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of TOWN_S.

THE testimony of such medical men as have duly observed the
antecedents of disease is now unanimous to the effect, that no
population living amidst cesspool-emanations, or in air rendered
impure by such causes, can continue to be healthy. The strong
may withstand these noxious influences for a time, but even
their general health is eventually lowered, and their constitutions
undermined by continued exposure to such emanations, while
the effect, especially when concentrated upon the weakly and
susceptible, is, in certain atmospherie conditions, extensively and
rapidly fatal. '

The presence of atmospheric impurity produced by the de-
composition of animal and vegetable matter is now established
as a constant concomitant of the excessive ravages of typhus
and other epidemic diseases in towns; and a proportionate exemp-
tion from such maladies has marked the removal of the sources
of agrial pollution. In proportion as perfect eleanliness has.
been obtained in prisons, the gaol fever has ceased to exist;"
and a comparative exemption from the entire class of zymotic*
diseases has followed the progress of purification in every descrip-
tion of habitations. |

These sanitary views are in conformity with great primitive
religious ordinances, both for household and personal purification.
For instance, by the law of Moses it was forbidden thateven the.
open camp should be defiled with human ordure, which it was.
expressly ordained should be deposited at a distance, and imme-
diately covered with soil. Many of the positive observances
directed by the Mosaic law had a similar sanitary purpose. The
ultimate object of the chief engineering appliances for the
sanitary improvement of towns is precisely the same as that of
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*# The term zymotic (from Zvpow, I ferment, zymosis, fermentation), is
applied to designate that class of diseases which are conceived to owe their.
origin to causes which act upon the system in & manner analogous to the
action of yeast upon the gluten of flour; (not that there is any evidence
that this i3 a real operation, but the idea may be admitted as a convenient
means of classification) ; the class includes the diseases usually considered
to be epidemic, endemic, or contagious.
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8 Superior Feonomy of the Removal

the Mosaic ordinances for the preservation of the camp from
defilement ; and the result of those engineering operations will
be the practical fulfilment of the Mosaic regulations for the
cleanliness of the person, and for the cure or removal of the
“ leprous house.”* _

The habits of a people with respect to cleanliness, and more
especially with respect to their care to protect their habitations
from pollution by excrementitious matter, are a clear indication
of their progress in civilization.{ Archdeacon Paley was accus-
tomed to direct the particular attention of travellers in foreign
countries to the mode in which the people dealt with their
excreta, stating that from this single fact a greater insight might
be gained into their habits of cleanliness, decency, self-respect,
and industry, and in general into their moral and social condition,
than from facts of any other class.

It is a deplorable proof of the want of information and of due
appreciation of the circumstances on which the improvement of
the moral as well as the physieal condition of the population
depends, that the existence of filth in houses and towns, the
prevalence of filthy habits among the people, and the efforts to
remedy or mitigate the attendant evils, are often treated with

* Vide Lev. xiv. 83—48 ; and ihe commentaries of Michaelis on the
Mosaie ordinances.

+ In a state of nature animals will not, when at liberty, remain near or
sleep over their own droppings. Some animals arc endowed with instincts
to cover them up. When attention is paid to the proper keeping of animals,
it is found to be injurious to allow them to lie amidst the fumes of their

own dung. Formerly the Zoological Society suffercd heavy losses among

the animals kept at Regent’s Park from neglect of this law, as, e.g., in the
case of the carnivora, which were originally confined in a roofed and
enclosed building, the ‘atmosphere of which, during a single night, became
strongly impregnated with ammoniacal exhalations. A marked improve-
ment has followed the kecping of the same order of animals in dens exposed
to the open air, together with the practice of immediate removal of the
excrement. Skilful trainers of horses for hunting and racing have their
stables carefully cleansed, and all dung as well as the urine removed, three
times a day, to such a distance that no fumesfrom them may reach the animals.
But the common practice in towns is to keep the dung in the stables for
weeks, during which time not only the animals, but the neigl}bpurhooq, are
subjected to insalubrious efluvia, the effects of which are strikingly visible
in the pellid countenances and inferior stamina of the grooms-and stable
hoys. On an investigation of the disease among hunting dogs called
““Lkennel lameness,” it was found that mere change of the sites ot kennels
did not avert it ; and eventually its cause was ascertained to be defective
cleansing, including the want of a due supply of pure water, and of
effectual drainage. A person having much experience on the subject lays
it down as an axiom, that the removal of all foul matters from within or
beneath the kennels, must not only he constant and complete; but distant ;
and that no opening of a drain should be allowed within at least 100 yards
of the kennel. _

of Refuse by means of Water. 9

unconcern, as if the subject was of no consequence, or fitted only
to excite disgust. It may not be needful that persons on whom
no duties in this behalf devolve should enter closely into the
details in question, but it is incumbent on the local adminis-
trators of the law for improving the sanitary condition of the
people to show by their manner of dealing with its provisions
that they regard them as the means of fulfilling, and as being,
in fact, when completed, the practical fulfilment of the primitive
ordinances for personal and household purification; and it is
important that they should treat even the minutest and most
repulsive details with the like scrupulous and anxious care
with which physicians deal with the most offensive particulars
attendant upon sickness, suffering, and mortal disease.

Superior Economy of the Removal of Refuse by Water.

Apart from all social, moral, and sanitary considerations,
requiring the ¢mmediate removal of all excrementitious matters
from the neighbourhood of dwelling-houses, assuming merely
that all such matter must eventually be taken away, the arrange-~
ments should be at least made on the basis of the most econo-
mical and convenient means of removal. -

Early in the progress of these investigations, the proposed
system of cleansing, by the removal of ordure in suspension in
water, was objected to on the ground of the supposed loss of
manure which it would occasion. To this it was and still
may be replied, that if there were a total loss of the money
now received, or which might reasonably be expected, for
manure, that loss would be trivial as compared with the expense
entailed by the retention of ordure amidst habitations during
the usual intervals between its removals by the common means.
‘Where the householders, instead of paying for the removal
of ordure, receive money from the farmers, for the accu-
mulations, as in some of the provincial towns they do, the
utmost payment does not cover the increased expenses occa-
sioned by excessive sickness, apart from the bodily disability,
the loss of work, and premature decay and death, inevitably
occasioned by constantly breathing the impure air diffused over
the premises. Vide Sanitary Report, 1842, p. 226, and Sup-
plement, 1843, p. 72. -

Professor Liebig objected to water-closets, (which he supposed
to be peculiarly English,*) on the alleged ground that they
necessitated the entire loss of the most valuable manure,
assuming as an unavoidable consequence, that the whole of the

manure must be poured, as at present, into the rivers on which

* The water-closet apparatus has been found at Herculaneum.
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10 Expense of Cesspools gzjefater than of @

towns are seated. All such waste is, however, unnecessary.
Excépt under extreme circumstances the alternative of pol-
luting natural streams may be prevented. In the Minutes of
Information on the Application of the Refuse of Towns to Agri-
culture, it is shown that in no mode can the refuse be so well
received, so completely preserved, and so productively applied, as
in suspension in water ; while the greater expense of cesspools
is shown in a Report which Mr. Rammell, one of the inspectors
of the Board, was requested to make of the ¢ Cesspool System
of Paris,” in which metropolis it is developed on the largest
scale, under the most systematic management. The facts set
forth in that report prove that by the adoption of the soil-pan
or water-closet principle, and the tubular mode of drainage in
the course of introduction into English towns, a saving might
be effected in Paris of a million francs per annum. In the
Minutes on the Application of the Refuse of Towns to Agricul-
tural production, it is further shown that the fertilising power
of the excrementitious matters would by the same means be
enormously augmented.

- But if, on the contrary, the substitution of water-closets for
cesspools would necessarily involve the loss of the manure, the
change would nevertheless be economical, since the annual cost
of a cesspool, including interest, depreciation, repairs, and ex-
penses of emptying and carrying away the refuse, considerably
exceeds the annual eost of a water-closet, on the assumption
that the first cost is repaid by an annual charge, and that the
water is supplied at a fair price, that is, at aprice proportionate
to the expense of obtaining the water.

It appears that the quantity of cesspool refuse, including
ordure and other animal and vegetable matter, is from one to
two cubic yards per house per annum;* and the cost of its
removal in London (including openings, and making good the
cesspool, and cartage out of town) was stated by contractors, and
proved upon a house-to-house inquiry, to be, on an average,
about 20s. per annum.t The annual cost of the construction
of a cesspool (including interest and depreciation), is estimated

# There are various estimates which give the night-soil and urine at one
cubic yard and half per family of five persons; but other refuse, washings,
animal and vegetable matter, thrown down water-closets or into cesspools
make up the larger quantity.

t In many country towns, where night-soil is kept in shallow uncovered
pits (called midden-holes), the cost of emptying is less than where deep
cesspools are used, but although the emanations as being more diluted may
be less noxious than those arising from covered cesspools, the sight of the

exposed ordure is offensive and degrading, and the open midden-steads

are in other respects serious nuisances.
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proper System of constant Removal in Water. 11-

to average not less-than 10s. per house. . When cheap cesspools

are made, from which percolation is not prevented, the injury-
to the foundations of the houses would more than make up the

difference. SR oo | .
This annual cost of 30s. per house is moreover the balance of'

loss above the value of the manure which those who take it away

may retain for use if they please ; and in country towns, farmers.
often pay a small sum for liberty to take the night-soil away ;
which, however, diminishes but in a small degree the cost of
retaining it. The foetid smell caused by the disturbance of night-
soil in the vicinity of houses has led to the extensive use of

apparatus for artificial dilution with water, so that it can be-

pumped through moveable pipes to the nearest sewer or stream.
Though in addition to the expense of the operation, there is in
this mode of removal a sacrifice of the entire agricultural value
of the matter removed, the alternative is gladly adopted to avoid
the nuisance of emptying by hand labour ; and it is therefore

fair to add the intrinsic value of the manure thus sacrificed to

the necessary expenses of the cesspool practice.

- This sacrifice is carried to such an extent that often where
there is sufficient open ground, a pit is dug and the contents of
the cesspool are at once buried ; and in London it requires much
vigilance by the police to prevent the men who are paid for

removing ordure, from discharging it surreptitiously into the

sewers through the gully-shoots, where, in its undiluted and
highly concentrated state, it is a very dangerous nuisance. These
facts prove that the value of the manure as now dealt with does
not equal the cost of its removal, though that value, if the refuse
were removed and applied in the most economical and efficient
manner, would as to cottages be often equal to a moiety of the
rent.

- To obviate the nuisance and danger of cleansing cesspools,
the use of moveable receptacles has been extensively adopted
in Paris and other continental cities, and the expedient has
been proposed for this purpose, and also for the saving of
manure, in this country. But although the nuisance of empty-
ing cesspools is prevented by the use of these receptacles,
they are not found to arrest decomposition, or to prevent the

~ loss of the most valuable part of the manure, and they are found

to be more expensive than properly-constructed water-closets.™

* M. de Piorry, a French writer on Hygiene, whilst admitting the
failure of the moveable cesspools to confine the noxious emanations, and
the fact that they had been reported against as having proved injurious to
the health of the inhabitants and the public, shows, nevertheless, that they
are less expensive than the old fixed cesspools; and his statement as to
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12 The Drainage of Houses the primary

" The more expensive form of water-closet, and the connected
drainage arrangements by which the constant removal of all
excrementitious matter is effected, would not, as a distributed
charge, usually exceed 6s. per annum ; and the proper charge for
the water consumed for the supply of an efficient water-closet
should not be more than 6d. per annum ; (vide Report on Water
Supply, p. 293) for even when the water is supplied by a com-
pany, this, under public contract, would, almost without excep-
tion, be a remunerative price. No separate charge should be
made for water-closets ; the supply for such appurtenances being
necessary for all, should be included in the general charge for the
house.

‘Where a constant supply of water under pressure is given,
of course no expense for a cistern need be incurred, the force
of the water direct from the pipe being found abundantly
sufficient for the removal of all the soil, &ec. through a
syphon of four inches diameter into the tubular drain. Where
the shell of a closet, or a suitable privy, exists, all the ap-
paratus necessary for perfecting this indispensable sanitary
imiprovement will, therefore, be a service-pipe, a tap (self-
acting or with lever handle), an earthenware basin, and a
syphon-pipe, the cost of which, if distributed, need not exceed
8s. or 4s. a year. This is a rate of expense for the complete
removal of refuse, with which no hand labour in emptying, and
cartage in removal, can ever compete ;* and it is very far below

this economy will be available, and may be used as showing the yet greater
economy of the water-closet connected with a tubular system of drainage.
¢A cesspool of the simplest construction costs from 391 to 120L as the first
expense, according to the size and the nature of the soil. To repair a
cesspool often costs much more. We will admit that the first cost is 431,
which at 5 per cent. will be an annual expense of 2 7s. 64. Moreover,
according to the size of the receptacle, it will require to be emptied every
two or three years, and this will cost from 3l 19s.2d. to 5/ 19s., or
17. 19s. 10d. a year, which, added to the 2l. 7s. 6d., the interest on the first
outlay, will amount to 4. 7s. 1d. per annum. Moveable cesspools are let
for 21, 'Ts. 6d. or 3L 3s. 4d. per annum ; hence there is an economy of from
11 8s. 5d. to 11. 19s. 10d. a year in the use of the latter. It must be
further remarked, that when landlords have to repair old receptacles they
will avoid by the use of the moveable cesspools, 1.—the risk to the
foundations of the houses in forming a new cesspool ; 2. the expense

of future repairs; 3. the discolouration of the paint. Houses have some- -

fimes been entirely destroyed by the repairing of a cesspool. Now, then,
we have a case where the material interest of the proprietor coincides
with the health of the inhabitants. Xt is to be hoped, therefore, that when
this fact is more generally known, that the public health will gain
immensely.’ _ |

* In Belgium, the estimated expense for carting the manure of a
whole town to & depdét three miles and three quarters distant, was at
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Duty of Local Boards of Health. .13

the expense of the keep of the men and horses required by
the farmer, where he undertakes the labour of clearing and
removal for the sake of the manure. |

The Re-moval. of oll Cesspools from amidst Habitations the first
| Duty of Local Boards. ~

As soon as a proper survey and system of levels (vide Minutes
of Instructions on Surveys) have been obtained, the first duty
of a Local Board of Health will be the prosecution of measures
requisite for the entire abolition of all cesspools, and the pre-
vention of their future formation, by the complete drainage of
every house in the town.

All the available sources of water-supply having been ex-
amined, the most eligible finally determined upon, and works
for its distribution arranged, means for the immediate removal
of waste water will be next in order for consideration.

Waste water consists of house-sewage, <. e. foul water from
house-drains and soil-pipes, and roof and surface drainage, with
water from land-springs ; and it will be a matter for special con-
sideration in each case how much of these should be conveyed
away in separate channels, or together.™ It will be generally found

the rate of 6s. per house per annum. PFide a Report made to the “ Conseil
de la salubrité publique de la province de Liége, sur des moyens de recueillir
et d’utiliser les engrais, qui se perdent dans les grands centres de popula-
tion, au detriment de la salubrité publique et de I'agriculture. Par J. P.
Schmit, architecte, professeur agrégé & I'Université de Liége ; Membre du
Conseil de salubrité publique de Ila province, &c. Rapport, fait & la suite
&’un circulaire adressé & M. les Gouverneurs des Provinces, sous date du
8 Avril 1846. Par M. Ch. Regier, Ministre de I'Interieur, 1850.”

* In thoroughfares of considerable traffic in large towns, as in the main
streets of the metropolis, as much ordure is dropped on the surface of the
highway as is deposited in the cesspools of the corresponding houses. Thus
it is reported that the quantity of dung removed daily from a space of 68
acres of paved roadway surface, including the bye streets of little traffic, as
well as the crowded streets of the city of London, varied from 505 to 596
loads per week, or was on the average 921 loads per diem, nearly all of
horse-dung. To strangers these streets often smell of dung like a stable-
yard. The water collected from some of the streets after rain-falls has been
analysed by Professor Way, from which it appeared that its addition to the
sewage would enhance its value as liquid manure.—Appendiz II1. o the
Report on the Supply of Water to the Metropolis, p. 142, :

The soluble matter contained in the sewer-water with which the mea-
dows near Edinburgh are irrigated, was found to contain, when put on,
82 grains of matter in the gallon in solution, and 244 of solid matter in
suspension ; whilst the rain-water running from one part of the paved
surface in Oxford-street, London, contained 276 grains of matter in solution,
and 537 of solid matter in suspension ; and from another portion it con-
tained 194 in solution and 390 in suspension; from Gower-street 126
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T4 Proportion.and economical Position of House Drainage

-most+ économical to construct the chanmels for sewage large
.enough to convey the drainage during moderate rain, and to
have in the valley lines large conduits chiefly, if not exclusively
for storm-water.

. Tn'the channels for sewage thus.contracted, all solid or semi-
fluid matter will be carried immediately away. House-drains or
‘sewers which accumulate deposit are, in fact, extended cesspools

L3

giving off poisonous emanations, and to expend money in their

Works to the whole Drainage Works of & Town. 15

in action. ~ Until house-drains are constructed,” and " in ‘action,
‘main-drains are of little use, and the cost of their construction

wasted. Moreover, if but a small proportion of the sewage
they are consiructed to convey is brought into them, the
stream, instead of being deep and rapid, will be shallow and

slow, and consequently there will be greater liability to deposit;
for which reasons, as well as to prevent pollution of the air and

percolations from cesspools, Local Boards should exercise the

iR
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construction is rather aggravating than removing the chief evil
to be remedied. ~

" Tmproved town-drainage then is twofold; 1st, the drainage
of the sub-soils, from the surplus rain-water falling on the
e ‘uncovered area, and from surplus spring-water, by arrangements
i of permeable drains, (which are treated of in separate Minutes
of Information, and post, p. 82;) 2dly, the immediate removal
through impermeable channels of foul water from the interior
of houses and premises, as well as rain falling from roofs, yards,

powers with which they are invested by the 49th section of the
Public Health Act, and insist upon all houses being effectually
‘drained at the same time that a street-drain is being con-
structed. | | -
The whole plan should proceed upon the assumption that
the systematic drainage of all the houses will be complete.
Unless the -main-drains or sewers are laid out upon this as-
‘sumption, and receive the drainage from the whole of the houses,
the flow in the drains will be diminished, the frictional areas, the
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i pavements, and roadways. | - times of discharge, and the chances of obstruction may be more
1E8) " The main object of the present paper is to give heads of practical ‘than doubled, and the expense augmented three or-fourfold.
1 information, in relation to the arrangements by which the last- On these grounds, primary consideration should be given to the
2 recited objects may be effected most economically and completely. principles of constructing house-drains, which form, as it were,
i ‘Works for the. abolition  of cesspools and the drainage of the capillaries of a system of improved town-drainage.
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houses form the greater part, requiring usually- two thirds of
the outlay necessary for the drainage of a town. Until house-
drains are provided for the removal of the waste water, the
4ntroduction of additional supplies of water may increase the
‘dampness of the foundations, and of the floors and walls of
the houses, to an extent greater than would be produced by an
additional rain-fall, as the cause of dampness will be constantly

grains in solution and 8 of matter in suspension ; from Hampstead-road,

Systematic house-drainage includes arrangements
First—for the constant removal of the waste or dirty
water from chambers, as well as from kitchens, sculleries, and
outer offices. - '
Secondly—for filling-up cesspools (in old houses), and for the -
constant removal of human excreta from, upon, beneath, or
near, the premises. o o o
Thirdly—for the discharge of rain-water from the roof or

from the courts and surfaces outside of the house.

‘above the canal, 96 of soluble and 84 of insoluble matter ; and a general The 001151(161’&131011 includes—
average of soluble matter above that of the sewer-water of Edinburgh, - 1. The construction of house-drains; B
‘when it had p?,ssQ}i throughjth_e irrigated. meadows, and contained yet : The materials of which they may be best made
considerable irrigating power. ' - Their sh . — o |
To the washings of the dung from roadways are added deposits of elr snape ,
‘soot and birds’ dung from roofs, and the dung of animals from yards, Their size ; .
Their direction and fall ; |

‘and the dried dust blown from-the roadway, which contains much valuable S . S

‘matter ayaﬂab}le as manare.. In the principal 1higlwsra.ys of provincial ‘Their connexion with the outfalls; through the branch
‘towns, -wher is-less traffic, there is 1 ansi fr - e 1 -
towns,-where there is less traffic, there is less cleansing, and frequently sewers; from which will follow the consideration of
the connexion and arrangement of the branch.and

S E 0

much accumulation at the time of rain; and though the proportion of
-goluble road miatter is less, yet with the deposit of soot and other matter,

it is sufficient to be'utilised as manure, and to justify conveyance away
-with the ordinary house-drainage through the common sewers. Where the
interiors of sewers of deposithad been cleansed, foul smells were found to
.arise from the animal and vegetable matter discharged from the surface of
.the streets and roadway, but detained by ill-constructed traps, (vide post,
ip.-97,) or ill-cleansed cesspits. - S

o main-sewers for the clearance of the whole site.
. --Tt will be convenient for the elucidation of the subject, to

state the course of investigation which led to the development
-of the chief settled principles of improved house and town

drainage. This will be the more necessary, inasmuch as many
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16 Defects of the common Forms and Materials

of the objectionable practices are yet maintained, and are
frequently introduced into new districts, where their attendant
evils and expenses are unknown or disregarded. ‘ :

Materials and Construction of old House Drains.

The materials of which house-drains are commonly constructed
are burnt clay bricks; and of these bricks for the great majority
of houses, (as with that portion of bricklayers work in general
which is out of sight,) any inferior rubbish that can be put away
is used. The common “ place brick ™ is so absorbent and per-
meable, that each brick will usually absorb about a pint of
water. It is rough and ill-formed on the surface, so as to
impede the flow of the sewage. The bottoms of the drains of
houses occupied by the poorer classes are not always formed of
whole bricks, brick-bats being often used for the purpose; which
are frequently put together dry, or the mortar used for their
connexion is inferior, soluble, and permeable to water as well as
to gases. The following are common forms of permeable brick-
drains, which let out offensive liquid to spread beneath the
premises, but detain, like sieves, the- solid or less soluble
matter :— ‘ '

¢ These;” say the Metropolitan Sanitary Commissioners,  and
the flat brick house-drains, are generally put in ¢dry’ at the bottom,
or without mortar, to let in the water of the land drainage, but they
commonly let out at their bottoms or sides, instead of the ends, much
of the sewer-water, which permeates the foundation and site of the
house, leaving the solid refuse deposited in the surface of the drain to
decompose, and ultimately choke it up. It is rare to find any house-
drains of this description without deposit. They are, indeed, made on
the hypothesis that they will accumulate deposit, and the construc-
tion of brick is preferred that the drains may be more readily opened,
and the deposit from time to time removed. One of the surveyors of
the Surrey and Kent sewers, the author of an ¢ Encyclopedia of

. Architecture,’ prescribes a size of drain of 5 square feet for a mode-

rate sized mansion, to enable a man to get at it to cleanse it from
time to time. The Metropolitan Building Act prescribes that the
least size of house-drains shall ‘be 9 inches; the hypothesis being,
that, inasmuch as even these drains accumulate deposit, drains still
larger are desirable.” -
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for the Construction of House Drains.. 17

.. So thoroughly wet, spongy, and rotten do these descriptions

of drains become in flat, low-lying, and wet districts, that the-

workmen find it necessary to be very careful when digging
trenches near them, lest the sides should fall down, and let out
the ordure detained and accumulated by them.

In many of the large provincial towns visited, still inferior
drains are constructed. The following are two specimens :—-

The first consists simply of two bad bricks placed edgewise
on the bare ground and covered with other bricks. .
. The next is constructed of rough stone without lime, and is
of a size frequently used in the north of England for two or
three cottages:— | S -

~ The- former will often be choked up in a few months, espe~
cially if some other owner, as is often the-case, drains into it.
The latter, it must be obvious, will ultimately have the same
fate, notwithstanding the supposed advantage of its large size,
—should it not sooner collapse, and become a confused mass of
rubble stone, and black stinking filth. _

In some districts stone is used with lime, but generally of
the like construction ; in others wood is used. '

The following is an example of a drain constructed of stone,
or brick and stone, and one of the best forms of the kind :—

| 1
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18 Effect of the common Constructions of

* But for the poorer description of houses they are more com-
monly made with flat bottoms, like the following :— -
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The drains for the higher class of houses are sometimes of a
better construction, being lined with Roman cement to “ keep
out smells” ; but still from their shape and size they accumulate
deposit; for although the smells may be prevented by the
cement from escaping at the sides, it escapes in greater quan-
tity and intensity at the ends; and even if the entrance of the
drain into the house is trapped, which it rarely is effectually,
the products of decomposition find vent in the common sewer,
and thence escape to the pollution of the air outside.

. The following is a common form of construction of brick
barrelled house-drains:*—

.. The following are views of the junctions of such drains with
the larger sewers :—
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* In some few provincial towns radiating bricks have been used for
circular drains, but generally the use of flat bricks is continued in London,
even for drains of small diameter. While the inner edges of the bricks
are in contact, the outer edges are of course widely apart, and the wide
gaping joints must be filled with mortar or other soft matter ; & mode of
construction necessarily defective and insecure,
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. House -Drains-in creating foul Deposit. 19

House-drains, -constructed as deseribed, commonly convey the
sewage into cesspools, from some of which the overflow is
carried away into the sewers, but often there is no overflow-
drain, and the liquid percolates into the soil beneath and
adjoining the building. When the cesspool becomes filled with
the solid filth detained, it is not unusual, instead of emptying it,
to form another. Beneath many of the more moderate-sized
houses as many as three cesspools have been found; their
ordinary state is displayed in the following sketch :—

_ : ’ 7 T d";.:.:sf—" I 0 ‘r_a?
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~ So perverse had been the former practice in respect.to
house-cleansing, that when water-closets were introduced, and
when it might have been conceived that the ordure removed
from sight would be immediately conveyed from the pre-
mises, it was only accumulated in a cesspool beneath them.
A large proportion of the best houses * in this metropolis have
cesspools provided beneath, and when one has been filled up
another has_been opened, until much of the site is thus occupied.

