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50 EXTERNAL SEWERAGE, [AIR.

This trap and the Bavin dip-trap, which is well known, are
very much of the same character.

The newly-registered Wetherley trap, which is more of the
nature of a double than a single sealed trap, should not be
omitted from notice, as it would seem to be capable of acting
well, not only as a disconnecter, but as an intercepter of grease
if properly attended to.

Fig. 16 shows this trap.

Fi1c. 10.

(3.) Yard and Road Traps for intercepting Svlid Matter or
Detritus.—'here are numerous traps made by different makers to
intercept the solid matter washed off the impervious surfaces of
yards, roads, &c., and at the same time prevent any uprising gas
when connected with sewers.
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Brickwork or cast-iron chambers, with a deflected pipe on the
the lower side, are generally used in preference to earthcnware_
traps, on account of the heavy traffic which might pass over and
break them. e

““Stidder’s Improved Iron Yard Gully, Fig: 17, can be safely
adopted in any case. Here the solid matter, intercepted in the
first division, can be easily removed and ready access obtained to
the whole of the trap.

Doulton’s Earthenware Yard and Road
Trap, Fig. 18, with which the last (iron)
trap may be compared, serves to illustrate a
cheap description of trap that may be found
suitable where traffic of a heavy character
may not exist, or where relief from surface
water is required by the side of carriage
drives, &c, It should be understood, how-
ever, that all these traps require frequent
emptying, and that in continued dry weather they require to be
furnished with water, or stench escaping from the sewer will be
perceptible.

To prevent gases generated in a public sewer or cesspool from
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58 INTERNAL SEWERAGE, [AIR.

these objections owing to the little difference in temperature of
the staircase upon which they are generally placed and the closets
themselves, whereby the effluvium is dissipated without any very
sensible effect. This arrangement, however, is not to be recom-
mended, as under unfavourable circumstances it is extremely
objectionable and sometimes dangerous.

To prevent the escape of gases from the soil pipe inwards
most careful trapping in every case should be insisted on, asso-
ciated with a perfect means of ventilating the soil pipe (by extend-
ing it up to and above the roof, and admitting air below), and
also by a branch pipe rising up into the soil pipe, or into a
separate ventilating pipe from the trap beneath the closet basin.

Though it is a general practice, in houses of all descriptions, to
use water-closets as sinks for housemaid’s refuse, there is no
custom more objectionable in the case of valve closets, not only
because it is a filthy one, but because it is also conducive to
derangement of the closets themselves. In many instances, how-
ever, it 1s not possible to have a separate housemaid’s sink, in
which case valve closets should give place to valveless ones, and
the ordinary wooden seat should lift as a lid on hinges to cover a
false seat of lead, forming an “ overall,” upon which the housemaid
may throw her slops without creating annoyance.

With respect to the precise character of water-closet to be

Fig. 2I.
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It is very similar to Tylor's closet just described, but its

-tmp is placed below the floor level, and not above as in the

previous instance. Some people consider this to be an advantage,
inasmuch as a more thorough flush out of the trap is ensured.
The same want of ventilation is also experienced as in Tylor’s
closet, and this to render it a perfectly safe closet should be
supplied.

It is shown in connection with one of Underhay’s regulators,
the action of which is fully explained in a subsequent paragraph.

Fig. 24 shows Doulton’s best valve closet, which has the
advantage of the ventilation wanting in the previous illustrations.
In this example the letter G marks the inspection opening with an
air-tight cover, affording a ready means of access to the trap in
case of obstruction, and H the junction socket at the back of the
closet trap for the purpose of carrying a ventilating pipe either

into the soil pipe ventilator or into the open air.

FiG. 24.

The -closet of Jennings, of Lambeth (Fig. 25), has much to
recnmmenr_l_ it both for the simplicity of its construction and the
compactness of some of its parts, ze., those shown on the illustra-

tion, which consists of a basi - :
sin.and trap n .
ware. P one plece of earthen-
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The valve arrangements, however, for supply, discharge, and
overflow are not so simple and free from derangement. It should
be noticed from the shape of the basin, and the position of the
trap, that a very efficacious flush out is secured each time the
closet is used. This is a very good example of a side outlet valve
closet.

Mr. Jennings has also a Bramah valve closet, which he has
brought out with a view to economize water when there is a
difficulty in obtaining it in abundance.

Another side outlet closet, manufactured by Messrs. ‘I'ylor
and Son, is shown by Fig. 26.

Fic. 26,
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Here the outlet valve is so constructed as to act as an overflow,
thus doing away with the necessity of a separate overflow pipe.
The valve is acted on by a pull up arrangement In the usual
manner, and to meet those cases where water supply may fail,
and the basin be left without water, it 1s provided with a self-
acting arrangement which, though it permits the escape of any
overflow, closes the passage against any Incoming sewer gas. It 1s
trapped below the floor level. B

When the old “pan closet” is still insisted on those manu-
factured by Messrs. Underhay and Messrs. Doulton are among
the best of the kind. Fig. 271, previously illustrated, exemplifies
the Lambeth pan closet. It is provided with a strong stoneware
container glazed white inside, in which is introduced the socket
A for the purpose of ventilating below the pan. By the use of
a glazed stoneware container instead of iron Messrs. Doulton
maintain that an impervious body is obtained proof against all
corrosion, and that thereby the objection to this closet is to a
great extent obviated. 'L

Valveless Closets—Many sanitary authorities prefer the valve-
less or wash-out closet to even the best made valve closet, and
there is no doubt that when well manufactured, and well fixed by
the plumber, they may be made to answer their purpose perfectly.
Their chief characteristic is, as their name implies, that they have
no valve arrangements of any kind, and therefore that it is impossible
that they should be subject to that derangement and wear which
is inseparable from the use of valves. The use of an overflow
pipe is in their case considered unnecessary as the several illus-
trations show. The same remark will apply to “safes” which are
always necessary with valve closets to guard against leakage.* In
these closets everything may be said to depend on a sufficient flush
evenly applied to the basin from a good head of water. They
should never be adopted, therefore, where there is a restricted use
of water, for with a scarcity of this essential, a deposit will take

‘place in the basin which in itself may bécome a nuisance.

Being constructed with less mechanism than valve closets,
their price is sensibly less, which tells greatly in their favour,

In this class Bostel's (of Brighton) wash-out closet should: take
the first place.

Fig. 27 is a section of this closet showing the flush of water.

Its action will be understood, without description, from this
illustration. To fix the closet so that the water from the flushing
rim flows through and round the basin with force to effect a
thorough rinse out requires superior plumbing, though this

* All ** safes,” to deserve the name, should be specially ventilated with a

discharge pipe directly into the open air, and not as is frequently the case intn
the soil pipe.
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Fic. 27.

[f T —
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necessity should prove no bar to its adoption. The same may
be said of all closets aiming at cleansing the basin by one flush
of water as the contents will otherwise cling to it. The depth of
the standing water in the basin of any valveless closet should be
1% inch at least.

In addition to its chief characteristics, the advantage that its
maker claims for the Brighton closet are—(r1) that it is trapped
above the floor line ; (2) that there is ready access for clearance ;
and (3) that in common with all flush out closets it forms a ready
and safe means for discharging bedroom slops without valve
interference,

Fig. 28 shows Doulton’s flush out closet.

