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PREFACE TO SECOND EDITION.

B

TaE fact of this work having rapidly passed through its first
edition indicates that there existed a want for a condensed
description of the chief points which govern the question of
sewage disposal, such as this book affords. Further data
having been collected, I have incorporated it whilst revising
the book for a second edition.

Much of the information has been obtained when advising
sanitary authorities as to the best means of sewering their
towns and of disposing of the sewage. In the course of the
investigations that I have had to make into the several
methods of dealing with town refuse, I have had opportu-
nities of collecting data, the condensation of which into
& compass convenient for reference, affords a ready means
of obtaining guidance on points which are continually
arising in sewerage practice.

Some of the contents of this book have appeared, in one
form or another, in Papers which I have read before various
Societies, or in Articles which I have contributed to the
press.

The Official Bluebooks and other published information
contain much valuable matter, but some of this has either
become obsolete, or to enable it to be utilized it requires to
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be detached from that which is less useful, so far as relates to
this subject.

There is now exhibited & better agreement than previously
existed on the main points that have to be adhered to in deal-
ing with sewage. The extravagant expectations, on the part
of the advocates of precipitation processes, that fortunes were
to be made out of sewage, if treated by a particular system,
have died out,and the equally sanguine hopes of irrigationists,
that the application of sewage to land would result in great
pecuniary gain, have also been sobered by experience.

The recent data which I am able to give in this book as to
the application of sewage to land will enable a safer opinion
to be formed than heretofore as to the areas of land that
should be employed for sewage disposal, by which probably
less difficulty will be experienced by local authoritiesin being
advised as to what land they require, and in obtaining it.

I have to acknowledge my indebtedness to many who have
cordially co-operated with me in obtaining reliable data for
this book. The assistance thus afforded me I have recog-
nized where possible. The compilation of the Table in the
Appendix would have been impossible had I not been aided
by the Engineers, Town Clerks, and other officers of the several
places referred to.

HENRY ROBINSON.

7, WestTMINsTER CHAMBERS, LoNDON, S.W.,
October 1881.
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SEWAGE DISPOSAL.

CHAPTER L

INTRODUCTION.

Ix this book the consideration of the disposal of sewage will
be confined to that portion of the refuse of the community
which is conveyed away by the water-carried system of
drainage, and it will not include the methods known as the
dry earth, pail, and other systems.

The disposal of sewage involves to so large an extent the
health of the community that it deserves the most thoughtful
consideration on the part both of individual householders
and of town authorities. A better compliance with the well-
recognized rules which govern the subject cannot be too
strongly insisted on. A glance at the official tables of death-
rate shows a serious proportion of deaths from preventable
diseases produced by either defective house sanitation or
town drainage. Besides the loss of population thus caused,
an enormous number are annually enfeebled in mind and
body by these diseases, and they become more or less a
burthen to the community. It may be truly asserted that real
economy is practised by a town which expends its funds
liberally in the direction of sanitary improvements,

Although bad drainage and defective house sanitation may
not be the only causes of the death-rates in large towns being

B



2 SEWAGE DISPOSAL.

higher than where the populations are less concentrated,
nevertheless, they are important factors. The Registrar-
General’s returns show that a population of 12,892,982
persons living on 3,183,965 acres in the districts comprising
the chief towns of England, gave an average death-rate for
ten years of 244 per 1000, whilst a population of 9,819,284
persons living on 34,135,256 acres in districts comprising
small towns and country parishes had an average death-
rate for a similar period of only 19-4 per 1000.

It is essential that sewage should be promptly got rid of
from the district producing it, and this can only be accom-
plished by taking care that the sewers are properly con-
structed both as to shape, capacity, and gradient, These
desiderata are frequently not complied with in one or other
respect, and, as a consequence, sewers are a source of danger
to health, inasmuch as they retain, to a greater or lesser
extent, the foul matters which they are intended to remove.
The noxious gases liberated from decomposing sewage rise
in the sewers and escape at every opening into the dwellings
with disastrous effect to the health of the inmates. When
proper ventilation is provided, the evil consequences may be
diminished, as the dilution may lessen them.

‘Where the relative proportions of main and contributory

. sewers have not been properly studied, the velocity of flow is
subject to unnecessary variation, and is reduced below that
which would suffice to bear onward the solid matter, and thus
deposits of putrescible substances are formed in the sewers
which are dangerous to health.

A system of sewerage is frequently arranged on the
erroneous assumption that the sewage will be delivered into
it for transmission at a uniform rate during the twenty-four

_hours. Sometimes the sewers are too small to admit of
their running only two-thirds full (as they should), and they
have to run full even during ordinary rainfalls. It is found
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best in practice for sewers to be designed to be capable of
delivering one-half the maximum flow in six hours.

The flow of sewage is at its maximum about midday, and
at its minimum at midnight.

Most of the cases of flooding arise from the assumption
that the rainfall will be distributed over a greater period than
it is, so that when the calculated rainfall for twenty-four
hours falls in three hours, the sewer is taxed far beyond its
capacity, and serious mischief to property and danger to
health accrue.

A remarkable instance of this came to our notice during
an investigation in which we were engaged in 1878 with
reference to the cause of an epidemic of diphtheria in
London in the parishes of Hampstead and Marylebone. At
one point of the sewerage system of those districts, and in
the centre of the affected area, two sewers, about 6 feet in
diameter each (draining a large area), were carried by a
double junction into a sewer only 4 feet 10 inches in
diameter, which latter sewer subsequently expanded to 7 feet
in diameter. The effect- of . this. contraction was to per-
manently interfere with the ‘regular flow of the contributory
sewers, and to create deposits of foul matter in them, causing
a general pollution of the air in the district. During heavy
rains the sewers became choked, and the neighbourhood -
was flooded (two floods having occurred in the year 1878).

These sewers were rectified by the Metropolitan Board of
Works (who had jurisdiction over them), and when the
works were being executed many months after the epidemic
had subsided several cases of diphtheria again occurred in
the immediate neighbourhood, confirming the opinion which
we expressed at the time, that the polluted condition of
the sewers in this district was a factor in regard to the
epidemic.

Far too little attention is paid to absolutely trapping

B2



4 SEWAGE DISPOSAL.

each dwelling from direct communication with the sewer
into which it drains, and to thoroughly ventilating both the
house-drains and the sewer. The most important points
for practical guidance in reference to house sanitation are as
follows :— ’

1. House-drains should be effectually trapped from the
main sewer by means of & syphon.

2. House-drains should, where possible, be laid outside
and not under a house ; but where this is impossible great
care should be taken that the pipes are sound, and well laid
with perfectly air and water tight joints. No direct con-
nection with a drain (that is without most careful trapping)
should under any circumstances be made inside a house.

3. Binks should discharge outside the house, on to the
surface of a trapped gully on the ground-level having a
grating communicating directly with the air.

4. Overflow and waste-pipes from cisterns, tanks, lava-
tories, baths, &c., should not be carried directly into a drain,
soil pipe, or water-closet trap. They should deliver either
into & sink cut off from the sewer, or on to the surface of &
gully similar to the one already described. The cistern for
water-closets should be distinet from that for supplymg
water for dietetic purposes.

5. Rain-water pipes, where in proximity to windows,
should be cut off from direct communication with the drain.

6. Soil pipes should, where practicable, be carried outside
houses, and should have no places in which foul matter can
accumulate. They should be ventilated by being continued
to a point above the roof, but away from windows.

7. The connection between the soil pipes and the drains
should be by an oblique junction and curved pipe, to effect
a prompt removal of the sewage from the vicinity of the
house. An inlet for fresh air should be provided at the
‘bottom of the soil pipe.
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8. Water traps should not be solely relied upon as being
sufficient without ventilation, as foul gases will pass through
the water under sufficient pressure, or by condensation and
transmission. :

9. Every person intending to take a house should require
a certificate as to the fulfilment of the above conditions, and
should regard such a certificate as essential to his accepting
a lease or agreement for a house, and as important as a
certificate of its structural safety.

10. The connection between a house and the sewer should
be inspected and certified by a competent person before the
ground is closed, otherwise there is no protection against
the serious evils consequent on either the ignorance or
dishonesty of builders.

Parliament should enact that all houses let to the poorer
classes should fulfil certain minimum requirements as to
drainage, water supply, ventilation, and other essentials. If
a certificate from the local sanitary authority was not forth-
coming that these requirements had been complied with, the .
house should be deemed unfit for human habitation. It
should be held as important for a house to be wholesome
before it is let or sold as for food to be wholesome, and
inasmuch as there exists statutory powers under which food
that is unfit for consamption is condemned and destroyed,
why should there not be similar legislation to meet the case
of house property that is unfit for habitation ?

In the United States recent legislation has made it a penal
offence for bad plumbing to be done in a house. Considering
the loss of health and life which results from the work of
the plumber being executed negligently, some such legisla-
tion would be useful in this country.
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CHAPTER II.
MEMORANDA ON SEWAGE.

A earnvoN weighs 10 lbs.

1 cubic foot weighs 624 1bs. and = 6} gallons.

1 cubic inch weighs *036 1bs. and = *16 cubic feet.

1 cwt. = 1+8 cubic feet = 11-2 gallons.

1 ton = 859 cubic feet = 224 gallons.

One inch in depth of sewage over an acre of land is
equivalent to 101 tons (or 22,600 gallons).

The average weight of the solid and fluid excreta of a
human being is 2% lbs. per diem. The urine of 100,000
persons weighs 234,380 lbs., and the feces of 100,000
persons weigh 15,620 lbs. The fwces or solid portion
being to the fluid or urine as 1 to 16.

The average amount per head of the population is 89-1 oz.
of moist material, containing 2-2 oz. of solid matter, of
which about 291 grains are insoluble in water.

Dr. Letheby ascertained that a gallon of midday London
sewage contained 94 grains of solid matter per gallon, 55-7
of which were in solution and 38°2 in suspension. The
organic matter was 312 grains per gallon, of which 15-1
were dissolved and 161 suspended.

Professor Way found, as the result of ninety-eight analyses
of Rugby sewage, that a gallon of sewage contained 92-5
grains of solid matter, 29 of which were organic and 63-5
mineral. The nitrogen in the complete analyses amounted
to 618 grains per gallon, the phosphoric acid to 168 grains
per gallon, and the potash to 2-81.
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Dr. Letheby considered that 1000 persons of a town
population contributed 3750 gallons of sewage a day, con-
taining about 167 lbs. of organic matter, 33:3 lbs. of
nitrogen, 94 lbs. of phosphoric acid, and 69 1bs. potash.

A gallon of sewage yields as the mean of analyses by
Letheby, Hoffman, Witt, Way, and Voelcker :—

Organic matter .. .. .. 27°72 grains.
Nitrogen .. .. .. .. 621 ,
Phosphoric acid .. .. .. 157 ,,
Potash .. .. .. .. .. 203 ,

Dr. Hoffman and Mr. Witt, in 1857, took hourly samples
of London sewage from the Savoy Street sewer (which was
chosen as giving a fair specimen of London sewage), and
mixed these samples to produce an average. This yielded
80°7 grains of organic matter per gallon, 6°76 grains of
nitrogen, 185 of phosphoric acid, and 103 of potash.

Professor Williamson, in September 1877, analysed the
metropolitan sewage, at the northern outfall into the River
Thames, with the following result, according to a Report by
Captain Calver, F.R.S., on the Discharge of Metropolitan
Sewage into the River Thames :—

CONTENTS IN GRAINS PER GALLON.

One Hour | Two Hours
before Low | after High

‘Water. Water.
Suspended Matter—
Organio matter .. .. .. .. .. .. 37-24 104-97
Sand ce ee ee er ee e e 44-10 2352
Iron .. oo e e e er we e 4-90 1:96
Alumina . o e ee e e 4-90 8:40
Carbonate of lime .. 12:07 11-20
Oxygen and iron " combined with other 4-80 145
matters undetermined .. .. ..

Total suspended solids .. ..| 108:01 15150
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CONTENTS IN GRAINS PER GALLON—continued,

One Hour | Two Hours

before Low | after High

‘Water, Water.
Dissolved Matter—

Total .. & o0 w0 o . 81'00 103-60
Containing common salt .. .. N 4392 51-88
Ammonia in one gallon of sewage contain-
ing suspended and dlssolved matters—

Free . o ee e 4-13 4:09
Albuminoid .. .. er ee ee cee a 2:46 4:55
Total .. .. .. . . .. 6°59 8-64

The following are other official analyses of London
Sewage :—

in Grains per Gallon.
Letheby. —Avemge at all hours from ten large cxty} 38-15
sewers .. . .o

Hoffman and Wxtt —-Average from Maroh fo June 49293
1857 .. .. .. e e

Rivers Pollution Comm.lsmoners —Avemge from .
Fobruary to June 1869 .. .. .. } 4375

Mr. Keates analysed the raw sewage discharged into the
Thames at the Southern Metropolitan Outfall, at Crossness,
during August, September, October, and November, 1872,
and the mean of twelve analyses is as follows : —

IN GBAINS PER (GALLON.

Organic Total
Total Solids | Mineral Organic Ammonia. | Nitrogen

in Solution. | Mstters. | Maiter. | TiroSenss Nitrogen us
72 613 10-7 +265 1-615 1-947

The average amount of solid matter per gallon of sewage
may be taken at 90 grains, of which 28 grains are organic
and 62 grains inorganic.
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Other analyses of sewage are given in the Tables in the
Appendix.

Sewage varies in quality, and the ammonia contained in it
ranges from 2} grains per gallon to upwardsof 15 grains per
gallon. The chemist’s theoretical value is one farthing per
ton for each grain of ammonia in one gallon.

An average individual of a town population yields an-
nually 126 1lbs. of ammonia.

Dr. Letheby considered the constituents of urine when
dried to be worth 18I, 14s. 1d. a ton, and of fresh fwces
when dried 51 17s. 7d. a ton, and the dry matter of both
solid and liquid excreta of a mixed population 14l. 16s. 4d.
per ton.

A sample of Thames mud (550 cubic centimetres) taken
from a mud bank on the north side of Lambeth Bridge,
July 10, 1876, was examined by Professor Wanklyn, and
consisted of—

Water .. .. .. .. .. 69parts,
Solids, dry .. .. .. .. 81 ,
100

For agricultural purposes, 10 tons of average water-closet
sewage may be taken to be equal to 12 tons of sewage from
a non-water-closeted town.

To convert parts per 100,000 into grains per gallon,
muliply by 7, and remove the decimal point one place to
the left.

Frow IN SEWERs.

x = aren of sewer - the wetted perimeter in feet.
f = fall in feet per mile,

V = velocity in feet per minute.

A = area in square feet.

C = cubic feet delivered per minute,

V=557 x2F
C=VxA
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Mr. Hawkesley’s formula for calculating the flow through
pipes and sewers is as follows :—
. T HD
V="TA/T5aD

‘Where
'V = velocity in yards per second ;
H = head in inches ;
D = diameter in inches;
L = length of pipe in yards.

Sewage when fresh causes no nuisance, but after about
twenty-four hours, according to the weather, decomposition
gets in and it becomes putrefactive, producing deleterious
gases. If sewage is dealt with either on land or by chemicals
before putrefaction sets in, it is deprived of its capacity for
mischief or power to create a nuisance, as it is defecated
and rendered inodorous as soon as it leaves the sewers.
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CHAPTER III.
SEPARATE SYSTEM OF SEWERAGE.

‘WHERE the sewage of a town or district cannot be got rid
of without its having to be purified on land or by chemicals,
it is desirable where possible to exclude from the sewers
such part of the rainfall as is free from serious pollution ;
and this should be conveyed away by natural drains or
watercourses. A heavy rainfall cleanses the surfaces of roads,
yards, gutters, courts, &c., and the first flow of storm water
may be very highly charged with pollution. This, of course,
would be greatly reduced by a good system of scavenging,
such as should exist in large towns.

Notwithstanding the most complete system of scavenging
and cleansing, the filth removed from gutters and bye-streets
by #ain is very great. Analyses of the water flowing in the
London gutters after a heavy rain succeeding a dry period,
have proved it to be as foul as ordinary sewage as regards

. the amount of putrescible organic matter it contained.

‘Where provision can be made for disposing of the surface
water, the expense and difficulties attending a system of
sewerage are greatly reduced. The sewers can be arranged
to carry a volume which is, comparatively speaking, uniform;
consisting as it would of the fluid refuse from the houses,
without the addition of any but a small proportion of the
rainfall. In flushing the sewers from which the rainfall is
so largely excluded, the flushing chambers might receive
the first rush of storm water, carrying with it the foul
surface washings.

By bringing the volume of sewage to a more uniform
flow, the arrangements for purifying it can be more easily
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carried out, whether by land filtration or by chemical treat-
ment in tanks.

A second sewer is sometimes employed to carry off the
rainfall independently of the refuse. Where there are two
sewers, special care has to be taken to prevent confusion
arising between them, as workmen in connecting a house-
drain with the sewerage system might resort to whichever
sewer might happen to be the nearest. The second or clean
sewer might advantageously be employed to lower the level
of the subsoil water. Experience has proved the advantage
to health that results from the subsoil being drained to a
sufficient depth to preserve in a dry state the basements and
surroundings of houses.
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CHAPTER IV.
RIVERS POLLUTION.

TrE streams and rivers of Great Britain are likely to
remain polluted unless the efforts of the legislature to effect
their purification are better enforced, or unless the Acts of
Parliament bearing on the subject are so amended as to be
made capable of being carried into effect by the sanitary
authorities upon whom is imposed the duty of administering
them.

The great fault in sanitary legislation is that it is either
permisgive in its character instead of compulsory, or where
it is compulsory it is, through inherent defects, unable to
be enforced.

The Public Health Act of 1875 states that nothing in
the Act shall authorize 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 water-
course, 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, which
came into operation in August 1877, prohibits the passage of
sewage into streams, and enacts that it shall be an offence
to continue the pollution. It states that, “in determining
whether or not such an offence has been committed, it should
be noted that a marked distinction is drawn between the
cases in which the sewage is conveyed into the stream along
channels, the construction of which had not been commenced
at the time of the passing of the Act, and those in which
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it is so conveyed along channels then already existing or in
process of construction. In the former case, it will be an
offence against the Act for any sanitary authority to cause or
permit the discharge into any stream of any solid or liquid
sewage matter. In the latter an offence will not be deemed
to have been committed if it can be shown to the satisfaction
of the court having cognizance of the case that the best
practical and available means are used to render the sewage
harmless.” The words in italics, in the absence of any
authoritative guidance, involve difficulties which have caused
the Act to be practically inoperative.

It is desirable to have a reasonable definition of what will
be considered admissible under the varying circumstances of
towns, so as to enable the Act to be administered without
the friction which is experienced. To arrive at an authorita-
tive definition requires an intelligent grasp of the whole
subject, and as it would be difficult to frame clauses in an
Act which would be operative under all conditions, con-
siderable latitude ought to be given to meet the circum-
stances that arise in practice.

There is no necessity to insist on the high standard of
purity for the effluent water proceeding from either irrigation
or precipitation such as was fixed on by the Rivers Pollution
Commissioners, This was, so far a8 regards sewage pollu-
tion, that the fluid should not contain more than 0-3 parts
by weight of organic nitrogen in solution in 100,000 parts
by weight. It would be unnecessary to obtain as high a
degree of purity in an effluent discharging into rivers such
as the Clyde, the Thames below London Bridge, the Irwell
at Manchester, as into a small trout stream. The degree of
purity required should depend entirely upon the circum-
stances of each case.

Whilst referring to the Rivers Pollution Prevention Act,
attention may be called to the exemption which was made
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in it with regard to the metropolitan sewage and the River
Thames.

