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PREFACE.

e —

In this book I have endeavoured to indicate briefly and
clearly the main facts which govern the question of sewage
disposal. Much of the data has been collected when ad-
vising sanitary authorities as to the best means of sewering
their towns and of purifying the sewage, or of otherwise
disposing of it. In the course of the investigations I have
had to make into the several methods for dealing with
town refuse, I have had opportunities of collecting data,
the condensation of which into a compass convenient for
reference, will, it is hoped, afford a ready means of obtain-
ing information 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. '

The Official Blue Books 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
be detached from that which is less useful, so far as relates to
this subject.

There is now exhibited a better agreement than heretofore
on the main pointg that have to be adhered to in dealing
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iv PREFAOCE.

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 irriga~
tionists, that the application of sewage to land would result
in pecuniary gain, have also been sobered by experience.
In the former case, mistaken views have been exposed at
the expense of private capitalists, who have lost their money
in Companies, whereas experience in land irrigation, where
it was inappropriate, has been gained at the expense of the
ratepayers of the towns which have adopted that system.

_ Where suitable land is available I advise irrigation, but
where such is not the case, I employ chemical treatment
either in aid of land where too little is obtainable, or as a
substitute for it altogether where it cannot be obtained.

I have confined myself in this book to the systems for
sewage disposal which are of most importance, and have
excluded many which, although interesting, do not, in my
judgment, offer a prospect of succeeding or of superseding
those I refer to. Information respecting them, however, will
be found in the book which I published (in conjunction
with Mr. Melliss) in 1877, called ¢ Purification of Water-
carried Sewage.’

I am able to refer in this book to a valuable report which

" was made in October of last year by Dr. Angus Smith to the
Local Government Board, in which is given much useful
information as to the results of irrigation, chemical treat-
ment, and the two combined.

This report would have been still more useful and in-
teresting had the effect of irrigation been shown by the

-



PREFACE. v

results obtained at more than one town where the system is
in continuous operation on a ln.fge scale, instead of only at
Aldershot, where the sewage is applied only two days out
of the seven, and the conditions are exceptional in other
respects. The results obtained at towns where chemical
treatment is employed, are not open to any objection, as
they illustrate the most important processes in continuous
operation.

HENRY ROBINSON,
’ M. Ixst. C.E.

7, WesTMINSTER CHAMBERS, LoNnDON, S.W.,
January 1880.
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SEWAGE DISPOSAL.

CHAPTER 1.

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 any of 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-
rates 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 it is not contended that bad drainage and
defective house sanitation alone cause the death-rates in
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2 SEWAGE DISPOSAL.

large towns to be higher than where the populations are less
concentrated, nevertheless, they are important factors. The
Registrar-General has shown 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 24-4 per 1000, whilst a population of
9,819,284 persons living on 34,135,256 acres in districts
comprising small towns and country parishes, showed an
average death-rate for a similar period of 194 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. If proper
ventilation is provided, no evil consequences may result, or
the dilution may lessen them,

Where the relative proportions of main and contnbutory
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 banks of putrescible substances are formed 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 deliver one-half
the total daily 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 accrues. -

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
permanently interfere with the regular flow of the con-
tributory 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 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.

B 2



4 SEWAGE DISPOSAL.

Far too little attention is paid to absolutely trapping
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.

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)
ghould under any circumstances be made inside a house.

3. Sinks 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 & drain,
soil pipe, or water-closet trap. They should deliver either
into a sink cut off from the sewer, or on to the surface
of a gully similar to the one already described. The
cistern for water-closets should be distinct from that for
supplying 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. :
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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 con-
ditions, 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 consumption is condemned and destroyed,
why should there not be similar legislation to meet the
case of house property that is unfit for habitation ?
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CHAPTER 1L

N

MEMORANDA ON BSEWAGE.

A gaLLoN 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 = 35-9 cubic feet = 224 gallons.

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

120 inches in depth of sewage (taken at 25 gallons per

head of the population) may be filtered per annum on
properly prepared and ‘deeply drained land of a porous
character, if it is applied with care and uniformity. This is
equivalent to 300 people to the acre; 100 people per acre,
however, are taken, as a rule, for broad irrigation.
- 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 faces of 100,000
persons weigh 15,620 1bs. The faces or solid portion being
to the fluid or urine as 1 to 16.

WeiGHT IN GRAINS OF SoLID AND Li1Quip EXCREMENT PER PERsON
PER DAY, AND THE ORGANIC NITROGEN AND PHOSPHATES CONTAINED
THEREIN, ACCORDING TO DR. FRANKLAND.

! |
Organic Phos- Organic Phos-
Fces. Nitrogen. | phates. Urine. | § itrogen. | phates.

Men .. 150

, 174 828 | 1500 ‘ 150 | 608
Women.. | 45 . 102  1-08 | 1350 | 10:73 | 5-47
Boys .. | 110 | 1'82 ' 162 570 | 472 | 2°16
Girls .. 25 = 57 87 450 | 3:68 | 1'78
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- 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, 557
of which were in solution and 38°2 in suspension. The
organic matter was 312 grains per gallon, of which 151
were dissolved and 161 suspended.

Professor Way found, as the result of ninety-eight analyses
of Rugby sewage, that a gallon of sewage contained 925 -
grains of solid matter, 29 of which were organic and 63-5
mineral. The nitrogen in the complete analyses amounted
to 6-18 grains per gallon, the phosphoric acid to 1*68 grains
per gallon, and the potash to 281 grains.

Dr. Letheby considered that 1000 persons of a town
population contributed 8760 gallons of sewage a day, con-
taining about 167 Ibs. of organic matter, 333 lbs. of
nitrogen, 9+4 lbs. of phosphoric acid, and 69 lbs. 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
30-7 grains of organic matter per gallon, 6-76 grains of
nitrogen, 185 of phosphoric acid, and 1-08 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 & Report by
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Captain Calver, F.R.8,, on the Discharge of Metropolitan

Sewage into the River Thames :—

CONTENTS IN GRAINS PER GGALLON.

| One Hour ’Twollonrs
| before Low | after High
| Water. | Water.
Suspended Matter—
Organic matter .. .. .. .. .. .. 37-24 104-97
Sand te et e ee ee ee ee e 4410 23°52
Iron e ee  es  se  se  ee  ss e 4:90 1:96
Alumina .. o ee e e e 4-90 8-40
Carbonate of lime .. 12-07 11-20
Oxygen and iron combmed w1th other} - 4-80 1-45
matters undetermined .. .. .. ..f|

Total suspended solids .. .. | 108:01 | 15150
Dissolved Matter—

Total .. .. .. .. .« .. 81-00 103°60
Containing common salt .. .. .. .. 4392 51-88
Ammonia in one gallon of sewage contain-
ing suspended and dxssolved matters—

Free e . 413 4:09
A.lbumm01d o ee ee ee ee ee e 2-46 4-55

Total .. .. .. .. .. . 659 8:64
The following are other official analyses of London
Sewage :—

Solids suspended
in Grains per
Gallon.
Letheby.—Aversge at all hours from ten large clty} 3815
sewers .. ..
Hoﬁ'man and Wltt —Average from March to Jnne} 49223

.o

Rlvers Pollutnon Comlmssxonem.—Avemge from} 4375

February to June 1869 ..

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

IN GRAINS PER GALLON.

Total Solids | Mineral anic | Organic Total
in Solution. | Matters. ﬁrnsteer. I?::fo‘::" : Ammonia. ?ﬁﬁ&:’
72 61-3 107 *265 . 1615 t 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.

Other analyses of sewage are given in the Tables in the
Appendix.

SBewage varies in quality, and the ammonia contained in it
ranges from 2} grains per gallon to upwards of 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 12-6 1bs. of ammonia.

Dr. Letheby considered the constituents of urine when
dried to be worth 181. 14s. 1d. a ton, and of fresh faeces
when dried 5I. 17s. 7d. a ton, and the dry matter of both
solid and liquid excreta of a mixed population 141 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, 1878, was examined by Professor Wanklyn, and
consisted of—

Water .. .. .. .. .. 69parts.
Solids,dry .. .. .. .. 381

100



10 SEWAGE DISPOSAL.

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,
multiply by 7, and remove the decimal point one place to the
left.

Frow IN SEWERS.
z = area 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=>5542x2f
C=VxA
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CHAPTER III.
SEPARATE SYSTEM OF SEWERAGE.

WaERe 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 surface 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 scaveng-
ing and cleansing, the filth removed from gutters and
bye-streets by rain 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.
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By bringing the volume of sewage to a more uniform
flow, the arrangements for purifying it can be more easily
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 happened 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 &
sufficient depth to preserve in a dry state the basements and
surroundings of houses.

Sometimes the foul sewers are laid open-;omted in order
that they may serve as drains for the subsoil as well as
sewage carriers. This endeavour to combine two essen-
tially distinct operations is wrong in principle. The sewer
itself should be made absolutely water-tight, so as to prevent
the escape of sewage from it into the subsoil.
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CHAPTER 1IV.
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
permissive 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
watercourse, or into any canal, pond, or lake until such
sewage or filthy water is freed from all excrementitious or
other foul or noxious matter such as would affect or deterio-
rate the purity and quality of the water in them, It is clear
that this provision is of no avail, inasmuch as the Act does
not prevent, but simply does not authorize.

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 & 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
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at the time of the passing of the Act, and those in which
it is 8o 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
practicable and available means are used to render the sewage
harmless.” The words in italics involve difficulties which
have caused the Act to be practically inoperative.

The Act contemplated certificates being given to towns to
the effect that they were dealing with their sewage efficiently,
but a strict compliance with this appears to be construed
into its being necessary to deal with the sewage on land, so
that those towns which are so situated as to be unable to
dispose of their sewage on land have no means of obtaining
the certificate. ' .

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 arrrive 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 as regards sewage pollu-
tion, that the fluid should not contain more than 03 parts
by weight of organic nitrogen in solution in 100,000 parts
by weight. It would be unnecessary to obtain as high a
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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
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 IIL. of the Metropolis
Local Management Act Amendment of 1858, it expressly
states that the power conferred by the original Act of 1856
ghall “extend and 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
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passing from the outfalls westward before steps can be taken
to diminish the evil.

The Conservators have taken 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 obstruction 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 is now being dealt with by arbitration, and
the award of the umpire will be made in the form of a report
to the Board of Trade.