Fic. 28.
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Here the makers have taken great care in designing the shape
of the basin to get the greatest amount of water to remain in it
without offering resistance to the outflow. The water enters the
basin at the flushing arm A exactly opposite to the discharge
opening B, and by this means the whole: power 1s utilized. This
closet, unlike Bostel’s; is made In two parts.

Over the discharge opening is a plate D which on removal,
as in the case of Bostel's closet, gives access to the trap below,
and allows of its being cleaned should foreign matter have been
thrown into the basin.

A socket E is also provided for inspection or ventilation, and
a light iron standard F is sold (when required) on which the basin
stands, so that the trap may be turned any way to suit position of
soil pipe.

The Lambeth cottage closet, which is rather an elaborate form
of “ Hopper ” closet, is very useful for small dwellings where there
is a plentiful supply of water and valve arrangements are not
desired. It is designed with special regard to cheapness. Fig. 29

shows this closet.
' FiG. 29.

RECULATING IR
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_There is but one trap between the soil-pipe and the basin
which, with a copious flush, should render any stoppage or ann{:}r:
ance as unfrequent as is possible with these kinds of closets.

When it 1s desired to have an outside water-closet for the
use of servants, or where the apartment in which the apparatus
1s fixed is well separated from the remainder of the dwelling,
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the piston E, and the valve F, and thus the outlet to thc clc_msct m
opened a second time, the piston afterwards slowly descending a&:
before, and this second discharge forms the trapping supply of the
closet. This contrivance has therefore two distinct actions each
time the closet is used—the first flushes the closet and the second
gives the trapping water to the pan, and, however long the harfciliie
may be held up, this latter water 1s reserved until 1t 1s released.
The holes at the top of the main cylinder limit the use of the
piston by allowing of the escape of any excess of water forced
under it. , e : :

The same object is secured by the * waste not” cistern valve o

Messrs. Tylor (see Figs. 33 and 34).

FiG. 33.

This valve, like the previous one, automatically closes after allow-
ing the intended quantity of water to pass, or any less quantity
Im whatever position the closet handle which opens it may be left,
thus preventing the running of an excessive quantity down the
closet.

The piston regulating valve C (see Fig. 34), is fitted with a
washer valve, and moves loosely up and down in a fixed cylinder
F. E is an adjustable socket or piston. When the ball iever of
the closet apparatus, which is attached to the spindle A, is pulled
up 1t raises the adjustable socket or piston E, which takes up with
it the piston regulating valve C, and opens the passage for the
water through the valve. When the spindle A is dropped the
piston E descends immediately and with it the valve C on to the
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long, 11 inches wide, and 10 inches deep, having three compart-
ments. In these compartments there are two pairs of valves AA
and BB. When AA are open BB are shut, and Tice Versd.

In Fig. 35 the valves AA are open and BB are shut.
Directly the closet handle has been released after the closet has
been used the water will have passed through the ball valve into
compartment No. 1, and thence into compartment No. 2,
through the aperture C by the passage shown by the direction of
the arrows, filling both compartments, the after-flush compartment
No. 3 remaining empty. When the handle of the closet has pulled
down the lever and opened the valves BB, the water rushes out
of compartment No. z and flushes the closet, and at the same
time No. 3 “after-flush ” compartment is filled from No. 1. When
the handle of the closet is let down, the lever of the cistern falls
with it, and the valves AA are again opened, and the water from
the “after flush” compartment No. 3 is discharged into the closet
basin which it seals ; the water from No. 1 running into No. 2 as
already deseribed. By this arrangement the trapping of the closet
pan is secured as the water intended for that purpose is not dis-
charged until the valve of the closet pan has been closed.

~Fig. 36 shows Tylor's double valve waste-preventing closet
cistern, which is somewhat less intricate aud costly than the
previous example,

It is divided into two compartments, and is on the double-valve
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and is partially opened or shut by turning the tap A. When the
handle of the closet is pulled up, the lever F raises the metal or
elastic socket EE which lifts by suction the ring valve KK, and
the plunger C, and thus opens the passage for water thmugh the
valve. When the handle is dropped the lever F commences to
fall, the speed of its descent being regulated by the quantity of
water which is allowed to pass through the passage way L. Ifthe
closet lever F is held up, the metal or elastic socket EE and ring
valve KK will be kept up too, but the plunger C will be taken
down on to its seat D, partly bv its gravity, but principally by the
pressure of the water. The adhesion or attraction should cease,
and the plunger C begins to fall, when the pressure is made equal
inside and outside the socket.
The patent regulator of Underhay, referred to in connection
with the water-closet, Fig. 23, is shown upon an enlarged scale by

Fig, 41.
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The object of this invention, which cannot
be termed a waste preventer, is to allow the
passage of a certain quantity of water through
the pan of the closet each time the handle
is raised, even if it be dropped again instan-
taneously. For this purpose a vessel, by
preference a cylindrical vessel, 1s adopted,
which is closed at the bottom, and provided
with an air inlet near the top. Within thisis
a second cylinder which is open at the top
to a small extent only, but entirely open at
the bottom. The inner vessel is of such
dimensions as will allow of its working up
and down readily within the outer one.
Around and near the lower part of the inner
vessel is a cup of leather ,or other suitable
flexible material, the lower edge of which
descends into some lubricating fluid at the
bottom of the outer vessel each time the
inner vessel is caused to descend. By this
means the interior of the outer vessel is
lubricated each time the inner vessel is raised.
At the upper end of the inner vessel an air
cock C with regulating screw D is provided,
the latter being adjusted according to the
time which it may be desired the Inner
vessel should take in descending. The outer
vessel is fixed in any convenient position,
and the inner vessel 1s connected with the
closet handle. When the latter is raised the
inner vesssel above mentioned 1s also raised,
which can readily be done by reason of the
cupped leather giving way, and acting as a
valve. A certain quantity of air will be
admitted by this process to the bottom of
the inner cylinder. When the closet handle
is left to fall back, the pressure of the air will
keep the outer edge of the leather against the
imnterior surface of the outer vessel, and the

Fig. 41.

T

inner cylinder will only descend as the air escapes by the air
valve mentioned. In this way the lever of the closet is kept open
for the discharge of water until the inner cylinder has descended
to the bottom. This occurs each time the closet handle is

raised.

Underhay’s “ waste preventer ” is shown by Fig. 42.
This mstrument is in principle somewhat similar to the * regu-
lator.” Like that contrivance it consists of one cylinder within
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Fic. 4.

another, and as the water runs from the cistern or supply pipe to
the pan of the closet (from A to B) a certain regulated proportion
escapes through the small aperture shown on the figure into the
space between the outer and inner cylinders. Within a determined
period this influx of water floats, and gradually raises the inner
cylinder, which, being connected with a lever for the purpose,
closes a valve in the water supply pipe A, and prevents the
entry of any further water until the preventer has had time to
empty itself of its contents by the small outlet at the bottom. By
the combined use of these two last appliances it will be found
(1) that the closet handle cannot replace itself and close the
supply valve until the pan has been well flushed ; and (2) that no
more than a certain quantity of water can be used at one time.

Fig. 43 shows the relative positions of both the * regulator ”
and ** waste preventer” with reference to the closet.

