Sewerage and Sewage Disposal / by Henry Robinson.

Contributors

Robinson, Henry.
Royal College of Physicians of Edinburgh

Publication/Creation
London : Spon, 1896.

Persistent URL

https://wellcomecollection.org/works/u93zezqge

Provider

Royal College of Physicians Edinburgh

License and attribution

This material has been provided by This material has been provided by the
Royal College of Physicians of Edinburgh. The original may be consulted at
the Royal College of Physicians of Edinburgh. where the originals may be
consulted.

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/

N
Y

,,,f\\

’i']"h'i

o+ @

b ¢ L -
PR T 4ﬂwmrah-um+tg S LR e




B

R.C.P

ST

































SEWERAGE

AND

SEWAGE DISEOQSAL;

CHAPTER: I,
HOUSE DRAINAGE.

Tue most important points for practical guidance
in reference to house drainage are as follows.

The subsoil of a building should be drained, if
it is a damp one, and the drains (necessarily open-
jointed ones) should not connect with a cesspool, or
sewer, so as to bring foul gases under and around
the house. A dry area should be made to prevent
damp coming through walls into rooms below the
ground level. If this cannot be done, a hollow
wall will prevent damp passing through, as a damp
course will prevent it passing up. A layer of con-
crete under the whole basement is desirable, to
avoid the possibility of subsoil moisture and foul
gases passing into the house.

House drains should be effectually trapped from
the main sewer, and the trap should be placed as
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SEWERAGE AND SEWAGE DISPOSAL.

far from the house as possible, with a fresh air inlet
on the house side of the trap to ensure a current of
air passing through the house drain up the soil pipe.

House drains should not be less than four inches
in diameter. They should not be laid under buildings
if possible. If they cannot be laid outside, then at
least six inches of concrete should be placed round
them. Even when they are outside it is best to lay
them on a bed of concrete.

When house drains are laid under buildings pro-
vision should be made for ventilation at both ends :
that is, there should be a current of air through
the drain. When the house drain has too flat a
oradient a Field's automatic flush tank should be
placed at the head of it to prevent deposits forming.

The cistern for a water-closet should be distinct
from that for supplying water for dietetic purposes.
The flush should be three gallons, conveyed by a
pipe not less than 1} inches internal diameter. The
three gallons flush is greater than has hitherto been
employed as a general rule, but it is considered
desirable to adopt this to ensure the complete
cleansing of the closet and soil pipe, as well as to
ensure the removal of the filth from the house drain
to the sewer. The greater flush is objected to by
those who aim at minimising the consumption of
water, but the avoidance of the unhealthy condition
inseparable from too small a flush, should prevail
over economy in water consumption. The trap of
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a closet ought to be ventilated to the open air to
prevent the water seal being syphoned out.

Rain-water pipes should be cut off from direct
communication with the drain, and should dis-
charge on to a trapped gully. Waste pipes from
baths, sinks, lavatories, &e., should be taken through
the external wall and discharged into a channel
leading to a trapped gully. Only excremental filth
from closets or stool sinks should discharge into the
soil pipe.

The soil pipe should be at least 3J inches in
diameter, and should be outside, and not inside the
house. It should be continued full bore, without
bends, above the roof, and away from windows or
chimneys, to prevent foul gases passing into the
house.

Water-closets should be placed so as to have
one side next an external wall, with a window
opening to the outer air, and with provision for
ventilating the closet, which should not' be ap-
proached directly from any room used for human
habitation.

The connection between soil pipes and drains
should be by an oblique junction in the direction
of the flow. An inlet for fresh air should be pro-
vided between the soil pipe and the disconnecting
trap to the main sewer.

House drains should be tested to ensure their
being watertight. The sewer end should be closed

B 2
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MEMORANDA ON SEIWAGE.

WEeIGHT IN GRAINS OF THE SOLID AND LiQuiD EXCREMENTS
pER PERSON PER DAv, AND THE ORGANIC NITROGEN AND

PHOSPHATES CONTAINED THEREIN.

Sex and Age.

—_——

Men® ..
Women
Boys ..
Gids ..

Means ..

FEEES. Uri“e_
o Ty
antc rganic
Total. | Nitro- P];';f:; Total. | Nitro- | plﬁi?.f;
gen. : gen. | »
2,315 | 27 5o | 23,148 | 231 94
694 | 16 17 | 20,833 | 166 85
1,698 | 29 25 8,706 | %3 33
3861 9 6 | 65944| 57 | 27
1273 i 20 | 25 \ 14,930 | 132 6o

WEiGHT 18 PounDps OF THE SoLID AND LIQUID EXCREMENTS
PER PERSON PER YEAR.

Sex and Age.

Men
Women

Boys ..
Girls ..

Means

Freces. Urine,
lD i )] i
rganic rganic :
Total. iN:’tm- ;.Z{:i; Total. MNitro- 13.3;?;_
gen. gen.
I20°45 | 1°39 ;l 262 |1,204°5 |12°04 | 5 28
| 36508 | om80 || o386 1,08379 | 861 | 4°38
88°33 | t"51 | 1°29 | 457°7 | 3°79 | 1°73
20'07 | 0°46 | o*2¢9 | 361°3 | 2°g5 | 140
6623 | 104 | 1*206 ';r;.";r'ﬁB| 6'8s | 3°20
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SEWARAGE.

In calculating the volume which the sewers in a
town have to carry off it is important at the outset
to decide whether the large bulk of the rainfall can
be excluded from the sewers.

Much of the difficulty which attends sewage dis-
posal arises when the outfall sewer is made to con-
vey also the whole of the rainfall. This ought not
to be the case where avoidable, as the separation of
the rainfall—or at all events of a considerable part
of it—enables the sewers to be designed so as to
be self-cleansing, and the sewage which is removed
by them is brought to the point of discharge in a
fresher state than is possible where the sewers are
calculated to convey the larger volume, as they
become sewers of deposit in dry weather. In wet
weather the decomposing sewage is flushed away to
the outfall in a state which is unsuitable for utilisa-
tion on land, or for treatment with chemicals. The
exclusion of the bulk of the rainfall is of great
importance where the sewage has to be pumped.

If separate clean water sewers can be provided



12 SEWERAGE AND SEWAGE DISPOSAL.

to carry off the bulk of the rainfall to the natural
watercourses, the volume of sewage passing into the
sewers will not be subject to the wide fluctuations
that are unavoidable when all the rainfall enters.
That which is admitted should be limited, if possible,
to the rain falling on roofs, yards, courts, back areas,
paved surfaces, &c., which become highly polluted in
large towns, The separate system is not applicable
everywhere, and much consideration requires to be
given to the circumstances of each case,

Sewage, including rainfall from roofs, yards, &c.,
may be taken at about six cubic feet per head per
day, of which one-half would be discharged in six
hours. That which flows off beyond this amount
(which will be a variable quantity) should be carried
off by separate sewers, or by storm overflows. A
rainfall at the rate of 12 inches in an hour was
gauged in 1878 by Mr. Symons at Camden Town,
but it lasted only thirty seconds. In September
1895, he gauged * 54 of an inch in five minutes, and
1 inch in ten minutes. Much, however, would be
either absorbed or evaporated, or would not reach
the sewer at the same time.

The first flow off town roads with much horse
traffic (however good the scavenging may be), is very
foul, and should be carried to the outfall. After
this has passed away the subsequent volume is com-
paratively clean water, and may be discharged by
storm overflows, which act either by relieving the
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sewer when the level of the sewage reaches a certain
height, or when the sewage shoots over a weir after
a certain velocity has been attained. These prevent
the sewer from getting under pressure, when the
house drains become gorged. In calculating the size
of a sewer the volume that has to be dealt with in a
limited time governs the whole matter. One inch
of rainfall an hour would represent 3630 cubic feet
per acre of surface per hour. This quantity, how-
ever, flows off the whole area at different rates
according to the condition of the surfaces, and the
possibility of a sewer having to receive the maxi-
mum rainfall, is confined to small areas, the calcula-
tions for which would apply to tributary sewers and
not to outfalls.

The Royal Commission on Metropolitan Sewage
Discharge reported in 1884 that %5,251 acres repre-
sented the area sewered, the population on which
was 2,656,000, the number varying from 73 to 253
per acre, and the volume varying from o°'04 cubic
feet per acre per minute to 0°83, the average maxi-
mum being ' 14 cubic feet per acre per minute. It
has been estimated that there are on an average
1800 people per mile of sewer in London. At
Berlin, the population density varies from 220 to 25
per acre. The smaller figures of course apply to
suburban parts. The Lower Thames Valley Main
Drainage Board was constituted on the basis of the
several districts contributing 250 gallons per day per
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inhabited house in the district, which, at six people
to the house, represents 40°2 gallons per head.

In designing new sewers for Edinburgh, the rule
adopted was to provide for a discharging capacity
equal to 42 gallons per head per diem (allowing for
two inches of rainfall), one-half passing off in eight
hours. The capacity of the sewers under these
conditions has not been overtaxed.

When the volume that the sewers have to deal
with has been calculated, it is usual to estimate that
about half the maximum daily flow will have to be
carried off in about six hours, or about 8§ per cent.
per hour, but this of necessity will vary with the
conditions of the district sewered. For instance, the
tributary sewers of a large town will deliver their
sewage into an arterial system at times varying with
their proximity to, or remoteness from, the main
sewers, and also with the gradients. In other words,
an arterial sewer may be compared to a main line
of railway which can serve a succession of trains
from branch lines if they follow each other at
intervals, and do not come with a rush.

Taking half the maximum daily flow as pass-
ing off in six hours, the sewer should be calculated
so that with this volume it would run about two-
thirds full.

It is necessary to obtain sufficient velocity of
flow to cause the solid suspended matters to be
carried onwards. The following useful observa-
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tions of bottom velocities were made by the late
Mr, Beardmore :—

30 feet per minute will not disturb clay with sand and stones.

40 1 will move along coarse sand.

6o T will move fine gravel size of peas.
120 "y will move rounded pebbles 1 inch diam.
180 5 will move angular stones 14 inch diam,

These have led to the opinion that in a large
sewer a velocity of 2% feet per second should be
obtained when it is running one-third full, 23 feet
per second running one-half full, and 3 feet per
second when running three-quarters full, to make
the sewer self-cleansing, that is, to enable the
sewage to carry forward the solid matters that
would remain deposited with a less velocity. The
velocity should at no condition of flow be less than
2 feet per second.

The bottom velocity is that which cleanses the
sewer of deposits. The velocity of the surface
sewage is the greatest, and of the bottom layer is
the least. This is sometimes taken in the pro-
portion of 3 to 5, with a mean of 4. It must,
however, be remembered that this cannot be a
constant relation, inasmuch as the bottom velocity
will be greater with a shallow flow than with a
deeper flow, owing to the fact that the velocity at
the surface of the former will be greater than it
would be if the sewage flowing at that level had a
volume above it. The difference between the mean
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SEWERAGE. oy

points the rising main should be calculated, so that
the velocity of sewage flowing in it is sufficient to
prevent the solids depositing 1n it.

Where sewage is discharged in tidal water with
the outfall either wholly or partially tide locked at
high tides, provision has to be made for storing the
sewage until the tide falls. In cases where such an
outfall sewer receives storm water the storage cham-
ber may be a very costly work. An alternative
method of dealing with this temporary excess is to
lift it by centrifugal pumps the few feet necessary to
discharge it above the top of the tide when there is a
coincidence of a high tide and a heavy rainfall. Such
an arrangement, however, requires to be worked
almost automatically, as the coincidence may happen
only once a year, and then in the middle of the night.

In designing a sewerage system, consideration
must be given to the ultimate destination of the
sewage, and a calculation of the volume of sewage
that the sewers will have to receive, having due
regard to the admission or exclusion of the bulk of
the rainfall, and so as to minimise pumping.

Sewers should be laid in straight lines and with
true gradients from point to point, and at each
change of direction there should be either a manhole
or a lamphole to the surface at about 100 yards
apart, for the purposes of inspection, ventilation,
removing obstructions, and flushing. The sewage
should be carried through these in a curved channel.

C






SEWERAGE. 19

years of its use the volume of sewage passing into it
is only a part of that which it is designed to carry
ultimately, as already stated.

The Model Bye-Laws issued by the Local
Government Board in 1877 state that “no drain
shall pass under any building except where any
other mode of construction may be impracticable.”
This is relied on in support of combined drainage,
although it refers to the avoidance of drains under
a house where they can be laid along a passage.

Combined back drainage consists of a drain
which receives the sewage from several houses and
conveys it to the public sewer.

The owner of any house drained on the combined
system may do something which causes interference
with the common drain, thus affecting injuriously
some other house. Where each house has a separate
drain the owner can more readily deal with any
difficulty (such as obstruction, flooding, &c.), than
where he is connected with a combined system. It
has been held that a combined drain is a public
sewer maintainable by the public authority. This
decision involves the acceptance by the authority of
combined drains, however badly constructed, and an
amendment of the law appears necessary in the
interests of the ratepayers, who are thus paying the
cost of remedying jerry builders’ bad work.

Stoneware pipes can be used for sewers up to
about 15 or 18 inches in diameter. Beyond that

e 2



20 SEWERAGE AND SEWAGLE DISPOSAL.

size sewers are generally made of brickwork, as the
handling and jointing of pipes of large size results in
their costing as much as brick sewers. Stoneware
pipes should be made of good vitreous material
having a clear ring when struck, and having strength
to stand shocks and strains. They should be well
burnt at a high temperature with a salt glaze which
permeates the body of the pipe and renders it
impervious. They can be tested for impermeability
by closing the lower end and filling the pipe with
water. Any lowering of the water will disclose
defects. By drying a pipe and weighing it, and
putting it in water for a while and re-weighing it,
a test can be made of impermeability.

The joints of ordinary stoneware pipes should
be carefully made so as to be watertigcht. This
requires certain well-known conditions to be en-
forced. The bed has to be prepared on which to
lay the pipes, with spaces taken out to receive the
socket, so that the whole length of the barrel is
supported. Where the ground is not thoroughly
sound and solid, a bed of cement concrete (about
6 inches thick) should be laid at the bottom of
the trench, with similar spaces for the socket.
This layer of concrete can be carried up after
the jointing is finished, so as partly or wholly to
encase the pipes, according to circumstances.
After the end of one pipe has been placed in the
socket of the other it should be butted home and
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tarred gaskin caulked up to the face. The joint
is then completed by filling the space with cement
finished off neatly by a fillet outside. Either neat
Portland cement or half clean sharp sand and half
cement can be used, but not clay. A properly made
joint depends first on the pipes butting home, then
on the gaskin being caulked up to the face of the
socket, and lastly, on the ring of cement being of
equal thickness all round. There is no work that
requires more skill in carrying out, or more watchful
supervision.

There are means of jointing stoneware pipes
other than the ordinary way which has been de-
scribed. The earliest departure was the Stanford
joint, which was formed by the contact of two conical
surfaces cast outside the ends and inside the sockets
of the pipes. The surfaces when in contact were
relied on to make a watertight joint, and were found
of service where sewers had to be laid in ground with
much water. Such joints require the sewer to be
much supported, as any settlement draws the joint.
Improvements have been made on this by casting the
ends of the pipes with annular rings on both spigot
and faucet. These can be filled with liquid cement
poured in through holes in the top without risk of
its being washed out or disturbed as is the case with
ordinary cement joints. The “ Hassall” was the
first joint based on this principle, and it has been
largely used with good results. Other joints with
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the same object in view have been designed by
Sykes, Doulton and Archer.

A stoneware pipe sewer (and house drain) should
be well supported on a bed of concrete wherever the
ground is not sound, as no settlement or disturbance,
either vertically or laterally, must occur. Where the
ground is very bad, and much concreting is required,
it is often best to adopt iron pipes. The cost may
be greater, although this is not invariably the case,
but the result is more certain.

In the construction of brick sewers, only well-
burnt and well-shaped bricks should be used, and
they should be well soaked to prevent their ab-
sorbing the water from the cement. The sewer invert
should have a smooth and hard surface to diminish
friction, and to prevent erosion. Blue Staffordshire
bricks, glazed fireclay bricks, or hard blocks well
glazed on the surface, are generally used for inverts.
The bricks should be radiated to suit curves so that
no more mortar is used than is necessary to make
the joint. The mortar should be made of one part
best well-seasoned Portland cement to one of clean
sharp sand. Good hydraulic lime or blue lias lime is
sometimes used. The materials require great care
in selecting, and the mortar should be used as soon
as mixed. Brick sewers are sometimes built in
sections in wooden moulds.

The internal dimensions of egg-shaped sewers |

are generally determined as follows :—
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"If D = internal depth of sewer (i.e. from crown
of arch to surface of invert) ;
radius of crown of sewer ;

b
il

» = radius of invert of sewer ;
radius of sides of sewer (i.e. the curve
joining the crown and invert) ;

®
Il

then
=t
D

RE= e

-3

5]

¥

Il

{JJIUD

The oval culverts referred to in the diagram at
the end of the book are of this form.

In some cases 7 is taken at 1 of D, where the
sewer has to convey at times only a very small
volume of sewage, as the contraction of the invert
tends to prevent deposits by increasing the depth of
sewage, and consequently improving the velocity.
[f the volume of sewage is subject to great fluctua-
tion, so that at times it is very small, the egg-shaped
or oval sewer is preferable to the circular. As the
velocity varies as the square root of the section
divided by the wetted perimeter it diminishes greatly
with the depth of the sewage flowing. In dry
weather there will be the minimum volume and the
maximum solid suspended matter, so that it is de-
sirable then to have the maximum depth and scour-
ing effect. Where the sewage generally half fills the
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SEWERAGE. 25

ings may occur, great care should be taken to well
timber the trenches, and even to leave the bulk of
the timber in, rather than to run the risk of sub-
sidence.