In some of the towns visited, where the practice of using
cesspools has been long in operation, and where the subsoil is

* During the first labours of the General Board of Health much illness
prevailed amongst the clerks, until on one occasion foul smells arising more
severely than ‘had- before been noticed,  the state of the foundations
was examined, when it was discovered that -there were two very large
cesspools immediately beneath the Board’s offices. This is the deseription
of hotses of which it is generally reported by house agents and others that
!:hey are well drained and in good condition; but it may be advised that it
is absolutely unsafe to take any house without -a thorough examination of
the site beneath it, nor when any cases of fever, typhoid or gastrie, have
occurred amongst persons living in the lower offices of a house, is it safe for
those who value their own health to remain in the premises without such
an examination, nor until the cesspools are removed.
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20 Construction of House Drains and Cesspools in the lower Class of Houses. , 21
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already become very difficult to find a spot of earth capable of
receiving further percolations.” | -

In all these closed receptacles, whether fixed or moveable,
decomposition ‘is always in progress, commonly through all the

-stages of chemical change, and no -effectual trap exists nor can
reasonably be expected to succeed, in popular use, that will
prevent the escape of the noxious gases.

From these magazines miasma are extensively liberated and
diffused, particularly in those barometric states of the atmo-
sphere when the air is light; a state when the bodily strength
is most depressed, and when the system is most susceptible to
any external cause of disease.t In districts which are in a low
sanitary condition, extraordinary changes in the weather are
often foretold by the emission of worse stenches than usual
from drains and cesspools. '

Probably no capital in Europe is cleaner on the surface of its
streets than Paris, where the cesspools are the most carefully
constructed, and covered. It is, for the most part, well paved,
and the surface of the streets well cleansed; the atmosphere

streets and most sumptuous hotels, a peculiar and almost inde-
scribable sensation from the offensive atmosphere around. 1tis
felt in the court-yard, but it is produced in the greatest force
on some staircase, passage, or landing leading from a common
water-closet. It is caused by emanations from the foul cesspool
into which all the refuse of the establishment is passed, and from
which the dangerous gases of decomposition force their way
through the whole atmospheric space around. To set open
doors and windows is of little avail ; that does not bring re!lef, the
sensation remains. The refuse must be removed at once if there
is to be safety to health; and such removal will be economical
as well as healthful. | .

Houses occupied by the poorest classes in London often afford
examples of the utmost perversity of construction In the lower
offices. Mr. Lovick thus describes the condition of some tene-=
ments in a place called Tyndall's-buildings; a locality distin-
guished by the number and malignity of the cases removed from
it to the Fever Hospital :—*

« ¢ At No. 15, the privy is in the front :vault; the vault flooded -to
2 height of between 2 and 3 feet with soil and human fxces, ashes,
ground, dead animals, green stuff, and other offal saturated with
water, the privy (afterwards ascertained to be an open one) concealed

is comparatively free from visible smoke, but the superior clean-
‘ liness only renders the emanations from its cesspools the more
3 distinctly and offensively perceptible. There are few who have

Fin bl thro it e

_ * In Mr. Lee's Report on Reading (p- 48), Mr. Billing, the borough sur-
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veyory says, “ That is already the case in one or two instances that I know,
where a whole gardenis acesspool. Ground cannot be found in some places
from which the night-soil will be absorbed and pass away. Iknow several
cases of actual death, and others of disease, arising from each of these causes.”
" ¥ Mr. Charles Oldfield, a builder of the highest class of houses, at the
west end of the metropolis, thus describes his practice in relation to them :
“I am frequently called upon to examine houses where they say they are
oppressed by unpleasant smells. Some time ago, I was called upon to
examine 2 house in one of the principal streets in London, belonging to a
gentleman of distinetion, who was about to abandon it in consequence of the
unpleasant smells which were continually arising. He was particularly
annoyed, because this smell arose in the greatest strength whenever he had
parties; the drains had been opencd, and there was no lodgment of "soil in
them. People commonly imagine that when they get rid of the soil they
have got-rid of the stenchj they do not see, and do not conceive the-effect
of the foul air, which is so much lighter than atmospheric air that it
cscapes where the atmospheric air would not. On examining the drains of
his house I found that they were imperfect, and that the foul air filtered
through them. Whenever he had & party there was a stronger fire in the
kitchen,; and stronger fires in other parts of the house, and the windows
and the external doors being shut, and a greater draught created, larger
quantitics of the foul air from- the sewers rose up. These stenches arise
in the greatest strength in private houses when the doors and windows
are closed, the fire and column of light air in the chimney being at work.”

* The 50th Report of the London Fever Hospital (for the year ending
31st December 1851) contains the following description of the principal
fever localities :—

The localities from which the patients have been sent extend over nearly
every part of the Metropolis ; but by far the largest number have begn
received from the Holborn district. No fewer than 211 patients (out.of
877 received in 1851) have come from courts and alleys on the eastern
side of Gray's-inn-lane, such as Tyndall’s-buildings, Pheasant-court, &e.
In several instances 10 or 12 of these have been received from a single
house, and in one instance as many as 20. Thus it appears that one side
of a single street, with the courts that branch off from it, have afforded
nearly a fourth part of the total number of patients admitted during the
year ; but to this number should be added 50 more persons, who were
removed to the hospital from the adjoining courts In S:}ﬁ'ron-:hlll ; 5o that,
in fact, this circumscribed spot has supplied the hospital with nearly one
third of its total number of patients. When the state of these fever nests
is considered, this result will appear no matter. of surprise ; in Tyndall’s~
buildings and the adjoining courts, for example, the floors of the cellars
are some feet beneath the main sewer, so that the drainage of the houses
is impossible ; the privy and the water-butt are commonly both together
in the cellar; heaps of dust and decomposing matter are .accllmulat_ed
awithin the houses,—and in the whole of'this locality ovgl:crowdmg is carried
to such an excess, that commonly three or four families occupy 2 single
room, into which it is no unusual thing for 20 persons to be huddled

together ; one patient, indeed, stated, that, in the room in which he lived
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22 Construction-of House Drains and Cesspools in:the Duwellings-of the Poorer Clas '

B Sy o Y PR R e PO

from view, dnd completely submerged by the hoxious matter (the
inmates, of course, cannot use it); the steps leading into the vault

tytrhiny
)

were covered with human fces; the sm?ll truly horrible.’ The W,%///Z% ////7/ ‘ |
3 strongest terms I could employ would be inadequate to convey an i :
_5 H ° . . .- . . /4;/” /.//f/,’/
g idea of the exceedingly loathsome character of the emitted effluvia, )

WL

or of the external appearance of the aggregated filth.

- “¢At No. 16, the privy, an open one in front vault, has a cesspool
¢overed over with boards only, these can be shifted by any person;
the cesspool is full : ashes, rubbish, human feces, and offa} of various
kinds in great quantities in vault. = Vault used apparently indiscri-
minately by all the inmates ; condition most filthy ; smellstruly dis-
gusting. Had there been an overflow of water in this vault, it
would have scarcely been in a better condition than No. 15.

| “¢ At No. 17.—Privy in vault, cesspool full, the soil oozes through
Y ground, same as No. 16 in every other respect, only that it is a de-

g = gree less offensive.’

" %< At No. 18.—Privy in vault and at back of house, accessible
oenly by trap-door, descending by wooden steps into vault, cesspool
full—swarms of flies—very bad smells. There is a range of vaults;
they are exceedingly close. The privies are quite open, being no-
thing more than seats; those using them are quite exposed to view.’
The annexed are sketches of the basemernts Nos. 15, 16, 17.” "
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24 Effects-of Oozings from Cesspools

. In most country towns the arrangements ‘for the removal of

the excreta from the houses of the middle and lower classes
are in the same bad state. In the Report on Lancaster, e. ¢.
(Report of Commissioners on the Health of Towns, 1845),
which has the superficial appearance of a cleanly town, and
enjoys an unquestionably healthy site, the fever hospital rarely
lacks inmates, from localities such as those described in the
subjoined passages from Professor Owen’s Report :—

s Chapel-court, a space about 60 feet in length and 7 feet wide, is
enclosed at both ends, as well as at the sides, by houses from 20 to
30 feet high: it is entered by a covered way, about 3 feet wide and
7 feet high. The privy-accumulation or midden-stead was exposed
within the court; it contained the usual accumulation of decomposing
excrementitions and other matters, the soakings from which filled a
stagnant kenmel traversing the court, and' slowly. escaped by an un-
trapped gully-hole, near the entry, into the adjoining sewer. The
noxious emanations from these sources are greatly aggravated by the
obstruction to free ventilating currents of air. The court is the
occasional seat of febrile and phthisical disorders.

« My medical guide conducted me to a court called Croft’s-yard,
where several cases of fever had occurred. We entered it by a covered
passage, or tunnel-entry leading from St. Leonard-gate, 1 yard wide
and 2 yards high, and about 20 feet in-length, opening into a small
square court, built up on three sides, and closed on the fourth, op-
posite the entry, by walls, propping up the soil of a garden above the
level of the first floor of the houses. The privy and midden-stead
accupied one side of this enclosed space, abutting against the first
story ; its oozings infecting the walls of the dwelling, and also con-
tributing to the morbific character of the stagnant water which
accumulates in wet weather at the bottom of the court, whence it
drains off sluggishly by an open kennel to the untrapped grated
opening of the sewer at the entry. The removal of the midden-heap
was described as a grievous aggravation of the habitual noisomeness
of the confined atmosphere of this court. It is first thrown out by
hand labour upon the floor of the court, then wheeled by barrows-full
down the narrow passage into the street, whence it is finally carted
away. The farmer is willing to give 2s. in addition to the labour for
this manure. The water for cleansing the court after this laborious
and 1§9isome operation is fetched from a public pump at some dis-
tance.

No one seemed aware of the inevitable effect of the percola-
tion of liquid filth into the soil upon the wells, from which
many houses derive their supply of water. The effect is indeed
for a time disguised by the power of certain soils to absorb a
portion of organic matter, and to effect the decomposition of
much more, so that the result appears in the form of a nitrate

SRTYE JLN ] SO R
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on the Water tn Wells. 25

of lime or other base.”. Nitrates are very commonly found. in
the well-water of towns, and doubtless owe their-origin' to the
decomposition of organic liquid filtering. through-.the. soil.”
As the soil becomes more completely saturated, the contami-
nation of the water becomes more evident to the senses, tilk
at last the wells are abandoned. In one district. where many
houses have been drained with tubular drains, and cesspools
abolished, an evident improvement both in the appearance and
taste of their well-water has been frequently noticed by the
inhabitants with some surprise ; it was a result, from the aboli-
tion of cesspools, for which they were not prepared.

- Of the Sizes of Mains and Sewers. .

The general practice with respect to the sizes of sewers
constructed previous to the investigations made by the Commis-
sioners, and even yet very commonly adhered to, is concisely
given in the evidence of Mr. Kelsey, then surveyor of the
City Sewers Commissioners, taken before the “Commissioners
for inquiring into the means of improving the Health of
Towns :— ' |

& For the ordinary purposes of one house an 18-inch main drain
receiving collateral 9-inch drains may, with fair usage, last many
years without cleansing, but when it has to be cleansed the trouble

* Vide Report on Water Supply, p. 91. Dr. Angus Smith examined a
number of wells both in Manchester and London, and found nifrates in
nearly all. When in considerable quantity they give to the water a very
unpleasant taste. S -

+ On the subject of the pollution of wells from the permeation of the
contents of cesspools, Mr. Quick made the following statement in evidence

before the Health of Towns Commission :—

« Within a few days we have had an instance at Battersea of permeation
of the cesspools in six new houses. They were supplied with water from
springs sunk to the same level as the cesspools. As the springs were
Jowered by the consumption of the water, it was found, to the surprise of
the inhabitants, instead of coming up clearer it was more discoloured, by
the equalization of the water levels. One of the inhabitants, a baker, who
drew harder than the rest, applied o the Company to lay on the water,
oiving me to understand that the people began to complain of the quality
of his bread, the cause of which he could not make out, except it arose from
the quality of the water, which somehow or other, was very bad ; all his
neighbours who drew from the same spring complained that the water was

very bad. The cayse was, on examination, undoubted.”
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26 Common Construction of Sewers, Occasion of Deposit.

and ‘the cost of digging pits from the surface and raking out the filth
will be considerable. o o
- «But for the use of a line of houses in a public street, wherein
some one or other will treat the drains unfairly, it may be laid down
as a first principle that no common sewer should be so small that an
ordinary-sized man could not get in to cleanseit; for if it were so
small it would not only soon become choked up, but opening the
surface to cleanse it would stop or more or less impede the traffic of
the street.

« Taking a man of ordinary size, it will be found that a height of
1 foot 11 inches will just allow him to squeeze through on hands and
knees, and 3 feet 3 inches will admit him crouching, and 4 feet
stooping. To these must be added two or three inches to allow of

the raising of the body when moving forward, and there should be
some additional allowance for indurated soil in the bottom of the

8ewer.

¢« Taking these data, one can scarcely allow less than from 2 feet
4 inches to 2 feet 6 inches for a man to crawl through, and 3 feet
6 inches for a man to crouch through, and 4 feet 4 inches to 4 feet
6 inches for a man to stoop through; and as few men are less than
21 inches across the shoulders, it will not be unreasonable fo say

that 2 feet is the least width in which a man can work effectually

although he may pass sideways through 14 inches.

< Applying these to the question of what is the best-sized sewer
that ought to be built in any street, one is compelled to admit that it
ought not to be less than 30 inches by 24 inches, and its depth not
Jess than 12 feet in its shallowest part.

¢ The thickness of the brickwork eannot be less than 9 inches, nor
would it be prudent to leave fewer than two tiers of strutting and
planking in the ground. _ _ _

¢ The cost of such a sewer would probably be about 9s. 94. a foot,
being somewhat less than half the cost of a sewer 4 feet 6 inches
high, and 2 feet 6 inches wide. ,

- -« But this assumes that the work is done under the most favour-
able circumstances, and at the present low prices; and the calcula-
tion, of course, does not include gullies, man-holes, &c., nor securing
the houses of a narrow street. -

¢ The term °common sewer’ (as for more than one house) is used
in contradistinction from public sewer (as unfit for more extended
purposes), and taking the limited height of 20 inches from the bot-
tom of a public sewer to the bottom of a drain, as a fair and reasonable
allowance for the accumulation of soil in such sewer, before the
rivate drains can be obstructed, and the sewer said to be - foul;
by adding 2 feet 6 inches to that, we shall find that 4 feet
2 inches is the leéast height which it is advisable to give a public
sewer, but 4 feet 6 inches is better, as allowing freer space for
cleansmg.” | T »

Objections to the use of Homd: Labowr in cleansing Sewers. 27

- TInillustration of this evidence Mr. Kelsey: put in the follow-
ing sketches :— E 3 . -

Plans of works were generally found to be as destitute of
sanitary considerations, both with reference to the nature of the
effluvia generated from such deposit, and the operations for its
removal, as indicated by the above-recited passage.

There are some descriptions of labour which it is improper for
human beings to perform, and which ought to be forbidden, as
being false in principle, and belonging to a low state of art, and
as being ignorant or interested excuses for the avoidance of
the trouble and expense of practicable and efficient substitutes.
Putting men to crawl or creep through channels filled with foul
ordure, and to breathe noxious gases, as.above described, is one
example of such labour. Putting children to crawl through
channels, filled with soot, to cleanse them, is another. By a
clumsy and inartificial construction of a chimney-flue in the
form of a large parallelogram (which often follows an irregular
course, with sharp bends and corners, always gathering soot,)
the naturally circular current is widely spread and impeded, and
additional deposits of soot occasioned. The chimney-flues are
made, in England, additionally large to admit children to cleanse
them, and this increased size, by increasing the quantity of cold
air admitted, and by extending the surface which proportionally
abstracts heat, -and retards the ascent of the smoke, augments
the quantity of foul deposit requiring removal. By these
erroneous constructions the discharge (or flow) of the heated
air is often so much impeded as to produce, besides the extra
quantity of deposit, the evil of smoky chimneys. One means
adopted of mitigating or remedying this evil, and occasionally
of lifting the current of heated air out of descending currents
or eddies of wind, is visible in almost every district, in additional
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28 - Objections to the use of Hand Labour

Jengths of flue of a more appropriate or circular form, contracted

to one half the cubic capacity of the common parallelogram, or
less. One architect bethought himself that if, instead of fixing
the contracted length of tube at the top, he put it down the
interior of the old chimney, it would answer as well, and that he
should thus save the risk of its being blown over, and the
expense of holdfasts. He tried, and he found it answer better ;
he would have found it answer completely if he had continued it
down to the fire-place, when he would have produced a complete
flue, such as is in use on the continent, and requires no climb-
ing boys to cleanse it, but is usually cleansed by a heavy iron
ball with a circular brush at the end of a chain, with which a
servant of the house performs the work.® The cruel and de-
grading practice of cleansing chimneys by the labour of children
was defended in this country, on the allegation that it was
impossible to cleanse chimneys in any other mode. It was for-
bidden. It was then found to be practicable to cleanse even the
chimneys of the old and vicious construction by machinery, with-
out waiting for those linprovements in heating by which it may
be confidently predicted that the use of smokeless fuel will be
‘found economical for towns. - _

- - It would be better that sewers of deposit, in their frequent con-

‘dition, should be required to be opened to the surface, as house-

drains of deposit are, for cleansing, rather than that it should be
permitted to continue the practice of sending men to crawl up
them amidst foul ordure, to the certain injury of their health, and
at the hazard of their lives.} But it appeared upon investiga-

-+ # Tn Dresden circular chimneys of little more than five inches are found
to serve well for coal fires for the great majority of buildings for which the
Jarge parallelograms were in use. By the better adaptation of size and
form, with a better dranght of air and better combustion, less coal is con-
sumed as well as less soot deposited. Moreover, by the better draught,
much of the heavier offensive and pernicious gases from the decomposition
of coals, more particularly the inferior coals such as are used by the poorer
classes, which escape and pervade the living rooms when the draught is
sluggish or the chimney smokes, is cleared away. For the larger-sized
houses flues of 81 inches are used ; and flues of 11} inches are found to
answer for kitchen ranges and very large establishments. :

1+ Instances occur of the death of men from the mephitic vapours
encountered in this disgusting labour, which are made known tfo the
public,” but instances are numerous which are not heard of, where men
are rescued in a state of insensibility, and sustain severe and permanent
injuries. When the survey of the condition of the existing sewers in
the metropolis, called the -Subterranean Survey, had been determined
upon, the members of .the Board urged that special precautions should, for
all such future ‘labour, be taken, under the guidance of a competent
medical officer, for the protection of the men employed ; but this was

~
-

* in cleansing. Sewers. - 29

tion, as will be shown, that with properly-constructed sewers;
combined with supplies of water, no deposit will be occasioned,
and obstructions become so rare as to need no special provision
for cleansing. Complete measures of sanitary improvement and

opposed by some of the old Commissioners on the ground of expense, and
as wholly unnecessary, and lives were actually lost which the precautions
recommended would certainly have saved. The following extracts
from the reports made upon this survey show the nature of the gases
generated in sewers of the vicious construction proposed directly with a
view to the continuance of such labour :— _ u _

* « 691 miles of sewers have been surveyed in the Surrey and Kent dis-
triet.” . . . . %The surveyors find great difficulty in levelling the
sewers of this district; for, in the first place, the deposit is usually about
2 feet in depth, and in some cases it amounts to nearly 5 feet of putrid
matter. The smell is usually of the most horrible deseription, the air being
so foul that explosion and choke-damp are very frequent. On the
12th January (1849), we were very nearly losing a whole party by clioke-
damp, the last man being dragged out on his back (through two feet of
black feetid deposit) in a state of insensibility. Another explosion took
place on the 12th February in the Peckham and Camberwell-road sewer,
and one on the 21st February in the Kennington-road sewer ; in both cases
the men had the skin peeled off their faces and their hair singed. " Two
men of one party had also a narrow escape from drowning in the Alscot-
road sewer, Rotherhithe, on the 24th instant; but, fortunately, none of the
foregoing cases have been attended with serious damage. The sewers on
the Surrey side are very irregular; even where they are inverted they
frequently have a number of steps and inclinations the reverse way, causing
the deposit to accumulate in elongated cesspools. In must be considered
very fortunate that the subterranean parties did not first commence on the
Surrey side; for, if such had been the case; we should most undoubtedly
have broken down. When compared with Westminster, the sewers are
smaller and more full of deposit, and bad as the smell is in the sewers in
Westminster, it is infinitely worse on the Surrey side” . . . .
“February 12th. The Peckham-road sewer has about Ifoot 7inches of
deposit at side of entrance opposite Peckham House. Inadvancing towards
Southampton-street the deposit deepens to 2 feet 9 inches, leaving only
1 foot 11 inches of space in the sewer. At about 400 feet from the entrance
the first lamp went out, and 100 feet further on the second lamp (not being
a safety one) created an explosion, and burnt the hair and face of the
person holding it. The cause is supposed to be the foul and filthy state of
the sewer.” . . . . “From this description, and an examination of
the- accompanying illustrated map of the sewers, and the weekly progress
reports, it will be found, as a general conclusion, that much of the sewerage
of the city of Westminster itself is in the rotten state, and contains a large
amount of foul deposit; that in the more modern district of Belgrave
and Eaton squares, although the brick-work of the sewers is generally
sound and good, they contain several faulty places and abound with noxious
‘matter, in many cases stopping up the house-drains and smelling horribly ;
that in the district of Grosvenor, Hanover, and Berkeley squares, as a rule,
considerable deposit is found in the sewers, emitting much efluvia ; that
the same remark may be made of the sewers in the neighbourhood of Clare-
market, Covent Garden, Solo-square, and Fitzroy-square ; that much of
the work north of Oxford-street, about Caveudish, Bryanstone, Manchester,
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R {4. cleansing. by means of water will prevent the necessity of much % The ordinary condition of- sewers, -in their connexion with
i injurious labour. o o - 2 house-drains, is shown in the sketch * subjoined :— :
i E; Those whose lot-it is to perform offensive and filthy labour % : : ~ - SR S
:, have their perceptions blunted; their work, rendering them ) , oL \
i filthy in their persons, excludes them from the society of more X KK 1
Bl cleanly and respectable artizans; their occupation is supposed ~ 2, ¥R | -i-
il to necessitate and to justify the constant use of ardent spirits, | - - — |
f; i and they become degraded in condition, and a separate caste. ;
H it The prevention of such. degradation, and the disuse of the i o
B degraded class, by superseding the necessity of such service, is = _
ki of itself a matter of social and civic gain. As is usual, however, =/ TN\
§ i : in the operation of really correct principles, it will be found to | : L VST
|

be attended also with pecuniary SavIng: The whole evaporating surface of stagnant and pestilential

matter beneath the houses and streets of the metropolis has

i with the certainty of containing greater accumulations than those ‘_. been estimated to be equal to a canal 50 feet wide, 10 miles
in the circular form constructed for the city of London. For the long, and above 6 feet deep, such as, if spread out 6 inches
convenience of working in them, they were commmonly made deep, would form a putrid swamp nearly 800 acres n extent,
with nearly flat segmental bottoms, and with upright sides, and B being nearly three times as large a surface as the whole popu-
spreading footings, in the manner displayed on the néxt page. lation could lie down upon. ,

Circular work, being more difficult or troublesome, it was found | Sometimes large sewers as well as large drains are. ﬁﬂed
that the builders commonly preferred a similar construction for n.early to the top with deposit. The following cross section
the smaller sewers, as the whole were built upon the hypothesis - E displays the condition in which one of them was found. The
that deposit must accumulate; and except in the case of main . - space occupied by the ordinary run of t]_1.e sewerage to 'b:e, re-
gewers in valley lines, with considerable runs of water, it does moved, and the shape | of the bed which it had worn for itself,
so. The following sketch shows the condition of a flat-bottomed are shown near the crown of the arch :— A
drain 15 inches wide, which drained 20 houses :— ' |
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- Main sewers were véry generally found to be of larger sizes,

T e
B Doy i iy

T e

I

» S

=y oLy

B

AL Kl wr | frroy e gy 5. oohyare | ..

T S P
e L T A
PRI o (1 St NS STy iy i od YE U

and -Portman squares is in such a state of rottenness and decay that there is 8 , e
. no security for its standing from day to day ; that there is a large amount of
the most loathsome deposit 'in these sewers, but the act of flushing might
bring some of them down - altogether; that even throughout the new Pad- | . N ' . I

dington district, the- neighbourhood of .Hyde-park-gardens, and the costly ¥ It may be mentioned, as a reason for the several illustrative cuts not
squares and streets adjacent, the sewers abound with the foulest deposit, ¢ being to one scale, that they originally appeared in different reports, from
from which the most disgusting efluvium arises.” . ' ¥ which they have been taken. A " C
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i 32 Why.small Channdls keep clear,- whilst large ones accumulate Deposit. 33
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| . The actual space required for the removal of an ordinary run 2 shallow and slow stream, having less velocity and .power of
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of sewer-water, and as far as the material will admit, somewhat.
of the shape of the channel formed by it, is often found dis-
played, in a lesser amount of deposit, as in the following

floating or propelling a solid body, passes by it. Thus, if by
any neglect substances not intended to be received by a drain
enter it, for instance, if a secrubbing-brush or hearth-stone has
been allowed to get into, say a 15-inch drain, the height of

examples :—

v, .".'l"":'t“"", R A e

water in regard to such substance may be as in the following
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" In many lines of sewers irregular accumulations were found
to have been deposited in consequence of uneven bottoms, junc-
tions at right angles, or other causes. (Vide Reports upon the
Subterrenean Survey, directed under the Metropolitan Sewers
Commission.) When large bodies of water, from sudden and
extraordinary storms, have been driven into sewers containing
such accumulations, the sewers have become completely choked,
and have caused flooding, nof, as was commonly supposed,
because they were too small to convey away the storm-water,
but because they were too large to be kept clear by their usual
streams. The instances cited to prove the insufficient capacity
of sewers, really proving their extravagant sizes, or their bad
construction, or both.

It is important that the result of inquiry on this point should
be understood,—namely, why & Small channel or drain, pro-
perly adjusted to the run of water to be discharged, will be kept
clear, while a large channel, with the same quantity of water to
be discharged, and with the same fall or inclination, will accu-
mulate deposit. ‘ |

In large drains, a given run of water is spread in a thin
sheet, which is shallow in proportion as the bottom of the
drain is wide; hence friction is inereased, the rate of flow re-
tarded, and, according to a natural law, matters at first held in
suspension, and which a quicker stream would have carried for-
ward, are deposited. If theré he any elévated substance, the
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But if it were a 4-inch drain, the same quantity of water
would assume a very different relative position, as in this smaller

. sketeh :— - L

and it will be readily understood that the deeper stream of the
contracted channel would be more powerful to remove any
obstrueting body. o

Instead of concenfrating the flow of small streams, and
economising their force, the common practice is to spread
them over uneven surfaces, which “ deadens ™ and “ kills ” them.

