f&? of 6. The boilers to be two
in number, but each boiler to be capable of supplying sufficient steam for
working the unfiltered and one filtered water-engine. The furnaces to be of
dimensions suitable for burning Indian coal, which may be taken as two-thirds the
efficiency of good Neweastle coal. The main steam-pipes to be carefully covered
with non-condueting material and provided with expansion joints and the neces-
gary stop-valves. Tenderers to state the height and area of chimuey they
consider necessary for the boilers. i

93 Tenders to include delivery and erection at the site of the pumping
siation and maintepance for twelve months from the date of pumping water into
the town ; the cost of maintenance, which should be shown separately, to include
the cost of coal, stores and labour necessary to run the engines, and it should be
ghown separately from the cost of the plant. The Kngineer will also expect a
guarantee against breakdowns in ordinary working for three years from the
termination of the period of maintenance. Each tender to be accompanied by
a full detailed specification and drawings, sufficiently illustrating the same. One
get of exact tracings on cloth of all the working drawings to be supplied to

the Engineer, 2 4 4
24. Payment for the engines and boilers will be made thus :—

Sixty per cent, on the engines, etc,, ete., being delivered at site of works.

Thirty per eent. after erection and being worked satisfactorily under steam
fll::' eight hours continuously.

Ten per cent. at the close of the period of maintenance raferred to in

paragraph 23.

95, Pipes and sluices.—The 1:333 are to have turned and bored jeinis,
with a taper of 1 in 40, universally applicable to all pipes of the same size.
Provision to be made in all pipes for an external lead joint, and a groove is to be
east in each socket to prevent the lead coming ont; lead joints, however, only
to be used in bad ground and in curves in the pipe lines.

All the straight 'fipen mentioned in the above schedule must he east in
England or Scotland ; bends, specials and irregular castings may be cast in
Iudia, but in either case the name of the maker must be quoted in the tender.

The pipes to be cast vertically in dry sand-moulds with the sockets down-
wards. They are to be of uniform thickness of metal throughout, free from
seorie, sand-holes, air bubbles, cold-shuts, laps, washes and other imperfections
of casting, and shall be truly cylindrical in the base, straight in the axis, smooth
within and without, internally of the full specified diameter, and they shall have
their inner and outer surfaces Eprerfactljr concentric.

The metal shall be made from mine-pig, without the admixture of cinder-iron
or other inferior metal, and shall be stout, tough, close-grained, and shall be
re-melted in the cupola. :

Bonds, specials and other irregular castings must not be of greater thickness
than the struight pipes ; every care to be tfaken that these pipes shall make a
perfect joint with the straight pipes and other castings with which they may be
intended to connect.

When the radius of a curve in the pipe line is less than 480 feet, special
bend pipes must be used. On the main between the pumping station and the
elevated reservoir, when special bend-pipes have to be used, they must be
anchored in blocks of concrete, and in the case of quarter bends, anchor bolts
must also be used.



S S . e el

e ———

92 LECTURES,

All pipes to ba carefully coated internally and externally with anti-corrosive
composition, according to Dr. R. Angus-Smith's process. The coating to_be
applied to the pipes while they are at a proper heat, and as scon as possible after
they are cast, and before any rust sets in,

All pipes to be tested by hydrostatic pressure, equal to & column of water
800 feet in height, and whilst subject to such pressure, to be repeatedly struck
a1l over with a hammer 5 1bs in weight, to discover whether there be any defects
in them. The testing to be done at the foundry at the contractor's expense.

Each pipe, bend, special, and irregular casting to have cast upon it the
letters and the figures 1897 in Roman letters and numerals 1% inches high; also
the thickness of the pipe in numerals 1 inch kigh; all letters and numerals to be
1 inch projeclion.

The permitted deviation in weight and dimensions is 2 per cent.

The total lengths of pipes given in the report are believed to be correct,
but the Engineer can accept no responsibility in respect of this.

The tops of pipes mor to be less than 2 6" below the road surface, and
hefore the pipes are laid the spigots and sockets must be eleaned with iron bushes
until bright.

26. Sluice-valves to be of the most approved manufacture, with gun-metal
spindles, nuts and faces. Hach sluice-valve to be tested by hydrostatic pressure,
equal to a column of water 300 feet high. In testing the double-faced valves,
gach side to be tested.

Stop-valves are to be provided at all depressions in the pipe lines with scour-
valves on each side of them ; the necessary branches for carrying off the water
snto the nearest drainage chanvelto be provided. Air-valves to be fixed at all
summits of the pipe lines and provided with air-pipes where necessary.

All valves to be right handed, that is to say, the lever or arm 1s to follow the
hands of a watch when the sluice is being closed.

The reflux-valves to be fitted with a number of small flap-valves, the
:ﬁragn’m area of which must be 1} times that of the main pipe on which the

ix.valve is fitted. Ample manhole area fo be provided for the proper
examing lion of the flap-valves.

57. All street stand-posts to be of approved pattern; all cocks to be strong
and self-closing, no brass work is to be used externally, and no lesd work inter-
nally. Two pressure gauves to be yrovided for taking pressures at stand-posts.
Stand-posts to be fixed on masonry p}atfurmﬂ, and proper provision is to be made
for draining the platform and contiguous road and foot-path.

98. The water-meters on the main pipe lines to be provided in duplicato
with the necessary sluices, bye-pass and mud-hoxes.

20, The pipe lines, &e., to be maintained, and all defects made good at the
expense of tEe contractor, for a period of twelve months, dating from the time
water is pumped into the mains by the new engines.

30. The sludge drain to be of Ranigan] pipes of the diameters shown on the
site-plan and laid on concrete; the pipes to have cement joints. Suitable manholes
with cast-iron gratings to be provided at all changes of direction and diameter.

81, Houses for establishment.—These are to be built strietly in accordance
with the drawings and with the specifications in force in the Public Works
Department.

93 The contractor whose tender is accepted will be required to maintain the
works in running order for a period of twelve months, commencing from the date
the engines first pump water confinuously into the elevated reservoir; the con-
tractor will supply all labour and material necessary to maintain the works,
and the cost of this maintenance to be shown separately from the cost of the works
in the tender.