It will be noticed that the sanitary aspect of the question
is not gone into, the present 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 will doubtless in-
fluence the sanitary part of the case, but 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. '

Of all the projected means of disposing of the sewage of
the metropolis at the outfalls, that which is least likely
to be attempted is its application to land. To enable the
sewage discharged into the Thames at Crossness and Barking
to be utilized on land, an expense would have to be incurred
in the acquisition of the enormous acreage required, as well
a8 in pumping the sewage to a sufficient height to control
this area, out of all proportion to the commercial results
which are likely to be realized. No possible return can be
expected from crops produced on metropolitan sewage farms
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to cover more than a fractional part of the cost of purifying
the sewage on them. The sanitary requirements of the case
will be fulfilled by applying inexpensive chemicals to act
a8 deodorants and precipitants, whilst avoiding an unneces-
sarily high standard of purity. This can be accomplished
for about 7d. per head of population.

The pressure brought to bear by the Conservators of the
River Thames on the various sanitary authorities has resulted
in the practical diversion from the river of the sewage of all
- the towns above the intakes of the Water Companies, except
Oxford, but works are in progress to effect the diversion of
the sewage of this town.

The authorities of Glasgow have done good service by the
independent inquiries they have instituted as to sewage
disposal, with the view of effecting the purification of the
Clyde.

Abundant information is now available to enable a town
to adopt a system which is the best suited to its require-
ments, 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 con-
tinue 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 in 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 favourabl
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. Left in 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 im-
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purity. The result of many experiments led to his arranging
a filter which appeared toe 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 interposition 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 delivery from a filter such as this would probably be
about 3000 gallons per square yard per day, with a head of
12 inches.

These observations have reference to the filtration of foul
water, or of & fluid such as the effluent from precipitation
works, or to dilute sewage. In constructing filters for
waterworks one square yard of filter of the following con-
struction is usnally 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.
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CHAPTER VL
IRRIGATION.,

TaE 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 by various soils of ammonia (the
most valuable fertilizing constituent of sewage) and its salts
may be advantageously quoted from the ¢Journal of the
Royal Agricultural Society,” No. XXVIIL, p. 544 :—

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

«2, Ammonia is mnever 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, & 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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¢ 8. 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 am-
monia 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
ammonia-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 ammonia.

« 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 asg 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
in the case of the well-known Craigentinny sewaged
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meadows near Edinburgh, which were (and remain) com-
posed of poor, sandy land. Analyses of the soil, after many
years of continuous irrigation with large volumes of sewage,
prove that it now contains only about 1} per cent. of
orgahic matter, and this is due solely to root fibres.
These meadows, therefore, instead of having become con-
verted into rich agricultural 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,
gives some interesting experiments made by Dr. Walker, 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 follow-
ing are the average results from these experiments, the
samples being taken from one foot to three feet from the
surface.

The soil was at the surface of a rich alluvial character,
from 6 inches to 2 feet in depth, weighing, sn situ, 68 1bs. per
cubic foot. This rested on a bed of sandy, alluvial soil, from
8 feet 6 inches to 10 feet in depth, a cubic foot of which, in situ,
weighed 80 1bs., and contained 344 per cent. of pure sand.

IRRIGATED SoOIL.

NON-IRRIGATED SOIL.

Per cent. Per cent.
Organic matter, humus, &e. 3°4 Organic matter, humus, &c. 3°1
Ammonia .. *016 | Ammonia .. -018
Organic nitrogen . *006 | Organic nitrogen . 005
Nitrates and nitrites trace | Nitrates and nitrites . trace
Phosphates *016 | Phosphates <015
Chlorides .. . mnone | 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
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
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that the nitrogenous matters are either absorbed by vegeta-
tion or pass through the soil.

The practical conclusion to be drawn from these and
similar experiments is, that however well land may act as a
purifier of sewage for sanitary purposes, it can only be relied
on to utilize the manurial constituents of the sewage ac-
cording to the requirements of the crops for the time being
assimilating 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 is not 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.

Loamy, porous soil is the best for sewage irrigation from
« 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 farm suitable for sewage purification. Such
land should be regarded as unfit for the purpose:

Sewage farming has too frequently been regarded only
from its agricultural point of view, whereas it must be
treated as & combination of both sanitary and agricultural
interests. These two, however, can only be successfully com-
bined 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
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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 failure.

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.
The result has been that the supposed pecuniary adventages
of applying sewage to land have been regarded as an axiom.

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.

It is, however, well recognized by physicians that the
poison of several diseases is received through the lungs in
& worse form than through the stomach ; and there must be
times when the sewage carriers, or the films of solid sewage
over a large surface, are capable of evolving gases or germs
which are likely to pollute the air.

The varying nature of the results derived from irrigation
is evidenced by the fact that in 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 1069 per cent.
escaped in the effluent, as the most careful supervision was
exercised. Such care, however, cannot be ensured always,
and where this is not the case, a nuisance is likely to arise
which would render a sewage farm objectionable when near

dwellings.
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The fear of sewage farming being badly conducted is so
great that the opponents of an irrigation scheme have no
difficulty in creating a prejudice against them.

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

If ‘the main channels or carriers are constructed sub-
stantially 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 or small carriers a fall
of about 1 in 300. ' '

Before-applying sewage to land, the solid portions should .
be removed by subsidence in catchment tanks, which should
be open, and be placed remote from dwellings. They
should be frequently cleansed, and the solids got rid of 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
so &8 to choke down weeds, which are a source of trouble
and expense on sewaged land. The cultivation of a par-
ticular 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 con-
sumption in the district being less than the supply.

In the Local Government Board Blue Book, 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
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‘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
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
seriously reduced to the sewage farmer by the fact that for
- sanitary purposes sewage must be disposed of day by day
throughout the entire year, and that the volume to be
disposed of is generally greatest when it is absolutely useless
to the land.

The cultivation of sewaged land requires more than double
the amount of labour, stock, &c., that is necessary for
ordinary farming.

The Local Government Board Blue Book states that  the
continuous application of town sewage to all soils is by no
means an unalloyed benefit, as in some cases and seasons,
and especially upon clay land, it may be rather injurious
than otherwise.” .

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 twenty-two towns referred to in the Table in the
Appendix the average cost of irrigation is 6. 10s. 2}d. per
million gallons, or 1s. 10§d. per head, or 6d. in the £ per
annum. The average amount of land employed in these
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cases being an acre to 111 people, and the average flow per
head of population per diem being 39 gallons.

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.

The mistakes that are made by applying the result obtained
at oné place, where land and other conditions are favourable,
to another place, where these favourable conditions do not
exist, may be illustrated by the circumstances attending the
disposal of the water-carried portion of the sewage of Paris.
A very interesting paper, by Dr. Allen Sturge, was read
before the Institution of Surveyors in 1879 on this subject,
from which it appeared 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
" conveyed by the sewers of Paris is wanting in the organic
constituents which govern the arrangements in regard to its
purification.

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
graing 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 27:72 grains of or-
ganic matter per gallon, which is equivalent to 4667 grains
per cubic yard. The mean analyses of London sewage
(where the houses are all connected) was determined by
Hoffman and Witt as yielding 30°7 grains of organie
matter per gallon, which is equivalent to 5168 grains per
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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’Asméres
gave, according to Mr. Target, the following as the conrposi-
tion of one cubic yard :—

: Ibs.
Organic matter, mcludmg *07 Ib. of nitrogen .. .. 1°24
Mineral or morgamc matber, lncludmg 03 1b .of phos- 2:70
phoric acid . . }
3-9¢4

This is equivalent to 565 grains per gallon of organic
matter and 123 grains per gallon of inorganic matter.

The water-carried sewage or the “dirty water” of Paris
(as Dr. Voelcker has properly termed it), to the extent
of 10,000,000 gallons a day (the whole sewage of Paris
amounts to 60,000,000 gallons a day), is pumped on to 914
acres of land at Gennevilliers, which is of a character ex-
ceedingly suitable for the filtration 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, that an average of twenty-two towns in England
gives 234 acres per million gallons.

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 (which is
about a sixth), objections have been apparently experienced to
the Gennevilliers sewage farm. - Dr. Sturge says in his paper,
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“ 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 con-
sequence of a rise in the level of the subterranean water,
which now invades the cellars of their houses.” M. Lefévre,
Predident of the Société des Géométres 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. Plots of non-irrigated land realizing 77l. per acre, and
of irrigated land 90l. per acre. It is estimated that the
advance in value of the land averages not less than 8l
to 3. 10s. per acre per annum,

‘Whatever agricultural advantages may accrue from uti-
lizing sewage on land, the situation of the land requires
careful consideration. It must be remote from habitations,
otherwise the advantages are outweighed by the disadvantages.

If the neighbourhood of large towns in this country re-
sembled that of Paris less difficulty would be experienced in
the utilization of the sewage on land. The great subdivision
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
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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 Agncultures de France, in
1876, as follows :—

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

Wheat, from 30 to 55 bushels e . }
Rye (green), from 122 to 210 cwt.
Grass lands—

From 38} to 65 cwt.

Green Lucerne, from 492 to 923 cwt. .

Rye grass, 1025 cwt. .. .. ¢| From 84 to 131 cwt.
Mangold wurzel, 892 cwt. .. .. | 369 cwt.
Potatoes, from 687 to 797 bushels .. .. | 453 bushels.

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

Cabbages .. .. .. 28 tons per acre.
Carrots .. .. .. .. 20 , ”
Beetroot .. .. .. .. 48 ,, »
Beans .. .. .. .. 6, »

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

Mr. William Crookes, F.R.8., in giving evidence before
Sir John Hawkshaw, in the Clyde Purification Commission,
in 1875, spoke in discouraging terms of the quality of the
vegetables produced at Gennevilliers. He stated, from his
own observation, that * the vegetables grew with the greatest
luxuriance, but there was no firmness about them; for in-
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stance, I could thrust my finger right into the heart of a
cabbage with the greatest ease, and if I took a vegetable, a
cabbage, or something of that sort,and broke it and squeezed
the juice out, I could always detect a sewage smell in the
juice. Some quick-growing Italian rye-grass will take up
actual sewage into circulation. You can break it and squeeze
water out that has a decided smell of sewage.”

Aldershot.