In a small drain an obstruction raises an accumulation of
water immediately, which increases, according to the size of
the obstruction, until four, five, or. six times more hydraulic
pressure is brought to bear for its removal than could
by any possibility be the case in a large drain; for in a large
drain of three or four times the same internal capacity, the
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54  Common Construction of Sewers and House Drains

water can only be dammed up to the same relative height by
an accumulation of matter three or four times higher, and
therefore 27 or 64 times greater, which will gradually lengthen
out, as shown in the following sketch, and then be beyond the
power of removal by the water :—

YO

Earthenware pipes, if properly constructed, and non-absorbent,
wear away less than brick drains do, and much less frequently
want repair. s

From their reduced size less earth has to be excavated from
a narrower trench, and they-may be laid more quickly and with
more certainty than the common brick-drains. Rats cann'ot
work through earthenware pipes, and as, when properly laid,
they detain no deposit, and when smoothly made, give no foot-
hold, they afford neither food nor shelter for such mlschlevqus
vermin. _

. In the course of investigating the primary and more important
" works, those within the house,—house-sinks for example,—
the question was frequently put to architects, builders, and
plumbers, “ Why, to receive the water which passes through a
2 inch pipe, should you place a pitcher-drain cf 9 or 16 inches
square ?” To this no satisfactory amswer was received. In
the following diagram Mr. Ranger illustrates the progressive
increase at present given to pipes, drains, and sewers connected
with each other, and used in the drainage of courts (where

drainage is employed) :— :

Amm—> | | B3 —> 0

A, dénbtes a 3-inch drop or soil pipe.

B, the intermediate 9-inch drain between A and C., or 9 times

the area of A. .

C, being the common sewer, 2 feet 2 inches diameter, or 83 the

area of B., and 75 times that of A.

opposed to Observation of Sewage Water to be removed, 35

The chief, if not the only reason assigned for making B,
the intermediate drain, 9 inches diameter, is that of preventing
its stopping or choking, an effect which its large size and
sluggish flow almost inevitably occasions. .

Observation of the laws of moving water, or the conditions
under which water in slow motion deposits matter in suspension,
and, with increased motion, lifts and removes, first, fine sand, then,
with accelerated motion, coarser sand, then pebbles, then large
stones, and, lastly, boulders and vast masses of rock; and the
consideration of the inclinations by which velocities might be
regulated, should have prevented the expensive errors which are
displayed in the sewage arrangements for towns. But such in-
vestigations have yet to be made and recorded, at least as respects
flows on the scale of rivers; though authentic and trustworthy
experiments, made under varied circumstances would be a work
of national importance. The data usually referred to as govern-
ing practical applications, were found upon inquiry to be wholly
unsatisfactory, as for example, those in Professor Robison’s
Treatise on Rivers, which proved to be largely at variance
with other observations.* Some of these discrepancies appear
to have arisen, from partial investigations, from the omission
to notice, amongst other things, that the power of water to
suspend and to remove solids, along the same line of inclination
or fall, is as the depth or head of water flowing. Thus a
stream of water 4 feet wide and 1 inch deep, with a. fall of 1
in 150, is sluggish ; the same water, if passed through a pipe of
12 inches diameter, ‘having the same rate of fall, would be
comparatively a rapid stream. The one would deposit silt or
sand, the other would certainly remove both. =
~ The state of knowledge from which builders and common

labourers derive instruction and guidance in their practice is

displayed in the following portions of examinations cited in the
First Metropolitan Sanitary Report:—

¢ Anof;her surveyor of the Kent and Surrey District, Mr. Joseph
Gwilt, author of the ¢ Encyclopadia of Architecture,’ was questioned

on this topic, on which so importarit a part of town drainage depends.

* He states, for example, as a general proposition, that a velocity of
a stream of half a mile an hour, will separate and lift up particles of
coarse sand, and of about three quarters of a mile fine gravel ; whereas
an instance was given of the velocity of water in the Bridgewater canal,
towards the locks at Runcorn, of a velocity of about one mile an hour, at
which silt is deposited by the water. Rivers in many parts of the world
deposit silt so as to raise the surface of their waters above the adjoining
land. |
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36 - Results of Trial Works as to the

& ¢ Tt, appears that there were in the metropolis in the year 1841
970,000 houses. Now, if each were to haveat the least a 9-inch drain,
‘as youand other architects recommend, it appears that the area of the
stream or river required to keep them full and flowing, would be a
stream 1,132 feet in width by 105 feet in depth ?—Yes’

* « < Tt is estimated that a supply of water for the whole of the metro-
polis, supposing each house to have a supply of 125 gallons per diem,
or 25 gallons per head, would be given by a circular tunnel or aque-
duct 121 feet diameter. There are in the Kent and Surrey districts
55,000 houses, and the supply there would be given by an aqueduct
of proportionate size to your number of houses, say one fourth. Such
‘being estimated to be the size of conduits required to bring in water, 16
is presumed that the sectional areas of the drains and sewers would not
be required of vastly greater size, supposing them to have as good a
a fall, to carry away the same water. Can you prove any addition
of Tain-water, or even of extraordinary storm-water, requiring a
system of drainage of a sectional area more than five times that of the
Thames at Waterloo-bridge at high water, or nearly one thousand
times the area of the aqueduct that would furnish the whole supply of
water to the metropolis?—I apprehend, in providing drains for 2
house, you are to provide against accidents, therefore I should say it

_would be prudent always to have drains larger than are actually
necessary, to guard against stoppages. A stoppage in a small drain
“stops up the whole orifice, a stoppagein a large one is partial. There
may be most likely a means of its running off in some way or
other.
<< Tt has been stated that the smaller the pipe is, generally, the less
Tikely will deposit be to accumulate, the greater will be the force of
water concentrated upon the resisting medium, and the less likely is
the resistance of that medium to be effectual. What is your opinion

upon that subject >—My opinion is this; 1 will take the case of a
washer to a sink being open, and the cook throwing down anything
that comes to hand; it comes against a 4-inch pipe, and blocks it
completely up; but the end of a cabbage-stalk will pass into a 9-inch
drain, and there it will lie and decompose.’” '

No more account is here taken by the architect, than by the
engineer or surveyor, of the effects of the decomposition of that
deposit; for the retention of which he provides. It will be seen,

however, that it would be far better, were it necessary, for the

" inhabitants of many houses to pay for new tubular drains every

“year, and Tun the risk of having them stopped up every month,
than to have large drains, detaining and spreading deposit, and
facilitating decomposition within the walls and beneath the floors
of their dwellings.

The neecessity of the construction of house-drains with better
materials and forms became immediately manifest upon the
 sanitary inquiry in 1842, but at that time nothing of the kind
existing or being known in the house-building trades, Mr. Roe

proper Capacity of House Drains. 37

was requested to get some pipes made. Being afterwards
asked to ascertain experimentally, for the immediate purposes
in view, the difference of the run of water in an earthen-
ware tubular drain, as compared with that through a tubular
or barrelled brick drain, he found that the gain of velocity
in favour of the better formed and less inexact surface-was not
less than one third; there would consequently be, with the

same quantities of water, nearly a doubled power of cleansing.

But the tubular drains, of the deseription tried, though the best
that could then be obtained, were by no means perfectly true in
shape, and they may still be rendered much more exact by a
pressure applied by a machine when half dried. With this
increase of exactness, and with but slight variation in diameter,
it appears that they discharge ome fourth more water in the
same time even than the rude hand-made pipes first tried.

‘Tt appeared to be a common doctrine which governed the
construction of such works, that it mattered little whether the
surface of sewers or drains was smooth or rough; that even if
they were made of rubble stone the only practical effect would
be to diminish the diameter of the drain to the space between
the points of the protuberances. Upon investigation this doc-

trine was found to be wholly erroneous, in respect to sewers as

well as house-drains; Mr. Roe showed that brick sewers, when-
ever the surface was made comparatively smooth with cement,
were kept clear of deposit, whilst the sewers having rough brick
surfaces, with the same inclinations and the same quantities of
sewerage, accumulated it. o

Subsequently other trial works were directed to be made to
ascertain the correctness of the existing hydraulic formulee,
and their applicability for determining the sizes of underground
channels which might serve for town-drainage. The chief re-
sults as respects the house-drains are thus described in an
examination of Mr. Medworth, the surveyor appointed to make
the trials — -

“ Among other things, were you not directed to try the flow of
water from pipes of different constructions—some formed with pres-
sure and some formed.in the common way ?—1 was. o

« Did you not find that making the pipes smooth in the interior
gave an increase of velocity of a third or fourth throungh a 3-inch

pipe?—I did. These experiments were made with redware pipes,

smooth, but not glazed.

 What quantity of water would be discharged through a 3-inch
pipe on an inclination of 1 in 120 ?—Full at the head, it would dis-

“charge 100 gallons in three minutes, the pipe being 50 feet in length,

This is with stoneware pipe, manufactured at Lambeth. This
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38 - Chief Results of Trial Works made to

applies to a pipe receiving water only at the inlet, the water not

being higher than the head of the pipe.

- ¢ What would be the rate of discharge supposing the whole 100
gallons to pass through the drain from the back to the front of the:
house, say some 60 feet, and how soon would the water be clear
of the premises >—All that could be swept away by 100 gallons
would be discharged clear of the house at the rate I have already
stated. o | B o S )

¢ What would be the power of sweep ?—Sufficient to remove any
and even more than ordinary and usual semi-fluid deposit that is
found in house-drains ; that is, supposing the whole of the 100 gal-
lons was to be discharged in the time stated.

«'What water was this ?—Sewage-water, of the full consistency,
and it was discharged so completely, that the pipe was perfectly
clean. ' '

¢ At the same inclination what would a 4-inch pipe discharge with
the same distances >—Twice the amount (that I found from experi-
ment); or, in other words, 100 gallons would be discharged in half
the fime. This likewise applies to a pipe receiving water only at
the inlet, and of not greater height than the head. In these cases the
section of the stream is diminished at the outlet to about half the

-area of the pipe.

. % Then a 4-inch pipe will discharge a 24 hours supply of sewage-
water a distance of 50 féet in a minute and a half ?— Yes; taking the
24 hours supply to be 100 gallons, |

<« Did you not try the force of this discharge with sand? and, if
80, with what proportions?—Yes, with sand in proportion of from
1-16th to 1-40th the volume of the water, and the whole was entirely
removed.

« But the different construction of the pipe with respect to smooth-
ness will make full a fourth difference in the rate of velocity ?—
Yes; with the redware pipes formed by pressure, the accelerated
velocity due to regularity of form and smoothness of surface was one

fourth. :

¢ What pipes did you use in these experiments ?7—In some experi-
ments, including those previously referred to, we used redware pipes,
but principally glazed stoneware pipes were used in the experiments
at Greek-street.

« Have you not found that exaciitude in the make is more impor-
tant than the glaze 7—Yes, the exactness of form and ACCURACY of
JOINT are very important, so that the pipes may run into each other
and form a complete cylinder. As an instance of the importance of
exactness of joint, I had a case happen at one of my houses within
the last few days. The tenant complained of the stoppage of the
drain from the closet, & Upon sending a man to make an exami-
nation, it was found that the trap contained several oyster-shells, and
one had been discharging into the drain, where it was arrested by an
imperfectly formed joint. | .
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determine the proper Capacities of House Drains. 39

¢ Then you found on experiment that this exactness of form ex-
pedited the discharge full one fourth?—Yes. As before stated in
the case of the redware pipes. C

< Before these experiments were made, were there not various liy-
pothetical formula proposed for general use ?/—Yes.

¢ What would these formule have given with a 3-inch pipe, and
at an inclination of 1in 100? and what was the result of your ex-
periments with the 3-inch pipe 7—The formule would give 7 cubic
feet, the actual experiment gave 113 cubic feet; converting it into
time, the discharge according to the formule, compared with the dis-
charge found by actual practice, would be as 2 to 3. .

“ Or, putting it into another form, if there were a given quantity
of detritus or frees to be removed, it would, according to the for-
mula, require nearly double the quantity of water that was found
absolutely requisite in practice —The proportionate discharges were
found to be as 2 to 3, therefore the power required would be in
those ratios, ‘ :

¢« How would it be with a 4-inch pipe P—The formula would give
about 14+7 cubic feet per minute, whereas practice gave 23 cubic
feet per minute.

¢ Take the case of a 6-inch pipe of the same inclination ?—The
result, according to Mr, Hawkesley’s formula, would be 40% cubic
feet per minute ; from experiment it was found to be 63% cubic feet
per minute.

“ Will you convert that into time, and consider the 6-inch pipe as
a small branch sewer? Within what time would 100 gallons be dis-
charged at the same inclination over 50 feet?—It would be dis-
charged in 15 seconds. |

¢ That is to say, that the actual experiments prove how much less
water can be made to suffice than these formul® prescribe ?—Pre-
cisely so. .

“ Then with respect to mains and drainage .over a flat surface,
the result of course becomes of much more value as the difference
proved by actual practice increases with the diminution of the
inclination ?— Certainly, to a very great extent. TFor example,
the tables give only 14'2 cubic feet per minute as the discharge
from a pipe 6 inches diameter, with a fall of 1 in 800; practice
shows that, under the same conditions, 47°2 cubic feet will be
discharged.

. ““Will you give an example of the practical value of this when it
13 required to carry out drainage works over a very flat surface ?—
An inclination of 1 in 800 gives only 14 cubic feet per minute ac-
cording to theory, while, according to actual experiment, and with
the same inclination, 47 cubie feet are given.

“ Then this difference may be converted either into a saving of
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40  Gatn of Falls on the same Levels by

water to effect the same object, or into power of water to remove
feculent matter from beneath the site of any houses or town ?—It
may be so. : |

 And also the power of small inclinations properly managed ?—
Yes. For example, if it was required to construct a watercourse
that should discharge say 200 cubic feet per minute, the formula
would require an inclination of 1 in 60=2 inches in 10 feet; whereas
experiment has shown that the same would be discharged at an in-
clination of 1 in 200, equal to &ths of an inch in 10 feet, thus effect-
ing a considerable saving in excavation, or a smaller drain would
suffice at the greater inclination. The practical importance of
knowing the precise value of inclination is incalculable, and will
be found so in laying downdrainage for a flat distriet, or through
loose and wet soils, where the extra labour in excavating the
last few inches in depth to obtain a given level will often exceed
in cost as many feet. I have frequently met with such cases.
To name one, I will state that, during the progress of a sewer
contract I had in 1842 for the Commissioners of the Holborn
and Finsbury district, the depth of the trench was about 9 feet,
and perfectly dry; the cost for labour was 8d. per cubic yard;
the invert of the sewer, according to the levels given by the sur-
veyor, required to be about 6 inches lower, and this proved to be in
a Tunning sand of the most troublesome hature, and cost me at
the least 10s. per yard in the removal before the invert could be

laid down.”

Gain of Fall on the same Levels by small Tubular Drains.

Besides so much gain in the force of sweep at similar inclina-
tions, obtained by the use of tubular drains, gains in fall are
obtainable from their reduced size, improved form, and smoother
surface. In level districts this will frequently be a most im-
portant advantage. |
~ The height from the top of a 9-inch barrel drain to the
bottom of the opening is 13} inches, while that of a 4-inch
tube is only 5 inches, consequently, if the former must be
level the latter may have a fall of 8 inches; this, in a drain
of 90 feet in length, would give a fall of 1 in 185. If a brick
drain 60 feet long must be level, a 4-inch pipe may be laid
with a fall of 1 in 90; if 30 feet long, with a good working
fall of 1 in 45; whilst with the shorter lengths of discharge

“available by means of back draindge, say of 10 feet, the fall

would be 1 in'15. This is of great consequence, as the velocity
of discharge and its cleansing power inerease proportionately
with the fall. ' | |

Tubular FEarthenware instead of Brick Drains. 41

The following diagrams illustrate the gain .of fall. - The outer

* lines represent large brick drains laid level. The inner black

lines show that from and to the same points small pipe-drains
would have a considerable inclination ;: —

L R T B
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Gain in Fall and diminished Friction of House Drains by

Improvement in their Direction.

Besides reducing the sizes of house-drains, it appeared upon
investigation that great alterations were required to improve
their inclinations, or fall, and also to reduce their length,

Water is chiefly used in and about the back offices of houses ;
water-closets are generally situated there, and thence the dis-
charge of waste water will principally be.

The common or general practice has been to place sewers for
the reception of house-drains so as to compel the passage of the
refuse by a drain across the court-yard, underneath the back
room or kitchen, underneath the front room, front pavement,
and half the carriage pavement, to the centre of the street;
whereas, if sewers had been laid at the back of the premises,
frequently a house-drain of about one third the length would
have sufficed, and by the same means more rapid falls would
have been obtained. . This is shown in the following plans
and elevations, of a house with back premises on one side of
the street, with the drainage from the privy A, to the sewer G,
in front of the house, and of a similar house and premuses on
the opposite side of the street, with a main drain-pipe D, or
pipe-sewer, brought to the back yard at E:—
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42 . Gain in Fall and Diminution of the

- Section No. 1. Back drainage. - . ‘Section No. 2, Old drainage.
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The water-closet or the scullery being situate at E, if the
branch sewer were brought up from D, the length of the
drain for the discharge of the feecal matter would frequently
not be more than one smth of that which would be required if
the house-drain were carried to the centre of the sty eet, as
at G, and the increase of inclination would be in the same
proportion. The rapidity, however, with which the freeal matter
would be discharged from beneath the premises from E to D,
by the back dramage, would be increased in much .greater
proportion ; while with drains of the old construction, the in-
creased friction, and the smaller flows of water, would frequently
leave the more solid particles behind. The frictional area over
which the refuse must be carried, by Placing the sewers in
the centre of the streets, will be many times greater than that

which would occur in carrying the branch-drains to the back
of the premises.
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frictional Area of House Drains by improved Directions. 43

Plan No. 2. displays,. from A and B to C, the actual pro-
portion of noxious evaporating surface formed by house-drains
and by sewers to the smaller houses in courts and bye-streets.

The lines from A to C, in the cross section . No. 2., show
the frequent actual proportions of the capacity, as gasometers
or reservoirs of foul gas, of so much of the sewer and of the
hLouse-drains as are unoceupied by the ordure detained in them.

Plan No. 1. displays the reduced extent of evaporatmg
surface obtainable by tubular earthenware drains, supposing
them proportionately oceupied by ordure ; but if properly con-
structed and adjusted for the discharge of refuse they will be-
kept clear of all deposit.

By the common practice of draining houses separately from
the back, through the house, into the sewer placed in the centre
of the front street the offensive and noxious matter is carried
completely under the house, instead of directly away from
it, and the chances of stoppage are increased in proportion
to the increased frictional area, and to the diminution of
the fall. By these ignorant and mischievous arrangements,
when a stoppage does occur, it can frequently be remedied
only by taking up the floors of the front as well as the
back room, and opening the foot and carriage pavement to
the sewer in the centre of the street, all which work must be
done at great inconvenience, and at oppressive expense.

The openings made by rats, through defective brick-drains,
permit the escape into houses, not only of noxious efftuvia from
deposit in the house-drains, but also from that in the still
further elongated cesspools,—the sewers—as commonly con-
structed. A house-drain, as commonly constructed and ar ranged,
acts as the neck of a retort, of which the sewer is the bulb, con-

taining decomposing matter, which is discharged in the gaseous

form into the premises. Medical men, who are called into
houses to visit the sick at all hours of the night, have given
strong testimony in relation to these offensive smells; and the
excessive state of impurity in Wlnch they frequently find the
air in dwe]]mg-houses at that time.*

_ * Almost 111numerable mstmces are brougbt before the Board in the
Reports of their Inspectors, -similar t6 the f'ollomng, stated by Mr. Lee, in
the Report on Ashby-de-la-Zouch (p.10):i— "

“ A drain passes through many of the houses sﬂ;uate between Market-
street and Ivanhoe-road; and I’ was mformed that in & time of flood, the
refuse frequently forces up the stones of the house—ﬂoors, and that the floors
of the houses have to be taken up to clvsmse the drain. It became choked
in 1847, and Mr. Da,lby, surgeon, informed me that he had three cases of
typhus at the time, on the spot where the obstruction took place.”

*
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44 - . Fust Trial of Tubular

Trial of Tubular House Drains.

The great majority of a town population do not differ so much
in their habits, either as to the use of water,—or in other
respects affecting this question,—to prevent the well-observed
expemence of an average gr oup of houses sufficing, as to the
main points, for general comparison ; and the first trial works,
which were made under the careful attention of the Dean of
‘Westminster, were by him considered to afford a decisive proof
of “the efficacy of draining by pipes, and of the facility of dis-
pensing entirely with cesspools and brick sewers.” -

A severe epidemic fever had burst out in the houses con-
nected with the cloisters at Westminster. Thirty scholars and
inmates had been attacked, of whom several died. The houses
had nearly all cesspools, and the inmates, during the variations of
the weather, were beset with foul smells, On examination,
it was found, that beneath the houses in which the fever raged

‘there was a net-work of cesspools, old drains, and sewers.
¥rom beneath 15 houses which were the chief seats of fever,
150 loads of ordure were taken ; and from drains and cesspools
connected with the houses, upwa:ds of 400 loads were taken.

The following is a view of the branches of a private sewer,
under the schools. It usually contained several feet in depth
of cesspool matter, which in one part was nine feet deep, and
afforded a never-failing source of noxious exhalations into the
school :—

19 1 lI 41 .“l'!l‘l‘ 1.]..

House Drains; Reductions of Sizes. 45

These cesspools and old drains were all filled up, and an entire
system of tubular house-drains with water-closets, substituted.

The changes in the sizes of the drains are thus stated :—

s At the outlet, the main sewer in the old works was 4 feet high, by
3 feet 6 inches wide, varying in width to 6 or 7 feet, and in height in
one part to 17 feet. In the new drainage substituted there are two
9-inch stoneware mains, the united sectional area of which is but one
sixtieth of the area of the smallest part of the old sewer, and not
more than one half the area of the average of old single house-
drains. We state that the secondary pipes are of 6 inches diameter,
and the branches of 4 and 3 inches; 4-inch pipes were however used
in many parts where 3-inch would have amply sufficed for all the
requirements of the drainage, from an apprehension that the irregu-
larity of the pipes would tend to create a certain amount of obstruc-
tion. This new drainage conveys the refuse and rain-water from
15 houses, the Westminster School Buildings, the Chapter House,
and Cloisters of the -Abbey, Little Dean’s Yard, &ec., comprising an
area of about two acres. ‘There is a total length of drain of upwards
of 3,000 feet. The cubical capacity of the Tnterior of the whole of
the new main and branch drainage is about one thirty-second part of the
cubical capacity of the interior of the old sewers ; ; or the capacity of a
portion of the old system is 32 times the capacity of the whole of the
new system, exclusive of the old house-drains and cesspools; or the
capacity of the old sewers is equal to a depth of water of more than
two inches on the whole surface drained of about 87,120 square feet,
or two acres; and they would have retained a rain-fall of this depth
on the whole area.”

In this block of buildings, the noxious evaporating surface
underneath the area was upwards of 2,000 square yards. The
flow of gaseous emanations from such matter in certain thermo-
metric or barometric conditions was such as, in a stagnant at-
mosphere, would have filled the school in about three hours, the
houses in about 16 hours, and the  abbey itself in about 93
hours. It would have been a great gain to the inhabitants and
scholars had the extent of the evaporating surface heen merely
diminished in proportion to the reduced cubical capacity of the

“tubular drains, but the whole of the old deposit was removed ;

with that deposit, the foul and noxious smells arising from

-beneath the premises have ceased, there has since been no

epidemic fever, and a greater improvement in the general
health of the population has succeeded than might be reasonably

. expected in a small block of houses, amidst an ill-conditioned

district from which it cannot be completely isolated.
‘With respect to the action. of the pipes, the result of this

_change, which has now (1852) been in operation more than

three years, proves that, notwithstanding intermittent and
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46 Reductions of the Euxtent of evaporating Surface,

ill-applied supplies of water, the force of the sweep in 4-inch
tubular drains, properly laid, keeps them clear of all deposit,
and also further proves that they require no extraordinary
flushings. B |

* An accumulation of noxious deposit under houses, appeared
upon investigation to be often due even more to the vicious ton-

‘struction of house-drains than to the bad falls produced by the
defective arrangement of the system of sewers.

One of the Inspectors states, that in Sheffield a difference of
10s. in one particular case, between the tender of a responsible
contractor, and one upon whom no dependence could be placed,
determined the drainage of some valuable buildings in favour of
the latter. In six months, the whole length of drain was full
of deposit, and had to be reconstructed, at his own price, by the
more responsible person. The proposed saving was about 3 per
cent.; the eventual loss was 106 per cent. The owner was
wealthy, and a clever business man. Similar cases frequently
oceur, and are not confined to any one locality.”

The clearance of comnmon house-drains, as well as sewers,

_ when made on the hypothesis that they will accumulate deposit,

s a source of constant expense. On an inquiry as to the cost of

# In places where, under Local Acts, tubular house-drains are now intro-
duced, the expenditure for the purpose of drainage is not much - better
provided for. The following is an extract from the Report of the town
surveyor of Liverpool :— - |

«Besides the difficulty of getting the parties who are most deeply
interested to entertain proper views asto the position of the drains, I have
frequently had to complain to thic Committee of the difficulty of ensuring

“the proper execution of the work in private drainage, unless assisted by the

co-operation of the owners of property. Under a false notion of economy,
an qwner will employ a contractor whose sole recommendation is his asser-
tion ‘that he can do the work more cheaply than a man of character who
intends to pay honestly for his labour and materials; and, as a matter of
course, he is deceived. The work is performed and the street tunnelled
under, it may be by night, and without the control and gupervision, and, as
easily may be supposed, without even the knowledge of the officers of the
Committee. ' _ _ .