48. Two complete sets of drawings, showing the works as aciually executed,
to be provided by the contractor, whose tender is accepted, before the final pay-
ment is made,

And now, gentlemen, as far as time has permiti;ed, I think I have
brought to your notice most of the points of water-supply that
demand your attention. I have taken you to its original source, the
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sea: then we have come and found it as it appears on the land again
as rain, and issues from the earth in the form of springs and rivers.
Then I have shown you how it has to be examined for quality and
quantity, and if these enquiries prove safisfactory, how it can be
collected, purified, and then distributed to the consumer. This one
subject of water-supply has taken up a great deal of our time, but this
is not a matter of regret, seeing what an absolute necessity for the
welfare of the human race good water is. This course of lectures
is now drawing to a conclusion, and I have still fo address you on
three other subjects, which, however, are of a much simpler character
than the one that has now been brought to a conclusion. I find that
in Mr. Jones’ book on sanitary engineering 200 pages are devofed to
water-supply, 8 to surface drainage, 88 to conservancy, and 10 to
roads, or, in other words, watar—aupFly takes four times as long to
explain as all other subjects put together.

DRAINAGE.

T explained to you in my first lecture the reasons I had for consider-
ing that a wholesome wnter-su]:ipl:,' was of great importance for the
welfare of the community, and I pointed out that we cannot sleep and
live either indamp houses, or in dry houses with damp surroundings,
without our healths being impaired, and that therefore an efficient
drainage system must form part of our sanitary scheme. In most,in
fact I may say in all, text-books on the subject, the word drainage is
used with reference to the conveyance and removal of rain-water, and
the liquid wastes of houses by means of underground pipes or channels,
a drain being defined in the English Public Health Act, 1875, as
“ any drain of, and used for the drainage of, one building only, or pre-
mises within the same curtilage, and made merely for the purpose of
communicating therefrom with a cesspool or other like receptacle for
drainage; or with a sewer into which the drainage of two or more
buildings or premises occupied by different persons is conveyed.”
In this ecountry, however, where sewered cities are the exception,
drainage means practically the removal of liquids, whether resulting
from rain or household wastes, in chanmels cut or laid nearly on
the surfaceof the ground; these channels are called surface-drains,
but generally drains for short. It is on this Indian interpretation
of the word drain that I shall base my remarks, because time will not
permit of my addressing you on the somewhat intricate subject of
sewerage, and moreover questions of surface drainage will have to be
decided wherever your work may take yon, whereas you are only
likely to have to deal with underground sewers in the DPresidency
towns like Calentta, Bombay, or Madras. For all questions of house-
drainage and sewerage, I must refer youn to such a book as “ Sanitary
Engineering” by Colonel C. E. 8. Moore, R.E.; it has ﬁn_t:i' Just been
Elhlishe&, and will no doubt supply a long-felt want, as Mr. Baldwin

atham’s classieal work on the same subject has long been out of print
and unobtainable,
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Now, let ug consider for a minute the necessity and evolution of
eurface drains in a town or village. The question of the drainege of
large tracts of country or agricultural drainage need not enter into our
caloulations at all, for it is based on entirely different data. In small
villages or collections of huts no ecial arrangements have to be made
for carrying off the rain that fells, because most of it soaks into the
ground, while the balance goes off as quickly as may be to help to
swell the volume of the main drainage channel of the district. The
inhabitants of a village thrive and prosper, and the necessity for addi-
tional houses springs up. Now m all villages in the plains the village
road, or as it sometimes is merely a footpath, is generally to be found on
the highest land, for the simple reason that the users like to walk dry-
chod for as long as possible during the rainy season. Owners of houses
and shops find it more convenient and lucrative to be close to a road or
path that is much frequented, and consequently the additional houses
required by the increasing population will be built by the sides of the
most frequented road. A town or village whose houses are built along
two or three or more short and perhaps parallel road is infinitely more
convenient than one with houses along one long road only, and conse-
quently houses will spring up on the next highest ridge or footpath at
come little distance perhaps from the main road. We thus have two or
more ridges, very often running parallel to each other, upon which
rain falls and from which it runs off, and mnsequenﬂi hetween these
ridges there are always lines of lowest levels into which the rain-water
from the surrounding roads finds its way; these are what we may call
the natural drainage channels as opposed to the artificial channels
which are usually the excavations at the'sides of the roads from which
enrth is obtained to replace the material washed and blown off the
roads, We have thus two sets of drains—those running at the edges of
roads, and these running at some distance off and receiving the drainage
from the roadside drains. Thereis yet a third class of drain connected
with the drainage of a town or village—the main outfall drain—into
which all the drainage water falls and by which it is carried right away
into the nearest river.

1f the drains of a town had to deal with the rainfall n?}‘&y, they would
oven then get silted up, and the water would not flow off quickly and
efficiently, and the town would remain damp longer than it should ; it is
therefore necessary to construet our drains in some methodical manner
and on some previously determined plan, and see that they are properly
maintained. In European countries, hefore systems of under-ground
sewers were introduced, the side drains were also used as the receptacles
for all the liquid, and in many cases the solid wastes of houses; and
it is the same in this country now, and the result is that if arrangements
are not made for a proper drainage system these are left putrefying
by the sides of the roads, thus rendering the surrounding air most
obnoxious and unhealthy.

From your lectures on hydraulics you have learnt that of two
channels of the same section and slope, the one with masonry, and per-
haps cement plastered gides and bed, will carry a much greater discharge
than another which has been ouly cut in the ground, and is even
obstructed with trees and their roots, ete.: consequently for the same
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quantity of water a masonry channel can be made smaller than an
earthen one. All land at the sides of roads is very valuable, and very
often also that inside the blocks, as the land bounded on- all sides by
roads may be called, and so, if only on this account, surface drains
must in most cases be constructed of masonry. DBut there is another
much more important reason: even in the rains the liquids carried
by the drains of a town are of a very foul and impure charaecter, and
they are of course ten times more so during the dry weather; we
must therefore endeavour fo carry away these offensive products
from the neighbourhood of inhabited houses as quickly as possible.
I have frequently been asked whether earthen drains have not the
advantage over masonry drains in having the surrounding earth to
be brought into play as a deodoriser and absorbent; in my opinion
such a contention is based on the most erroneous and vague ideas ms
to the principles by which organic matter, such as is found in roadside
drains, can be dealt with earth and purified, and you yourselves
have only got to look at the filthy and offensive state of many of the
earthen drains in Howrah to convinced that there is evidently
something inefficient in such drains, and that the surrounding earth
acts neither as a deodorant nor an absorbent. In towns whose water-
supply is derived from wells, this filtered liquid filth must eventually
find 1its way into the sub-soil water in the neighbourhood of the wells,
and thus pollute it to most serions extent. There is yet another reason
against this perpetual pollution of the soil with organie matter, for
the recent experiments of Drs. Sydney Marsden and Robertson have
clearly shown thaf it is one of the chief factors in the prevalence
and the spread of typhoid fever. These observers found that, by taking
certain soils containing a certain amount of organic matter, that is to
say, organically polluted soils, the typhoid fever organism, when
introduced into the soil, lived for 456 days; whereas in eoil con-
taining no organic matter it could only live for from 14 to 25 days.
I am most decidedly of opinion that all drains within urban limits
shounld be quite impervious, and should be so constructed and maintained
that they can carry off, with the least possible delay, all the liquid
wastes to a place where they can be neither a nuisance to the senses
nor a danger to the public health.