Trapping Box for sauring an afler-flush when not jitted to .
Water Waste-Preventing Cisterns,—Although the adoption of
water-waste preventing apparatus of some description or another,
containing and delivering a restricted quantity of water, 1s
now almost universal, still, as has been shown in the preceding
paragraphs, a means for securing a certain after-flush is not
always provided. This after-flush should invariably be insisted
on where valve closets are used; and no waste preventer of
the 1stor znd class should be fitted to a closet without
this additional flushing chamber, for when it is absent, and
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Fia. 43

R b
i

the closet is not in constant use, the valve trap will become
unsealed, and the extra safety obtained by double trapping will
be done away with. Messrs. Chandler, of Mile End Road,
have invented and patented a trapping box which may be con-
nected with the down pipe anywhere between the water cistern
and the basin of the closet (see Fig. 44). In this invention the
contents of the trapping box A, which must necessarily be filled
with water from the cistern above, each time the closet handle 1s
raised, is made to discharge itself through the small aperture ID
into the pan of the closet after the first flush has been delivered.
By withdrawing the screw E, a ready means of cleaning the
aperture D 1s obtained, should it be blocked up at any time.
The invention seems very simple, and cannot get out of order.

XLIL.—EartHE Crosers.—As previously stated, the solid
portions of the sewage of all well-ordered dwellings, especially
the excrementitious contents of outside closets, require only
careful collection and frequent periodical removal to render them
free from nuisance.

With the condemnation of leaky and overflowing cesspits, dry
closets for the disposal of excretal refuse in rural districts are
daily coming more and more into use in the place of common
privies ; while in the northern manufacturing, towns, where
“ middens "—which have been declared to be “the standard of
all that is utterly wrong"—are the common receptacles of the
excreta of their inhabitants, great efforts are being made to
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the door to be opened without which the person who has used the
closet could not leave it. Thus the covering of the excretal matter
with the dry material will be ensured, in spite of the carelessness
which so often prevails, '

Fi1G. 47.

Dr. Carpenter, of Croydon, speaks
well of the dry closets of Moser, of
Southampton, which are shown by
Fig. 47. He says that ‘“ they have
succeeded excellently well, and do
not get out of order.”

The closet is made to act by means of a spring seat, which,
when used, moves the lever A, which acts on the bellows B, and
throws a quantity of the dry material (ashes, &c., mixed with sawdust,
charcoal, spent dye woods, or dry earthy material contained in box
C) over the contents of the pail D.

It is not, however, because the compound of dry earth and
organic matter obtained by the use of these closets is commercially
valuable that the dry system is gaining ground, for Dr. Gilbert, in
the trials made on behalf of the Sewage Committee of the British
Association, found that when ordinary field soil was used as the
dry material the increase in the percentage of nitrogen was only
‘015 each time the soil was used, and that even after being used
twice, it was not richer than good garden mould.

The advance of the dry system into public favour is therefore
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caps are provided for examination, and for the removal of any
stoppage that may occur in them.,

Messrs. Dent and Hellyer, of Newcastle Street, Strand, and
Messrs. Sutcliffe, of Halifax, manufacture some excellent sink-
traps which are very similar to the preceding illustration, and
equally effective.

Figs. 50 and 51 show the “registered waste pipe and grating ”
of Messrs. Adams and Son, Haymarket, London.

e ET,

In this example the air-tight plug fit-
ting into the down pipe, and forming the
required disconnection, has to be raised
to allow the liquid to escape, and this
trouble may be considered a drawback.

Fig. 52 shows the Bower trap, which
is also another means for the prevention
of the rising of sewer gas into the dwel-
ling. In this figure, as will be readily
seen, A is the down pipe from the sink,
B the outlet pipe to the sewer, C the
cupshaped chamber removable for
| cleansing purposes with a floating
valve or ball D in it, which auto-
matically constitutes the trap. The
makers state that it will resist the
greatest pressure from without, which
is a great advantage over other traps, if
the ball obtains its seat perfectly.

Asmay be judged by looking at the
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The water from the sink enters the trap by the pipe at N, and
the outgoing pipe is shown at O, being in both cases a few inches
below the standing water. Ample means is, as shown, given for
cleaning out and removing the solid deposit in the trap, and a pipe
for external ventilation is also provided.

YXLV.—HouseMainps CLOSETS AND SINks.—Next in impor-
tance to the water-closets in the upper floors of adwelling the house-
maid’s closet deserves consideration as the sink it contains serves
for the discharge of all upstairs slops. In large mansions or public
institutions it is almost necessary that there should be one on every
landing, while in smaller dwellings a single one for the entire
house may suffice. By their adoption not only is much manual
labour saved to servants, but the water-closet apparatus, which
most frequently does duty as a sink in the absence of special
ATrrangements, 15 protected from derangement. _ g

Most of the housemaids’ sinks that have been invented aim at
the same object—the discharge of liquid refuse—though othefs
combine with this object other and additional services. . €3

In every case there should be a water supply at hand to flush
the discharge pipes whenever necessary. It is a matter of
considerable importance that they
should be efficiently trapped, inas- |
much as they are generally con- sERsseglass
nected with the soil pipe of the i/ Cii U
water-closet from whence sewer air PRI
may rise. Housemaids’ closets, too,
should never be placed in con-
spicuous places, as they are generally
subject to a disagreeable, though
slight odour, which renders outside
ventilation advisable and cleanliness
indispensable.

Fig. 55 shows Jennings’ house-
maid’s sink adapted to the upper ==
floors of mansions where it will be - EEEEEE e

I.—
i o e

found extremely appropriate for the 1 WS G TE s
discharge of bath and slop waters . i iy,

removed from bedrooms. It is ac-
cessibly trapped above the floor line,
and is provided, as may be noticed,
with a movable slatted cover to
keep back the larger materials which
might otherwise choke the trap. It
should be provided with a tap for <
the supply of water for chamber
purposes and for flushing out the sink whenever necessary.

F1G. 55.
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One of Doulton’s housemaid’s sinks, on a somewhat larger

:;Eale tgl::ltaing a wash-up and slop sink combined) is shown by
'ig, 56.

Itis provided with an earthenware basin sufficiently capacious
to receive the contents of pails or other utensils, and is trapped
above the floor level. The sink, wherever practicable, should be
fitted with both hot and cold water taps.

Fig. 57 shows a section of the Holborn slop sink made by
Stidder and Co.

It is accessibly trapped, and being compact may be advan-
tageously adapted to small dwellings where space i1s an object,
though it must be acknowledged that its ventilation seems
defective. This last remark, it should be added, appears, if one
may judge from the illustrations given, to apply equally to all
housemaids’ sinks. It is therefore the greater reason why frequent
flushing should be insisted on, and where the sinks are close to
an external wall that ventilation of the pipe leading to the soil
pipe should be added.
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Fig. 63 shows a somewhat less pretentious angle tip-up lavatory
by Stidder and Co., which may be taken as a fair example, both as

Fic. 63.

regards size and fittings, of what generally is requisite for billiard
rooms, or passages in country houses.

The illustration (Fig. 6o0) which precedes this section shows a
lavatory and bath-room combined. It is the arrangement of
Messrs. Doulton and Co., who with several other firms of
eminence have given special attention to lavatory appliances.