« Afteratime complaintismade that the drain does not fulfil its purpose,
the house is damp and pervaded by bad smells, which did not exist before;
-an inspection is ordered, and it is discovered, on examination, that there is
no connexion with the sewer, that pipes have been put in with dry joints,
that there is no frap, and that, as a natural consequence, when water has
been turned into the mock drain without an outlet, it has followed the
natural law of fluids, and first filled it and then overflowed. _

« Tt is sufficiently surprising thata man should be at all guilty of the folly
of injuring his own property; but it is almost incredible that, having done

so once, and suffered by the act, he should be found to repeat it ; but such is
the case.” |

— =

and Removal of Deposit by small House Drains. 47

cleansing the brick-drains of 8,000 middle-class houses in-the
metropolis, it was found to be, on the average, nearly 11, each
per annum, which, as it included the expense of making them
good, as well as of opening and cleansing, may be said to include
the expense of repairs. If the expense of cleansing the brick
street sewers were charged upon each house according to the
frontage, at the average expense of about 29/. per mile per
annum, it would amount to 6s. or 8s. per house, in addition ‘to
the expense of cleansing the brick-drains.” | i

If the expense of removing all the stoppages which have
occurred either in tubular house-drains or sewers were to be
taken as a necessary and constant charge, it would be very
trivial in amount as compared with the expenses above referred
to. But stoppages in earthenware pipes are found to be due
to want of care or skill, and are preventible. The stoppages in
pipe-sewers, where they have occurred, have been chiefly from
the bad quality, the thinness, and the breakage of the pipes in
sandy or slippery.soils, where they have been laid without proper
protection,—from the inlets not being properly protected,~—from
not putting cesspits to prevent the admission of granite detritus
into pipes, sewers provided with only very small or intermittent
runs of water,—~from the inlets of the house-drains not being
protected against the admission of large solid substances,—or
from the drains being badly laid, with insufficient fall, or
through ignorance or gross carelessness laid with reverse inclina-
tions. In the metropolis, however, during the years 1849,
1850, and 1851, there have been laid down about 50 miles of
pipe-sewer, and upwards of 150 miles of private pipe-drains,
or a total of 200 miles, which keep clear by the action of their
ordinary runs of water, where the older constructions—Ilarge
sewers and brick drains—regularly accumulate. deposits. The
expense of cleansing the old brick sewers in the metropolis has

been from 17,500/ to 18,500/ per annum. The same extent

of cleansing, if it had been performied by hand labour or cartage,
would, at the former contract prices, have been more than ten

times as much. In the metropolis upwards of 18,000 houses -

have been pipe-drained.

* The stoppages and cleansing of the house-drains were extremely
irregular, some going on with ‘accumulations for years; the expenses of
opening and cleansing varied from 38/, to 30L, and much higher sums.

T In a recent Report of the Council of the Borough of Manchester is the
following remark :— ' o ‘

«Jt will be seen from the last statement, that the cost chargeable to
owners of property for paving and sewering has been materially diminished
during the last four or five years ; and your Committee would observe that
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48 -~ Early Misconstructions with

But tubular drains have frequently been laid under the
most ignorant and careless arrangements; the work in the street
being done by one man, the work in the house by another ;
probably at different times, sometimes with water and at other
times without it; sometimes even when pipe-drains are laid,
foul cesspools are retained upon the premises.™

this is in part resulting from the use of tubular sewers, and in part from
the paving by public tender. Your Committee continue to use glazed tubes
for sewers and drains, in all cases where their size is applicable, and their
use has been hitherto remarkably successful. They have been used asmain
sewers to the extent of gbont 25 miles, without a single case of failure by
breaking in, or displacement. There have been two or three cases of partial
stoppage near the upper end of a drain, obviously the result of a defective
supply of water to the sewer ; and in the branch or surface drains, a few
cases of failure of the pipes have occurred. In these cases the tubes had
been laid too near the surface, and not well packed, and consequently were
broken by the heavy weights passing over them, and it has been necessary
to replace them at a greater depth. ~ With increased experience, it is to be
expected that these cases of failure or defect will become still more rare,
or cease altogether. Several tubular sewers, laid in’ 1847, have been
recently examined, and fourd to remain clear of deposit, nor has there been
a single instance during violent storms of rain, where the tubular sewer has
appeared to be insufficient for the passage of the water. If such had been
the case it would have been evidenced by the flooding or backing-up of the
water to adjacent premises. The economy effected by the use of tubular
sewers is therefore palpable, and the resuli will be, no doubt, a great
extension of the practice of draining, and consequent improvement of the
public health.” '

To show the extent of progress of the new system, it may be men-
tioned, that one manufactory alone turns off between 10 and 11 miles of
glazed earthenware pipes for sale weekly. It is stated that probably not
less than 50 miles of sewer and drain pipes. are now made weekly, or
upwards-of 2,600 miles per annum, equal to 18,728,000 feet; and that
the sale is fast increasing. I :

* The manufacture of sewer and drain-pipes being of very recent date,
and having been undertaken by persons using most imperfect means and
possessed of little capital, pipes have been made of clays and marls unfitted
for the purpose, badly tempered, worse formed, and imperfectly burned ;
such pipes when taken from the kiln have been rough on the surface, porous
and absorbent in substance, and untrue in section ; to such an extent that
two pipes of 12 inches diameter, placed with their' ends together in work,
show an unevenness of joint to the extent of an inch or more. Then as to
the character of joint : there have been made butt-joint, socket, half-socket,
- and rabbet, several varieties of each; some of the sockets have been
“imperfectly joined to the pipe, and many of the pipes have been so imper-
fect in sectional forin that the plain end of a pipe could not be inserted
in a socket. Such pipes have been laid in very large quantities throughout
the country, and without any skill or judgment. - Pipes 9inchesin diameter
have beer jointed on:to others of 6 or 4 inches; and not unfrequently
a pipe-sewer or pipe-drain has been divided or confinued by means of
a séwer or drain of larger dimensions, square on section, and formed
with bricks set dry; or with dry rubble. During the recent prevalence
of cholers, in 1849, every tile-pipe maker’s yard was cleared out, and even
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Tubular House Drains. 49

- In some districts the sewers with which these drains are con-
nected are charged with a greater or less amount of decomposing
deposit, and are water-logged during two thirds of the day. The
relief, therefore, from foul smells, must from such imperfect
works be (as forewarned) only partial. Three fourths of the
stoppages of the tubular house-drains are however, upon in-
quiries which the Board have directed to be made as to the
working of the new system, found to have been occasioned by
bad laying of the pipes, at wrong levels, or at reversed inclina-
tions; of which the. following cross section presents an

example of not unfrequent occurrence; in which, instead of the

\ | :
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fall being made uniform or regularly progressive from the point
A, to the outlet C, to save a slight additional expense of extra
digging the drain is brought close under the floor from A to B,
and the greatest fall is given at the outlet.

pipes which had been thrown by as refuse, were, by persons not over
scrupulous, eagerly purchased, and were hastily laid by parties utterly
ignorant of any rule of correct drainage. The causes of failure from
mere ignorance and want of skill have .been sufficiently numerous, but it
has been found that to these have been added others, arising from the -
hostility of interests, in the more expensive forms of works, and from
prejudice against alteration ; that many pipe-drains have been so laid as
to create obstructions, and these failures, though the causes were obvious
and gross, have been eagerly held forth as proofs of the failure of the
principle. Experience has generally been most unfavourable to employing
for the execution of new works men habituated in the practice of old works,
which it is necessary to supersede. Though the demonstrations of the
errors of former works were admitted at every step by such men, and
although they have themselves proffered illustrations of such errors, yet
no sooner was any authoritative direction of new works withdrawn than -
the old practices were immediately reverted to.— Vide Appendiz : Paper
as to Pipe Construction. ' g
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50; Tncreased, Power of the Sweep of Waler

_ The new practice of bringing main drains up close to the back
of Liouses, instead of placing them in the centre of a front street,-
does not offer the same temptation to do the work imperfectly.-
The present mode  must cause obstructions, and perpetuate-
occasions for periodical repairs. :

" Tnthe trial ‘works with smaller-sized drains, it was found that”
stoppages generally commenced by the detention of large or small"
substances at the joints, and_therefore, the less numerous and
more perfect the joints, the less the probability of such obstruc--
tions. Pipes, as generally made, present one joint only at évery-
Jength of 8 feet, but a yard length of a 15-inch drain: constructed.
of 76 bricks, has 69 feet of joints; and a yard length of 18-inch
drain has 92 bricks, and 83 feet of joints. The joinings between
bricks, besides being so much more numerous, are much less
perfect than those of well-made pipes, and yet it is important
that those should be made as perfect as possible.”

e

Tncreased Power of the Sweep of Water gained by Alterations
| in the Forms of Sewers.
It appeared on examination that accumulations were greatly

influenced by the shape of sewers, where the conditions as to run
of sewer water or fall were the same.

The trial works prepared in respect to sewers are here ad-

verted to as illustrative, on a large scale, of the principles of.

construction préeviously noticed. - .

made one of the earliest advances in the improvement of the.

construction of sewers, had shown that, by an alteration of the
forin of Sewer from a flat segment to an egg-shape,—with

the-same quantity -of water, at the same inclination,—the de-

posit was reduced one half.

> As a point of pecuniary economy accompanying improvement

in construction, it was shown that the number of bricks

required to construct a sewer, A, with upright sides, 75 inches -
Iéng; would “suffice for the construction of an egg-shaped

sewer, B, with the same sectional capacity, 122 inches long.

| 1":'Jr.‘l,le greater rapidity of discharge and the diminished friction throtigﬁ
pipes is proved by the fact of pieces of paper being carried through the
pipe-drains of Croydon, and discharged at the outfall ; but paper is scarcely -

-

ever seen at the outfall of brick-drains, being detained in them until |

reduced to pulp:

Mcr. Roe, surveyor of the Holborn and Finsbury division, vv\ﬂm :

gained by Alterations in the Forms of Sewers.- 51
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Other examples might be adduced of iﬁlﬁroved results ob-
tained by variations in form, without any change of the internal
capacity of sewers.™ ' - S

_ The egg-shape possesses an advantage over the circular sewer
in the increased scouring action derived from the greater rapidity
of flow when the stream is small, and occupies only a small pro-
portion of the area; and this is the general condition where
sewers are made large enough for men to traverse them, witheut

H

]

* The diagrams already given (ante, p. 32) displaying narrow and deep
channels frequently cut by streamsin the surface of the soft deposit accumu-
la,te.d in flat-bottomed sewers, were demonstrative of the very little obser-
vation on which eminent engineers have declared that the form of the
bottom of a sewer is of no consequence. It was declared, at the outset of
the investigation, that a sewer with upright sides and wide-spreading
foopngs was the best and most certain form of construction. The exami-
nations, directed in the subterranean survey, have proved the erroneous
doctrine, in extensive failures of that form of sewer when carried through
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59 Cases where the Use of Egg-shaped Sewers elig-i?’}le.

reference to the quantities of sewage which they have to convey ;
but it should be observed, that wherever good inclinations are
obtainable, and the ordinary flow would be sufficient to keep the
circular form of sewer clear of deposit, that form is to be pre-
ferred. It is stronger and more ecomomical, it presents less
frictional surface, and is more capacious, with the same amount
of material. |

The special advantage of the egg-shape diminishes moreover
with the size of the sewer, so that in the smaller areas it becomes
scarcely appreciable. For pipe-sewers and drains the circular
form is on the whole to be preferred, because the greater risk
of unevenness of form, and the difficulty of obtaining the
same accuracy of joint with the egg-shape, more than counter-
balance the advantage of the small increase of flow which would
be acquired.

For intermittent purposes, where the house-sewage occu-
pies only a small portion of the area, but the sewer is liable
to be filled with storm-water, the egg-shape is undoubtedly the
best. - In proportion as the flow can be equalized and adjusted,
and the principles of drainage reduced by practical science
to an approximation of constants, to the same extent the egg-
shape must yield to the circular, as the best form of sewer,
without reference to size.

A—

slippery ground. In some instances whole lines have been found driven
in at the sides, thus:—
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Trial of Tubular. Sewers. 58

Trial of Tubular Sewers. Increased Power gained by Alteration
of Size, as well as Alteration in Form of Sewers. -

The following is an account of several trial works, and illus-
trates the effects of altering the size as well as shape of the
channel of conveyance, with a better adaptation to the run of
sewer water, and the service to be performed. It is contained
in a Report of Mr. Hale, the surveyor, who was directed to

make the trial.

¢ The main line of sewer in Upper George-street is 5 feet 6 inches
high and 3 feet 6 inches wide, and runs from the Edgeware-road to
Manchester-street, where it falls into the King’s Scholars’ Pond sewer.
I have laid a 12-inch pipe 560 feet long upon the invert of this main
line, and have built a head wall at the end of it, so that the whole
of the sewage discharged by the collateral sewers above the pipe, as
well as what sewage may find its way independently into the upper
part of George-street, is forced to pass through the pipe. :
~ « The whole area drained by the sewers running into the 12-inch
pipe in George-street is 218,778 square yards, or about 44 acres.
Observations are being continually made on the work, and the results
are as follows: The velocity of the stream in the pipe has been
observed to be four-and-a-half times greater than the velocity of the
same amount of water on the bed of the old sewer.* The pipe has
not been found to contain any deposit, but during heavy rains
stones have been distinctly heard rattling throughit. When the pipe
is nearly filled, the velocity and concentration of the water are sutti-
cient to clear away any matter which may have been drawn into the
pipe from the large sewers, and much of which matter it may be pre-
sumed would never enter a well-regulated system of pipe sewers;
also the force of the water issuing from the end of the pipe is suffi-
ciently great to keep the bottom of the old sewer perfectly clean for
12 feet in length; beyond this distance a few bricks. and stones are
deposited, which increase in quantity as the distance from the pipe
incresses. Beyond a certain distance mud, sand, and other deposits
oceur to the depth of several inches, so that the stream there is'wide
and comparatively sluggish, and being dammed back by the deposit,
exerts an unfavourable influence on the flow of water through the
pipe. On the invert of the original sewer, which now forms the bed
of the pipe,,deposit was constantly accumulating, and was only partially

kept under by répeated flushings. The superficial velocity of the water

* Ag the force of a stream is proportionate to the square of its
velocity, the cleansing power of the concentrated stream in the pipe would
be above 20 times as great as that in the wide sewer, consequently stones,
gcc. which might rest in the latter, would be swept away by the more rapid

ow. ‘ :
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in the pipe is generally three, four, and five times greater than the
superficial vélocity which obtained under the same circumstances, in
the original sewer, and the velocity of the whole mass of water in the
pipe approximates much more to its surface velocity, as ascertained
by a float, than does the velocity. of the whole mass of water in the
sewer approximate to its own surface velocity. ‘

%On one occasion I had the sewer in Upper George-street carefully
cleaned out immediately below the pipe, and then caused a quantity of
deposit, consisting of sand, pieces of bricks, stones, mud, &c. to be put
into the head of the pipe; the consequence was, the whole of the matter
passed clear through the pipe (560 feet long), and much of it was depo-
sited on the bottom of the old sewer, at some distance from the end.
‘When the pipe was flowing nearly half full, two pieces of brick, one
weighing one pound and three quarters, and the other one pound
thirieen ounces, were impelled by the force of the water through the
whole length of pipe, and struck the legs of the man at the end of the
pipe with- considerable force. A live rat was also washed with great
violence through the pipe, and struck the legs of a man with such
force as proved the rat had no control over its own motion. "When

_‘the water was only 5 inches deep in the head of the pipe, nearly a

whole brick, weighing four pounds, was put in it; it was heard for a
few seconds moving down the pipe, but was not caught at the end.
+..¢(The bulk of the stream at-the head of the pipe is diminished to
about half its dimensions when it arrives at the end, the velocity
being greater.) - |

-« A great number of irregular-shaped stones, each of several ounces
weight, were ‘washed through the pipe with the same apparent
ease as marbles, and the distinct rattling noise I occasionally heard
them. make might convey a correct notion of the considerable force
with which they must have been impressed. |

- ¢ All the foregoing results were effected when the pipe was either
only half full, or lessthan half full of water, which have been gauged

in the pipe.” The following is a statement of the quantities of

‘water :— _ _ _ )
September 28 and 29.—Very wet both days and nights;
‘there was at this period 96 hours’ continuation of rain, and the
pipe was never. observed to be more than half filled. |
“October 19,—Morning, depth of water in pipe, 3 inches ; after-
noon, depth of water in pipe, 2 inches. S
- October 21.—Heavy rain, and rain all day; depth of water in
the pipe, 4 and 5 inches. S S
- October 23.—Morning, 3 inches; afternoon, very heavy rain,
" when the pipe filled. o - | |
- .October 24.—Morning, depth varied from 2 to 2} inches;
“afternoon, from 2} to 3 inches. , -
~ October 25.—During the day, depth of water varied from
2 inches to 3 inches. |
. October 26.—Morning, depth varied from 4 to 3 inches; after-
‘noon, from 2% to 3 inches. | _

Size as well as in the Form-of Sewers. 55

During the above three days the weather wus mostly fine.

. The considerable variations are due to” the times of the water
being ‘on’ at the houses; the sewage at such times is ‘much
clearer, as well as increased in quantity. = o R
October 27.—On this day a storm occurred, which for a short
eriod was very violent, the waters filled the pipe and-rose above

it 18 inches, but did not reach the top of the head wall; when

the waters had obtained this maximum height, they receded to

nearly the level of the pipe in 20 minutes.

It may be here observed, that vitreous pipe-sewers, if pro-

perly made, will bear very considerable internal pressure. The

smaller sized stoneware pipes have been tested to several
Lundred feet. Common redware clay-pipes of 6 inches have
been tested to between one and two hundred feet of pressure.
Pipe sewers and drains, properly laid, and cemented with
Roman cement, may therefore be used under pressure. Expe-
rence as well as a consideration of the difference of structure,

shows that it is not safe to use sewers of the common brick
and mortar construction full.”

Oct. 28.—Depth during the day varied from 3 inches to
1} inches. '

October 30.—Ditto, 2 inches to 2§ inches.

October 31.-—Ditto, 11 inches to 2 inches. .

November 1.— Variation of depth, from 1% inches to 23 inches.

November 2.—Ditto, 2 inches to 2} inches. -

¢ The house-drains connected with the experiment in George-street
are inmost respects like the rest of the house-drains of the metropolis;
the general characters of the whole are great size, irregularity of
form, and filthy and bad-smelling condition. The variations in size
are from nearly half a square foot to four square feet cross section,
and the different forms include the circle, the square, and square
bottom and sides with semicircular top; their inclinations seem not
to vary more than from horizontal to a fall of two inches in ten feet.
Their condition with respect to quantity of matter deposited in them

does not seem to be regulated by their inclinations. This may be

accounted for by the fact, that their wide and irregular inverts

* With respect to a great number of the recently built and most expen-
sive brick sewers in the metropolis, it is reported by the officers engaged
in the subterranean survey, “that with one fourth the strength of a
man, you may drive a searcher through the brickwork and several feet
beyond ; then by using the searcher as a lever, you may shake the whole
sewer for a yard round;” and that the works cannot be reasonably
-expected to stand for more than ten or twelve years, much less any full

flows of storm-water.
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56 - Expenses entailed by

spread the small streams and destroy their force, and cause matter to
lodge with greater security. Many of the ends of the drains are so
dilapidated, that their original form cannot easily be distinguished ;
but enough can be determined to know that the sum of all their areas
(480) wounld exceed the area of a circle of 30 feet in diameter.

¢ Much of the rubbish and obstructions in the house-drains have
been found to consist of heaps of pieces of brick and mortar which
frogn time to time have fallen from the soffits and sides of the drain,
as 1f has progressively become dilapidated. Various species of fungi
zhoot out from the interstices of the brickwork; and the existence of
old cobwebs around the sides, and sometimes nearly covering the
mouth of the drain, furnishes another proof, in some instances, that
the drain has not been for a long time, if ever, half filled with water.
These old drains are the special harbours of rats and other vermin.”*

The following is a view of a sewer, in which another trial
work was most carefully conducted by Mr. Lovick, Surveyor,
to determine accurately the amount of sewage from 1,200
average-sized houses in the metropolis, on the days when there
was an intermittent supply of water from the different water
comggnies; vide Report on the Water Supply of the Metropolis,
p- 188.

—
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* An inquiry was directed to be made as to the expense of laying down a
mile of 16-inch pipe in an old sewer, with junctions of 4-inch branch pipes
to every house-drain made good, when it was estimated that the expense
would be 254l 14s. 5d. per mile; and it appeared that in many such
situations as those where, according to the views of various engineers,

cleansing by flushing or hand labour would be required, such a-line
of pipe would keep the sewer entirely clear of deposit, and, 8o far as

the sewer itself was concerned, clear of smell, while it would greatly
diminish, if not prevent, the circulation of foul gases from the house-

. ~-Sewers of Depadsit: 57

1n this sewer, which had a flat segmental bottom 3 feet wide,
o sectional area of 15 feet, and an average fall of 1 in 118, the
deposit from the 1,200 houses regularly accumulated at the rate
of 6,000 cubic feet per month. But a pipe of 15 inches
diameter placed along the bottom of this sewer, with’ a_some-
what less inclination, (1 in 153), kept it perfectly clear of de-
posit. The average flow, without rain-fall, was about 51 gallons
per house per diem’; the absolute drainage, apart from rain-
water, from all the 1,200 houses would have passed through a
5-inch tube, (of the relative size of the smaller one shown,
within the 15-inch tubular pipe, placed along the bottom of the
brick sewer), or not one third the area of the minimum sized
drain, which had, up to the time of the investigation, and upon
the advice of professors of architecture, been declared and
enacted in the Metropolitan Building Act to be necessary for a
single house; namely, one of not less than 9 inches diameter.

On the same rate of flow, the whole of the mere hous_e-
drainage from all the houses in the metropolis might be dis-
charged through a sewer of 3 feet in diameter.” :

drains through the sewers. According to the report of Mr. Lovick the
present expense of flushing in some districts is 2/. 10s. per mile per
week. In the newly-cleansed districts it was 29L per annum per mile. -
Even this expense was owing to old accumulations- now in course of
removal. In the Holborn and Finsbury division, where the flushing is
regular, the average expense of keeping the sewers clean by flushing, at piece-
work, is 17L 5s. per mile per annum. Now, the total cost (assuming the
practicability of arrangements for the manufacture of redware pipes, such
as are described in the Appendix, which could only be done on a very large
scale,) of such a tubular sewer as that above described by Mr. Hale,
allowing for a 16-inch pipe instead of a 12-inch one, and spreading the
payment over twenty years, would not be more than 191 8s. 53d. per mile
per annum, if executed on a large .scalga at the prices herem.descnbed.
(See Appendiz, Cost of Tubular Drain-pipes.) Under the flushing system
in the least uncleanly sewers district, the expense of flushing represents
the expense of removal of 517 loads of detritus and decomposing refuse at
8d. per load, spread in portions over a mile of surface 3 feet wide on the
average, until it is removed at weekly and fortnightly intervals. At an

- extra annual expense of 2l 3s.the retention and spreading of a propor-

tionate_part of these 517 loads may be prevented in streets where there
happens to be a sufficient fall. ~

* Tt will be obvious that by this calculation it is not intended to convey
the meacing that a 3-leet sewer would suffice for the drainage of the
metropolis, but merely that assuming the average of the whole of the
house-drainage alone to be that which was found in this experiment, and
that the whole were flowing in one channel, at the same rate, & 3-feet
sewer would suffice to convey it. ’
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58 Expedients for deodorizing; ventilating,

- Expedients in default, or in substitution of improved Works
- Jor the Removal of Cesspools.

One of the first projects urged npon the Commissioners of
Inquiry, in respect to the mass of matter in cesspools, drains,
and sewers (assuming its presence to be inevitable), was to
disinfect it, for which purpose various patent preparations: were
proposed. This subject is fully examined in the Second Report
of the Metropolitan Sanitary Commissioners (vide pp. 33—T71,
125), by whom it was considered that the whole were unsatis-
factory as “disinfectants,” and that the most sueccessful were
entitled to the designation of “ deodorizers” only; and it was
subsequently proved that much time was often lost before they
could be applied; that, when applied, their effects were incom-
plete; and that their application on a large scale would be far
more expensive than effectual cleansing.™
- Another set of expedients, (still assuming the inevitable pre-
sence of the matter,) urged as cures or palliatives in respect to
this mass of ordure, was its ventilation by various means, one
of which, the steam jet, was tried, and at the immediate spot
proved very efficient; but although the steam jet gave relief
to a particular sewer, yet it diffused a proportionate amount of

. gaseous matter, which, even if decomposed and altered by
combustion, was yet not pure air, and was a less effectual remedy
than entirely avoiding the evolution of poisonous vapours by
preventing any accumulation of decomposing refuse. ( Vide
First Report, p. 66.) The expense, moreover, of the construction
of furnaces and high chimneys, and the working expenses, were
on several plans as-great or greater than the expense of improve-
ments, by which the removal of the matter, before it could enter
into stages of decomposition, were ensured. n

A third set of expedients, called for by private individuals,

- * At the prices charged for Sir William  Burnert's fluid, and with the
quantities for deodorizing the cesspool matter in drains and sewers as well
as in the cesspools weekly, the expense would be 6441 per week, or 34,0001,
per annum for the metropolis for the fluid alone. .The expense of a suffi- -
cient quantity. of another fluid (Ellerman’s) would have been 43,7001,
per anntim. When to this expense that of the labour is added, the total
cost would have been certainly much greater than the cost of proper works
for the non-offensive and continuous removal of the refuse. For deodo-
rizing night-soil, it is stated that one ton of peat charcoal would suffice for
two tons of excreta. With this material, therefore, the requirements for
the metropolis would be about a ton per house, or in round numbers
300,000 tons per annum. The sale price of the peat charcoal is 27 per

Govéring. ovér, orflushing-awny:Cesspool Deposit. 59

was arching over uncovered sewers, and trapping openings into
.Hla: .:treetsg; . but this; althqugh it might sometimes sereen
particular houses, it “was’ proved, only masked the evil, and
often, by confining the noxious gases generated, made the sewers
themselves more dangerous; and, IOreover, occasioned suc]l
additional escapes through the house-drains as no traps .cou}@_
withstand, and thereby augmented the diffusion of impurities in
private dwellings; whilst the expense of arching. over some
of the wider sewers was greater than that of proper tubular
drainage works, by which the whole of the noxious deposit
micht be removed. Vide ante, p. 28, note ; -and Report on
Suburban Land Drainage, p. 14 to p. 16. .
A fourth set of expedients, urged e§pecm]l_§,r by engineers, was
the abatement of the evil by systematic flushing. ' _
‘Most of these plans assumed the faultlessness (at least to any
very important extent) of the present constructions, and several
eminent engineers signed a report to the corporation of London
approving of large sewers, and proposing the introduction of .a
river as means of their effectual cleansing. Extensive flushing
was. indeed, recommended by the Metropolitan Sanitary C(.)m—
missioners on theé approach of cholera, but only as an immediate
means of mitigation, and such means had been adopted, at
the instance of Mr. Roe, in one division of the Metropolitan
Commmissions of Sewers.. It had been the general practice, and
continued to be so, in a majority of- f;he old sewer districts of
the metropolis, when the accumulations in the sewers were
allowed to go on until the mouths of the house-drains were
covered, to remove them by hand labour a_nd. cartage, at an
expense of from 10s. to 11s. per load. By flushing, the removal
of the refuse was effected more rapidly and completely at about
8d. per load.* The temporary extension of this process was,

* One circumstance which first directed the attention of Mr: Roe to gshei
necessity of having recourse to flushing was, the effect of clean}nIg out fou
deposit upon the health of the men employed in such labour. (}r gavetin
instance of a man, who the moment he arrwed_ at the effluvia from tk ﬁ
deposit, was obliged to leave it immediately, and go home, where he Evas.;h
of fever for a month. -The men were also in many cases afilicted wi
dysentery. The operation of flushing was thus performed :—The sc;:vage
was first penned up so as to cover the refuse; the refuse underneath was
then loosened and stirred up, diluted with water so as to abate the ml:eéls.lty
of the effluvia ; the head of water was increased, and the penstock being
liberated, the whole was flushed away, and a draft of air down the sewers
was also created. The whole process diminished the noxious evaporation,

a7k e
v ik T Y e

ton. The annual expense of an improved water-closet would be much less
than one fourth of the present price of the material alone proposed to be
used for deodorizing the contents of a privy.
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and gave immediate relief ; but on hearing that something was going on
during the cholera, certain parishes petitioned against the process of cleans-
ing, ascribing to it the extension of the pestilence.
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60 Adjustment of the Sizes of House Drains, Main

therefore, recommended, notwithstandin g the additional pol-
lution of the river, on the ground that the matter was less
injurious there than when retained beneath or among the
houses. |

The prospect of the continuance of decomposing accumula-
tions underneath habitations, even with the possibility of an
intermittent removal, appearing to the members of the Board
exceedingly unsatisfactory, they pursued the investigation far-
ther. In each of the proposed remedies the state of the sewers
themselves was assumed to be the whole or the main evil,
whereas, supposing them to be in a foul state, they present only
one fourth of the whole surface evaporating noxious gases, the
cesspool being another fourth, while private house-drains supply
fully two fourths of the noxious surface, which portions most
closely beset the dwelling-house, and from which, were the

sewer itself completely cleared, noxious smells would continue
to be emitted.