Before going into the details of the design and construction of a
drainage system, I think T should point out to you wherein such a scheme
differs from that for a water-supply from a financial point of view.
You will have understood from what I have told you about water-supply
that the whole scheme must be carried out in its entirety before water is
obtainable from the standposts, or, in other words, it cannot be con-
structed piece-meal. Now, with a drainage scheme the state of affairs
is quite the, reverse, and thereis no necessity at all to carry out the
whole scheme at once; haying got your scheme preparerd and sanc-
tioned, it is quite possible, you will see for yourselves, to construct as
many drains each year as your finances will permit, remembering

-always that the drains at the lowest levels should be constructed

first, so as to be ready to receive water coming from a higher level.
There is still another point of difference between these two most import-
aut sanitary systems, and that is that a water-supply system is capable
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of conferring very tangible benefits on the population served, and it can
earn money by taxation for benefits received ; but the immediate advan-
tages of adrainage system are not brought so prominently to our notice,
and further it can earn no money under the existing municipal
machinery, the cost of construction and maintenance having to be met
from the general fund.

For designing a drainage scheme it is necessary to have a map drawn
to a large scale, on which can be shown the levels of existing roads
and drains, but the majority of the municipalities in Bengal appear
to be unable to afford even a little extra expenditure on this account,
although the cost only amounts to Rs. 300 or Rs. 400 per square mile.
In the absence of an accurate map the only thing to be done towards
the improvement of the drainage of small impecunious municipalitiesis
to employ gangs of coolies during the rains to remove obstructions to the
free flow of water. Municipal Commissioners individunlly could de
much good in this direction, because each of them could take charge
of one or more gangs and supervise their work. This system of gang
clearance was tried with a great degree of success in Alipore some
five or six years ago, and I believe mysel that it is the only one appli-
cable to gmall municipalities.

You will best understand what information should be shown on
surveys required for the preparation of projects for surface drainage
by a perusal of the following instructions which Lissue fo surveyors
engaged on works of this sorf:—

Tnstructions to Surveyors engaged in making SUrveys for drainage
works.

In ordinary cases, if a detail map of the municipality is not avail-
able, a prismatic compass survey 1is sufficient. The survey need not
show all houses in detail, but thickly populated parts should be roughly
surveyed in, also any large or important buildings, and all houses or
huts abutting on to the roadside, especially if they are in a continuous
line. It will be sufficient to only just survey in the front of such
houses without the exact depth or width.

9 The width of the roads, drains, ete, can be ascertained from
the chain line by offsets, and it is very necessary that the chainage
should be accurately and carefully done, and the points of intersection
of all Toads carefully noted in the field book.

3. The levels should, in all cases, show road, ground, drain and
sluice floor levels. It is enough to take the level of the centre of
the draing, a note being made in the level book of its top and bottom
widths, These levels should ordinarily be taken every 500 feet, but
intermediate levels may be necessary according to the nature of the
ground.

4. Cross-sections are needed showing the actual width of road,
drain and position of houses, if there are any, on the roadside. These
coctions should be continued as far as possible insido bustees and the
land lying between the roads, 8o as to show the general level of the
country. If it is not possible te continue the ecross-sections at right
angles to the road owing to the existence of houses, a deviation should
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be made or intermediate sections run, where openings ocour, o as to get
gome interior levels. Cross sections that extend into the interior may
be taken 400 feet apart. Ordinarily the cross sections should be
taken every 200 feet unless the land has a uniform slope or is fairly
level, in which case sections at every 400 feet would be sufficient,

9. All low land lying between roads to be carefully levelled and
noted, and houses on it to %}g suryeyed in, and position noted, so that
it may he seen if it is possible to run a drainage channel there if such
18 DeCessary.

6. Bizes of all culverts to be carefully noted and entered on the
plan. The width of the opening should be placed first, and height
generally taken to springing of arch.

7. All existing drainage channels should be carefully surveyed,
levelled over, and cross sections taken. Main outlet channels should
be surveyed und levelled over to their outfall into some drainage khal,
river, or low-lying jheel away from the town.

8. Levels of any low land on the outskirts of the town in which it
is likely a main outlet channel may be made, if one is not already
egisting, should be carefully taken and a survey made of it.

9. All work to be carefully done, and main line of levels checked
by relevelling over the line, unless it can be checked by means of fixed
and trustworthy bench-marks. Subsidiary level lines to be checked by
checking on to bench-marks on the main line.

10.  No erasures on any account to be made in the level books, and
all such books used to be submitted for inspeetion of a superior officer.
Entries to be made directly into the books in the field. The reduced
levels may be deduced afterwards to avoid waste of time.

If any large difference is found in the levels after a check has been
made, the work must be done over again till the mistake is found and
rectified.

11. Plans to be plotted to a scale of 16 inches to a mile. Sections
to a vertical scale of 10 feet to an inch. Horizontal scale 16 inches to a
mile. Cross sections to a natural scale of 10 feet to an inch.

As soon as the map has been plotted and the levels marked on it,
the next step is to divide up the whole area into drainage blocks,
that is, into small areas, the water from each of which falls into a
separate drain or channel. This ean be done roughly from the levels
marked on the map, but it is a far better plan to go over the ground
with the map in your hand and mark down, from local enquiry, the
lines of highest levels which, you will understand, form the boundaries
or water-sheds of each drainage area. As a rule, the roads being on
the highest ridges, the roadside drains will be of the smallest sizo
compatible with ease in cleansing, and they will discharge into the
larger channels lying inside the blocks, as I have already described.
In many of the older cities of Bengal, such as Patna, Dacea, ete., this
state of things has been rather reversed, and the water from the interior
of the block dows into the roadside drains; this condition of affairs
has been brought about, first, by the raising of the ground for building
purposes ; secondly, by the collection of earthy matter, or filth heaps
which become earthy matter, near houses, and very often by the falling
down of mud huts which are not rebuilt again for some years.