A recent Official Report of great interest enters into careful
comparisons between the results obtained by irrigation at
Aldershot and those obtained by chemical treatment at
various places.

Aldershot hag a population of 11,615, and the sewage is
applied to 2} acres of land of a porous nature two days out
of the seven.

The compositions of the sewage and effluents are given in
detail in the Table in the Appendix, but the following show
the sanitary results :—

OFFICIAL ANALYSES OF ALDERSHOT SEWAGE AND EFFLUENT FROM
IRRIGATION, EXPRESSED IN PARTs PER 100,000.

Description. agiree Albuminoid | - ¢y e

Wet weather—
Crude sewage .. .. .. 3-660 1-750 4-38
Effluent .. .. .. .. 0-920 0-276 454
” e e e .| 0880 0-200 314
. e e e 0-440 0-144 320

Dry weather—
Crude sewage .. .. .. | 12:00 5-25 12-08
Effluent .. .. .. .. 0-245 0-055 15-53
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CHAPTER VII.
INTERMITTENT DOWNWARD FILTRATION.

A smaLL area of porous land, deep drained and specially
prepared, is capable of purifying a larger volume of sewage
than land laid out for broad irrigation only. This concen-
tration of a large volume of sewage on & small area of land
has been termed “ Intermittent Downward Filtration.”

There does not appear to be any reason for employing
such a term, as ordinary irrigation consists, if properly
carried out, in applying sewage intermittently to land for
the purpose of its downward filtration through it.

As the difficulty of obtaining land for sewage farming
became recognized attention was directed to the possibility
of escaping from the necessity of employing more than a
small area of land, so as to reduce the difficulty to a
minimum.

The laboratory experiments of Dr. Frankland seemed to
point to the practicability of this being done on a large
scale. He made a series of experiments, 1st, as to the best
material to be used as a filtering medium; 2nd, as to the
amount of sewage which could be effectually purified per
cubic yard of material; and 3rd, as to the best mode of
conducting the filtration. His experiments were made with
various earths, and the bulk operated on was small; glass
tubes, 16 feet long and 2 inches internal diameter, and glass
cylinders 6 feet long and 1 foot in diameter, being the
appliances employed.

It will be apparent that experiments made with earths in
this way will give results better than where the land is in
situ, and undisturbed, as allowance must be made for the
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effect of the solid constituents of sewage filling up the pores
in the earth. Until these pores are filled, the percolation
through the medium will be much more rapid than it would be
in nature. The theoretical result was, that it seemed possible
to filter and purify the sewage of 3800 people on an acre of
land, provided it were specially prepared and of suitably
porous character.

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 aération, and
that this alternation will not suffice if the effluent water
does not flow freely off from the bottom of the filler. 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.

Although in practice, land, however carefully laid out and
drained, cannot be worked, continually to accomplish any-
thing approaching 3300 people to the acre, yet by proper
arrangements it can be made to do far more than ordinary
irrigation can accomplish, which is about a hundred people to
the acre. At present there are not any practical data to
determine what greater quantity of sewage can be applied to
land thus prepared.

Intermittent downward filtration should not be spoken
of as a system of itself, but simply as a special arrangement
of a small area of land to serve as an auxiliary to broad
irrigation or to precipitation.

Drainage will not enable land to get rid of the water
falling on its surface during periods of continuous rain
sufficiently fast to admit of the land acting as a filter to
purify large volumes of sewage in addition to the rainfall.

D
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The deodorizing properties of land are, in rainy seasons,
neutralized by the presence of the water, which fills all the
interstices, and prevents the surfaces and pores of the earth
from operating except to a trifling extent.

From a sanitary point of view, land deeply drained and
specially prepared, serves to purify larger volumes of sewage
than land not so prepared, but no agricultural results should
be relied on such as are afforded by broad irrigation.

The Rivers Pollution Commissioners, in their first Report,
refer to intermittent downward filtration in the following
terms :—

«“1, It is entirely unremunerative, the amount of sewage
applied to a given area of land being probably in such a
case too great to permit of the growth of any ordinary
agricultural crop.

«2, The whole of the manure ingredients of the sewage
would be absolutely wasted.

% 3. The collection of solid fiecal matters upon the surface
of the soil, with no vegetation to make use of them, would
probably give rise to a formidable nuisance, especially in hot
weather.”
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CHAPTER VIIL
CHEMICAL TREATMENT.

CreMioAL treatment or precipitation of sewage, if efficiently
conducted, enables the solid and a large 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 readily abstracted by passing the effluent from the
precipitating tanks through a very small area of land serving
a8 a filter.

The purification of sewage by chemicals has been the
subject of much misapprehension, owing partly to the extra-
vagant advantages which have been claimed for the system
by its advocates, and partly to the equally unreasonable
disparagement to which it has been subjected. By a skilful
combination of the best chemical systems with filtration of
the effluent through land, many towns which cannot get
land sufficient for broad irrigation, 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.

Mr. R. Rawlinson, C.B., the chief engineering adviser of
the Local Government Board, stated at the Society of Arts
Conference, 1879, that it would be most monstrous if the
Government made a bard and fast rule and declared that in
all cases, land and broad irrigation alone should be used ;”
and again, “ they had arrived at this point, that with regard
to dealing with sewage it was absolutely impossible for
scores of towns to acquire the land necessary to purify it
by broad irrigation.”

D 2
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The mistaken view is frequently held, that precipitation is
only capable of removing the suspended matters and not any
of the dissolved organic impurities. This is the case where
the inferior precipitants only are used, but where sulphate of
alumina is employed, dissolved impurities are also removed.
This is shown to be the case in dyeing operations (where
mordants are concerned) as well as in the production of lake
colour where the property of alum to precipitate organic
bodies from their solutions is depended upon.

The inferiority of lime to sulpbate of alumina as &
precipitant, is evidenced by the fact that at Bradford where
the lime process is admirably worked, the effluent contains
4 parts per million of albuminoid ammonia, and at Birming-
ham 6:6 parts per million of albuminoid ammonia, and at
Burnley 3 parts per million. The two latter cases are shown
in the Table in the Appendix. At Aylesbury, the effluent
from the native guano process (which is based on sulphate
of alumina as a precipitant) contained the smaller propor-
tions of 157 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, the crude sewage from which this good result
was obtained containing 6°60 of albuminoid ammonia per
million.

Sewage when fresh causes no nuisance, but after about
twenty-four hours, according to the weather, decomposition
sets in and it becomes putrefactive, producing deleterious
gases. If sewage is dealt with before putrefaction sets in,
as is possible by efficient chemical treatment, 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. A
. Most of the published information about precipitation has

been written from one stand point, to advocate some specia}
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system, rather than to afford data to enable a comparison to
be made between systems.

The data as regards precipitation which are given in the
Local Government Board Blue Book of 1876, were collected
at a time when chemical treatment was in a transition state,
and the facts contained in it might advantageously be studied
in conjunction with those recently obtained for the Depart-
ment 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 & 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, & 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.

The amount of chlorine contained in an effluent water
may be generally taken as a guide to the strength of the
sewage operated upon.
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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 necessary to
convert parts per 100,000 into grains per gallon. It is &
simple arithmetical calculation to convert parts per 100,000
into grains per gallon (namely, multiply by seven and
remove the decimal point one figure to the left), but this can
be avoided if chemists would adopt & uniform system.

Dr. Voelcker, F.R.8.,, in the ¢Journal of the Royal
Agricultural Society of England, No. XXVIII, 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 sulphate.”

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
brought prominently forward in 1859 in Dr. Frankland's
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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 gellons, that this
quantity was immediately deodorized by either of the fol-
lowing agents :— .

Proportion, | C08t Eea'n},f:. 0,000
£ s d
Perchloride of iron .. .. .. .. 4 gallon 113 3
Chloride of lime .. .. .. .. .. 3 lbs. 2 2104
Lime .. .. .. . . . . 1 bushel 3 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. Another important element in favour
of the iron, was found to be the decided advantage it exhibited
over the others as regards the time required for clarification
after the addition of the chemicals to the sewage.

Some experiments made by us in 1877 with protosulphate
of iron led to a similar result, as it was found to increase the
precipitating efficiency of those sulphates of alumina which
are nearly devoid of a salt of iron. Our observations resulted
in a patent being taken out for the employment of this
combination, but we gave up our interest in this patent, con-
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sidering it undesirable that those who have to advise as
to sewage disposal should have any interest in a particular
system. .

Mr. Dover in 1851, Mr. Herepath in 1853, and Professor
Way more recently, have employed salts of iron to purify
sewage, these systems being efficacious, and not the subject
of patents now.

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 which are sold for
sewage treatment, contain iron, and produce very good results.

The proportions in which the sulphates of alumina, salts
of iron, or other chemicals should be employed, have never
yet been made the subject of proper chemical investigation
8o as to enable accurate conclusions to be drawn as to which
is most efficacious.

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

The results derived from the application of chemicals to
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 thé 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
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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 IX.
LIME PROOESS.

Lme being a cheaper precipitant then sulphate of alumina
and other chemicals, it is thought by some that its use
necessarily produces economic results. This is, however,
not the case, as any saving in the purchase of the cheaper
precipitant is more than counterbalanced in dealing with the
large volume of valueless sludge which it produces, and
which is composed principally of carbonate of lime and non-
nitrogenous organic matter. Sewage is only so partially
purified by lime, that it cannot be regarded as «the best
practicable and available means” required by the Rivers
Pollution Prevention Act. In the recent Official Report
already referred to, the sanitary results of lime treatment at
Birmingham and Burnley are described as not being equal
to the results obtained at Aylesbury and Coventry.

An objection to the use of lime arises where the effluent
passes into a river containing fish, as free lime i8 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
matters 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
150 grains per gallon of dissolved organic impurity, 4-20
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only were removed, and of 940 grains per gallon of sus-
pended and dissolved organic and mineral impurities 54
grains only were removed.

Dr. Frankland has investigated the effects of treating the
sewage of Leicester with lime, and gives the following as the
results :—

ANALYSES EXPRESSED IN PaArTs PER 100,000.

Total or-
Description. M%t’.:g-u Organic. ganic | 'Am-
P in Solu-| Carbon. | Nitro- monia.

tion. gen.