Adjustments of the Sizes of Tubular House Drains and Main
Drains required for the Discharge of Storm Waters.

Whilst the drains for the discharge of soil-water from within
houses are made of 3 or 4 inches diameter, (not, as already
shown, that even such a reduced capacity is required for the
removal of the usual quantity of waste-water, but because such
are the smallest convenient sizes,) the main-drains and sewers
will require some enlargement (beyond the space required for
the ordinary waste-water from the houses) to receive variable
quantities of rain-water. ' |
The necessity of provision for the reception of these variable
quantities of water was alleged as onme justification of the
enormous sizes of the sewers as, until recently, construected;
but on examination the data were found to be wholly insuffi-
cient to warrant such dimensions.
~ The greatest storm which need be considered,—such a storm
as occurs in England only in the course of years,—would be a
fall of abouf 2 inches in the hour, or 44,789 gallons per acre.
Now it was proved by the trial works that a three-inch tube, at
an inclination of 1 in 120, will clear away more than this
amount of rain-fall from 10 squares, space enough for three
labourers cottages, classed as fourth-rate houses under the
Building Act in the metropolis; at a fall of 1 in 80 it was
found that it would clear away the rain-fall from 12 squares, or
one first-rate and four fourth-rate houses; at a fall of 1 in 40,
from 17 squares, or five fourth-rate houses ; and with a fall of
1 in 20, it would serve for 25 squares, or the space of two

Drains, and Sewers to the Removal of -Storm Water. 61

first-rate houses, or eight fc_)urth—rate houses. 1;&64—111011 tubt;
would carry away nearly twice as much water (1f) as one of
3 inches diameter. That size s, theref?re, for such an area?
more than sufficient for the greatest contingency. 3
Observation of the flow of any outfall of storm-water, and. of
the tributaries from a hill-side, offers to an unscientific pcirson
some approximate conception of the sizes of the channels or
tubes which would be required to convey it away; 501 @ »towrllg
the observation of the flow of storm-water in the rough kenneld
or channels of streets, where there is no under-drainage, would
be suggestive of the maximum sizes of the underground sewers
required for its removal. But it was found on mvest‘ngatlon
that, for side streets, and streets where the storm-water never.
rises ahove the side gutters, enormous sewers had been con-
structed of a capacity sufficient to receive water epough -ﬁo'
cover the whole surface several inches deep, and to give it thel
appearance—which it never had—of a river. |
The occasional bursting of large sewers has been referred to
as a proof of the necessity of their large size for the dJschar%e_
of storm-waters; but it appeared upon investigation tha_tl the
burstings were caused by accumulations occasioned by the arge
sizes of the sewers, by their irregularly-constructed botton‘ill_s,_
their junctions at right angles, and by other causes. On 1;,11 e
ocourrence of a sudden storm, one accumulation 1is rapidiy
driven up the incline of another, occasioning a complete s.tol()i--
page. When the internal condition of the sewers was examined,
at the places where these burstings occurred, it became 1a_.-_
matter of surprise that such accidents had not more frequ_fc‘_a):ni1 y
happened. Vide ante, p. 30 and 81, for illustrations (1)11 t 3 _.
common condition of sewers, for bursting under accumulate :
heads of water from extraordinary storms, for the prevention ui)d:
which, it was frequently recommended that such sewers should

be made yet larger. L

One plea often urged in justification of the extravagant ]fltz)ei
of the old drainage works, even for lines of streets in whic hg .
Little extension could be reasonably expected was, that they
were made so large to meet an assumed probablfa e.xteniifr_; |
of the population. Such outlays are open to the objection, t.]? .
immediate and certain levies ought not to be made, upon the
present population, to provide for confingencies altoge.ther €=
mote and uncertain. Itis overlooked m.such_ expensive pro-
visions, that the reduced rates at which improved works I:Eﬂ
be constructed, as compared with former. def:ectlve worlzlsl, L
pay for their removal, within very short periods. Further, 1
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1s presumptucus to say that no improvément . can be- reason:
ably expected upon existing works, and that they: will for ever
be:the .most eligible. Moreover the plea cannot be sustained,
even as regards the future, for reason has been generally.
found for believing that the same lines of sewer would admit
of considerable additional heads of water without any inecrease
of size whatsoever. . S : S
. The provision of extra capacity for such purposes has, how-
ever, been frequently made on the assumption, that the in=
creased -area required would be. proportional to the popula-
tion, whereas it appeared that an additional head causes, by
the increased velocity, the discharge of the additional quantity.
through the same sized sewer ; an effect not then understood, but’
which was displayed in the trial works.” It would be in exeep-
tional cases only that the drainage area would be increased with
inciease of population. - == . T S
Neither is the formation of a whole system -of sewers of
extraordinary - sizes justifiable .on the pretext of their being
required on. the occurrence of extraordinary storm-waters.

= Tn many cases an increase in the number of the higher branch:

~ lines may ultimately necessitate an increased size in the valley

lines ; but in respect to all the branch lines it may be concluded-
that the concentration and economy of the ordinary flow, and’
the most rapid ‘and complete daily sweep of the sewers pre-
ponderates in importance over the inconvenience occasioned by
extraordinary storms, occuring at intervals of many years, and
sometimes only at intervals of generations, such as the storm.
which fell upon parts of the metropolis-in 1846, of four inches
in the hour. - T '

- Various formulee were presented to the Commissioners for
ingtiiring into the means of ‘improving the Health of Towns, as
furnishing the means of obtaining greater certainty in the con-
struction of town sewers, and plans for the sanitary improvement
of large town districts were prepared upon those formulse ; but the

«
5

sewers thus designed were still so large, and consequently so very:

expensive; as'to offer very formidable obstructions to the exten--
sive voluntary adoption of works of sanitary improvement. These'

.

plans were apparently thought repugnant to common and empi--
rical :observation of natural outfalls of the nature above referred:
to,:and. therefore it was found necessary that trial works should-
be-instituted for the better determination of the proper. sizes.’
The chief results of these trials, made with the smaller and more
manageable channels for the-removal of sewage or drainage
water, have been alréady desecribed in-the eviderce cited (p-87 ).

Storin. Water:from. covered Town. Aveas. 63:

1 respect to.the larger channels, the branch and.:main sewers,
g]?elrgs gggur 'elementg ‘not ascertainable by any readily ‘manage-
able trial works ;—such could be determined ‘only by observa-
tion, from an ascertained rain-fall upon a given town area,
how much did really reach the outfall, and within what time. d

. To test compendiously the statements as to the alleged.
necessity of such large sizes, for the removal of varying qugn} |
tities of storm-water, observations were directed tq-ﬁhe.ﬂqws (i);;
water at the outfalls from large districts. after rain. The f(])l .
lowing portions of an examination of Mr. Roe eggmphfy the’

course and results of these investigations :—

“ Have you carried on any set of practical observations as to t.he?
flow of sewers of different sizes and capacities under different cu'}
cumstances —Yes, I have. Erver since I have been. in the service of’
the Commissioners of Sewers for the Holborn and Finshury d%Y?SIOtI;IS,T;
I have carried on observations as to the velocities of water m il e
river Fleet sewer; subsequently I have, at Mr. Chadwick’s sug-f; .
gestion, extended the observations to branch and collateral SeWers o

ifferent descriptions. - - _ S
d_lff" Can:you fuIi'nish the result of these observations, or tables follimd‘edi
upon them ?—T have begun to form tables, which I hope to live'to:

omplete. . o
i .“PWhat ares is drained by the river Fleet ?—About 4,400 acres,
of which 1,888 acres are covered, or town areas and 2.5 12_ acres:
uncovered, or rural area. IR . PR

“ What is the. capacity of the river Fleet sewer, and | j_v'haf;_r-_; 1ts:
inclination ?—The sewer i3 12 feet high and 12 feet wide, with a secr,
tional area of ‘120 feet in the largest part in the Holborn and;I‘ZI‘nS;-%
bury divisions; but the capacity of the whole line varies ge1_1e1_all_%}
according to the quantity of surface drained by each portion, Wlth:
regard to its inclination, it varies from 1 inch in 100 feei__'. Fo 1_;_1'1!10":_.;
in 2 feet, whilst some portions are on a level, et

“ What is the sum of the capacities of all the sewers that fall into’

it 7—About 550 feet. S - -

- 'What is their number ?—Sixty, that.are called sewers. e

“ Then' the capacity of the main would be as'about 1 to 4 _of th_e»;
capacity of the sewers, of which it is the general outlet If—.?-'es.-. 2
*¢ Can you furnish an approximation to the average inclination oﬁ
the sewers which fall into the Fleet ?—In most instances they vary j:
some of them are a quarter of an inch in 10 fe_et, others a;jg_:? pcbes
in 10 feet. o ' - . e e 0D
¢ Suppose that every house within the district had a drain of Qi‘-mﬁh

diameter, what proportion would the sum of thg' capacities‘of ;: e’
house-drains bear to the sum of the.capacities of all the sewers P

About 16 to 1. -~ " - S s

"% And to the capacity of the main outfall 7—About 75 to 1.7 10 <3

.
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64 . Trial Works on the Discharge of - .

‘ Engineers and theoretical writers have set forth various formule.
as to the flow of water; and in the Second Report of the Health of
Towns Commission there are some tables, by Mr. Hawksley, on
the capacity of sewers required for various areas of drainage;

how do you find those tables to agree with your actual measure f—

Taking the table No. 1., I find that the sizes recommended for
sewers o drain certain portions of land are larger than the actual
requirements; for instance, the quantity of acres that a cylindrieal
sewer 48 inches in diameter is, by the table, allowed to drain, when the
inclination is 1in 240, is 47 ; whereas in practice it is found that
such a sewer, with that inclination, drains more than 100 acres of
town area at a sunilar fall of rain to that on which the table is formed.
Again, a sewer, with a similar inclination, to drain 129 acres of town
area, should (by the table) be of the capacity of about 28 feet ; but in
the great storm of August 1846, the water from 215 acres of town
area, and 1,785 acres of rural district, occupied only 301 feet of the
superficial area of a sewer with that inclination. With respect to
larger sizes, the table shows that, at an inclination of 1 in 480, a
sewer to drain 329 acres of town area should have a capacity of
about 78 feet: whereas, in a sewer with a similar inclination, the area
occupied in the storm of 1844 was only 79 feet; and to this sewer

there drained 1,181 acres of town area, and 2,656 acres of rural
district.”

In the formation of the tables for showing the proper size of
sewers, it has usually been assumed that a certain large propor-
tion of the rain falling upon a town area will flow into the sewers
as-quickly as it falls, and that the channels for its conveyance
ought to be large enough to carry that quantity away, supposing
it all to enter at the head. Mr. Roe finds from long continued -
observations that a very much smaller part of the rain runs off
into the sewers in the same time than has been assumed, (7. e.,
that very heavy falls of rain are much shorter in continuance
than the floods they occasion), and that sewers receiving along
their course the confluence of many smaller channels will convey
away far more water than if it all entered at the head.  He
consequently finds that sewers of much smaller section than the
usual tables indicate are amply sufficient, and therefore that the
use of such tables, or of the formule on which they are con-
structed, has led to large unnecessary expenditure. S

* The observations, already referred to, as having been care--
fully conducted at Earl-street by Mr. Lovick, of the outfall
drainage of 1,200 houses, included the discharge of “storm-~
waters from 43 acres of paved or covered surface, afforded.
similar results, as to the wide variation between the sewers -
provided up to the time of the investigation, and the actual

Storm Water; Frrors of Formule in use. 65

sizes practically needed. The upper line B, of the following
cross section, marks the greatest height to which the storm-
water rose at any one time :(— | :

NN

R Ny | Flow of:é;:rmm::grf;%m
\\Q ) % gcsw:éi“ed sgifz?ce. & and

Since Mr. Roe gave the evidence already cited, he has been
compelled by illness to resign his office of chief surveyor to the
Metropolitan Commission of Sewers ; but he has since his retire-
ment, and during his convalescence, occupied himself in com-
pleting for the Board a table of dimensions of sewers, founded
upon his observations, in the Holborn and Finsbury district of the
metropolis, of branch as well as main lines of sewers: observa-
tions the most extensive of any which have yet been made. The
runs of water through the smaller-sized pipes are corroborated
by the results of trial works, promoted in pursuance of the
investigations directed by the Metropolitan Sanitary Com-
mission. o -

. The diserepancies of the formule adopted by various eminent
authorities for calculating the run of - water through pipes are
well known. - Some mathematicians appear to have deduced their
constants from experiments on a scale so small as could be tried
in a room, and to have assumed that empirical formulee so ob-

B

- tained were of universal application ; but the results of such cal-

culations are frequently at variance with fact, and with each other.
And correct though certain formulee may be, for determining the
discharges of water through simple pipes or channels, under
certain conditions, it is quite certain, from all the most recent
and - careful investigations, that the ever-varying conditions
connected with the complete drainage of a town or district

[43] E
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66 Deductions from practical Observations

reriders the application of any of the formulse hitherto used
not merely impracticable, but productive of serlous construc-
tive error. The objections to the use of all the tables pre-
pared from such formule for determining the sizes of sewers were
stated in evidence before the Metropolitan Sanitary Commission
(vide Appendix to the First Report, p. 820.) Their entire inap-
plicability for this purpose is strikingly confirmed by Mr. Roe's
table, founded upon the only observations of considerable extent,
in the sewers themselves; which are known to have been yet made ;
and the circumstances of the flow in the larger sizes, and of
most extensive lines of sewers, are such as could be corroborated
by no trial works obtainable with any available means, or within
reasonable time and cost.

The size of a stream which would be produced by a given fall
of rain upon a given area admits of calculation, assuming that
all or a given proportion of the water arrives at the drain at
a given rate; but it would appear, that, notwithstanding the
enormous expensiveness of drainage works, persons directing the
outlay had never determined by actual observation the greatest
rate at which the water did really run off, and consequently
could not know of what size drains should be made.

The proportion of the flow which actually reaches the sewers
differs greatly under different circumstances of season, soil, and
surface, and especially of different rates of rain-fall in a given
time. In long-continued rains, and in heavy storms, for which
the table is calculated, a much larger proportion reaches the
sewers than on' ordinary occasions, the greater flow from the
covered portion of - the surface usually having time to pass away
before the rain falling on an absorbent surface of garden,
meadow, or arable land, reaches the sewer.

The Rev. J. Challis, in his report on hydrostatics and hy-
draulics to the British Association, remarks, that the latter
department of science is in an extremely imperfect state, and
that “the motion of fluids in pipes and vessels has not been
treated with any success, except in the cases in which the con-
dition of steadiness is fulfilled;” that is to say, under circum-
stances of much less complication than in the case of flow
through sewers.

‘In respect to the uncovered portions of area, it was frequently
found, that after even considerable rain-falls of short duration
in .summer, not any arrived at the outfall, the whole being
absorbed.. In -the course of the official examinations, when
the sizes of capillaries for land-drains were attempted to be

ST N R T
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deduced, from the facts admitted in respect to the observed flows
at the outfall, similar discrepancies were found to those displayed
in the graduation of sizes for town drainage. It is necessary,
therefore, to guard Local Boards and their officers, with refe-
rence to special and complicated works of town drainage,
against the errors that would necessarily be committed from
the empirical use of formulée which at the best can only be
safely applied to some isolated and normal circumstances of
velocity and discharge. The hypothetical dogmas founded upon
a display of algebraic signs and quantities, cannot always be
called in question by the members of Local Boards; the results
of actual experience in such matters, upon a large scale, are
therefore presented in a much more intelligible form for their

guidance.

The following is Mr. Roe's Tabie, and his account of its
formation :—

TaBLE showing the Quantity of Covered Surface from which Circular
Sewers (with Junctions properly connected) will convey away the
Water coming from a Fall of Rain of 1 inch in the Hour, with
House Drainage, as ascertained in the Holborn and Finsbury

Divisions.

DIAMETER OF PIPES AND SEWERS IN INCHES.

24, | 80. | 36.} 48.| 60. | 72. | 84, 96. |108. | 120. } 132, | 144.

aeres. | acres. { acres. | acres. | acres, | acres. | acres, | acres. | acres. | acres. acres. acres.

Tevel - | 383 674 120 | 277 | 570 (1,020 (1,725 2,850 4,125 | 5,825 7,800 10,100

4inch in
10 feet, .

or1in480| 43| 75| 135 | 308 | 630]1,1171,925 [3,025 4,425 | 6,250| 8,300 [10,750

1 inch in
10 feet,

orlin240| 50| 87| 155 | 355 | 735(1,318 :2,225 (8,500 {5,100 7,175 | 9,550 |12,400

3 nchin
10 feet,

or1in160| 63 ] 113 | 203 | 460 | 950 {1,692 2,875 [4,500 6,575 9,250 (12,300 15,950

1 inch in
10 feet,

orlin 120 %8| 143 | 257 | 590 {1,200 |2,180 3,700 {5,825 7,850 (11,050 |14,700 (19,085

11 inch in
10 feet,
or1ing80| 90 | 165 | 295 | 670 11,385 [2,486 4,225 [6,625
2 inches in

10 feet, '
orlin60] 115 | 182 | 3818 | 730 |1,500 (2,675

4,550 7,125

. % The table is formed from results obtained from observati_ons' ex-.
tending’ over a period of 20 years in the Holborn and Finsbury
divisions. ‘ : ' - = T
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68 Remarks on the Preparation

“In some instances the observations were carried on during the
whole period of heavy rains, being commenced as each storm began,
and continued until the effect had ceased in the sewers, the depth of
water being taken every five minutes, and the velocity of the current
repeatedly noted at every depth.

¢ In some instances the observations were continued day and night
for several months in different years, and in others they were con-
ducted day and night for a period of two years; rain-gauges being
kept to ascertain the depth of rain that fell.

¢ The particulars from which the table is compiled fill upwards of
100 memorandum books. -

“ The first saving which these observations enabled me to make
was about 4,000L, by lessening the size of a proposed portion of
main line, by which a reduction of two guineas per foot lineal was
effected in a length of nearly 2,000 feet. In other sewers of smaller
size, savings were effected to the amount of several thousands per
annum for many years.

“1In 1843, I was called upon to report on the best means of saving
the town of Derby from the disastrous effects of floods.

%It was from the knowledge obtained during the course of these
observations, that I was enabled to suggest the size of the sewers
which would convey the flood-water of the Markeaton-brook, the over-
fiowing of which shortly before had not only caused damage to the
amount of many thousand pounds sterling, but also loss of life. From
the time of the completion of the sewer to this date, it has answered
every expectation, no flooding having been complained of, although
in August 1846, more rain fell in a short space of time than I find

“on record at any other period.

% This knowledge also enabled me to judge of the size required for

‘a main line of sewer in the town of Birmingham some years since,

and which has also answered every requirement.

% The necessity of carefully forming the sewers, so that no obstruc-
tion to the passage of the water may obtain, cannot be too strongly
impressed on the minds of all connected with such works.

‘¢ At the head of the table I have named, ¢ junctions properly con-
nected,’” nor will the respective sewers drain the area stated, unless
this important matter be duly attended to.
~ “Every junction, whether of sewer or drain, should enter by a
curve of sufficient radius. All turns in the sewers should form
true curves, and as, even in these, there will be more friction than in

the straight line, a small addition should at curved points be made .

to the inclination of the sewer. I mnay mention a case or two in
illustration. In 1844, a great quantity of rain fell in a short space.
of time, over-charging a first size sewer and flooding much property.
On examination, it was found that the turns in the sewers were
nearly at right angles, and also that all the collateral sewers and
drains eame in at right angles. The facts and suggested remedy were
reported to the Holborn and Finsbury Commissioners, and directions

and Use of the Drainage Table. 69

given by them to carry out the works. The turns and junctions
were formed in curves of 30 feet radius, and curved cast-iron mouths
put to the gully-shoots and drains; the result was, that although
in 1846, a greater quantity of rain fell in the same space of time
than in 1844, no flooding occurred, and since then the area draining
to this sewer has been very much extended without inconvenience.

« Tn another case flooding was found to proceed from a turn at
right angles in a main line of sewer. This was remedied by a curve
of 60 feet radius, when it was found that the velocity of current was
increased from 122 (as it was in the angle part) to 208 (in the
curved part) per minute, with the same depth of water.

« Tn the winter season, on meadow ground 82 acres in area, having
a clay subsoil, 3 feet per acre per minute was the greatest quantity
that came at one time from a fall of rain of half an inch in depth, and
this amount did not reach the sewer until three quarters of an hour
after the rain had ceased.

¢« From similar ground during the summer, when a greater fall of
rain took place, no water ran off the surface, and that which perco-
lated to the land-drains did mnot reach the sewer until after the
greatest flow from the streets and houses had passed away.

“ In applying the table to localities where the inclination of the
surface is greater than that of the Holborn and Finsbury divisions, a
modification of the sizes of sewers will be required ; for instance, in
one case that came under my notice, where the general inclination
of the swmface of the streets was about 1 in 20, the greatest flow of
water from a thunder-storm came to the sewer at the rate of one third
more than it did to a sewer draining a similar fall of rain from an
area with a general surface inclination of 1 in 132.”

In examining this table, two points of error must be guarded
againust, into which the ordinary calculations would lead, and
which constitute the striking difference between the results
here noted, and those which have been hitherto put forward
for guidance; namely, the error of calculating the discharges
obtained only from pipes running full at the head ; and the error
of assuming, without observation, that the given quantity of
rain falling in a certain time would be discharged within -the
same period.

The effect of junctions on the line of sewer constitutes a most
material difference in the discharge. The experiments and
observations show, that with a pipe laid at an inclination of
1 in 60, with junctions along its line, the capacity of discharge
is upwards of three times greater than if the flow were merely
from a full head ; and in the larger sizes it will be found that
the quantity accumulated increases to upwards of eight times
that which would be discharged if received only from a full
head. |




NP ET I I e

&

: T . i i \
,//ﬂx!‘ ) e . - _ - . SIHONIG

—1 U

o 1004,5-

[ & JUROR Z ;
: [unow Z WK
NI S G o WoNlZZ L.

'
4

Lz 97 & TF E£ T &F T I OF 6 £ Z

P
)
[

|

A
\.1

-

nH

gasvId NH

aavaNIvIS N
QaaRINKDD NIYE

"6 "ON

2 = SEHANLG

\

ined 2

L o

& HnoHgL - ¢
e vl SEf

3
y

Hustrations of Discharge of Rain-fall.
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On the question of the period of discharge of a given quantity
of rain, Mr. Roe gives the following illustrative diagrams, from

actual observations :—
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Provision for Storm Waters. 71

From the first, it will be observed that a rain-fall of half
an inch .in 8 hours took 12 hours in discharge, that is to
say, 12 hours elapsed -from the commencement of the rain,
before the flow in the sewer resumed its-ordinary level. In
the second case, a rain-fall of 1°11 inch in about an. hour,
with an addition of 0" 33 in the next two hours, being nearly an
inch and a half in 8 hours, occupied in discharge 154 hours
from the commencement of the rain. :

Tt is desirable to point out that the conditions of drainage
are so various that mo table of sizes of sewers can be used
empirically for all cases; but the conditions being given under
which a ‘table is formed, it may at all times be adopted as a
valuable guide, if the modifications to suit the varying circum-
stances are carefully and judiciously considered, with the aid of
skill and experience.

The following will be points for consideration in the applica~
tion of the table here given to different cases. The table is
formed upon the calculation of an inch fall of rain in the hour.
It is only.in thunder-storms, occurring at distant intervals, that
this amount of rain-fall takes place in the southern parts of
England ; but where greater falls are of more frequent occur-
rence, corresponding allowance may be made in the sizes of the
sewers. . . . -

It is true that instances are on record in the metropolis of
considerably greater falls of rain within the hour than that upon -
which the table is calculated, but it would not be judicious to
incur a greatly increased cost throughout the whole system of
drainage, and risk of its efficiency for ordinary use, to avoid the
inconvenience of an hour or:two, which will'only ocecur at in-
tervals of many years. At the same time it should be stated,
that a margin has been left, even in calculating for an inch of
rain, and the pressures which would occur in the sewers when
fully charged would compel a greatly increased flow before any
flooding could oceur.

The form, surface inclinations, and condition of the area, will
be material points alsa for the modification of sizes.

Annexed is a sketch of the contours of the Holborn and
Finsbury district, where the observations have been conducted
which form the basis of the table.