H
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The average rainfall, you thus see, varies from a minimum of 42:09
inches per annum at Gaya to 187:07 inches in Darjeeling, while the
average for the whole province was 63:94 inches. You will notice that
the average rainfall becomes gradually less tho further west of the
Bay of Bengal the district is; and also that districts near the Himalayas
have greater rainfalls than those more remote.

At Patna and Muzaffarpur, where the annual rainfall is less than
that of Calcutta, an allowance of only 1th inch per hour has been made
for fixing the sizes of the drains; but mauny of the drains in the urban
aren of Patna have been found to be too small, and have had consequently
to be enlarged; at Muzaffarpur the allowance of ith inch appears to
be ample, but there are many large tanks in the town area which act
%s moderators or regulators of the rainfall, which is not the case at

atna.

In the surface drainage of the suburban area of Calentta an allow-
ance of 1“ per hour has %&en provided for, but it must be remembered
that 20 per cent. of the area consists of tanks, and further that the area is
semi-rural. Speaking generally, I should be inclined to recommend
that for all towns lying west of Burdwan the allowance of rainfall to
be removed by surface drains should be 1” in wrban, and }” in rural,
areas, while for those towns to the east of Burdwan, and ineluding the
distriet of Purnea, I think double the above quantities should be
calculated for, -

As regards the best form of channel for urban areas, we must
remember that during the rainy reason the drains will be running very
often quite full, whereas during the dry season of the year there will be
merely a trickle of water running down them. Tf a drain or channel
is to be clean and inoffensive, the velocity of flow of all water in it
must be such that it will scour away and carry off all impurities and
filth that may be deposited therein. From your lectures on hy-
draulics you will have learnt that a cireular channel or pipe has to be
more than half full for the maximum velocity to cbtain, and further
that when it is less than half full the mean velocity diminishes very
rapidly. Ina rectangular channel the differences in velocity are stiil
greater. The only form of channel that will give a fairly constant
veloeity, whether it is auita full or only, say, a quarter full, is
that known as Jackson’s Peg-top section. I give on Plate No. 11
a series of drains of this pattern which were designed for the
Patpa drainage scheme. They have acted remarkably well, and they
also have the advantage of being cheap. Yon see that each consists of
a bed of conerete and two sloping side walls, the whole inside surface
being plastered with cement. I% making the smaller sizes of drain
the first three inches of concrete is first laid and consolidated, a row
of flat bricks is then laid along the centre line of the drain, and the
rest of the concrete is rammed in position; the bricks are then removed,
and a recess is left in the concrete, which can be easily formed to the
required cireular section by means of a little concrete and plaster. For
the side walls it is necessary to have out bricks, but this is rather an
advantage than otherwise, because it gives a good rough surface for the
cement plaster to adhere to. The disoharge of these channels can he

H 2
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conveniently calculated, without any a preciable error, from Dazin’s
formula (Type 2, for cut stone, brickwork, planking mortar)—

= . T

1/ 00000379 (2F22)

where » and s are the hydraulic mean radius and slope respectively,
or Kutter’s formula with a coofficient of n = 0012 may be used if
preferred.

The majority of the old drains ‘1 towns are either rectangular or
trapezoidal, and they are generally unplastered. The former section 18
a particularly difficult one to keep properly clean, as the sharp corners
cannot be cleaned, more especially if the drain is deep and narrow.
The saucer-ghaped drain is also another favourite shape; it is certainly
more easily and effectually cleaned than either the rectangular or
trapezoidal sections, buat it is not self-cleansing when it only has a
small depth of water in it, because the base 18 much too broad.

Main cutfall channels pass mostly through the rural area of a
municipality and may be more economically made of earth, but care
must be taken that the junction of the town masonry drains with the
outfall earthen chanmel is well removed from any dwellings, because
during the dry season a large quantity of filth and decomposing or-
ganic matter 18 brought down by the town drains, and a nuisance is
‘ore often than not created ab the point of junction, for the earthen
channel being pervious absorbs the drainage water rather more quickly
than it can convert the offensive organic matter into unoffensive in-
organic compounds. For these channels Buzin’s formula (Type 4
earth) may be used, thus:—

1 ool
— — — X /pE
1/ 000008584 (" “-'1) ;

r

or Kutter’s formula with n = 0:030 may be preferred ; for comparatively
emall channels such as drainage channels usually are, I think Bazin’s
formula gives more accurate results.

There is one point in denigniuf drainage channels, or in fact any
channels carrying water, to whic would invite your attention, and
that is the value of s in the above formulm. Remember that it is
the slope of the wafer surface, and not that of the bed of the channel.
I have seen so many mistakes made in this matter that I think T must
warn you about it If has a special reference to unctions of drains
with drains or drains with rivers; the water in major drains, when
running full, will back up the minor draing, and that in rivers in flood
will back up outfall drains and interfere with the free discharge.
MTherefore in designing a drainage project always work with water
levels, and not bed levels. The minimum mean velocity, which will
make drains and sewers self-cleansing, that is, which will cause the

water flowing in them fo carry off solid matter, is 2} feet per second.
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You should therefore design your drains so that the fall in the water
surface will give this mean velocity. If the slope of the bed of a drain
is such that the drain, when running full, i.e., when the slope of the
bed is the same as the slope of the water surface, will give a mean
velocity greater than 3 feet per second, it is advisable to raise the bed
by means of concrete, for no advantage is gained by having a higher
mean velocity than 3 feet per second, and there is the disadvantage of
the water surface towards the end of the drain falling lower than is
actually necessary.