The Metropolitan Board of Works was created in 1855
for the purpose of sewering London and of purifying the
Thames. This duty was imposed on the Board at its forma-
tion, and it has fulfilled it to the extent of executing an
admirable system of sewerage, with outfalls into the Thames
at Barking and Crossness. These are supposed to remove
the sewage to where it no longer pollutes the river or the
metropolis, but it is generally considered that a large portion
of the sewage oscillates to and fro, and so returns to pollute
the river within the metropolitan area,and that the Board of
Works has only partially accomplished the task for which
it was specially created. In Clause III. of the Metropolis
Local Management Act Amendment of 1858, it expressly
states that the power conferred by the original Act of 1855
shall “extend to be applicable as well to works for
deodorizing sewage.” This clearly indicates that at that
time it was contemplated to apply some treatment to the
sewage at the outfall, before its discharge into the river.

The Conservators of the River Thames are supposed to
have statutory powers to prevent the Metropolitan Board
from causing or continuing this pollution, but the powers of
the Conservators as regards pollution appear from their Act
of 1867 to be confined to the preservation of the purity of
the river to the western boundary of the metropolis, so that
it may be necessary to establish the fact of the sewage passing
from the outfalls westward before steps can be taken to
diminish the evil.

The Conservators took action with respect to the outfalls
under the 20th and 21st sections of the Thames Conservancy
Act of 1870, on the ground that they have injuriously affected
the navigable channel by the formation of mud banks. These
sections of the Act provide that any banks or other obstruc-
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tion to navigation which resulted from the discharge of
London sewage into the river must be rectified at the expense
of the Metropolitan Board. This part of the case has been
dealt with by arbitration, and the award of the umpire (made
in the form of a report to the Board of Trade) has been
adverse to the Conservators.

The sanitary aspect of the question however was not gone
into, the inquiry being limited to what may be termed the
commercial part of the subject, which has reference to
ascertaining whether the Board of Works or the Conservators
are to bear the cost of dredging certain mud banks. The
result of this arbitration must not be considered to have de-
cided the sanitary part of the case. It would have been more
satisfactory had the consideration of the matter as it bears on
the public health been regarded as of equal importance to
the consideration of an interference with the river bed.

To enable the sewage that is now discharged into the
Thames at Crossness and Barking to be diverted and utilized
on land, an expense would have to be incurred in the acquisi-
tion of the enormous acreage required, as well as in pumping
the sewage to a sufficient height to control this area. Crops
produced on metropolitan sewage farms cannot cover the
cost of the additional pumping to command them. The
sanitary requirements of the case may probably be fulfilled
by applying inexpensive chemicals to act as deodorants and
precipitants, whilst avoiding an unnecessarily high standard
of purity.

Abundant information is now available to enable a town
to adopt a system which is the best suited to its requirements,
and of avoiding the unnecessary expense which many towns
have incurred by adopting an unsuitable method of sewage
disposal. It can be no longer alleged that there exist
reasons why any town, however situated, should continue to
cause river pollution.
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CHAPTER V.
FILTRATION.

IN many places efforts have been made to remove the im-
purities from crude sewage by artificial filters, or strainers,
formed of various materials, such as straw, burnt clay, char-
coal, coke, ashes, sand, gravel, broken stone, &c.

The glutinous character of sludge invariably clogs the
filtering material, which then ceases to be operative, and a
nuisance is created by the accumulation and decomposition
of the foul matter on the filter. The difficulty in disposing
of the offensive solids thus collected, together with the cost
of constantly cleansing and renewing the filtering material,
has led to this system being regarded as impracticable
except on a comparatively small scale and under favourable
circumstances. '

Some interesting experiments were made by Mr. George
Higgin (recorded in the ¢ Proceedings of the Institution of
Civil Engineers, vol. lvii.), for the purpose of removing the
suspended matter from the water of the River Plate, and
these apply to a certain extent to the filtration of sewage
water. He described the water in its best condition as dirty-
looking and yellowish. Leftin a stoppered bottle for months
together in perfect repose, it never became clear, always
remaining yellowish and opalescent. The matter in sus-
pension appeared to be finely comminuted clay, almost in a
colloid or gluey form, and incapable of mechanical precipi-
tation in any reasonable time. Only by the addition of alum,
or one of the persalts of iron, did it seem possible to effect a
precipitation of it. The finest filter paper, even in double or
triple folds, was powerless to separate the impurity. The

c
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result of many experiments led to his arranging a filter which
appeared to act efficiently. It consisted in placing finely
pulverized cinders between a layer of coarse sand at the top
and fine gravel at the bottom, each layer being a foot thick ;
and even this could have been reduced. The efficiency of
the filter appeared to be entirely governed by the inter-
position of the layer of cinders, the absence of even the fine
dust in the cinders diminishing the effect of the filter. To
obtain a perfectly brilliant water it was necessary to pound
the cinders very fine, and not to separate the dust. From
these observations it appeared that an efficient filter could
be made in the following manner :—

1st layer. 6 inches of fine sand at top.

2nd layer. 6 inches of finely pounded cinders, including
the dust.

3rd layer. 6 inches of fine sand.

4th layer. 2 inches of coarse sand.

5th layer. 6 inches of fine clear gravel at bottom.

The speed of an efficient filter should not much ex-
ceed 675 gallons per square yard per day, the proper
head to obtain which discharge would be from 4 inches to
6 inches.

These observations have reference to the filtration of foul
water, not to sewage.

In constructing filters for waterworks one square yard of
filter of the following construction is usually allowed for
each 700 gallons a day:—

1st layer. 2 feet 6 inches of fine sand at top.

2nd layer. 6 inches of coarse sand.

3rd layer. 6 inches of shells.

4th layer. 2 feet 6 inches of gravel at bottom.

Dr. Frankland made some experiments as to the filtration
of London sewage through 15 feet of sand and chalk, and he
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found that a very satisfactory purification was effected when
the sewage treated amounted to 5°6 gallons per cubic yard
in twenty-four hours, the purifying action being one of oxida-
tion, the organic matter being converted chiefly into carbonic
acid, water, and nitric acid.
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CHAPTER VL
IRRIGATION.

THE progress that has been made in the study of agricultural
chemistry of late years has helped to solve many of the
problems involved in the application of sewage to land.
The published data, which have reference to the properties
of the various soils to decompose sewage (at the same time
effecting its purification) and to utilize the ammonia and
other fertilizing ingredients for the nourishment of plants,
are of especial interest.

Dr. Voelcker, Dr, Frankland, Professor Way, and other
eminent chemists, have done good service in this direction,
and their investigations on the subject of the combinations
and changes which occur by the application of artificial
manures to different soils, and of sewage to land, deserve the
most careful study by those who have to advise in regard to
sewage disposal.

The following practical conclusions of Dr. Voelcker re-
specting the absorption of various soils by ammonia (the
most valuable fertilizing constituent of sewage) and its salts
may be advantageously quoted from the ¢Journal of the
Royal Agricultural Society, No. XXVIII., p. 544 :—

“1. All soils experimented upon had the power of absorb-
ing ammonia from its solution in water.

“2, Ammonia is never completely removed from its
solution, however weak it may be. On passing a solution
of ammonia, whether weak or strong, through any kind of
soil, a certain quantity of ammonia invariably passes through
No soil has the power of fixing completely the ammonia with
which it is brought into contact.
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3. The absolute quantity of ammonia which is absorbed
by a soil is larger when a stronger solution of ammonia is
passed through it; but relatively weaker solutions are more
thoroughly exhausted than stronger ones.

“4, A soil which has absorbed as much ammonia as it
will from a weak solution, takes up a fresh quantity of.
ammonia when it is brought into contact with a stronger
solution.

“5. In passing solutions of salts of ammonia through
soils the ammonia alone is absorbed, and the acids pass
through generally in combination with lime, or when lime
is deficient in the soil, in combination with: magnesia or
other mineral bases.

“6. Soils absorb more ammonia from stronger than from
weaker solutions of sulphate of ammonia, as of other am-
monia-salts. ‘

“7. In no instance is the ammonia absorbed by soils from
solutions of free ammonia, or from salts of ammonia, so
completely or permanently fixed as to prevent water from
washing out appreciable quantities of ammonis.

«8. The proportion of ammonia which is removed in the
several washings is small in proportion to that retained by
the soil.

«9, The power of soils to absorb ammonia from solutions
of free or combined ammonia is thus greater than the power
of water to re-dissolve it.”

Thoroughly drained land has the property of converting
the nitrogenous organic matters in sewage into nitrates.
These, however, are not stored up in the soil for utilization
when required ; but such as are not quickly absorbed by
vegetation pass through the ground beyond the reach of the
plant roots. In other words, the fertility of land is not
increased by applying larger volumes of sewage than the
growing crops on it can assimilate. This has been shown
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in the case of the well-known Craigentinny sewaged meadows
near Edinburgh, which were (and remain) composed of poor,
sandy land. Analyses of the soil, after many years of con-
tinuous irrigation with large volumes of sewage, prove that
it now contains only about 1} per cent. of organic matter,
and this is due solely to root fibres. These meadows, there-
fore, instead of having become converted into rich agricul-
tural land, still remain as they originally were, composed of
about 98 per cent. of pure silica.

A report by Mr. McKie, the City Surveyor of Carlisle, de-
scribes some interesting experiments of Dr. Hatfield Walker,
the City Analyst of that town, on six samples of earth, three
being taken from land which had been for years under
sewage irrigation, and three from land which had not been
irrigated.

The soil was at the surface of a rich alluvial character,
from 6 inches to 2 feet in depth, weighing, in situ, 68 lbs.
per cubic foot. This rested on a bed of sandy, alluvial soil,
from 3 feet 6 inches to 10 feet in depth, a cubic foot of
which, in situ, weighed 80 lbs.; and contained 84} per cent.
of pure sand. The samples experimented upon were taken
from one foot to three feet from the surface. The following
were the results : —

IRRIGATED SoIL. NON-IRRIGATED SOIL.

Per cent. Per cent.
Organic matter, humus, &c. 3°4 Organic matter, humus, &c. 3°1
Ammonia .. .. .. .. ‘016 | Ammonia .. .. .. .. ‘013
Organio nitrogen .. .. °006 | Organic nitrogen .. .. °005
Nitrates and nitrites .. trace | Nitrates and nitrites .. trace
Phosphates .. .. .. °016 | Phosphates S ) 1
Chlorides .. .. .. .. none | Chlorides .. .. .. .. none

These observations show that there is, practically, no
difference between the composition of the irrigated and
non-irrigated soils, the former being very slightly richer
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in the more insoluble substances contained in sewage; but
the characteristic ingredients of sewage, namely, chlorides
and nitrates, are conspicuously absent. It is therefore clear
that the nitrogenous matters are either absorbed by vegeta-
tion or pass through the soil.

The practical conclusion to be drawn from these and simi-
lar experiments is, that however well land may act as a puri-
fier of sewage for sanitary purposes, it can only be relied on
to utilize the manurial constituents of the sewage according
to the requirements of the crops for the time being assimi-
lating them, and that any excess of the supply of manure over
the demand by the crops is not stored up for subsequent use,
but is wasted, and passes off in the subsoil drainage either
partially or wholly purified, according to the nature of the
land, and of its preparation to filter and oxidize the sewage
passed through it. Land isnot made more fertile by filtering
the sewage of a thousand people through an acre, than it is if
the sewage of a hundred only is applied.

The varying nature of the results derived from irrigation
is evidenced by the fact thatin one case Dr. Frankland found
nearly 70 per cent. of the nitrogen originally in the sewage
escaping in the effluent water from the Lodge Farm, Barking,
when the sewage was not being properly applied to the land.
On the other hand, Colonel Hope states that on his farm at
Romford, during a whole year only 10°69 per cent. escaped
in the effluent, as the most careful supervision was exercised.

Further experiments made at Carlisle by Dr. Walker and
Mr. McKie in 1880 and 1881 are of great interest and
value in enabling practical conclusions to be deduced as to
the proportions of land to population. The experiments were
made on soil (known locally as Willow Holm) which con-
sisted of 3 feet of loamy earth overlying sandy soil. The
observations were made on the soil without the aid of
vegetation.
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It should be stated that the sewage of Carlisle is weak,
being only one-third of the average strength of the analyses
which are given at page 71, taking the albuminoid ammonia
as the basis.

A box contained a column of topsoil 3 feet high by 6 inches
square, equivalent to § cubic foot, representing the soil from
the surface to the depth of 3 feet. Great care was taken
to have the soil of the same density as when in situ. This
was done by taking the weight of a cubic foot of the soil
in situ, putting 3 of this weight into the box, and shaking it
down to the 3-foot mark.

Ezxperiment 1.

The experiments commenced on the 16th July, 1880. Two
ounces of sewage were applied night and morning. This
was equal to 4 ounces daily, or 8712 gallons peracre drained
6 feet deep, or nearly 1 gallon per cubic yard. Two ounces
of water were also applied, which was equal to 35 inches
rainfall per annum.

ANALYSIS OF THE SEWAGE BEFORE FILTRATION. )

Free ammonia.. .. .. .. 25' milligrammes* per litre.t
Albuminoid ammenja .. .. 7 ” »

ANALYSES OF EFFLUENTS.

1880. Free Ammonta, Albuminoid Ammonia.
Sept. 10. *46 milligrammes per litre *38 milligrammes per litre.
Nov.1. -48 ,, » -38 ” »
Dec.10. 44 ” *40 ” »

1881. )

Jan. 5. ‘52 » 40 » ”

1881, January 31st.—Commenced to apply 8 ounces (or
twice the previous amount) daily, equal to 17,424 gallons per
acre 6 foet deep, or 2 gallons per cubic yard ; the 2 ounces of
water being applied as before.

* A milligramme = *015 grains.  { A litre = *22 gallons,
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ANALYSES OF EFFLUENTS.
Free Ammonia. Albuminoid Ammonia.
March 4. 38 milligrammes per litre 80 milligrammes per litre.
July 12. -35 milligrammes per litre  *75 milligrammes per litre.
Allg. 18. 20 » ” 58 ”» ”

Experiment 2.

A second box was set up similar to the first in every
respect. In this case, however, the sewage was applied twice
weekly, instead of twice daily. The experiment commenced
on the 22nd of May, 1881, and represented the application of
17,424 gallons 6 feet deep (or 2 gallons per cubic yard),
together with 35 inches rainfall. The soil was saturated
with water before putting in the sewage.

ANALYSES OF EFFLUENTS.

1881. Free Ammonia. Albuminoid Ammonia.
June 1. 1°68 milligrammes per litre 64 milligrammes per litre.
» 13. 8°80 » » *60 ” P)
Jllly 12. 70 ” ” 35 ”» ”
Aug.8. °30 » »» 30 » ”»
Exzxperiment 3.

A box exactly similar to the two previous ones was filled
with bottom soil taken from 3 feet to 6 feet below surface.
The experiments commenced on the 16th July, 1880. Two
ounces of sewage were applied night and morning together
with 2 ounces of water.

1880, ANALYSES OF EFFLUENTS.
Aug. 26. 48 milligrammes per litre -28 milligrammes per litre.
Sept. 9. -40 ”» 9w ‘24 ” ”»
Oct.29. 42 0 -28 " ”
Nov. 16. 38 » » *26 » 2

Feb, 21st, 1881.—The quantity was increased to 17,424
gallons per acre drained 6 feet deep, together with 85 inches
rainfall per annum.
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ANALYSES OF EFFLUENTS.

1881. Free Ammonia. Albuminoid Ammonia.
June 4. 2-90 milligrammes per litre 1°00 milligrammes per litre.

” 13. 2:00 ”» " 1-8 ” »
July12. 75, ,, 1-9 » »
Allg. 8. 70 2 P 2-6 » 9

9 30. 110 ”» 9 3-2 ” ”

Ezxperiment 4.

A square foot of the soil was dug out, and put into the box,
care being taken as before that each foot in depth occupied a
foot of the box, thus when the box was filled the soil was
exactly in the same “ compactness ” as when in situ. :

The experiment commenced on the 23rd April, 1881, by
applying 71-08 oz. twice daily, equal to 4 gallons per cubic
yard, or nearly 40,000 gallons per acre.

During the first fortnight it percolated within one hour
with the following effluent : —

ANALYSES OF EFFLUENTS.
Free Ammonia. Albuminoid Ammonia.
May 23. 1°12 milligrammes per litre 40 milligrammes per litre.
On June 4th it percolated in 4} hours.
On June 9th it percolated in 6 hours.
On June 13th it did not pass through in 12 hours.
An equivalent quantity was then applied twice a week
with the following results :—

ANALYSES OF EFFLUENTS.

Free Ammonia. Albuminoid Ammonia.
June 13. - 86 milligrammes per litre 36 milligrammes per litre.
” 23. 1-50 ”» » 1-25 ”» ”»

July 1.  (percolating in 5} hours).
,» 3. 3°80 milligrammes per litre  1-30 milligrammes per litre.
Aug. 4. 9°00 » » 370 s
,» 12.  (aftera week’s stoppage an equivalent quantity was pasaed).
,» 13.  8°40 milligrammes per litre 1*60 milligrammes per litre.
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The more important conclusions to be learnt from the
foregoing experiments are :—

1st. A confirmation of the well-known fact, that it is
necessary to give the soil sufficient time to become thoroughly
aerated (the soil operated on required at least one week’s
rest). If the sewage be applied too often not only does the
nitrification often completely stop, but the soil entirely
ceases to allow percolation and becomes clogged.

2nd. The results of No. 2 experiment show the advantage
of the intervals of rest, the analyses improving as the soil
gets established.

3rd. Provided that sufficient time be allowed between the
application of the sewage (four to eight days), and that the
quantity of sewage be not in excess of the power of the soil
to deal with, it does not appear that the soil loses its power
(even unaided by vegetation), and does not tend to become
saturated,

4th, The amount of sewage that this soil dealt with would
appear to be about 3 gallons per cubic yard, or 30,000 gallons
per acre. As, however, the effluents are not so pure as
is usually desired, and as the sewage is very weak (having
only one-third of the albuminoid ammonia contained in the
sewage of the towns referred to in the analyses at page 71),
it would be safe to regard this soil as being capable of
purifying only 2 gallons of average sewage per cubic yard,
or 20,000 gallons per acre.

6th. The most striking fact that these experiments exhibit
is that the top 3 feet of loamy soil has a much better puri-
fying effect than the bottom or sandy soil.

From the Table in the Appendix it will be seen that the
average of nineteen towns gives 195 acres to a million gallons
of sewage, or 5128 gallons per acre. It follows therefore
from the foregoing conclusion 4 that the soil experimented
upon at Carlisle was capable of purifying about four times
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the average given in the Table where (in the majority of
instances) ordinary irrigation was in operation. As the
Table shows that the sewage of 137 people to the acre was
.the average result in these cases, it further follows that with
" soil similar to that at Carlisle the sewage of from 500 to
600 people could be purified per acre, were the land prepared
and drained as described.

Dr. Frankland many years ago made experiments on
the filtering power of certain earths, which led to the assump-
tion that the sewage of 3300 people could be purified on
an acre of land. These anticipations have not been realized
in practice, but the experiments of Dr. Frankland have been
useful in indicating the points which have to be kept in view
to obtain efficient filtration. He showed the necessity for
the filtering area being allowed from six to twelve hours’
rest between each application of the sewage, for aeration, and
that this alternation will not suffice if the effluent water does
not flow freely off from the bottom of the filter. When this
takes place, atmospheric air follows the last part of each dose
of sewage as it sinks through the filtering material, and so’
oxidizes the organic matter retained in its pores. The
difference that has been found between theoretical and
practical results has been attributed to the fact that those
who made deductions from Dr. Frankland's experiments
made no allowance for the soil being of a less density
than in its natural state. His experiments led him to
the opinion that one cubic yard of sand or of Hambrook
soil could purify continuously 4-4 gallons of London
sewage per twenty-four hours, whilst one cubic yard of
Beddington soil could cleanse 7°6 gallons, and one cubic
yard of Dursley soil could cleanse 9°9 gallons, or nearly
100,000 gallons per day per acre, provided the land were
drained 6 feet deep.