The general inclinations of the surface, and of the valley lines
are shown, the form of the district, and the proportion of covered
and of rural area. This will serve for guidance in the use of
the table for other places. If the district or part of a district
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72 Corrections to be provided for Special Table of the Sizes of House Drains. 73
under consideration is compact in form, has considerable inclina-~ g < SR8
tion, and is mostly covered with houses, the size of the outfall - k- =
must be proportionately increased, as the rain-fall would flow- w8 ~ -
towards it the more rapidly, unless the inclination which can be : i r 25338 "'"
given to the outfall or receiving sewer would compensate for the 'i.- = k: &
difference. : é: ,1;? A 5 ozznan
On the other hand, if the area is lengthened and distant, with E %"E o egg ! !
little inclination towards the main, and there is a considerable m k: P .
portion of rural area, the conveying sewer may be proportionately 88 = -~
less. In such cases the flow from the nearer portion of the district =N . ggg !
will frequently have been discharged before that from the distant 8.3 5 ] o
area will have reached the main, and at all times the rain-fall on f 2 2 & s RETprEr
the rural portion will be proportionately longer in reaching the ¢ E 2 e _ cog
sewers. A = 3 =7
R S 5 .. Caa
1t should be observed that although the actual sizes given ‘B =t g b o EErrarrr Y
in the preceding table would more than suffice for the drainage of [ 28 2 _ gg ettty
the areas stated, with the houses thereon, yet in relation to the { %5 g g P
_ smaller sizes, for the drainage of courts and collections of houses, 3 = y g - Ferrrrp e E e
] some modifications will be found necessary. In these cases, \ g % g SOt r ot E s
4 . - . oD 3 PR ]
: many of the reasons alluded to, which are seen to operate in o § 5 S g
great reduction of size of sewer for larger areas, and for B e T T e
space from which several connexions would be formed, more or i e N
| less distant, will not be in action. Therain-fall from the smaller "2 -E 5 i
S spaces will flow more immediately to the drains, and their { EE f; A N
capacity must be equal to its discharge with corresponding sud- g,é’ ST
denness. The pipes themselves, moreover, are often not of the g 3 S¥sa
full sizes which they are stated to be, and their greatest effect is S 5 R R
not obtained from unevenness of form. The risk of careless- Hg ~ ———
ness in laying and jointing is greater also in the smaller sizes, s 4 gyt
where it is of the most importance, and operates still fur- g S B T
‘ther in reducing the available capacity of the pipes. These 1S " -
points have so far influenced the practice that 3-inch tubes g s Gk 2 tonaLeoYE 2SRRI SR
have scarcely been used hitherto, except for branch house- gf—; 5% N CoAaeRTR
drains. 82| Z42 | § | oe22:58338855883333%
For these reasons it is considered advisable to admit of e B coroantEs
greater margin in the calculation of sizes, for this purpose; and ré 2| gg% 3 AdrEOnEADADABS DR B AR
the following separate table has been prepared by Mr. Roe g™ | §Ee i = IS
for special application to house and court drainage :— z’:})‘% Z;g C o I T T T T T
£ S s B i ‘ ek
zé”; '?; 8 B wmmwmmww-&twﬁghggggggg
EZ| 5 | deg | TRRNSIESESERARLIGIIS
— © -
g 8 "g % mertecfief L“fﬂ‘f'&“‘&‘#i‘iﬂl‘e o Eﬁ
H w2




T4 : . Bixtent of HError in Practice

. The following diagram will at once illustrate the use of this

table in laying out the detailed drainage of the various blocks
of houses™ :— : SRS

. _ STREET
E . B )
— B /
_  BLOCK OF
. HOUSES 0
£ 0
- R L\ ]
S 3 B
& o/ / E %‘g /
W \%. | B
200 savARES ‘ B B00SOUARES
6:.7w 700 A Bl T 9*7wi20

 The area shown is supposed to consist of 900 squares laid ouf
in eourts, and containing upwards of 50 houses. The fall of the
ground, and the relative depths of sewer required, admit that an
inelination of 1 in 120 may be given to the line of sewer from B
to C, which will receive the drainage of the whole area; and on
reference to the table, it is seen that a sectional capacity of pipe
of 9 inches diameter is sufficient for the drainage under these
conditions. An area of 400 squares will fall into the branch-

drain, coming in at B, to which an inclination of 1 in 60

may be given; and the table shows that a pipe of 6 inches

diameter will be sufficient for the drainage. Into the line

above A, the sewage from 300 squares will fall, and an inclina-

tion of 1 in 100 may be obtained ; and it is found that a pipe

of 6 inches diameter is also required for the drainage. In dis-
tributing the inclinations, which a given fall in any continuous

length will admit of, it should be borne in mind that it is always

desirable to graduate them, so that the utmost inclination

which may be practicable should be given to the upper part of

the line, where there will be the less current and force of

sweep. The drains should always be laid at the greatest in-
chnations which can be obtained; and this should always
}G_)eblkept in view, therefore, in selecting the sizes from the

able. -

* The sizes of the drains will require modification according to variations

in the area and inclinations of the ground, and the number of houses to be
provided for.
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1o be corrected in Town Drainage. - 75

From this table it will be perceived, that the sewer for-
merly proposed as the smallest size admissible for the drain-
age of a “ mansion,” viz., 15 inches, would at a-fall of 1. in
120, drain 179 of the largest mansions, or 284 of -the smallest
houses; that a 9-inch drain, {the minimum size prescribed by

i the Building Act, for the drainage of a single house,) would at
1 the same gradient remove the storm-water from 21 of the largest

mansions, or from 76 of the smallest houses; or, at a fall of
1 in 60, would drain nearly 100 of the smallest, or an area of
nearly 23 acres of covered surface. _ R
An 18-inch sewer, less than that prescribed as the mimmum
size into which a man might crawl for cleansing, would, at an
inclination of 1 in 80, remove the storm-water from nearly 20
acres ; and a sewer of 3 feet (less than the minimum size for-
merly recommended for the smallest street,) would, at the same
inclination, remove the drainage from 295 acres.” S

* Proofs of the empiricism and wans of prineiple in the construction of
works for the objects in question have been afforded as it were by chance.
Thus a 6-inch earthenware pipe having been laid down for the drainage
of one detached house, the drains of one house after another, as they were
built, were joined to the same pipe, until at the end of several years this
one 6-inch pipe was, to the surprise both of surveyors and builders, found
to be clean, in perfect action, carrying away the drainage of 150 houses,
and doing the work for which a sewer might have been provided of suffi-
cient size for the entrance of a man to remove the deposit. In another
case a labourer, by a blunder, put down for the outfall of a large block of
houses a drain-pipe intended by the architect for a single house, and elicited
evidence similar to that obtained by the trial work at Earl-street. Similar
illustrations have been obtained accidentally in respect to apparatus for the
distribution of water. Thus in some of the northern towns it was the
common rule to put in a service-pipe of an inch diameter for the supply of
5 single house. A pipe of that diameter wasled to a single house, and
thence continued from one house to another, as mew houses were built,
until it was found that it served as a main, and supplied perfectly arow of
40 houses. Now a branch-main of three quarters of an inch diameter is
found to be ample for the constant supply of courts containing more than
13 houses. ( Vide Report on the Supply of Water to the Metropolis.) In
respect to the larger distributory apparatus, as a temporary make-shift
during some repairs, a short length of 7-inch pipe which had been put in
at the bottom of a 3-feet stand-pipe for the purpose of emptying it, was used
to pass whatever quantity of water it would. To the surprise of the
engineer it was found to pass a quantity adequate to the supply of 34,000
houses. Until the late investigations no conception had been formed of the
quantity pumped in worse than waste under the intermittent method of
distribution—a quantity exceeding the annual rain-fall upon the covered
area supplied. Even where the constant supply had been adopted, it
appeared to be unknown what was the actual domestic consumption of the
population ; and it was proved upon inquiries and admeasurements by the
Board’s Inspectors in various places, that many of the common estimates,
presented to Parliamentary committees as scientific truths, were in excess
more than double. (¥ide Report on the Supply of Water to the Metropolis,
Appendix IITL., Report of Dr. Sutherland.) No conception appeared to be




76 Special Arrangements for the Drainage

Special Arrangements requisite for the Drainage of low-lying
Districts, and Economy of the constant Removal of Sewerage
from them by Steam Power.

In the course of the inquiries made under the Public Health
Act, in towns already provided with waterworks, it has been
proved, that where additional supplies of water were carried into

entertained of the deterioration in the quality of water by its stagnation
and exposure in open reservoirs or receptacles in the vicinity of towns, or
of floodings from the surface-washings of lands, Many lavge arrangements
for the supply of towns were proposed, on assumptions that they were
founded on exact data of hydraulic science, practically applied ; whereas,
the data, for the most important works, continue in a very loose state.
In Ttaly, for instance, where the measurement of the quantities of water
distributed for irrigations has been the subject of dispute for centuries
between the government, the distributors, and the owners and occupiers,
the consumers throughout the irrigated distriets, no completely satisfactory
water-meter, or mode of measuring the quantities delivered, has yet heen
invented. (¥Vide Report of Captain Baird Smith on the Irrigations in Italy.)
The institution of varied and adequate trial works for the complete and
authentic settlement of a number of such questions of economical arrange-
ment would be of national importance. Many undertakings are in progress
at the present moment for which immense outlays are required, with refer-
ence to which the state of knowledge as to the strength of materials, is
similar to that displayed in the declarations by large majorities of profes-
sional men, to the effect that the Crystal Palace could not bear the weight
of its visitors, and must give way before the first storm ; or to those which
rested in such arrangements of materials as have led to fatal catas-
trophes. For all this want of practical data and real science the public
has frequently to pay the penalty of a double and treble expenditure beyond
what would have been required had the estimates been formed on exact and
proved data. Already, however, examples of contracts taken and works
performed within the estimates, have been afforded by means of surveys
-and other necessary information obtained previously to the commencement
of works, under the Public Health Act.

It accounts, in part for the singular want of agreement among the

opinions and reports put forth, even by persons whose duty it was to under-
stand the subject well, respecting the laws of water currents in open or
close channels, to observe, that, as in hydrostatics, some of the phenomena
depending on the mere weight and diffused pressure of water appear so
extraordinary to persons beginning the study, or imperfectly acquainted
with the laws, that such phenomena have been called * hydrostatic para-
doxes;” so in hydraulics, some simple consequences of the well-known laws
of falling bodies, and of atmospheric pressure, are so unexpected and un-
intelligible {o ordinary conception as to deserve similarly the appellation of
- “hydraulic paradoxes.” One of these last is the fact that a uniform, suf-
ficiently sloping, open channel, which at its top is freely receiving from a
reservoir, or a meeting of currents, so much water as completely to fill its
mouth, can yet receive into its stream lower down, large additional quanti-
ties of water through lateral inlets, and will then discharge from its bottom
opening, which is of the same size as the top opening, even several times
as much water as entered af the top. Another of these “paradoxes” is the
fact, that if a common funnel or a short piece of tube with a gaping mouth
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houses unprovided with proper channels for its removal, not only
were the foundations of the particular house surcharged with
the excess of water, and the walls by absorption rendered more
damp, but by the neglect of proper means for removing the sur-
plus water, it became a cause of nuisance to other houses. The

be held under a water-cock, and as much water be allowed to fall into it
as to maintain it nearly full, and if then a pipe of the same diameter as the
lower outlet of the funnel, or picce of tube be joined to it so as to lengthen
it below, the quantity of water passing through, instead of being lessened
by the friction of the additional downward pipe, as happens when an addi-
tion is made of horizontal pipe, will be increased in a proportion to the length
of pipe added, until that length reach a level of about 34 feet below that
of the mouth of the apparatus. A water column of 34 feet has a pressure
nearly that of the atmosphere.—The first of these remarkable facts is a
simple consequence of the law known to everybody, that a _body falling
freely is always increasing its speed, whether its course be directly down,
as of an apple from a tree, with increase of speed of 32 feet per second,
or be oblique, as when a railway carriage carelessly left loose at the top of
a steep slope gets away, and soon has a velocity which dashes it to pieces
against any obstacle met below (the increasing speed in such a case being
proportioned to the steepness of the slope or incline); and whether the
descending body be solid, as in the cases just mentioned, or fluid as in the
water of a perpendicular cascade, or in that of rapids shooting along
sloping portions of a river channel. The phenomenon of the acceleration
of  fluid current under the continued influence of gravitation is well shown
wheré a viscid finid like treacle is poured from 2 height. A mass at first
slow moving, and as bulky as a man’s wrist may be seen gradually tapering
as it descends to the size of a finger or less, the diminution of size being
everywhere exactly proportionate to the increase of speed ; and however
long the experiment be continued, the tapering cascade retains the same
form. Similarly, a water stream, in a sufficiently sloping uniform channel,
becomes less bulky as it descends, and as the speed increases ; although of
course the same quantity of water passes along every portion of the channel ;
and hence, a larger space, or area of the uniform channel is left unoccupied
by the water, as the speed of this increases, and so more room 1s left for
additional streams to enter the channel from around its descending course.
Because, however, friction of the water against the sides of the channel
increases rapidly, as the specd of the current increases, while the force
of gravity tending to accelerate remains the same, a state of equilibrium
is soon reached between these opposing forces, after which the stream,
howevér long, goes on uniformly, with speed proportioned to the slope.
This is seen in all rivers of uniform current. In the annexgd “'O(.)d-
cut, are sketched sections at three points of a sloping pipe in which
a stream was running and becoming less bulky as the speed increased.
The other hydraulic paradox above mentioned, of a common funnel or
gaping short piece of pipe, (and in certain cases of water-d?a.ms,) being
caused, by having an addition of pipe made at the lower opening, to trans-
mit much more water than what fills the mouth, which pipe may be either
perpendicular or oblique, is owing to the disturbance of the atmo§p11grlc
pressure which is acting on all things at the surface of the earth, and there-
fore on the top and bottom of the column of water in t}le pipes. It ha}_)pensr
thus :—in the cases supposed, the descending stream, if free, would quufken
its speed, and become lessened in bulk in its descent, (as already explained
above for open channels, or for free descent in the air,) but in a long tube,
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78 Special Arrangements for the Draage

artificial supplies of water to a closely-occupied town district
are commonly nearly equal to a rain-fall upon its surface ; con-
sequently, where the neglect to provide proper drains for the
removal of the pipe-water is common to blocks of houses, or to
the districts occupied by the poorest classes, the waste water
thus introduced amounts to a daily rain-fall, which, from its con-
stant recurrence, keeps the premises always damp, and aggra-
vates the evil of stagnant flood-water at the periods when the
rain-fall is excessive. (Vide Report on the Supply of Water to

having openings only at the top and bottom, and both openings filled with
water, the stream cannot lessen its bulk without leaving a vacuum in the
tube, which vacuum, the pressure of the atmosphere at the top and bottom
tends to prevent. Thus, therefore, the part of the tube below, as well as
that above is kept full of water, the weight of which balances or destroys
imore or less of the upward atmospheric pressure at the lower opening,
and lets the undiminished atmospheric pressure above act, as an unopposed
force, to-urge more water through. If the tube below had its mouth ex-
posed to the air, (that is, were not immersed in water,) and were Toomy
enough to allow a stream of air to ascend by the sides of the stream of
water descending, no increase of water flux through the general tube would
be produced by an addition of tube below.

~.In illustration of the above, may be given the following instance of
one trial :— ‘ -
~ <« Velocity and amount of water flowing through 235 feet of 15-inch
earthenware pipe, temporarily laid at Hitchin, at an inclination of 8 inches
in the 285 feet, or, 1 in 3524, an opening being made for the admission of
air at the centre of the pipe.” |

C No. 1. No. 2. No. 3.
~ Sectional area of water Sectional area of water Sectional area of water
at mid-channel. at outlet.

10 feet from inlet.

) _iXVgter_ being 14 inches ‘Water being 11 inches Water being 6 inches
in the pipe. _ in the pipe. in the pipe.

. % The velocity of stream was about 188 feet per minute, and the amount
of water discharged 1,025 gallons per minute, or, 1,476,000 gallons in 24
hours.—The gauging of No. 1 section was taken 10 feet from the inlet to
seeure the fair current of water, the pipe being full at the outer end.”
« In respect to town drainage, the practice of architects and engineers
was to enlarge the area of any main pipe in the proportion of the sectional
area of each junction into it; whereas, it was found, by the trial works,
that the addition of eight junctions, each of three inches diameter, into a
main line of pipe of only four inches diameter so increased the velocity of
the stream, that there was no increase of its sectional area.—(Appendix
No. 2. to Report on Water Supply ; Medworth, p. 191.) '
‘Fnormous works have been constructed in neglect of these principles,
and at worse than double cost to the public. T B
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the Metropolis, p. 127 to 137.) When the site of a town is
undulating, waste water accumulates at the lower levels; for
which reason, even if both occupier and owner, from a false
notion of pecuniary economy, agreed to bear the excess of damp-
ness themselves, they should be debarred from inflicting the
nuisance upon others. |

Very numerous instances might be cited from the reports of
the superintending inspectors, showing that where . court-yards
and premises extend laterally along the sides of rising ground,
as they do to a very great extent in many districts (the pro-
perty of the several owners respectively forming steps one below
another,) if without proper drainage, not only is the value and
durability of each property diminished, but the health and lives
of the poor occupiers endangered.”. |

Since experience has proved that the smallest tubular house-
drains, which have, in proportion to the flow of water, the most
friction, are kept free from deposit without special supplies. of
water in flushing,—we may be perfectly certain that the larger
mains, when due adaptations are made in respect to form, size,
material, and inclination, having, in proportion to the run of
water, much less friction, will be kept clear by the same, but more
concentrated, Tuns of water. This has also been established by
the evidence of actual practice, where there are sufficient natural
inclinations for the discharge of the sewage. ~The end aceom-
plished is in fact natural and constant fiushing, for the preven-
tion of deposit, to supersede artificial and occastonal flushing for
its removal. , . B

It frequently occurs in -the low-lying river-side districts ‘of
towns, particularly in towns on the banks of tidal rivers, where
there are no sufficient natural inclinations, or where the outfalls

. * In speaking of two of the most unhealthy places in Newcastle-under-
Lyme, Mr. Lee says (Heport, p. 95), “In Friar-street and Church-street,
which rise considerably, the privy cesspools are placed successively one
above another at the backs of the houses, and there is an offensive drainage
from many of them to the premises next below. There has been much
fever and cholera there.” In the Report on Rotherham and Kimberworth
(p. 11), he says, “ The privies on Mr. Ward’s property are above the roofs
of two houses belonging to Mrs. Holland, and occupied by Scott and Pearson.
The filth percolates down and under these cottages into Wellgate. The
liquid from five piggeries drains the same way. This is another instance
of property undrained on 2 hill-side. I examined the house occtupied by
Scott, and found his wife just recovering from fever, after being ill between
two and three months. I saw night-soil on the floor of the kitchen, and
oozing through the wall” These two belong to a large class of casesin
which both the owners and occupiers of one property are injured by those
of another, and in their turn injure the next below, and yet with a fall
which, with proper arrangements, would effect the perfect removal of all
refuse. o S ‘ '
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are below high-water mark, that the flow is interrupted, and
the sewer water pent up; until a discharge can be obtained at
the fall of the tide.

This is peculiarly injurious, for as the sewage accumulates in
these sewers, the foul gases with which they were previously
filled is displaced and forced, some into the streets throngh
gully-holes, some into dwellings through house-drains. The
nuisance thus occasioned is sometimes felt at a considerable
distance from its source; for when the lower part of the sewer is
filling, the air may escape at openings from the upper sewers
communicating with it. Thus persons at above a mile distance
from the sewer have been made aware that the tide was rising, by
the extra quantity of foul air forced from the sewers.

As it was the general practice in respect to house-drains not
to alter their form, or principle of construction, but to provide
mud-traps to be cleared periodically ; so in respect to the sewers,
where deposit was accumulated, from inordinate size, insuffi-
cient inclinations, or interrupted flow, or from any other cause,
it was the practice to recommend the removal of refuse by im-
mense flushes of water. - |

It appears, however, that this practice was founded in the

absence of proper estimates of the quantity of water to be

removed, and that on the like prineiples of arrangement on
which water is collected, and pumped into a town, and distributed
there, it may, and at similar rates of expense, be as constantly
pumped out of a town, to be re-distributed where wanted ; and
that with respect to the cases of interrupted flow by the action
of tidal rivers, and the common practice of detaining the sewage
during high water, and allowing the deposit to settle and accu-
mulate in the interval, the cheapness of the removal of water
by steam power has been overlooked.™

* At the opening of the investigation the general feeling of the majority
of engineers appeared to be to treat the rivers as being, of necessity, the
only outfalls of all town drainage ; and several eminent engineers, at the
Metropolitan Sewers Commission, spoke of and against the use of pumping,
as opposed to what they called the “natural” method of discharge, without
pumping. But on reconsideration, the sanitary consideration prevailed,
and the following resolutions were, amongst others, eventually adopted by
them unanimously :— To maintain a continual and unintermitting fow,
with the aid of lifts where necessary, in all the sewers along their whole
length, by which the evils arising from pent-up sewage, viz., the gene-
ration of moxious gases, and the unavoidable formation of deposit in the
sewer during its stagnation, may beavoided:” “To construct the sewers at
inclinations so proportioned to the volume of fluid to be carried off by each,
that the velocity of the current shall keep them clear of deposit, without
the need of regular periodical flushing, which experience has shown to be
not only troublesome and expensive in its operation, but also very in-

jurious to the sewers and drains in which it is practised.”

i
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-~ The cost of ensuring a continuous flow in such cases is merely
the cost of steam power for giving a continuous lift. The work-
ing expense of lifting 30,000 gallons 10 feet high, with a steam-
engine of 25-horse power, is only 1s.; and with an engine. of
180-horse power, less than half that sum, coals being about
12s. [;er ton. (Vide Report on Water Supply, Appendiz 11.
p.25) | |
Many extensive fen districts are by steam power kept clear of |
surplus rain-water, at an expense of from 2s. to 5s. per acre per
annum, including all expenses ; and it has been estimated' that
the expense of pumping out the sewage, as well as the whole rain-
fall from a difficult district on the Southwark side of the. metro-
polis of 4,000 acres, by a lift 31 feet high, and discharging it at
Deptford, would be about 1s. per house, or 2d. per inhabitant
per annum ; and little more than twice that sum, if the surplus
water were discharged at 12 miles distance, for a work which,
as a mere house charge, would be a great economy, by preventing
dilapidation from dampness. Moreover the expense of excess in
the sizes of sewers and works requisite to contain the sewage im~
pounded during high tide, which might be saved, would of itself be
a large set-off against the expense of pumping, and in some cases
would exceed that cost ; and further, the default of pumping at
the outfall, to produce a continuous flow, must be remedied by the
expensive alternative of pumping at the other extremity of the
works, to supply for the sewers additional quantities of water in
sufficient volume to move and flush away the matter deposited
and indurated during the time when the discharge at the.
outfall is intermitted ; so that, apart from the sanitary evils and.
inconvenience from detaining masses of stagnant sewer-water,
and decomposing deposit amidst babitations, the continuous
discharge of sewage by pumping is, in such cases, the more
economical alternative. o
By pumping, it is practicable to amend the defects of fall
upon any table land, and, if needed, to accelerate any natural
fall to the extent to which it may be considered necessary, so
as, by properly stationing the pumps, to secure the great
desideratum of a good fall throughout every part of the system,
and that with any desired current or inclination. With a proper
and complete system of combined works of water supply and
tubular house-drains, connected with properly-adjusted branch
and main sewers, there is, therefore, no exception to the rule
that refuse need not, nor should be permitted, to remain un-
derneath or near houses, beneath streets, or near the sites of
towns. All might be in a constant state of inoffensive and.
entire removal at a rate of about three miles an hour, and in

[43] F
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82 - Linesjfor permeable and

a current. of such velocity no deposit could remain to accu-
mulate.” o

“The impermeable: and the _‘pemwab.le Lines -of Drainage. not '.
N - always coincident. - o -,

‘In the course of the sanitary inquiry it was suggested, that;
by means of machine-made pipes, the impermeable and the
permeable systems,—the channels for the eonveyance of foul or
sewer water, and for the removal of spring or plain surface
water,—might be united, and put down in the same trenches;
in accordance with-which suggestion, house-drains were pre-

SR
: \ —_—
. Ml

* Sewers were proposed to be constructed on the same prin-
ciple, of hollow bricks, with perforations in the sides. vide p. 94.

% Tt is an illustration of the insensibility, as to any existing evils, of those
who are most impatient of any new annoyance, (however slight or fanciful,)
that the most strenuous opposition was made to the discharge of cesspool
matter into the sewers, and thence into the river Thames, apd also to
flushing of the sewers, on the ground that the pollution of the nyer_would
be increased thereby ; though the objectors seemed quite insensible to the
far greater evils arising from the retention of ordure beneath their houses,
and the vast swamp of subterranean filth existing in their sewers, and dis-
charging the products of decomposition into their streets and houses. Ifis,
no doubt, very desirable that the pollution of the river should be reduced to
the minimum, though atthe best it would be quite unsuitable for drinking, for

washing, or other domestic purposes. Again, whilst no objection was made
to the pounding up of foul water in the sewers, and the accumulation of

deposit there,—both of which practices cause the extensive diffusion of

poisenous emanations,—vide notes, ante, p- 28, and ante, p. 45,—the most.

violent opposition was raised to the formation of small pumping _est-abhsh-.
ments, or sumps for removing the sewage, which could not _posmb}y cause
addition to the filth,—must have immensely reduced the evaporating sur-
face of sewage water and cesspool matter,—and would have facilitated the-
removal of that which did and does exist, and that too 1n a manner far less

objectionable than that now practised. When the sewerage is removed

properly, it is removed before decomposition can take place, and before

it becomes in that state in which it now usually is when removed, and-

when the act of removal, as commonly performed, is, for the time, . a
nuisance.— Vide pages 80 and 99.

impermeable Drainage distinct, 83

The objections which on consideration prevailed-:against- this
mode of construction were chiefly these :—that the conditions
requiring the removal of spring. or surplus rain-water fromland
were by no means coincident with those requiring the removal
of foul or waste water from houses.; that it appeared to be fre-
quently expedient to collect and remove land-spring water at
higher and sometimes at lower levels than sewer water ; that it
did not appear to be frequently nécessary that the permeable
drains should be laid co-extensively with the impermeable drains,
and that it would commonly suffice to lay down the permeable
drains much wider ‘apart ‘than the impermesdble ‘drains, as the
land-drainage of the covered area of ‘a square-of houses may
frequently be effected by a single line of pipe outside the square;
and that the distances-of the permeable drains would, moreover,
be widely varied by the differences of the nature of the substrata..
It is also to be considered that.a large portion of the storm-
water from the -covered area of towns, will, on account of its
containing surface-washings of the streets, and of the roofs of
houses, be removed with the ordinary sewer-water through the
impermeable drains. Moreover, the construction of the present
simple pipes is still very imperfect; and the proposed arrange-
ment would have occasioned additional difficulty in placing and.
jointing, as well as in construction. For which reasons it has
not been recommended, (without deciding that there might not.
be cases in which it would be expedient and practicable,) that
the suggested principle of construction should be generally
prosecuted. (As to the general conditions of permeable drain-
age; vide Minutes of Information, on theDrainage of Lands

' forming the Sites of Towns, and Road; Drainage.)