It will be many years yet before any of the mufassal municipalities
in Bengal will be able to afford a system of underground drains
and sewers such as we have in Calcutta, and that being so, it is very
necessary that the surface drains such as I have described to you
should be kept as open drains and not allowed to be gradually con-
verted into covered drains by the encroachment of roadside buildings.
No surface drains can be kept properly clean unless they are open to
inspection and examination throughout their length. You all know
how these encroachments begin just with a wooden plank for the
owners of houses to walk over, then perhaps a series of planks which
cover up the drain ; the planks are exchanged for a wooden platform,
and this in its turn makes way for a masonry ekiboutra or verandah,
In one town that I know of, the encroachments had been so extensive
that the old original roadside drains were discovered running under
the inner rooms of the row of houses which now form the houndary
of the street. In my opinion a flight of steps, three feet wide, is
sufficient for all requirements of ingress and egress, and not one inch
more should be allowed. At Monghyr, where the encroachments on
the drains have been notorious for years past, the owners have been
compelled to break down the solid fronis of the verandahs and substitute
a series of arches so that the drain is practically an open one

Another objection to the covering over of surface drains is that they
become the receptacle for the street sweepings which the conservancy
establishment are perhaps too lazy to remove; often and often have
I seen the road enlverts practically filled up with this offensive matter.
It is therefore equally necessary that all road culverts should be of
ample size to permit the passage of a man or boy right through
them. Raniganj pipes are hardly suitable for the culverts of town
surface drains, unless they are of large size, and then they becomse
very expensive. 1f thero is sufficient depth below the roadway, brick
arch culverts can be constructed to carry the drainage across roads, but in
the majority of cases such is not the case, and then it becomes necessar
to use stone slabs : these should not be set in mortar, for then it will be
possible to lift them periodically and examine the inside of the enlvert.

In designing culverts and crossings under roads you should always
assume that the slope of the water surface will have to be twice what
it is in a straight open drain, so as to allow for the head lost in
changing the direction of the water. In any large culverts or bridges
that may have to be built over the main outfall channel, it will pro-
bably be more economical to contract the area and increase the
discharge, but you must remember that increased velocity means
inereased head or hydraulic mean slope, or, in other words, the water
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must be slightly headed up in order fo produce the inereased velocity-
A heading up of 8” will not as a rule cause any inconvenience, and this
ig sufficient to give a theoretical velocity of 4'00 feet per second.
Experience has shown that in all towns where masonry drains have
been and are being constructed, if is very mecessary to make some
“ovision for their daily flushing, otherwise they become very offensive
Ej" reason of the amount of filth thab is thrown out of the houses into
them. It used, it scems to me, to be supposed that a drainage system
in a town was much the same as an agricultural drainage system, and
that its only function was to carry off rain-water quickly, butas a
matter of fact I really believe that the surface drains carry off through-
ont the year much more liquid in the shape of urine and sullage
water than they do rain-water. Tt seems, too, to be quite impossible,
in remote parts of the town or in the back streets or gullies, to prevent
the drains being used for promiscuous defoocation, so that in many cases
the surface drains are really nothing more or less than open sewers
carrying off the strongest possible sewage, and much stronger than one
ever sees in England or other Buropean countries, instead of being, as
they were nriiinnlly supposed fo be, channels to carry off inoffensive rain-
water. Lf, therefore, the drains are to be kept clean and wholesome,
they must be thoroughly flushed daily; bhistis sprinkling water in
the drain, followed by sweepers raising clouds of ﬁlt%rwith their brooms
from the drain, are of mno good, and to my mind are sheer waste
of money. The proper way to flush and oleanse a drain is to divide
into lengths of, say, 100 or 150 feet, according o whether it has a steep
or flat slope, by means of pieces of board fitted into grooves cut in the
cides of the drain. The first length should be filled with water as high
as possible, and then if the board is suddenly removed the impounded
water will go forward with a rush and carry off in front of 1t all ob-
;. otionable matter that has been deposited in the drain. The second
ength can be filled from water from the first length and treated in
the same way. W hen the flushing boards are lifted, sweepers with a
compact bunch of straw or grass should be standing at the head of
each length, ready to stoop down and push the water in front of them ;
this increases the velocity of the water and also pushes forward info a
heap large lumps of solid matter too heavy for the water to move.
Sweeper-boys secem rather to enjoy work of this kind. Speaking
generally, two sach flushes in the day are ample, but it is desirable
that they should be sent down one after the other—the first one to
carry off the heavier matter, and the second to take away what has
been left behind by the first flush. You will naturally ask where is
all the water to come from in towns that have no water-supply ? This
no doubt is a difficulty, but it can be surmounted in this way. In
Eastern Bengal the towns have numerous tanks from which water can
be raised into water-carts holding, say, 300 gallons each, or if there
is o river at hand, water can be t.sﬁ;eu from it; the carts can be taken
to the summits or highest points of the drains and half the contents
nsed for each flush. In the towns of Bihar wells ave frequently found
at the rondsides, and if small masonry vats are provided, these can be
filled by any of the means that T have already described, and then if
the water is suddenly released, it will flush down the first reach of the
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drain. A system similar to this is now in use at Patna, and is answer-
ing admirably, so much so that if the drains are not flushed regularly |
every day, petitions are put in at once to the Ohairman, reporting the
neglect of duty on part of the Inspectors and sweepers. The benefit
of having drains flushed daily has been so completely recognized in
Patoa that it has been found necessary to lay down a system of
cast-iron pipes and erect a small pumping engine to flush the drains
in those localities where wells are not available. This scheme is the
first of its kind in Bengal, and is more or less on ifs frial, and so
I will not give you the details of it; if you should ever have
to design & scheme of this kind, you will know where to go to see
one in operation, although I am hoping that this small scheme is
only a temporary arrangement, only to be used until the introduction
of a water-supply to the whole town for all purposes, but still when
that much-to-be desired time comes, I have no doubt the flushing of
the drains will be conducted in the same manner. The fiushing water
from drains is of hi%h manurial value, and a demand for it is rapidly
arising in Patna for the irrigation of vegetable gardens, and you will
hear, from what I have to say to you on the subject of conservancy,
that there is no better method of disposing of this water than lettin
flow over cultivated land where it is quickly absorbed and dﬂnumpoaeg
into innocuous matter.

CONSERVANCY.

The most unpleasant, but at the same time a very necessary, part
of a Municipal Engineer’s duties, is supervising the removal of the
solid and liquid refuse and wastes of a town. 1 explained to you in
my first lecture how these objectionable matters were, in villages,
generally deposited in the surrounding fields and were then disposed of
and rendered innocuous in & perfectly natural manner, that is, by the
action of the air, the sun and the seoil; but how that in a town or
large collection of people special arrangements had to be made for
their removal as soon as possible after they had been produced,
and for their destruction in a cheap and effective manner. In large
towns like Caleutta or Bombay this branch of munieipal work
is generally in charge of a Health Officer, who is a medical man, that
is to say, as far as the collection is concerned, while the Engineer is
responsible for its conveyance and disposal. In small towns, such as
weohave here in Bengal, the work is supervised bythe Engineer or
Overseers.