Total |
blned | Suspended Matter.

gen.

|

. Leicester sewage | 107:3|2°017 | 809 2'083;2'524;10'50 11-6222°12
Leicester sewage}

|
85°9(1-514| -452 2'5522'55312'10‘ 4701680

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

after treatment
with lime

Description. Amlgf:ﬁ a. ‘g‘::g’;z?i"’ 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 a perfectly caustic state,
and in the proportion of not less than 12 grains per gallon
of sewage.
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2. It should be well slaked with water and got into a
finely divided or creamy state.

8. 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.

5. 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.

To accomplish even the amount of purification that lime
is capable of, lime of a particular quality is required, as will
be seen by reference to the analyses in the Appendix.

Lime Process—Bradford.

This place may be taken as a good example of the lime
process now in operation. ' '

The population is about 173,000, covering an area of
7221 acres, giving a density of population of 24 to an acre.
The number of water-closets is about 2000, and of dry closets
3000. 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 a commercial failure, and the Corporation adopted pre-
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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 60,0001. referred to includes the outfall sewers from the
town to the works, and the diversion of and covering over
the Bradford Beck. The cost of the precipitation works
alone may be taken at about 40,0001,

The solids strained from the sewage before it is treated
with lime, find a ready market as garden manure, and
realize 2s. 6d. a load.  About 300 tons in a dry state are
produced every Year.

At the outfall, the sewage is distributed through four
culverts before delivery into the precipitating tanks, by
which the velocity is checked. There are twenty-two tanks
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 thirty-four
filter tanks 12 feet by 23 feet, filled with 2 feet of coke.
The sludge (about 5 inches in depth) is pumped from the
precipitating tanks, into twenty tanks in which it again
settles, and the residuum is allowed to dry in the open air.

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 given in the
Appendix.

At Bradford, the sludge is pumped on to a large area of
land which requires to be filled up, so that the following
figures of the cost of clarifying the sewage of Bradford by
lime, must not be considered as covering the total cost of
this process at a place where provision had to be made for the
removal of the sludge. At Birmingham, where the lime
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process is employed, land is continually being acquired for
this purpose.

Mr. Alsing gives the cost to the Corporation for the year
1878 as follows :—

£
Management .. .. .. .. .. .. .. 350
Labour . .. 1648
Lime (cost bemg l3c a ton at the works) .. 1875
Breeze for filters . (1]
Fuel and miscellaneous .. .. .. .. .. 348

£4321

. —

(The Local Government Board Blue Book gives the cost.
for the year 1876 to be 62761.)

Allowing 2000l. (5 per cent. on 40,000l the cost of the
works), it would appear that the total annual cost is 63001,
exclusive of the disposal of the sludge. (The cost according
to the Local Government Board Blue Book would be 82761.)

About 8 tons of lime are used per diem, or at the rate of
about 1 ton per million gallons. The greatest care is
required in ensuring the perfect disintegration of the lime,
which has to be reduced to an almost impalpable powder.
If this is not accomplished, and if it is not thoroughly
dissolved and mixed with the sewage, the amount of lime
required would be greatly increased.

The following analyses relating to Bradford, are given
in an interesting Report by Dr. 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 Tme or Day
WHEN IT WAS FOULEST.
Grains per Gallon.
. 9:3

Ammonis, free or saline .. .. .. .
(Equivalent to 133 parts per mllhon)
Ammonia albuminoid .. 1-4

(Equivalent to 20 parts per mllhon)
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ANALYsIS OF EFFLUENT.
Grains per Gallon.,
Ammonisa, free or saline .. 56

(Equivalent to 8:00 parts per mllhon )
Ammonia, equal to mtrogen, combined m} .98
other forms .. ..
(Equivalent to 4 parts per mllllon )

Lime Process—Hille.

A modification of the lime process is that known as Hille's.
In this process lime is the chief precipitant, the patent con-
sisting 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 30,000, with 5000 water-
closets, the daily flow of sewage (which is chiefly domestic)
is 1,500,000 gallons.

The sewage works were erected about twenty-three years
ago, at a cost of some 11,000, 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 February,
1876, to 17th 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 gallous of tar .. o 2500
For chemical salts ve eeee ee we .o .. 208 O
471 5

To this must be added the royalty charged for usmg 100
the patent.. .. } 0
£57l 5

The cost of the process at the end of 1877, when the
works were inspected by the author, was about the same,
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ANALYSES OF EFFLUENTS FROM TANES AT TOTTENHAM AS
DI1sCHARGED INTO RIVER LEA.

G{gﬁz{“ ' Parts per Million.
Date.
Chlorine. ‘ Free A ‘.‘A';mo’ni:..‘
September 3, 1877 .. .. . 364 2:40
November 7, 1878 .. .. 45 40°0 850

Lime Process— Scott,

General Scott, F.R.S., 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
this process. The population of Burnley is 40,858, The
number of water-closets is 900. The daily flow of sewage
varies from 1,000,000 gallons in the driest weather to
1,600,000 gallons in ordinary 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 Com-
pany, which undertakes for a term of 12 years to produce the
best effluent which can be produced by the lime process, and
to deal with the sludge by the patented cement process.
The cost of the precipitation works was 12,000, ,

From an interesting Report prepared for the Corporation
by Mr, William Bryan, C.E., the following particulars are
given. The sewage on reaching the works has the solids
removed in two catchpits having gratings three-quarters
of an inch apart at their outlets. It is then mixed with
milk of lime, which requires careful supervision, both as
bearing on the treatment of the sewage, and in regard to
the quality of the cement. An excess of lime above that



SOOTT’S PROOCESS. 49

required to combine with the suspended matter in the
sewage, has to be carefully guarded against.

The combined sewage and lime pass into two tanks
(duplicates of each other) 100 feet by 40 feet, subdivided by
a party-wall to retain the bulk of-the sludge in the first
compartment. The limed sewage takes about four hours to
pess through the tanks, during which time it deposits its
sludge. This, after remaining eight or nine days in filtering
tanks, is reduced to 65 per cent. of moisture, and is sampled
from day to day to ensure the amount of lime in it giving
60 per cent. of calcium oxide.

The sludge is dried, and finally burnt in kilns (of which
there are three, costing about 1201 each) similar to those
used for burning Portland cement. The resulting clinker is
ground up, and produces what is described as an excellent
hydraulic lime having the following composition :—

Lime ee se es  ee e .. BT per cent.
Siliea .. .. . . . .. 26
Alumina .. .. .. . .. . 6

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 is stated to be about 700 lbs. per
1} inch square, and the cement, passing through a sieve
of 50 meshes to the inch, leaves only 7 per cent. residue.

Mr. Granville Cole, Ph.D., states, in a paper read at the
Society of Arts, that the manufacture of Portland cement
from sewage is much more precarious than when it is manu-
factured in the ordinary way from chalk, or limestone, and
clay. This arises from the fact that the sewage sludge
before being burnt must contain a fixed and large proportion
of lime, whereas the sludge deposited in the tanks in the
ordinary way contains on an average only 46 to 50 per ceut.

L
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of lime, necessitating the addition of more lime to bring it
up to the requisite strength for burning into cement. He
states that the quantity of sewage coming into the works,
_varying as it does from hour to hour, involves the most
careful watching in order that the requisite quantity of milk
of lime may be added, and only after careful experiments
can the quantity be determined.

The total expenditure per week for labour and materials
in purifying the sewage of Burnley and .converting the
resultant sludge into cement, is stated to be 35l, and the
total cement produced averages 15 tons a week, the value
claimed for which is 40s. per ton.

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

Description. Free Ammonia. ﬁ';g:ﬂf’ Chlorine.

Crude sewage ~ .. 1:45 1-20 5-12
Effluent from sewage ‘works 1-33 0-305 506
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CHAPTER X.
COVENTRY PROCESS.

TaE population of Coventry is 40,000, having 5000 water-
closets, and a 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 (six acres being
drained 6 feet deep). There are four precipitating 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 sub-
stituted 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!l., and this Company undertakes to carry on all the
operations.

The works at Coventry originally cost 12,0001., exclusive
of the cost of the fifteen acres of land which they occupy.
This sum, however, included a building for making the
sulphate, which is not now required, the chemicals being

E 2
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procured from alum manufacturers. It also included some
buildings and machinery for drying the sludge, which are
now abandoned. To effect the same results as are at present
accomplished, an outlay of 8000/ may be taken as a basis
for estimating the cost of the works for treating the sewage
here.

The proportions of chemicals employed per million gallons
are as follows :—

15 cwt. sulphate of alumina.
24 ,, copperas.
63 , lime.

The following is Professor Wanklyn’s analysis of the
crude sulphate of alumina used at Coventry :—

100 centimetres contained—

First Sample. Grammes.
Sulphurie acid, 80, .. .. .. .. .. .. 329
Alumina, ALO, .. .. .. . .. . 122
Protoxide of iron, FeO .. .. .. .. .. 0-40

Second Sample. Grammes.
Sulphuric acid, 80, .. .. .. .. . .. 3824
Alumina, AL,O, .. .. .. .. .. .. 108
Peroxide of iron, Fe,0;, .. .. .. .. .. 012
Protoxide of iron, FeO .. .. .. .. .. 010

The following is Dr Wallace’s analysis of the sulphate of
alumina used at Coventry :—

Grammes.
Sulphate of alumina .. .. .. .. .. 10°75
Sulphate ofiron. .. .. .. .. . .. 099
Sulphate of lime .. .. .. .. . .. 075
Sulphate of magnesia .. .. .. .. .. 201
Sulphate of soda .. .. .. .. .. .. 497
Sulphuric acid (free) .. .. .. .. .. 202
Water ve e ee e eeee e .. 41-84
Insoluble matter .. .. .. .. .. .. 37°82

100-65

Aluming .. .. .. .. e e .. .. 323
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The cost of carrying on the works for the year £
1878, including the operations on the irrigation
area of 9 acres, was .. .. .. 1984
To enable the entire cost to be a.rrlved at mterest
on 8000l. must be added, which represents the

fair cost of the works now utilized . . 400
Rent of land, 15 acres, at 4. .. .. .. .. 60
Annual cost of treating sewage of Coventry by

precipitation and filtration .. .. .. .. £2444
Less amount realized by the sale of agncultuml

produce and sludge S 11

£2344

This is equivalent to about 1s. 2d. per head of the popula-
tion per annum, or 2I. 16s. 5d. per million gallons of sewage
treated, the cost of chemicals being 5d. per head per annum,
or 1l. 1s. per million gallons of manufacturing sewage (which
requires about one-third more chemicals than when treating
a domestic sewage).