Some very good sewers have been made entirely
of concrete consisting of six parts gravel and sand
free from earthy matter to one part of Portland
cement. The invert of the sewer is first built, then
concrete is well rammed behind a mould with a
smooth surface (formed of sheet zinc or other
materials) and the top of the sewer is turned upon
centres. If the interior is well rendered with cement
a good sewer can be made, provided the best well-
seasoned cement and perfectly good materials are
employed ; otherwise, concrete is liable to crack.
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S = the cosecant of the angle of inclination
length

of the hydraulic gradient = et

C = a coefficient representing the roughness
of the surface.

The index .:r:,. the root 7, and the coefficient C
depend on the nature of the surface of the channel.

For brick sewers in good condition the value of
the indexx = 61, » = 2, and C = “007746.

For cement rendering C = "oo4,# = 1°74, and
3 = °G7.
The formula for brick sewers therefore becomes
: R
i e gy
ETS

It may be useful to some to work out a case.
Applying the formula to a brick sewer 3 feet in
diameter, and with a fall of 1 in 1000 :

Ist. Running full :

. "Bl
N 75 e
* 007746 ~ 1000

I

342 feet per second.

The discharge from the sewer will be the product
of the velocity and water area, which for the sewer
running full (the area of water being 7' 0686) is
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" The discharge from a circular sewer running full
can be determined by the following formula :

'Dz-l-ﬂ i
=

Where

O = discharge in cubic feet per second ;

D = diameter in feet ;

P = coefficient in the place of C in the formula
for velocity.

I

Il

The 2 added to x in the index of D is due to
the variation of the area being in proportion to the
square of the diameter.

The relation between P and C in the two
formula is

= /s @ +2)
P_nggxa, .

The coefficient P has a value *022965 for brick-
work in good condition. For cement rendering it
is *o128gr. For new cast iron it is *o1%723. For
old cast iron it is *03353.

A diagram is given at the end of the book by
means of which the velocities and discharges from
circular and oval sewers can be directly read. It
is plotted from the above formula, the horizontal
scale representing log S and the vertical scale log Q.
The natural numbers are, however, written against

=
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by means of the diagram for any particular sewer
running full, these scales supply a means of obtain-
ing the discharge and velocity, by direct measure-
ment on the diagram, when the sewer is running at
any given depth of flow. Thus, to find the dis-
charge from the 3-foot circular sewer in the example
given above, when running say 3 full, measure (with
a pair of dividers) the distance from the arrowhead
to "25 (1) on the scale of modifications for dis-

charges—circular culverts. This distance must then .

be set off from the point on the wvertical scale
corresponding to the discharge when running full to
arrive at the required discharge.

In the example, the distance will be set off from
24.* 2 downwards to 34 cubic feet per second.

The scale of modifications for velocities is applied
in a similar manner to the (inclined) scale of velo-
cities on the diagram, the measurements being set
off down to the right or up to the left according as
they are taken from the — or + side of the arrow-
head.

In the example, the distance will be set off from
3'42 downwards to the right to 248, which is the
required velocity in feet per second. Similarly, when
the same sewer is running ‘6 full, the velocity is
367 feet per second.

For the 4-foot oval sewer running 1 full the

velocity is 252 and the discharge 3- 3, the scales for
oval sewers being used.

T ———
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CIHAPTER V.

RargR POLLUTEON

Tur Public Health Act of 1875 states that nothing
in the Act shall authorise any local authority to
make or use any sewer, drain, or outfall, for the
purpose of conveying sewage or filthy water into
any natural stream or watercourse, or into any canal,
pond or lake, until such sewage or filthy water is
free from all excrementitious or other foul or
noxious matter, such as would affect or deteriorate
the purity and quality of the water in them.

The Rivers Pollution Prevention Act of 1876
prohibits the passage of sewage into streams, and
enacts that it shall be an offence to continue the
pollution. In determining whether or not such an
offence has been committed, a marked distinction is
drawn between the cases in which the sewage is
conveyed into the stream along channels, the con-
struction of which had not been commenced at the
time of the passing of the Act, and those in which
it is so conveyed along channels then already exist-
ing, or in process of construction. In the former
case, it will be an offence against the Act for any
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RIVER POLLUTION. 35

into a river, it is difficult to arrive at an agreement
that will apply fairly to all rivers.

The words “ poisonous,” *‘ noxious,” or  pollut-
ing ” solid or liquid matter fail to define that which
causes injury to fish. The late Frank Buckland
objected to these words in considering the way that
polluting matter affected fish, and he pointed out
that a fish is influenced by pollution more through
the medium of the gills than through the stomach.
An animal destroyed by prussic acid may be said to
be poisoned, but fish are destroyed more by suffoca-
tion, the gills being always found to be the structure
mostly affected. He noticed that a fish poisoned
by pollution, generally speaking, died with the gills
and mouth widely extended, as if it were gasping
for breath, the gills being the mechanism by which
oxygen is absorbed from the water.

A distinct advance was made by the passing of
the Local Government Act of 1888 which gives
County Councils power to enforce the Rivers Pollu-
tion Prevention Act, 1876, and which enables the
Local Government Board to issue provisional orders
to form joint committees representing interests af-
fected, and investing them with the powers of the
Rivers Pollution Prevention Act, 1876, to deal with
any river or part of it.

Under the powers conferred by section 14 of the
Act of 1888, the Mersey and Irwell Joint Committee
Was constituted in 1891, and more recently a similar

D 2
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RIVER POLLUITION 37

«» Every sanitary or local authority having
sewers under their control, shall give facilities for
enabling manufacturers within their district to carry
the liquids proceeding from their factories or manu-
facturing processes into such sewers :

“ Provided that this section shall not extend to
compel any sanitary or other local authority to admit
into their sewers any liquid which would preju-
dicially affect such sewers, or the disposal by sale,
application to land, or otherwise, of the sewage
matter conveyed along such sewers, or which would
from its temperature or otherwise be injurious in a
sanitary point of view :

““ Provided also, that no sanitary authority shall
be required to give such facilities as aforesaid where
the sewers of such authority are only sufficient for
the requirements of their district, nor where such faci-
lities would interfere with any order of any court
of competent jurisdiction respecting the sewage of
such authority.”

There are doubts as to the interpretation to be
put on this section. In a recent case a sewerage
scheme for Elland (on the river Calder), proposed
to provide for 500,000 gallons a day of manufac-
turers’ refuse, the town itself having a population
of 10,000 persons. The Local Government Board,
after an inquiry, made the following communication
to the authority on the 28th June, 1894 :—

“With regard to the proposed works of sewerage
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RIVER POLLUTION. 39

pm[-Jrietors, by which the abstraction from a river
of pure water for domestic purposes would not
entail, as it often does, the obligation to store it also
for compensatory purposes at great cost.

Dr. Percy Frankland, in a paper at the Parkes
Museum in August 1895, referred to some observa-
tions he had made over a distance of 40 miles on the
river Dee, where sewage was discharged at various
points of its flow. He showed by the rise and fall
of the number of microbes in the water at various
points in the river, that although repeatedly polluted,
it was as repeatedly restored to a state of bacterio-
logical purity.

He also referred to the effect of sedimentation
upon water taken from rivers and stored in reservoirs.
His observations proved the value of such storage on
account of the remarkable removal of micro-organ-
isms which takes place in the process. Experiments
that he had made with Thames water indicated that
the adequate storage of water diminishes the risk of
pathogenic germs, which may have been originally
present, remaining in suspension, after subsidence
had taken place.

He experimented on examples of the three most
representative types of water supply, namely, the
Loch Katrine water for Glasgow, the chalk well-
water of the Kent Company, and the Thames water
as abstracted from the river by the London com-
panies, with the following results :—
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RIVER POLLUTION. 41

multiplied far more extensively than did those in the
Thames water, whilst in the Loch Katrine water not
only did no multiplication of the bacteria take place,
but they actually declined in numbers. Whatever
is the cause, the beneficial result remains established
that these disease germs have to face conditions
in running streams, or storage reservoirs, which are
most unfavourable to their existence and propaga-
tion.

These experimental observations indicate that
the Thames water, having already supported count-
less generations of water-bacteria, there exists an
accumulation in these waters of chemical products
which are prejudicial to the typhoid bacillus. On
the other hand, the deep well water is in its natural
condition not only practically free from bacteria, but
it has, in its previous history, had no contact with
micro-organisms, and hence it does not either con-
tain any of those bacterial products which are
present in surface waters, such as the Thames, which
appear to be so antagonistic to the wvitality of the
typhoid bacillus.

In giving evidence before the Commission on
London water, Professor Ray Lankester pointed out
that the bacteria which are most destructive of
organic matter, and therefore of other bacteria, and
of the products of bacteria, are the aérobic. The
last stages of the breaking down of these organic
matters must be accomplished in the presence of
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only dissolved matter passes off, the oxidising action
of the free oxygen in a running stream is able to
attack and destroy the whole, and to convert the
organic matter in solution into harmless substances.
The author is the last to under-estimate the
importance of preserving water supplies in the
purest possible condition, but he wishes to combat
the merely sentimental part of the case, which at
times may lead to the imposition of grave burdens
on communities in regard to water supply. No
efforts should be relaxed to prevent the streams
from being employed as vehicles for carrying off
sewage or manufacturing refuse. The standard of
purity should be maintained high, both from a
sanitary and esthetic point of view. This applies
equally to canals, many of which now constitute

Serious nuisances.,
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DISCHARGE INTO THE SEA. L e

current which will carry it permanently seaward.
A point of discharge complying with these condi-
tions cannot always be found, and requires to be
ascertained by careful tidal and other observations.

Sewage having a higher temperature and a lower
specific gravity than sea water, rises to the surface.
If it is not carried seaward quickly, part of the sus-
pended solid impurities are likely to be deposited on
the coast, whilst the rest of the suspended impuri-
ties float on the surface and are carried backwards
and forwards by every tide, either decomposing
and liberating offensive gases, or causing a serious
annoyance to those who may have occasion, from
business or recreative purposes, to be afloat.

In some cases, by means of long outfall sewers,
the sewage is carried away from the place producing
it to the sea, but they are frequently simply trans-
ferring the refuse to others, the tide carrying it so as
to cause mischief and nuisance elsewhere.

These outfall sewers require careful ventilation,
as the sewer gases are otherwise liable to be forced
back into the town sewers at high tides, or after
storms, often causing foul smells to come up through
gullies and open gratings, as well as into the houses,
even if the house drains are trapped from the main
sewer,

In order to determine whether the sewage at a
Proposed outfall will or will not be carried away
seaward, some very simple tidal observations can be
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CHAPTER VIL
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TuE purification of sewage by its utilisation on land
should be carried out in view of the investigations
which have been made of late years by chemists
and bacteriologists (referred to in detail under the
head of Filtration), as a consideration of the data
thus afforded points to the necessity for better
methods than have been hitherto adopted on sewage
farms.

It is now clearly established that the changes
that have to take place in sewage to effect purifi-
cation, or that are necessary to enable the manurial
ingredients in it to be best adapted to the require-
ments of plant life, are due to the nitrifying action
of micro-organisms. It is essential that the con-
ditions should be adhered to which favour the
cultivation of these bacteria, and the operations
carried out at many sewage farms will have to be
revised to meet these conditions. Where the land
under treatment is open and pervious, the most
solid part of sewage, as well as the dissolved and
finely suspended organic matters, admit of being
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apinihn on the question came to the conclusion that
the full chemical value of sewage could be realised
by its application to land.

The fertilising value of sewage, on which so
many erroneous expectations have been based, has
been proved to be seriously reduced to the sewage
farmer by the fact that for sanitary purposes sewage
must be disposed of day by day throughout the
entire year, and that the volume to be disposed of
is generally greatest when it is absolutely injurious
to the crops.

As the ammonia in sewage diminishes or dis-
appears with the distance travelled before it reaches
the outfall, it is important that the interval of time
between its production and its utilisation should be
short, which points to the necessity for its being
delivered as fresh as possible, and this can only be
effected where sewerage systems are well designed
and properly carried out.

Mr. Warington found that in a clay soil the
functions of the nitrifying organisms were confined
to the upper eighteen inches, whereas in a sandy
soil they would be in active operation at a greater
depth. Also that the absence of phosphates ad-
versely affected nitrification.

The application of lime accelerates the process
of nitrification, and has been found advantageous to
plant life where large volumes of sewage are utilised
for irrigation purposes. On the large sewage farms

E



i 1 T o L = = 15
1 L .. |
[
1 | C I [
91 - a [ 1 111 ! ] . . =
'} L L L - g E 4




JRRIGATION. 51

occur the effluent from one area must be passed on
to a lower bed for further treatment.

In sewage farming the object is to utilise, and
not to waste the sewage. To prepare the land so
that it will absorb the sewage uniformly over its
surface, without flooding or overflowing, is that which
must be accomplished. This can be done by laying
out the area in slopes according to the contour of
the surface, and according to the nature of the soil.
These slopes will vary considerably, and no rules
can be given to apply to all circumstances. They
must be settled by a careful examination of the con-
“ditions, and sometimes by actual trials to determine
them. Where the land is impervious the slopes
must be flat, otherwise the sewage will pass over
without being absorbed. On porous land the
slopes should be greater to prevent the sewage being
absorbed unequally. The slopes vary from 1 in 20
to 1 in 120.

After the sewage is delivered on to the land at
the outfall it is distributed by main carriers, either
of earthenware or concrete, or of bricks in cement.,
These are placed in contour, and are regulated by
sluices and stops so as to command the area to
be irrigated, the sewage being distributed over the
surface by carriers made in the ground. Any
pipe carriers underground which convey the sewage
from one point to another should be kept low
enough to prevent disturbance when the surface

E 2
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dosed. What has been said elsewhere about
underdrains must be borne in mind in arranging
filtration areas to deal with as much sewage as
possible in order to. get rid of it without producing
a foul effluent.

Italian rye-grass is one of the best crops for
sewage, as its capacity for absorption is enormous,
and it occupies the soil so as to choke down weeds,
which are a source of trouble and expense on
sewaged land. The cultivation of a particular
crop must, however, be adopted with reference to
the local markets, so as to prevent the loss of the
produce. Many excellent and valuable crops are
wasted owing to the consumption in the district
being less than the supply.

Osiers are very useful plants to absorb the
organic impurities in sewage. " The American
water-weed, anacharis, is a very gross feeder, and
will assimilate great quantities of organic impurity.
A small area planted with a little of this weed will
soon become an excellent purifier of sewage.

There are other plants which are capable of
absorbing organic impurities, such as duckweed,
sedges, common reed, flowering rush, white and
yellow lilies, frogbit, water ranunculus, liverwort
and watercress.

Great care is required in conducting investiga-
tions, whether chemical or bacteriological, in regard
to sewage treatment. The composition of the raw
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CRAIGENTINNY,

The well-known Craigentinny sewaged meadows
near Edinburgh are composed chiefly of poor sandy
land. Analyses of the soil, after many years of
continuous irrigation with large volumes of sewage,
prove that the sandy area contains cnly about 1%
per cent. of organic matter, and this is due solely
to root fibres.

The Craigentinny irrigation farm is described by
Mr. Fairley, C.E., as having an area of about 23
acres. These meadows were laid out upwards of
two hundred years ago, and a part under Italian
grass and other crops about fifty years ago. The
subsoil varies between a stiff boulder clay and light
sands and gravels, the bulk being underdrained
with 2-inch and 3-inch tile drains laid ten yards
apart and at a depth of 3 feet. The sewage is
conveyed along the higher ground by main carriers
5 feet by 2 feet, delivering into secondary carriers
2} feet by 2 feet, which divide the land up into
$-acre plots. From these secondary carriers small
leaders and turf drains 12 inches by 6 inches are
cut, so as to distribute the sewage as evenly as
possible over the surface of the meadows. The
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ENSILAGE,

Ix the application of sewage to land it is important
to overcome the difficulty that is often experienced
in disposing of the enormous green crops which
highly sewaged land can raise. Thus one of the
advantages of applying sewage to land cannot be
fully realised, as the time of production of the green
crops, and the demand for them, not coinciding, they
are sometimes to a large extent wvalueless. Any
arrangement, therefore, by which that portion of the
produce for which there is no immediate demand
can be stored for future use, would be of the greatest
service to the sewage farmer. Such a solution of
the difficulty is found in the system now known as
“ Ensilage.”

The author acted as the engineering member of
Lord Walsingham’s Commission on Ensilage, some
years ago, and the Blue Book that was issued by the
Government as the outcome of that inquiry contains
detailed information on this subject. The following
brief description will suffice for the purpose of con-
necting it with sewage farming.
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circumstances which apply to the place where the
green crop has to be converted into silage. An
economical form of silo is of course essential where
the outlay of capital is a serious consideration.

The best place for a silo is close to the land
producing the crop, as well as to the feeding-sheds
where the silage is used. A good plan is to place
the silo on sidelong ground, so that the green stuff
can be put in at the higher, and drawn out at the
lower level. A road should be made to both
top and bottom. As silage is about three times
the weight of ordinary hay, it should be carted the
minimum distance. The weight of silage may be
calculated by taking fifty cubic feet of capacity as
equal to 1 ton.

A pit excavated in ground that will not slip* in
(or that requires only a very simple support) will
suffice, and there are many records of successful
earth silos which have been dug out like trenches,
about 11 feet at the top, with sloping sides, and of
any convenient length. These trenches, when filled
with the green crop, are covered up with about 2 feet
of earth.

Where, however, the system is to be worked as
a permanent institution, some durable structure would
be more economical in the long run. Large silos,
well made, and with smooth walls, to secure even
subsidence, will produce silage with a less percentage
of waste than small silos with rough sides. Old
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charged. A few feet more can be added until the
several silos are full, when the entrance is closed.
This is sometimes built up with stone or brickwork,
which is pulled down when the silo is opened.