XLVIIT.—UriNaLs.—A urinal should never be erected in a
dwelling except under the following conditions :—(1.) That it
is placed in a thoroughly retired position ; (2.) That it 1s well venti-
lated, and has a plentiful supply of water for flushing purposes;
and (3.) That its outlet should be thoroughly disconnected from
the soil pipe or sewer. Failing any of these necessary requirements
what may otherwise prove a great convenience is certain to become
a positive nuisance.
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FiG. 76.

passage drawing the air from the vertical chamber 5, expelling it
at the opposite opening. The foul air immediately rushes up the
shaft connecting the ventilator with the apartment being ventilated
to supply the place of the air extracted, thus securing a continuous
and. powerful upward current; 6 represents the partitions
separating the chambers and preventing external air being drawn
through the slits upon which the wind is not directly acting,

The inventor says further, that the ventilators are continuous
in their action, and, being self-acting in every part, require no
attention. That by effectually extracting the hot vitiated air as 1t
is generated, the place is always kept pure and sweet—the supply
of fresh air being admitted through louvre gratings or vertical tubes
in the lower parts of the building. That there is no perceptible
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The minimum annual discharge of the Thames during the 11
years was that of the year ending the 31st March, 1859, when it
was reduced to 5°49 inches, or 1°37 inches below the average dry
weather outflow. The rainfall of the year 1857 had been 2276

inches, and that of 1858 24'6o inches, with a remarkably dry
winter intervening,

LVIIL—WaTERS CLASSIFIED ACCORDING TO SOURCE—To
exhibit the quality of water to be obtained from different sources
there is no better classification than that by which the passage
of water has already been traced from the condensation of
atmospheric vapour into rain to its cutflow from the earth.

In the sixth report of the Rivers Pollution Commissioners,
which is a comprehensive exposition of the ckemical view of the
water question, the different waters obtainable in this country are
treated in the following order:—(1) Rain water ; (2) Upland
surface waters from uncultivated, or but slightly cultivated, surfaces
not manured ; (3) Surface waters from cultivated lands : (4) Shal-

low well waters ; (5) Deep well waters ; and (6) Sprinngaters.

LIX.—WaTERS CLASSIFIED ACCORDING TO THE RESULTS OF
CHEMICAL ANALvsIS.—In the “conclusions” arived at by the
Rivers Pollution Commissioners, and set forth in the report
referred to, the average composition of “unpolluted waters” is
given in the following form ;:—

REsSULTS OF ANALYSIS EXPRESSED IN PARTS PER 100,000,
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source of a pure and sufficient supply than that of properly col-
lected and properly filtered rain water which is with care to be
secured by all persons alike, There is no cleaner surface from
which to collect rain than that of roofs formed of slates and the
harder description of tiles, if pains are taken to prevent the growth
of vegetation, the collection of decaying leaves, and the deposit
of the excrements of birds, and proper means be taken afterwards
to filter the water within the dwellings itself,

Zhe Waters of Under-Drainage—~1In some districts wide areas
of wet land have been under-drained ; and as winters succeed
cach other, a supply of water, varying from 30,000 to 70,000
gallons per acre, is annually discharged. Of this water the Rivers
Pollution Commissioners go so far as to say, after the qualified
condemnation I have quoted, that * the supply of such water can
be very easily and safely accomplished wherever the subsoil
drainage of pasture and méadow land s capable of collection in
storage reservoirs of the moderate capacity sufficient for the needs
of a mansion, hamlet, or small village.” “The drainage from
manured arable land is, as we have stated, by no means a
desirable source of potable water, and must be unreservedly
condemned if human excrements are used as manure. But with
that exception the drainage water of even arable land is prefer-
able to that from polluted shallow wells which are at present
the usual source of the water supply in country places.”

By the water of under-drainage (as I use the term) is meant
the water extracted from the subsoil by under-drains laid in it at
depths varying from three to six feet or more. This water forms
anew source of available supply, because the rain which fell upon
retentive or saturated soils, before they were under-drained, was
either absorbed and held by them to be evaporated and lost as
vapour in the air, or it was thrown off the surface and lost as
water in times of flood or excess.

The same lands when drained absorb the rain, instead of
allowing it to be evaporated or thrown off the surface. It
infiltrates to the level of the under-drains, and passes out of the
subsoil gradually by the drains to the outfalls, leaving behind in
the soil only just enough water to satisfy its naturally retentive
properties. Comparing this water, which has had the benefit of |
filtering through four feet or 5o of earth, with that which is now
generally used in rural districts, and which is often obtained off
roads and land surfaces when river and well waters fail, and are
known to be decidedly deleterious, it is impossible to deny
that the substitution of one for the other would be a very great
advantage. _ :

In many cases the water discharged from the under-drains
of land may be collected and “ refiltered” through natural soil
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render it at all times safe for domestic use.” Consequently they

* recommend that the Lee should be also abandoned as a source
of potable water,”

Shallow Well Water.—As to the waters of shallow wells the
Commissioners, having examined many samples from wells in
different geological formations, declare them to be, with very few
exceptions, “ entirely unfit for human consumption.” In speak-
ing, however, of those in the new red sandstone, they say that
owing to the highly oxidizing power of the soil of this formation,
the proportion of organic matter is generally more moderate than
that met with in unpolluted surface waters, It 1s therefore
needless to refer any further to this source of supply.

LXIIL.—QUANTITY REQUIRED FOR CONSUMPTION AND Use.—
The quantity of liquid which is drunk by human beings neces-
sarily varies with the age and occupation of the consumer. The
average quantity drunk by both sexes of all ages and of different
occupations is really very small, when compared with the quantity
we are accustomed to consider is required by the population of
this country. Itdoes notreach three pints per head a day, and this
covers every description of liquid consumed. It savours of the
ridiculous to speak of water-famine when the total quantity of
liquid (of every description) drunk by each person does not, in
fact, exceed in amount the quantity of water that would fall as
rain in twelve months upon a good-sized umbrella if exposed for
the purpose in either of the counties of Devon or Cornwall.
From the Report on the Army and Nawvy Diet Scales T find
that the estimated quantity of liquid of all kinds drunk in the
two services averages 1874 gallons per head per annum, or about
two quarts per day. Though this quantity is drunk by adults of
the male sex it is some criterion of the quantity drunk by men,
women, and children, and it will not be wrong to assume that two-
thirds, or 125 gallons per head, is as much as 1s actually consumed
by a mixed population in a year. Dr. Parkes says that an adult
requires daily from 70 to roo ounces (34 to 5 pints) for nutrition,
but about 20 to 3o ounces of this quantity are sometimes in the
solid food.*

The water we drink, however, is, as we all know, not the only
water that affects human health. All water mixed with solid food
and used for cooking, and, I would add, the water used for
personal ablution, and for the washing of the clothes we wear, and
the utensils used in cooking, have a material though not so direct

¥ The living animal is made up for the most part of water. A **model”
man of 154 lbs. contains 1161bs. of water and only 38 lbs. of dry matter.—

Sokusion.
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in the form of bicarbonate of lime. By the addition of lime
water the chalk is precipitated, and the water left above is clear,
colourless, and soft, not holding in any sensible degree either a
solution of quicklime or bicarbonate of lime.”

*‘ Wherever the plan has been adopted it has been successful.”

