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2 THE WATER SUPPLY OF TOWNS.

of a hill, so that it intercepts the underground flow of the water
from the hill side. A shallow well may, indeed, even in the case
of a single isolated house be a source of danger when, for example,
as is too often the case, a cesspool is excavated in the same porous
soil at no distance from it. In this case the matter from the
cesspool probably percolates into the well, with the result of
rendering the water most unwholesome; but even here we are
not likely to have the spreading of an epidemic such as we may
have if & common source of water becomes contaminated.

It is when people begin to settle together in rude
communities that the danger really becomes greaf, for it
'« then almost certain that there will be no efficient means
of carrying off the filth that in modern cities and towns
constitutes sewage. A part of it will probably sink into the
ground, another part will find its way by natural channels
to the nearest stream. If the supply of water be from
shallow wells, the quality of the water is sure to get
worse and worse till, at last, the water-bearing stratum 1s
saturated with sewage, and the wells are full of water that is
nothing better than dilute sewage. If the inhabitants have
built their houses on the banks of a stream relying on the
water of this for a supply, it is certain that gradually more
and more filthy matter will find its way into the stream and
the community will suffer, especially the part that is down-
stream. In either case—that of the wells or of the stream—
not only is the general health of the community sure to suffer,
but, in the case of certain epidemies that are known to be
communicated through water—notably cholera—it is likely that,
if once the sickness enters the village or town, it will spread “ like
wild-fire.” In one case the germs of disease, entering the soil,
find their way into the wells; in the other they are carried into
the stream. In either case the result will be much the same.

Where shallow wells are used, it is the lowest parts of the
town that suffer most. The writer has known cases in which
the impurities in shallow wells within a town were just about
inversely proportional to the heights of the sites of the wells. If
n stream is relied on for supply, it is the down-stream people
that will suffer the most.

Apart, however, from quality, it often happens that as a
community increases in size the guantity of water begins to fall
short, so that in times of long continued drought actual water
famines occur, such famines being the more terrible because, in




























DIFFERENT QUALITIES OF WATER, Il

water unfit for general purposes. We have the extremes of such
waters in natural mineral springs, often of use medicinally, but
always unfit for general purposes. Apollinaris and Hunyani-
yados waters are good examples. All dissolved inorganic matter
can be removed by distillation, but this process is not applicable
to the large quantities of water used for the supply of towns.

Hardness wn water is that property which causes it to
decompose a certain quantity of soap, forming insoluble compounds,
before a lather can be formed. In fact, the quantity of soap
so decomposed 1s generally taken as a measure of hardness; the
origin of the term being the water’s “ hardness” to soap.
Hardness is chiefly due to the presence of the carbonates of
lime and magnesia, also to the sulphates and nitrates of lime
and magnesium. Hardness is either temporary or permanent.
Temporary hardness is due to the presence of the ecarbonates
above mentioned. These carbonates are not soluble to any
material extent in water, but are soluble in the carbonic acid that
nearly all natural water contains in solution. This carbonic acid
can be driven off by boiling the water, and, in this case, the carbo-
nates are precipitated. It is these precipitated carbonates that
form the inerustation and sediment so commonly seen in kettles
and other cooking vessels that have been long in use for the
boiling of water, and that form a large part of the incrustations
of steam boilers,

Another method of removing temporary hardness is known as
Clark’s process. In this process caustic lime, in the form of lime-
water, is added to the water to be softened. This combines with
the carbonic acid, forming carbonate of lime. The carbonates
originally in the water, and this new carbonate, have now no
solvent, and are precipitated. This is a very interesting process,
involving the apparent paradox that, by adding carbonate of
lime to water, we get rid of carbonate of lime! When it is said
that water is of a certain number of degrees of hardness (Clark’s
scale) it is meant that a gallon of water will precipitate as much
soap as would be precipitated by a gallon of pure water in which
that number of grains of carbonate of lime had been dissolved.
Thus water of ten degrees of hardness will precipitate as much
soap as would pure water to which carbonate of lime to the
amount of ten grains per gallon had been added. The hardness
that is left after the carbonates have been precipitated is
permanent hardness.