The weighting of the marterial in the silo has
been the subject of many arrangements, such as
earth-boxes containing stone, iron rails laid on
planks, cases of water, &c. Pressure is most re-
quired to protect the upper part of the material,
the lower being pressed by the weight of the super-
incumbent mass.

Mechanical pressure has been applied by several
contrivances such as by Potter’s hydraulic-jack
method, Johnson’s (of Croft) lever pressure, and
Reynolds’ screw-chain pressure.

A useful portable silo is made by Messrs.
Reynolds, and consists of a series of jointed boards
clamped together by iron belts, screwed up tight
and covered by a water-proof canvas, which makes
an air-tight and water-tight chamber. The pressure
is applied to the top of the silage by means of a
screw apparatus and chains anchored to the bottom
of the silo and passing over rollers to the chain-
tightener. This apparatus is moved from point to
point and applied to the several cross beams of the
wooden covering. The chains, on being screwed
up, exert a pressure of 200 lbs. per square foot,
which can be increased or diminished by placing
the beams and anchor-chains closer together or












PRECIPITATION. -

~ Where a considerable part of the rainfall is re-
ceived into the sewerage system, provision should
be made for a tank capacity of about 50 per cent.
of the average daily dry weather flow, which will
give a workable margin for contingencies. Several
small tanks are better than a very few large ones,
as there is less risk of difficulties arising when the
tanks have to be stopped for cleaning out or for
repairs.

In England, shallow tanks (having a depth of
about 4 to 5 feet at one end and about 6 feet at the
other) are generally used. The bottom should have
a fall towards the inlet end to which the sludge can
be swept with facility. The tank is emptied by
means of a floating arm which falls, on drawing off
the supernatant water, and ensures its being taken
from the upper layer of fluid in the tank. A valve
controls this drawing off, so that as soon as there is
any appearance of floating matter in the water being
let off, the valve is closed and the sludge remains.

The vertical tank, as it is termed, has recently
attracted much notice, and is desecribed hereafter
in dealing with the sewage works at the Dundrum
Asylum in Ireland. The same plan was adopted
at Chicago, where the Kinebiihler tank was em-
ployed.

With some processes it is better to have the
tanks designed so that they are worked inter-
mittently, by which a period of rest is allowed for
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hours in tanks, but although this was the system
advised by the Commissioners, the tanks have now
been converted with great advantage by Mr. Binnie
(the Chief Engineer of the London County Council)
into continuous working by substituting weir walls
at one end of the tanks.

It is estimated that the flow of sewage averages
40 gallons per head per day at the Barking outfall,
and 50 gallons per head per day at the Crossness
outfall. The volume, however, is subject to sudden
variations when rain falls heavily. Of the whole
sewage of the Metropolis, it has been ascertained
that g6 per cent is discharged at the outfalls, and
4 per cent. by storm overflows.

The chemicals used at the metropolitan outfalls
are about a quarter of a ton of lime in solution per
million gallons, to which is added one grain per
gallon of protosulphate of iron. In hot weather an
acid solution of potassium permanganate is added to
the effluent to oxidise the organic matter that has
escaped.

The employment of copperas (protosulphate of
iron) as a precipitant was first introduced by the
author and Mr. Melliss, many years ago, at the
precipitation works of the Coventry Corporation.

The Thames is now no longer polluted by the
discharge into it of the untreated sewage of London,
as was the case formerly. The polluted state of
the river and of the foreshore in front of the outfall
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PRECIPITATION. 87

(2) That in general, the more copperas, ferric
sulphate or alumina sulphate used, the better the
result.

(3) That ferric sulphate and alumina sulphate
usually require no lime for completing precipitation.

(4) That with copperasa definite amount of lime
must be used.

The practical deductions made by the experi-
menters were that the lime process has little to
recommend it, owing to the large amount of lime
water required, and the very close supervision that
is necessary to accurately adjust the lime to the
sewage.

Precipitation by copperas involves care in getting
the right amount of lime mixed with the sewage
before adding the copperas, but when this propor-
tion is secured good results follow. The amount of
iron left in the effluent is much greater than with
ferric sulphate, owing to the greater solubility of
ferrous hydroxide. TFerric sulphate and alum have
advantages over the others, owing to success not
being so dependent upon accurate adjustment of
quantities, and as their addition in concentrated
solution admits of being more accurately controlled.

Mr. Warington noticed that nitrification, like all
fermenting processes, ceases in the presence of anti-
septics, and this points to the necessity for excluding
chemical refuse from sewers where the sewage has
to be purified by nitrifying organisms. This was
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0o SEWERAGE AND SEWAGE DISPOSAL.

diameter, controlled so as to enable the sewage to
be delivered into either of four precipitating tanks
placed round the distributing tank, which was in the
centre. Chemicals were added by suitable mixing
arrangements, and the sewage thus treated passed
to one or other of these special tanks, which were
designed as follows. The main body of the tank
was 32 feet in diameter and 32 feet deep, having
a cylinder 6 feet in diameter fixed vertically in the
centre of it. This extends above the top of the
tank and receives there the treated sewage, which
passes down the cylinder to the bottom of it, and
is conveyed by radiating carriers (suspended to the
sides of this cylinder) and distributed inside the
main tank at the depth of 32 feet. Below this the
body of the tank contracts in the form of a cone
for a further 22 feet (making the total depth 54
feet). At the bottom of this cone is fixed a pipe
through which the deposited sludge can be forced
by the head of sewage into sludge tanks, and thence
to filter presses in the usual way.

After the treated sewage has passed down through
the central cylinder, and up through the main body
of the tank, the clear effluent is carried off by troughs
18 inches below the top of the tanks, leaving the
available height of the circular part of the tank
3o} feet. Allowing for waste space, the available
capacity of the tanks may be taken as 237,000
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150 SEWERAGE AND SEWAGE DISPOSAL.

Chemists base the value of sludge on the propor-
tions of ammonia, phosphate of lime, &c., and it is
assumed that these are capable of being assimi-
lated by plants. Mr. Warington, in his valuable
researches into the production of nitrates in the
soil, found that nitrification, like all other kinds of
fermentation, is affected by the presence of anti-
septics. This may account for the sludge from
chemical-precipitation processes not producing the
agricultural results which, theoretically, were antici-
pated, or to the sludge being applied before it has
recovered from this arrested putrefaction.

In 1879 Dr. Wallace made a report to the Cor-
poration of Glasgow, assigning values to air-dried
sludge from wvarious precipitation processes, and it
contained the table on pages 148, 149.

Dr. Munro has given much consideration to the
manurial value of sludge, and a paper read by him
before the Chemical Society, contained the table
on page 151 as the outcome of a series of experi-
ments that he had made.

Dr. Munro estimated that sludge which had been
produced from a lime and sulphate of alumina pro-
cess was worth 6s. 64. a ton, valuing nitrogen at
125, per unit, and precipitated phosphoric acid at
ss. 64, per unit. He stated that dried sludge, on
an average, contained 2°20 per cent. of phosphoric
acid, equivalent to 480 per cent. of phosphate of
lime, and 1°405 per cent. of nitrogen, equivalent to
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156 SEWERAGE AND SEWAGE DISPOSAL.

station at Lawrence, from the years 1888 to 1893,
but reference will only be made to the sewage filtra-
tion experiments, although they have a close connec-
tion with the others.

The experiments were made with nine circular
tanks, about 17 feet in diameter and 6 feet deep,
made of cypress, and puddled so as to be water-
tight. At the bottom of each tank was an under-
drain of horse-shoe shape covered by layers of gravel
3% inches thick, of varying sizes, the bottom layer
being 1 inch by 2 inches, and the fine layer at the
top being one-eighth of an inch. Above this sub-
stratum the tanks were filled with different materials
as follows :—

(1) 5 feet of very coarse clean mortar sand ;

(2) 5 feet of very fine, nearly white, sand ;

(3) 4 feet of peat, with 1 foot of the top layer
originally overlying the peat;

(4) 5 feet of river silt, mostly very fine sand ;

(5) 5 feet of good brown soil from a garden that
had been manured and cultivated ;

(6) 3 feet 8 inches of coarse and fine sand and
fine gravel ;

(7) The same as No. 6, above which were 10
inches of yellow sandy loam and 6 inches of brown
soil ;

(8) The same as No. 6, above which were 8
inches of yellow sandy loam, and above this were
8 inches of similar sand and gravel to that beneath ;
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(9) 4 feet 3 inches of very compact sandy hard
pan of clay, sand and gravel, covered with 9 inches

‘of brown soil.

[n addition to these large filters there were ten
galvanised iron tanks under cover (numbered from
11 to 20), having an area of one-hundredth of the
large tanks, or one twenty-thousandth of an acre.
These were drained with 5 inches of fine and coarse
material as in the large filters. No. 11 tank had
3 feet 8 inches of material like No. 6. Nos. 12, 13,
14 and 20 had five feet of coarse sand like No. 1.
Nos. 15, 16, 17, 18 had sand and peat.

The sewage that was experimented with was
ordinary city sewage, derived from the stores and
dwellings of about 10,000 people, and the object
that was aimed at was to learn how to purify it.
The sewage from American cities is much more
dilute than from European cities. In the former
a sewage stronger than usual would contain 998
parts of pure water, 1 part of mineral matter, and
1 part of animal and vegetable matter (see page g).

The experiments were commenced in view of
what had been proved as to nitrification taking
the leading part in the purification of sewage, and
that it was essential to produce the conditions most
favourable to develope nitrifying organisms. An
elaborate series of observations were recorded to
determine the purifying capacity of the several filters,
as evidenced by a comparison between the organic
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matter in the sewage, and the quantity of ammonia
and nitrates in the effluents. The nearer the
nitrogen of the nitrates in the effluent approach
the whole amount of nitrogen in the sewage, the
more completely has the desired change been
effected. The experience of the winter of 1887-
1888 showed that nitrification did not begin until
the effluent from a tank reached a temperature as
high as 39° F. It may be noted that Mr. Waring-
ton pointed out that the oxidising power of the
soil was greater in the summer than in winter.
Also that the analyses of sewage effluents from land
filtration would vary, owing to the nitrates produced
in summer being assimilated by the growing crops,
whereas in winter-time they would pass off with
the subsoil water.

The experiments on filter No 1 commenced in
January 1888, by passing river water through it
for a month at the rate of 1000 gallons a day, at
a temperature of 45° F. Sewage was then first
applied in small quantities, with interruptions due
to obstructions to the filter from the formation of
ice, the temperature for some weeks being 5° below
zero on an average, and holes had to be cut into the
filter to keep it open. For part of March and to
the end of April 150 gallons a day were applied, the
temperature of the effluent being uniformly 36°.
The nitrates of the sewage were very constantly
0'0I part in 100,000 parts. The nitrates of the
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effluent varied, rising during April to 1*co part per
100,000, the temperature of the effluent being 39°

‘and still further rising to 3°oo in May, with a tem-

perature of 50° and averaging for that month 1°97
parts per 100,000. The quantity of sewage passed
through the filter in the earlier four months of 1888
was at the rate of 30,000 gallons per acre per day,
and double that in the later months. This larger
quantity was applied for a year, none being applied
on Sundays, a double dose being applied on the
Saturday.

The experience of the first winter showed that
nitrification did not begin till the temperature of the
effluent was 39°. The following winter was less
severe, and the sewage was applied to the filters at
a temperature of 45° that of the effluent being
about 40°. During the four cold months of 1888-8g
53 per cent. of all the nitrogen in the sewage was
found in the effluent, whilst in the four previous
months, August to November, only 33 per cent. was
found, showing that when nitrification had been once
established it continued, even when the temperature
of the sewage was as low as 35° and that of the
effluent 33°. On the advent of spring, nitrification
became more complete, averaging in April 81 per
cent., in May go per cent.,, of the total nitrogen in the
sewage, and varying during the other months from
79 to 45 per cent. The six months (May to October)
of the second year gave an average of 63 per cent.
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compared to 41 per cent. in the corresponding
period of the previous year, the filter having been
continuously at work for two years without any
renewal of material, or removal of sediment.

In all the filters the same conditions obtained in
regard to bacteria. As soon as the filter got into
full operation, and nitrification was established, it was
found that, over a period of a year and a half, the
bacteria in the effluent were generally a very small
fraction of 1 per cent. of the number in the sewage.
In regard to the distribution of the bacteria in the
filter, it was found that the numbers decreased
rapidly from the top downwards, only about 3 per
cent. being in the bottom inch of the number in the
top inch. Through the 5 feet of coarse sand in
filter No. 1 (0°06 of an inch in diameter), from
26 to 40 per cent. of bacteria passed. Through
sand a tenth finer, in filter No. 2, 14 per cent.
passed. Through river silt, in filter No. 4, 5 per
cent. passed. Filter No. 6, with 3 feet 8 inches of
coarse and fine sand and fine gravel, 5 per cent.
passed through. Filter No. 5, with 5 feet of good
brown garden soil, as well as peat, practically none
passed through.

In this connection it may be mentioned that
Miquel states, in the ‘Manuel pratique d'Analyse
bactériologique des Eaux,’ that the sewage of Paris,
containing about 13,800,000 bacteria per c.c., is
deprived of all but between 7000 and 8cco after
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of purification, due to the time occupied in getting
the sewage through the filter, and in resting it for
the air to enter and effect nitrification. Filters with
a greater depth of such fine material are useless,
as they became practically always saturated, and as
inoperative as if the sewage was being passed con-
tinuously. With peat upon the surface of a filtration
area, even to a depth of only one foot, its imper-
viousness to liquid, and the quantity that it will
retain, render intermittent filtration impracticable
under those conditions.

The experiments with gravel stones afforded the
best illustration of what takes place in the purifica-
tion of sewage. The slow movement of the liquid
(even with the coarser suspended matters contained
in the sewage) in thin films over the surface of the
stones, in contact with air, caused g7 per cent. of the
organic nitrogenous matter—a large part of which
was in solution—as well as gg per cent. of the
bacteria, to be removed during a period of some
months. There remained in the effluent only three
per cent. of the decomposable organic matter of the
sewage. The presence of bacteria was essential to
produce this nitrification, which was found to be
highest in all the filters from the end of April
through May and June.

The table on page 163 summarises part of the
work done at the Lawrence Station in 1893.
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The Lawrence experiments showed that, while
some of the large outdoor filters were doing good
work, after four years of continuous use, some had
stored so much organic matter as to seriously cripple
them, and this was always where the materials were
fine sand, sometimes with coarser sand. The prac-
tical remedy is either to give the filter rest, so that
it may regain its purifying action, or to remove the
clogged part until it has purified itself. The storing
of such material is not productive of a nuisance,
as it contains the most stable portions of the sewage,
which, having resisted strong oxidising action, are
incapable of rapid, or objectionable, decomposition.
Filter No. 6, after being at work for four years, had
filtered sewage equivalent to 15,000,000 gallons per
acre per annum. To restore this filter would only
involve the removal of the upper 2% inches. On a
large scale, what would have to be done would be
to rake, spade, or plough the surface to a greater
or less extent, and let it rest. As the clogging is
mainly due to the sewage not having time to get
purified, intermittency of application is essential,
and frequent small doses are better than large
ones. Stored organic matter will disappear with
rest, and may be regarded as amenable to good
management.

The average results from all the Lawrence sew-
age filters, some of which have been at work for six
years, indicate that they may continue to purify
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filters, and left there undisturbed for twelve hours
before filtration is actually commenced.

Mr. W. J. Dibdin has carried out a series of ex-
periments, at the London County Council outfall
works at Barking, with a view to determining the
best methods of filtering the effluent from the pre-
cipitation tanks. Two series of experiments were
made : the first with four small filters each 434 of
an acre, and with various filtering materials ; the
second on a filter one acre in area, and using only
coke breeze.

The four small filters were all worked at the
same rate, and during the same hours, and the fol-
lowing description of the results is obtained from
a report of Mr. Dibdin’s to the London County
Council, of September 1895.

Filter No. 1 consisted of burnt clay ballast 4 feet
thick. Effluent sewage was passed through it at an
average rate, inclusive of rest periods, of 411,000
gallons per acre per 24 hours. The average purifi-
cation effected was 43" 1 per cent.

Filter No. 2 consisted of 4 feet of Lowestoft
shingle of pea size. The purification effected was
s2-2 per cent.

Filter No. 3 consisted of coke breeze to a depth
of 4 feet, with 3 inches of gravel on the top to pre-
vent the coke from floating. The average purifica-
tion effected was 622 per cent,

Filter No. 4 had an area of 3}y of an acre,
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FILTRATION. 1609

practically at work for nearly a year, the only rest
of any length being from the 17th of November,

1894, to the 2nd of January, 1895, when alterations

in the arrangements were made to admit of more
rapid emptying.

The process adopted was to begin with small
quantities, the filter being merely filled and emptied
twice daily, with a view to getting it into the ne-
cessary biological condition. This was commenced
on 2nd April, 1894, and continued for a few weeks,
the purification effected gradually rising. The quan-
tity of effluent passed was about 500,000 gallons
per diem, and the purification effected was from 70
to 8o per cent. The highest state of efficiency was
reached on the 3rd of May, or after a full month’s
working, when the purification reached 83 per cent.,
and fish placed in the filtrate were kept alive for
many weeks. In fact, fish (minnows and stickle-
backs) came up the ditch, by which the filter was
emptied, to the very mouth of the outlet.

Alterations were then made, and the daily quan-
tity was increased to 600,000 gallons a day, with
continued highly satisfactory results.