Such is the well known “Clark’s process.” Its application,
however, has been generally limited to large public examples
owing to the time (24 hours) requisite to allow the precipitate to
fall to the bottom after the mixing has been effected, and before
use. This delay must necessitate the storage in tanks of several
days’ supply, which, in the case of large dwellings and institutions,
where a great quantity of water is consumed, is very objectionable.
~ Among many suggestions to avoid this delay, one means
invented by Messrs. Atkins, that of passing the water through a
filter, so as to filter out the precipitate, instead of wasting for it to
fall to the bottom of its own gravity, has been adopted, and may
facilitate the more general use of Clark’s process.

_ In small houses, however, a rough and ready way out of the
difficulty may be sometimes advantageously adopted. It consists
of three ordinarily sized cisterns. One is placed above the other
two, and is the receptacle for the preparation of lime water. The
lower two contain the water supply of the house, and are brought into
use on alternate days, being in turn supplied with the lime water
from the upper cistern. The draw-off taps from the two lower
cisterns should always be placed at a height of some few inches
above the bottom to allow for sediment, and there should also be
a line mark on the outside of each to show the height to which the
lime water from the upper cistern should be added before the hard
water from the main is admitted. This method does not require
more than a small amount of daily attention, and the cisterns
should not occupy much space,

Messrs. Atkins thus describe their own invention.

“The filter consists in the first place of a number of discs of
perforated metal with filter cloth stretched over them, so arranged
as to present the largest amount of filtering surface in the smallest
compass. These discs are hollow and are fitted into a central
tube, which forms the main channel for carrying off the filtered
water.”

Fig. 79 (next page) represents the filter apart from the tank or
high pressure case in which it is subsequently fitted. The discs are
shown at D, and the filtered water is carried off by the
outlet F.
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Fic. 7o.

To clean the surfaces of these discs the handle A must be
turned. This turns the cog wheels B which set the brushes C
rapidly revolving, each on its own axis, against the surfaces of the
discs. The handle A also communicates motion to the discs
themselves, through the rod H, wh'ch by means of a worm causes
the discs to revolve slowly, and brings every portion of their
surfaces by degrees in contact with the rapidly revolving brushes.
Thus in a very few seconds the discs have been brushed clean,
and after a short delay to wash out the collected sediment, the
machine is ready for use again,

| K2
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_ Fig. 8o shows the complete water softening apparatus, and
illustrates how it may be fitted up in a country mansion.

gl = I =
BT T e e o S T 5 !

The apparatus complete includes the following—

(1.) A tank to store the mixture of lime water.

(2.) Twe tanks, one containing a reserve of water to be
treated, and the other a graduated amount of the lime water to-
be mixed with it.

(3.) The mixing chiamber where the two streams meet and
become thoroughly intermixed.

(4.) The filter to receive the water as it flows from the tanks
above, and to deliver it to the ordinary house cistern shown at
the bottom of the drawing.

Another process largely in use for the softening of water in
public institutions and large mansions, where a large supply of
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_ The nearest approach to a test adaptable to the general public
15 that of permanganate of potash in some form or another.*
though the safest thing to do, under present circumstances, when
the quality of water is at all doubted, is to send a ﬁampjle to a
competent analytical chemist. Not less than two gallons should
be sent in glass bottles with glass stoppers, and care must be
taken not only that the bottles are perfectly clean, but that they
have been well washed out—at least twice—with the water that is
to be analysed, before the final sample is sent off.  The stoppers
should be sealed down and the date and other attendant cir-
cumstances legibly noted on the outside of the bottles,

gallon,” he says, “ contains the following number of grains and decimal parts
of a grain of the respective substances :

Total solid matter dried at 212°F, 14"
Ammoniacal matter yielding 10 per cent, of
nitrogen, equal toammonia per million E 006
ool
Albumenoid organic matter yielding 10 per
cent. of nitrogen, equal to ammonia } ‘024
per million 0-04...

Nitrites -- . NONE.
Nitrates, containing 17 per cent. of nitrogen
(equal to grains of nitrogen per gallon “I5
D025} ..
Chlorides, containing 60 per cent. of chlorine A
{equal to grains of chlorine per gallon1-3) 2
Hardness, reckoned as chalk grains or
degrees ... :
Removed by ebullition, §o X0%H
Unaffected by ebullition, 2°5
Lead or copper vee L MAOTIEL

* TEsTS FOR DECOMPOSED ORGANIC MATTER.—Permanganate of potash,
as it is most generally obtained, is a salt dissolved in very pure water. It is
remarkable for its colouring power, and communicates a bright violet rose
colour when first added to the water to be analysed. If decomposed organic
matter be present in a degree hurtful to health, this colour is changed to a dull
yellow ; or if a still larger quantity exist in the water, the colour will in time
entirely ‘disappear. Where the colour is rendered paler, but still retains a
decided reddish tinge, then we may infer, that although putrefying organic
matter 1s present, it 1s so in such minute quantities as are not likely to be
immediately hurtful. One drop to a small quantity of water, or two to a
larger quantity, is the quantity of this fluid to be added. It should be allowed
to stand for two hours ; if, however, the change in colour takes place before
the expiration of this time, it is a strong indication of the impurity of the
water— the rule being that the quicker and more perfect the discolouring of
the water tested, the greater is the quantity of decomposing organic matter
present : if also, upon the addition of a few more drops, a change in colour
15 manifested, it isa sign that a very large and dangerous quantity of putrefyin
organic matter is present. Another simple test for organic matter is that o
dissolving in water a small quantity of white sugar. In a few days if any
organic impurity is present, the water will become white and milky. This
test is, however, not so reliable as that of permanganate.
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by gravitation. They refer to those very numerous instances
where no general supply exists, and where individuals are

dependent on wells or rivers, or upon surface waters to be collected
and stored in tanks,

LXVIL—WELLS oF Various Kinps,—Up to this time, in nine
out of ten cases where no general supply exists, the occupants of
dwellings, as already shown, are dependent upon wells of different
depths. These are generally called either “ Deep Wells” or
*“ Shallow Wells.”

“ Deep Wells” are technically understood to mean wells of any
depth, which reach a subterranean bed in one of the water-bearing
strata, and which, being fed by wide and distant contribution,
never altogether fail in supply. In the majority of cases the
power required to raise the water of such wells is greater than that
of hand.

“Shallow Wells ” are those which are fed by land or surface
springs from sources of limited extent which may fail in very dry
weather, and the waters of which are frequently raised by hand by
a suction or atmospheric pump.

Between these two characteristic kinds of wells there are others
which penetrate a greater depth than “shallow wells” without
reaching a water-bearing stratum. = The waters of these wells are
raised by lift and force or centrifugal pumps, or by windlass and
bucket. They are sometimes called deep wells, because the
common suction pump is insufficient of itself to raise the water,
though they more frequently than either “deep” or  shallow”
wells fail in supply.  They are as liable to defilement as the latter,
while they are not benefited by the dilution due to the large body
of water forming the supply of wells sunk into the water-bearing
strata.

In the harder portions of the chalk and the new red sandstone,
as well as in the oolites and older limestones, wells require simply
sinking and forming without lining, but in clays and marls, in
free and broken strata, and when passing through thin partings
between rocks, they must be steined.