The application of sewage to land in the maximum

.
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volumes has sometimes been termed “ intermittent filtration,”
and this has generally been considered as involving a sacrifice
of agricultural results. This view, however, is disclaimed by
Mr. Bailey Denton in a recent pamphlet, in which he defines
intermittent filtration as ¢ the concentration of sewage at
regulated intervals on as few acres of land as will absorb and
cleanse it without preventing the production of vegetation.”
He expresses the opinion that the sewage of 1000 persons
can be applied to an acre of such soils as are most suitably
constituted, and of 250 persons to those soils which are least
suitably constituted. Intermittent filtration need no longer
be regarded as a system.

The information that is now available should be the means
of preventing in future those prolonged conflicts which occur
when land is required by a local authority for sewage
disposal. There can be no longer any justification for ex-
perts advancing the widely dissimilar views that have been
met with as to the areas of land that should be acquired, or
the conditions which should obtain in reference to irrigation.
Most towns should be able to effect the purification of their
sewage on land, and if a large area cannot be obtained for
broad irrigation, a skilful manipulation of & much smaller
area will enable a large volume of sewage to be purified
on it.

Loamy, porous soil is the best for sewage irrigation from
a sanitary point of view. Where the land is of a stiff, clayey
nature, it requires to be broken up and deep drained. In
laying the drains, special care is necessary to ensure their
protection from the direct passage of the sewage and surface
water into them through cracks and open spaces. These are
so difficult to prevent, that clay soil is a very undesirable one
to employ. There are several instances where great expense
has been incurred in the attempt to convert clay land into a
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farm suitable for sewage purification. Such land should be
regarded as unsuitable for the purpose.

Sewage farming has too frequently been regarded only
from its agricultural point of view, whereas it must be treated
a8 a combination of both sanitary and agricultural interests.
These two, however, can only be successfully combined
where a sufficient area of land is acquired to enable the crops
cultivated on it to receive the sewage only when it can be
utilized. When this cannot be accomplished, the agricultural
part of the matter must be disregarded, and the filtration
and purification of the sewage as a sanitary necessity only
kept in view. The attempt to combine the two under these
circumstances involves a sacrifice of the sanitary require-
ments.

The reason why sewage farming has been so unduly pressed
and advocated is, that in the early days of sewage utilization
(before it had been subjected to any accurate scientific
scrutiny), those who directed public opinion on the question
came to the conclusion that the full chemical value of sewage
could be realized by its application to land.

With reference to the sanitary aspect of sewage farming,
it has been asserted by some that the health of those living
in the immediate neighbourhood is injuriously affected, and
it has been stated with equal positiveness that this is an
entire fallacy. There are times when the sewage carriers
will have films of sewage over their surfaces, which thus
evolve gases or germs capable of polluting the air.

The fear of sewage farming being badly conducted is so
great that the. opponents of irrigation schemes have mno
difficulty in creating & prejudice when they are near
dwellings. '

Sewage farming has in many cases cost far more than is
necessary, owing to the works for distributing the sewage
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over the land having been constructed of a needlessly
expensive character. Simple and inexpensive arrangements
will suffice, and economy in this respect cannot be too
strongly insisted on.

If the main channels or carriers are constructed substan-
tially in concrete, the tributary ones can be made by hand or
by the plough. Main carriers should have a fall of about
1 in 400, and the distributing carriers should have a fall of
about 1 in 800.

Before applying sewage to land, the solid portions should
be removed by subsidence in catchment tanks, which ought
to be open, and be placed remote from dwellings. They
require frequent cleansing, the solids being removed or
dug into the earth, otherwise a serious nuisance will be
occasioned.

Italian rye-grass is one of the best crops for sewage, as its
capacity for absorption is enormous, and it occupies the soil
go 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 consump-
tion in the district being less than the supply.

In the Local Government Board Bluebook, p. xxxiii, it
is stated that “no growing crop, save natural grass, should be
sewaged during the depth of winter, and for potatoes, turnips,
most vegetables, and certainly for all pulse and cereals, the
land ought rather to be enriched by frequent irrigation in the
preceding season, than treated with sewage when these crops
are growing, except in times of great drought, and even then
care is requisite.”

Osiers are very useful plants to absorb the organic impu-
rities in sewage. The American water-weed, anacharis, is a
very gross feeder, and will assimilate enormous quantities of
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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 ranun-
culus, liverwort, and watercress.

The fertilizing value of sewage, on which so many erro-

“neous expectations have been based, has been proved to be seri-
ously 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 useless to the land.

It is desirable to apply sewage to green crops, or root
crops proper, and to avoid plants which must flower or fructify
before being gathered.

In nineteen towns referred to in the Table in the Appendix
the average amount of land employed isan acre to 137 people
and the average flow per head of population per diem is 38
gallons of sewage.

The difficulties attending the employment of too small an
area of land for sewage purification purposes are experienced
by a great number of towns where sewage farms have been
established, and where the efforts of the sanitary authorities
to acquire further land are met either by exorbitant claims or
determined opposition on the part of the owners of it.

A very interesting paper, by Dr. Allen Sturge, was read
before the Institution of Surveyors in 1879 on the sewage of
Paris. It appears that about 70 per cent. of all the houses in
Paris are provided with large cesspools, and even where this
system is not adopted, the solid excrement is not allowed to
enter the sewers. It follows therefore that the refuse con-
veyed by the sewers of Paris is wanting in the organic con-
stituents which govern the arrangements in regard to its
purification.



IRRIGATION, 33

The composition of the sewage of Paris was given by Mr.
Target, in a paper which was read at the Institution of Civil
Engineers, as being 8700 grains of organic matter and 18,920
grains of inorganic matter per cubic yard. The mean of
analyses of sewage by Letheby, Hoffman, Witt, Way, and
Voelcker, as given on page 7, yielded 2772 grains of organic
matter per gallon, which is equivalent to 4667 grains per
cubic yard. The mean of analyses of London sewage (where
the houses are all connected) was determined by Hoffman and
‘Witt as yielding 307 grains of organic matter per gallon,
which is equivalent to 5168 grains per cubic yard. It is
clear that the above analyses of Paris sewage, must refer to
exceptional samples.

Several analyses of sewage from the Collecteur d’Asniéres
gave, according to Mr. Target, the following as the composi-
tion of one cubic yard :—

1bs.

Organic matter, including *07 1b. of nitrogen .. .. 124

Mineral or inorganic matter, including 03 1b. of phos } 270
phoric acid o e e s ee e .

3-94

This is equivalent to 565 grains per gallon of organic
matter and 123 grains per gallon of inorganic matter.
. The water-carried sewage of Paris, to the extent of
10,000,000 gallons a day (the whole sewage of Paris amount-
ing to 60,000,000 gallons a day), is pumped on to 914 acres of
land at Gennevilliers. This land is of a character exceedingly
suitable for the filiration of sewage, inasmuch as it consists
of 4 to 5 inches of vegetable soil with about 10 feet of mixed
sand and gravel subsoil. The foregoing figures show that
the proportion of land to sewage is 91 acres per million
gallons, whereas it is shown in the Table in the Appendix,
D
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that nineteen towns in England give an average of 195 acres
per million gallons of sewage.

These towns, however, have to deal with sewage proper,
containing all the organic impurities which are really the
measure of the purifying work the land has to accomplish, so
that the data in regard to the disposal of the sewage of Paris
must not be relied on as directly applicable to towns in this
country.

However satisfactory the agricultural results may be of
disposing of this portion of the sewage of Paris, objections
have been apparently experienced to the Gennevilliers sewage
farm. Dr. Sturge says in his paper, “ Great complaints have
been made at Gennevilliers by those who are opposed to the
irrigation scheme, that the health of the inhabitants is not so
good as before its introduction, in consequence of a rise in
the level of the subterranean water, which now invades the
cellars of their houses.” M. Lefévre, President of the
Société des Géometres of France, who has had to make
valuation surveys of this district for the Civil Courts of
Paris, says, “ Gennevilliers is a large agricultural village,
and at one time had fine prospects of extension. The value
of building land had increased to a very large degree, but
as soon as the neighbourhood between Gennevilliers and
Asniéres was seen to be invaded by the muddy and infected
waters of Paris this land lost a great part of its value.
The soil, however, has acquired a high degree of fertility.”
And again, “ My personal opinion is, that the dispersion of
the sewage outside the great town must be considered as a
public misfortune for the localities infected by it.”

The agricultural value of the land, however, has risen since
the cultivators of it have had the means of irrigating it.
Land of the 3rd class, which before irrigation sold for about
401, per acre, sold for 90l per acre after irrigation, first
class land selling for 771. per acre before irrigation. It is
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estimated that the advance in value of the land averages not
less than 3l. to 81. 10s. per acre per annum.

Whatever agricultural advantages may accrue from uti-
lizing sewage on land, the situation of the land requires
careful consideration, as it must not be too near to habita-
tions, otherwise the advantages are outweighed by the
disadvantages.

If the neighbourhood of large towns in this country
resembled that of Paris less difficulty would be experienced
in the utilization of the sewage on land. The great subdi-
vision of property at Gennevilliers, together with the sandy,
hungry nature of the soil, creates a demand for liquid manure
such as is rarely found in England. The small holders of
land near Paris utilize the sewage on 700 acres out of the
914 under irrigation for *culture maréchaire,” or market
gardening.

Owing to the prejudice on the part of the cultivators
against employing the sewage of Paris, it has been necessary
to allow them to have the sewage for nothing, and the town
has been glad to dispose of it thus,

The agricultural results accruing from the application of
the sewage water of Paris to this kind of soil is exhibited in
a Report issued by the Société des Agricultures de France, in
1876, as follows :—

On Irrigated Lands, per Acre. On Lands not Irrigated, per Acre.

Wheat, from 30 to 55 bushels .. ..
Rye (green), from 122 to 210 cwt. } From 38} to 65 owt.
Grass lands— oot 923 .

Green Lucerne, from 0 923 cw

Rye grass, 1023 cwt. .. .. } From 84 to 131 owt.
Mangold wurzel, 892 cwt. .. .« | 869 cwt.
Potatoes, from 687 t0 797 bushels .. .. | 453 bushels.

D 2
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A further Report, issued by a Commission which was
appointed in 1877, gave the following results :—

Cabbages .. '.. .. 28tons peracre.
Carrots .. .. .. .. 20 , »
Beetroot .. .. .. .. 48 »
Beans

The quality of these products, however, has been to some
extent questioned, as the potatoes were found at times to be
watery and poor in quality.
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CHAPTER VIIL
CHEMICAL TREATMENT.

CHEMIOAL treatment (or precipitation) of sewage, if efficiently
conducted, enablés the solid and part of the dissolved
impurities in sewage to be removed, and an effluent water
produced which could be passed into large rivers or where
the highest degree of purity is not required. The remainder
of the impurities which chemical treatment cannot remove,
may be abstracted by passing the effluent from the precipi-
tating tanks through a small area of land serving as a
filter.

The purification of sewage by chemicals has been the
subject of misapprehension, owing to the extravagant advan-
tages which have been claimed for the system by its advo-
cates. By askilful combination of the best chemical systems
with filtration of the effluent through land, many towns
which are unable to get land, can deal with their sewage at
a moderate cost, and can produce an effluent water quite
capable of complying with a high standard of purity.

At Bradford, where the lime process is admirably worked,
the effluent contains 4 parts per million of albuminoid
ammonis, at Birmingham 6-6 parts per million of albumi-
noid ammonia, and at Burnley 3 parts per million; in all
three lime is used. The two latter cases are shown in the
Table in the Appendix. At Aylesbury, the effftuent from the
native guano process (which is based on sulphate of alumina
a8 a precipitant) contained the smaller proportions of 1:57
and 2:60 on two occasions, and the effluent from the
third settling tank is shown by the Table in the Appendix to
give as low as 0°7 of albuminoid ammonia per million parts,
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the crude sewage from which this good result was obtained
containing 660 of albuminoid ammonia per million.

Most of the published information about precipitation
has been written from one stand-point, to advocate some
special system, rather than to afford data to enable a com-
parison to be made between systems.

The data as regards precipitation which are given in the
Local Government Board Bluebook of 1876, might advan-
tageously be studied in conjunction with those recently
obtained for the Department by Dr. Angus Smith.

In order to enable reliable deductions to be made regard-
ing the cost and efficiency of precipitating systems, it is
necessary that certain main principles should be laid down
at the outset to serve as a basis on which comparisons can
be founded. For instance, the quality of sewage and the
number of the population connected with the sewers, as well
as the flow per head, should be kept in view. The cost of
the chemicals should be considered, both with reference to
the quality of sewage operated upon, and also with reference
to the standard of purity of the effluent produced. The
bulk and value of the resultant sludge also must not be
overlooked.

In making analyses of effluent waters from precipitation
processes, a note should be made as to the qualities of the
sewage from which they are derived. For instance, the
time of day at which the sample examined is taken should
be recorded, the amount of dilution of the sewage by subsoil
water noted, the presence or absence of manufacturing refuse,
and the extent to which water-closets are employed should
be observed, all these being factors. All practical purposes
will be served if what are termed sanitary analyses only are
made. These show the amounts of chlorine and of free and
albuminoid ammonia, the latter being a sufficient guide as
to the sanitary condition of the water.
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The amount of chlorine contained in an effluent water
may be generally taken as a guide to the strength of the
sewage operated upon.

The varying methods adopted by chemists of describing
analyses is very inconvenient, and it is desirable for them to
adopt a uniform system by which analyses can be compared
with each other. In many analyses it is mnecessary to
convert parts per 100,000 into grains per gallon, which is
done by multiplying by seven and removing the decimal point
one figure to the left.

Dr. Voelcker, F.R.8., in the ¢Journal of the Royal
Agricultural Society of England, No. XXVIIL, states,
“ What is to be done with the sewage in localities where
clay soils abound or the land is so situated as to render
irrigation impracticable? In such a case the best plan would
appear to be to purify raw sewage by means of chemical
precipitating agents sufficiently to admit of the clarified and
partially purified effluent being poured into a watercourse
without creating a nuisance. Numerous experiments with
all kinds of precipitating agents, and the experience of
others on a large scale, have led me to the conclusion that
by far the most efficacious and on the whole the most
economical precipitating agent is crude sulphate of alumina,
assisted by the addition of just enough lime to render the
effluent slightly alkaline, and to effect the complete pre-
cipitation of the alumina from the crude su]phate.”

During the last year or two considerable advances have
been made in increasing the efficiency and simplifying the
working of chemical treatment of sewage, and these results
have done much to remove the previous difficulties which
attended precipitation.

Sulphate of alumina, sulphate of iron, and perchloride of
iron have long been known as disinfectants and purifiers of
sewage. The disinfecting properties of a salt of iron were
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brought prominently forward in 1859 in Dr. Frankland’s
Report to the Metropolitan Board of Works in reference to
the various schemes then under consideration for deodorizing
the sewage at the outfalls. He stated that after examining
all the processes only one appeared to satisfy the necessary
conditions, and that system was “ Dale’s Muriate of Iron,”
which was essentially a concentrated solution of perchloride
of iron. Dr. Frankland compared the action of lime and
chloride of lime and perchloride of iron, and showed that,
both for immediate action and permanency of effect, the iron
exhibited markedly superior results. He ascertained by
experiments in a tank holding 7500 gallons, that this
quantity was immediately deodorized by either of the fol-
lowing agents :—

Cost per 1,000,000
Proportion. Gallons. |

' £ s d
Perchloride of iron .. .. .. .. } gallon 113 3
Chloride of lime .. .. .. .. .. 3 lbs. 2 2 10%
Lime .. .. . & . o . 1 bushel 3 6 6

Careful trials were made as to the permanency of the effect,
and with this result, that whereas the sewage to which lime
alone was added soon became offensive, that to which the
iron had been applied remained free from smell even after
the lapse of nine days.

Mr. Dover in 1851, Mr. Herepath in 1853, and Professor
Way more recently, have employed salts of iron to purify
sewage.

Dr. William: Wallace, of Glasgow, has given great attention
to the comparative merits of lime and sulpbate of alumina.
The following is the opinion he has formed, as stated in a
valuable paper read by him on the “Chemistry of Sewage
Precipitation.” He considers that although alumina produces
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a somewhat more satisfactory effluent, the increased cost of it
is not & sufficient compensation. He states, “ If, however, a
very cheap variety of sulphate of alumina with some sulphate
of iron can be obtained, or if the liquor obtained by lixiviating
calcined alum shale is available, if in fact the cost of alumina
or & mixture of alumina and oxide of iron could be approxi-
mated to that of lime, I would have no hesitation in recom-
mending its use in preference to lime.”

In all these combinations the practical objects to be ac-
complished should be: 1. To obtain with cheap chemicals
a fairly good effluent, relying on filtration through a small
area of land to complete the work of purification; 2. To
effect this with the production of the minimum amount of
sludge.

Some of the sulphates of alumina of commerce, containing
about 14 per cent. of alumina, can be used without involving
patent rights. The efficiency of the sulphate of alumina is
increased when it contains a salt of iron.

The proportions in which the sulphates of alumina, salts
of iron, or other chemicals should be employed, cannot be
safely or readily stated, inasmuch as they vary with the
circumstances of each case.

Those towns which are situated near the coal-fields can
utilize the shale derived from the coal workings, and by
applying acid to it, & cheap sulphate of alumina can be made.

A combination of chemicals has been tried at Taunton with
apparently satisfactory results. The mixture for the treat-
ment of 500,000 gallons of sewage & day is as follows :—

10 cwt. of lime, costing 5s.

1} ewt. of coarse mineral salt brought from Droitwich, costing 1s. 13d.

3 quarts of carbolic acid, costing 9d.

This makes a total daily cost of 6s. 104d. for treating
500,000 gallons, or 13s. 9d. per million.

The results derived from the application of chemicals to
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sewage, depend a great deal on the construction of the tanks
in which precipitation takes place. Where they are shallow
and the velocity of the sewage through them is great, the
suspended particles, although heavier than the fluid in which
they float, are unable to sink by gravitation, but remain
suspended long enough to be carried through the tanks by
eddies and upward currents. Many precipitation works now
in operation have this defect.

An error that is frequently fallen into, is that of applying
the cost of treatment of small volumes of sewage to large
ones. Dr. Frankland and Dr. Hoffman, in their Report to
the Metropolitan Board of Works on the deodorization of the
sewage of London by chemicals, state: ¢ We beg to express
our opinion, based upon the experience acquired during this
investigation, that the disinfection of vast volumes of sewage
can be more easily accomplished than is generally believed,
and than we ourselves anticipated at the commencement of

our inquiry.”
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CHAPTER VIIIL
LIME PROOCESS.

Live being a cheaper precipitant than sulphate of alumina
and other chemicals, it may seem that its use necessarily
produces economic results. This is, however, not always
the case, as any saving in the purchase of the cheaper pre-
cipitant may be more than counterbalanced in dealing with the
large volume of sludge which it produces, and which is
composed principally of carbonate of lime and non-nitrogenous
organic matter.

An objection to the use of lime arises where the effluent
passes into a river containing fish, as free lime is most in-
jurious to fish, Where it is used under these circumstances
great care must be taken that free lime does not escape.

The effect of the addition of lime to sewage was carefully
observed many years ago by the leading chemists, and it was
found by Dr. Letheby that the dissolved impurities were
reduced from 70 to 67 grains per gallon, and the suspended
matter from 19 to 1-7. Further experiments on London
sewage showed that with 12 grains of lime per gallon, and
with an average of many samples of sewage containing 15-0
grains per gallon of dissolved organic impurity, 4*20 only
were removed, and of 940 grains per gallon of suspended and
dissolved organic and mineral impurities 54 grains only were
removed.

Dr, Frankland investigated the effects of treating the
sewage of Leicester with lime, and gives the following as the
results: —
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ANALYSES ExPRESSED IN PaARrTs PER 100,000.