Towards the end of 1894 the emptying arrange-
ments were supplemented by a pump, and, later,
the resting time was shortened, until finally the filter
passed 1} million gallons daily for six days, rest-
ing empty from 10 P.M. on Saturdays until 6 A
on Mondays. The method adopted was to fill the



170 SEWERAGE AND SEWAGE DISPOSAL.

filter level with the surface as quickly as possible ;
allow it to remain standing full for one hour, and
then draw off with the least possible delay. Work-
ing in this way the filter passed an average of one
million gallons a day, including all times of rest,
during a period of eight weeks, the filtrates being
clean and sweet, and the purification effected being
78 per cent. Nitrification proceeded satisfactorily,
and the filter was apparently capable of continuing
operative for an indefinite time.

The filter was able to do its work satisfactorily
during the exceptionally severe weather in January
and February 1895. A thin coat of ice was formed
on the surface, but the filtration proceeded without
intermission, the only noticeable change being the
decreased production of nitric acid.

From May until the end of September 1893, the
filter was kept continuously at work (except during
one week in August), alternately filling, resting full,
and emptying, with 24 hours’ entire rest each week.
The table on page 171 shows the results, the figures
given being weekly averages of daily analyses, the
samples on which the latter were made being them-
selves averages of quarter-hour samples from each
filling and emptying.

Mr. Dibdin concludes by saying that *the ex-
periments, taken as a whole, show that sewage, espe-
cially if previously clarified by precipitation, may be
purified to any desired degree, the actual amount of
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purification depending upon (1) the length of time
during which the effluent is allowed to remain in
contact with the filter, and (2) the length of time
allowed for aeration. If a reduction of 75 per cent.
in the oxidisable organic matters in solution be con-
sidered as sufficient, the quantity that can be treated
per diem on an acre of coke breeze is one million
gallons, which gives a required area for the treatment
of the whole of the metropolitan sewage—taken at
180 million gallons—of 180 acres only. This rate is
probably the highest that can be worked under all
conditions of seasons.

“If, however, only the effluents from the strong
day sewage were submitted to filtration, as those
from the weak night sewage obtained by precipi-
tation after chemical treatment are sufficiently satis-
factory, the area required would be proportionately
reduced, viz. to about 120 acres.”

Lowcock’s FILTERS.

Mr. Sidney Lowcock has experimented with
crude sewage, and effluents from chemical precipi-
tation, in specially aerated filters, with a view to
effect the nitrification of organic matter continu-
ously by micro-organisms. He constructed a tank
7 feet 6 inches square and 4 feet deep, at the bottom
of which he laid 3-inch open-jointed agricultural
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drains along the middle, covered with a 6-inch layer
of 3-inch broken stone. On this was 15 inches of
a fairly stiff clay, mixed with fine engine ashes and
building sand in the proportion of two parts soil to
one part of each of the others. He introduced into
the rough stone a 3-inch perforated pipe, and forced
air from a compressor into it. Crude sewage, after
being roughly screened, was applied continuously
to the filter, into which air was also forced con-
tinuously. The sewage was applied at the rate of
263,780 gallons per acre for 24 hours during 19
days, the effluent being clear and colourless, and
(after a few days) odourless. A deposit 5 inches
deep then covered the filter, which was raked over,
and again started with the same dose of sewage.
After another fortnight’s run analyses were taken,
and showed a reduction of gg9°1 per cent. in the
free ammonia, and 98- 5 per cent. in the albumenoid
ammonia. In another fortnight the surface had be-
come choked, and the dose was reduced to 66,900
gallons per acre per day, the effluent remaining ex-
cellent. After a day's further working the filter
was stopped, and 2 inches of the top surface were
removed and replaced with fresh clay and sand,
after which the experiment was continued with sew-
age at the higher rate of supply. After a week
(the filter having been at work 54 days) the effluent
was analysed and contained o'o13 parts free am-
monia, and 0'024 parts albumenoid ammonia per
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100,000. The material in the tank was found to
be quite clean.

The tank was then supplied with ‘efluent, from
precipitation tanks in which sewage had been treated
with 6 grains of lime and 12 grains of Spence’s alum
per gallon. Effluent at the rate of 263,780 gallons
per acre per day was then applied, the air pressure
being continued. At the end of 1o days’ continu-
ously working the filter effluent was found to have
improved the tank effluent by reducing the free am-
monia from 4°530 to 00112, and the albumenoid
ammonia from 0°052 to 0°0325. The effluent from
the filter was clear, bright and odourless. The filter-
ing material had then been in use eighty-eight days

Another experiment was made with the tank
filled up with 6 inches of rough stone broken to
pass through a sieve with 1-inch mesh, laid over the
drain pipes, then a 3-inch layer of finer stone broken
to pass through a f-inch mesh, then 10l inches of
stone that passed through a‘sieve having 70 meshes
to the square inch. A top layer of 3 inches of
building sand was added. The air pipe was placed
as before. The effluent from the tanks, before being
passed to the filter, had the larger particles removed
by passing it through another filter, after which it
was applied at the rate of 484,000 gallons per acre
per day. In four days the liquid disappeared, then
it formed a film, and the quantity was reduced to
373,800 gallons per acre per day, and after another
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day to 178,000 gallons, when the surface cleared
itself, and the flow was increased to 263,780 gallons
for four days, when the surface was raked over and
the flow increased. After the filter had been at
work 41 days the surface became so dirty that the
experiment was stopped, and an examination of the
material in the filter showed that with the exception
of the actual surface there was no change whatever.
It was perfectly clean, and had an earthy smell.
The result of these experiments led Mr. Lowcock
to adopt a filter made up of a bottom layer of
12 inches of pebbles (surrounding underdrains), over
which were 6 inches of bean gravel, 2 feet 6 inches
of pea gravel, 12 inches of pebbles (with air pipes
for air to be forced in by blowers), 4% inches of bean
gravel, 4% inches of pea gravel, and a top layer of
g inches of sand. ‘The surface of the filter is
divided up into small areas, by divisions extending
a short distance below the top layer of sand, so
that the sewage can be diverted from any section
for clearing the surface.

Scort MoncriErr's CurtivaTioN FILTERS.

Mr. Scott Moncrieff claims to have discovered
a new departure in regard to utilising the microbe
for sewage purification, and has experimented on a
practical scale. He considers that the conditions
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leading to the nitrification of organic matter when
it is passed through land, may be regarded as a dry,
or at most a moist process, as compared to the
conditions which obtain when the organic matter
is undergoing changes in large volumes of water.
The biological relations in these two circumstances
should be considered, as even if the organisms
which produce the changes were the same, the
limitations under which they would have to survive
and work, when changed from one condition to the
other, would be altered.

What takes place in nature, and in the labora-
tory, when micro-organisms are at work, in producing
the changes from the organic to the inorganic state,
is liquefaction, or the conversion of the organic sub-
stance into a liquid equivalent, and to fulfil these
conditions no deposition of the sludge precedent
to the sewage being dealt with on this hypothesis
is necessary. If this liquefaction is accomplished,
Mr. Scott Moncrieff contends that it is the first step
in a natural process, which 1s likely to be more
favourable to a second, than any method outside the
sphere of biological processes altogether; and he
considers that the deposition, or chemical precipi-
tation, of the organic matter in tanks practically
removes the organic matter from the conditions
favourable to its liquefaction. As the organisms
that produce liquefaction in the laboratory work
upon the surfaces of the culture plates and tubes,
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so will the organisms of liquefaction in sewage work
upon the surfaces of stones. All that is required is
(1) that no extensive fermentative changes should
have previously occurred; (2) that the products
of liquefaction should be constantly removed. He
contends that by conveying fresh sewage into a
restricting chamber covered with a grating, and
allowing it to flow upward through flints, the
organic matter is brought completely into solution.
No suspended matter remains, and the effluent
contains the original organic matter in the sewage,
in a condition highly susceptible to further disrup-
tive changes, as it is in process of change from the
organic to the inorganic state.

The first step in the conversion being liquefaction,
every effort should be made to effect it by providing
means to secure the most rapid and complete lique-
faction without nuisance, and the production of an
effluent from the liquefying process which shall be
as susceptible as possible to' further changes, cul-
minating in the complete resolution of the organic
constituents of the sewage.

The apparatus to effect this should possess a
large amount of surface with which the organically
contaminated liquid is always coming in contact.
The liquefaction which occurs in drains and sewers
is dependent upon their internal surfaces, which
provide a breeding and feeding ground for the
liquefying organisms. In contrast to this, a cesspit

N
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has not sufficient surfaces, and is analogous to the
nutrient contents of a glass tube in the laboratory,
where a rapid growth of organisms, accompanied by
liquefaction of the gelatin, takes place, but in which
the development of the organisms, and their action
upon the organic contents, is suddenly arrested, after
the second or third day, by the evolution of products
that are fatal to the continuation of the process.
From this it appears that something more than mere
surface i1s required, and that the two main factors
necessary are not only providing sufficient surface,
but also some means for the continual passing away,
from that part of the apparatus where the active
process of liquefaction is carried on, of the products
of the organisms which are destructive of their ope-
rations.

In any apparatus that is to provide both of these
necessary conditions simultaneously, the supply of
fresh nutrient material must be continuous, and there
must be no residual spaces where the deleterious
products can accumulate. It is also necessary that
the organisms of liquefaction must be free to move
away from the relatively poisonous contents of the
apparatus, towards the supply of nourishment which
is for the time being free from these hurtful products.
Mr. Scott Moncrieff contends that a downward move-
ment of sewage through a filter does not supply these
required conditions, however it may be arranged,
or whatever may be the materials composing it. If
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the effluent be drawn from the bottom of a down-
ward filter, then the more solid organic matter must
be left on the top, and, gravity acting in the same
direction as the flow, the interstices of the apparatus
will become filled with unliquefied material. If,
on the other hand, upward filtration is employed,
gravity acts in a contrary direction to the direction
of choking, and in this way the organic matter,
having a tendency to remain behind, has time for
complete liquefaction. The apparatus should be so
constructed that no spaces should remain unchanged
by the movement of the fluid, and this object is
attained by restricting the area of the incoming
channel at the bottom of the apparatus, so that the
sewage is always free to move through it, and up-
wards, either vertically or diagonally upon sloping
sides, leaving no space unaffected by the general
movement, and bringing all the contents in contact
with the available surfaces.

To what extent the presence of oxygen is neces-
sary to attain these objects Mr. Scott Moncrieff is
not prepared to say., He considers that if the free
oxygen contained in the contaminated liquid has
previously been used up by fermentative or putre-
factive changes, precedent to its treatment in the
controlled area, then the liquefaction will take place
so slowly that the apparatus may soon be choked.
His experiments show that a small supply of oxygen
is sufficient, and that fresh sewage contains all that

N 2
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i1s required to admit of the apparatus working con-
tinuously without cleansing. The functions of the
ana€robic and of the aérobic microbes are both in
operation, but to what extent requires further eluci-
dation on the part of bacteriologists.

Mr. T. Leone, in a communication to the Che-
mical Society, pointed out that organic matter was
disintegrated by bacteria in the absence of air,
by what he termed denitrification. The practical
effect of these cultivation filters is, that the solids in
sewage are liquefied by the action of certain organ-
isms, which appear in the effluent with nitrates and
nitrites, the harmless products of sewage disintegra-
tion. Cultivation filters, as Mr. Scott Moncrieff calls
them, have been constructed in various places, and
the following is a description of one, which was in
operation over a period of several months.

The filter bed was about 3 feet deep, 2% feet
wide, and 10 feet in length. The entire sewage dis-
charge and waste waters from a household of from
10 to 12 persons, with the exception of the grease,
which was held back as far as possible by a grease-
trap, passed into one end of this filter bed. The
liquid portion rose through a false bottom, and then
through successive layers of flint, coke and gravel,
till it reached the level of the outflow pipe, about
» inches below the level of the invert of the drain.
The depth of the filtering medium was only about
14 inches. The cubic capacity of the filter bed was
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thus so small that the natural expectation would be
that in a few days the filtering medium would be-
come choked, and a nuisance result. As a matter
of fact, however, the reverse of this happened, the
effluent, up to a certain point, actually improving in
quality, and the whole process worked satisfactorily
and uninterruptedly for months together without con-
stituting a nuisance.

After the filter had been in use for over two
months, the contents below the grating level were
cleared out, and the only solid matter found was
the last few days’ sewage. The whole of the pre-
vious solid matter had been converted into a dark
coloured and offensive liquid, which was carried into
a small trench dug in the ground. The effluent
that had resulted from the working of the filter was
dealt with by oxidising it in longitudinal nitrifying
channels, consisting of half channel pipes filled with
coke, with a view to convert the inorganic nitrogen
in the effluent into nitrates and nitrites.

The effluent (which had an unpleasant smell)
as it passed direct from the filter bed had an alka-
line reaction of a grey colour, with a small amount
of brown coloured flocculent matter in. suspension.
The filter bed itself gave off no offensive gases,
although it had remained unaérated the whole time.
The average of several analyses of the effluent from
the filter itself gave 11°6 parts of chlorine, gr
total solids, 5°7 parts of free ammonia, and o°84
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parts of albumenoid ammonia, per 100,000. One
cubic centimetre contained 793,750 micro-organisms.
Analyses of effluent from two similar filter beds
gave better results, the chlorine being 5°4 and 5°7%,
total solids 54 and 55, free ammonia 2°5 and 1°0,
per 100,000 parts, in the two filters respectively.

In working the Scott Moncrieff cultivation filters,
what has been observed in all other filters occurred,
namely, the necessity for establishing the nitrifying
action in the filter. After one of these filters had
been in use some months it was cleared out, and
new filtering material was put in, when the quality
of the effluent at once fell off, but on replacing
the old material, in which nitrification had been
established, an improvement of the effluent at once
occurred.

The effluent resulting from the filter beds being
highly charged with nitrifying organisms and nitrates
in a harmless form, would be valuable for applica-
tion to land, or it could continue and complete its
nitrification by a subsidiary process. The operations
of the filter beds are rapid and continuous, requiring
therefore no large tank storage.
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BOOKS RELATING
ATERIE PEID.ES C T EINICTE

PUBLISHED BY

E. & F-N..SPON:

LONDON: 125 STRAND.
NEW YORK: 12 CORTLANDT STREET.

A —

Algebra.—Algebra Self~-Taught. By W. P. Hicas,

M.A., D.Sc., LL.D., Assoc. Inst. C.E,, Author of * A Handbook of the
Differential Calculus,’ etc. Second edition, crown &vo, cloth, 25, 64

CONTENTS &

Symboels and the Signs of Operation—The Equation and the Unknown Quantity—
Positive and Negative Quantities—Multiplication—TInvolution—Exponents—Negative Expo-
nents—Roots, and the Use of Exponents as Logarithms—Logarnithms—Tables of Logarithms
and Proportionate Parts —Transformation of System of Loparithms— Common Uses of
Common Logarithms—Compound Multiplication and the Binomial Theorem—Division,
Fractionz, and Ratio—Continned Proportion—The Series and the Summation of the Series—
Limit of Series—Square and Cube Roots—Equatons—List of Formule, ete.

Architects’ Handbook.—A Handbook of For-

mule, Tables and Memoranda, for Archilectural Surveyers and others
engaged in Suilding. By J. T. Hurst, C.E. Fourteenth edition, royal
32mo, roan, 55
1t iz no dis.pnrngement to the many excellent publications we refer to, to say that in our
opinion this little pocket-book of Hurst's is the very best of them all, without any exception.
It would be useless to attempt a recaPitu[;,Ll:ion of the contents, for it appears to contain almost
eoerythinge that anyone connected with building could’ require, and, best of all, made up in a
compact form for carrying in the pocket, measuring only 5 in. by 3in., and about § in. thick,
in a limp cover. We congratulate the author on the success of his laborious and practically
compiled little book, which has received ungualified and deserved praise from every profes-
sional person to whom we have shown it,"— e Dublin Butlder,

Architecture.—Zown and Country Mansions and
Seehurban Houses, with Notes on the Sanitary and Artistic Construction
of Houses, #fiusirated by 30 plates, containing Plans, Elevations, Per-
spectives, and Interior Views of Executed Works in the Queen Anne,
Classic, Old English, Adams, Jacobean, Louis XVI., and other Styles.
By WiLtiam Younc, Author of * Picturesque Architectural Studies.’
Imp. 4to, cloth, 1os, 64,

A



2 CATALOGUE OF SCIENTIFIC BDDKS

Architecture.—7%e Seven Periods of English

Architecture, defined and illustrated, By EDMUND SHARPE, MJ’L

Architect. 20 steel engravings and 7 wooderts, third edition, royal Sm
cloth, 12r. 64.

Assaying.—7he Assayer’'s Manual: an Abridged

Treatise on the Docimastic Examination of Ores and Furnace and other
Artificial Froducts. By Bruno KerL. Translated by W, T. BRANNT.
Witk 65 tllustrations, Bvo, cloth, 125, 64,

Baths.—7e Turkish Bath: its Design and Con-

struction for Public and Commercial Purposes. By R. O. ALLsop,
Architect. With plans and sections, 8vo, cloth, 6.

Baths and Wash Houses.— Public Baths and

Wash Houses. By RoBERT OWEN ALLSOP, Architect, Author of * The
Turkish Bath,” &c. Wtk cuts and folding plates, demy 8vo, cloth, 6s.

Blasting.—ZXock Blasting: a Practical Treatise on

the means employed in Blasting Rocks for Industrial Purposes. By

G. G. AxprE, F.G.5., Assoc. Inst, C.E. Witk 56 sllustrations and 12
plates, 8vo, clcth 51

Boilers.—A Pocket-Book for Boiler Makers and

Steam Users, comprising a variety of useful information for Employer
and Workman, Government Inspectors, Board of Trade Surveyors,
Engineers in charge of Works and Slips, Foremen of Manufactories,

the general Steam-using Public. By MAURICE JoHN SEXTON.
Third edition, enlarged, royal 32mo, roan, gilt edges, 5».