The character of the steining, and the method of executing it,
will depend upon the depth of the wells and the precise nature of
the strata through which they are sunk. In some cases the lining
will consist of bricks, laid flat, without either cement or mortar.
In others it will consist partly of courses of bricks laid dry and
partly of courses laid in cement, the distance between the
cemented rings varying from 5 to 1z feet according to circum-
stances. Under conditions of special difficulty the bricks should
be laid wholly in cement. In cases where quicksands are met
with, or where it is intended to shut out top water, iron cylinders
are resorted to as the lining. The exclusion of surface waters is
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sometimes effected by laying the brick steining in cement, and
concreting or puddling between the bricks and the soil, and this
may be quite sufficient in the majority of cases; but if the water
which it is intended to exclude is of a polluting character—and
the influx of a small quantity may be very prejudicial—it should
be borne in mind that there will always remain the possibility of
its percolating through the soil outside the concrete or puddling,
and rising up from the bottom to the level of the water in the well,
In fact it is only where there are layers of impervious rock or clay,
down to which the puddle or concrete can descend, and with
which a perfect junction may be effected, that outer waters can be
excluded from wells with certainty. With increasing experience
concrete will find greater favour with well sinkers. For the stein-
ing of ordinary wells of small diameter, 43-inch work, with the
bricks meeting end to end, is amply sufficient. Nine-inch work,
with or without cement, is more appropriate when the ground is
treacherous and the diameter of the well greater. In all cases
radiated bricks should be used, and now that this form of brick
is made with facility there is no reason why they should not be
generally adopted.

The old method of executing steining by building on curbs
of wood shod with iron, and allowing both curb and superstructure
to sink down together, is not ofien now resorted to.

In considering, even cursorily, the construction of wells, the
value of horizontal wells or adits-—sometimes called galleries—
as a means of storage, cannot be omitted. In certain formations,
where a large quantity of water has to be raised froma single wellin
a given time, they are invaluable. At the well at Reid’s Brewery,
in the Clerkenwell Road, in which galleries were driven in the chalk
ata depth of zoo feet from the surface, and 64 feet into the chalk,
the yield is stated to be 192 gallons per minute, or 101,178,000
gallons per annum. Water rises in the well to a height of 121
feet from the surface. The height of the surface is 70 feet above
sea level, and the water therefore stands at 51 feet below the same
datum. At Bishop Stortford, in a well of which the galleries
were formed 154 feet below the surface and 38 feet deep in the
chalk, the yield has been 10,000 gallons a minute, or 5,256,000,000
gallons annually. Only 25 gallons a minute came from the shaft
itself, the remainder being supplied by the galleries.
 Deep Wells—1n the case of large establishments and public
institutions, it will be necessary to have at command a supply of
water, if it can be possibly secured, which will not be readily affected
by diminished rainfall ; and the instances are few in which either
the new red sandstone or the chalk will fail, unless the subter-
ranean beds are being drawn upon at the same time by large
comrmmunities.

The opinion of the Rivers Pollution Commissioners is here
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given on the waters to be derived from these strata, which possess
larger waterube_armg capabilities than all the other formations of
the crust of this country put together. They say that Unpolluted
waters drawn from deep wells in the wew red sandstone are almost
nvariably clear, sparkling, and palatable, and are among the best
fl!’l{] most wholesome waters for domestic supply in Great Britain.
They contain, as a rule, but a moderate amount of saline impurity,
and either none, or but the merest traces, of organic impurity,
The hardness is usually moderate, and only when the water :s
denveq from originally impure sources does it become excessive,
There is every reason to believe that a vast quantity of hitherto
unutilized water of most excellent quality is to be had at moderate
expense from this very extensive geological formation.” * * * *
“The unpolluted deep well waters from the chalk rank amongst
the best and most wholesome with which we have become
acquainted. They are almost invariably colourless, palatable, and
brilliantly clear. The chalk constitutes magnificent underground
reservoirs, in which vast volumes of water are not only rendered
and kept pure, but stored and preserved at a uniform temperature
of about 10° C. (50° F.), s0 25 to be cool and refreshing in
summer, and far removed from the freezing point in winter. It
would probably be impossible to devise, even regardless of expense,
any artificial arrangement for the storage of water that could
secure more favourable conditions than those naturally and
gratuitously afforded by the chalk, and there is reason to believe
that the more this stratum is drawn upon for its abundant and
excellent water the better will its qualities as a storage medium
become. Every 1,000,000 gallons of water abstracted from the
chalk carries with it in solution, on an average, one-and-a-quarter
tons of the chalk through which it has percolated, and thus makes
room for an additional volume of about rro gallons of water.
The porosity or sponginess of the chalk must therefore go on
augmenting, and the yield from wells judiciously sunk ought
within certain limits to increase with their age. The only draw-
back to these waters is their hardness, but this disadvantage is
greatly reduced by the circumstance that it is chiefly of the ¢ tem-
porary ’ kind, and can be therefore easily and cheaply removed by
the application of Clark’s, or some other approved process.”
These tempting words of the Rivers Pollution Commissioners ‘
must be received with considerable allowance, for it must not be
forgotten that both the water in the chalk below London, and that
in the new red sandstone below Liverpool, have sunk permanently
5o feet. :
The well-sinker, moreover, does not always meet with a
sufficient supply even in these strata. In the chalk he will
occasionally fail altogether in reaching any supply, while in
several instances the draught of certain wells has been known,
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water stands at a constant level, not varying a quarter of an inch-
even when the pumping is continuous.

._The same well-sinker has executed sundry other works with
different results. In 1861 he sunk, at a cost of 42,300, “No. 1
well,” for the Wallasey Commissioners, It was 7 feetin diameter
and go feet deep and was lined with cast iron cylinders. A
boring was made at the bottom of the well partly 14 inches and
partly 8 inches in diameter to a total depth from the surface of
250 feet: 24 hours pumping at the rate of oo gallons per
minute reduces the head of water 51 ft. 9 ins. In 1873 he sunk
a similar well, known as “ No. 2 well,” about 20 feet distant from
No. 1, and made an 18-inch bore-hole to 2 depth of 400 feet from
the surface at a total cost of #£2,677. The quantity raised from
this well is 700 gallons a minute. Since the well was finished
No. 1 yields a greater quantity of water than before, and the com-
missioners have enlarged and deepened it to the depth of No. 2.

Some valuable information in the form of the following table
from Mr. Paton, of St. Albans, whose name is associated with
the efforts made to supply London with water from the Colne

Valley, and who has had very large experience in this kind of
work, is here given :—
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The last instance given in the foregoing table has a special
bearing on the water supply of the dwelling, as it shows what a
nobleman of wealth may do for the supply of his mansion, and for
farms and wvillages near at hand. In this case, Mr. Paxton,
the agent to the estate, says, that the water is raised by an
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Speaking generally, not only is the sinking of deep wells an
expensive and, in some instances, a doubtful work in itself, but
when the annual cost of pumping is added to the interest on the
capital expended, the current cost often becomes a very formidable
matter indeed. In large towns the expense of obtaining water
from deep wells falls comparatively lightly upon the recipients,
the number of inhabitants upon which it can be apportioned
being large. It is found, too,.in practice, that after great
expense has been incurred in sinking deep wells, the labour
of pumping, where neither steam, water, wind, or horse-power is
resorted to, is so oppressive on servants, that the only water raised
is that used for drinking and special purposes. Deep wells are
then supplemented by shallow (*suspicious”
ones, or by the storage of surface waters (also
“suspicious ), so that the superior character of
deep well water is partially lost, and the original
outlay increased by the provision of two sources
of supply.