Total | Total
Solid Or-

com-
Description. Matters | Organic, ganic | Am- Iblned Suspended Matter.
in Solu-| Carbon. | Nitro- monia, N0

tion. gen. gen.
Leicester sewage | 107+3 [2:017 | *809 [2-083 252410+ 50(1162122* 12

Leicester sewage |
after treatment )| 85°9 |1:514 | -452 |2°552 2-553/12-10( 4-70/16°80
with lime

The analyses in Dr. Angus Smith’s Report relating to
Birmingham give the following results expressed in parts
per 100,000 :—

Description. Amia. m‘:gg‘;f Chlorine.
Crude sewage .. .. .. .. 2:70 1:05 24-16
Effluent from settling tanks .. 3:22 0-66 15-78
Effluent after irrigation .. .. 1-275 0-21 11-46

Dr. Letheby, in a Report to the Referees appointed by the
Metropolitan Board of Works, gave the following practical
directions to be observed where the lime process is em-
ployed :—

1. The lime should be used in & perfectly caustic state,
and in the proportion of not less than 12 grains per gallon
of sewage.

2. It should be well slaked with water and got into a
finely divided or creamy state.

3. It should be thoroughly mixed with the sewage, and
well agitated before it is set aside to deposit.

4. The precipitate should be allowed to settle with the
liquid quiet for at least one hour.
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6. The deposit should be consolidated and deprived of its
water as speedily as possible.

In practice it is found that to enable perfect rest to be
given to the combined precipitants and sewage, very large
tank accommodation is involved, and to obtain a clear effluent
the process has to be worked on the intermittent, and not the
continuous system. In hot weather the lime process has to
be used still more carefully, as putrefaction sets in rapidly,
and makes both the effluent water and the sludge become
offensive.

Lime of a particular quality is desirable, as will be seen
by reference to the analyses on page 47.

Lime Process—Bradford.

This place may be taken as a good example of the lime
process now in operation, and data respecting it are derived
from Mr. Alsing, the Manager.

The population is about 173,000, covering an area of
7221 acres, giving & density of population of 24 to an acre.
The number of water-closets is about 2000, and of dry closets
8000. The flow of sewage is 8 to 8% million gallons per
day, or nearly 50 gallons per head. The sewage is of a
manufacturing character, containing much dye refuse.

The Corporation having been compelled by injunction in
1868 to cease polluting the Bradford Beck, works were
erected by them at a cost of about 60,000l. to enable a
company to filter the sewage through peat charcoal. This
was & commercial failure, and the Corporation adopted pre-
cipitation by lime. The works were accordingly altered to
suit at a further cost of 3600l., part of the original ex-
penditure being thrown away. It should be recorded that
the 60,0000. referred to includes the outfall sewers from the
town to the works, and the diversion of and covering over
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the Bradford Beck. The cost of the precipitation works
alone may be taken at about 40,0001

Before the application of lime to the sewage, the solids are
strained away from the sewage, yielding about 300 tons a
year in a dry state, which are sold for garden manure at
2s. 6d. a-load. After the removal of the solids, the sewage
is passed through four culverts (to diminish its velocity),
and it is then delivered into the precipitating tanks. There
are 34 tanks, each 23 feet by 28 feet, having an average depth
of 5 feet, the capacity of each being 18,000 gallons.

The combined sewage and lime are allowed to remain at
rest from half an hour to forty minutes. The supernatant
water from the tanks passes through a series of 34 filter
tanks, 12 feet by 23 feet, filled with 2 feet of coke. The
sludge runs from the precipitating tanks by its own gravity
into a sludge collector, from which it is pumped into open-
air drying beds specially constructed for that purpose.
From these it is removed in a portable condition, and is
utilized by the farmers of the neighbourhoed. The cost
of the removal of the sludge is defrayed by people who have
contracted to take all that is produced.

The following was the actual cost for the year 1876,
according to the abstract of the Corporation accounts for

that year :—

£ s d

Salaries and wages .. .. .. .. 263617 4
Rates and taxes .. .. .. .. .. 35 0 2
Materials, &e. ee ev ee e .. 1448 811
Repairs .. .. .. . .. . .. 2038 90
Miscellaneous .. .. .. .« .. .. 479 8 2
Total .. .. ..£4803 8 7

In the year 1877 further improvements were made by con-
centrating the machinery, &c., so that the item for salaries
and wages became reduced in the year 1878 to 1998l. The
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average cost of dealing with sewage and sludge since then
has been 40001 per annum.

Allowing 5 per cent. interest on 40,000l as representing
the capital expended on the precipitating works and appli-
ances, an addition of 2000l. would have to be made to the
above sum of 40001 to arrive at the total cost to the Corpora-
tion for the clarification of the sewage of Bradford. This

" would be 60007, a year as the cost, or rather more than 8d.
per head per annum of the population.

About 8 tons of lime are used per diem, or 1 ton per
1,000,000 gallons. The lime requires to be thoroughly dis-
integrated and reduced to an almost impalpable powder, in
order to ensure its being completely dissolved and mixed with
the sewage, otherwise the quantity of lime that would be
used to produce the same result would be much greater.

Numerous experiments have proved that in order to obtain
satisfactory results the best lime only must be employed.
Analyses of suitable and unsuitable qualities of lime have
been made by Dr. Wallace, of Glasgow, and are as follows :—

ANALYSES OF THE INGLETON LIME USED AT THE BRADFORD CoOR-
PORATION SEWAGE WORKS, AND OF TWO OTHER DESCRIPTIONS
FOUND TO BE UNSUITABLE :—

| Ingleton. | Shipley. | Knottingly.

Lime .. .. .. . . . 9478 65°94 60°76
Magnesia .. .. .. .. .. 36 ‘99 +90
Oxide of iron .. .. .. .. ‘14 28 70
Phosphorie acid o e e trace 48 +06
Sulphuric acid .. .. .. .. trace 3-46 1-63
Carbonicacid .. .. .. .. 3-05 6-40 17-54
Alumina .. .. .. .. .. 75 375 1-75
Siliea .. .. .. . . . *95 7:50 875
Water.. .. .. .. .. . . 1036 763

100°03 99-16 9972

Nore.—The Shipley and Knottingly lime had been kept for some time, and had
. absorbed some carbonic acid and water.
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The following analyses relating to Bradford, are given in
the Report by Dr. Wm. Wallace, of Glasgow, on the methods
of disposing of sewage, which was prepared for the authorities
of that town :—

ANALYSIS OF A SAMPLE OF SEWAGE TAKEN AT A TiME oF Day
WHEN IT WAS FOULEST.

Grains per Gallon.
Ammonia, free or saline ., .. . 93
(Equivalent to 133 parts per mxlllon )
Ammonia albuminoid .. 1-4

(Equivalent to 20 parts per mllhon )

ANALYSES OF EFFLUENTS.
Grains per Gallon.
Ammonia, free or saline .. . 56
(Equivalent to 800 per mllhon )
Ammonia, equal to nitrogen, combmed} .98
in other forms.. ..
(Equivalent to 4 parts per million.)

Lime Process—Hillé,

A modification of the lime process is that known as Hillé’s,
in which lime is the chief precipitant, the patent consisting
in the addition of magnesium chloride and tar.

It has been employed at several places, and Tottenham
(where it is now in operation) is claimed as a good example
of its working as exhibiting its economy.

Tottenham has a population of 46,000, and is well water-
closeted. The daily flow of sewage (which is chiefly domestic)
is between 1} and 2 million gallons.

The sewage works were erected about twenty-three years
ago, at a cost of some 11,0001, for treating sewage with lime
alone. The effluent water is not filtered, but flows direct
from the precipitating tanks into the River Lea. The sludge
is run off into shallow stanks.

The cost of chemicals for the year from 17th of February,
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1876, to 17th of February, 1877, was stated in a paper read
before the Society of Arts Conference, 1879, to be as
follows:—

For 353 cubic yards of lime at 13s. 6d. per cubic yard 238 5

For about 1000 gallons of tar .. .. w o 250

For chemical salts e ee ee er ee e .. 208 O

471 5

To this must be added the royalty charged for using 100 0
the patent .. .. .

. £571 5

The Sanitary Authority of this district have expressed
their satisfaction with the system. Inasmuch, however, as
the effluent does not appear to be equal to that from other
systems (as shown by the following analyses), it would not
be safe to apply the figures which obtain at this place to
other towns where the standard is higher.

ANALYsES OF EFFLUENTS FROM TANEKS AT TOTTENHAM AS
Di1scHARGED INTO RIVER LEA.

’ G&‘:ﬂ:g' Parts per Million,
Date,

| cotorie, | e Armona | ADumizol
September 8, 1877 .. .. . 36-4 2:40
November 7,1878 .. .. 45 400 3-50

Lime Process—Scolt.

General Scott, F.R.8., has patented a method of dealing
with the sewage sludge derived from the lime process by
burning it into cement.

The Corporation of Burnley, in Lancashire, have adopted

E
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this system. The population of Burnley is now about
55,000. The number of water-closets is 900. The daily
flow of sewage now varies from 1,500,000 gallons in dry
weather to 2,000,000 gallons in ordinary wet weather, and it
is of a domestic character. An annual subsidy is paid by
the Corporation of 6d. per head, or not less than 10501, to
Scott’s Sewage Company, which undertakes for a term of 12
years to produce the best effluent which can be obtained from
the lime process, and to deal with the sludge by the patented
cement process. The cost of the precipitation works was
12,0007. The total cost to the town of clarifying the sewage
and disposing of the sludge, would therefore appear to be
about 7:2d. per head of the population.

From an interesting Report prepared for the Corporation
by Mr. William Bryan, C.E., the following particulars are
gathered. The sewage, on reaching the works, is passed
through two small tanks (catchpits), where the grosser
matters, such as pebbles, sand, &c., sink to the bottom.
These tanks are cleaned out alternately about once a week.
The sewage is then strained through iron gratings, with bars
about £ inch apart, which arrest the rags, shavings, cotton-
waste, and other articles likely to choke the pumps. The
amount of matter thus intercepted is, however, small ; not
exceeding 1 cwt. per diem. The necessary quantity of milk
of lime, proportioned to the strength of the sewage, is then
added, and the limed sewage, which becomes thoroughly
precipitated, is passed into one of two series of tanks, where
the precipitate is deposited in the form of sludge. Each
geries of tanks is divided into three compartments, the two
first being each 50 feet by 40 feet, and the third or final
compartment 100 feet by 40 feet. 'The bulk of the sludge
is deposited in the two first tanks, and the third, through
which it passes more slowly, arrests only the very light
suspended matters. The effluent then flows into the river.
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The sewage takes about four hours to pass through the
tanks. When a sufficient quantity of sludge has been
collected, it is pumped from the tanks into filtering beds,
where, after eight or nine days, it parts with the greater
part of the moisture, and contains on an average only 65 per
cent. of water. The sludge should then be sampled to test
the amount of lime it contains, and if necessary a further
small quantity is added to bring up the amount to that
required for a good cement. This addition is, however,
rarely needed, as practice soon enables those in charge to pro-
portion the lime with sufficient nicety in the precipitation of
the sewage.

The sludge is dried, and finally burnt in’ kilns (of which
there are three, costing about 120! each) similar to those
used for burning Portland cement. The resulting clinker is
ground up, and produces what is described as an excellent
hydraulic cement, having a composition similar to that of
Portland cement.

The cost of drying is 7s. per ton. The coke for burning
in kilns is 1s. 4d. per ton. Labour, grinding, and bagging,
15s. per ton. '

The tensile strength after 14 days is stated to be 400 to
500 Ibs. per 1% inch square, and after two months to become
800 to 900 1bs. The manufacture of Portland cement from
sewage requires greater care than when the ordinary raw
materials, such as chalk and clay, are employed. Although
fluctuations in the flow of the sewage may occasionally
render it necessary to add an additional quantity of lime to
the precipitated sludge, yet it is stated that at Burnley no
such addition has been made to it for some time past, and
the demand for the cement produced is greater than the
works can supply.

The present total expenditure per week for labour and
materials in purifying the sewage of Burnley and converting

E 2
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the resultant sludge into cement, is stated to be 25L., and the
total cement produced averages 13} tons a week, which sells
for 36s. per ton.

The Official Report lately issued, gives the following
analyses relating to Burnley, expressed in parts per
100,000 :—

Description. Free Ammonia. AA“;“:;:';E Chlorine.
Crude sewage .. .. .. 1-45 1-20 512
Effluent from sewage works 1-33 0-305 506
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- CHAPTER IX.
COVENTRY PROCESS.

TaEe population of Coventry is 45,000, having 6000 water-
- closets, and & daily flow of manufacturing sewage, with much
dye, of about 2} million gallons. '

The system employed is precipitation, supplemented by
irrigation, with the effluent water on nine acres of land,
drained to an average depth of 4 feet. There are four pre-
cipitating tanks, each capable of holding 225,000 gallons.

About 5 cwt. of solids, garbage, &c., are extracted daily
from the sewage before it passes into the tanks, and are
utilized as a manure.

The first chemical process which was used at this place was
Dr. Anderson’s. It consisted in employing a crude sulphate
of alumina, made from sulphuric acid and clay, with milk of
lime. This was soon abandoned, and coal shale was substi-
tuted for clay to produce the crude sulphate, and was in use
until 1878, when a protosulphate of iron was added to a
crude sulphate of alumina, procured from alum works.
Enough milk of lime is added to make the liquid faintly
alkaline.

The Town Council of Coventry lease their sewage works
to the Rivers Purification Association, for an annual subsidy
of 2200, and this company undertakes to carry on all the
operations,

The Report of Dr. Angus Smith to the Local Government
Board of October 1879 contains the following analyses
relating to Coventry, expressed in parts per 100,000 :—
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Description. l Ammonia. ﬂzg&z“d Chlorine.
%ﬁde sewage .. l ks I 2-58 1-700 6-85
uent from sett mg tan . . .
(tared) o . }l 2:40 | 0-245 630
Effluent after u'ngahon ( unn . . -
out of order) . ‘ 2:12 0-205 578
Effluent after mlgatlon e ‘ 0-52 0-061 4-99

Effluents from the filter beds, analysed by Professor
Wanklyn in 1876 and 1878, gave the following :—

} Parts per Million.

Date. Grai(ril;loﬁ: ?}:’l,lon.

E pe Free Ammonia. ‘;‘m‘:::ﬂd
1876 40 13-30 1-35
1878 4-2 18:00 1-00

The deposited material amounts to about 25 tons per diem,
containing 90 per cent. of moisture. This is equivalent to
9000 tons per annum.

If reduced to a portable form, containing 50 per cent. of
moisture, the weight would be reduced to about 1800 tons
per annum, in which state it is capable of utilization on
land. Batisfactory trials have been made with a filter
press of Johnson and Co., to reduce the volume of sludge by
pressing.

An analysis of the Coventry sludge was made by Dr.
Voelcker, F.R.8., for the Local Government Board, and is
given in the Bluebook. The theoretical value, with 47-36
per cent. of moisture, is stated to be 16s. 94d. a ton in com-
parison with Peruvian guano, and 5s. 6d. to 8s. 4d. a ton is
stated to be the market value in comparison with farmyard
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menure. Dr. Wallace, of Glasgow, has assigned a value of
27s. a ton to this air-dried sludge, with 10 per cent. of
moisture.

The Corporation have expressed their satisfaction with
the svstem.



56 SEWAGE DISPOSAL.

CHAPTER X.

THE A B C (OR NATIVE GUANO) PROOESS.

TaE precipitants employed are alum, blood, clay, and
charcoal. _

This process is in operation at Aylesbury, a town of 8000
inhabitants. A subsidy of 300l. a year is paid to the
Company. The ordinary flow is about 300,000 gallons a
day of domestic sewage; which is increased in wet weather.

The following are the ingredients employed :—

Parts by Weight.
A. Crude alum cake, containing 47 per cent. of snl-} 2
phate of alumina e e e e
B.Blood.. . . e e e e e e o
C. Clay containing 385 per cent. of moisture .. .. 4
Charcoal, containing 40 per cent of moisture .. 3

The crude alum cake containing 47 per cent. of sulphate
of alumina, costs at the works 31, 4s. 10d. per ton (14s. 10d.
per ton being for carriage).

The blood costs 1s. per week, and is obtained from local
slaughter-houses. It is mixed while fresh with dried clay,
dug from a field in the immediate vicinity of the works for
about 2s. per ton.

The carbon or charcoal is a waste product from prussiate
of potash manufactories at Manchester, and is obtained for
2s. per ton there; but its carriage to Aylesbury raises its
cost to 16s. 10d. per ton.

The blood, clay, and charcoal, after being ground together
in a pug mill, with sufficient water to enable them to flow,
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form the first ingredients, which are mixed with the sewage.
The alum is next added in a dissolved state.

The sewage thus treated flows along & salmon ladder mixer
into brick tanks (of which there are three), 50 feet long,
30 feet wide, 7 feet 3 inches deep at the inlet end, and 5 feet
8 inches at the other, There is a lip 2 feet below the
coping, so that the average depth of each tank is 4 feet
3 inches, containing 40,000 gallons. These tanks are worked,
a8 a rule, in pairs, the effluent from one passing to a second
for further precipitation before it is discharged into the
River Thame, at that point a small stream a foew feet in
width. The effluent water is clear and practically in-
odorous. Four samples of effluent taken at the dates stated
gave the following analyses :—

Parts per Milllon.
Samples.
Alb
Free Ammonta. .A;:::?ah.i

Effluent water after passing through one . .
Dltatgka 2.50 7, 2ud October, 1877 } 454 1:50

it itto r 8in, ugh two . .
tanks ditto .. pas g 8 } 87-2 090

Effluent water after g through one . .
pLank, £ P, St Gotober, hl:)ﬂh e} s00 2:60

itto, ditto, after passmg t! ug two . .
o e } 456 2-10

In Dr. Angus Smith’s Official Report, the following
analyses are given, expressed in parts per 100,000 :—

— | aom [ Stz | e
Crude sewage 4:00 066 7:97
Effluent from 8rd settlmg tank 1-02 0-07 5:44
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The degree of purity of the effluent will be observed to
depend on the number of tanks it flows through.

ANALYSES OF EFFLUENTS BY PROFESSOR WANELYN,

Grains per Gallon. Parts per Million.

Date of Collection of the
Sample. Total Solids. | Chlorine. Amnm ﬂm

4th October, 1880 .. 43 61 2200 0°76
5th ,, .. 41+ 35 12-10 0-60
6th . 43 27 530 036
7th A 34- 27 4-30 0-32
8th e e 34 2-5 4-10 0-20
9th ,, N 54 35 500 0-40

Any one of these effluents may be (according to Prof.
Wanklyn), with safety, discharged into a river.

The sludge is partially dried by filter presses, and further
by artificial heat or exposure to the air, when it is ground
into a powder containing 14 per cent. of moisture, and bagged
for sale. '

The quantity of sludge obtained in twenty-four hours
at these works, when dried, produces 480 tons of native
guano per annum, containing 14 per cent. of moisture, or
rather over 1} ton a day.

The daily quantity of ingredients in use for treating the
sewage is as follows : —

tons. cwt. qrs. lbs.

Alum i e e . 0 7T 0 O
Bloed.. .. .. .. .. 0 0 0 14
Clay .. .. . . .. 014 0 O
Charcoal .. .. .. .. 0 10 2 0

111 2 14
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The weekly cost of treating the sewage at Aylesbury is:—

Per Week.

Chemicals, 10 tons 5 cwt., costing o . .. £1016 3
Coal, engmes, 7ton1l0owt,atl4s. .. .. .. 5 5 0
‘Wages, enginemen .. .. .. .. .. .. .. 219 6
Wages, ABCmen .. .. .. .. .. .. .. 216 0
Cleaning tanks oo e e e e 0 87
0il, tallow, and petty expenses e v e . 110 0
£23 10 4

Or 21. 7s. per ton of native guano.

In addition to this, the cost of drying, grinding, bagging,
&c., is about 15s. per ton, so that the total cost of a ton of
finished native guano is as follows : —

Per Ton.