The sludge is disposed of after partial drying by exposure
to the air in stanks. Although the sludge is not properly
dealt with here, the cost of doing so may be regarded as
being covered by what it would realize in the more portable
and useful form into which it is capable of being converted.

The sewage of Coventry, analysed by Dr. Swete in 1878,
gave the following :—

Grains per Gallon. l Parts per Million.
Albuminoid
Solids, ‘ Chlorine. l Free Ammonia. | “, 0 .
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The recent Official Report contains the following analyses
relating to Coventry, expressed in parts per 100,000 —

Description. 1 Anf;zr):xm. ‘;’m:&i_d Chlorine.
|
Crude sewage i “tank ‘ 2:58 1:700 6-85
Effluent from sett mg . . .
(liored) - P =l 240 | 0245 630
Effluent after u'nga ion ( rain . . -
out of order) . } 2:12 0-205 578
Effluent after ungatlon e et 0052 0-061 4-99

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

Parts per Million.
Chlorine in T
Date.

Grains per Gallon. Albuminoid

’ Free Ammonia. Aml:::):ioL
1876 4:0° 13-30 185 |
1878 42 18°00 1-00 |
1

Nearly the whole of the solids are removed from the
sewage during precipitation, and 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 ’tate it is capable of utilization on
land.

An analysis of the Coventry sludge was made by Dr.
Voelcker, F.R.8., for the Local Government Board, and is
given in the Blue Book. 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
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stated to be the market value in comparison with farmyard
manure. Dr. Wallace, of Glasgow, has assigned a value of
27s. a ton to this air-dried sludge, with 10 per cent. of
moisture.

The Borough Surveyor of Coventry, after using some of
the sludge on land, says: “ There can be no doubt that the
manure is a valuable one, and possesses strong fertilizing
properties; and as an evidence of my faith in its value, I
shall next winter endeavour to put another heavy dressing
on our land’
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CHAPTER XI.
THE A B C (OR NATIVE GUANO) PROOCESS.

THE precipitants employed are alum, blood, clay, and
charcoal.

This process is now in operation at Aylesbury, a town of
7200 inhabitants, of which about 6000 contribute to the
flow, one district not being sewered. 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 40 per cent. of sul-
phate of alumina .. .. e o .. 6
B. Blood, about 5 1bs. to 1 ton of clay, or .. .. .. kg
C. Clay containing 25 per cent. of moisture .. .. 6
Charcoal .. .. B

The crude alum cake, containing 40 per cent. of sulphate
of alumina, costs at the works 8I. 0s. 8d. per ton (9s. 2d. per
ton being for carriage).

The blood costs 1s. per week, and is obtained from local
slaughter-houses, and is mixed while fresh with moist 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
1s. per ton there; but its carriage to Aylesbury raises its
cost to 158. 10d. per ton.

The blood, clay, and charcoal, after being ground to-
gether in a pug mill, with sufficient water to enable them
to flow, 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 a salmon ladder mixer
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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 3 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, as a rule, in pairs,
the effluent from one passing to a second.for further precipi-
tation before it is discharged into the River Thame, at that
point a small stream a few feet in width. The effluent water,
on the occasion of two inspections in October 1877, was
clear and practically inodorous. Four samples of effluent
were taken, of which the following are analyses :—

" Parts per Milllon,
s P i | i
|
Eiluent ater tir paosog hrongh . g4 | 150
| Dltt;gﬁlté:)t,t:ftir pa?smv through two} 37-2 0-90
Effuentwaler ot pulog hroughonsl g0 | gc0
Dl::,), kg:tg:ttzfter pta..ssmg through two} 456 2:10

In the recent Official Report, the following analyses are
given relating to Aylesbury, expressed in parts per 100,000:—

Description. Ammia. ‘;‘:‘::‘;:ﬂd | Chlorine.
[
Crude sewage 4-00 0-66 7-97
Effluent from 3rd setthng tank .. 1:02 0-07 544

The degree of purity of the effluent will be observed to
depend on the number of tanks it flows through. It would
be difficult in practice to ensure the continuous employment
of all three tanks.

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

The quantity of sludge, containing 90 per cent. of moisture
obtained in twenty-four hours at these works, is 20 tons,
equal to 140 tons per week, or 7280 tons per annum, or
about 1500 tons, containing 50 per cent. of moisture. This,
when dried, produces 845 tons of native guano per annum,
containing 14 per cent. of moisture, or rather over 2} tons
a day.

The daily quantity of ingredients in use for treating the

sewage is as follows :—
tons. cwt. qrs, ll;)s.
6

Alum .. . .. 0 0
Blood .. 0 0 0 5
Clay .. 1 0 0 O
Charcoal 0 6 0 o0
112 0 5

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

Per Week.

Chemicals, 13 tons 2} cwt., costing .. .. .. £1213 .1
Coal, engines, 7 tons 10 cwt., at 14s. .. .. .. 550
Wages and engineman .. .. .. .. .. .. 219 6
Wages, A B C e ee eeee e e e 216 0
Cleaning tanks e e e 0 3 7
Oil, tallow, and petty expenses e e e e 115 0
£25 12 2

Or 1/. 12s. per ton of native guano.

In addition to this, the cost of drying, &c., is 5s. 8d. per

ton ; of grinding, bagging, &c., is 5I. 14s. 2d. for 7% tons,

or about 15s. per ton, so that the total cost of a ton of
finished native guano is as follows :—

Per Ton.
1. Chemicals, labour, &¢. .. .. .. .. £112 0
2. Drying, &c. .. .. o e e 05 8
3. Grinding and baggmg o en ee e 015 0

Total cost perton .. .. .. £212 8
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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 .. .. .. . . .. 5905
Organic matter e e e .. 12723
Ash .. .. .. . . . .. 2872

100-00

0°07 per cent. free ammonia.
002 per cent. albuminoid ammonia.

Dr. Wallace, of Glasgow, calculates the value at 33s. per
ton containing 12+ 60 per cent. of moisture.

The cost of chemicals and labour is 2162l. per annum, or
about 6s. per head of the population of 7200.

It will be seen that.a very large proportion (estimated at
80 per cent.) of this sludge or manure consists of the in-
gredients added to the sewage.

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
product 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-

a2
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dients, because a good effluent can be obtained by sulphate
of alumina and lime alone at much less cost.

The value claimed for the manure from this process dried
to 14 per cent. of moisture is 3l. 10s. per ton. This value,
however, is not recognized by chemists, but the difference
between chemists may be described in the words of Mr.
Crookes, F.R.8. (the Chairman of the Company), who stated
in the ¢ Quarterly Journal of Science’ for January 1873, « Of
the value of & manure, chemistry can tell us little more than
it can of the value of water. Just as a mere chemical analysis
would utterly condemn water containing Liebig’s extract, in-
fusion of tea, or a glass of bitter ale, as largely contaminated
with nitrogenous organic matter or albuminoid ammonis,
so chemistry, by taking a fictitious standard for manures, and
judging only by the percentage of two of the many con-
stituents of the food of plants, gives an arbitrary money
value to a manure, which is often exceeded by the price it
fetches in the market. Agriculturists frequently pay more
for nitrogenous and phosphatic manures than the price
assigned to them by chemical analysis, and the sales of
native guano form no exception to this rule.”
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CHAPTER XII
SEWAGE SLUDGE.

TrE 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 ac-
celerated 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 of small value, and the disposal of it is
attended with difficulty, both on account of the larger volume
produced, and because its feeble manurial properties prevent
the possibility of its destination being the fertilization of
the land.

If the chief precipitant is sulphate of alumina, the sewage
is clarified and precipitated with but a trifling addition of
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solid material to that derived from the sewage, and the
result is that a sludge is produced having a value as a
fertilizer.

There are four methods now practically in use for dealing
with sludge. (1) Reducing it by exposure or by presses to
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.

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. A better method is to employ filter presses, which, if
properly constructed, successfully remove sufficient of the
water to reduce the sludge to 50 per cent. of moisture at
a cost of about 3s. per ton. The fluid sludge is by these
presses converted rapidly into the form of cakes, and the
drying can be carried still farther if they are 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 seasons.

Another system is the fortification of sludge by adding to
it & more valuable material to enhance its fertilizing proper-
ties, and to ensure its acceptance by agriculturists.

A plan is in operation 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.
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This it is stated shows on analysis 4 per cent. of ammonia
and 20 per cent. of bone phosphate, and it is sold for 6I. 10s.
per ton, which gives a fair profit.

Various chemical values have been assigned to sludge
manures owing to the various methods employed in its
production. The Native Guano Company claim a value of
8l. 10s. per ton for their manure when dried to 15 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 valueless and not worth removing to land for
utilization, but a sludge from a sulphate of alumina process,
which contains the least bulk with the maximum of the
manurial ingredients of sewage, is worth carting to a distance
like farmyard manure, and further that it can be made
portable in the way indicated, and that it will realize a profit
of a few shillings a ton when its value is known to the
farmers in the districts producing it. '

The Table on page 64 is 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
employing 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
ag it is in sludge produced from the lime process.

Dr. Voelcker has stated, that from a number of experi-
ments which he had made, he found 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
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calculating the volume and weight of it with the various
proportions of moisture.

The bulk of sewage sludge when removed from precipita-
ting 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
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 x 100
X= 100-P"°

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 _
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.

X= 2°94 tons.

Tons. Per cent.
50 with 80
333, 70
25 , 60
20 » 90
166 ,, 40
143 ,, 30
12°5 ,, 20
1176, 15
F

100 tons with 90 per cent. of moisture..
”» ” oo
» ”
» ”
”» ”»
” ”»

” ”

1 T T T B

» ”»
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CHAPTER XIII.
DISCHARGE OF SEWAGE INTO THE SEA.

A VERY general impression prevails that if & town is situated
close to the sea it is necessarily in a more advantageous
position than inland towns respecting the disposal of sewage,
a8 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 a similar course.