The Junctions of Drains and, Sewers.

It appeared--oll examination that the géﬁéi'él practice of the

engineers and surveyors who designed and executed -this class of .

works, was to make the junctions of sewers, as well as. of house-
drains, at right angles. Mr. Roe, who greatly improved the
shape of the sewers within his district, proved experimentally

that when equal quantities of water, with equal falls, in a

sewer, were running direct at a rate of 90 seconds, an equal
discharge required, with a twn at right angles, 140 seconds ;
whilst with. a turn or junction in a true curve the discharge
was e;’:f'ected in 100 seconds. (Vide Sawmitary Report, 1842,
p. 57.) - ; SRR O
- .The efféct of junctions of house-drains at right angles, whether
horizontal or vertical, is greatly to retard the flow, and -to
[43] ¥ 2
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84 - Improvements required in the.

cause accumulations. With the drop junction at right angles,
the effect of the splashing of soil and refuse 1s such as that
displayed in the following diagram :—

With horizontal junctions sir_nilaf retardations occur.

The foﬂoxviﬁg are e]igiblé curveg‘,;fdr the bends of drain-pipes,
whether mains or branches:— -7 .
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The smaller the flow of water to be conveyed, the more
carefully ought the power of the flow or sweep to be economized,
for the sake of preventing, or, if formed, of clearing away any
deposit. Exactness of workmanship is most important for small
pipes which are spread within dwelling-houses ; and the arrange-
ments ought then to be most carefully cqnsldered,_mth reference
to the entire system :—whereas in practice, they are the least so,
because they are left to the most ignorant and incompetent

Junctions of Drains and Sewers. 85

hands. The construction of tubular pipes has been exceedingly

careless. For example, junctions of pipe-drains were often -

effected at the middle of the side, thus:—

instead of level with the bottom, or bell-mouthed, as in the
following diagram te—m .. . - - . . - . -

TImproved Curved Junctions.

‘Where the main line can under no circumstances be so full,
at the point where the branch would enter, as to require
additional space for its reception, a junction of an equal capacity
should be used :— : SR
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But where additional capacity in the main line would be re‘-
quired to receive any branch, a tapering length should be
used :— o ‘ o
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86 . Improved Curved Junctions. . - Cesspits for ‘the Detention ofRodd Detritus. 87

‘Where two equal ‘drains -unite to form the head ‘or com-= ' the drains, a double cesspit and connecting curve, according to
mencement - of. & main, _double .]‘111017101'15, as thus, should be ‘the following sketch, has been used with advantage, and forms
used :— SR SR an additional seeunty but whether a single or double trap be

| : used : under sizch - circumstances, they should mvarlably receive
per1od1ca1 attenhon.

Where opposﬂ;e branches fall into a main Whlch would-
require enlargement to recelve them, triple junctions should
be used :— o
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C’esspu‘s for the Detention Qf Road Detritus. . | § \\\

The following is one form of cesspit for arresting street : -%{_m}: e | g |
detritus. Of the use of this, with frequent water cleansing, § N . % , 6:,_ )\\\ _
very favourable reports have been made :— §\\ ph B § |

. \ ' \

SECTION . § -l \
LTI \\\\\\\\\’%
?&\\\\_x\\\\\\\\\ ,
L An extra gretmg, placed within the cesspit, in a vertlcal

position over.the mouth of the shoot, has been adopbed by

!:;_ga-:

EEI § D T Mr. ergg, the surveyor to the Preston Local Board.
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In macadamlzed roads, the detritu from wluch so readily
concretes that it is most desirable to prevent its entrance into
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88 -« Construction of Drain Pipes.

[y S

p

The great advantage of this second grating is, that it will
allow of the street grating being of such a width as not to be
Kable to be choked.. The additional cost of the inner grating is
ouly 1s. A perforated plate would probsbly be better than the
long bars, as preventing the passage of large flat substances.

Accuracy tn the Form of Pipes.

Accuracy in the form as well as in the jointing and laying of
pipes, so as to preserve the true line, is of great practical impor-
tance to the well working of a proper system of town drainage.
With such small flows of water as require to be removed from
houses even small irregularities are apt to detain matter in
suspension, and to cause deposit. It was proved by experi-
ments tried at the instance of the members of the Metropolitan
Sanitary Commission, that the power of the sweep by the same
quantity of water was, by evenness of construction, increased
one half, 7. e. in the ratio of 25 to 16.

The manufacture of earthenware pipes for the drainage of
houses dates only since 1342, when the first earthenware glazed
pipes for house-drains were made in consequence of the sanitary
inquiry. The demand has been so great, and the profits so
high, that any large improvement in construction has not yet
‘been entertained. There has been only limited machinery, and
less science, applied to the manufacture, which is susceptible

of great improvement, and of considerable reduction in price.

" Some of the best pipes yet manufactured, and the most
accurate in form, have been those manufactured in Staffordshire
by hand. The clay is beaten, and the pipes are formed by
rolling the clay over a wooden cylinder. After the pipes have
been partially dried, they are again rolled upon the eylinder,
when any inaccuracy in formn, or twisting, caused by irregular
drying, is rectified. Although the expense of making pipes by
hand labour is greater than that of making them by machine,
yet from the clay being befter beaten and worked,—from a less
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moist clay being used than that which must be forced through
a die by pressure, a far ‘smaller proportion of the pipes.are
distorted and ‘spoiled in butning. This reduction of the propor-
tion of ‘spoiled ‘ware, and increased dccuracy in form, has
hitherto rendered the difference of expense in favour of the
machine inconsiderable, From experiments which ‘have been
made, it appears that by this simple method, it is often prac-
ticable to use a finer clay for the interior of the pipes,—a sort
of veneer of finer-worked clay,—giving a smooth and even, as
well as impermeable surface, instead of a glaze.

Considering the high prices paid for pipes, the Local Boards
should be extremely particular in insisting on compactness, and
impermeability of material; freedom from inequalities, perfectly
smooth interior surface, straightness of cylinder, evenness and
uniformity of section, and sufficiency of substance throughout
their whole length.* It is essential that the separate lengths
should join truly with each other, so as to maintain & perfectly
uniform and true line throughout. With perfect accuracy in form,
the longer the lengths, the better, as the joints will be fewer.

o Joints for Tubular Drain Pipes. |
The first joint used was the butt-joint. The objectidn to this

joint is, that unless it be laid with care, in a compact and even

soil, in a bed excavated with great exactness, and unless it be
covered in with care, itis very apt to get out of the true line;
when one length rises above the other at the joint, in the manner

shown :—

. -* The inferior makérs, whilst competing with each other in price, have
reduced the substance of the pipes, to make some gain in the saving of the
stoneware clay (which when worked up costs as ‘much as 10s. per ton),
and also to save carriage. They have made the pipes so thin that they
will not bear the pressure of shifting soils, or the rough usage of workmen
unskilful in pipe-laying. Of the stoppages of tubular pipes which have
oceurred, next in number to those occasioned by the common builders put-
ting in the pipes at wrong inclinations, are the stoppages occasioned by
the breakages of the pipes from their being made too thin. It is proposed
as a practical rule, even with respect to the best stoneware pipes, that
the pipe should have one twefth of an inch in thickness of material for
every inch of internal diameter. One reason, perhaps, for rabbet-jointed
pipes answering so well for water carriage, is, that they are necessarily
made with a thick body, or a body sufficiently thick to enable the rabbet

to be formed.
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90 Construction: of. Drain. Pipes.

:And .in this state the flow is inferrupted, substances detained,
accumulations of deposit formed, and én opening left for-the
escape of the liquid, causing saturation of the soil.~ The joint
now.- most commonly in use, is' the: socket-joint, which from its
frequent inaccuracy in form is liablé :to ‘the like displacement
as the buttjoint :— - o DT - |

-

- In pushing the end of one length-of pipe into the socket; the
cement is apt to be squeezed into the pipe itself, where in
careless workmanship- it has been' found ‘in ridges; creating
permanent obstructions and aceumulations. *This defect is apt
to be occasioned by careless workmanship with any cemented
joints; well-worked eclay is therefore found to be a better
material for jointing ;- but in any case the surveyor should take
care to obviate any.defect of: this kind by having an instrument
passed down the pipes as they are jointed, to remove any super-
fluous material, The joints should be examined as the work
proceeds.* | o |

To obviate these inconveniences, Mr. Austin proposed a half
socket-joint, which might be manufactured eithtla)r “If)ith the half-
socket at one end only of each length of pipe, or at the lower half
of tl)gOtt]-,l ends, and used alternately with a length without any
socket:— - - e |
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The- half-socket fox;_ﬁ.; a bed or foundation, whi
. b formr ] , 'which keeps the
Tespective-lengths'in place; as each successive length is lﬁid in
the half-socket, and not pushed in, the cement is not raised in
ridges, and every joint may be inspected, and the faulty ones re-
.Ected ?ftgfl the pipes have been laid. It has the further advan-
k i%ac u(ity lowing a,nylgngﬁh of pipe to be' taken up without
~ One objection to any descripti joint i jecti

on to any ¢ ption of socket-joint is the projecti
..formed by the socket itself, which acts as ':]a, sort of full)cflll(:g ff())?

% TIn laying socket-jointed pi -
o ocket-jointed pipes, great care must be used to give t
pipes :. fulll bearing, and not to allow the plain ends of the pipes tog :‘vﬁin;l ?’
or rest solely on the socket, as, by doing so, pipes are frequently broken. ’

- Improved Junctions practicable. 01

Jeverage, with the length of pipe, in any disturbance of shifting
beds, or. any vibrations, such as occur in turns and streets. The
effects of these disturbances and vibrations are most seriously fel
in the joints of iron water-pipes. To obviate them a ground cone-

joint is in some places used, when the joints are smeared slightly

with paint or cement, and simply run up close into each other.
The. report of the working of these: joints in. streets of
considerable traffic is very good.—(Vide Report on Water
Supply). . | - :
In cases where it is especially desirable to keep the drainage-
pipes water-tight they should be laid on a bed of well-wrought

‘puddle and gently pushed down into place, after this the space

on each side and up to a level of 6 inches above the erown of
the pipe should be filled up with the same material, thus forming
an uniform and impervious matrix (similar to a mould of wax)
all round them. _ S

Long collars over butt-joints are used to stiffen and carry
pipes safely through irregular strata. They are sometimes used
to repair breakages in lines of pipes with socket-joints; as at
a a. o .

2 .
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In earthenware the rabbet—joilit is sometimes used,—

T N -
g SN

The advantage is, that these -joints form one continuous line,
lying evenly in the beds, and vibrating more evenly than pipes
with the protuberances of socket-joints. To give room for the
formation of the rabbet-joint, more clay is required ; they must
be thicker than with the common socket-joint ; but the labour
in making them is less than in making the socket-pipe, and
they ought to be produced as cheaply. Pipes of red clay, with
a rabbetted cone-joint, thus— = - |

g
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well connected with Roman cement, have been in use many |
years at Weymouth, for the distribution of water.
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92 Construction of Larthenware Pipes

- The sinking of the earth, or an unusually heavy vibration of
it, as by the rapid passage of heavily-laden vehicles, will often
exercise a powerful leverage on a very long and perfectly rigid
line of pipe, and even iron pipes are often subjected to disloca-
tion and breakage from such causes. For the less certain strata,
and for cases where the more stiff collar jointed pipes were
found to be subjecteéd to breakages, in Switzerland, pipes with
conical joints inserted in sheaths, as displayed in the following
ent, are used for the distribution of water; and they may be
commeénded, as of frequent service, for thé removal of soft
water :— o |
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_ They are thus described :—

" - The straight pipes a a are finished uniformly at both endsin a
cone shape, and fit into the conical mouths of the joint pieces, & &,
which are, however, bored rather wider, in such a manner that the
end of the pipe touches or stands against the bottom of the interior
of the sheath, whilst except at that part, a small space is left between,
in which the cement is to be well worked in. The object of this
contrivance is that the cement may present as small a surface as
possible to the pressure of the water. The cementing by this method
becomes a very easy process, and consists merely in rubbing both
ends of the pipe and the inside of the sheath or rings several times
with cement, and in ¢overing them with a thin layer of cement, in fit-
ting them into each other, and in carefully turning them at the same
time the pipe is being pushed forward, so that all the superfluous
cement may be pressed out.” : '

~ In order to spread the base in very uncertain ground, these
pipes are laid npon a sort of sleeper or cradle formed as at c..

- As showing an advance in the manufacture of earthenware
pipes as an expedient for pipe-water distribution, which may
frequently be applicable (as part of a complete system of tubular
drainage) for the application of soil-water as liquid manure, with
full pipes and under pressure, the following arrangement, also
in use in Switzerland, is deserving of attention :—
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© for the Removal of Fluid vinder Pressure. 03

They are thus described, as made and used from the manu-
factory of Mr. Ziegler, at Winterthur, near Zurich t—

% When straight pipes are laid down for great distances, inter-
mediate pieces are introduced at certain intervals, They are
provided with screws, a b, or, if there be no pressure, with simple
stoppers, and are for the purpose of emptying the pipes when
required. To let the air escape to remove any trifling stoppage, side
openings are made in the pipes, and fitted with one or two screws.
These screws, which are likewise made of clay, and glazed,
afford the advantage that the flow of water can be readily shut off
even at a high pressure.* The thread of the screw is rubbed with
o mixture of resin, oil, and tallow, and a small roll of cement is laid
carefully round the head of the stopper, so that in screwing it down
into its place none of the cement may get between the threads and
render the unscrewing difficult.” .

* The precautions with which the distribution of water is effected in
France under intermittent pressures, often of between 100 and 200 feet,
is by the proper distribution of air cushions, and by using screw-down
taps, which cannot be suddenly closed. The Roman distribution, under
average pressures of 100 feet, was often with very common earthen-
ware. At the points of extreme pressure, at the bottom of valleys, it was
their practice to strengthen a line of earthenware pipes, by continuing
it through banks of perforated stone. ~In France, they arm the lower
portions of syphoidal lines of earthenware pipes by short lengths of
jron. A Continental correspondent, giving an account of the use of
earthenware pipes for the distribution of water, says: “I can furnish
you with satisfactory evidence of their almost imperishable durability,
when properly made and bedded, in the remains of an ancient Roman
water conduit in our own neighbourhood (about 10 miles from Zurich),
where a spring is carried from a hill of about 500 feet in height, called the
Lagern, to a village where formerly a Roman station and highroad was
sitvated. Here the water is carried in earthenware pipes laid into the
ground through a distance of several miles, great part of which is not only’
still in existence, but actually doing service. The perpendicular height of
the column of water is not less than 200 feet, and the pressure, therefore,
equal to about seven atmospheres. The pipes are roughly made, but not
glazed inside, but with that attention to sound practical objects, disclaim-
ing useless ornament, and choosing the simplest and shortest means to
accomplish their purpose ; the Romans paid particular attention to the
joints. There is no separate coupling-ring as in Mr. Ziegler’s pipes, but
they are stuck into one another, the lower (receiving) pipe being trumpet-
mouthed, and the upper one slightly conical, thus :—
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« But what is more remarkable, and wherein they differ from the moderns,
is the ecare with which they secured the joints; these arve inclosed in an
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94 - . Construction of Sewers

. -Before information was obtained of the manufacture-and uses
of screw joints in earthenware on the Continent, the use of the
expedient was suggested to some of the chief potters at Stoke-
upon-Trent, but they doubted their practicability. They have,

_ however, been since exceedmgly well made for other purposes

by Messrs. Doulton, potters, at Lambeth. -Screws are so-easily
made that they may be commended to the attention of gentle-

men who have tile-kilns of their own, and desire to improve the'

manufacture of pipes. They will be found to be of frequent
use for the pipes used for temporary purposes, to be screwed
up in:washers, and after use to be unscerewed and removed.

Long lengt]]s of pipes, formed true in the inside, are great

d951derata in-town drainage, particularly for vertical drain-pipes
tolay close to outside walls, for the drainage of high tenements
let off in flats, for soil-pipes, &e. &e.

B The Materials for the Construction of Sewers.

" In the ea.rly penod of the official investigation, attention was
directed to the unsuitability of the ordmary form of brick for
sewer construction, and to the advisability of substituting other
forms and arrangement of material. A reference to some of the
sections ‘already given will fully illustrate the impossibility of
obtaining strength and efficiency of construction with the com-
mon form of . brick in the smaller sizes of sewer. Radiating
bricks have been used for some years with ‘great improvement,

eﬁvelope of mortar, composed of pounded brick (the same material as
the pipes themselves are made of), and forming at the same time the bed
and roof for it, as seen in cross section: —
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“ This casing of mortar when old becomes as hard as the pipe itself, and
forms but one mass. Otherwise, the pipes are laid into the loose soil, with
the exception of a slightly hollowed-out bed at the bottom, made of broken
pieces of pottery, united with a little mortar. These joints have hitherto
proved immoveable, and in order to take two pipes asunder, it is necessary
to break them. This method seems to me commendable, especially in
similar situations, viz., on the slope of a steep hill. The pipes are not
above 2 inches dlameter I shall try to send you a specimen along with
the rest, merely as an historical curiosity in the arts of manufacture.”
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‘with Hollow. Bricks. - =~ 95

but probably owing to some trifling -difference of- cost, -their
introduction has been most partial.

. Proposals were made'during the inquiries by the Health of?
Towns ‘Commissioners, to construct sewers of slabs of earthen-.
ware formed to the required shapes and sizes. On the recon-
stitution of the Metropolitan Commission of Sewers, some trials
of this kind were directed, and also for the preparation of hollow
bricks for the purpose.

Among others, the following form of hollow bricks were
prepared, and experiments tried, under- the direction of Mr. Roe,

o

(vide Table of Results, Appendlx No. 18), which proved that
they were capable of resisting enormous pressure.  The attention
of the manufacturers appear to have been since that period so
entirely absorbed by the lar ge demand for pipes, that little or
no progress has been made in the introduction of bettel material
for the larger class of sewers. i

" The many advantages obtainable from the hollow br 1ck the
greater density of material, increased strength, impermeability,"
and economy, would appear to recommend this principle (which:
has been subsequently brought into use for house construction),
with various forms and sizes specially adapted to the construc—
tion of the larger sewers, and the covering of the larger tanks. .
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96 Eapedients to prevent the Introduction of

Forms of the following character were designed for the pur-
pose, which being drawn to a few different radii, would accom-
modate themselves to a complete graduation of circular and
egg-shaped sewers of the required sizes: —
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" Lock-joints were proposed for the sides. . On consideration

doubts as to their utility prevailed; but trial works were
proposed as to the end-joints, which there was no opportunity
of completing. It appeared probable, that when manufac-
tured on- a large scale, impermeable structures on the prin-

ciple herein described might be made at little more expense

than hollow brick wall; in respect to which it was shown that
hollow wall of 4 inches thick, set in Roman cement, might be

constructed at 1s. per superficial yard, and 9-inch wall at 2s. 6d..

per superficial yard, also-set in cement.

o
g ———
P r——————

L h

foul Gases into Habitations; Failure of Flaps. 97

Ezpedients to prevent the Ingress of foul Gases into Habitations.

Valves or traps, to impede the passage of effluvia, are neces-
sary parts of a system of drains for the removal of foul matter
On the first examination of town districts, even where the open-
ings into the sewers, the gully-shoots, had been trapped, and
at great expense, it was found that offensive smells nevertheless
arose from them. It then appeared that these gully-grates
were trapped with heavy cast-iron flaps, hung with shackles, some
of them between two and three hundredweight, (made heavy
possibly on the hypothesis of making the trap more secure,)
but their effect was, as in the cesspool or plug-trap, to detain
solid garbage, vegetables, or the insoluble portions of ordure;
and the traps often detaining the foul water itself, the sewers
became also a series of cesspools, arranged along the streets,
and opening into them. Some of the worst of these artificial
cesspools were constructed in districts where, although - the
main sewers were under one jurisdiction, that of the’ Com-
missioners of Sewers, these gully-shoots were by local Aects
placed under the charge of another jurisdiction, that of ine
parochial vestries. As a further consequence of their construc-
tion, it became necessary to incur further expense by appointing
men to look after the gully-shoots and cleanse them, which was
done by forcing open the traps, and letting out the matter
detained by them.

Lighter flaps, weighing from two to ten pounds, were placed
at the openings of common house-drains, but the lightest of
them would detain orange-peel, leaves, &c., and gradually
accumulate decomposing matter, as displayed in the following
cross section:— |

The stoneware flaps which were attached to stomeware pipes
were often” well ground, so as to.make an effectual air-tight
fitting ; but, if a straw or stick be detained at. the mouth of
the trap, or if viscid matter accumulate at the mouth of the
drain, it becomes untrapped; the valves might, like curtains,
obstrIEct ]jowerful currents, but they were of little avail to pre-

43 G




prei i ol

N A TR e v

Rk 20, e v e P

EXEMITEDYH

S S
e Sy

4y
4l '
i
by
(‘.

e
N -
et
vty a A
A ot 4 T e R o 51 ad
T 2
X flabele oot A2 Al Ay R oy,

.
SN PW T, PO LTS T P ST

T e ey o

98 . "Superiority of Syphon Traps,

vent the entrance and diffusion of the more subtle and poisonous
gases. | | |
" The best form of trap, the most simple, the least liable to
derangement, and the most economical, and, therefore, the one
to be recommended for house-drains, and for general adoption,
is the syphon water-trap. For the ends of drains, the syphon-
traps will be formed thus :— .

These traps should, when practicable, be placed a little below

the openings, so that the force of the fall of water may effec-
tually discharge the previous contents. It must be always borne
in mind, however, that the efficiency of this trap is dependent
on the regularity and sufficiency of the supply of water. In
respect to other forms of syphons, vide seq. But no trap is to
be relied upon for the protection of dwel]u.lg:-houses Or rooms
against the pressure of volumes of gases arising from decom-
posing deposit.
- Water rapidly absorbs gases evolved by decomposition ; this
property renders it of the more service when the quantity of gas
is moderate, but where it is considerable, the water is rapidly
saturated, and then is found to give off and to diffuse the gas on
the one side, as it is absorbed on the other. The only effectual
protection is the removal of all refuse matter, before it can get
into a state of advanced or active decomposition, to such a
distance that its fumes may mot reach dwellings; and this
important object is effectually accomplished where the several
principles herein set forth are practically applied.

A tubular system of drainage, in combination with constant
water service, properly applied, has no decomposing deposit, no
evaporating deposit, which is appreciable in house-drains, or 1n
sewers. On this system, when all refuse liable to run into decom-
position is immediately received in water, and carried along with
considerable rapidity, it will be removed from beneath houses,
‘and from the whole site of a town before decomposition can
have advanced, and before any of it can get into those ultimate
stages of decay which, in the present methods of town-drainage
it now usually reaches before removal. Under such arrange-
ments the cold and recently fouled water does not diffuse wide-
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and complete Removal of Deposit. 99

spread emanations.* IEven at the outfall itself, there are mno
such odours as those which are diffused from the old sewers
and drains into the houses and streets of the metropolis, and
other ill-drained urban districts. When the pipes are tolerably
full, and the discharges rapid, instead of diffusing upward cur-
rents, the friction of the water upon the air carries with it a
downward current of air, which is strong in proportion to the
velocity of the stream. Under the ordinary circumstances of
the drainage of houses, and the removal of soil-water by pro-
perly arranged tubular drains, the syphon-traps are found to be
perfectly effectual. |

The prevention of the more offensive smells by the altered
arrangements, which avoid masses of decomposing matter
beneath or near habitations, though it renders unnecessary the
use of double traps, (which are often found only to occasion an
accumulation of foul air between them,) cannot however be

practically carried to the extent of abolishing the necessity of
‘any traps whatsoever. Some odours may be expected from the

soil-water smear or deposit, however slight, on the sides of the
earthenware drains, such as may be left on the sides of pails or
vessels from which foul water has been discharged. 1t may be

* On this subject Mr. Cuthbert Johnson, chairman of the Croydon
Local Board, speaking from his own observation, says, “I have found, by the
experience of about three years, that house-sewage drained through imper-
meable pipes into a water-tight tank may be stored even for four or five
days without becoming offensive, when, in the summer months, owing to
our cutting the grass, and irrigating the cleared space almost daily, the
sewer-tank is so regularly and completely emptied, at least once in every
48 hours, that upon removing the lid of the tank there is no more, or
perhaps not so much, odour perceptible as from a London water-butt.
The house-sewage retained in an impermeable receiver for even a
few days, differs very strangely indeed in its degree of fluidity and other
qualities from the noxious contents of an ordinary cesspool, from which the
more fluid portion of sewage is constantly oozing. From these and other
observations I am led to the conclusion, that town sewage conveyed on
to the the land, not from overflowing cesspools, but direct from the houses,
through impermeable pipes, will not possess any properties offensive to the
adjoining inhabitants.” Since this was written, Mr. C. W. Johnston has.
added (March 28, 1852) :—“ The truth of these observations on the in-
offensiveness of rapidly-discharged house sewage has been confirmed by
the result of our experience with the town sewage of Croydon. This is
conveyed through glazed stoneware pipes, with impermeable joints, to one
common outlet, which is at a place where, under a covered building, the
sewage is passed through strainers before it is discharged by other pipes
into the river Wandle, at a place about half a mile from the town. In
visiting this straining-house, every person is impressed with the almost
total absence of even the slightest odour. It is only when the strainers are
cleared of the matters which will not pass through them that any smell is
evolved, like that from an ordinary brick sewer.” ' .

[43] | G 2




100 Principles of the Construction

anticipated that these odours will arise and accumulate so as fo
be appreciable (if the air in the pipes be confined) upon the water-
traps in upper apartments. Therefore, whenever a water-closet,
even with the best sort of syphon-trap, is introduced into a house,
it will be well to provide an escape into the outer air. ‘Where
several soil-pans or sinks from the apartments of a large house
are discharged into a common soil-pipe, or vertical main, the
main should be continued up to the roof and opened to the air,
and, if practicable, it should be carried near the chimney. Pipe
sewers must also have ample ventilation provided at all available
oints. If the air is confined, it is most dangerous when it
breaks forth, which sooner or later it will do.
Where soil-water is conducted to a covered reservoir, and
there is occasion to store the contents, the mouth of the pipe
leading into the tank should be so low dowm, as to be

of the Water-closet. 101

4. Durability, or freedom from the liability of—
a. Breakage in consequence of frost.
b. Derangement of the machinery.
¢. Breakage by careless usage.
d. Stoppages.