Chemicals, labour, &¢. .. .. .. .. .. £2 7 0
Drying, grinding, and bagging .. .. .. 015 0
Total cost perton .. .. .. £3 2 0

It must be borne in mind that these figures would require
modification were the clay not obtained at the point where it
is required, as at Aylesbury. If the clay had to be carted
from a distance, the extra cost would have to be added, and
this might be considerable.

The following is Professor Wanklyn’s analysis of a sample
of A B C Aylesbury manure, taken fresh from the filter press
(and five days from tanks) :—

Water . 1 11 1,1

Organic matter o e e 12:23
Ash .. .. . . L . .. 2872
10000

007 per cent. free ammonia.
0-02 per cent. albuminoid ammonia,
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Dr. Wallace, of Glasgow, calculates the value at 83s. per
ton containing 1260 per cent. of moisture.

It will be seen that a very large proportion of this sludge or
manure consists of the ingredients added to the sewage. The
cost of these ingredients will vary with the situation of the
town, so that the foregoing figures of cost might vary greatly
in different towns.

The addition of clay and charcoal no doubt exercises the
influence claimed for them, namely, that the charcoal aids
the deodorizing properties of the sulphate of alumina, whilst
the clay, in a state of fine subdivision, offers a large surface
for the absorption of impurities which are carried down with
the precipitate. The addition of the clay increases the bulk
of the precipitate, and when the value of the resultant pro-
duct realizes the value claimed for it, the cost of obtaining
the clay and of manipulating the bulky product would be
justified. If, however, the value required to be realized to
cover the cost of the process be not obtained, there are no
sufficient reasons for incurring the expense of these ingre-
dients, because a good effluent can be obtained by sulphate of
alumina and lime alone at much less cost.

The value claimed for the sludge dried to 14 per cent. of
moisture is 3l 10s. per ton, and it has been shown from the
figures that it costs 3l. 2s. to produce a ton. No opinion can
be expressed as to the commercial results in consequence of
chemists not recognizing that the sludge is worth the price
claimed for it. An opinion, however, can be expressed as to
the sanitary result of the process at Aylesbury, and it is that
an excellent effluent is produced from chemicals alone,
unaided by land, and without nuisance. It should also be
stated that the Sanitary Authority are satisfied with the
system.
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CHAPTER XI.

SEWAGE SLUDGE.

TaE sludge from raw sewage deposited in catchment tanks,
such as are often adopted in either irrigation works, or
before discharging the sewage at the outfall into the sea or
otherwise, contains an amount of organic matter which is
valuable for utilization as a manure on land. The com-
position of such deposit varies with the nature of the sewage.
That from a well water-closeted town is richer than that
from a manufacturing town where the refuse is not chiefly
human excreta. Dr. Frankland, at the Society of Arts in
November 1879, stated that experiments with the sewage of
London had led him to the conclusion that after the separa-
tion of the detritus the maximum percentage of organic
matter was 63, whilst the minimum was 21, the average
being 394, and he considers that it would not be safe to
calculate on more than 33 per cent. of organic matter in
the dried sludge, which would much reduce the value of
the manure, for the value of a manure diminished in an
accelerated rate as its strength was reduced.

The sludge produced from the precipitation of sewage by
chemicals will be more or less valuable according to the
chemicals employed. If lime is the only precipitant, the
resultant sludge is larger in volume and less in value than
is the case where sulphate of alumina or other chemical is
used which clarifies the sewage with but a trifling addition
of solid material to that derived from the sewage.

There are four methods now practically in use for dealing
with sludge. (1) Reducing it by exposure or by presses to
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a semi-dried condition containing about 50 per cent. of
moisture. (2) Drying it to powder by artificial heat to about
15 per cent. of moisture. (3) Fortifying it with materials of
a highly fertilizing value. (4) Burning it by Scott’s process
into a cement.

" The liquid sludge can be reduced to the consistency of
stiff clay (containing about 50 per cent. of moisture) by
exposure to the air in thin layers on land drained to receive
it. Another method is to employ filter presses to reduce the
sludge to 50 per cent. of moisture, and the drying can be
carried still further if it is left exposed to the air under
sheds.

Sewage sludge containing 50 per cent. of moisture is
stiff enough to be readily handled, carted, and distributed
on land. After it is brought to this state, it is capable
of being stored in a comparatively small space without
nuisance, and ready for application to land at the proper
season.

The fortification of sludge by the addition of a more
valuable material enbhances its fertilizing properties, and
should ensure its acceptance by agriculturists.

A plan on this basis has been adopted by Col. Jones, V.C.,
at Wrexham, by which a manure is produced from the solids
removed from sewage in catchment tanks. The sludge is
first dried to about 20 per cent. of moisture, and it is then
fortified as follows :—

12 parts dried sewage sludge.
7 parts fine raw bone meal.
1 part sulphate of ammonia.

This it is stated shows on analysis 4 per cent. of ammonia
and 20 per cent. of bone phosphate, and it is sold for 61 10s.
per ton, which is said to give a fair profit.

Various chemical values have been assigned to sludge
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manures according to the methods employed in their pro-
duction. The Native Guano Company claim a value of
3l. 10s. per ton for their manure when dried to 14 per cent.
of moisture, but this is not recognized by chemists. The
safest view to take is that a sludge produced from the lime
process is of little agricultural value, but a sludge from a
sulphate of alumina or other process, which contains the
least bulk with the maximum of the manurial ingredients
of sewage, is worth carting to a distance like farmyard
manure.

The Table on page 65is given in Dr. Wallace’s Report on
Glasgow Sewage in November 1879, and shows very clearly
the relative composition of sewage sludge produced by the
various precipitating processes. It also confirms the truth
of what has been already stated as to the advantage of em-
ploying sulphate of alumina as one of the chemicals, inas-
much as the amount of phosphoric acid contained in sludge
from systems where this is employed is fully twice as much
as it is in sludge produced from the lime process.

It may be recorded that Dr. Voelcker found from a
number of experiments which he had made that sewage
sludge after it had been thoroughly drained for 48 hours
contained over 80 per cent. of water; after three or four
days it contained 753 per cent. ; after five days 72 per cent.;
and after eight days of rest lost little more.

In estimating the bulk of sewage sludge (and the same
applies to mud of any kind), errors are frequently made in
calculating the volume and weight of it with the various
proportions of moisture.

The bulk of sewage sludge when removed from precipi-
tating tanks and after the supernatant water has been drawn
off, may be taken to consist approximately of 90 parts water
and 10 parts solids. As the sludge becomes dried, its weight
diminishes in a ratio which is frequently misunderstood,
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and which it may be useful to define by the following
rule:—
Let
X = weight of sludge to be ascertained.

8 = weight of solids in the sludge (which is constant).
P = percentage of moisture in the sludge.

Then
8 x100
100 — P

X

For instance, to ascertain what weight 25 tons of sludge
containing 90 per cent. of moisture would be reduced to
when it is dried to 15 per cent. of moisture,

Twenty-five tons of sludge with 90 per cent. moisture
contain 2:5 tons of solids (which is constant), therefore,
applying the formula :—

-

_2'5 x 100 — 294 tons.

x= 100 - 15

The following Table shows the diminishing weights of
100 tons of sludge with proportions of moisture varying from
90 to 15 per cent :—

Tons. Per cent.
50 with 80

333 , 70
25 , 60
20, 50
166 ,, 40
14:3 ,, 30
12:5 ,, 20
1176 ,, 15

100 tons with 90 per cent. of moisture..
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CHAPTER XII.
DISCHARGE OF SEWAGE INTO THE SEA.

A vVERY general impression prevails that if a town is situated
close to the sea it is necessarily in a more advantageous
position than inland towns respecting the disposal of sewage,
as it has only to avail itself of its proximity to the sea to
discharge into it. That this is not a safe assumption the
experience of many watering-places proves, and it is there-
fore desirable to offer a caution to those who are contem-
plating adopting & similar course.

In the Local Government Board Bluebook of 1876, one
of the conclusions arrived at is as follows:— That towns
situate on the sea-coast or on tidal estuaries may be allowed
to turn sewage into the sea or estuary below the line of low
water, provided no nuisance is caused ; and that such mode
of getting rid of sewage may be allowed and justified on the
score of economy.” Also there follows the qualifying expres-
sion, “provided no nuisance is caused.” It would have been
better to have further indicated the conditions which require
to be complied with to prevent a nuisance, as it will be found
that in a great number, if not the majority, of cases the con-
ditions do not exist. It might have been stated that to avoid
a nuisance the sewage must be discharged into the sea at a
point not only below low water, but where there isa well-
ascertained current which would carry it permanently sea-
ward. A point of discharge complying with these condi-
tions cannot always be found to exist close to the town, or
requires to be ascertained by careful tidal and other observa-
tions. At the outfall there should be a continuous movement
seaward during the twenty-four hours, instead of an oscillating
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action to and fro, resulting in a return of the sewage and its
deposition along the shore, not only at the outfall and
in its immediate neighbourhood, but also at distant places to
which the tide carries.

The foreshore of many watering-places is being polluted
in this way, and in time it will prejudicially affect them, as
the knowledge that the foreshore is polluted becomes gene-
rally known, The expenditure necessary to ensure an
efficient system of sewage disposal, although it may appear
heavy at first, is in the end the truest economy.

The difficulties attending the discharge of sewage into the
sea would be diminished were it not that it has a higher tem-
perature and a lower specific gravity than sea or river water,
which causes it to rise to the surface. If it is not carried
seaward quickly, part of the suspended solid impurities are
deposited on the coast wherever there is still water and no
tidal current, whilst the rest of the suspended together with
the dissolved impurities float on the surface and are carried
backwards and forwards by every tide, decomposing and
liberating offensive gases.

This action was pointed out by Professor Stanley Jevons,
in a letter to the ‘ Times’ of December 2nd, 1878, with
reference to the formation of sewage mud banks in the
Thames, by the discharge of sewage at the outfalls of Cross-
ness and Barking, He pointed out that matters which would
remain suspended for many days in fresh water would be
readily precipitated in & few hours when the water is saline,
and states that “much of the sewage matter, indeed, would
if left to itself float in the water, but in the presence of saline
matter, which kills the pedetic or oscillating motion of sus-
pended particles, cohesive attraction comes into play. The
minute particles of suspended clay will then adhere to the
organic sewage particles and carry them to the bottom of the
river, where they will form foul pestiferous banks of ooze.

F2
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In the same way unhealthy results are produced at seaside
watering-places, where the sewage is poured into the sea in
front of the town. Unless there be strong tidal currents the
foul particles are not carried away, but are precipitated and
mingled with the sand and mud of the beach.

In the ¢Proceedings of the Boston Society of Natural
History ’ for February 1874, Dr. Hunt states, “ I have called
attention to the fact that the clay resulting from the decay of
rocks remains for many days suspended in pure water,
though not in waters even slightly saline, and is therefore
readily precipitated in & few hours, when the turbid fresh
waters mingle with {those of the sea, thus forming fine
argillaceous sediments. The geological significance of this
fact was, it is believed, first pointed out in 1861, by Mr.
Sidell, in Humphrey’s and Abbot’s ¢ Report on the Physics
and Hydraulics of the Mississippi River’ (Appendix A.,
P. xi.), where he applied it to explain the accumulations of
mud af this river’s mouth.” 4

Sea-water delays the oxidation of organic matters, so that
the foul constituents of sewage, which in river water would
be liberated and got rid of in a short time, are preserved in
sea-water, which causes them to accumulate and form dan-
gerous deposits ready for the quickening action of the
summer sun, when gases injurious to health are evolved.

The objectionable nature of deposits from sewage is evi-
denced by the observations made by the late Dr. Letheby on
the mud banks that are forming in the River Thames. He
describes them as being “ composed of black and foetid mud
in a state of active putrefactive decomposition, and when
examined under the microscope they were found to consist
of broken-up sewage matters, the remains of animalcules, the
disintegrated tissue of vegetables, and swarms of diatoma-~
ceous remains;” and he stated «that the mud and the
suspended matters of the river contained from 63 to 189
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per cent. of the solid constituents of sewage. To prevent
the possibility of doubt, the connection between the deposits .
in the river and the sewage discharge from the outfalls has
been clearly traced by analyses, and the chemical correspon-
dence between the two unmistakably established.”

The same opinion is held by Dr. Frankland and Dr. Tidy
a8 to the similarity in chemical composition between the mud
banks in the Thames and the sewage at the outfalls.

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 transferring the refuse to others,
a set of 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 drains at high tides, or after storms, and thus into the
houses, even if the house drains are trapped from the main
sewer, either by pressure, or by absorption and transmission,
through the water forming the seal of the traps.
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CHAPTER XIIL

COMPARISON BETWEEN IRRIGATION, CHEMICAL TREATMENT, AND
THE PRINCIPAL CHEMICAL SYSTEMS.

Tre Report, made in October 1879, by Dr. Angus Smith to
the Local Government Board, furnishes some interesting
comparisons between the results obtained by passing sewage
through land at Aldershot during both wet and dry weather,
and those obtained by chemical treatment per se, and also
when supplemented by filtration through a small area of land.
It may be observed that the results at Aldershot are probably
the best that could be obtained on land, as at that place the
quality of the land is especially adapted to filtration, inas-
much as it is very porous.

It would have been desirable to have recorded the effect
of chemical treatment under circumstances as similar to
each other as were possible. For instance, if observations
had been made on samples of effluent taken from a single
tank to show the effect of the treatment during a similar
period of time. The sample taken at Aylesbury after the
sewage has passed through three tanks is compared with
those taken at Coventry after the effluent has been filtered
through land, the conditions being clearly dissimilar.

Whilst indicating in what respect these observations are
defective, with the view of their being remedied in any
future ones, they may be regarded as affording useful data at
a time when further observations were much needed. It is
obvious that a series of experiments of this nature cannot be
undertaken except at the public expense, and those who are
interested in the sewage question will appreciate the value
of these official experiments.

The results of these experiments are given in the following
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Tables, which record the analyses of samples of effluent water
taken from the sewage farm at Aldershot during dry and
wet weather, from Aylesbury (where the A B C Company’s
process is in use), from Coventry, and also from Birmingham

and Burnley (where the lime process is employed).

In order to make these Tables better capable of being
understood it is desirable to- refer, in the first place, to the
quality of the sewage of the various towns referred to.
Table No. 1, therefore, is compiled to give this information.

TaBLE No. 1.—SnowiNng CoMPOSITION OF THE CRUDE SEWAGE

IN Parts pER 100,000.

Albuminoid

Town. AmF::)enia. Ammonta, | Chlorine.
Aldershot (dry weather) 12-00 5:25 12-08
. (wet weather) .. 3-66 1-750 4-38
Aylesbury .. .. .. .. 400 066 797
Birmingham o e e 2-70 1:05 24:16
Burnley e 1:45 1:20 512
Coventry 258 170 685

The presence of free ammonia is of no disadvantage on
sanitary grounds, although it is useful as a manure when
absorbed by the soil. The next Table shows the amount of

free ammonia abstracted.

Town.

Aldershot (b).. .. ..
Coventry.. . o
Aldershot (a).. .. ..
Aylesbury .. .. ..
Birmingham (@) .. ..
Burnley .. .. .. ..

TaBLE No. 2.—FREE AMMONIA.

Ammonia abstracted. Ammonia remaining,
Parts per | Per Cent. of } Parts per | Per Cent. of
100,000. Total. 100,000. Total.
11775 97-96 0-245 2:04
2:06 79-8 0-520 202
2:913 80-10 0-747 19°9°
2980 745 1:020 255
1-425 529 1:275 47°1
0-120 83 1:330 917
added added

0+520 18'8 3220 | 118°8

Birmingham (b) .. ..

Nore.—Aldershot (@) specimen collected in wet weather; (b) in dry weather; Bir-

mingham (a) after lime precipitation and irrigation ; (b) after lime alone.
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The next Table gives the amount ‘of albuminoid ammonia
abstracted, which is a measure of the sanitary resulis
obtained.

TasLE No. 3.—ALBUMINOID AMMONIA.

Ammonia abstracted. Ammonia remaining.

Town. Parts per | Per Cent.of | Parts per |Per Cent. of

100,000. Total. 100,000. Total.

Aldershot (®).. .. .. | 5°195 98:95 0055 1-05

Coventry.. .. .. .. | 1639 96°40 0-061 3:60
Aylesbury .. .. .. | 059 89°40 0-070 10-60
Aldershot (@).. .. .. [ 1543 882 0-207 11-8
Birmingham (@) .. .. | 0-840 80°0 0-210 200
Burnley .. .. .. .. [ 0-8% 74°6 0°305 254
Birmingham () .. .. | 0-390 37°1 0°660 620

The next Table shows the amount of residual ammonia
abstracted, which is also a factor in regard to the sanitary
results effected.

TaABLE No. 4.—RESIDUAL ABMMONIA.

A ta abatracted N iar ing
Town. Parts per |Per Cent. of| Parts per |Per Cent. of
100,000. Total. 100,000. Total.
Aldershot (b).. .. .. | 1136 100-0 0°00 0-00
Coventry.. .. .. .. | 5081 99°8 0-009 0-2
Aylesbury .. .. .. | 4°269 88-0 0-581 120
Aldershot (@).. .. .. | 38:177 830 0-636 17-0
Birmingham (@) .. .. | 3:351 61-4 2109 386

Burnley .. .. .. .. | 1:200 29:65 | 2°503 70°35
Birmingham () .. .. | 1:530 280 3-930 72-0

The next Tables give the total organic ammonia and the-
total ammonia.
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TasLe No. 5.—ToTAL ORGANIO AMMONIA (i. e. Albuminoid and

Residual).
Ammonia abstracted. Ammonia remaining.
Town Parts per | Per Cent. of] Parts per |Per Cent. of

100,000. Total. 100,000. Total.
Aldershot (b).. .. .. |16-555 99-65 0-055 0-35
Coventry.. .. .. .. 6720 9897 0:070 1:03
Aylesbury .. .. .. 4-859 88-20 0°651 11-80
Aldershot (@).. .. .. 4720 84-84 0-843 15°16
Birmingham (a) .. .. 4-191 64°40 2:319 35-60
Burnley .. .. .. . 2095 4273 2-808 57-27

Birmingham (3) .. .. | 1-920 | 29-60 | 4-5%0 | 70-40

TaBLE No. 6.—T0TAL AMMONIA.

Ammonia abstracted. Ammonia remaining.

Town. Parts per | Per Cent. of| Parts per |Per Cent. of

100,000. 'otal. 100,000. Total.
Aldershot (b).. .. .. |28-81 989 0:300 1-1
Coventry.. .. .. .. 8-78 93:6 0590 64
Aldershot (a).. . 7:633 82:7 1-590 17-3
Aylesbury .. .. .. 7-839 82-4 1-671 17-6
Birmingham (a) . 5:616 609 3-594 39-1
Burnley .. .. 2-215 34-9 4-138 651
Birmingham (b) 1-400 15-2 7-810 848

P

The amount of oxidation effected on the organic matter is
evidenced by the following Table :—

TaBLE No. 7.—NrTRIO AOCID.