The wastes that I have referred to above may be divided into
three classes—

(a) Street-sweepings, which will include stable litter and the
ppings of horses, cows, and other animals; vegetable
refuse, such as plantain stalks and skins, decaying fruit
and vegetables; leaves of trees and plants; and ashes
and einders, h
(8) Liquid wastes of a household, such as urine and cook-room
and sablution water.
(¢) Bolid wastes or nightsoil.
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The system in vogue in most towns in Den | for the removal of .
street sweopings is for them to be collected in heaps on the road, and
then bullock-carts come round and collect them. The garbage and
house-refuse are generally kept in the houses all day, and then thrown
out on the roads in the early morning. In some municipalitios
gorrugated iron dust-bins standing on small masonry platforms are
used, anl it is infended that hounseholders shall bring their
refuse and deposit it in them; theoretically this is a very perfect
method, but in actual practice it is very difficult to get the honse-
holders to do their duty, and they much prefer to throw the refuse on
fo the road outside their doors, and further, the dust-bins therselves
become centres of offensive smells unless they are kept sernpulously
clean, and this is a most difficult matter where water is scarce. And so
at present we must, I think, put up with the present system until the
people themselves begin to understand the elements of sanitation. The
ordinary country-cart, even when it has a specially made box on it, is,
to my mind, hardly suitable for this sort of work, because street sweepings
are very light, snd consequently it is not possible to get a full load for
a pair of bullocks; in my opinion it is always more economical to have
specially constructed onrts, such as one sees in Calcutta, of a capacity
large enough to give a fair load to one bullock. In some munieipalifies
T have seen very large carts of this pattern drawn by two bullocks, but
this is not conducive to quick removal, for with a single cart and
a pair of bullocks you can work from one end of the heat only,
wherens with two carts with one bullock each you can work from both
ends. Itisnot possible, of course, toget the bullock-oarts intoall the alleys
and gullies of a town, and for the cleansing away of the sweepings of the
houses situated in such localities I would recommend the use of galvan-
:70d iron hand-barrows; they ave cheap, and if strongly made and the
sweepers are made to take care of them, they last a long time and cost
but little for repairs, which when they hecome necessary can be executed
by the ordinary mistri that is found in mufassal towns. These barrows
are also very useful for the collection of the filthy solid matter that
finds its way into roadside drains, As arule the sweepers who are
cleaning the drains just simply lift up this filth and throw it in heaps
on the road, where it is promptly scattered by dogs or birds on
the look-out for Eﬂrhaga, and also by passing carts and ecarriages,
and the result is that it is trodden into the road instead of being
properly removed. It is a common thing in most municipalities to see a
ceries of small lumps along the edges of the drains which look like
earth, but which are in reality the remains of scrapings from the drains
that have been thrown on the roadway and there allowed to remain.
Sweepers cleaning drains should invariably be accompanied by another
gweeper with a barrow. On no account should the scrapings from the
drains be thrown anywhere else except into the barrow.

The best method of disposing of street sweepings is to utilize them
in filling up tanks and hollows where water accumulates during the rains.
In England they are burnt in what are known as ineinerators. The
heat so generated is used to raise steam for driving electrie lighting and
other machinery; this method of disposal is, meewr, unsuited to
Tndian conditions, becanse the street sweepings in this couniry contain
such very muck larger quantities of green vogetable matter and very
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much less quantities of cinders, so that the heat that is generated is
absorbed in driving off the watery constituents of the vegetable matter
until practically none is left for heating the boilers. Vegetable matter is
produced from the soil, and consequently its natural method of disposal
15 to return it to the earth, where it will again form soil for the growth
of more vegetable matter. Now, if the sweepings are wsed for fillin
up tanks, care must be taken that the water in that part of the tan
which is to be filled is baled or pumped out, because if sweepings
are thrown into water, they become a most intolerable nuisance. [t 18
therefore best to fill up tanks and hollows in the urban districts of a
town during the dry season only; during the rains the sweepings
should, I consider, be deposited in rural areas only, where they will
cause less nuisance. It is an easy matter to calculate how many
cart-loads of sweepings are required to fill a given tank, and if it takes
more than are available during the dry season, the tank should be
divided into two portions by an earthen “ band ”’; the water need
only be baled out from the portion to be filled with swee ings, and the
rest of the tank canremain over until the next season. If the quantity
of water to be baled out is not very great, the whole tank may be
dewatered, and then earth for the “band” can be obtained from the bed
of that portion of the tank that is not being filled in, and then it will only
be necessary to build up a comparatively thin * band” of sufficient thick-
ness to retain the sweepingsin position, and also to protect them as far
as possible from the water that will rise in the unfilled portion of the tank
during the rains. If plenty of earth is available, a good plan is to cover
each day’s deposits, which will of eourse he generally made in the morn-
ing, with a thin layer of earth, as it greatly agsists the decomposition of
the vegetable matter, and further acts as a deodorant, It but little
earth is available, then the best plan is to bring small portions of the
area to Lte filled up to full level at once, and then cover them with a thin
lalyer of earth and plant them with gourds, which are very quick-growing
plants and require little or no cultivation; after gourds Indian-corn
may be eown with advantage during the rains, In any case, whether
earth is to be had or not, seeds of some sort should always be
sown on the fresh deposits, as they hasten the decomposition of the
- vegetable organiec malter in the street-sweepings. Tanks which have
been filled with street-sweepings must not be built on for at least seven
years, :

The liguid wastes of a municipality consist, as T have said, of urine
and the cooking and ablution water of households, and roughly speakin
they amount in %uantity to the daily water consumption. In towns that
are provided with a water supply the quantity is easily ascertaiued, but
in towns not so provided it is very difficult to give any exact figures,
more especially #s so much of the liquid wastes are allowed to either
soak into the ground in the vicinity of the houses or else run jnfo the
cesspools in the courtyards or compounds, In Europe the quantity of
urinary discharge is estimated at 40 ounces, or 2 pints per head; in
tropical climates, however, I am inclined to think that this is rather too
high an estimate; for although perhaps the consumption of water is
higher than it is in temperate climates, larger quantities of liquid
are discharged from the body in the form of perspiration, :
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latrines above will also apply to privies in private houses. I have recently
framed a set of model bye-laws for the nonstruction of privies which I will
now read to you, as perhaps you may find them useful hereafter :—

Rures As To PRIVATE PRIVIES AND UrinaLs.
See Section 850c. (B.C.), dot 1I1 of 1884.