In the Local Government Board Blue Book 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 -
scoro of economy.” Also thore follows the qualifying ex-
pression,  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 conditions 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 is a well-ascertained current which would carry it
permanently seaward. A point of discharge complying with
these conditions cannot always be found to exist close to the
town, or requires to be ascertained by careful tidal and other
observations. At the outfall there should be a continuous
movement seaward during the twenty-four hours, instead of
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an oscillating 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 at Cross-
ness and Barking. He pointed out that matters which would
remain suspended for many days in fresh water would be
readily precipitated in a few hours when the water is saline,
and states that “ much of the sewage matter, indeed, would
if left to itself float in 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 we mdy explain the peculiarly unhealthy
effect produced at seaside watering-places, where the sewage
is poured down the beach into the sea in front of the town (if
any such there still be). 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. If the
salt water enters the sewers the deposit will occur therein,
and we may infer that flushing the sewers with sea-water will
probably do a good deal more harm than good.”

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 at this river’s mouth.”

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 feetid mud
in a state of active putrefactive decomposition, and when
examined under the microscope they were found to consist
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of broken-up sewage matters, the remains of animalcules, the
disintegrated _tissue of vegetables, and swarms of diato-
maceous remains;” and he stated ¢ that the mud and the
suspended matters of the river contained from 63 to 189
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 corre-
spondence between the two unmistakeably established.”

The same opinion is held by Dr. Frankland and Dr. Tidy
as 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 ses, 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.

A catchment pit should be placed at the outfall, and the
solids deposited therein removed systematically. Even then
the addition of a disinfectant and deodorant is sometimes
desirable.
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CHAPTER XIV.

COMPARISON BETWEEN IRRIGATION, OCHEMICAL TREATMENT, AND
THE PRINCIPAL OHEMICAL SYSTEMS.,

Tae 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 specially adapted to filtration, inas-
much as it is very porous. Further, it is understood from
the official “ Suggestions,” which were issued in 1878, that
Aldershot is a place where the sewage is applied to land
only two days out of the seven. This is assumed to have
boen the case at the time the observations were taken to
which reference will be made. It is important to record
these conditions, as the results are liable to be considerably
influenced thereby. .

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
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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 are beyond
the powers of a private practitioner to undertake, 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
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
Pprocess 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.—SHowWING COMPOSITION OF THE CRUDE SEWAGE
1IN Parts pER 100,000.

Town. Ammonis. | ‘Ammonia, | Obloriae.
Aldershot (dry weather) .. .. | 12:00 5-25 12-08
» (wet weather) .. .. 3:66 1:750 4-38
Aylesbury .. .. .. .. . 4:00 0-66 7-97
Birmingham o e e e 2-70 1-05 24-16
Burnley e ee ee e e 1:45 1:20 5-12
Coventry .. .. .. .. . 2-58 1-70 685

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

free ammonia abstracted.

TaBLE No. 2.—FREE AMMONIA.

A bhatracted A 3
Town. Parts per | Per Cent. of | Parts per |Per Cent.of
100,000. Total. 100,000. Total.
Aldershot () .. . | 11.775 97-96 0-245 2:04
Coventry . .| 2°06 798 0520 20°2
Aldershot (a).. .| 2°913 80-10 0-747 19-9
Aylesbury .. .. .. | 2°980 745 1-020 255
Birmingham (a) . 1-425 52:9 1-275 47-1
Burnley .. .. .| 0-120 83 1-330 91°7
added added
Birmingham (3) .. .. | 0°520 188 8-220 | 1188

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

mingham (a) after lime precipitation and irrigation ; (b) after lime alone.

The next Table gives the amount of albuminoid ammonia
abstracted, which is a measure of the sanitary results

obtained.
TaBLE No. 3.—ALBUMINOID AMMONIA.
A beoteactad A ia remaining,
Town. Parts per | Per Cent. of | Parts per |Per Cent. of
100,000. Total. 100,000, Total,
Aldershot (b) .. .| 5-195 98-95 0-055 1-05
Coventry e ee e | 1°639 96-40 0-061 3-60
Aylesbury .. .| 059 89-40 0-070 10-60
Aldershot (a) .. | 1-543 88-2 0-207 11-8
Birmingham (a) . 0-840 80-0 0-210 20-0
Burnley .. . .| 0-895 74-6 0-305 25-4
Birmingham (¢) .. .. | 0°390 37°1 0-660 62-9

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

results effected.



COMPARISON OF RESULTS.

73

TaABLE No. 4—RESIDUAL AMMONIA,

A 0 aboro 4o A i ini
Town. Parts per | Per Cent.of | Parts per |Per Cent.of
100,000. Total. 100,000, Total.
Aldershot (3) .. 11-36 1000 0-00 0:00
Coventry 5-081 998 0-009 0-2
Aylesbury 4-269 88-0 0-581 12-0
Aldershot (a) 3177 830 0°636 17-0
Birmingham (a) 3-351 61-4 2-109 386
Burnley .. 1-200 29-65 | 2:503 70-35
Birmingham (b) 1-530 280 3:930 720

The next Tables give the total organic ammonia and the

total ammonia.

TaBLE No. 6.—TOTAL AMMONIA,

Ammonia abstracted. Ammonia remaining.
Town. Parts per | Per Cent. of | Parts per |Per Cent. of

100,000. Total. 100,000. Total.
Aldershot (b) .. 28°31 98:9 | 0°-300 11
Coventry e .| 878 936 0590 64
Aldershot (a) e o | T7-633 82-7 1-590 17-3
Aylesbury .« .| 7°839 824 1-671 17-6
Birmingham (a) 5616 609 3-594 391
Burnley .. 2-215 349 4138 651
Birmingham (b) 1-400 15-2 7-810 84-8
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The amount of oxidation effected on the organic matter is
evidenced by the following Table:—

TasLE No. 7—NITRIC AOCID.

Town. | Sewage. Effluent.
Aldershot (b) .. . 9-23
Aylesbury .. .. .. None 3-19
Aldershot (a).. .. .. Traces 2-79
Birmingham (b)) .. .. None 2-13
Coventry o e e » 1-22
Burnley .. .. . . 1-20
Birmingham (a) . None 1-19

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.
Fre Albuminoid
Date. Amm:ﬂa. Al:mo:;;)l.
June 20, 1879 1-33 0-305
Burnley, collected 16th}| July 17, ,, 1-92 0-23
June, 187 w 28 . 1-92 030
Sept. 4, 215 013
June 25, ,, 3-222 0-662
Birmingham, collected)| July 17, ,, 4-20 0-336
23rd June, 1879 . . 18 415 0-336
R 28, 3-92 8-324
uly 7 4 144
Aldershot (wet) .. ‘ A" 0364 | 0130
. | Sept. 4 . 0-140 | 0-092
© Sept. 16, , 0-245 0°055
Aldershot (dry) .. { Oct. 11, o 0240 | 0058
July 28, 096 0-067
Aylesbury, oollected 2nd w26, o 1-00 0:06
July, 18 w 29, o 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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Analyses of the Ingleton lime used at the Bradford Cor-
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
Phosphoric acid e trace 48 06
Sulphuric acid .. .. .. .. trace 3-46 1-63
Carbonicacid .. .. .. .. 3:05 6:40 17-54
Alumina .. .. .. .. .. *75 375 175
Silica .. .. .. .. . . 95 7:50 875
. Water.. .. .. .. .. . . 10-36 7-63

- 100°03 9916 9972

Note.—The Shipley and Knottingly lime had been kept for some time, and had
absorbed some carbonic acid and water.
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Compensations: a Text-book for Surveyors, in Tabu-
lated Form. By BANISTER FLETCHER. Crown 8vo, cloth, §s.

CONTENTS :

The Varieties of Damage for which Claims may arise—Various Classes of Property—
Points to be observed in Surveys—Notices to Treat—Nature of Damage for which Claims
can and cannot be sustained—What Property can be compulsorily taken~When Entry on
Property can and cannot be compulsorily made—Of Goodwill and Stock—and of the various
Legal Methods of Settlement of Disputed Clai gether with Full and Explicit Instruc-
tions on the Methods of Valuing and of Maki:l} Claims ; with Comments on Cases arising
under the Metropolis Local M and politan Buildings Acts ; the whole given
in a Practical and Comprehensive Form, suppl d by a copious Appendix, contalning
many Useful Forms and Precedents, and also Tables for the Valuation o? recholds, Lease-
holds, Reversions, and Life-Interests.

Dilapidations: a Text-book for Architects and Sur-

veyors, in Tabulated Form. By BANISTER FLETCHER, Fellow Royal
Inst. Brit. Arch. (Author of ‘Model Houses’). Showing who are liable for
Dilapidations, and the extent of the liability of Lessors, Lessees, Tenants
at will, Tenants by elegit, Statute, Merchant, or Staple Tenants in fee
simple, Tenants in tail, Tenants for life, Tenants for years without
impeachment of Waste, Mortgagor, Mortgagee in possession, Yearly
Tenants, Tenants in common, and joint Tenants, Rights of coparceners ;
also what are dilapidations and waste, and further fully instructs the
surveyor how to take and value them, to which is added the duties of
surveyors, with a table of legal cases, embracing the most recent, and
illustrated throughout by examples drawn from the author’s experience,
and latest legal decisions. Crown 8vo, cloth, 5s.

Spons’ Dictionary of Engineering, Civil, Mechanical,
Military, and Naval; with technical terms in French, German, Italian,
and Spanish, 3100 pp., and nearly 8000 engravings, in super-royal 8vo,
in 8 divisions, 5/ 8s. Complete in 3 vols., cloth, 5/ 5s. Bound in a
superior manner, half-morocco, top edge gilt, 3 vols., 6/ 12s.

See page 16.

A Treatise on the Origin, Progress, Prevention, and
Cure of Dry Rot in Timber; with Remarks on the Means of Preserving
Wood from Destruction by Sea-Worms, Beetles, Ants, etc. By THOMAS
ALLEN BRITTON, late Surveyor to the Metropolitan Board of Works,
etc., etc. Plates, crown 8vo, cloth, 7s. 6d.

A General Table for facilitating the Calculation of

Earthworks for Raeilways, Canals, etc.; with a Table of Proportional
Parts. By FRANCIS BASHFORTH, M.A., Fellow of St. John’s College,
Cambridge. In 8vo, cloth, with mahogany slide, 4s.