Boilers.— 7Ve Boiler-Maker's & ITron Skip-Builder's

Companion, comprising a series of original and carefully calculated
tables, of the utmost utility to persons interested in the iron trades. By
JamEes FopEN, author of * Mechanical Tables,’ etc. Second edition,
revised, with rllustrations, crown 8vo, cloth, 5s.

Brass Founding.—7/e Practical Brass and fron-
Founder's Guide, a Treatize on the Art of Brass Founding, Moulding, the

Metals and their Alloys, ete. By James LARKIN, New edition, revised
and greatly enlarged, crown 8vo, cloth, 105, 64.

Breweries.— Breweries and Maltings : their Ar-

rangement, Construction, Machinery, and Plant. By G. ScAMELL,
F.R.I.LB.A. Second edition, revised, enlarged, and partly rewritten. By
F. CoLver, M.I.C.E., M.I.LM.E. With 20 pfﬂm, 8vo, cloth, 125 64,

Brewing.—A4 Text Book of the Science of Brewing.
By EDWARD RALPH MoRITZ, Chemist to the Country Brewers' Society,
and GEORGE HARRIS M::-RRIS FPh.D., F.C.5., F.I.C.. etc. Based upon
a course of six lectures delivered by E. R. 'Mor1Tz at the Finsbury
Technical College of the City and Guilds of London Institute. Jitk
lates and illusirations, 8vo, cloth, 1/ 1s
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4 CATALOGUE OF SCIENTIFIC BOOKS

e

Chemists’ Pocket Book.—A Pocket-Book jfor

Chemists, Chemical Manufacturers, Metallurgists, Dyers, Distillers,
Brewers, Sugar Refiners, Photographers, Students, elc., ete, By THOMAS
BAYLEY, Assoc. R.C. Sc. Ireland, Analytical and Consulting Chemist
and Assayer. Fifth edition, 481 pp., royal 32mo, roan, gilt edges, 57,

SYNOPsIS OF CONTENTS :

Atomic Weights and Factors—Useful Data—Chemical Calculations—Rules for Indireck
Analysis —Weights and Measiures — Thermometers and Barometers — Chemical Physics —
Boiling Foints, etc.—Solubility of Substances—Methods of Obtaining Specific Gravity— Con-
version of Hydrometers—Strength of Solutions by Specific Gravity—Analysis—Gas Analysis—
Water Analysis—Qualitative Analysis and Reactions—Volumetric Analysis—Manipulation—
Mineralogy — Assaying — Alcohol — Beer— Sugar — Miscellanecus  Technological matter
relating to Porash, a, Sulphuric Acid, Chlorine, Tar Froducts, Petroleum, Milk, Tallow,
Photography, Prices, Wages, Appendix, etc., etc.

Coal Mining.—A Glossary of Terms used in Coal
Mining. By WILLIAM STUKELEY GRESLEY, Assoc, Mem. Inst. C.E.,

F.G.5., Member of the North of England Institute of Mining Engineers.
Hlilustrated with numerous woodeuls and diagrams, crown 8vo, cloth, 5s.

Coffee Cultivation.—Coffec: s Culture and
Commerce in all Countries, Edited by C, G, WarNForD Lock, F.L.S,
Crown Svo, cloth, 125, 64.

A practical handbook for the Planter, treating in a thoroughly practical manner on the
cultivation of the Plant, the management of an cstate, Diseases and enemies of the Coffes
Plant (with their prevention and cure), preparation of the berry for market, and statistics of
local details of culture and production. Bibliography.

Colonial Engineering.—Spons’ Information for
Colonial Engineers. Edited by J. T. HursT. Demy 8vo, sewed.

No. 1, Ceylon. By AsraHAM DEANE, C.E. 2s 64,
Intreductory Remarks — Natural Productions— Architecture and Engineering — Topo-
graphy, Trade, and Natural History—Principal Stations—Weights and Measures, etc., ete.
No. 2. Southern Africa, including the Cape Colony, Natal, and the
Dutch Republics, By Henry Hair, F.R.G.5., F.R.C.I. With
Map. 34 64,

General Drescription of South Africa—Fhysical Geography with reference to Enginesring
Mperations—Nores on Labour and Material in Cape Cofan}r—ﬁmlogical Notes on Rock
Formation in Scuth Mrin:.—-—Enﬁil:;:::ing Instruments for Use in South Africa—FPrincipal
Public Works in Cape Colony: ilways, Mountain Roads and Passes, Harbour Works,
Bridges, Gas Works, Irrigation and Water Su Eﬂy, Lighthouses, Drainage and Sanitary
Engineering, Public Buildings, Mines—Table o "l"nu-ds. in South .M'riv:a:—ﬁmmnls used for
Dravght Purposes—3Statistical Notes—Table of Distances—Rates of Carringe, etc.

No. 3. India, By F, C.DANVERS, Assoc, Inst. C.E. With Map. 4. 64.

Physical Geography of India—Building Materials—FEoads—Railways—Bridges—Irrigs-
tion — River Waorks — Harbours— Lighthouse Buildings — Native Labour=—"The Principal
Urees of India=—Money—Weights and Measures—Glossary of Indian Terms, elc.

Concrete.— Nofes onn Concrete and Works in Con-

erete ; especially written to assist those engaged upon Public Works., By
JonN NEWMAN, Assoc. Mem. Inst. C.E. Second editicn, revised and
enlarged, crown &vo, cloth, 6s.
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6 CATALOGUE OF SCIENTIFIC BOOKS

Electric Bells.—A Practical Treatise on the
fitting up and maintenance of Electric Bells and all the necessary apparatus.
By F, C. Avrsor, Author of ‘ Telephones, their Constructionand Fitting,”
Second edition, revised, neardy 150 illustrations, crown 8vo, cloth, 3s. 64.

Electric Lighting.— Wrinkles in Electric Lighting.
By VINCENT STEPHEN., With illustrations. 18mo, cloth, 2s. 64.

CONTENTS :

1. The Electric Current and its production by Chemical means—2. Production of Electric

Currents by Mechanical means—3, Dynamo-Electric Machines—4. Eleciric  Lamps—
5. Lead—6. Ship Lighting. &

Electric Telegraph. — Zelegrapiic Connections,
embracing recent methods in Quadruplex Telegraphy. By CHARLES

THoMm and Wirris H. Joxes. Witk sflusirations. Oblong 8vo, cloth,
a1, ba,

Electric Testing.—A Guide for the Electyric Test-

ing of Telegraph Calles. By Col. V. HoskK1ER, Royal Danish Engineers.
Thirc edition, crown Svo, cloth, gr. 64.

Electric Telegraph.—A4 History of Electric Tele-
graphy, to the Year 1837. Chiefly compiled from Original Sources and
hitherto Unpublished Documents, by J. J. FAHIE, Mem. Soc. of Tel
Engineers, and of the International Society of Electricians, Paris. Crown
8vo, cloth, 9.

Electric Toys.—ZFElectric Toys. Electric Toy-
Making, Dynamo Building and Electric Motor Construction for
Amateurs. By T, O'CoNor SLOANE, Ph.D. Witk culs, crown 8vo,
cloth, 4s. 64 -

Electrical Notes.— Practical Electrical Notes and

Definitions for the use of Engincering Students and Fractical Men. By
W. PErreN Mavcock, Assoc. M. Inst. E.E., Instructor in Electrical
Engineering at the Pitlake Institute, Croydon, together with the Rules
and Regulations to be observed in Electrical Installation Work, Second
edition. Royal 32mo, cloth, red edges, 3s.

Electrical Tables.— FElectrical Tables and Memo-

randa. By SiLvawus P. THomrson, D.Sc, B.A., F.R.5,, and EUSTACE
THOMAS. In waistcoat-pocket size (2% in. by 1# in.), French morocco,
gilt edges, with numerous illustrations, 1.

Electrical Testing.—A Handbook of Electrical

Testing. By H. R. KEmre, M.LE.E. Fourth edition, revised and
enlarged, 8vo, cloth, 185 -
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Electrical Testing.—A PFPractical Guide fo the

Tusting of Insulated Wires and Cables. By HERBERT LAaws WEEBE,
Member of the American Institate of Electrical Engineers, and of the
Institution of Electrical Engineers, London. Crown 3vo, cloth, 4+. 64.

Electricity.—7/e Arithmetic of Electricity: a
Manual of Electrical Calculations by Electrical Methods. By
T. Q'CoNor SLoaNE. Crown 8vo, cloth, 4s. 64,

Electricity.—Short Lectures to Electrical Artisans,
being a Course of Experimental Lectures delivered to a practical
andience, By J. A. FLEMING, M.A., D.5c. (Lond.), Professor of Elec-
trical Technology in University College, London. Witk diagrams,
fourth edition, crown 8vo, cloth, 4s.

ElE‘.CtI‘iCit}F.-—E ﬁiﬁﬁfﬂ'ﬂ'{}—', 2fs 1 Jéf.'{??‘_j,»', Sources, and
Applications. _ By JoHN T. SPRAGUE, M. Inst. E.E. Third edition,
thoroughly reVised and extended, wwith numerous illustrations and fables,
erown 8vo, cloth, 15

Electricity.— 7ransformers :  therr Theory, Con-
struction, and Application Simplified, By C, D, HASKINS, Assoc. Mem.
American Institute of Electrical Engineers, Jlustrated, crown 8vo,
cloth, 4+ 64,

Electricity in the House.—Domestic Electricity
for Amatenrs., Translated from the French of E. HoseriTALIER, Editor
of ‘L’'Electricien,” by C. J. WHaRTON, M. Inst. E.E. ANumerous
iliustrations, Demy 8vo, cloth, 6s.

CONTENTS :

1. Production of the Electric Current—2. Electric Bells—3. Automatic Alarms—g4. Domestic
Telephones—s. Electric Clocks—#6. Electric Lighters—7. Domestic Electric Lighting—
B.' Domestic Application of t!m Electric Light—g. Electric Motors—r10. Electrical mo-
tion—rz. Electrotyping, Plating, and Gilding—13. Electric Recreations—13. Various appli-
cations—Workshop of the Electrician.

Electro-Magnet.-7e Electro-Magnet and E lectro-

magneltic Mechanism. By Siuvanus P. THoupsoN, D.Sc, F.R.S.
Witk 213 iéllustrations. Second edition, 8vo, cloth, 15s.

Electro-Motors.—Nofes on design of Swmall Dy.

namo. By GEo. HALLIDAY, Whitworth Scholar, Professor of Engineer-
ing at the Hartley Institute, Southampton. Plates, 8vo, cloth, 2s5, 64,

Electro-Motors.—Z7Ve practical management of

Lynamos and Motors. By FRANCIS B. CROCKER, Professor of Electrical

Engineering, Columbia College, New Vork, and SCHUYLER S,
D.Sc. Cufs, crown 8vo, elmglra: i WHEELER,
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Engineering Drawing. — Practical Geometry,
Ferspective and Engineering Drawing; a Course of Descriptive Geometry
adapted to the Requirements of the Engineering Dranghtsman, including
the determination of cast shadows and Isometric Projection, each chapter
being followed by numerous examples; to which are added rules for
Shading, Shade-lining, ete., together with practical instructions as to the
Lining, Colouring, Printing, and general treatment of Engineering Draw-
ings, with a chapter on drawing Instruments, By GEORGE S, CLARKE,
Capt. R.E. Second edition, witk 21 plates. 2 vols., cloth, 10r. 64.

Engineers’ Tables.—A Pocket-Book of Useful
Formule and Memoranda for Civil and Mechanical Engineers. By Sir
GUILFORD L. MoLESWORTH, Mem. Inst. C.E,, and B, B. MoLESWORTH.
With numerous illustrations, 782 pp. Twenty-third edition, 32mo,
roan, Bs.

SyNopsIS OF CONTENTS:

Surveying, Levelling, ete.—Strength and Weight of Materials—Earthwork, Brickwork,
Masonry, Arches, etc—Struts, Columns, Beams, and Trusses—Floonng, Roofing, and Roof
Trusses—Cirders, Hrl-dfﬂ'-"h ete.—Railways and Roads—Hydraulic Formulie—Canals, Sewers,
Waterworks, Docks—Irrigation and Breakwaters—Gas, Ventilation, and Warming—Heat,
Light, Colour, and Sound—Gravity: Centres, Forces, and Powers—Millwork, Teeth of
Wheels, Shalfting, ete.—Workshop Recipes—Sundry Machinery—Animal Power—Steam and
the Steam Engine—Water-power, Water-wheels, Turbines, etc.—Wind and Windmills—
Steam  MNavigation, Ship Building, Tonnage, etc.—Gunnery, Projectiles, etc.—Weights,
Measures, and Money—Trigonometry, Conic Sections, and _E{uwes—-u‘rﬂtamph:.r—l'-!tnsum-
tion—Tables of Areas and Circumference, and Arcs of Circles—Logarithms, Square and
Cube Roots, Powers—Reciprocals, ete.—Useful Numbers—Differential and Integral Caleu-
lus—Alzebraic Signs—Telegraphic Construction and Formule,

Engineers’ Tables.—Spons' Tables and Memo-

randa for Engineers. By J.T. HursT, C.E. Twellth edition, revised and
considerably enlarged, in waistcoat-pocket size (2% in, by 2 in.), roan,
gilt edges, I,

Experimental Science.—Zxperimental Science :

Elementary, Practical, and Experimental Physics. By GEo, M. HOPKINS.
Llustrated by 890 engravings. 840 pp., 8vo, cloth, 16s.

Factories.—Our Faclories, Workshops, and Ware-

houser: their Sanitary and Fire-Resisting Arrangements. By B. H.
THWAITE, Assoc. Mem. Inst. C.E. Witk 183 wood engravings, crown
Svo, cloth, g, -

Foundations.—Notes on Cylinder Bridee Piers

and the Well System of Foundations. By JoHN NEWMAN, Assoc, M.
Inst. C.E., 8vo, cloth, 6s.

Founding.—A Practical Trealise on Casting and

Founding, including descriptions of the modern machinery employed in
the art. By N. E. SPRET50N, Engineer, Fifth edition, with 82 plafes
drawn to scale, 412 pp., demy 8vo, cloth, 18s.
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Founding.— American Foundry Practice: Treat-
ing of Loam, Dry Sand, and Green Sand Moulding, and containing a
Practical Treatise upon the Management of Cupolas, and the Melting of
Iron. - By T. D. WEsT, Practical Iron Moulder and Foundry Foreman.
Second edition, with numerous ilfustrations, crown 8vo, cloth, 125, 64.

- = - ¥

French Polishing. — The French - Polisher's

Manual. By a French-Polisher; containing Timber Staining, Washing,

Matching, Improving, Painting, Imitations, Directions for Staining,

Sizing, Embodying, Smoothing, Spirit Varnishing, French-Folishing,
Directions for Repolishing. Third edition, royal 32mo, sewed, 64.

Furnaces.—Practical Hints on the Working and

Construction of Regenerator Furnaces, being an Explanatory Treatise on
the System of Gaseous Firing applicable to Retort Settings in Gas
Works, By MAURICE GRAHAM, Assoc. Mem. Inst. C.E. Cufs, 8vo,
clath.

Gas Analysis.—7/e Gas Engineers Laboratory
Handbeok. By JouN Horxsy, F.I.C., Honours Medallist in Gas
Manipulation, City and Guilds of London Institute. Nemerows illus-
frations, crown Svo, cloth, 6s.

CONTENTS
The Balance—Weights and Weighing—Sampling—Mechanical Division—Drying and
Desiceation — Solution and Evaporation — Precipitation — Filtration and Treatment of
Precipitates— Simple Gravimetric  Estimations —Volumetric  Analyses—Special Analyses
required by Gas Works—"Technical Gas Analysis—Gas Referees’ Instructions, ete. etc.
Gas Engines.—Gas and Petroleum: Engines: a
Practical Treatise on the Internal Combustion Engine. By Wu. RopIN-
soN, M.E., Senior Demonstrator and Lecturer on Applied Mechanics,
Physics, &c., City and Guilds of London College, Finshury, Assoc. Mem,
Inst. C.E., &c. Numerous iliustrations.. 8vo, cloth, 14s.

Gas Engineering.—Manual for Gas Engincering
Students. By D. LEE. 18mo, cloth, Is.

Gas Works.—Gas Works: their Arrangement,

Construction, Plant, and Machinery. By F. CoLvEr, M. Inst. C.E.
Witk 31 folding plates, 8vo, cloth, 125, 64,

Gold Mining.—Practical Gold-Mining : a Com-

prehensive Treatise on the Origin and Occurrence of Gold-bearing Gravels,
Rocks and Ores, and the Methods by which the Gold is extracted. By
C. G. WARNFORD LocCK, co-Author of ¢ Gold : its Occurrence and Extrac-
tion' With 8 plates and 275 engravings in the text, 758 pp., royal 8vo,
cloth, 22 25,

Graphic Statics.— e Elements of Graphic Statics.

By Professor KarL Von OTT, translated from the German by G. S.
CL!.'B.I-:E,E Capt. R.E., Instructor in Mechanical Drawing, Royal Indian
Engineering College. Witk o3 illustrations, crown 8vo, cloth, 5r.
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Graphic Statics.— 7%e Principles of Graphic
Staties, By GEORGE SYDENHAM CLARKE, Capt. Royal Engineers.
Witk 112 filustrations. Second edition, 4to, cloth, 12s. 64,

Graphic Statics. — Mechanical Graphics. A

Second Course of Mechanical Drawing. With Preface by Prof. PERRY,
B.5c,, F.R.5. Arranged for use in Technical and Science and Art Insti-
tutes, Schools and Colleges, by GEoRGE HaLLiDAY, Whitworth Scholar.
With illustrations, Svo, cloth, 6s.