; 1. (1) No privy shall be placed in the space
{Mﬁ?éi[?:‘}hm.] required by this Act to be leit at the back of a
building—
(«) unless the total height of the privy does not exceed eleven
feet, and
(b) unless there is a space of at least four feet between the nearest
wall and the service aperture of the privy.

(2) No privy situated in, or adjacent to, a building shall be placed
at a distance of less than— .
() six feet from any other building which is a public build-
ing, or
(if) four feet from any other building which is, or is likely to be,
used as a dwelling-place, or as a place in which any person
is, or is intended to be, employed in any manufacture, trade
or business.

9. No privy shall be placed on any upper floor of a building.
3. (1) If there isno convenient nccess from a street to any privy,
- the Commissioners may, if they think fi, by
mgﬂ’;ﬁ:{:‘:ﬂﬁﬂﬁar written notice, require the owner of the privy
to form & passage giving access to the privy from

the street. :

(2) Every notice served under sub-rule (1) must require that such
passage be formed at ground-level, be not less four feet wide, and be
rovided with a suitable door, and must inform the said owner
that the passage may, at his option, be either open to the sky or

covered in. i
4, Models and ty(]je-pla.nﬂ of privies and urinals, approved by the

ommissioners, with estimates of the cost of

Models and type-plas. oo obrooting privies and urinals in aecordance
therewith, shall be kept in the Municipal office, 'and shall be open to
inspection by any person at all reasonable times without charge; ut no
srson shall be bound to eonstruct any privy or urinal in accordance

with any such model or type-plan if the same be constructed in accord-

anoo with the other mules contained in this Schedule.
5. (1) A drain must be provided for every

DEsts privy and every urinal.
2) Such drain must be constructed of some impervious material
and must connect the floor of the privy or urinal—
(a) with a drain communicating with a municipal drain or
sewWer, or
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(d) the said rgcﬂptuelea must be watertight, and must be made of
:;natﬂl"tﬁ rt’;:lllﬂ capacity islﬂnmr half a cubie foot or of well-
avred earthenware or glazed stoneware if the capacity i
Jess than half a cubic foof ; e
(¢) the door for the insertion and removal of the receptacles must

be made so as to completely cover the aperture.

11. (1) If any privy or urinal erected or re-erected after the
et et < DAL of these rules is so constructed as to con-
going rulos in the case of fravene any of the provisions of this Schedule, the
future privies or urinals.  (Joynmissloners may, by a written nofice, whether
or not the offender be prosecuted under the Municipal Act before a
Magistrate, require—
(a) the occupier of the building to which the privy or urinal
belongs, or
() (if the privy or urinal does uot belong to a building) the
owner of the land on which the privy or urinal stands,

to make such alterations as may be specified in the notice with
the object of bringing the privy or urinal into conformity with the
said provisions.

Nightsoil is collected from latrines and privies in either earthen
chaities, wooden or cheet-iron buckets, hand-carts, or bullock-carts,
depending on the accessibility of the privy. Earthen chatties are most
objectionable, and chould only be permitted as receptacles in privies
under the circumstances given in the model bye-laws above, because,
firetly, they are very Porous, and the nightsoil simply soaks into them,
and, secondly, they are Very fragile and liable to be broken with
the risk of spilling the nightsoil; even if the chatties are well
tarred, they are still open fo {he latter objection. In my opinion
by far the best means of collecting nightsoil from privies is in
wooden buckets of the shape of a frustum of a cone and fitted
with a wooden top or cover; if they are well tarred inside and out, they
are quite inoffensive, and further they stand the hard wear and tear to
which they are subjected much better than a bucket made of iron. The
only reason that 1 koow of for using iron buckets is that they can be
made with rounded bottoms, and can thus be carried on the shoulder
instead of on the head, for T must tell you that a diome or sweeper will
ot earry nightsoil buckets on his head, whereas a mehter will, but this
caste prejudice should be overcome by making the dhomes carry the
two buckets by means of a banghi, as iz done in Caloutta. For the
collection of nightsoil from privies which abut on narrow lanes or
gullies, the best form of receptacle is an iron bucket holding about 12
gallons mounted on wheels; a bucket of this size can be easily lifted
by a couple of men, and as soon as it is full it can be wheeled off
to a depdt or fixed point where a specially epuﬂtruuted iron bullock-
cart carrying eight or ten of these buckets is waiting to receive if.
All that has to be done then is for the sweeper to wheel his full
bucket to the depdt where it is exchanged for an empty bucket for use
in another oireuit or district, and the bullock-cart, as soon a8 it has
got its full load, is taken off to the trenching-ground, where other
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Therefore if no such land 18 available, the sites must be! raised
artificially. The time at my disposal for these lectures will mot
permit me to explain to you the recent discoveries in the methods
of sewage disposal that have been made within the last two or
three years in England, but I may tell you that experiments are
now being carried out by the Government of Bengal with a view
of ascertaming whether these methods cannot be applied to the
conditions that exist in India, and if these are successful, much of
the trouble and expense of the satisfactory and safe disposal of
nightsoil of municipalities will be done away with. 1 must again refer
those of you who wish for further information on the subject to my
pamphlet on the subject of sewage disposal.

ROADS.

We have now arrived at the last item on the list of subjects that
I told you I should try and deal with in these lestures, and that is the
subject of the construction of new roads and the repair of existing
ones. As a Municipal Engineer or Overseer you will be called upon
not to align or lay out roads in new country, but merely to repair and
keep in order existing roads, improve and widen existing lanes, and,
perhaps, metal what are known in this country as kufcha roads ; and you
will, of course, be responsible for keeping existing bridges in good order,
and very often to build new bridges or rebuild old ones, but this is a
subject on which you have already received instruction, and so I need
not vefer to it in these lectures. In order to give you some idea of
the materials that are used for the repair and maintenance of roads
with which you will have to deal in these provinces, I asked the
Chairmen of the various municipalities in Bengal to inform me
what each of them used for the purpose, and from the replies I
have received I find that the following are used—(1) stons metal, (2)
laterite, (8) kankar, (4) brick khoa, and (5) quartz and laterite
gravel; I propose to say a fow words on the properties of, and the
method of applying, each.