It is possible to tell roughly whether water is “ hard” or






DIFFERENT QUALITIES OF WATER, 13

adoption. It is the worst form of econtamination of water.
Suspended organic matter can be removed by filtration, but it is
scarcely ever—probably never—totally unassociated with dissolved
organic matter,

Micro-organisms.—As has been stated already, certain forms of
micro-organisms perform the useful function of decomposing
organic matter so that it is no longer capable of supporting miero-
organisms. The bacteria that accomplish this seem to be harm-
less, but the danger of water containing them in large quantities,
is that 1t also likely contains some of the specific micro-organisms
that produce or spread certain diseases, and that the presence of a
large number of bacteria of any kind indicates the presence of the
wherewithal to support pathogenic bacteria.

With due precautions bacteria can be removed to a very great
extent from water by sand filtration. Tt is stated that as many as
97 to 98 per cent. have been removed, but it has always to be
borne in mind that, if there is a supply of dissolved organic
matter, which is not removed by filtration, there is the means for
an indefinite process of increase and multiplication in the bacteria
that have passed the filter beds, and that, if the water is stored
long enough, it will certainly become as bad, so far as number
of bacteria is concerned, as if it had not been filtered at all.
Hence the modern practice of “hurrying on” to the consumer
water that has been filtered with the chief object of removing
bacteria.

In cases where water is softened by Clark’s process, already
mentioned, the carbonate of lime precipitated in a very fine state
of division carries with it a large percentage of any bacteria there
may be in the water.

On a small scale bacteria can be removed entirely by Pasteur’s
filters, or by boiling. Tt is always advisable to boil water that is
to be drunk, unless it is exceptionally pure. By repeated boiling
water can be “sterilized,” so that no further bacteria will appear
In it, unless they reach it from the outside.

Purity of Water.—The purity of water cannot be judged by
its taste. It has even been stated that the particular palatability
of some waters has been due to an admixture of sewage. Whether
this be true or not it is certain that a very appreciable quantity of
sewage may be present without rendering water in any way
unpalatable. There is the now very famous case of the old-time
London well which held so high a reputation for the purity of its




































SOURCES OF SUPELY. 25

damming back the flow to form a pool of some depth, across
which one or more boards are laid, so that one man or more can
readily life out the water with pails. A stake is driven into this
ground through the water, a mark being made on the stake a
little below the level at which the water will overflow the dam.
Pails of known capacity are used, and the water is lowered some
distance below the mark. Operations are then stopped to allow
the surface of the water to become smooth, and the water is
allowed to rise to the mark when time is taken. The water is
then rapidly removed till the level of the surface falls somewhat

LEVEL LINE.

N T T TR
————

Hection.

Figs. 1 and 2.—Weir or notchboard for gauging streams,

below the mark. The level is kept at this, the number of pailsful
of water being counted for a considerable time, say approaching
an hour. Operations then cease to let the surface of the water
become again smooth, and the time is carefully watched till the
water surface reaches the mark again, when it is taken.

Cubie feet of water removed by the buckets

Number of minutes between the two times the surface — Gicharge in cub. ft. per min.
of the water reached the mark

This may seem a very crude method of gauging, and, indeed, it
1s not a very delicate one, but it must be borne in mind that






SOURCES OF SUPPLY. 27

The dam must, of course, be waterticht, and it should, if
possible, be of such a size and in such a position that there is
a pool of practically still water behind it. If the pool be so small
that the water approaches the dam with appreciable velocity, not
only is the caleulation more troublesome, but the results will
probably be less accurate than with still water. The plane of the
opening must be truly vertical, and the bottom and sides of the
notch must be truly horizontal and vertical. The width of the
notch should be such that the depth of water will be a quarter or
less of the length, the depth being, however, not the actual depth
of water on the weir, but the difference of level mentioned above.

Amongst the many formule * which have been given, that
due to Mr. James B. Wood, C.E,, is to be recommended, as giving
results accurate enough for nearly all waterworks purposes, whilst
it is not very complicated. It is:—

Q = 383 (1— 02 H) Hz
Where

Q = Quantity of water in cubic feet per second,

! = Length of weir in feet,

H = The observed depth of water in feet, that is to say, the difference in level be-
tween the bottom of the weir and the surface of still waterin the pool behind
the weir.

In cases where water approaches the weir at an appreciable
velocity—that is to say, when it is moving in the pool before it
comes close to the notch—a corrected formula is used, as follows :-—

Q=833(—02H)H, 3}

In which H, = H + /.
In this case H has the same value as before.

i 18 an addition to be made on account of the velocity of the

approaching water :
bl 2
A= G

Where ‘ .
v = the velocity of the approaching water in feet per second.