“This little volume should become the handbook of every person whose duties require even
accasional calculations of this nature : were it only that it is more extensively applicable than
any other in exi , we could cordially r d it to our readers ; but when they learn
that the use of it involves only half the labour of all other Tables constituted for the same
purposes, we offer the strongest of all recommendations—that founded on the value of time.”—
Meckanic’s Magasine,
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A Handbook of Electrical Testing. By H. R.
KEeMPE, Assoc. of the Society of Telegraph Engineers. With lllustra-

#ons, Fcap. 8vo, cloth, §s,

Electricity; its Theory, Sources, and Applications.

By JoHN T. SPRAGUE, Member of the Society of Telegraph Engineers.
‘With 91 woodcuts and 30 valuable Tables. Crown 8vo, cloth, 8s.

Electricity and the Electric Telegraph. By GEORGE
B. PRESCOTT. With 5§64 woodcut illustrations, 8vo, cloth, 18s.

Electro- Telegraphy. By Freperick S. BEECHEY,
Telegraph Engineer, a Book for Beginners. Fcap. 8vo, cloth, 1s. 6d.

Engincering Papers. By GraHAM SMitH. 8vo,

cloth, 5s. CONTENTS :

Mortar: ““ Miller Prize” Paper—Practical Ironwork: “ Miller Prize” Paper—Retaining
Walls: Paper read at the Edinburgh and Leith Engineers’ Society. With Addenda and
Discussions to each. .

Spons’ Engineers’ and Contractors Illustrated Book
of Prices of Mackines, Tools, Iromwork, and Contractors Material.
Royal 8vo, cloth, 7s. 64. Third edition nearly ready.

The Gas Consumer's Handy Book. By WiLLiam

RicHARDS, C.E. . 18mo, sewed, 64.

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.’
With numerowus woodcuts and plates, 8vo, cloth, 155,

The Gas Analysts Manual. By F. W. HARTLEY,

Assoc. Inst. C.E., etc. With numerous illustrations. Crown 8vo,
cloth, 6s.

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. .
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A Pocket-Book of Useful Formule and Memoranda

for Civil and Mechanical Engineers. By GUILFORD L. MOLESWORTH,
Mem. Inst. C. E., Consulting Engineer to the Government of India for
State Railways. Nineteenth edition, with a valuable contribution on
Telegraphs by R. S. BROUGH and Dr. PAGET HIGGS. 32mo, roan, 6s.
Ditto, interleaved with ruled Paper for Office use, 9s. Ditto, printed on

India paper, Gs. SYNOPsIS 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, B;idfesletc.—Railways and Roads—Hydraulic Formulae—Canals, Sewers,
Waterworks, Docks—Irrigation and Breakwaters—Gas, Ventilation, and Wannin%_—Heat,
%ght, Colour, and Sound—Gravity: Centres, Forces, and Powers—Millwork,

eels, Shafting, etc.—Workshop Recipes—Sundry Machinery—Animal Power—Steam and
the Steam Engine—Water-power, Water-wheels, Turbines, etc.—Wind and Windmills—
Steam Navigati ip Buildi ge, _ etc. Y ject etc.—Weights,
Measures, and Money—Trigonometry, Conic Sections, and d:nrves—Telagraphy—Mensura-
tion—Tables of Areas’' and Circumference, and Arcs of Circles—larﬁarithms, Square and
Cube Roots, Powers—Reciprocals, etc.—~Useful Numbers—Differential and Integral Calcu-
Jus—Algebraic Signs—Telegraphic Construction and Formulz.

¢ Most of our readers are already acquainted with Molesworth’s Pocket-book, and not a
few, we imagine, are indebted to it for valuable information, or for refreshers of the memory.
‘The book has been re-arranged, the suppl tal formuke and tables added since the first
jssue having now been incorporated with the body of the book in their proper positions, the
whole making a handy size for the pocket. Every care has been taken to ensure correctness,
both clerigally and typographically, and the book is an indisp ble vad for the

hanic and the prof | man.”—English Mechanic.

ceth of

Spons  Tables and Memoranda . for Engineers;
selected and arranged by J. T. HursT, C.E., Author of ‘Architectural
Surveyors’ Handbook,” *Hurst’s Tredgold’s C. try,’ etc. 64mo, roan,
gilt 6;dges, third edition, revised and improved, 1s. Or in cloth case,
1s. 6d.

This w is printed in a pearl , and is so small, measuri in. by 14 i

i p m_:;(.lbe e el mgaeuring only af in. by x4 in. by

““It is certainly an extremely rare thing far a reviewer to be called upon to notice a volume

measuring but 2} in. by 1§ in., yet these dimensions faithfully represent 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 information 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.”—Engineering.

Amnalysis, Technical Valuation, Purification and Use
Coal Gas. By the Rey. W. R. BowpiTcH, M.A. With wood engravings,
vo, cloth, 12s. 6. : .

Condensation of Gas—Purification of Gu—Ligh:—Mésuﬁn?mace of Testing Gas—
Test Candles—The Standard for Maiurix}g Gas-light—hTest_ urners—Testing Gas for

Sulphur—TesLirg Gas for A i ion by Gravimetric Method of
taking Specific Gravity of Gas—Carburetting or Naphthalizlnﬁ)uGas—Acetylena—Exploﬁons
of G wing of Gaspipes by Rats—Pressure as related to Public Lighting, etc.

Hops, their Cultivation, Commerce, and Uses in
various Countries. By P. L. SIMMONDS. Crown 8vo, cloth, 4s. 64,
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A Practical Treatise on the Manufactuyre and Distri-
bution of Coal Gas. By WILLIAM RICHARDS. Demy 4to, with sumerouns
wood engravings and large plates, cloth, 28s,

SyNoprsis OF CONTENTS :

Introducuon—Hlstory of Gas nghtmg—Chemxst of Gas Manufactute, by Lewis
Thompson, Esq., M.R.C.5.—Coal, with Anal{ Lewis and
R. Hislop, Esqrs.-—Retorts, Iron and ay-—Retort Semng—Hydrauhc Main—Con-
densers—E austers — Washers and Scrubbers — Purifiers — Purification — History of Gas
Holder—'l‘anks Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular
ght-i on—Speuﬁ ions — Gas Holders — Station Meter — Governor — Distribution—
Mams—-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—Compostion of Coal Gas by Lewis Thompson, —
Analyses ot Gas—!nﬂuence of Atmospheric Pr. d T perature on Gas—Residual
of Retort Settings, Bmldmzs, etc., etc.

PP

Practical Geometry and Engmeermg Drawing ; a
Course of Descriptive Geometry adapted to the Requirements 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 general treatment of Engineering Drawings, with a chapter on
drawing Instruments. By GEORGE S. CLARKE, Lieut. R.E,, Instructor
in Mechanical Drawing, Royal Indian Englneenng (.ollege, Cooper’s
Hill. 20 plates, 4to, cloth, 15s.

The Elements of Gm;?/m Statics. By Professor
KARL VON OTT, translated:from the German by G. S. CLARKE, Lieut.
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering
College, Cooper’s Hill. Crown 8vo, cloth, 5.

A Practical Treatise on Heal, as applied to the

Useful Arts; for the Use of Engineers, Archltects, etc. By THoMAS
Box. Second edition, revised and enlarged, crown 8vo, cloth, 125, 6d.

The New Formula for Mean Velocity of Discharge

of Rivers and Canals. 'By W. R. KUTTER, translated from articles in
the ‘Cultur-Ingenieur’ By Lowis D’A. JACKsoN, Assoc. Imst. C.E.
8vo, cloth, 12s. 6d.

Hydraulics of Great Rivers; being Observations and
Surveys on the Largest Rivers of the World By J. J. REvY. Imp. 4to,
cloth, with eight large plates and cltartr 2/, 25,

Practical Hydraulics; a Serles of Rules and Tables

for the use of Engineers, etc, etc. By THoMAs Box. Fifth edition,
numerous plates, post 8vo, cloth 55
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The Indicator Diagvam Practically Considered. By
iI:voPdl:g;Gg, Engmeer Numerous sliustrations, fifth edition. Crown

* This which renders it al ique ; this fe is the
mod:nxz‘al:eldntumumwd. Insnot dnﬁculttotakeadlagnm if the instrument is once
set,
connnua.lly arise under vludl the young engmeer is eomplet ata loss as to how to obtain

All will be t{e book under consideration :
hm we have drawings of the arrang be under every conceivable circum-
sEuncq drawings, we may add, illustrating the practweofthe best engineers of the day.”—

ngmeer.

Link-Motion and Expansion Gear Practically Con-

sidered. By N. P. BURGH, Engineer. Jllustrated with 9o plates and 229
wood engravings, small 4to, morocco, 2/. 2s.

The Mechanician and Constructor for Engineers,

comprising Forging, Planing, Lining, Slotting, Shaping, Turning, Screw
Cutting, etc. By CAMERON KNIGHT. Conlaining 96 plates, 1147 illus-
trations, and 397 pages of letterpress, 4to, half-morocco, 2/ 12s. 6d.

The Essential Elements of Practical Mechanics ;

based on the Principle of Work, designed for Engineerh(:{g Students. By

OLIVER BYRNE, formerly Professor of Mathematics, College for Civil

Engineers. Third edmon, illustrated by numerous wood mgmung:,
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 beauuful Laws of Motion—Chap. 3. The princi les expounded in the first and

lied to the Motion of Bodles—Chap 4 The Transmission of Work by
simple Matju.nes—Chap. 5. Useful Propositions and Rules. }

The Practical Millwrights and Engineer's Ready

Reckoner; or Tables for finding the diameter and power of cog-wheels,
diameter, weight, and power of shafts, diameter and strength of bolts, etc.
By THOMAS DixoN. Fourth edmon, 1z2mo, cloth, 3s.

CONTENTS:

Diameter and Power of Wheels—Diameter, Weight, and Power of Sh Multipliers for
Steam used Expansively—Diameters and Strength of Bolts—Size and Weight of Hexagonal
Nuts—Speed Fa(l}lovemurs for Steam Engines—Contents of Pumps—Working Barrels—Cir-
cﬁmferences nnd Areas of Circles—Weight of Boiler Plates—French and English Weights and

ecasures, ctc.