The best stone for road-metalling is one that is compact, durable,
and tough, but it must not be too hard, or it will probably be too brit-
tle, and will thus be quickly worn away by traffic. The basaltic frap
of the Rajmahal Hills is undoubtedly the most satisfactory stone
to use for road-metalling purposes on this gide of India; it is the
ctone that is used in Caleutta, and I know of no better indigenous
stone. At seaport towns it is very often possible to get the stome
from ships coming from Bombay or Mauritius in ballast, and this
as a rule makes a most excellent stone for road metal; but unfor-
tunately the supplies are mnot regular and continuous, ~otherwise
it is preferable to the Rajmahal stone, as it makes a much smoother
road and wears as far as I know equally well. For a new road
the bottom or foundation layer of metal may consist of stone broken
to pass through a ring 23 inches diameter, but for the upper working
layor the pieces shoul bo small enough to pass through a rxing oniy
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1§ inch diameter. The stone metalling on a road should never he
less than 41 inches in thickness, but where the traffic is very heavy,
it must be at least 6 inches in thickness.

Laterite is a soft argillaceous stone of a red colour, and it makes
excellent voads for light traffic, but it is rather too soft for heavy
bullock-cart traffic to wear well ; however, it is largely used in the districts
where it is found, as it is easily quarried and easily consolidated. For
a new road a thickness of 5 inches of pieces from 14 to 24 inches in
diameter is generally laid. The variety known as nodular laterite
should not be used, as it does not bind well.

HKankar or ghooting is a material that is well known to you, and so
needs no description by me. 1t makes an excellent road, and should be
laid down in two layers, each 44 inches thick, The upper layer should
be carefully washed and screened, so as to free it as far as possible of
the yellow clay which is always found with kankar, but which is of no
good for road-metalling purposes.

Brick khoa or broken ]]:'Jrick is used in by far the greater number of
municipalities in Bengal, because in most places it is obtainable locally.
Nothing but well burnt bricks should be used for its manufacture ;
vitrified or jhama bricks may be used in small proportions, but on mno
account should unburnt or pila bricks be allowed, because, being soft,
they are easily worn away, and the road quickly becomes uneven.
The bricks should be broken up so as to pass through a 217 ring, and
should be laid in two layers of 3 inches each.

Quarls_and laterite gravel ave used mostly in towns in Chota
Nagpur. I have not had any experience of the wearing qualities of
these materials, but quartz is a very brittle substance, and therefore
not at all suitable for roads; however, it is very hard, and, being obtain-
able close at hand, is probably the cheapest; for, although it may not
last long, large supplies are obtainable, and the road-metalling can
easily be renewed.

Now, as regards the making of a new road of the materials I have
described above, the first step is to make the formation level; this
should not be made level transversely, as is so often done, but should be
shaped 80 as to allow any water that percolates 'through the road
metal to run off at the edges. A slope of 1inch in 3 feet hoth
ways from the centre of the road will be found to be sufficient
for this purpose. On the formation level one or two layers of
whole bricks laid flat should be provided, according to whether it
i5 a road with light or heavy traffic; if two layers are rovided,
the top layer should break joint with the lower layer; if blocks of
stone are available they may be laid flat, that is with the lines,
at stratification horizontal. The metalling is then layed on this
soling in thicknesses that I have already described, and then it
nhouﬁi be rolled or rammed, but preferably the former. After
the rolling has heen completed,—and here’ I should say that
every part of the metalling should be gone over at least three
times—a layer of binding maferial, such as sand, sifted old building
materials, laterite gravel or kankar, not more than one-quarter of an
inch thick, should be laid ; as much water ghould be poured on as to
cause & emall sen of mud in front of the roller, and then the whole

I



S ——

114 LECTURES.

ghould be thoroughly rolled again. To my mind, a great mistake 18
made in this country in not putting on enough water when the
binding has been laid, snd the result is that the binding material,
instead of sinking into the interstices of the metal, simply clings to
the roller, pulling up it bits of the metal, and thus disturbing the
whole roadway. Asso much water is required for metalling roads,
it follows that this work should be only carried out during the
rainy season, the mefal being collected during the dry seasons of the
year ; from what T have seen, however, of municipalities in Bengal,
this very important point does not receive sufficient attention, and it is a
very common thing to see metalling being laid and consolidated at the
end of the rains and the beginning of the cold weather, when the rainfall
is diminishing or has practically ceased; difficulties then arise in
pmﬂuring sufficient water, and if the metal is consolidated with little or
no water. The result of this delay in beginning the making er repairs
to a Toad is that the road breaks up and requires repairs so much
sooner than if it had been done in the proper season. efore deciding
whether a road is to have a new coat of metal or is only to be patch-
repaired, it should be cut open down to the soling at intervals and the
existing depth of metal actually measured. 1f the depth of metalling
:s found to be less than 3 to 4 inches, o fresh coating is required, buf
the practice of piling up coats of metal as soon as the surface begins to
show signs of wear is objectionable, because it gradually raises the
curface of the road above the level of the court-yards of the houses,
and thus interferes with the surface-drainage. Defore new metal is
1aid on the top of old, the latter must invariably be broken up with a
pickaxe to a depth of at least 1} inch, otherwise the new metal
will not consolidate with the old.

And now, gentlemen, 1 have come to the end of the subjects on which
I said, in my first lecturs, I should address you, and I trust that what
1 have said to you has justified me in placing them in the order of
importance that I did, namely, first and above all water-supply, gecond
drainage, third eonservancy, and lastly roads. I deel satisfied that
the subject of municipal engineering is omne that has interested you,
because you have listened to what T have had to say with so much
patience and attention, and my only hope is that you will not allow the
present to be the Jast thought that you wililgive to the subject; for
even should none of you enter the service of Municipal Commissioners,
you will, as 1 explained in my first lecture, be able fo make use of
some of the information that I have placed before you in other walks of
life. Whatever may be your future career, you can preserye your own
health by due attention to the ordinary laws of hygiene and sanitation ;
but above all you can help others to the greater enjoyment of life.
To those of you who become muuicipal engineers, I would say—
nover use the word kal (to-morrow) ; for whatever sanitary work
has to be done must be dome at once; mo evil arising from the
want of attention to sanitary laws, which are, after all, Nature’s laws,
must be allowed to continue for one second longer than can be helped.
And further do not attempt to please everybody, for it is an impos-
sibility ; where the sanitation of a municipality 18 concerned, there are
go many conflicting interesis: do your best to attend to the rules of
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sanitation honestly and straightforwardly, and never allow any one
man’s interests or personal comfort to interfere with the health and
well-being of the community. To one and all of you I would say—
assist and help Nature all you can, and never resist Her unalterable laws :
resistance means sickness and an early death, while assistance will
bring its reward in a healthy and long life.
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