Table IV. in “Hydraulic and other Tables for purposes of
Sewerage and Water-Supply,” by Thomas Hennell, M. Inst.C.E.,
18 a most handy one for facilitating caleulations of the flow of
water over weirs. In it is given (unfortunately in gallons) the
discharge of weirs per inch of length (or width) for depths from
4-inch to five feet. This table gives results sufficiently approxi-
mate for rough gauging of streams.

* This subject is very completely treated by Mr. J. F. Fanning, C.I., in his

treatise on “ Hydraulic Water-supply Engineering,” and all who want to go into the
theory of the flow of water over weirs should read Chapter xiv. of that work.
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GRAM ILLUSTRATING REQUIRED STORAGE CapiciTY (DAILY RAINFALL).
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Fig. 7.
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CLASSIFICATION OF WATERIWOR XS, 45

and the pumping well must be capable of carrying the very
maximum of water that is needed, but there may be cases
where they have to be some distance apart.

The same may be said of the case illustrated by Fig. 11 as
of that illustrated by Fig. 9. The pumping station might be
anywhere between the place where it is shown and the site of
the filter beds.*

In the case illustrated here, the main pumping engines need
only be able to do work at the maximum daily rate—that
15 to say, at the mean rate x 1-5. The intake pumping
engines need hardly be able to do this, as it seldom happens for
more than a day or two together that the daily consump-
tion keeps up even nearly to the mean consumption x 1-5,
and the settling reservoirs hold, as a rule, two or three days’
supply, some of which can, as settling reservoirs are generally
arranged, be used up in ease of emergency, Still it is safer to
make these engines capable of doing the maximum daily work.
This is apart from “ stand by,” which will be treated of hereafter.
In the case illustrated by Fig. 11, the main pumping engines
must be capable of doing the very maximum work, that is to
say, at least twice the mean work., This ought to be without
using the “stand by ” engine or engines, but often these are used
whenever the demand is unusually high.

The same may be said of the intake pumping engines in the
case illustrated by Fig. 12 as of those in the case llustrated by
Hig: T:1.

* If the pumping station were shown close to the filter beds, this figure would
illustrate the waterworks for Osaka, Japan, at present (1894) in progress,
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MASONRY DAMS. 75

borne in mind throughout the work that the object is to produce
as near an approach to a monolith as possible, and to so construct
this monolith that leakage shall take place neither under it nor
through it.

Concrete Dams.—Conerete has not often been used as the
material for the bulk of a dam, but, in the cases where it has been
used success has been met with, and it seems likely that the use
of this material will spread.

In the case of the Tytam waterworks, Hongkong, the
engineer, Mr. James Drange, finding Chinese masons untrust-
worthy, or unable to do a style of work of the excellence
necessary for masonry dams, constructed a considerable dam
entirely of rubble concrete with a cut stone facing. This has
been in existence for several years, and has given all satis-
faction. The section of this dam is shown in Plate XVI. For
a full description of it, see Proceedings of the Institution of
Chvil Engineers, vol. c.

The By-wash or Waste Weir.—As has been said, there
is not such great danger from the overtopping of water in the case
of a masonry dam as in one of earth ; yet this should be avoided
unless the section of the dam is specially designed with a view
to the flow of water over 1it, and to do this the waste weir
should be made of the same proportions as those recommended
for reservoirs with earthwork dams. As in the case of earth-
work dams, so in the case of masonry, the overflow is generally
made round one end of the dam. On the other hand, if a
suitable profile be adopted, the water may be allowed to flow
freely over the top of the dam, which in this case becomes its own
by-wash.

One of the most extensive works in connection with modern
water engineering is that of the dam of the Vyrmwy reservoir
already referred to, of which Mr. G. F. Deacon, M.Inst.C.E.,
was engineer, This dam impounds water forming an artificial
lake having a surface area of some 1,120 acres, and has a total
height, including the viaduet, of 161 feet. Its section is shown
in Plate XVII.

In the case of this dam, the flood water 15 mmtended to over-
top the general section, the roadway being built above this on a
series of arches. There is the great advantage in this arrangement,
that not an inch of the height of the dam is lost. The frontispiece,
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108 THE WATER SUPPLY OF TOWNS.

When it becomes necessary to fill the filker bed again from
below, the corresponding telescopic tube iz lowered as far as pos-
sible, and, if need be, the water flowing from the other filter beds is
made to “ head up ” in the well by partially closing the sluice valve E.