Graphic Statics.—A4 New Method of Graphic

Staties, applied in the construction of Wrought-Iron Girders, practically
illustrated by a series of Working Drawings of modern type. By
EpMunp OLANDER, of the Great Western Railway, Assoc. Mem, Inst,
C.E. Small folio, cloth, 1o 64.

Heat Engine.—7/keory and Construction of a

Natural Eeat Afeder. Translated from the German of BunorLs DIESEL
by Bryaxn DowNkIN, Mem. Inst. C.E. Numerous cuts and plates, 8vo,
cloth, G, :

Hot Water.—/Hof Water Supply: a Practical

Treatise upon the Fitting of Circulating thH.ralu.s in connection with
Kitchen Range and other Boilers, to supply Hot Water for Domestic and
General Purposes. With a Chapter upon Estimating, By F. DvE.
itk sllustrations, crown 8vo, cloth, 3s.

Hot Water.—Hot Water Apparatus: an Ele-

mentary Guide for the Fitting and Fixing of Boilers and Agpuatus for
the Circulation of Hot Water for Heating and for Domestic Supply, and
containing a Chapter upon Boilers and Fittings for Steam Cooking. By
F. DYE. 32 éllustrations, fcap. 8vo, cloth, Is. 64.

Household Manual.—Spons’ Household Manual :

a Treasury of Domestic Receipts and Guide for Home Management.
Demy 8vo, cloth, containing 975 pages and 250 #ffisérafions, price 7s. 64,
PRINCIPAL CONTENTS @

Hints for selecting a good House—Sanitation—Water Supply—Ventilation and Warming
—Lighting—Furniture and Decoration—Thieves and Fire—The Larder—Curing Foods for
lengthened Preservation—The Dairy—The Cellar—=The Pantry—The Kitchen— ipts for
Dishes—The Housewife's Room—Housekeepi Marketing—The Dining-Room—The
Drawing-Foom—The Bedroom—The Nursery—The Sick-Koom—The Bath-Room—The
Laundry—The School-Room—The Playground—The Work-Room—The Library—The
Garden—The Farmyard—Small Motors—Household Law.

House Hunting.— Practical Hints on Taking a

HAouse. By H. PErcy Bournois, Mem. Inst. C.E,, City Engineer,
Liverpool, Author of * The Municipal and Sanitary Engineer's Hand-
book,’ * Dirty Dustbins and Sloppy Streets,’ &c. 18mo, cloth, 1s. 6.

Hydraulics.—Simple Hydraulic Formule. By

T. W. StoNE, C.E., late Resident District Engineer, Victoria Water
Supply. Crown 8vo, cloth, 4
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Hydraulic Machinery.— Hydraulic Steam and
Hand-Bower Lifting and Pressing Machinery. By FREDERICK COLYER,
M. Inst. C.E., M. Inst. M.E. Second edition, revised and enlarged. With
38 plates, 8vo, cloth, 28s,

Hydropathic Establishments.—7%e Zydro-

pathic Establishment and its Baths. By R. O. Avrrsopr, Architect.
Author of ¢ The Turkish Bath. J[usérated with plates and sections, 8vo,

cloth, 5s. CONTENTS :

General Considerations—Requirements of the Hydropathic Eztablishment—Some existing
Tnstitutions—DBaths and Treatments and the arrangement of the Bath-House—¥apour Baths
and the Russian Bath—The Douche Room and its :-ip?.!innces—h{magc and Electrical
Treatment——FPulverisation and the Mont Dore Cure—Inhalation and the Pine Cure—The
Sun Bath.

Hydraulic Motors.— Water or [lydranlic Motors.
By PHiLir R, BIoRLING, Fitk 200 sllustrations, crown 8vo, cloth, gs.

CONTENTS @

1. Introduction—z. Hydraunlics relating to Water Motors—3. Water-wheels—4. Breast
Water-wheels—sg, Owvershot and High-breast Water-wheels—6. Pelton Water-wheels—r.
General Remarks on Water-wheels—8. Turbines—g. Outward-Aow Turbines—zo. Inward-
flow Turbines—iz. Mixed-Aow Turbines—17. Parallel-flow Turbines=—r13. Circumferential-
flow Turbines—z4. Repulation of Turbines—r5, Details of Turbines—16. Water-pressure or
Hydraulic Enginss—17. Reciprocating Water-pressure Engines—18. Rotative Water-

ssure  Engines—1g. Oscillating  Water-pressure  Engines—azo0. Rotary Water-pressure
Er:ginzs—n:- General Remarks and Rules for Water-pressure Engines—22. Hydraulic Rams
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Indicator.— Twenty Years with the Indicator. By

Troomas Pray, Jun.,, C.E,, M.E,, Member of the American Society of
Civil Engineers. Wath ellustrations, royal 8vo, cloth, 125 64,

Indicator.—A Treatise on the Richards Stean:-

Engine Indicator and the Development and Application of Force in the

Steam-Engine. By CHARLES T. PORTER. With illustrations. Fourth
edition, revised and enlarged, 8vo, cloth, gs.

Induction Coils. — fnduwction Coils and Coil

Maging : a Treatise on the Construction and Working of Shock, Medical

and Spark Coils. By F. C. Avrsor, Witk 118 illusirations, crown 8vo,
d‘uthj 3;[ MI

Iron.—Zhe Mechanical and other Properties of Iron

and :Scm’ in comnection with theiyr Chemical Composition. By A, VOSMAER,
Engineer. Crown 8vo, cloth, 6s.

CONTENTS :

The metallurgical behaviour of Carbon with Iron and Steel, also Manganese—Silicon—

Phosphorus — Sulphur—Copper— Chromium — Titanium—Tungsten—Aluminium—Nickel—
Enbﬁft-—-.ﬁﬂtnin-nnﬂym aﬁmn and Steel, &c. T e
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Iron Manufacture.—Roll-Turning for Sections in

Steel and Jron, working drawings for Rails, Sleepers, Girders, Bulbs,
Ties, Angles, &c., also Blooming and Cogging for Plates and Billets.
By ApaM SPENCER. Second edition, with 78 large plates, Tllustrations
of nearly every class of work in this Industry. 4to, cloth, 1. 105

Lime and Cement.—A Manual of Lime and

Cement, their treatment and use in construction. By A, H., HEATH.
Crown 8vo, cloth, Br.

Liquid Fuel.—Liguid Fuel for Mechanical and

Industrial Furposes, Compiled by E. A. BRAYLEY HoDGETTS. itk
wood engravings. 8vo, cloth, 5s.

Magneto Hand Telephone.— 7ke Magnelo

Hand Telephone. Its construction, fitting-up, and adaptability to every-
day use. By NorMaAN HUGHES. Cuis, 12mo, cloth, 3+ 64,

Mechanics.—7Ve Essential Elements of Practical

Mechanies, based on the principle of work ; designed for Engineering
Students. By Oriver ByrnE, formerly Professor of Mathematics,
College for Civil Engineers. Fourth edition, #lfusirated by mumerous
wood engravings, post 8vo, clotb, 7s. 6d.

Mechanical Engineering.—Handbook for Me-
chanical FEngineers. By HENRY Apams, Professor of Engineering at
the City of London College, Mem. Inst. C.E., Mem. Inst. M.E., &c.
Second edition, revised and enlarged. Crown 8vo, cloth, 6s.

CONTENTS :

Fundamental Principles of Mechanics—Varieties and Properties of Materials—Strength
of Materials and Structures—Pactern Making—Moulding and Founding—Forging, Welding
and Riveting—Workshop Tools and General Machinery—Transmission of Power, Friction
and Lubrcation—Thermodynamics and Steam—Steam Boilers—The Steam Engine—Hy-
draulic Machinery—Electrical Enginesring—Sundry Notes and Tables.

Mechanical Engineering. — 7%e Mechanician :
a Treatise on the Construction and Manipulation of Tools, for the use and
instruction of Young Engineers and Scientific Amateurs, comprising the
Arts of Blacksmithing and Ferging ; the Construction and Manufacture
of Hand Tools, and the various Methods of Using and Grinding them ;
description of Hand and Machine Processes ; Turning and Screw Cutting.
By CameroN KNiGHT, Engineer. Confaining 1147 sllustrations, and
397 pages of letter-press. Fourth edition, 4to, cloth, 18s.

Mechanical Movements.— 7 /e Engineers’ Sketch-

Book of Meckhanical Movements, Devices, Appliances, Contrivances, Delails
employed in the Desicn and Construction of Machinery for every fn‘.:r;fads:.
Collected from numerous Sources and from Actual Work. Classified and
Arranged for Reference, Nearly 2000 [llustrations. By T. W. BARBER,
Engineer. Second edition, 8vo, cloth, 7s. 64.
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Metal Plate Work.—MWMetal Plate Work: its

Patlerns and their Geometry, Also Notes on Metals and Rules in Men-
suration for the use of Tin, Iron, and Zinc Plate-workers, Coppersmiths,
Boiler-makers and Plumbers. By C. T. Mirris, M.LM.E. Second
edition, considerably enlarged. Witk mumerous illustrations. Crown

8vo, cloth, 95

Metrical Tables.—Metrical Tables. By Sir G. L.

MoresworTH, M.I.C.E. 32mo, cloth, Is. 64,

Mill-Gearing.—A Practical Treatise on Mill-Gear-

ing, Wheels, Shafts, Riggers, ete. ; for the use of Engineers. By THOMAS
Box., Third edition, with 11 plates. Crown 8vo, cloth, 7s. 64,

Mill - Gearing. — 7/e Fractical Millwright and

Engineer's Ready Reckoner; or Tables for finding the diameter and power
of cog-wheels, diameter, weight, and power of shafts, diameter and
strength of bolts, etc. By THomas DixoN. Fourth edition, 12mo,
cloth, 3s.

Miners’ Pocket-Book.—Miners' Pocket-Book ; a

Reference Book for Miners, Mine Surveyors, Geologists, Mineralogists,
Millmen, Assayers, Metallurgists, and Metal Merchants all over the
world. By C. G. WARNFORD LocCK, author of * Practical Gold Mining,’

¢ Mining and Ore-Dressing Machinery,” &c. Feap. 8vo, roan, gilt edges,
Mati'\r_g_ Pawer-—_-Darns n_rld Reservoirs—Tranamitting Power—Weights and Measures—
Prospecting — Boring — Drilling—Blasting—Explosives — Shaft Sinking—Pumping—Venti-
lating—Lighting—Coal Cutting—Hauling and Hoisting—Water Softening—Stamp Batteries
—Crushing Rolls— Jordan's Centrifugal Progess—River Mining—0Ore Dressing—Gold, Silver,
Cupper Smelting—Treatment of Ores—Coal Cleaning—Mine Surveying—Eritish Rocks—
eological Maps—Mineral Velns—Mining Methods—Coal Seams—Minerals—Precious

stones—Metals and Metallie Ores—DMetalliferous Minerals—Assaying—Glossary—List of
Useful Bovks—Index, &c., &e., &c.

Mining and Ore-Dressing Machinery.—By
C. G. WarxNFORD Lock, Author of * Practical Gold Mining.! Numterous
illustrations, super-royal 4to, cloth, 25s.

Mining Machinery. — Mining Machinery : a
Descriptive Treatise on the th::hiner}.r,, Tools, and other Appliances used
in Mining, By G. G. ANDRE, F.G.5., Assoc. Inst. C.E., Mem. of the
Society of Engineers. Royal 4to, uniform with the Author’s Treatise

on Coal Mining, containing 182 plates, accurately drawn to scale, with
descriptive text, in 2 vols., cloth, 3/ 12s.

CONTENTS :
Machinery for Prospecting, Excavating, Hauling, and Hoisting—Ventilation—Pumping—

‘I'reatment of Mineral Products, including Gold and Sil Py R
Coal, Sulphur, China Clay, Brick Earth, etc, ver, Copper, Tin and Lead, Iron,
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Municipal Engineering. — 7he Municipal and
Sanitary Engineer's Handbook. By H. PErcy Bournors, Mem. Inst,

C.E., Borough Engineer, Portsmouth, Witk numerous illustrations.
Second edition, demy 8vo, cloth, 155

CONTENTS :

The Appointment and Duties of the Town Surveyor—Traffic—Macadamised Roadways—
Steam Rﬂﬁ:nn—ﬂmd Metal and Breaking—Pitched Pavements— Asphalte—Wood Pavements
—Footpaths—HKerbs and Gutters—5Street Naming and Numbering —Street Lighting—Sewer-
ape—Yentilation of Sewers—Disposal of Sewage—House Drainage—Disinfection—Gas and

ater Companies, etc., Breaking up Streets—Improvement of Private Streets—Borrowing
Powers—Artizans’ and Labourers’ Dwellings—Public Conveniences—Scavenging, including
Street Cleansing—Watering and the l'\:.:muving of Snow—Planting Street Trees—Deposit of
Plans-—-—Dang:ruus Buildin Hoardings—Obstructions—Improving  Street Lines—Cellar
O penings=—Fublic Pleasure Grounds—Cemeteries—Mortuaries—Carttle and Ordinary Markers
—Public Slaughter-houses, ete—Giving numerous Forms of Notices, Specifications,. and
General Information upon these and other subjects of great importance to Municipal Engi-
neers and others engaged in Sanitary Work.

Paints. — Pigments, Paint and Painting. A

Practical Book for Practical Men. DBy GEorGE TERRY. Witk ilius-
trations, crown 8vo, cloth, 7s. 64,

Paper Manufacture.—A Zext-Book of Paper-
Making. By C.F.Cross and E. J. BEVAN, With engravings, crown
8vo, cloth, 12:. 6d.

Perfumery.—Perfumes and their Preparation, con-

tainining complete directions for making Handkerchief Perfumes,
Smelling Salts, Sachets, Fumigating Pastils, Preparations for the care of
the Skin, the Mouth, the Hair, and other Toilet articles, with a detailed
description of aromatic substances, their nature, tests of purity, and
wholesale manufacture. By G. W. ASKINsoN, Dr. Chem. JFFitk 32
engravings, Svo, cloth, 125 64,

Perspective. — Perspective, Explained and [llus-
trated. By G, S. CLARKE, Capt. R.E. With sllustrations, 8vo, cloth,
3s5. 64,

Petroleum.— 7e Marine Transport of Petroleum.

A Book for the use of Shipowners, Shipbuilders, Underwriters, Mer-
chants, Captains and Officers of Petrcleum-carrying Vessels. By G. H.
LitTLE, Editor of the ®Liverpool Journal of Commerce.” Crown Svo,
cloth, 10s. 64,

Phonograph.—7%e Phonograph, and How to Con-

structif. With a Chapter on Sound. By W. GILLETT. Witk engravings
and full working drawings, crown 8vo, cloth, 55
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Pharmacy.—A Pocket-book for Pharmacists, Medr-
cal Practitioners, Students, etc., ete, (British, Colonial, and American), By
THOMAS BAYLEY, Assoc. R, Coll, of Science, Consulting Chemist,
Analyst, and Assayer, Author of a Pocket-book for Chemists,” * The
Assay and Analysis of Tron and Steel, Iron Ores, and Fuel,’ etc,, ete,
Royal 32mo, boards, gilt edges, 6.

Plumbing.—Plumbing, Drainage, Waler Supply
and Hot Water Fitting. By Joun Smeaton, C.E, M.5.A., R.P,
Examiner to the Worshipful Plumbers’ Company. Numerous engravings,
8vo, cloth, 7s. 64.

Pumping Engines.—/Practical Handbook on
Direct-acting Pumping Engine and Steam Pump Construction, By
PuiLie R. BJ6RLING. FFith 20 plates, crown 8vo, cloth, 5r

Pumps.—A Practical Handbook on Pumwp Con-

struction. By PHILIP R. BJorLING, FPlates, crown 8vo, cloth, 51,

CONTENTS :

Pr[ncilplu of the action of a Pump—Classification of Pumps—Description of various
classes of Pumps—Remarks on designing Pumps—Materials Pumps should be made of for
different kinds of Liquids—Description of various classes of Pump-valves—Materials Pump-
valves should be made of for different kinds of Liguids—Various Classes of Pump-buckets—
in designing Pump-bucket=—V¥arious Classes of Pump-pistons—Cup-leathers—Air-vessels—
Rules and Formulas, &c., &e.

Pumps.—Pump Details. With 278 illustrations.

By PuiLir R. BjorrLiNG, author of a Practical Handbook on Pump
Construction. Crown 8vo, cloth, 7s. 64.

CONTENTS :
Windbores—Foot-valves and Strainers—Clack-pieces, Ducket-door-pieces, and H-pieces
Working=barrels and Plunger-cases—Flungers or Rams—Piston and Plunger, Bucket and

PIII::EH, Buckets and Valves—Pump-rods and Spears, Spear-rod Guides, &c.—Yalve-swords,
Spindles, and Draw-hooks—Set-offs or Off-sets—Pipes, Fipe-joints, and Pipe-stays— Pump-
slings—Guide-rods and Guides, Kites, Vokes, and Connecting-rods—|_ Bobs, T Bobs,
Angle ur];l.l’ B%hs. and Balance-beams, Fock-arms, and Fend-off Beams, Cisterns, and Tanks
—Minor Details.