Shallow Wells—Of these wells as a means of
supply to dwellings there is nothing further to
say than that of 412 wells examined by the
Rivers Pollution Commissioners with a view to
ascertain their fitness for the purpose they
served, there were very few yielding a supply of
a sufficiently pure character to rank as “ whole-
some” water.

Zube Wells—Although this condemnation of
shallow wells is very general, it should be pointed
out that wherever a constant supply of pure
water can be found in a free soil within 20 or
25 feet of the surface, recourse may be very
advantageously had to the Abyssinian (Norton’s)
tube wells (see Fig. 81). If these tube wells
are adopted no shaft is sunk. The water is
reached by driving or simply screwing the tube
down through the ground to the water level.
In localities where the water reached is below
the range of a lift pump, it is necessary to employ
tubes of a larger diameter than those adapted to
shallow wells, and the plan by which the water
1s raised from any depth is described by Messrs.
Legrand and Sutcliff, the makers of the Abys-
sinian well tube, in the following terms ;—

“As soon as the first or pointed length has
been driven, a working barrel, which consists of
a short length of well tube lined with brass, is
added to the well tube by placing the valve seat
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the working barrel, as shown in Fig. 84, and by allowing it to rap
very slightly on to the lower valve C it will embed the lower valve
firmly into its place,

“ The rods that have been thus lowered have now to be coupled
to the short length connected with the pump handle and passing
through the barrel, the best way to do this being to ‘remove the
pump handle, when the short rod leading from it can be screwed
into the coupling, and made secure like the rest of the joints by
split pins. The pump head can then either be screwed or bolted on
to the tube well, and when the handle is connected the whole is
so far complete.

“To start the pump, water must be poured down through the
top, and pumping commenced, and in a short time the water will
commence to flow, the time varying according to the depth it has
to be raised.

“ At first it should be pumped rapidly, in order to get up as
much of the grit and sand as possible, until it gets clear, and
as soon as this is done the well is complete,

“In conclusion, it may be observed, that all remarks and
instructions given for the smaller wells apply equally to the larger
and deeper wells.

“ A simple plan very frequently adopted with deep wells, where
the depth at which the water stands is not very much below
the reach of a lift pump, is as follows :—For instance, when a
tube well has been driven, say 5o feet, and the water has risen
only 12 feet, a hole, say 12 feet, can be dug, at which depth
the ordinary pump can be attached, and the well cleared up,
and then a working barrel can be coupled on with a larger tube
reaching to the surface, and surmounted by a pump head as
described. This large tube can be of either wrought or cast iron,
and as the lower valve, &c., can be got at from the surface, the
hole can be filled up again. :

“Ttwill be seen that this plan will frequently be found the most
economical, especially where it is not known beforehand that the
water will require to be raised from such a depth, as it enables
the small tube that has been driven to be utilized, instead of having
to pull it up, and re-drive another larger and more expensive tube,
besides the delay thereby incurred. i _ ‘

“When water is required in large quantities, either for public
establishments, factories, breweries, or for irrigation, two or more of
the first, second, or third sized wells are driven, and coupled
together to one main, according to the supply required and the
nature of the strata from which the supply is obtained.

“No rule whatever can be laid down as to the numbm_' or
size of tube wells necessary to be driven in order to obtain a given
quantity of water, for everything depends upon the nature of the
water-bearing strata. In some places water may exist in abun-
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““More wells can always be added to this main at any time
by simply substituting a branch piece for the terminal bend, and
prolonging the cast iron pipes in accordance with the number
of wells added, and again finishing with the original terininal
bend.

* For convenience and protection from frost it is customary
to lay these mains two feet below the surface. The flange
joints are usually made with india-rubber washers.”

FIG. 86. "The makers of these tube wells
state that in gravel, chalk, and
some kinds of hard marls, from
400 to 2,000 gallons of water
per hour may be obtained by
their use, the ordinary quantity
in coarse sands ranging from 300
- to 8oo gallons per hour, and in
fine sands (including quicksand
and loamy sand) from 150 to goo
gallons per hour. At Burton-
on-Trent where the coupled tube
wells—which are shown by Fig.
85—are in use, and where the
subsoil is composed of a gravel
and sand, two of the principal
brewers raise from 4o,0c0 to
60,000 gallons per hour each.
At Northfleet (cement works)
3,000 gallons per hour are thus
raised from the chalk, and at
Newark 4,000 gallons per hour
from the red marl formation.
There 1s no reason why such a
safe and economical means of
supply should not be more fre-
quently resorted to for dwellings
. of all kinds where the water stands
in the ground within a moderate distance of the surface.

Fig. 86 shows a tube well and centrifugal pump adopted by
Messrs. Gwynne, and recommended by them where a large supply
is to be raised from an underground bed of water within ready
reach. The pipe or tube selected has a powerful screw attached
to it ; this is turned round and screwed into the ground. If the
tube is large in diameter, a windlass or horse-power may be
required to sink it, and in such cases it may be necessary to leave
the end open so as to reduce the friction and the consequent
power necessary for sinking. Fig. 86 shows the tube sunk to a
proper depth in the water-bearing strata. A series of holes or
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I give this here, as the power to raise 33,000 lbs. to a height
of one foot per minute is that which is now generally taken, as is
well known, as the datum power of a horse in calculations of the
service of different motors,

Boulton and Watt arrived at the same result in a different way,
though they considered that the power of a horse was only 5:4;
times that of a man. 3

The usual calculation is that an average horse has seven times
the power of an average man—a proportion which will be found
to agree with the figures given in the following useful table of
Lower required to raise Water from Deep Wells, from Molesworth’s
book of Engineering Formule .—

J Maximum depth from which this quantity can be
raised by each unit of power.
Diameter . . | Quantity of |_ -
Desenption water
of pump of pump. | raised per One h
barrel. s Omne man | One donkey ( 5 “T‘“’ | One horse-
; turning a | working a” | S48 ! | power steam
crank. gin. wurgilnng - engine.
Inches. E . Gallons, Feet, Feet. Feet. Feet.
vaa L)
- gL & 225 fo 160 shio Bdo
11 e g 360 5O 100 250 550
3 S 520 35 72 245 385
34 5& 790 25 5o 175 | 275
4 o= goo 20 40 140 | 220

A gallon of water weights to lbs., and by the data given it will
be ‘seen that the maximum number of gallons which can be
raised by an average horse one foot high per hour reaches 198,000
gallons, and by an average man 28,286 gallons.

In practice a considerable allowance must be made for the
loss of power resulting from friction, and from the inappro-
priate or defective nature of the machinery by which the power is
utilized. It may be well, therefore, to explain the different
mechanical arrangements which are usually adopted in the raising
of water, and before doing so to give here some deductions made
from certain details which I have obtained from several of our
principal mechanical engineers—Messrs. Gwynne, Essex Street ; .
Messrs. Owens and Co., Messrs. Warner, Messrs. Tangye, and
Mr. Mason, Ipswich ;—and which I have reduced to the form of
the following table, showing when hand, horse, or steam power (or
its equivalent in wind or water) can be most economically adopted.