Town. Sewage. Effiuent.
Aldershot ®) .. .. .. . 9:23
Aylesbury .. .. .. None 8:19
Aldershot (@).. .. .. Traces 2-79
Birmingham (b)) .. .. None 2:13
Coventry e e » 1-22
Burnley .. .. .. .. . 1:20
Birmingham (a) .. .. None 1-19
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The tendency of the effluents to putrefy is shown by the
following Table, in which it will be seen that the lime
effluents changed most :—

TasLe No. 8.
Town. Date. Amlil‘:r:?nh. Al. bmumml';ﬁ'_i
June 20, 1879 133 0305
Burnley, collected 16th)| July 17, ,, 1-92 0-23
June, 1879 .. .. .. » 28, 1:92 0°30
Sept. 4, ,, 2°15 013
June 25, ,, 3°222 0°662
Birmingham, collected)| July 17, ,, 4:20 0336
23rd June, 1879 .. .. » 18, 4 415 0-336
) 281 ” 3-90 0°324
Aldershot (wet) July 7, » gaas | o
” td ”»
Effluent C. .. .. .. Sept' 4 0°140 0-092
ept. 16, ,, 0245 0-055
Aldershot (dry) { Oct. 11, o 0-240 | 0-058
July 23, ,, 0°96 0067
Aylesbury, collected 2nd » 26, 1-00 0-06
July, 1879 .. .. .. » 29, 0°96 0:06
Sept. 4, ,, 0°045 0-035

The ammonia in the Birmingham effluent rose in twenty-
three days from 3°222 to 4°2, then began to fall; Burnley
in twenty-seven days from 1-33 to 1:92; Aylesbury did not
change in a week; Aldershot (dry) may be said not to have
changed in twenty-five days.
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APPENDIX. 79
TaBLE.
Area of | Number of
Daily fl Annual
Name of Town, | Population. of S{w:g‘z Tateablo Lg:':g;‘;ﬁ’ tl:';::f‘ma';:
in gallons, Value. "Acres. irrigated,
£

Abingdon .. .. 5,662 150,000 | 16,361 30 189
Banbury .. .. 12,127 400,000 | 49,526 138 87
Bedford .. 19,552 | 900,000 | 74,500 | 139 140
Blackburn 104,012 | 2,800,000 | 307,410 500 208
Cheltenham 43,972 | 1,250,000 | 264,809 {;g})} 95
Crewe 24,371 900,000 | 69,978 257 95
Croydon 78,000 | 8,000,000 | 430,000 525 149
Doncaster .. .. 23,098 700,000 | 96,316 262 88
Kendal .. .. 13,697 | 1,800,000 | 49,563 16 856
Leamington 26,000 800,000 | 123,274 469 55
Merthyr Tydvil | 48,500 | 1,200,000 | 135,000 {338} 121
Northampton . 51,847 | 1,000,000 | 149,625 327 158
Norwich 88,000 | 6,000,000 | 260,000 500 176
Rugby . 10,000 400,000 { 35,629 78 128
Tunbridge Wells | 24309 | 650000 | 177,212 | 285 85
West Derby 26,000 780,000 | 188,456 207 125
Wigan e e 48,196 | 2,000,000 | 139,000 273 176
Wolverhn.mpton 70,000 | 2,500,000 | 216,081 330 212
Wrexham . 10,978 300,000 | 42,000 84 131

From the above the following averages are deduced :—

137 people to each acre irrigated.
195 acres to each million gallons of sewage (or 5128 gallons per acre).

38 gallons of sewage per head of population per day.

[INDEX.
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Ammonia, characteristics of, 20, 21

» value of, 9
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Analyses of sewage at Birmingham, 44

»

» .

”»

”»

2

”

2

”»

”

”»

”

2

”

”

”

Bradford, 48
Carlisle, 24
Leicester, 44
London, 33

Paris, 33

River Thames, 7, 8
Rugby, 6

Savoy Street, 7

Analyses of sludge, 63-65

Appendix, 75-79

Asnidres, 34

Aylesbury, 37, 56, 70

B.

Barkme, sewage farm at, 23
Bradford, lime process at, 45

Burnley, 49
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C.

CARLISLE, analysis of soil at, 22

» experiments on soil at, 24-26
Carriers, sewage, 31
Catchment tanks, 31
Catchpits, use of, 50
Cesspools, 32
Chemicals, application of, 16
Chemistry of sewage precipitation, 40
Chlorine in effluent water, 39
Cisterns, 4
Conservators of Thames, statutory powers of, 15
Coventry, 53
Craigentinny meadows, 22

D.
DaLr’s muriate of iron system, 40
Death-rates, 2
Deaths from preventable diseases, 1
Diphtheria at Hampstead, 3
» at Marylebone, 3

F.

Fivters, artificial, construction of, 18
Flushing chambers, 11
Foreshore, pollution of, 67

G.

GENNEVILLIERS, sewage farm atf, 34
Glasgow sewage, 63



INDEX.

H
Hmurf’s lime process, 48
House drainage, certificate of, 5
» drains, ventilation of, 4

&
INGLETON lime, 47
Intermittent filtration, 29
Irrigation, progress of, 20

L.

Laxp as a purifier of sewage, 23
Leicester, sewage of, 43
Lime, disintegration of, 47
» DOW used, 44
»  process, 37, 43
» Use of, 43
Loamy soil, 27, 29
Local Government Board Bluebook of 1876, 38, 66

London, sewage of, 6, 7, 43, 61

MANURE, value of, 60
Metropolis Local Management Act, 15
Metropolitan Board of Works, 3, 15

N.

Native Guano Company, 56, 63
Natural drains, 11
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0.

OuTraLLs, ventilation of, 69
Overflow pipes, 4

Pagis, sewage of, 32-36

Peat charcoal as a filter, 45

Plants which absorb organic impurities, 32
Population per acre, 2

Precipitation systems, 88

Public Health Act 1875, 13

Purifiers of sewage, 39

Purity in rivers, 14 '

RAIN-WATER pipes, 4

River Lea, 48

Rivers Pollution Commissioners, 14
Rivers Pollution Prevention Act 1876, 13
Rivers Purification Association, 53
Rivers, purification of, 13

Rocks, decay of, 68

Rugby, 6

SavTs of iron, 40
Sanitary improvements, 1
»  legislation, 13
Scavenging, 11
Scott’s lime process, 49
Sea-water, effect of, on sewage, 68
Sewage, characteristic ingredients of, 23
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Sewage, chemical treatment of, 12, 37
» crops for, 31
» delivery of, 2
»  discharge into the Thames, 15, 16
» farming, 30-

”» ” sanitary aspect of, 30
» fertility of land affected by, 21
» flow of, 3

»  for agricultural purposes, 9
» into sea, discharge of, 66
» quality of, 9
Sewers, desiderata, 2
»  fushing, 11
»  proportions of, 2
»  ventilation of, 2
Sinks, 4
Sludge, analyses of, 54, 65
»  character of, 17
»  method of dealing with, 62
»»  value of, 61
Société des Agricultures de France, 35
Soil pipes, 4 '
Soils, absorption of, 20
» loamy, 29
Streams, purification of, 13
Subsoil, drainage of, 12
Sulphate of alumina, manufacture of, 41

”» ”» use Of: 41
Surface water, 11 ¢

.. T.
TANKs, construction of, 42
Thames Conservancy Act of 1870, 15
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Thames, mud banks in the, 67-69
Tottenham, 48
Towne on sea-coast, 66

V.
VEGETABLES grown on sewaged land, 36

Ww.
‘W ATERCOURSES, 11
Water traps, 5
‘Wrexham, 62
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A Poctket-Book for Chemasts, Chemical Manufacturers,
Metallurgists, Dyers, Distillers, Brewers, Sugar Refiners, Photographers,
Students, etc., etc. By THOMAS BAYLEY, Assoc. R.C, Sc, Ireland, Ana-
lytical and Consulting Chemist and Assayer.  Third edition, with
additions, 437 pp., royal 32mo, roan, gilt edges, §s.

SyNOPsis OF CONTENTS :

Atomic Weights and Factors—Useful Data—Chemical Calculations—Rules for Indirect
Analysis — Weights and Measures — Thermometers and Barometers — Chemical Physics —
Boiling Points, etc.—Solubility of Substances—~Methods of Obtaining Specific Gravity—Con-
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Water Analysis—Qualitative Analysis and Reactions—Volumetric Ana'llysis—Manipuhtion—
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The Mechanician : A Treatise on the Construction
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ing ; the Construction and Manufacture of Hand Tools, and the various
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various details of setting out work, etc., etc. By CAMERON KNIGHT,
Engineer. Containing 1147 sllustrations, and 397 pages of letter-press.
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On Designing Belt Gearing. By E.

J. Cowring

WELCH, Mem. Inst. Mech. Engineers, Author of ‘Designing Valve

Gearing.’ Fcap. 8vo, sewed, 6d.

A Handbook of Formule, Tables, and Memoranda,

Jor Architectural Surveyors and others engaged in Building. By J. T.
HursT, C.E, Thirteenth edition, royal 32mo, roan, §s.
“1It is no disparagement to the many excellent publications we refer to, to say that in our

opinion this little

It would be useless to attempt a recapitulation of the contents, for it appears to contain
everything that anyone connected with building could require, and,
compact form for carrying in the pocket, measuring only s in. by
We congratulate the author on the success of his laborious and practically
has received unqualified and deserved praise from every profes-

in a limp cover.
compiled little book, whi

et-book of Hurst’s is the very best of them all, without any exception.

ost
st of all, made upin a
in., and about % in, thick,

sional person to whom we have shown it.”— Zhe Dublin Builder.

Tabulated Weights of Angle, Tee, Bulb, Round,

Square, and Flat Iron and Steel, and other information for the use of
aval Architects and Shipbuilders. By C. H. JorDAN, M.LLN.A. Fourth

edition, 32mo, cloth, 2s. 6d.

Quantity Surveying. By ]J. LEaniNg. With 42 illus-

trations, crown 8vo, cloth, gs.

CONTENTS :

A complete Explanation of the London
Practice.

General Instructions.

Order of Taking Off.

Modes of Measurement of the various Trades.

Use and Waste.

Ventilation and Warming. .

Schedule of Prices.

Form of Schedule of Prices.

Analysis of Schedule of Prices.

Adjustment of Accounts.

Form of a Bill of Variations.

Remarks on Specifications.

Pr'i‘gcs alnd Valuation of Work, with

Credits, with various E of T

and Remarks upon each Trade.

Abbreviations.
Squaring the Dimensions .
Abstracting, with Examples in illustration of
each Trade.

Billing.
Examples of Preambles to each Trade.
Form for a Bill of Quantities.

Do Bill of Credits.

Do. Bill for Alternative Estimate.
Restorations and Repairs, and Form of Bill.
Variations before Acceptance of Tender,

Errors in a Builder’s Estimate.

A Practical Treatise on

Useful Arts; for the Use of Engineers, Architects, &c. B,
Third edition, crown 8vo, cloth, 12s. 6d.

Box. With 14 plates.

A

The Law as it affects Quantity Surveyors,
with Law Reports.

Taking Of after the Old Method.

Northern Practice.

The General Statement of the Methods
recommended by the Manchester Society
of Architects for taking Quantities.

Examples of Collections.

Examples of ‘‘ Taking Off” in each Trade.

Remarks on the Past and Present Methods
of Estimating.

Heat, as applied to the

THOMAS

Descriptive Treatise on Mathematical Drawing

Instruments : their construction, uses, qualities, selection, preservation,
and suggestions for improvements, with hints upon Drawing and Colour-
ing. By W. F. STANLEY, M.R.1. Fifth edition, with numerous illustrations,

crown 8vo, cloth, §s.
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Long-Span Railway Bridges, comprising Investiga-
tions of the Comparative Theoretical and Practical Advantages of the
various adopted or proposed Type Systems of Construction, with numerous
Formula and Tables giving the weight of Iron or Steel uired in
Bridges from 300 feet to the limiting Spans; to which are added similar
Investigations and Tables relating to Short-span Railway Bridges. Second
and revised edition. By B. BAKER, Assoc. Inst. C.E. Plates, crown 8vo,

cloth, ss.
Elementary Theory and Calculation of Iron Bridges

and Roofs. By AUGUST RITTER, Ph.D., Professor at the Polytechnic
School at Aix-la-Chapelle. Translated from the third German edition,
by H. R. SANKEY, Capt. R.E. With 500 illustrations, 8vo, cloth, 15s.

The Builder's Clerk : a Guide to the Management

of a Builder’s Business. By THoMAS BALEs. Fcap. 8vo, cloth, Is. 6.

The Elementary Principles of Carpentry. By
THoMAS TREDGOLD. Revised from the original edition, and partly
re-written, by JoHN THoMAs HURsT. Contained in 517 pages of letter-
press, and sllusirated with 48 plates and 150 wood engravings. Third
edition, crown 8vo, cloth, 18s.

Section I. On the Equality and Distribution of Forces— Section II. Resistance of
Timber —Section III. Construction of Floors— Section 1V. Construction of Roofs — Sec-
tion V. Construction of Domes and Cupolas— Section VI, Construction of Partitions—
Section VII. Scaffolds, Staging, and Gantries—Section VIII. Construction of Centres for

Brid%es—Section IX. Coffer-dams, Shoring, and Strutting—Section X. Wooden Bridges
and Viaducts—Section XI. Joints, Straps, and other Fastenings—Section XII. Timber.

Our Factories, Workshops, and Warehouses: their
Sanitary and Fire-Resisting Arrangements. By B. H. THWAITE, Assoc.
Mem, Inst. C.E. With 183 wood engravings, crown 8vo, cloth, gs.

Gold : Tts Occurrence and Extraction, embracing the
Geographical and Geological Distribution and the Mineralogical Charac-
ters of Gold-bearing rocks ; the peculiar features and modes of working
Shallow Placers, Rivers, and Deep Leads ; Hydraulicing ; the Reduction
and Separation of Auriferous Quartz ; the treatment of complex Auriferous
ores containing other metals ; a Bibliography of the subject and a Glossary
of Technical and Foreign Terms. By ALFRED G. Lock, F.R.G.S. Wu#%
numerous illustrations and maps, 1250 pp., super-royal 8vo, cloth,

2/, 125, 6d.
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A Practical Treatise on Coal Mining. By GEORGE
G. ANDRE, F.G.S., Assoc. Inst. C.E., Member of the Society of Engineers.
With 82 lithographic plates. 2 vols., royal 4to, cloth, 3/ 12s.

Iron Roofs : Examples of Design, Description. Z//zes-
trated with 64 Working Drawings of Executed Roofs. By ARTHUR T.
WALMISLEY, Assoc. Mem. Inst. C.E. Imp. 4to, half-morocco, £2 125. 6d.

A History of Electric Telegraphy, to the Year 1837.
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ments, by J. J. FAHIE, Mem. Soc. of Tel. Engineers, and of the Inter-
national Society of Electricians, Paris. Crown 8vo, cloth, 9s.

Spons’ Information for Colonial Engineers.  Edited
by J. T. HursT, Demy 8vo, sewed.
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Introductory Remarks— Natural Productions— Architecture and 'Engineering— Topo-
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No. 2. Southern Africa, including the Cape Colony, Natal, and the
Dutch Republics. By HENRY Harr, F.R.G.S., F.R.C.I. With

Map. 3s. 64,
CONTENTS :

General Description of South Africa—PhYsical Geogra)hy with reference to Engineering
Operations—Notes on Labour and Material in Cape Colony—Geological Notes on Rock
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A Practical Treatise on Casting and Founding,
including descriptions of the modern machinery employed in the art. By
N. E. SPrETSON, Engineer. Third edition, with 82 plates drawn to
scale, 412 pp., demy 8vo, cloth, 18s.

Steam Heating for Buildings; or, Hints to Steam
Fitters, being a description of Steam Heating Apparatus for Warming
aad Ventilating Private Houses and Large Buildings, with remarks on
Steam, Water, and Air in their relation to Heating. By W. J. BALDWIN,
With many illustrations. Fourth edition, crown 8vo, cloth, 1as. 6d.
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A Handbook of Electrical Testing. By H. R. KEmPE,
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Gas Works : their Arrangement, Construction, Plant,
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The Maintenance of Macadamised Roads. By T.
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Mechanic of the Obouchoff Steel Works, St. Petersburg ; translated by
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General—Linear Measures—Square M Cubic M M of Capacity—
Weights—Combinations—Th

Elements of Construction for Electro-Magnets. By

Count TH. DU MoNCEL, Mem. de I'Institut de France. Translated from
the French by C. J. WHARTON. Crown 8vo, cloth, 4. 6d.

Electro-Telegraphy. By FREDERICK S. BEECHEY,
Telegraph Engineer. A Book for Beginners, J/llustrated. Fcap. 8vo,
sewed, 6d.

Handrailing : by the Square Cut. By JoHN JoNEs,
Staircase Builder. Part Second, w:tk eight plates, 8vo, cloth, 3s. 6d.

Practical Electrical Units Popularly Explained, with
numerous illustrations and Remarks. By JAMES SWINBURNE, late of
J. W. Swan and Co., Paris, late of Brush-Swan Electric Light Company,
U.S.A. 18mo, cloth, is. 6d.

Plilipp Reis, Inventor of the Telephone: A Biographical
Sketch. With Documentary Testimony, Translations of the Original
Papers of the Inventor, &c. By SiLvanus P. THoMPsoN, B.A., Dr. Sc.,
Professor of Experimental Physics in University College, Bristol. Witk
illustrations, 8vo, cloth, 7s. 6d. :

A Treatise on the Use of Belting for the Transmis-
sion of Power. By J. H. CooPER. Second edition, s//ustrated, 8vo,
cloth, 15s.
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A Pocket-Book of Useful Formule and Memoranda

Jor Civil and Mechanical Engineers. By GUILFORD L. MOLESWORTH,
Mem. Inst. C.E., Consulting Engineer to the Government of India for
State Railways.  With numerous illustrations, 744 pp. Twenty-first
edition, revised and enlarged, 32mo, roan, 6s.

SyYNoPSIS OF CONTENTS:

Surveying, Levelling, etc.—Strength and Weight of Materials—Earthwork, Brickwork,
Masonry, Arches, etc.—Struts, Columns, Beams, and Trusses—Flooring, Roofing, and Roof
Trusses—Girders, Bridges, etc.—Railways and Roads—Hydraulic Formulz—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, Shafting, etc.—Workshop Recipes—Sundry Machinery—Animal Power—Steam and
the Steam: Engine—Water-power, Water-wheeld, Turbines, etc.—Wind and Windmills—
Steam Navigation, Ship Building, Tonnage, etc.—Gunnery, Projectiles, etc.—Weights,
Measures, and Money—Trigonometry, Conic Sections, and Curves—Telegraphy—Mensura-
tion—Tables of Areas and Circumference, and Arcs of Circles—Logarithms, Square and
Cube Roots, Powers—Reciprocals, etc.—Useful Numbers—Differential and Integral Calcu-
lus—Algebraic Signs—Telegraphic'Construction and Formulz.

Spons  Tables and Memovanda jfor Engineers;
selected and arranged by J. T. HursT, C.E., Author of ¢Architectural
Surveyors’ Handbook,” ¢ Hurst's Tredgold’s Carpentry,’ etc. Seventh
edition, 64mo, roan, gilt edges, 1. ; orin cloth case, Is. 64.

Thi k is printed i 1 d i mall, i 1} in. b in. b

in. thick, that & may be cashy camed in the waisicoat pocket, = O> -t DY T

‘It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume
measuring but 2} in. by 14 in., yet these dimensions faithfully r?resent the size of the hand
little book before us. The volume—which contains 118 printed pages, besides a few blan!
pages for memoranda—is, in fact, a true pocket-book, adapted for being carried in the waist-
coat pocket, and containing a far greater amount and variety of inforruation than most people
would imagine could be compressed into so small a space, . . . . The little volume has been
compiled with considerable care and judgment, and we can cordially recommend it to our
readers as a useful little pocket companion.”—Z£ngineering.

A Practical Treatise on Natural and Artificial
Concrete, its Varieties and Constructive Adaptations. By HENRY REID,
Author of the ¢ Science and Art of the Manufacture of Portland Cement.’
New Edition, with 59 woodcuts and § plates, 8vo, cloth, 15s.

Hydrodynamics : Treatise relative to the Testing of
Water-Wheels and Machinery, with various other matters pertaining to
Hydrodynamics. By JAMES EMERSON. Witk ous iliustrations,
360 pp. Third edition, crown 8vo, cloth, 4. 6d.

Electricity as a Motive Power. By Count Tu. Du
MONCEL, Membre de I'Institut de France, and FRANK GERALDY, Ingé-
nieur des Ponts et Chaussées. Translated and Edited, with Additions, by
C. J. WHARTON, Assoc. Soc. Tel. Eng. and Elec. With 113 engravings
and diagrams, crown 8vo, cloth, 7s. 6d.