Pumps.—Pumps and Pumping Mackinery. By
F. COLYER, Mem. Inst, C.E., Mem. Inst. M.E. Part 1., second edition,
revised and enlarged, widk 50 plates, Svo, cloth, 1/ 8r

CONTENTS :

Three-throw Lift and Well Pumps—Tonkin's Patent ** Cornish ** Steam Pump—Thorne-
will and Warham's Steam Pump—Water Valves—Water Meters—Centrif ar_l"‘umping
Machinery—Airy and Anderson's Spiral Pumps—Blowing Engines—Air Compressors—
Horizontal High-pressure Engines—Horizontal Compound %.".nginuﬂ—ﬂu:idlcr Engine—Ver-
tical Compound Pumping Engines—Compound Beam Pumping Engines—Shonheyder's
Patent Regulator—Cornish HBeam Engines—Worthington High-duty Pumpin Engine—
Davy's Patent Differentinl Pumping Engine—Tonkin's E”ntunt Pumping Engine—Lancashire
Boiler—Babrock and Wilcox Water-tube Builers.
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Pumps. — Pumps, Historically, Theoretically, a:m-f

Practically Considered. By P. R. BJSRLING. With 156 illustrations.
Crown 8vo, cloth, 7s. 64.

Quantities.—A4 Complete Set of Contract Documents
for a Country Ledge, comprising Drawings, Specifications, Dimensions
(for quantities), Abstracts, Bill of Quantities, Form of Tender and Con-
tract, with Notes by J. LEANING, printed in facsimile of the original
documents, on single sheets fcap., in linen case, §s.

Quantity Surveying.—Quantity Swurveying. By

J. LEANING. With 42 illustrations. Second edition, revised, crown Svo,

cloth, gs.
CONTENTS :
A complete Explanation of the London | Schedule of Prices.

Practice. | Form of Schedule of Prices,
General Instructions. Analysis of Schedule of Prices,
Order of Taking O Adjustment of Accounts.
Modes of Measurement of the various Trades. Form of a Bill of Variations,
Use and Waste. | Remarks on Specifications.
Ventilation and Warming, Prices and VYaluation of Wark, with
Credits, with various Examples of Treatment. |
Abbreviations. {
Squaring the Dimensions. |
Abstracting, with Examples in illustration of | Taking Off after the 0ld Method.

each Trade, Northern Practice.
Billing. | The General Statement of the Methods

i

Examples and Remarks upon each Trade.
The Law as it affocts Quantity Surveyors,
with Law Reports,

Examples of Preambles to each Trade. recommended by the Manchester Society
Form for a Bill of Quantities. of Architects for taking Quantities.

Do.  Eill of Credits. Examples of Collections,

Do. Bill for Alternative Estimate. Examples of ** Taking Of" in each Trade.
Restorations and Repairs, and Form of Bill Femarks on the Past and Present Methods
Variations before Acceptance of Tender, | of Estimating.

Errors in a Builder's Estimate. |

Railway Curves.— 7ables for Setting out Curves
Jfor Rartways, Canals, Reads, ele., varying from a radius of five chains
to three miles. By A. KENNEDY and R, W, HACKwWoOD. Jlustrated,
32mo, cloth, 2s5. 6d.

Roads.— 7/e Maintenance of Macadamised Roads.

By T. CoprixeToN, M.LC.E., F.G.S., General Superintendent of
County Roads for South Wales, Second edition, 8vo, cloth, 7r. 64,

Safety Valve.—Safety Valves: their listory, ante-
cedents, invention, and calenlation ; including the most recent examples of
Weighted and Spring-loaded Valves, also showing the effect of Atmo-
spheric Pressure on Safety Valve Dises, showing tlie curious phenomenon
of Balls being sustained by an inclined current of Air ; Vacuum Valves,
and their importance in heating and boiling. By W. B. LE Vax. Wik
69 engravings, fcap. 8vo, cloth, bs. 64,
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Scamping Tricks.—Scamping Tricks and Odd
Kunowledge occasionally practised upon Public Works, chronicled from the
confessions of some old Practitioners. By JoHN NEWMAN, Assoc. M.
Inst. C.E., author of ¢ Earthwork Slips and Subsidences upon Public
Works,” ¢ Notes on Concrete,” &c. Crown 8vo, cloth, 25. 6d.

Screw Cutting.—Zwrners Handbook on Screw

Cuiting, Coning, elc.,, efc, with Tables, Examples, Gauges, and
Formule. By WALTER PRICE. Fcap. &vo, cloth, Is.

Screw Cutting. — Serew Cutting Tables for En-
gincers and Mackinists, giving the values of the different trains of Wheels
required to produce Screws of any pitch, calculated by Lord LiNDsAY,
M.P. Oblong, cloth, 2s.

Screw Cutting.—Serew Culting Tables, for the

use of Mechanical Engineers, showing the proper arrangement of Wheels
for cutting the Threads of Screws of any required pitch, with a Table for
making the Universal Gas-pipe Threads and Taps. By W. A. MARTIN,
Engineer. Second edition, oblong, cloth, 1=

Slide Valve.—A Treatise on a Practical Method

of Destening Slide-Valve Gears by Simple Geometrical Construction, based
upon the principles enunciated in Euclid’s Elements, and comprising the
various forms of Plain Slide-Valve and Expansion Gearing ; together with
Stephenson’s, Gooch’s, and Allan’s Link-Motions, as applied either to
reversing or to variable expansion combinations, By Epwarp J. Cow-
LING WELCH, Mem, Inst, M.E. Crown 8vo, cloth, 6s.

Steam Boilers.—Stcam DBoilers, their Manage-

mient and Working on land and sea. By JAMEsS PEATTIE. Wik
#llustrations, crown 8vo, cloth, 5s.

CoNTENTS :

Water Cn:pmhusninn—[|u:r||5t.1t1an—Priming—JCErc.|1f:itiuu—-thin SHff for Steam—Soot
and Scale effects—Feed—Elowing out—Changing Water—Scale revention—Expansion of
Boilers—Latent Heat—Firing—Banking Fires—1ube stopping—Concentration of Heat—
Boiler Repairs—Explosions, &e., &e.

Steam Engine.— 7Ve Steam Engine considered as
a Thermodynamic Machine, a treatise on the Thermodynamic efficiency
of Steam Engines, illustrated by Tables, Diagrams, and Examples from
Practice. By Jas. H, COTTERILL, M.A., F.R.5., Professor of Applied
Mechanics in the Royal Naval College. Second edition, revised and
enlarged, 3vo, cloth, 155,

B
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Steam Engine. — A4 Practical Treatise on the

Steam Engine, containing Plans and Arrangements of Details for Fixed
Steam Engines, with Essays on the Principles involved in Design and
Construction. By ArRTHUR RiGG, Engineer, Member of the Society of
Engineers and of the Royal Institution of Great Britain. Demy 4to,
coprously illustrated with woodcuts and 103 plates, in one Volume.
Second edition, cloth, 25+
This work is not, in any sense, an elementary treatise, or history of the steam engine, but
is intended to describe examples of Fixed Steam En;iines without entering into wide
domain of locomotive or marine practice. To this end illustrations will be given of the most
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi-
portable, Corliss, Allen, Compound, and other similar Engines, the most eminent Firms in
Great Britain and America. The laws relating to the action and precautions to be observed
in the construction of the various details, such as Cylinders, Pistons, Fiston-rods, Connecting-
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, aud Equilibrium
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found
articles u the Velocity of Keciprocating Parts and the Mode of Applying the Indicator
Heat anﬁ:pnnsiun of Steam Governors, and the like. It is the writer's desire to draw

illustrations from every possible source, and give only thoze rules that present practice deems
correct.

Steam Engine.—Steam Engine Management; a
Treatise on the Working and Management of Steam Boilers. By F.
CoLYER, M. Inst. C.E., Mem. Inst. M.E. New edition, 18mo, cloth,
3+ 6d.

Steam Engine.—A Zreatise on Modern Steam
Engines and Boilers, including Land, Locomotive and Marine Engines
and Boilers, for the use of Students. By FrEDERICK COLYER, M. Inst.
C.E., Mem. Inst. M.E, Fith 36 plafes. 4to, cloth, 125 6d.

i ig i CDHTEE‘FTE: High-Pressure Beam Engines

C;;niiﬂtrﬁg:ﬁi“;?l:ﬁﬁtsﬂ—rflgﬂnﬁﬁzfﬁéii?f;mﬁdllnhtal:ng Eﬁi:ims—&, ?ﬂrﬁgl Higg:

Pressure Engines—g. Special Engines—zo. Portable Engines—z1, Locomotive Engines—
12, Marine Engines.

Sugar.—A Handbook for Planters and Refiners ;

being a comprehensive Treatise on the Culture of Sugar-yielding Plants,
and on the Manufacture, Refining, and Analysis of Cane, Palm, Maple,
Melon, Beet, Sorghum, Milk, and Starch Sugars; with copious
Statistics of their Production and Commerce, and a chapter on the
Distillation of Rum. By C. G. Warnrorp Lock, F.L.S., &c.;
B. E. R. NEWLANDS, F.C.5., F.IC.,, Mem. Council Soc. Chemical
Industry ; and J. A. R. NEwLaNDs, F.C.5, F.LC. Upwards ¢f 200
tllustrations and many plales, 8vo, cloth, 1/ 105

Surveying.—dA Practical Treatise on the Science of

' Land and Engineering Surveying, Levelling, Estimating Quantities, elc.,

with a general description of the several Instruments required for Sur-

veying, Levelling, Plotting, etc. By IH. 5. MERRETT. Fourth edition,

revised by G. W, UsiLL, Assoc. Mem. Inst. C.E. 41 plates, with illns-
{rations and tables, royal 8vo, cloth, 125, 64,
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Tables of Logarithms.—A B C Fiwe-Fagure

Logarithms for general wse. By C. J. WooDWARD, B.Sc. Containing
Mantiss® of numbers to 10,000. Log. Sines, Tangents, Cotangents, and
Cosines to 10" of Arc. Together with full explanations and simple
exercises showing use of the tables. 4s

Tables of Squares.—Barlow's Tables of Squares,

Cubes, Square Rools, Cube Roofs, Reciprocals of all Integer Numbers up to
10,000, Post 8vo, cloth, 6s.

Telephones. — 7elepiiones, their Construction ana
Fitting. By F. C. ALLsor. Second edition, revised and enlarged. Hith
210 ilfustrations. Crown Svo, cloth, 5s.

Tobacco Cultivation.— 7 vbacco Growing, Curing,
and Manufacturing ; a Handbook for Planters in all parts of the world..
Edited by C. G. WARNFORD Lock, F.L.S. With illustrations. Crown«
8vo, cloth, 7s5. 6d.

Tropical Agriculture.— 7ropical Agriculture: a.

Treatise on the Culture, Preparation, Commerce and Consumption of the-
principal Products of the Vegetable Kingdom. By P. L. SIMMONDS,
F.L.S.,, F.R.C.I. New edition, revised and enlarged, 8vo, cloth, 21s.

Turning.— 7V%e Practice of Hand Turning in Wood,

Jvory, Shell, efe,, with Instructions for Turning such Work in Metal as
may be required in the Practice of Turning in Wood, Ivory, etc. ; also
an Appendix on Omamental Turning. (A book for beginners.) By
Francis CampiN. Third edition, witk wood emgravings, crown 3vo,
cloth, 3s 64.

Valve Gears. — 7reatise on Valve-Gears, with

special consideration of the Link-Motions of Locomotive Engines. By
Dr. Gustavy ZEUNER, Professor of Applied Mechanics at the Confede-
rated Polytechnikum of Zurich. Translated from the Fourth German
Edition, by Professor J. F. KLEIN, Lehigh University, Bethlehem, Pa,
Lllustrated, 8vo, cloth, 125, 64,

Varnish.— 7 practical Polish and Varnisi-Maker ;

a Treatise containing 750 practical Receipts and Formula for the Manu- «
facture of Polishes, Lacquers, Varnishes, and Japans of all kinds, for
workers in Wood and Metal, and directions for using same. By H. C.
STANDAGE (Practical Chemst}, author of *The Artist’s Manual of
Pigments,' Crown 8vo, cloth, 6
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Ventilation.— Health and Comfort in House Build-
ing; or, Ventilation with Warm Air by Self-acting Suction Power.
With Review of the Mode of Calculating the Draught in Hot-air Flues,
and with some Actual Experiments by J. DrRyspaLE, M.D., and J. W.
HAYWARD, M.D. With plates and woodents, Third edition, with some
New Sections, and the whole carefully revised, 8vo, cloth, 7s. 64.

Warming and Ventilating. — 4 Practical
Treatise upon Warming Buildings by Hot Waler, and upon Heat and
Heating Appliances in general ; with an inquiry respecting Ventilation,
the cause and action of Draughts in Chimneys and Flues, and the laws
relating to Combustion. By CHARLES Hoop, F.R.S., F.R.A5, &c
Re-written by FREDERICK DYE. 8vo, cloth, 15s.

Watchwork.— 7reatise on Watchwork, Past and
Present. By the Rev. H. L. NELTHROPP, M.A,, F.S.A. With 32
illustrations, crown 8vo, cloth, 6s. 64.

CONTENTS :

Definitions of Words and Terms used in Watchwork—Tools—Time—Historical Sum-
mary—0On Calculations of the Numbers for Wheels and Pinions; their Proportional Sizes,
Trains, ele.—0f Dial Wheels, or Motion Work—Length of Time of Going without Winding
';L‘?—Th: Verge—The Horizental—The Duplex—The Lever—The Chronometer—Repeating

atches—Keyless Watches—The Pendulum, or Spiral Spring—Compensation—Jewelling of
Fivot H{:Iw—-Eierkcnwll—Fa.tlacie& of the Trade—Incapacity of Workmen—How to Choose
and Use a Watch, etc.

Waterworks. — The Principles of Walerworks

Engineering. By J. H. TupspeEry TurNER, B.Sc.,, Hunter Medallist
of Glasgow University, M. Inst. C.E,, and A, W. BrRIGHTMORE, M.Sc.,
Assoc. M. Inst. C.E. Witk illustrations, medium 8vo, cloth, 25+

Well Sinking.— Well Sinking. The modern prac-

tice of Sinkin%raud Boring Wells, with geological considerations and
examples of Wells. By ErNEST SronN, Assoc. Mem. Inst. C.E.
Second edition, revised and enlarged. Crown 8vo, cloth, 105 64,

Wiring. — Incandescent Wiring Hand-Book. By

F. B. Bapt, late 1st Lieut. Royal Prussian Artillery. Witk 41 illustra-
tions and 5§ fables. 18mo, cloth, 4s. 64,

' -

Wood-working Factories.—On #he Arrange-
ment, Care, and Operation of Wood-working Faclories and Mackinery,
forming a complete Operator’s Handbook. By J. RICHARD, Mechanical
Engineer. Second edition, revised, woodcuts, crown 8vo, cloth, 5s.
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SPONS™ DIGTIONARY OF ENGINEERING,

CIVIL, MECHANICAL, MILITARY, & NAVAL,

WITH

Technical Terms in French, German, Italian, and Spanish.

In 97 numbers, Super-royal 8vo, containing 3132 printed pages and 7414

ERTravings.
post free ; Nos. o, 97, 2s., post free.

Any number can be had separate: Nos. I to 95 Ir. each,

CoMPLETE LIST OF ALL THE SUBJECTS:

Nos.

Abacus .. . o o
Adhesion .. e T
Agricultural Englnes Iandz2
Air-Chamber
Air-Pump ..

Algebraic Signs

Alloy

Alominium
Amalgamating Msu:hmc
Ambulance

Anchors .. e
Anemometer o
Angular Motion ..
Angle-iron. -
Angle of Friction .. ;
Animal Charcoal M't{:hme
Antimony, 4; Anvil .
Aqueduct, 4 ; Arch
Archimedean Screw

Arming Press o
Armour, §; Arsenic o
Artesian We]l v
Acrtillery, 5 and 6 ; :‘tssa}mg
Atomic Weights .

Auger, 73 Axles .,
Balance, 7; Ballast i
Bank Note Machinery ..
Bam Machinery .. ~
Barker's Mill % i
Barometer, 8; Barracks ..
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v
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4 and
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Nos.