IS2 MOTIVE POWERS TO RAISE WATER, ETC. L"r'r".-‘h'l'l'ili.

quantities between this and 400 or 500 gallons. Beyond this
latter rate, however, it will be desirable to resort to steam,

With water at a depth of 200 feet below the surface, both
manual and animal power will give way to mechanical power as
the more economical,

LXXT.—ManvaL PowER.—Leaving the pump itself to be dealt
with presently, there is little to be said upon the arrangements by
which manual power can be economically utilized. Where the
depth from which the water is lifted does not exceed 25 feet, and
the quantity of water used daily does not exceed soo g;_ﬂ!r;n?s,
the common atmospheric, ze., the suction or lift-pump, with its
levered bandle, is the best and cheapest. (See Chapter X,
Section LXXVIII.)

Where the quantity to be raised is comparatively large and the
derth considerable, the levered handle must give way to a framed
arrangement of gearing which can be worked by wheel and pinion,
and which readily allows of the employment of either one or two
men as required. Examples of two different forms in which this
arrangement may be adopted are shown by Fig. 87, and in a
somewhat larger form by Fig. 88.
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Fic, 88.

== =

There are also various other forms for the employment of a
number of men, as is frequently the case in workhouses and
prisons, but which it is unnecessary to illustrate here.

LXXII.—Horse Power.—The gearing necessary for the
application of animal (horse) power to the raising of water by
pumps requires but little explanation. One example of such
gearing and its connection with a three-throw pump as shown
by Fig. 8g will be sufficient. By means of different sized cog-
wheels the speed of the pumps may be regulated and the slower
pace of one animal compared with another overcome. The gearing
may be placed either directly over the well or by the side of it as
in the illustration, and may be put either above the ground level

—
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intervention of any gearing whatever; E is the steam pipe con-
nected with the steam boiler ; and F is the exhaust pipe from the
engine. In these forms they are best suited for low lifts.

Fic. o7.
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Front and side elevations of one of Warner’s pumps with three
barrels, or, as it is termed, a three-throw pump, are shown by
Figs. 108 and 109.

The different modifications give to pumps different names.
They are sometimes called bucket pumps, ram and plunger pumps,
and sometimes solid piston pumps.
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passes automatically through the filtering material, air follows it
aind takes its place. It is this alternate substitution of air for
water, and water for air, that ensures purification. No neglect on
the part of servants can prevent this automatic action.

The filtering material can be at any time readily cleansed, and,
as there is no special patent for the material used, it is left to the
purchaser to substitute any particular material that he may wish
for in the place of that sent with the filter. For efficient filtration
the material, of whatever kind it may be, should be cleansed
orrenewed at least twice a year. With doubtful water oftener.

This scheme of filtration (as in the case with any other which
derives its supply from a storage tank) may be prefaced by
another filter which is placed in the underground storage tank
itself, and appended to the bottom of the suction pipe of the
house pump. This filter, which was invented and termed the
** Nosebag Filter ” by the author, extracts from the water before
it is lifted any solid matter which may be in suspension, and
effectually c/arifies the supply. The filtering material used under
general circumstances may be sand and potsherds,—the latter
coarser material being placed at the bottom, so as to prevent the
finer from being drawn up through the suction pipe. This filter
should be cleansed out once a year at least. Many of the small
Kinds of table filters now in use are stated by the trade to possess
the benefits resulting from aération, but inasmuch as they are not
automatically supplied, perfect and systematic aération is impossible.

Non-Aérated Filters.— These filters have necessarily their filter-
ing material constantly under the water, and amongst the first of
them should be noticed the ¢ Danchell Cistern Filter,” as shown.

by Fig. 114.

Fic. 114

Its object and use are nearly the same as the Nosebag Filter
just described, the difference being thal‘the latter IS used in 'Qhe
underground tank, while the former is placed in the service
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The filtration is effected through animal charenal, in a block form,
(see Fig. 117) placed in cisterns as shown in Fig. 118. The size of
cistern and number of cylinders are governed by the quantity of
water to be used in the dwelling. They may be increased as
found necessary. Through the centre of each cylinder and block
of carbon is a tube by which the filtered water passes out for use.

The next illustration to be given is the “ Spongy Iron Filter,”
as shown by Fig. 119. The filtering material used in this filter
is that from which its name is taken—spongy (metallic) iron,
which has been reduced from an oxide without fusion, and which
is therefore in a spongy, porous condition, of extremely fine
divisions, weighing about 100 to 110 lbs, per cubic foot. The
following example (taken from the Weekly Report of the Regis-
trar-General) of the efficiency of this filter has been given me by
the company who now possess the patent ard supply the filter to
purchasers. The figures given represent the constituents of the
water in parts per 100,000,

|
Sample of water analysed. E[:;'T;:t]rii‘:i.ss{.l ‘ E;fﬁ;‘: | Le::;;;éﬁ‘ Ammonia.
Water before filtration 3246 130 ‘o4t ‘ooz
Water after filtration ... v 10 B4 ‘ozl ‘o013 *130

. Maignen’s “ Filtre Rapide ” is another specimen of filter which
1s finding favour with the public. In this filter, the casing of
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allowing free passage through the outlet port. On releasing the
knob the relief valve returns to its closed position and the water
passes through the annular space around the piston and collects on
the top of it and gradually forces it down on to its seating, the
area of the top of piston being greater than the bottom of same.
Thus the greater the head of water the tighter the valve becomes
when closed.

Fic. 128.

Fig. 128 shows a tap by the same makers more adapted for
low pressures; the difference being that the relief wvalve 1s
dispensed with and a spindle attached to the piston; to the latter
double cams are connected, and by closing these the piston is
pulled off its seating and returns again on being released. The
pressure, as in the previous example, gathers on the top and
keeps the valve tight.

An ingenious sort of tap is shown by Fig, 129.
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Fia. 130.

It is known as * the screw-down loose-valve tap” of _Tylnr
and Sons. It is designed to prevent waste, if the tap is left
with the water running. This is effected by the following arrange-
ment ;:—The piston C is fitted with a washer valve H at bottom,
and moves up and down in an adjustable socket EE. This
socket is raised or depressed by the handle F. When the handle
is turned it raises the socket which lifts with it the valve and
opens the passage for the water through the tap.

A sufficient quantity of water having been drawn the handle
is screwed down, which depresses the socket which takes down
with it the valve on to the seating . Should the handle not be
screwed down and the tap left running, the piston valve descends
on to the seating partly by its gravity but principally by the
pressure of the water passing through the tap. This tap is
declared to be equally suitable for outside as well as inside use.

Fig. 131 shows on a small scale the self-closing screw tap of
Messrs. Wallace and Connell, of Glasgow. Like the tap just
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the pin A, and not by the rod itself, which can only be raised or
depressed by the rise or fall of the water in which it floats, The
valve possesses the advant; ge of confining to the ball rod itself
the jerking motion which is often given by the entry of the water,
and its agitation in the cistern,

F16. 137,

Fig. 137 shows a valve, which, unlike the previous examples,
works in a horizontal direction. It is that known as the
equilibrium ball valve of Underhay. The waterway of this valve
continues clear until the cistern has become nearly full, a great
consideration when the water supply is intermittent,

Fig. 138 represents Tylor’s patent high pressure horizontal valve,
which has now been tried for some years with satisfactory results in
connection with the New River Water Company’s supply. This
valve also allows of the running of a full stream of water through
it until the cistern is nearly filled.
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