Hints on Avchitectural Dranghtsmanship. By G. W.

TUXFORD HALLATT. Fcap. 8vo, cloth, 1s. 6d.
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Treatise on Valve-Gears, with special consideration
of the Link-Motions of Locomotive Engines. By Dr. GUSTAV ZEUNER,
Professor of Applied Mechanics at the Confederated Polytechnikum of
Zurich, Translated from the Fourth German Edition, by Professor J. F.
KLEIN, Lehigh University, Bethlehem, Pa, Z//ustrated, 8vo, cloth, 125, 6d.

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-Polishing, Directions for Re-
polishing. Third edition, royal 32mo, sewed, 6d. :

Hops, therr Cultivation, Commerce, and Uses in
various Countries. By P, L. StMMONDS. Crown 8vo, cloth, 4s. 6.

A Practical Treatise on the Manufacture and Distyi-

bution of Coal Gas. By WILLIAM RICHARDS. Demy 4to, with numerous
wood engravings and 29 plates, cloth, 28s. ’
SyNopsis OF CONTENTS :

Introduction— History of Gas Lighting~— Chemistry of Gas Manufacture, by Lewis
Thompson, Esq., M.R.C.S.—Coal, with Analyses, by J. Paterson, Lewis Thompson, and
G. R. HisloE, Esqrs.—Retorts, Iron and Clay—Retort Setting—Hydraulic Main—Con-
densers — Exhausters — Washers and Scrubbers — Purifiers — Purification — History of Gas
Holder — Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular

rought-iron — Specifications — Gas Holders — Station Meter — Governor — Distribution—
Mains—Gas Mathematics, or Formulz for the Distribution of Gas, by Lewis Thompson, Esq.—
Services—Consumers’ Meters—Regulators—Burners—Fittings—Photometer—Carburization
of Gas—Air Gas and Water Gas—Composition of Coal Gas, by Lewis Thompson, Esq.—
Analyses of Gas—Influence of Atmospheric Pressure and Temperature on Gas—Residual
Products—Appendix—Description of Retort Settings, Buildings, etc., etc.

Practical Geometry, Perspective, and Engineerving

Drawing; a Course of Descriptive Geometry adapted to the Require-

" ments of the Engineering Draughtsman, 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,

etc., together with practical instructions as to the Lining, Colouring,

Printing, and generaFtreatment of Engineering Drawings, with a chapter

on drawing Instruments. By GEORGE S. CLARKE, Capt. R.E. Second
edition, witk 21 plates. 2 vols., cloth, 10s. 6d.

The Elements of Graphic Statics. By Professor
KARL VoN OTT, translated from the German by G. S. CLARKE, Capt.
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering
College. With 93 illustrations, crown 8vo, cloth, ss. :

The Principles of Graphic Statics. By GEORGE
SYDENHAM CLARKE, Capt. Royal Engineers. Witk 112 sllustrations.
4to, cloth; 12s. 6. .

Dynamo-Electric Machinery : A Manual for Students
of Electro-technics. By SiLvaNus P. THOMPsoON, B:A., D.Sc., Professor
of Experimental Physics in University College, Bristol, etc., etc. Second
edition, s/lustrated, 8vo, cloth, 125, 6d.
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The New Formula for Mean Velocity of Discharge

of Rivers and Canals, By W.R. KUTTER. Translated from articles in
the ¢Cultur-Ingénieur,” by Lowis D’A. JACKsON, Assoc. Inst. C.E.
8vo, cloth, 12s. 64,

Pmctzml Hydraulics ; a Series of Rules and Tables
for the use of Engineers, etc, etc. By THoMAs Box.  Fifth edition,
numerous plates, post 8vo, cloth 5.

A Practical Treatise on the Construction of Hori-
sontal and Vertical Waterwheels, specially designed for the use of opera-
tive mechanics. By WILLIAM CULLEN, Millwright and Engineer.. Witk
11 plates. Second edition, revised and enlarged, small 4to, cloth, 125, 6d.

Z‘zn. Describing the Chief Methods of Mining,

Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth and
Wolfram. - By ARTHUR G. CKARLETON, em. American Inst. of
Mining Engineers. Witk plates, 8vo, cloth, 12s. 6d.

Perspective, Explained and [llustyated. By G. S.
CLARKE, Capt. R.E. Witk illustrations, 8vo, cloth, 3. 6d.

The Essential Elements of Practical Mechanics;
based on the Principle of Work, designed for Engineering Students. By
OLIVER BYRNE, formerly Professor of Mathematics, - College- for Civil
Engmeers Thlrd editlon, with 148 wood engravings, post 8vo, cloth,
7s. 6d.

CONTENTS ¢

Chap. 1. How Work is Measured by a Unit, both with and without reference to a Unit
of Time—Chap. 2. The Work of Living Agents, the Inﬂuence of Friction, and introduces
one of the most bea.utn‘ul Laws of Motion—Chap. 3. The prmc: les expounded in the first and
to the Motion of Bodies—Chap. 4. The Transmission of Work by
simple’ Machmesw—Chap 5. Useful Propositions and Rules.

The Practical Millwright and Engineer's Reaa’y
Reckoner; or Tables for ﬁndmg the diameter and power of .¢
- ‘diameter, weight, and power of shafts, diameter and strength ot‘ogolts, ete.
By THoMAs DixoN. Fourth edition, 12mo, cloth, 3s.

Breweries and Maltings :. their Arrangement, Con-
struction, Machinery, and Plant. By G. ScAMELL, F.R.L.LB.A. Second
edition, revised, enlarged, and partly rewntten. ByF.CoLvER, M.LC.E.,,

. M.LM.E. With 20 plates, 8vo, cloth, 18s.

A Practical Treatise on the Manufacture of Starch,
Glucose, Starch-Sugar, and Dextrine, based on the German of L. Von
Wagner, Professor in the Royal Technical School, Buda Pesth, and
other authorities, By JuLIUS FRANKEL ; edited by ROBERT Hurn;n,
proprietor of the Philadelphia Starch Works, With §8 sllustyations,
344 pp., 8vo, cloth, 184,
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A Practical Treatise on Mill-gearing, Wheels, Shafts,
Riggers, de.; for the use of Engineers. By THOMAS Box. Third
edition, wsth 11 plates. Crown 8vo, cloth, 7s. 6d. ‘

Mining Mackinery: a Descriptive Treatise on the
Machinery, Tools, and other Appliances used in Mining, By .G. G.
ANDRE, F.G.S., Assoc. Inst. C.E., Mem. of the Society of Engineers.
Royal 4to, uniform with the Author’s Treatise on Coal Mining, con-
taining 182 plates, accurately drawn to scale, with descriptive text, in
2 vols., cloth, 3/ 12s.. o .

_ CONTENTS :
‘Machinery for Prospecting, Excavating, Hauling, and Hbisting—Venn’latipn—-Pumping—

Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron

Coal, Sulphur, China Clay, Brick Earth, etc.. )

Tables for Setting out Curves for Railways, Canals,
Roads, ete., varying from a radius of five chains to three miles. By A.
KENNEDY and R. W. HACkwoOD: - Jllustrated, 32mo, cloth, 2s. 6d.

The Science and Art of the Manufacture of Portland
Cement, with observations on some of its constructive applications. Witk
66 illustrations. By HENRY REID, C.E., Author of ‘A Practical
Treatise on Concrete,’ etc., etc. 8vo, cloth, 18s.

The Draughtsman’s Handbook of Plan and Map

Drawing; including instructions for the preparation of Engineering,
Architectural, and Mechanical Drawings. With numerous illustrations
in the text, and 33 plates (15 printed in colours). By G. G. ANDRE,
F.G.S., Assoc. Inst. C.E, 4to, cloth, gs. .

CONTENTS;

The Drawing Office and its Furnishings—Geometrical Problems—Lines, Dots, and their
Combinations—Colours, Shading, Lettering, Bordering, and North Points—Scales—Plottin
—Civil Engineers’ and: Surveyors’ Plans—Map. Drawing—Mechanical and Arch:tocturai
Drawing. pying and Reducing Trigonometrical Formulz, etc., etc. : v

The Boiler-maker’s and Iron Ship-builder's Companion,
comprising a series of original and carefully calculated tables, of the
utmost utility to persons interested in the iron trades. By JAMES FODEN,
author of ¢ Mechanical Tables,’ etc. Second edition revised, witk s/iustya~
tions, crown 8vo, cloth, 5s. . o

Rock Blasting : a Practical Treatise on the means

employed in Blasting Rocks for Industrial Purposes.. By G. G. ANDRE,
. F .(ES., Assoc. Inst. C.E. With 36 illustrations and 12 plates, 8vo, cloth,
.10s, 6d. - s . ‘

Painting and Painters Manual: a Book of Facts
for Painters and those who Use or Deal in Paint Materials. By C. L.
CONDIT and J. SCHELLER. J[/lustraled, 8vo, cloth, 10s. 64. -
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-,A Treatise on Ropemaking as practised in public and
- privdte. Rope-ydrds, with a Description of the. Manufacture, Rules, Tables
of Weights,-etc,; adipted to the Trade, Shipping, Mining, Railways,
Builders, etc. By R. CHAPMAN, formerly foreman to Messrs. Huddart
and Co., Limehouse, and late Master Ropemaker to H.M. Dockys.rd
Deptford Seoond edition, I2mo, cloth, 35. -

‘Laxtons Builders -and. Contractors T. ables ; for the
use of Engineers, Architects, Surveyors, Buﬂders, Land Agents, and
others. Bricklayer, containing 22 tables, with nearly 30,000 calculatlons.
-~ 4to, cloth, §s.

Laxtor's Builders' and Contractors’ Tables. Ex-
‘cavator, Earth, Land, ‘Water;:and-Gas, containing 53 tables, with nearly
24,000 calculattons 4to, cloth, 5s.

Sanitary Engincering: a Guide to the Constructlon

: of Works of Sewerage and House Drainage, with Tables for facilitating
the calculations of the Engineer. By BALDWIN LaTHAM, C.E.; M. Inst.
C.E,, F.G.S., F.M.S., Past-President of the Society of Engmeets Second
edition, witk numerous plates and woodcuts, 8vo, cloth, 1/, 10s.

Screw Cutting Tables for Engincers and Mackhinists,
giving the values of the different trains of Wheels required to produce
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S,,
etc. Cloth, gblong, 2s

Screw Cutting Tables, for the use of Mechamcal
Engineers, showing the proper arrangement of Wheels for cutting the
Threads of Screws of any required pitch, with a Table for making the
Uhniversal Gas-pipe Threads and Taps. By W. A. MARTIN, Engmcer
~Second edition, oblong, cloth, 1s., or sewed, 6d.

A Treatise on a Practical Method of Designing Slide-

Valye Gears by Simple Geometrical Construction, based upon the principles
enunciated in Euclid’s Elements, and comprising the various forms of
Plain Slide-Valve and Expansnon Gearing ; together with Stephenson’s,
Gooch’s, and Allan’s Link-Motions, as applied. either to reversing or to
variable expansion combinations. By EDWARD J. CowLING WELCH,
Memb, Inst. Mechanical Engineers. -Crown 8vo, cloth, 6s.

Cleaning and Scouring : a Manuat for Dyers, Laun-

dresses, and for Domestic Use. By S. CHRISTOPHER. 18mo, sewed, 64,

A Handbook of House Sanitation ; for the use of all
persons seeking a Healthy Home. A reprint of those portions of Mr.
Bailey-Denton’s Lectures on Sanitary Engineering, given before the
School of Military Engineering, which related to the ‘Dwelling,”
enlarged and revised by his Son, E. F, BAILEY- DENTON, C.E, B.A.
With 140 éllustrations, 8vo, cloth, 8s, 6d.
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A Glossary of Terms used in Coal Mining. By
WILLIAM STUKELEY GRESLEY, Assoc. Mem. Inst, C.E., F.G.S., Member
of the North of England Institute of Mining Engineers. Jlustrated with
numerous woodcuts and diagrams, crown 8vo, cloth, §s.

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, and the general Steam-
using Public. By MAURICE JOHN SEXTON. Second edition, royal
32mo, roan, gilt.edges, §s. S .

Electrolysis: - a Practical Treatise on Nickeling,
Coppering, Gilding, Silvering, the Refining of Metals, and the treatment
of Ores by means of Electricity. By H1PPOLYTE FONTAINE, translatéd
from the ; rench by J. A. BERLY, C.E., Assoc. S.T.E. Witk engravings.
8vo, cloth, 9s. ) . e

A Practical Treatise on the Steam Engine, con-
taining Plans and Arrangements of Details for Fixed Steam Engines,
with Essays on the Principles involved in Design and Construction. By
ARTHUR RI1GG, Engineer, Member of the Society of Engineers and of
the Royal Institution of Great Britain. Demy 4to, copiously sllustrated
with woodcuts and 96 plates, in one Volume, half-bound morocco, 2/ 2s.;
or cheaper edition, cloth, 25s.

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 Enﬁines without entering into the wide
domain of locomotive or marine practice. To this end fllustrations will be given of the most
recent g of Hori 1, Vertical, Beam, Pumping, Winding, Portable, Semi-
gruble, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in

reat 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, Piston-rods, Connecting-
rods, Cross-heads, Motion-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium
Slide-valves, and Val ing will be mi ly dealt with. In this connection will be found
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator,
Heat and Expansion of Steam Governors, and the like. It is the writer’s desire to draw
-llustrations from every possible source, and give only those rules that present practice deems
correct.

Barlow's Tables of Squares, Cubes, Square Roots,
gufeh Igd;al.r, Reciprocals of ail Integer Numbers up to 10,000. Post 8vo,
oth, Os. .

Camus (M.) Treatise on the Teeth of Wheels, demon-
strating the best forms which can be given to them for the purposes of
Machinery, such as Mill-work and Clock-work, and the -art of finding
their numbers. Translated from the French, with details of the present
practice of Millwrights, Engine Makers, and other Machinists, by -
Isaac HAWKINS, Third edition, witk 18 plates, 8vo, cloth, §s.
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A Practical Treatise on the Science vof Land and
Engineering. Surveying, Levilling, Estimating Quantities, ¢tc,, with a
general d&{cn tion of . ’the several Instruments: required . for Sl’nveymg,

velhr‘ng %ottmg, H. S. MERRETT. Fourth edition, revised
sILL, A soc em. Inst. CE 4~| ﬂata, -witl) iNustrations
¢md ta&la, royal 8vo,~clbth 123, 6.

" PRINCIPAL CONTENTS P

Part 1. Introduct:on and ' the Pnnm les of Geometry. Part 2. Land Surveying ; com-
gl ing General Observations—Th, —Offsets Surveymﬁ by the Chzmonly—Surveymg
illy Ground—To Survey an Estate or . Parish. by the Chain only—Surveying with the
_Theodolite~Mining, gnd Town Surveying—Railroad Surveylzg— apping—Djvision and
“Laying out of Lan, bservations on Enclosures—l’lane TnF ymetry. _Part 3. Levelhng,
‘ Simple and Com%ound Levelling=The Level Bock—Parliamentary Plan and Section—~
Levelling with a heodolne—Gradlents—Wooden Curves—To Lay out a' Réilway Curve—

Setting otit' Widths. Pait la tit for Est uttu:gs and
Embagkments—'l‘unnds—ﬁ;lckw:;lk— ronwor] dE-—“ﬁnier g,su\-mg i?i’m 5. ! Descripuo:z

and Useof, Instmmcm.s lp Survaying and Plotun;%—'l'he !mproued Dumpy. Lexel—Troughton’s
Level—The Prismat —P 0: xtant —Vernier — Panta-
graph—Merrett’s Improved Qu?drant—lmproved Com utatlon cale—The Diagonal’ Scalp
btnlght Edge and Sector: Logarithms of Numbers arithmic Sires and
a-Smes, T: and Co-T Nataral. Sines. and: €o-SinessTables fm' Earthwork,
for Semng out Curves, and for various Ca!culatlons, etc, etc., ete

Saws: the History, Developmmt Action, ,Classgﬁca-
tion, and Comparison of Saws of ‘all kinds. By. ROBERT GRIMSHAW.
With 220 illustrations, 4to, cloth, K25, 6d.

A Supplement to the above; containing additional

practical matter, more especially relating to the forms of Saw Teeth for
special material and conditions, and to.the behaviowr of Saws u.nder
particular conditions. - Witk 120 sliustrations, cloth, gs. :

A Guide for the E]ectrzc Testing of Telegraph Cables.

By Capt. V. HOSKIER, R f'al Danish Enuneers W th’ tllmlralwnl‘,
second echtlon, crown 8vo, cloth, 4. 64.

Laymg‘ and Repairing Electric 7 edeg‘mjﬁ/: Cables. By
. Ca%t‘.{ V. Hoski®g, Royal Danish Engmcex’s; Crown Svo, oloth,

A Pocket-Book of Practical Rudes Sor. the. Proparlzons

of Modern Engines and Boilers for Land and Marine purpo.m. By N. P.
BURGH. Seventh edition, royal 33mo, roan, 4+. 64.

The Assayer's Manual: an Abridged Treatise on
the Docimastic Examination of Ores and Furnace and other Artificial
Products. By BRUNO KERL. - Translated by W. T. BRANNT. Witk 65
_#llustrations; 8vo, cloth, 12s. 64,

The Steam Engine consideved as a Hoeat Engine: a
Treatise on the Theory of the Steam Engine, illustrated by Diagrams,
Tables, and Examples from Practice. By Jas. H. CorTERILL, M.A.,
F.R.S., Professor of Applied Mechanics in the Royal Naval College
8vo, cloth 12s. 6d.
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Electricity : -its  Theory, Sources,..and ‘Ap'licdtions.
~ By J. T. SPRAGUE, M.S.T.E. Second edition,- mmsed and- enlmged, with
ous zllt. ons, .crown 8vo, cloth I 5:

etc with Instructlons for Tummg such Work in. Metalas may be reqmred
in the Practice of Tyrning in Wood, Ivory,. ete. ; also an Appendix on
Ornamental Turning, (A book for beginners.) By FraNcIs ¢ CAMPIN.
Thlrd edxt;on, illlf/l wood engravings, crown 8vo, cloth, 6s. .

It

CONTENTS : .
"On Lathes—'l‘ummz Tools—'l‘urmng Wood—Drllling—Screw Cuttlhg—-Miscellancous
Apparatus and Processes—Turning Particplar’ F-{r-*.. S 1 g Metals

—Materials—Ornamental Turning, etc.

Health and Comfort in House Buzla'mg, or Ventzla-

tion with Warm Asr by SelfrActing: Suction Power, with Review of the
mode of Calculating the Draught in Hot-Air Flues, and with some actual
Experiments. By J. DRYSDALE, M.D,, 'and J. W. HAYWARD, M.D.
Second edition; with Supplement, izt plate.r demy 8vo,. cloth, 7s: -6d.

Treatise on Watchwork, Past and Present. By the
" Rev. H. L: NELTHROPP, M.A,, FS.A‘ -‘W th 32 :Ylmmzmm’, crown

8vo, cloth, 6s. 6d. .
CONTENTS ¢ .

Definitions of Words md Terms used in Watchwork—Tools—Tun«s-Hnstongal
mary—On Cal e Numbers for Wheels ‘and Pinions; their Proportional S: &s,
Trains, etc.—Of Dial Wheels, or Motion Work—Length of Time of Going without Winding -

The Verge—The Horizontal—The Duplex—The Lever—The Chronomcter—Re‘)eatmg
\3; ches—Keyless Watches—The Pendul um, or Spiral Spring—Compensation— Jawelling of
Pivot Holes—Clerkenwell—Fallacies of the Trade—Incapacity of Warkmen—How to Choose
and Use a Watch, etc. .

Notes in Mechanical Engineering. Compnled prin-
cipally for the use of the Students attending the Classes on this subject at
the City of London College. By HENRY ADAM Mem. Inst. M.E.,
Mem. Inst. C.E., Mem. Soc, of Engineers.. é»vo, cloth, 2s. 64.