Barrage .. = 8andg
Battery .. .« 9and 1o
Bell and Bell- ha.ngmg i ... 10
Belts and Belting .. . I0oand 11
Bismuth - .e s II
Blast Furnace ., .- 1I and 12
Blowing Machine s AL
Body Plan.. .. 12 and 13
Boilars .. . 13504, I8
Bond it : 15 and 16
| Bone Mill . 0 A
Boot- makmg M'in:hmery - g 10
Boring and Blasting .. 16to1g
Brake 3 i . 19 and 20
Bread Machine .. - s 20
Brewing Apparatus . 20 and 21
Brick-making Machines .. o 21
Bridges .. e v 2510 28
Buffer a5 s . s 28
Cables ., o .. 28 and 29
Cam, 29; Canal .. = .20
Candles = . ; .. 20 and 30
Cement, 30; Ehurrme:,r o ]

Coal Cumng and Washing Ma-

chinery .. e . TR
Coast Defence .. W » 32
Compasses.. =% 32
Construction o " 32 and 33
Cooler, 34; Copper " she i

Cork-cutting Machine ., o 34
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Nos.
Corrosion .. E. .. 34 and
Cotton Hﬂ'ﬁhﬁlnﬂrﬁ" En 3 e gg
Dammin 35 to 37
Details o Eng'me_s 2L Rl 33
Displacement i " 38
Distilling ..ﬁ%mratus e 38 and 30
Diving and 1?mg Bells 30
Docks - 39 and 40
Drainage .. - .. 40 and 41
Drawbridge o i e AL
Dredging Machine ok 1
Dynamometer .. .« 41 to 43
Electro-Metallurgy 5 43, 44
Engines, Varieties i 44; 45
Engines, Agricultural I and 2
Engines, Marine ., 74, 78
Engines, Screw .. Zg, 9o
Engines, Stationary 91, 92
Escapement 45, 46
Fan 3 . 4B
File- cuttmg ‘Machine .. . 40
Fire-arms .. e 5 46, 47
Flax Machinery .. i 47, 48
Float Water-wheels = vs A

Forging .. - il
Founding and Castmg 48 to 50
Friction, §o ; Friction, Angle of 3

Fuel, 50; Furnace 50, 51
Fuze, 51 ; Gas .. - S AT
Gearing .. 51, 52
Gearing Belt 10, 1I
Geodesy .. . 52 and 53
Glass Machme% br . 53
Gold, 53, 54 ; Governor. .. 54
Gravity, 54 ; Grindstone R
Gun-carriage, 54 ; Gun Metal .. 54
Gunnery .. - 54 to 56
Gunpowder o - .. 56
Gun Machinery .. 56, 57
Hand Tools o o 57. §

Hanger, 58; Harbour .. .. 58
Haulage, 53 50 ; Hinging 50

Hydraulics and Hydraulic Ma-

chinery . 5 59 to 63
Tce- mnkmg Machine - . 03
India-rubber oo . A
Indicator i 63 and 64
Injector .. = . .. 04
Tron 64 to 67
Iron Ship Eul..dmg = .. 67
Irrigation .. .. 67 and 68

H e
Isomorphism, 68 ; Joints 313
Keels and Coal Shl[.!pln 68 and 'ﬁg

Kiln, 69 ; Kmmng Machine
I{ynmmng A 69

Lamp, Eill‘f:l:.r b £ 69 70
Lead - " .} 70
Lifts, Hmsts i 0 70, 71
Lights, Buoys, Beacons .. 71 and 72

Limes, Mortars, and Cements ,, 72

Locks and Lock Gates hz b3
Locomotive o o e i3
Machine Tools .. i 71, ?4
Manganese §

Marine En%mr: is i ?4 and ?é
Materials of Construction ';.'5 and 7

Measuring and Folding .

Mechanical Movements .. ?-!5,. ?':r
Mercury, 77 ; Meta]lurg}r <% iy
Meter ol ; o Ty T8
Metric System .. is .
Mills 78, 79

Molecule, 79 ; Uhllque Arch .. 79
Ores, 79, 80; Ovens . B0
Ower-shot Watﬂvwheel 1 8o, B1
Paper Machinery ., o o B

Permanent Way .. o BT 8
Piles and Pile-driving .. 82 and 83
Pipes = 83, 84
Planimeter o8 .. B4
Pumps .. .. 84 and 83
uarryin - o o
Eall\\rr}::}r gEnglrlm:fnng .. 85 and Bg
Retaining Walls .. .. 86
Rivers, 86, 87; Riveted Imnt vl
Roads i o a7, 88
Roofs o 88, 89
Rope-making Machmer}r .. 89
Seaffolding 2 ‘ .. 8
Screw Engines o 89, 00
Signals, go; Silver % 90, 9I

Stationary Engine e\ Monyge
Stave-making & Cask Machinery gz
Steel, 92 ; Sugar Mill 92, 93
Surveymg and Surveying Instru-

ments .. o 93, 04

Telegraphy = o 94, 95
Testing, 95; Turbine .. . 0%
Ventilation o 95, 96,.97
Waterworks i g6, oF
Wood-working Machmer_',r g6, g7
Zinc o iy ASNG6 oY
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Epirep By ERNEST SPON, MeEMB. Soc. ENGINEERS,

Abacus, Counters, Speed| Coal Mining,
Indicators, and Slide Coal Cutting Machines.

Rule. i Coke Ovens, Copper.
Agricultural Implements| Docks. Drainage.

and Machinery. Dredging Machinery.
Air Compressors. Dynamo - Electric and

Animal Charcoal Ma-| Magneto-Electric Ma-|

chinery. | chines,
Antimony, | Dynamometers.
Axles and Axle-boxes., | Electrical Engineering,
Barn Machinery. Telegraphy, Electric

Belts and Belting. Lighting and its prac-
Blasting. Boilers. tical details, Telephones
Brakes, Engines, Varieties of.
Brick Machinery, Explosives. Fans.
Bridges. Founding, Moulding and

Cages for Mines,
Calculus, Differential and |

the practical work of
the Foundry,

Integral. Gas, Manufacture of.
Canals. Hammers, Steam and
Carpentry. other Power,

Cast Iron. Heat. Horse Power,

Cement, Concrete, Hydraulics. 1
Limes, and Mortar. I Hydro-geology.

Chimney Shafts. Indicators. Iron.

Coal Cleansing and Lifts, Hoists, and Eleva-

Washing. | tors.

Lighthouses, Buoys, and
Beacons.

Machine Tools.

Materials of Construc-
tion.

Meters.

and
Processes employed to
Dress,

Piers.

Pile Driving.

Pneumatic Transmis-
sion.

Pumps,

Pyrometers,

Road Locomotives.

Rock Drills.

Rolling Stock.

Sanitary Engineering,

Shafting,

Steel.

Steam Navvy.

Stone Machinery,

Tramways.

Well Sinking.

Ores, Machinery
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In demy 4to, handsomely bound in cloth, ilustrated with 220 Jull page plates,
Price 15s.

ARCHITECTURAL EXAMPLES
IN BRICK, STONE, WOOD, AND IRON.

A COMPLETE WORK ON THE DETAILS AND ARRANGEMENT
OF BUILDING CONSTRUCTION AND DESIGHN.

By WILLIAM FULLERTON, ARCHITECT.

Containing 220 Plates, with numerous Drawings selected from the Architecture
of Former and Present Times,

The Details and Designs are Drawn to Scale, 1, 1", 8", and Full size
being chiefly wsed.

The Plates are arranged in Two Parts. The First Part contaihs
Details of Work in the four principal Building materials, the following
being a few of the subjects in this Part :—Various forms of Doors and:
Windows, Wood and Iron Roofs, Half Timber Work, Porches,
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church
Fittings, Constructive and Ornamental Iron Work, Classic and Gothic
Molds and Ornament, Foliation Natural and Conventional, Stained
Glass, Coloured Decoration, a Section to Scale of the Great Pyramid,
Grecian and Roman Work, Continental and English Gothic, Pile
Foundations, Chimney Shafts according to the regulations of the
London County Council, Board Schools. The Second Part consists.
of Drawings of Plans and Elevations of Buildings, arranged under the
following heads :—Workmen’s Cottages and Dwellings, Cottage Resi-
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools,
Churches and Chapels, Public Buildings, Hotels and Taverns, and
Buildings of a general character.

All the Plates are accompanied with particulars of the Work, with

Explanatory Notes and Dimensions of the various parts,
<
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SPONS "ENCY.CLOP EDIA

OF THE

INDUSTRIAL ARTS, MANUFAGTURES, Anp COMMERCIAL

PRODUGTS.

Epitep By C. G. WARNFORD LOCK, F.L.S.
Among the more important of the subjects treated of, are the

following :—
Acids, 207 pp. 220 figs.
Alcohol, 23 pp. 16 figs.
Alcoholic Liquors, 13 pp.
Alkalies, 89 pp. 78 fhgs.
Alloys. Alum,
Asphalt, Assaying.
Beverages, 89 pp. 29 higs.
Blacks.
Bleaching Powder, 15 pp.
Bleaching, 51 pp. 438 figs.
Candles, I8 pp. g figs.
Carbon Bisulphide.
Celluloid, 9 pp.
Cements, Clay.
Coal-tar Products, 44 pp.
14 figs.
Cocoa, 8 pp.
Coffee, 32 pp. 13 figs.
Cork, 8 pp. 17 figs.
Cotton Manufactures, 62
pp: 57 figs.
Drugs, 38 pp. :
Dyeing and Calico
Printing, 28 pp. 9 figs.
Diyestufis, 16 pp.
Electro-Metallurgy, 13
PE.
Explosives, 22 pp. 33 figs.
Feathers.
Fibrous ﬁSuhstances, 92
» 79 NEs.
Flgf:-}r-clmh, 16 pp. .21
fips.
Food Preservation, 8 pp.
Fruit, 8 pp.

Fur, 5 pp.

Gas, Coal, 8 pp.

Gems,

Glass, 45 pp. 77 figs.

Graphite, 7 pp.

Hair, 7 pp.

Hair Manufactures.

Hats, 26 pp. 26 figs.

Honey, Hops.

Hom.

Ice, 10 pp. 14 figs.

Indiarubber  Manufac-
tures, 23 pp. 17 figs.

Ink, 17 pp-

Ivory.

Jute Manufactures,
PP., II figs.

Knitted Fabrics —
Hosiery, 15 pp. 13 figs.

Lace, 13 pp- 0 figs.

Leather, 28 pp. 31 figs.

II

Linen Manufactures, 16/
| Sugar,

pp- 6 figs.
Manures, 21 pp. 30 figs.
Matches, 17 pp. 38 figs.
Mordants, 13 pp.
Narcotics, 47 pp.
Nuts, 10 pp.
Qils and Fatty Sub-
stances, 125 pp.
Paint. - :
Paper, 26 pp. 23 figs.
Pa]:afﬁn, Eppp. 6 figs.
Pearl and Coral, 8 pp.
Perfumes, 10 pp.

Photography, 13 pp- 20
5.

PigE‘lcnts, g pp. 6 figs.

Pottery, 46 pp. 57 figs.

Printing and Engraving,
20 pp. 8 figs.
aAgs.

Resinous and Gummy
Substances, 75 pp. 16
figs.

Rope, 16 pp. 17 figs.

Salt, gl pp- 23 figs.

Silk, 8 pp.

Silk Manufactures, 9 pp.
11 figs.

Skins, 5§ pp.

Small Wares, 4 pp.

Soap and Glycerine, 39
pp- 45 figs.

Spices, 16 pp.

Sponge, 5 pp-

Starch, 9 pp. 10 figs.

I55 Pp- 134

g3,

Sulphur. '

Tannin, 18 pp.

Tea, 12 pp.

Timber, 13 pp.

Varnish, 15 pp.

Vinegar, 5 pp-

Wax, 5 pp-

Wool, 2 pp.

Woollen Manufactures,
58 pp. 39 figs.
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JUST PUBLISHED, SECOND EDITION.

Crown 8vo, cloth, with illustrations, §s

WORKSHOP RECETRIS,
FIRST SERIES.

Boohbindir:ig*

Bronzes and Bronzing.
Candles,

Cement,

Cleaning.
Colourwashing.
Concretes,

Dipping Acids,

Drawing Office Details,

Drying Oils,

Dynamite.

Electro - Metallurgy —|
(Cleaning, Dipping,

Scratch-brushing, Bat- |

teries, Baths, and
Deposits of  every
description). l
Enamels, !
Engraving on Wood, |

opper, Gold, Silver, |
Steel, and Stone.
Etching and Aqua Tint,
Firework Making
{Rockets, Stars, Rains,
Gerbes, Jets, Tour-
billons, Candles, Fires,
Lances,Lights, Wheels,
Firc—ballgnous, and
miner Fireworks).
Fluxes.
Foundry Mixtures.

SyNopsis OF CONTENTS.,

Freezing.
Fulminates.

Polishes,
and Pastes.

Gilding.

Glass Cutting, Cleaning,
Frosting, Drilling,
Darkening, Bending,
Staining, and FPaint-
ng.

Glass Making.

Glues,

Gold.

Graining.

Grums.

(Gun Cotton,

Gunpowder.

Horn Working.

Indiarubber.

Lacquers,

| Japans, Japanning, and

kindred processes.
Lacquers.
Lathing,
Lubricants.
Marble Working,
Matches.
Mortars.
Nitro-Glycerine,
Qils.

Paper.

| Paper Hanging.
Furniture Creams, Oils, |

Pomnting in Oils, in Water
Colours, as well as
Fresco, House, Trans-
parency, Sign, and
Carriage Painting,

Fhotography.

Plastering,

Polishes.

Pottery—(Clays, Bodies,
Glazes, Colours, Qils,
Stains, Fluxes, Ena-
mels, and Lustres),

Scouring.

Silvering,

Soap.

Solders.

Tanning.

Taxidermy.

Tempering Metals,

Treating Horn, Mother-
o'-pearl, and like sub-
stances. L

Varnishes, Manufacture
and Use of,

Veneering.,

Washing,

Waterproofing,

Welding.

Besides Receipts relating to the lesser Technological matters and processes,
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste,
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and
Architectural Mouldings, Compos, Cameos, and others too numerous to

mention.
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Crown 8vo, cloth, 485 pages, with illustrations, §s.

WORKSHOP: RECEIPTS
SECOND SERIES.

SvyNoPsIs oF CONTENTS,.

Acidimetry and Alkali- | Disinfectants, | Todoform.

metry. Dyeing, Staining, and | Isinglass.
Albumen. Colouring. Ivory substitutes.
Aleohol. Essences. Leather.
Alkaloids. Extracts. Luminous bodies.
Baking-powders, Fireproofing. Magnesia.
Bitters. Gelatine, Glue, and Size. | Matches.
Bleaching. Glycerine, Paper.
Boiler Incrustations. Gut. Parchment.
Cements and Lutes, Hydrogen peroxide. Perchloric acid.
Cleansing, Ink. Potassium oxalate,
Confectionery. Iodine. Preserving,
Copying. '

Pigments, Paint, and Painting : embracing the preparation of
LPigments, including alumina lakes, blacks (animal, bone, Frankfort, ivory,
lamp, sight, soot), blues (antimony, Antwerp, cobalt, ceruleum, Egyptian,
manganate, Paris, Péligot, Prussian, smalt, ultramarine), browns (histre,
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswick,
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian,
sap, Scheele’s, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood lake,
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colce-
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alum,
baryta, Clnnesn:, lead 5ulphate white lead-—b}- .ﬁ.menc:m. Dutch, French,
German, Kremnitz, and Pattinson processes, precautions in mnkmg‘, and
composition of commercial samples—whiting, Wilkinson's white, zinc white),
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow Iﬂ]{es}; Paint
(vehicles, testing oils, driers, grinding, storing, applying, priming, drying,
filling, coats, brushes, surface, water-colours, removing smell, d.lsmlnmtmn,
miscellaneous paints—cement paint for carton-pierre, copper paint, gold paint,
iron paint, lime paints, silicated paints, steatite paint, transparent paints,
tungsten paints, window paint, zinc paints); .Fhm.!’mg" [genemi mstructmns,
proportions of ingredients, measuring paint work ; carriage painting—priming
paint, best putty, finishing colour, cause of crac'l-:mg, mixing the paints, oils,
driers, and colours, varnishing, importance of washing vehicles, re-varnishing,
how to dry paint ; woodwork painting).
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WORKSHOPR-RECEIRTS,
FOURTH SERIES,
DEVOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS.

250 Illustrations, with Complete Index, and a General Index to the
Four Series, 5s.

-

Waterproofing — rubber goods, cuprammonium processes, miscellaneous
preparations.

Packing and Storing articles of delicate odour or colour, of a deliquescent

nl:}hainctur, liable to ignition, apt to suffer from insects or damp, or easily
roken.

Embalming and Preserving anatomical specimens,

Leather Polishes.

Cooling Air and Water, producing low temperatures, making ice, cooling
syrups and solutions, and separating salts from liquors by refrigeration.

Pumps and Siphons, embracing every useful contrivance for raising and
supplying water on a moderate scale, and moving corrosive, tenacious,
and other liquids.

Desiccating—air- and water-ovens, and other appliances for drying natural
and artificial products.

Distilling—water, tinctures, extracts, pharmaceutical preparations, essences,
perfumes, and alcoholic liquids.

Emulsifying as required by pharmacists and photographers.

Evaporating—saline and other solutions, and liquids demanding special
precautions.

Filtering—water, and solutions of various kinds,

Percolating and Macerating.

Electrotyping.

Stereotyping by both plaster and paper processes.

Bookbinding in all its details.

Straw Plaiting and the fabrication of baskets, matting, etc.

Musical Instruments—the preservation, tuning, and repair of pianos,
harmoniums, musical boxes, etc.

Clock and Watch Mending—adapted for intelligent amateurs,

Photography—recent development in rapid processes, handy apparatus,
numerous recipes for sensitizing and developing solutions, and applica-
tions to modern illustrative purposes. :
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In demy 8vo, cloth, 600 pages and 1420 illustrations, 6s.

SPONS’
MECHANICS' " OWNSBOOI -

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS.

CONTENTS.

Mechanical Drawing—Casting and Founding in Iron, Brass, Bronze,
and other Alloys—Forging and Finishing Iron—Sheetmetal Working
—>Soldering, Brazing, and Burning—Carpentry and Joinery, embracing
descriptions of some 400 Woods, over zoo Illustrations of Tools and
their uses, Explanations (with Diagrams) of 116 joints and hinges, and
Details of Construction of Workshop appliances, rough furniture,
Garden and Yard Erections, and House Building—Cabinet-Making
and Veneering — Carving and Fretcutting — Upholstery — Painting,
Graining, and Marbling — Staining Furniture, Woods, Floors, and
Fittings—Gilding, dead and bright, on various grounds—ZPolishing
Marble, Metals, and Wood—Varnishing—Mechanical movements,
illustrating contrivances for transmitting motion—Turning in Wood
and Metals—Masonry, embracing Stonework, Brickwork, Terracotta
and Concrete—Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c.—
Glazing with and without putty, and lead glazing—Plastering and
Whitewashing— Paper-hanging — Gas-fitting—Bell-hanging, ordinary
and electric Systems— Lighting — Warming — Ventilating — Roads,
Pavements, and Bridges — Hedges, Ditches, and Drains — Water
Supply and Sanitation —Hints on House Construction suited to new
countries.

E. & F. N. SPON, 1256 Strand, London.
New York: 12 Cortlandt Street.

§
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