Figs. 114 to 119, Plate XXIX., illustrate a scheme designed
by the writer in 1888 for the Tokyo waterworks, and afterwards
adopted in the Osaka and other waterworks. The object of this
arrangement is to do automatically what is done by hand in the
case of the telescopic-tube system of Plate XXVII. Figs. 118
and 119 show the general arrangement, and this will be readily
anderstood if it is perceived that, when not either opened or
closed by hand, the valves A, B and ¢ are of such a nature that
they automatically maintain a constant discharge of water through
them, whatever may be the difference in the pressure at the en-
trance side and at the delivery side, so long as the difference does
ot fall below a certain small minimun,

The valve is shown in detail in Figs. 114 o o117, Ehe
working drawings were made by Mr. J. Sakamoto from hand
sketches by the writer.

The valve depends in its action on keeping a constant differ-
ence of pressure on the two sides of the diaphragm @, which has a
circular opening in the middle of it. A constant difference of
pressure in such a case results in a constant discharge.

The action is as follows. The water enters at b and flows
through the balanced valve ¢ ¢, an outside view of which 1is
shown in Fig. 117. It will be seen that water can pass the valve
when its position is at all lower than that shown in Fig. 114, and
that the lower the valve falls the freer will be the flow.

At starting the position of the valve will not be that shown in
the drawing, but the valve will be resting on the bottom of the
cast-iron casing. The water flowing through the valve first meets
considerable resistance at the diaphragm, because the area of
eross-section of flow is there first contracted, and there is produced
o difference in pressure between the water within the valve-casing
and that without. As the piston J is in free communication with
the inside of the casing on its lower surface, with the outside on
its upper, the result of an increase of the pressure on the lower
side, as compared with that on the upper, is to raise the piston, to
reduce the flow of water through the valve ¢ ¢, and to reduce the
difference of pressure on the two sides of the diaphragm, and con-
sequently on the inside and the outside of the valve-casing, and on
the two sides of the piston. Thus a balance is reached, and the
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CLEAN WATER RESERVOIRS. 133

adopt them. Plate XXXIII. (Fig. 142) shows the section of a
reservoir with such a roof.

Materials for the Construction of Clean- Water Reservoirs.—
The bottoms of clean-water reservoirs are commonly made with
conerete, rendered in cement ; the side walls either with brick in
cement, or concrete, generally with a brick facing. Until com-
paratively recently puddle was relied on for water-tightness, but,
as in the case of settling reservoirs, the modern tendency is to do
without clay. The following description of a service reservoir
made entirely of concrete will be found of interest * :—

“ Mr. Thomas Walker stated that in 1887-88 he constructed
a covered serviee reservoir to hold 5,000,000 gallons of water on
Addington Hill, near Croydon. It was made entirely of concrete, -
no puddle having been used; and, as the reservoir was perfectly
water-tight, a few particulars might be of interest to the
Institution.

“The hills were composed of the water-worn pebbles and fine
sands of the Oldhaven beds, and these materials were chosen for
the concrete, a portion of the sand being removed by sereening.
The contour of the ground necessitated the reservoir being oblong ;
the inside dimensions were 420 feet by 124 feet by 16§ feet deep.
The floor, outer walls, and roof were of Portland cement concrete,
6 to 1 by measure ; and for the piers and arches of the longitudinal
and cross walls, up to the springing level of the covering arches,
the proportions were 5 to 1, a little Thames sand being used. The
concrete was hand-made, turned over twice dry, wetted from a
rose on india-rubber tubing, and thoroughly mixed on wooden
platforms. It was not dropped from a height into its final
position, but placed there with a shovel in layers, not too thick, so
that the coarse and fine parts of the concrete were laid or mixed
together equally and well worked, ensuring solidity throughout.
Water was rather freely employed, but not so as to stand on the
surface of the conerete when in position. For joining up all old
work when it was set, orout made of one part of cement to two of
Oxted sand was used, and, when necessary, the old work was
cleansed, roughed over with a pick, and brushed before the grout
was applied.

“The floor was 18 inches thick, put down in two layers with
overlapping joints. The inside of the outer walls (which re-
quired to be roughed) and the floor were carvefully rendered,

* Proceedings of the Institution of Civil Engineers, vol. c.
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Fig. 145.—Groand Plan of Water Tower at Shanghai.

Fig. 144.—Water Tower (in Cast and Wrought Tron) at Shanghai.
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GRAPHIC REPRESENTATION OF THE RATE OF SUPPLY DURING EACH INSTANT OF 24 HOURS IN A DISTRICT OF 1,333 PERSONS.
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