Algebra Self-Taught. By W. P Hices, M.A,,

.D.Sc., LL.D,, Assoc. Inst. C.E., Author of ‘A Hapdbook of the Differ-
ential Calculus, etel Second edmon, crown 8vo, cloth, 2s. 6d.
. O CONTENTS :

S bols and the Slg‘i Operation—~The Equation and .fhe Unknown Quantity—
Posxtm and Negative 8 tnes—M:ﬂhpllw&n-Panvolutlon—Exponents—N ative Expo~
wents—Reots, and the Use o Ex'ponznts as Lo, ﬁnthms—‘rables :f Lo hms
and P:oportlonate Parts — Transformation of System of arithms — Common Uses of
Common Lotfant ms—Compound Multiplication and the gi-nomml ‘Theorem—Division,
Fractions, Ratio—Continded Propomon—s-(rhe Seties and -the Summation of the Series—
Limit of Series—Square and Cube Roots—Eq —List of F le, etc.

szom Dictionary of Engineering, Civil, Mechanical,
Military, and Naval; with technical terms in Ftench, German, Italxan,
;and Sdpa nish, ;3100 £p., and nearly 8000 engravings, in super-royal 8vo,
ivisions, 5/ Complete in 3 vols,, cloth, 5/ 55. Bound in a

supeuor manner, half-morocco, top edge gllt, 35 vols., 6/, 12s.
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Ca,nye and Bogt. Butlding : a complete Manual for
Amateurs, containing plain and comprehensxve directions for the con-
struction of Canoes, Rowing and Sailing Boats, and Hunting Craft. )
By W, P, STEPHENS. . With numerous tllu.rtralwn.r and 24 plates. qf
Workx&g Dramng:. “Crown 8vo, cloth, js. 6d.

Cultural Industriss for Quesnsland : Papers on’ the
cultivation of useful Plants suited to the climate of ‘Queensland, their
-value-as Food, jh thd Arts, and in Medidi e\ and methods, of obtainin
" their products. By L. A, BERNAYS, F.L. F R.G. S. 8vo, half calf,
vs.6d, “The same, in cloth, 6s. *

Proceedin {s of the Natzomql C onfereme qf E lec{rzczans,
i P)tﬁladelp i, October 8th‘ to ‘13th 1884 18mo, cloth, 3s.

Dynamo < Electﬂczzj/,' its ‘Generation, Application,
Transmission, Storage, and Measurement. By G B. PRESCOTT. With
t  54% sllustrations. 8vo, cloth,. Il. [ O .

Dowmestic Electmczzfy for Amateurs. Translated from
the French of E. HOSPITALIER, Editor of * L’Electricien,” by C. J.
dVIVOHAR'I‘ON, Assoc. Soc. Tel. Eng.  Numerous ;Ilu:tratwm Demy 8vo,

th, 9s,

" CONTENTS

' 1. Production of the Electric Current—2. Electric Bells—3.’ Automatlc Alarms—4 Domestic
Telephones—s. Electric Clocks—6. Electric Lighters—7. Domesti¢ Electric' Lighting—
8, Domestic Application of the Electric Light—g. Electric Motors —zo. * Electrical 0mo-
tion—1x. Electrotyping, Plating, and Gilding—13. Eleou::c Recreations—13, . Vanous appli-
cations—Workshop of the Electrician.

Wméles in Electric Lighting. By VINCENT STEPHEN‘;
Witk illxstyations. 18mo, cloth, 2s 64' .
CONTENTS

1. The Electric Current and its production by Qhemlw.l means—a. Production of Electm:

Cl;mnts by Mechanical) mems—a Dynn.melﬂ:tnc qohher—w B,]zcu'@ Lamps—
s Lead—s Ship Lighting.

The Practical Flax Spmner bemg a Descnptlon of
the Growth, Manipulation, and §pmnmg of Flax and Tow. By LesLi
C. MARSHALL, of Belfast Witk ijlustrations. 8vo, clath, 15:

Foundations and Foumz’cu‘wn Walls Jor all classes 0f
Buildings, Pilei Driving, ‘Building Stones and Bricks, Pier and Wall
constructlon, Mortars, Limes, Cements, Concretes, Stuccos, &c. 64 #//us-

- trations.” By G. T. POWELL and F. BAUMAN. -8vo, cloth, 10s. 64.

The British }’ugematﬁ Free Trade! Fajr Trade! "

Reciprocity !1! and Retaliation ! By G.L.M. 8vo, sewed. 6d.-



16 CATALOGUE ‘OF SCIENTIFIC BOOKS

Magual or Gas Engmeermg Sz‘ua’em‘s By D. LEE.
"~ 18mo, ¢ th Is.

Hydrvanlic Mac/zmem/, Ptm‘ amz’ Present A Lecture
delivered to the London and Suburban Railway Officials’ Association.
« " By H. Apams, Mem. Inst.- C E. Foldiug plate. “8vo, sewed, 15,

Y‘wem‘y Years with the Indicator. -By THoMAS PRAY |

Jun., C.E., M.E., Meniber of the American Society of Civil Engineers.
2 vols royal, 8vo, cloth, 125, 6d

Amsial Statistical Repon‘ qf tﬁe Secretar_y to the
Members of the Iron and Steel Association on the Home and Foreign Iron
. and Steel Ivdu.rtm: in-1884. Issned. March 1885. -8vo, sewed, 5s.

Bad Drains, and How to. Test them.; with Notes on
the Ventllatnon of Sewers, Drains, and Sanitary Fxttmgs, and the Origin
and Transmission of Zymouc stease. -By R,'HARRIS REEVES. Crown.
8vq, cloth, 3s. 6d. v '

Standard Practical Plum&mg, bemg a complete
Encyclopzdia for Practical Plumbers and Guide for Architects, Bullders,
Gas, Fitters, Hot-water Fitters, Ironmongers, Lead Burners, Sanitary
Engineers, Zinc Workers, &c. /lustrated by over 2000 engravings. By'
- P. J. DaviEs. Vol 1, royal 8vo, cloth, 7. 64.

Prewmatic. . Transmission of . Messages amz’ Parcels
between Paris and London, vid Culais.ond «Dozer. .. By J. B. BERLIER,
C.E. Sma]l foho, sewed, 6d )

List: of Tests (Reagents) arranged m ‘alphabetical
order, according to tl}e namesfofC l!1he ongmators Designed especially

o for the;convenignt. reference o emijstsy Pharmacists, and Scientis

" B; AN WgL%EK.?rgCréwn 8vo, ¢loth), 45 611 . ¢! =

Ten Years Experience in Works of [ntermzttmt

«  Downpward Filtration. By: J. BALEY DENTPN, Mem, Inst, C.E,
,Second edmon, with additions.. Royal 8vo, sewed, 4.

A Treatise on the Manufacture of Soap and Candles,
,,Luémant: and Glycerin. By W. LANT CARPENTER, B.A., B.Sc. (late
of Messrs.' C; Thomas and Brothers, Bristol). Witk xllu:lratwn: Crown
8vo, cldth, 10s-6d. ' .
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The Stability of Ships explaz’neJ simply, and calculated
& 2(1 new Graphic method. By J. C. SPENCE, M.LN.A. 4to, sewed,
35. 6d.

Steam Making, or Boiler Practice. By CHARLES A.
SMmitH, C.E. 8vo, cloth; gs. o
CoNTENTS :

1. The Nature of Héat and the Properties of Steam~—2. Combustion.—3. Externally Fired
Stationary Boilers—4. Internally Fired Stationary Boilers—s. Internally Fired ‘Portable
Locomotive and Marine Boilers—6. Design, Construction, and Strength of BOilm—ﬁ. Pro-
portions of Heating Surface, Economic Evaporation, Explosions—8. Miscellaneous Boilers,
Choice of Boiler Fittings and Appurtenances. - :

The Fireman's Guide; a Handbook on the Care of
Boilers. By TEKNOLOG, foreningen T. I. Stockholm. Translated from
the third edition, and revised by KARL P. DAHLsTROM, M.E. Second
edition. Fcap. 8vo, cloth, 2s. ) R

A Treatise. 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.
With 36 plates.  4to, cloth. (Nearly ready.)

. CoNTENTS: .

1. Introduction—z. Original Engines—3. Boilers—4. High-Pressure Beam Engines—s.
Cornish Beam Engines—6. Horizontal Engines—7. Oscillating Fngines—8. Vertical High-
Pressure Engines—g, Special Engines—1o0. Portable Engines—11. Locomotive Engines—
12. Marine Engines.

Steam Engine Management; a Treatise on the
Working and Management of Steam Boilers. By F. CoLYER, M. Inst.
C.E., Mem. Inst. M.E. 18mo, cloth, 2s.

Land Surveying on the Meridian and Perpendicular

System. By WILLIAM PENMAN, C.E. 8vo, cloth, 8s. 64,

The Topographer, his Instruments and Methods,
designed for the use of Students, Amateur Photographers, Surveyors,
Engineers, and all persons interested in the location and construction of
works based upon Topography. Zlustrated with numerous plates, maps,
and engravings. By LEwis M. Haurt, AM. 8vo, cloth, 18s.

A Text-Book of Tanning, embracing the Preparation
of all kinds of Leather, By HARRY R. PROCTOR, F.C.S,, of Low Lights
Tanneries. With illustrations. Crown 8vo, cloth, 10s. 6.



In super-royal 8vo, 1168 pp., wstk 2400 sllust

. in 3 Divisi

, cloth, price 13s. 6d.

each ; or 1 vol,, cloth, 2Z ; or half-morocco, al. 8s.

A SUPPLEMENT

TO

SPONS’ DICTIONARY OF ENGINEERING.

EpiTeD BY ERNEST SPON, MEME. SoC. ENGINEERS.

Abacus, Counters, Speed
Indicators, and Slide
Rule.

Agricultural Implements
and Machinery.

Air Compressors.

Animal Charcoal Ma-
chinery.

Antimony.

Axles and Axle-boxes.

Barn Machinery.

Belts and Belting.

Blasting. Boilers.

Brakes.

Brick Machinery.

Bridges.

Cages for Mines.

Calculus, Differential and!
Integral.

Canals.

Carpentry.

Cast Iron.

Cement, Concrete,
Limes, and Mortar,

Chimney Shafts.

Coal Cleansing and

Washing,

Coal Mining,
Coal Cutting Machines.
Coke Ovens. Copper.
Docks. Drainage.
Dredging Machinery.
Dynamo - Electric and
Magneto-Electric Ma-
chines.
Dynamometers.
Electrical Engineering,
Telegraphy, Electric
Lighting and its prac-
ticaldetails, Telephones
Engines, Varieties of.
Explosives. Fans.
Founding, Moulding and
the practical work of
the Foundry.
Gas, Manufacture of.
Hammers, Steam and
other Power.
Heat. Horse Power.
Hydraulics.
Hydro-geology.
Indicators. Iron.
Lifts, Hoists, and Eleva-
tors.

Lighthouses, Buoys, and
Beacons.

Machine Tools.

Materials of Construc-
tion.

Meters.

Ores, Machinery 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.

London: E. & F. N. SPON, 125, Strand.
New York: 85, Murray Street.



NOW COMPLETE.

With nearly 1500 illustrations, in super-royal 8vo, in § Divisions, cloth.
Divisions I to 4, 13s. 6. each ; Division §,17s. 64. ; or 2 vols., cloth, £3 10s.

SPONS ENCYCLOPZADIA

OF THE

INDUSTRIAL ARTS, MANUFACTURES, AN COMMERGIAL

PRODUCTS.

Epitep By C. G. WARNFORD LOCK, F.L.S.

Among the more important of the su

following :—

Acids, 207 pp. 220 figs.
Alcohol, 23 pp. 16 figs.
Alcoholic Liquors, 13 pp.
Alkalies, 89 pp. 78 figs.
Alloys. . Alum,
Asphalt. Assaying.
Beverages, 89 pp. 29 figs.
Blacks.
Bleaching Powder, 15 pp.
Bleaching, 5t pp. 48 figs.
Candles, 18 pp. 9 figs.
Carbon Bisulphide.
Celluloid, 9 ;3)
Cements. lay.
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.
Dyestuffs, 16 pp.
Electro-Metallurgy, 13
PP-
Explosives, 22 pp. 33 figs.
Feathers.
Fibrous Substances, 92
pp- 79 figs.
Flgor-cloth, 16 pp. 21
gs.
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.

%—Iom. .

ce, 10 pp. I4 figs.

India,rulgger lgisamufac-
tures, 23 pp. 17 figs.

Ink, 17 pp. .

Ivory.

Jute Manufactures,
PP., II figs.

Knitted Fabrics —
Hosiery, 15 pp. 13 figs.

Lace, 13 pp. 9 figs.

Leather, 2§)pp. 31 figs.

Linen Manufactures, 16
pp- 6 figs.

Manures, 21 pp. 30 figs.

Matches, 17 pp. 38 figs.

Mordants, 13 pp.

Narcotics, 47 pp-

Nuts, 10 pp.

Oils and Fatty Sub-
stances, 125 pp.

Paint.

Paper, 26 pp. 23 figs.

Paraffin, 8 pp. 6 figs.

Pearl and Coral, 8 pp.

Perfumes, 10 pp.

11

bjects treated of, are the

Phgtography. 13 pp. 20
S

gs.
Pigments, 9 pp. 6 figs.
Pottery, 46 fp. §7 hgs.
Printing and Engraving,
R 20 pp. 8 figs.

a

gs.
Resinous and Gummy
gubstances, 75 pp. 16

gs..

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.

Sugar, 155 pp.

gs.

Sulphur,

Tannin, 18 pp.

Tea, 12 pp.

Timber, 13 pp.

Varnish, 15 pp.

Vinegar, § pp.

Wax, 5 pp.

Wool, 2 pp.

Woollen Manufactures,
58 pp. 39 figs.
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Crown 8vo, cloth, with illustrations, 55

WORKSHOP RECEIPTS,

FIRST SERIES.

‘By. ERNEST SPON..

Bookbmdmg.

Bronzes and Bronzing. |
Candles.

Cement. *

Cleaning.
Colourwashing. -
Concretes.

Dipping Acids.
Drawing Office Detalls.
Drying Oils.

Dynamite.
Electro-- Metallurgy —
(Cleaning, Dipping,

Scratch-brushing, Bat-

teries, Baths, and
Deposits of  every
descnpnon)
Enamels.

Engraving on Wood,
Copper, Gold, Sllver,
Steel, and Stone

Etchmg and Aqua Tint. |

Firework Making
(Rockets, Stars, Rains, |
Gerbes, Jets, Tour-
billons, Candles, Fires,
Lances,Lights, Wheels,
Fire-balloons, and
minor Fireworks).

Fluxes.

Foundry Mixtures.

Besides Receipts relati:

|

Sy~opsis OF CONTENTS.

Freezing. . ‘ Paper.
Fulminates. ! Paper Hanging.
Furniture Creams, Oils, Paintingin Oils,in Water

Polishes,  Lacquers,! Colours, as well as
and Pastes, .. Fresco, House, Trans-
Gilding. parency, Sign, and
Glass 8utting, Cleaning, . Carriage Painting.
Frosting, Drilling, ' Photography.

Darkening, Bending,' Plastering,
Stammg, and Paint- Polishes.

© ing. I Pottery—(Clays, Bodies,
Glass Making. Glazes, Colours, Oils,
Glues. Stains, Fluxes, Ena-
Gold. mels, and Lustres).
Graining,. Scouring.
Gums. . Silvering.
Gun Cotton, Soap.
Gunpowder. Solders.
Horn Working. Tanning.

! Indiarubber. Taxidermy.

Japans, Japanning, and

Tempering Metals.
kindred processes.

Treaung Horn, Mother-

. Lacquers. o'-Pearl, and hke sub-
Lathing. stances.

Lubricants. Varnishes, Manufacture
Marble Working. and Use of.

Matches. Veneering.

Mortars. Washing.
Nitro-Glycerine, . Waterproofing.

Oils. Welding.

ng 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.,

London: E,

New

&,F. N. SPON, 125, Strand.
Yark: 85, Murray Street.



Crown 8vo, cloth, 485 pages; with illustrations, 5s.

WORKSHOP RECEIPTS,
' SECOND SERIES.
BY ROBERT HALDANE.

SyNoPsis OF CONTENTS.

Acidimetry and Alkali- | Disinfectants. .| Isinglass;

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

Pigments, Paint, and Painting: embracing the preparation of
Pigments, including alumina lakes, blacks (animal, bone, Frankfart, ivory,
lamp, sight, soot), blues (antimony, Antwerp, cobalt, cceruleum, Egyptian,
manganate, Paris, Péligot, Prussian, smalt, ultramarine), browns  (bistre,
hinau, sepia, sienna, umber, Vandyke), gréens (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, colco-
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites. (alam,
baryta, Chinese, lead sulphate, white lead—by American, Dutch, French,
German, Kremnitz, and Pattinson ‘processes, precautions in making, and
composition of commercial samples—whiting, Wilkinson’s white, zinc white),
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes); Paint
(vehicles, testing oils, driers, grinding, storing, applying, priming, drying,
filling, coats, brushes, surface, water-colours, removing smell, discoloration ;
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); Painling (general instructions,
proportions of ingredients, measuring paint work ; carriage painting—priming
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils,
driers, and colours, varnishing, importance of washing vehicles, re-varnishing,
how to dry paint ; woodwork painting).

London: B. & F. N. SPON, 125, Strand.
New York: 35, Murray Streef.



JUST PUBLISHED.

Crown 8vo, cloth, 480 pages, with 18; illustrations, 5s.

WORKSHOP RECEIPTS,
THIRD SERIES. |

By C. G. WARNFORD LOCK.

Uniform with the First and Second Series.

Alloys.
Aluminium,
Antimony.
Barium,
Beryllium.
Bismuth.
Cadmium,
Caesjum,
Calcium.
Cerium. "
Chromium.
Cobalt.
Copper. .
Didymium.
Electrics.

" Enamels and Glazes,
Erbium.
Gallium,
Glass.
Gold.

SyNopsIS OF CONTENTS.

Indium.
Iridium,
Iron and Steel.
Lacquersand Lacquering.
Lanthanum,
Lead..
Lithium,
Lubricants,
‘Magnesium,
Manganese.
Mercury.
Mica.
Molybdenum,
Nickel.
Niobium,
Osmium.
Palladium.
Platinum.
Potassium.
Rhodium.

Rubidium,
Ruthenium.
Selenium.
Silver.
Slag.
Sodium.
Strontium,
Tantalum.
Terbium.
Thallium.
Thorium,
Tin.
Titanium,
Tungsten.
Uranium.
Vanadium.
Yttrium, .

‘| Zinc. -

Zirconium,

London: E. & F. N. SPON, 125, Strand.
New York: 85 Murray Street.
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WORKSHOP RECEIPTS,
FOURTH SERIES,
DEVOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS.

By C. G. WARNFORD LOCK.
250 Ilustrations, with Complete Index, & a General Index to the Four Series.

Waterproofing — rubber goods, cuprammonium processes, miscellaneous
preparations.

Packing and Storing amcles of delicate odour or colour, of a deliquescent
gha;acter, 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 raxsmg 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 kmds.

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- repaxr of pianos,
harmoniums, musical boxes, etc.

Clock and Watch Mending—adapted for mtelhgent amateurs,

Photogtaphy—recent development in rapid processes, handy apparatus,
numerous recipes for sensitizing and developing solutions, and applica-
tions to modern illustrative purposes.

London: E. & F. N. SPON, 125, Strand.
New York: 85, Murray Street.



JUST PUBLISHED.

In demy 8vo, cloth, 600 pages, and 1420 Illustrations, 6s.

SPONS’

MEOHANIO S OWN BOOK
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 200 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—Polishing
Marble, Metals, and Wood—Varnishing—Mechanical movements,
illustrating contrivances for transmitting motion—Turning.in Wocd
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.

London E & F N. SPON, 125, Strand.
New York: 85, Murray Street.