The Principles of Mechanics and their Application to
Prime Movers, Naval Architecture, Iron Bridges, Water Supply, etc. By
W. J. MILLAR, C.E., Secretary to the Institution of Engineers and Ship-
builders, Scotland. ‘Crown 8vo, .cloth, 4. 64.
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A Practical Treatise on Mill-gearing, Wheels, Shafts,
Riggers, ete. ; for the use of Engineers. By THoMAs Box. Crown 8vo,
cloth, second edition, 7s. 6d.

Mining Machinery: 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.

CONTENTS ¢

Machinery for Prospecting, Excavating, Hauling, and Hoisting—Ventilation—Pumping—
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Lron,
Coal, Sulphur, China Clay, Brick Earth, etc.

The Pattern Maker's Assistant; embracing Lathe
Work, Branch Work, Core Work, Sweep Work, and Practical Gear
Construction, the Preparation and Use of Tools, together with a large
collection of Useful and Valuable Tables, By JosHUuA Rosk, M.E.
With 250 s/lustrations. Crown 8vo, cloth, 10s. 6d.

The Science and Art of the Manufacture of Portland
Cement, with observations on some of its constructive applications, wit
ous tllustrati 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, 15s,

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 Architectu:
Drawi pying and Reducing Trig rical Formulz, etc., etc.

The Rarlway Builder : a Handbook for Estimating
the Probable Cost of American Railway Construction and Equipment.
By WiLLiAM J. NicoLLs, Civil Engineer. Jlustrated, full bound, pocket-
book form, 7s. 6d.

Rock Blasting: a Practical Treatise on the means
eméaloyed in Blasting Rocks for Industrial Purposes. By G. G. ANDRE,
F. 6Sd, Assoc, Inst. C.E. With 56 illustrations and 12 plates, 8vo, cloth,
10s. 6d. :



12 CATALOGUE OF SCIENTIFIC BOOKS

Surcharged and diffevent Forms of Retaining Walls.

By J. S. TATE. = Cuts, 8vo, sewed, 2s.

A Treatise on Ropemaking as practised in public and
private Rope-yards, with a Description of the Manufacture, Rules, Tables
of Weights, etc., adapted 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. Dockyard,
Deptford. Second edition, 12mo, cloth, 3s.

Sanitary E n{meerzng ; a Series of Lectures given
before the School of Engineering, Chatham. Division L Air.—Division II.
Water.—Division IIIl. The Dwelling. —Division IV. The Town and
Village.—Division V. The Disposal of Sewage. Copiously illustrated.
By J. BAILEY DENTON,.C.E, F.G.S., Honorary Member of the Agri-
cultural Societies of Norway, Sweden, and Hanover, and Author of the
¢ Farm Homesteads of England,’ ‘Village Sanitary Economy,’ Storage
of Water,’ ‘ Sewage Farming,’ etc. Royal 8vo, cloth, 25s.

Sanitary Engineering: a Guide to the Construction
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 Engineers. Second
edition, with numerous plates and woodcuts, 8vo, cloth, 1l 10s.

A Practical Treatise on Modern Screw-Propulsion.

By N. P. BURGH, Engineer. Jludtrated with 52 large plates and 103
woodculs, 4to, half-morocco, 2/. 2s.

Screw Cutting Tables for Engincers and Mackinists,
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. Royal 8vo, cloth, oblong, 2s. )

Screw Cutting Tables, for the use of Mechanical
.Engineers, showing .the proper arrangement .of Wheels for cutting the
Threads of Screws of any required pitch, with a Table for making the
Universal Gas-pipe Threads and Taps. By W. A. MARTIN, Engineer.
Second edition, royal 8vq, oblong, cloth, Is. .

Treatise on Valve-Gears, with special consideration
of the Link-Motions of Locomotive Engines. By Dr. GUSTAV ZEUNER.
Third edition, revised and enlarged, translated from the German, with the

special permission of the author, by MoriTz MULLER. ZPlates, 8vo,
cloth, 125, 6d. o
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Cleaning and Scouring: a.Manual for' Dyers, Laun-

dresses, ‘and for Domestic Use. By S. CHRISTOPHER. I8mo, sewed, 64.

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

The Slide Valve practically considered. By N. P.

BUrGH, Engineer. Ninth edition, witk 88 sllustrations, crown 8vo,
cloth, §s. .

A Pocket-Book for Boiler Maker.f 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. Royal 32mo, roanm, gilt
edges, 5s. o

Modern Compound Engines ; being a Supplement to

Modern Marine Engineering. By N. P. BURGH, Mem, Inst. Mech. Eng.
Numerous large plates of working drawings, 4to, cloth, 18s. ) .

The following Firms havé contributed Working Drawings of their best and most modern
examples of Engines fitted in the Royal and Mercantile Navies: Messrs. Maudslay, Rennie,
Wa‘g; Dudgeon, Humphreys, Ravenhill, Jackson, Perkins, Napier, Elder, Laird, Day,

ibon. .

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 Brtain. Demy 4to, copiously illustrated
with woodcuts and 96 plates, in one Volume, half-bound morocco, 27 2s.

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 Engines without entering into the wide
domain of locomotive or marine practice. To this end illustrations will be .given of the most
recent ar of Hori ], Vertical, Beam, Pumping, Winding, Portable, Semi-

rtable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in
E)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 Valve-gearing will be minutely dealt with. In this connection will be found
articles u the Velocity of Reciprocating Parts and the Mode of Applying the Indicator,
Heat and Expansion of Steam Governors, and the kke. It is the writer’s desire to draw
illustrations from every possible source, and give only those rules that present practice deems
correct.
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Practical Treatise on Steam Boilers and  Boiler
Making. - By N. P. BURGH, Mem. Inst. Mec. Eng. Jlustrated by 1163
wood engravings and 50 large folding plates of working drawings, royal 4to,
half-morocco, 3/. 13s. 6d. o ) -

BarLoW’s Zables of Squares, Cubes, Square Roots,
Cube {":at:, Reciprocals of all Integer Numbers up to 10,000, Post 8vo,
cloth, 6s.

Cavus (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 findin
their nuinbers, translated from the French. Third edition, carefally revises
and enlarged, with details of the present practice of Millwrights, Engine
Makers, and other Machinists. By IsAAc HAWKINS, Jlustrated by
18 plates, 8vo, cloth, 5s. ‘

The Chemistry of Sulphuric Acid Manufacture., By
HENRY ARTHUR SMITH. Cufs, crown 8vo, cloth, 4s. 64,

CONTENTS : .
Ground Plan of Kilns for Burning Sulphur Ores—Section of Pyrites Furnace—~On the
Pr of A ic—~Methods for R 1 of A ic—An Experimental Examination of the
Circumstances which determine the Action of the Gases in the Lead Chamber—On the Dis-
tribution of Gases in the Lead Chamber—On the Temperature at which Nitric Acid acts upon
Sulphurous Acid—On the Distribution of Heat in the Lead Chamber—An Inquiry into the
Best Form of Leaden Chamber, etc. -

A Practical - Treatise on the Science of Land and
Engineering Surveying, . Levelling, Estimating Quantities, etc,, with a
eneral description of the several Instruments required for Surveying,
ievelling, Platting, etc. By H. S. MERRETT. .41 fine plates with lllus-
trations and Tables, royal 8vo, cloth, third edition, 12s. 64,

. PRINCIPAL CONTENTS : .

Part 1.  Introduction and the Principles of Geometry. Part 2. Land Surveying: com-
rising General Observations—The Chain—Offsets Surveying by the Chain only—Surveying
glilly Ground—To Survey an Estate or Parish by the Chain only—Surveying with the
Theodolite—Mining and Town Surveying—Railroad Surveying—Mapping—Division and
Laying out of Land—Observations on Enclosures—Plane ’l‘rifonometry. Part 3. Levelling—
Simple and Compound Levelling=The Level Book—Parliamentary Plan and Section—
Levelling with a Theodolite—Gradients—Wooden Curves—To Lay out a Railway Curve—
Setting out Widths. Part 4. Calculating Quantities y for Esti Cuttings and
Embank ts—T Is— Brickwork—Ironwork—Timber Measuring. . Part 5. Description
and Use of Instruments in Surveying and Plotting—The Improved Dumpy Level—Troughton’s
Level = The Prismatic Compass — Proportional .Compass— Box Sextant—Vernier — Panta-
ph—Merrett’s Improved rant—Improved Computation Scale—The Diagonal Scale—
gt:aight Edge and Sector, Part 6. Logarithms of Numbers— Logarithmic Sines and
Co-Sines, T: and Co-Tang Natural Sines and Co-Sines—Tables for Earthwork,
for Setting out Curves, and for various Calculations, etc., etc., etc.

Laying and Repairing Electric Telegraph Cables. By
Ca%t‘} V. HoskI®R, Royal Danish Engineers. Crown 8vo, cloth,
35, 6d.
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A Pocket-Book of Practical Rules for the Proportions
of Modern Engines and Boilers for Land and Marine purposes. ByN. P.
BurGH. Sixth edition, revised, with Appendix, royal 32mo, roan, 4s. 6.

Details of High-Pressure Engine, Beam Engine, Condensing, Marine Screw Engines,

Oscillating Engines, Valves, etc., Land and Marine Boilers, Proportions of Engines uced

by the Rules, Proportions of Boilers, etc. :

Table of Logarithms of the Natural Numbers, from
I to 108,000. By CHARLES BABBAGE, Esq., M.A. Stereotyped edition,
royal 8vo, cloth, 7s. 6d.

To ensure the correctness of these Tablés of Logatithms, they were compared with Callett's
Vega’s, Hutton’s, Briggs’, Gardiner’s, and Taylor’s Tables of Logarithms, and carefully
by nine different readers ; and further, to remove any possibility of an error remaining, the
stereotyped sheets were hung up in the Hall at Cambridge University, and a reward offered
to anyone who could find an inaccuracy. So correct are these Tables, that since their first
issue in 1827 no error has been discovered. .

The Steam Engine consideved as a Heat Engine: a
Treatise on the Theory of the Steam Engine, illustrated by Diagrams,
Tables, and Examples from Practice. By Jas. H. CoTTERILL, M.A,,
Profngsdsor of Applied Mechanics in the Royal Naval College, 8vo, cloth,
12s. 6d.

The Practice of Hand Turning in Wood, Tvory, Skell,

etc., with Instructions for Turning such Wark in Metal as may be required
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