5. Itasy repair.

6. Cheapness when manufactured on a large secale.

In the original statements as to the superior economy of a

§ystematic removal of all decomposing town refuse in suspension
in water, as compared with the cost of retaining it in cesspools,

“cleansing them by hand labour, and removing the accumulation

by cartage ;—and, to obviate any chance of under-estimating the
expense of the improvement proposed, it was assumed, that the
most expensive form of water-closet, costing 10l. each, would be
used for even the poorest deseriptions of houses in towns. (Vide

always eovered, and an evaporating surface no larger than the
sectional area of the pipe exposed towards the houses ; the com-
munication towards the houses should be carefully guarded by
additional water-traps ; and vent should be given to the products

Sanitary Report, 1842, p. 223.) And for all towns, the superior
economy even of this form of apparatus over the common modes
of cleansing is demonstrated. But apart from its expense and
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of any decomposition into open space, where it may be rendered
innecuous by dilution with pure air, otherwise the tank will form
a speeies of retort for the generation of noxious gases, spread-
ing through the connected pipes, and bearing upon all the traps
so as to pass those which -are inefficient. If the quantity of
sewage stored be large, or the emanations offensive, they may be
decomposed and rendered innocuous by passing them through a
fire.

The Principles of the Construction of the Water-closet.

Tt is now mecessary to revert to the construction of the chief
apparatus for the decent and eflicient sanitary arrangement of
every household, an apparatus to which but little attention is
usually paid, but which requires the most serious consideration,
as one of the primary works for the sanitary improvement of
houses and towns ; namely, .the water-closet. .
 The particular points to be sought for in the construction of

the apparatus in question, appear to be,—

1. A scour for the complete removal of the soil.

9. The best trap against the-ingress or regurgitation of
efffuvia from the general system of drainage and
sewerage with which each soil-pan or house-sink must
communicate. |

3. The consumption. of the least quantity of water for a
complete scour and perfect trap.

the complexity of the machinery, it is objectionable from its
inefficiency as a trap to prevent the retwrn of effluvia into the
premises, and its difficulty of repair. The following is a trans-
verse section of the common apparatus in use in first-class
houses, with a statement of the objections to it, by a working
plumber.*® '

* Mr. Crump, of Derby.




102 . Superiority of . | . Syphon Water-closets. 103

« One great objection to its (the pan-closet’s) use is the impossi- "

bility of freeing it from the offensive effluvia escaping into the room

whenever the contents of the pan are discharged into the cast-iron

receiver ; and the longer the closet is in use, so also the smell becomes

the greater. This arises from the cast-iron receiver being coated

so repeatedly with soil delivered from the dish or pan, and the con-

struction of the closet not admitting the water to wash any part of

the apparatus, excepting the earthenware basin and dish. In

numerous instances the coating has so accumulated in the receiver .
behind the dish as to prevent its being worked at all, until taken n
down and properly cleansed out.

¢ « In no instance should this description of closet be fixed without

thorough ventilation. There must at all times escape effluvia, al- [
though the seal of water in the trap below, and also the dish, is
secure, the escape being constant through the bush of the axle to '@
which the dish is attached, and as the receiver between the two
becomes foul, the smell finds its way through it, This closet, from
its peculiar construction, is extremely liable to choke up in the trap - i

A et

or soil-pipe. Servants emptying into it the contents of chambers | . . _ |
. and buI(’:]fets, flannels, sc:ulln)lgﬁg‘gbmshes, combs, and other improper _ The defects m the ﬁ}'St construction of this form of closet
Eﬁ things have repeatedly found their way into the trap and produced Wwere, that the water did not come sufficiently high up the
£ the stoppage. | ~ pipe from the trap to meet the earthenware basin; therefore,
24 « Servants, ignorant of the construetion of the closets, imagine that : _and ,becaﬂse f’he water was otherwise inadequately applied, !
2 in discharging the contents of the dish into the receiver they have : coating of soil was left inside the pipe. ‘The following, by the-
§ disposed of any article improperly thrown into it ; but though cleared h same witness, is an example of the more simple forms since
i: from the dish, it merely finds its way into the trap, and leads to its I: introduced :— S
= ‘being stopped up. - | _ - ,
5 ¢ Tn confirmation of the preceding remarks relative to the escape i . ‘ M R
§ of noxious gases, it may be mentioned that the copper pans in these S - =
?1’ closets are frequently destroyed by the action of the sulphuretted I ¢
i hydrogen in the course of a few years; althongh in some instances :
they are placed two feet above the seal of the trap. A
s« The cranks, tumbler, shoe-valve, and machinery part of the appa-
ratus are all liable to speedy deranigement.”

The more simple apparatus, which is now coming into exten-

sive use, is on the principle of the syphon-trap; the first form of !
which used (the long-pot closet) -is shown on the following
page :— - t

l With a small qﬁ.anti’.cy_of water at high pressure, a jforce of
sweep is given which is only effected by a large quantity when

B i F i i,
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the supply is from a cistern slightly elevated. The adjustment
of the force of the sweep at varying pressures, at the different
levels of houses, and altitudes in a town, will require much :
attention from the surveyor. The closet should be so constructed
and adjusted as to act completely with not more than half a

gallon of water. [

The prevention of waste of water is not the only advantage
sought. Though it is always desirable to accomplish any object ,
with the least possible expenditure, and important to prevent 1
waste in each of many thousand cases, the avoidance of un- "_

D

necessarily diluting the sewage, and thereby increasing the i . : i )
difficulty and expense of its application, must not be lost ' This form, when properly constructed, and with an ordinary
sight of. : service-pipe for water, constantly on, and under pressure from
L _ the main, is found, as already stated, to answer-completely. The
Spreaders have been so adjusted in properly-constructed appa- - cost is about 20s. for all that is requisite; to which must be
ratus of this description as to effect a clean and complete 5 - added the cost of the water-pipe and soil-pipe ; but if the dis-
removal of the excreta, with less than half a gallon of water, tance be short, this cost will be inconsiderable.
and yet to leave a sufiicient trap. The plan suggested in 1847 - . .
by the Metropolitan Sanitary Commission,* for general use, was : A highly favourable report has been given of apparatus on
a syphon closet, made wholly of earthenware, with the top of ' the following plan, with a tapering pipe, which prevents the
the pan spread out about four or five inches, so as to form a [ admission of any substances that, having once passed through
sufficient self-sustaining seat, needing no woodwork for fixing 3 : the lower part, could not be cleared away through the larger
- area into which it enters:— -

T

thus :—

oo
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B is the entrance of pipe for escape of effluvia. Vide postea. *

* These several plans were printed for consideration in 1849, and cir- The following is a plan of- the apparatus in use for the
culated for the public service. The plans of the fountain basins and sinks B cottages at Rugby, which is stated to answer excellently. Vide
(vide postea), of earthenware were also prepared and circulated for public » Appgndix as t% the expense of its construction as part of a

, .

.use by the Board ; they. are, therefore, open to the use of all manu- , : S _
‘facturers, and no subsequent registrations or patents for them are of any seb of combined torks for house-cleansing and drainage, and
the supply of water :— - -

“yalidity.
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There are various other forms of apparatus combined on
the same principles ; some of those in use for the higher classes
of houses are very complete and efficient, and only want more
economical construction to render themapplicable for general
use. '

The object of the statements herein-before made is less to
commend any one particular form, than to show the principles
of construction on which it is desirable that improvements should
be made, so that no house need be without so convenient an
appurtenance. | |

It is of adva,ntage- that the seat should be low,—lower than

those in common use.. The height of the seats of the common
privies and water-closets is objectionable on physiological

grounds, and the lower seat is also more convenient for children

dnd young persons. SR - -

. In respect to materials, cast-iron pans are found to be
objectionable ; they oxidise rapidly by the action of wet and.
air.. This bad quality is attempted to be remedied by glazing ;
but if there be any part of the glazing defective, or as soon as it
becomes so, the pan is rapidly destroyed. The stoneware pot-

- House-cleansing Apparatus. 107

tery soil-pans are free from these objections, and they are not
liable to injury from frost.
~ Where parties choose, either wood or cloth might be put
over the seat, and it might have a double wooden cover on the
principle of a seat in a frame to be lifted, and vessels emptied
into the sink or trap without wetting the seat. It is desirable
to dispense with wood-work as much as possible, not only on
account of expense, but also because it is absorbent of filth and
gases, and not so readily cleansed as earthenware. ',
For cottages, not having in-door convenience for privacy, this
apparatus can be easily adapted to the present privy build-
ing, so as to abolish the offensive and disgusting state of such
places, described in every report presented to -the Board, as
among the most injurious and demoralising features of provincial
towns. It is most important also that the apparatus should
oceupy but little space, so that it may be conveniently intro-
duced amidst old and confined habitations. ‘ .
Arrangements should be made for cleansing the improved
privies, urinals, and sinks in lodgin g-houses, by means of jets
of water instead of the broom. For this mode of rapid and
complete cleansing, earthenware will be highly convenient.

Under the constant system of water supply required for the
proper execution of the objects of the Public Health Act no
cisterns, such as are rendered necessary by the intermittent
supplies by trading companies, will be required ; but it will be
requisite that the surveyor should advise as to the adjustment of
the water for such apparatus, according to the force of the sweep
with varying levels. He should not allow any house-drain to
be introduced into the common pipe-sewer until he has inspected
the condition and action of all closets, sinks, and other tribu-
taries, with their several traps, and certified to their efficiency
and conformity to the general system. This will be protective
of the occupier or owner of the property against the culpable
-ignorance, as well as reckless waste, of tradesmen and work-
men, which have spread the sources of pestilence amidst.town
- populations. _ o . - _ .
Considering the degraded condition of a portion of the popu-
lation, the general use of self-acting apparatus of various kinds,
‘acting from the seat or footboard, has been urged as necessary ;
but though in the instance of common privies such an apparatus

may be desirable, it is not indispensable, for soil-pan apparatus
‘as above described, and without such mechanism, has now been
in.use in improved model lodging-houses and dwellings, and in
-old houses, occupied by upwards of 2,000 of the poorest classes:
in one district it has been used by common colliers, and in
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108 Clses for self-acting Apparatus.

another by the poorer Irish. In these instances the supply of
water by the trading companies was intermittent, and it was
otherwise badly applied. In a very large proportion of cases
where the soil-pans were cleanly, they had to be kept so by cans
of water, in consequence of the defective application of the in-
termittent supplies. Where a stoppage had been occasioned it
was easily removed ; and out of the whole of the cases, in four
instances only had it been necessary to take up the pipes, and
in two of these the stoppage was occasioned by brick-bats having
been thrown into the pipe whilst being laid down, during the
temporary absence of the workman; a third stoppage was
occasioned by a brick enclosed in a thick piece of flannel, and
the fourth by a large accumulation of rags, flannel, and hemp.
The self-acting apparatus would, therefore, appear, so far as
experience has gone, to be far less necessary than was antiei-
pated, and its necessity may as yet be said to be confined to
the cases of the common lodging-houses, public privies, and
places where a perpetual succession of untaught and unteach-
able occupants may be expected, and where perverse ignorance

as well as carelessness must be guarded against. Self-acting

apparatus attached to the door is a convenient arrangement;
but all such places should be subjected to the inspection of some
one under the direction of the surveyor. | |

In order, however, to check excessive waste of water, one or
other form of self-closing valve appears to be essential.”

“‘Whilst providing this soil-pan apparatus, provision for the
covering of it, that is to say, for “ the privy, properly so called,”
must, with respect to many neighbourhoods, be considered, so as
to secure the means of privacy and decency.

In suburban districts the cesspool and the privy are, in
the fourth-rate houses, often placed at the end of gardens.
‘When the cesspool is-filled up, and the soil-pan apparatus
substituted, one reason of the site of the privy being so far
distant from the house will be obviated. The expense of
carrying separate water-pipes and separate drain or discharge-
pipes to so distant a site renders it ineligible.

# Tn one district where new combined works have been executed, and
where the consumption of water was excessive, it was found upon investi-
gation, that, from neglect of the surveyors, many water-closets and soil-
pans, being of bad construction, did not clear away the soil, and that the
occupiers kept the common taps open, allowing the water to run con-
stantly, to keep down the smells, whereby the general consumption of
water was made more than twice as great as where self-closing valves
or taps, attached to proper pans, were required before any junctions with
the main water supply were permiited. ' -

Arrangements for Water-closets. 109

Privacy, but above all the convenience of the feeble and the
sick, especially in inclement weather, require that the site, if
not, within the house, should be brought near to it.

It is only when the house and main drainage is completely
amended, and then with care, as recommended (Vide ante:
effluvia traps), that the apparatus should be brought within the
house. The water-closet being generally placed at the back
part of the premises, it is suggested for the consideration of
owners, whether they could not in most cases form -the privies
on the outside of the back part of the house, with a com-
munication through the back wall from the landing of the
stairease, or elsewhere. _ ,

In suburban cottage tenements and small dwellings, it is
desirable that whenever the weather admits of it, washing
should be done out of the house, in a shed which may be very
conveniently constructed near the privy. ~ »

The pan-trap and ground-valve of water-closets may be con-
tinued in the better class of houses, where they already exist,
and their cost is not a barrier to their use; but no water-
closet so supplied should be allowed under-any circumstances
to communicate with the new drainage without the addition of
the syphon-trap also. | . :

In new houses, however large and costly, erected within
districts in which there is constant water service and tubular
drainage, the lever-tap, basin, and syphon may be safely
recommended. :

Means of removing waste Water from Kitchens, Outhouses,
and Yards. |

Unless sinks convenient for the reception and removal of
refuse to its appointed receptacle be provided, the fronts and
back yards of cottage dwellings will be kept in a constant state
of wet and filth from the slops and waste water which will be
thrown out upon them. '

The usual trap employed for kitchen sinks and drains is the

bell-trap,

and the method in which it is applied renders it little better t]ian.

nseless, while at the best it would be far inferior to the syphon.
The hell-trap is mostly made so' small, that the little water it
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110 Means of removing waste Water

contains must be immediately overcharged with the foul gas to
which it should form a barrier. It is so constructed as to favour
the constant accumulation of deposit, and requires such incessant
clearing out that it is necessary to make the bell and grating a
separate loose appendage, which being constantly taken up, is
seldom found in its right place.® The employment of this trap
ander such circumstances is most mischievous, and is a con-
‘Stant source of annoyance and trouble. If the bell-trap is to
be used at all in sinks, it should be made very considerably
‘larger, of better form, and with fixed bell, even if the grating
be moveable; but as under these circumstances the cost would
be three or four times that of the syphon, with no single
advantage, its discontinuance altogether may be safely advised.
Tt appears to be thought necessary to apply the principle of the
bell-trap to the heads of gully-shoots from streets as well as roads,
to detain silt and other detritus, apt to be carried from the sur-
face in excessive quantities; but in streets care should be taken,
by means of the water-jet, to change the water, and cleanse
them frequently. '
 Various forms and sizes of syphon-traps are shown in draw-
ings No. 18 and 14, all of which would be useful under varying
circumstances. Economy and advantage would arise from the
use of the double and triple syphons shown in the drawing
No. 14, where the various branches could be readily conducted
to one point. This may very frequently be accomplished.
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At A in the sketch the rain-water pipe, kitchen-sink, and
yard-drain would be all trapped by one syphon; an arrange-
ment cheaper and more efficient than the adoption of separate
syphons to every branch. While the drains are thus quite as

from Kitchens, Outhouses, and Yards. 111

On looking at the extraordinary substances that are now
and then found in the sewers—rags, bottles, broken china,
cloths, brushes, and other matters,—apprehension is: frequently
expressed that small drains never can be successful : but when
it is seen that not the slightest precaution is taken to guard
against the admission of such improper substances, it is wonder-
ful that so little solid matter of this kind finds its way into
the sewers. There is scarcely a single opening in the present
house-drainage that is permanently protected: The gratings
and sink-stones of yards and areas are often either entirely loose,
or so placed that they may easily be made so. The bell-traps
of sinks are almost invariably separate, and are often opened
by servants in order that the solid matter may with greater
facility be sent down the drain. Rain-water heads have seldom
any fixed protection, and lumps of mortar, tile, slate, and
rubbish frequently enter them.

It is, therefore, recommended that for the future no drain
whatever should be allowed to be without a perfect protection to
every opening, that the protections should be so secured and
arranged as to be immovable, and the drains rendered. inacces-
sible for swreptitious and improper purposes. The ordinary
form of water-closet in the better class of housesis found a ready
opening for servants to dispose of inconvenient articles, and the
practice of throwing matters down them is sometimes an
amusing pastime for mischievous children.’ As the pan-basin
is for the most part used without any security against such

. an evil, it is to be expected that such abuses should be met

with. .

Where the syphon-trap is used alone, as in the poorer class
of houses, it will be essential that the opening should be as
small as possible, and that the syphon should be sufficiently far
from- the opening to prevent substances being introduced by
hand, by mischievously-disposed persons. A 8-inch syphon,
communicating with a 4-inch drain-pipe, will be found a safe
arrangement, when the syphon is near the pan. Nothing

- would then pass but such matters as would be carried through

by the force of the water, and no danger need be apprehended.

As the traps themselves, however, might frequently get choked

by substances thrown down (especially in the first instance,

Dhefore tenants became aware of the inconvenience to them-

effectually trapped, their combined action upon one point affords
greater security for keeping the syphon clear, the water fre-
quently renewed, and the trap at all times charged.

selves), the traps should be accessible to the workmen of the
Tocal Board without great labour or inconvenience. It is
therefore suggested that a cap should in all cases be adapted to
them, but not readily removable, lest improper substances should
in that way be surreptitiously introduced.
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*. * This ‘objei:tibn does not apply to a f'qu of this trap patented by
‘Mr. Lowe. - ‘ |
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112 Means of removing waste Water

The following drawings exhibit forms of stoneware heads
and inlets to drains, for use in yards, areas, sculleries, and other
similar places, with the covers so arranged as not to be readily
removed. The holes or openings of discharge should be so small
on the.upper surface as practically to answer the purpose of
preventing the entrance of obstructing substances, and should
be enlarged or countersunk beneath, to the extent that the
substance of the material will altow, in order to prevent the
clogging of the aperture. Gratings, or covers with slits, or
long openings, through which sticks and flat substances likely to
choke the drain would readily pass, should be avoided.

P PIRWITH SCREW NUTHEAD
QE SALVANIZED IRDY

The drawings at pages 116, 117, and 118 show different
Iinds of kitchen-sinks, or wash-hand-stands of stoneware for
bed-rooms or chambers; but other sizes and forms may be
manufactured, as convenience or taste may dictate. The branch-
drain from the kitchen sink is that which at all times would
probably be the most liable to stoppage, by reason of the grease
and small refuse matters constantly discharged from' culinary
operations. Especial care should be taken, therefore, to guard
against this difficulty. The sink-holes should be small and well
countersunk, but they should be much more nurnerous than they
usually are, and the strainer should be invariably a fixture.
Bell-traps should be disused where syphons are put in, as they
impede the force of the discharge, and are themselves con-
stantly liable to become choked. ‘Where single syphons are used,
they should be no larger than the waste-pipe of the sink with
which they are connected otherwise the force of the water is
destroyed. They should be placed near the floor, where they
would be sufficiently removed for the water to acquire a flushing
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power, and yet not so distant that the greasy water would be
ccoled before reaching the syphon and be deposited within it.

'With drains well constructed and their inlets properly secured,
stoppages will be very rare ; butin case of accident, all appliances
should be immediately at hand for the removal of obstructions,
on application being made to the surveyor. IFor this purpose an
important use might be made of the water supply-pipes. By
having a length of flexible tube, which could be readily attached
to any tap and applied to the inlet of the obstructed drain, when
that inlet is at a distance from the tap, the whole pressure of
the column of water in the supply-pipes might be brought
to bear in any drain, and a most powerful auxiliary obtained
for clearing it. .

As a general rule, however, it is desirable that the taps should
be so placed as to act directly upon every inlet of drain that
may be likely to receive any substance capable of causing a

stoppage.

Provisions for the Supply of pure Water into, and the Removal
of foul or waste Water from upper Rooms and Flats, or
separate Tenements in Housces.

The same sanitary reasons for the removal of all foul water
and refuse from the lower parts of houses in towns, suggest
that it should be as constantly removed from all upper rooms.
Indeed, the larger houses occupied by separate families, in
floors or flats, (and far too extensively in single roomed
separate tenements,) are to be considered and ‘treated as
elevated courts or alleys, the staircase as a common passage,
and each distinct oceupaney, whether floor or single room, as a
separate tenement, and each should have at least its water
supply-pipe and sink, or waste and return pipe. : B

The retention of waste water in such rooms until it may be
convenient for the occupant to remove it, is a great _sanftax-y
evil. The mother may be sick or unable to carry down waste
water, and, as a consequence, impurities are retained just at
the time when the condition of the inmates renders them
most noxious. The superior salubrity and comfort of the rooms
in the model lodgings and dwellings is in a great part aseribable
to the conveniences of sinks, os well as to the water supply
contained in each set of rooms. Under circumstances ordinarily
advantageous, a water-pipe may be carried into every separate
room or temement, giving a constant water supply, and a con-
venient sink may be fixed up and maintained in good action, at
an expense of from 1d. to 2d. a week.

[43] H
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If a poor woman can occupy herself with any of the worst-
paid labour, even making shirts. and can obtain upon the upper
floor - occupied by herself and family, an abundance of pure
water,—a hundred pailsful carried to the top of the highest
house, if they choose to use it, for 1d., and, for the like pay-
ment, the removal of the waste water,—it becomes an extra-
vagant waste of timie and labour, 7. ¢., money, on her part, to
fotch water from the ground floor, even. if she could obtain

it and the use of the pump gratis; and, so in respect to the

economy of carrying down stairs the foul or waste water. The
labour of earrying water up and of carrying slops down, is a
great impediment to the free use of water, and a great dis-
couragement to cleanliness. | : |

" The proposal to lay on water into separate rooms may excite
surprise, and it will be alleged that it is not demanded by the
tenants ; and it is perfectly true that poor tenants have little
idea of the practicability of such conveniences until they learn
that they are introduced at a cheap rate, and with much
advantage to health and comfort, into model dwellings and
lodging-houses. As a general principle, it may be repeated,
as stated in the Sanitary Report of 1842,—

« The interposition of the labour of going out and bringing
home water from a distance acts as an obstacle to the formation
of better habits; and it is an important principle to be borne
in mind, that, in the actual condition of the lower classes, con-
veniences of this deseription must precede and form the habits.
Tt is in vain to expect of the great majority of them that the
disposition, still less the habits, will precede or anticipate and
create the conveniences. Even with persons of a higher con-
dition the habits are generally dependent on the conveniences ;
and it is observed, that when the supplies of water ‘into the
houses of persons of the middle class are cut off, by the pipes
being frozen, and when it is necessary to send for water to a
distance, the house cleansings and washings are diminished by
the inconvenience; and every presumption is afforded, that if it
were at all times requisite to send to a distance for water, and
in all weathers, their habits of household cleanliness would be
deteriorated.

« Tn Paris and other towns, where the middle classes have
not the advantage of supplies of ‘water brought into the houses,
the general habits of household and personal cleanliness are
snferior to those of the inhabitants of towns who do enjoy the

advantage.
«The whole family of the labouring man in the manufacturing

and the. Removal of waste Water from them. 115

towns rise early, before daylight in winter-time, to go to their
work ; they toil hard, and they return to their homes late at night.
It is a serious inconvenience as well as discomfort to them
to have to fetch water at a distance out of doors from the pump

- or the river on every occasion that it may be wanted, whether

it may be in cold, in rain, or in snow. The minor comforts of

- cleanliness are, of course, foregone, to avoid the immediate and

greater discomforts of having to fetch the water,”

These necessities as to the drainage of houses and rooms,
_have, however, been perceived at periods of less civilization.
Mr. Layard found at Nineveh, drain-pipes laid from single
rooms, leading towards what was presumed to be a general
system of sewers. Drains are found from the rooms of Roman
edifices, particularly from the tesselated pavements of the hollow
floors of dwelling-rooms as well as of baths. Vitruvius gives
instructions for the construction of these floors with an inéiine,
that the waste water might run off to the sink or the drain
provided. ' ' '

_ In the higher classes of houses, pipe distribution of water
into separate floors and into separate rooms, with proper
return pipes, is not less economical of the labour -and time
of servants. In a first-class house almost the entire service of
one servant may often be saved by proper arrangement of dis-
tributory and return apparatus. ‘Where these conveniences are
mtroduf:ed de novo, even in the poorest houses, an increased
rent will be justified and obtained for them. It is improper,
indeed, to represent these works as burthens to any one; they
are, Wh.en efficient, means to the reduction of existing burthens,
and will be willingly paid for by those who are benefited,
namely, the occupiers.* It will be a proper course for Local
Boards to effect these objects, by private improvement rates and
distributed charges. An obstacle to such arrangements is, the
trouble they give to the officers, who, especially the older officers,
are therefore apt to avail themselves of technical difficulties .

- for avoiding them.

A labourer at Barnard Castle, having been told that the cost
of laying on water to the upper floor, which he occupied, would
be 3d. a week, and being asked if he would pay it, ‘with a
proper spirit, replied, “ Do you think 1 would make my wife a
beast of burden for the sake of three farthings a week 7

* It has repeatedly happened, that improvements increasing the health-
fulness of dwellings have been amply paid for, not by increased rents, but
by rents better paid; for the sickness or death of a tenant is one of the
most frequent causes of a landlord’s loss of rent.

[43] | n 2
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Supplying water to any part of the population by means of

. public stand-pipes should be entirely discontinued, for they act
‘as discouragements to the proper provision of water for the

poorer class of houses, which ought to be supplied individually.
The supply obtained from stand-pipes is very generally insuf-

* ficient, and the waste excessive, while resorting to them ‘is

attended with great inconvenience, and leads to constant dis-
putes and quarrelling. These objections do not apply to a

- provision -of drinking-water to wayfarers, by means of very
_ small self-closing taps, nor to troughs kept full of water for

horses, cattle, dogs, &ec., which animals suffer much in towns
for want of water in hot weather. -

Earthenware sinks may be made cheaper than stone ones, and
harder than those of common stone. They are better shaped,

- have more complete traps, and can be made more sightly, and

be more easily and completely cleansed. The waste-pipes to
the sinks may have plugs, or washers, as well as syphon-traps.

‘Where sinks in upper rooms communicate with vertical main
drain-pipes which receive the waste water of several depart-
ments, it is desirable to have a plug for each opening. At the
foot of the sink there should be a syphon-trap in addition, as in

the annexed section :—

Water into every Floor of Houses. 117

It is not an eligible arrangement to have the evaporating
surface, even of a syphon-trap, opening into a bedroom or a
dwelling-room, although that may be better than having the
whole of the waste water itself there, Under a proper systh of
drainage, there will be no such pressure of noxious gases as
there now is from the drains of deposit, or from the sewers
of deposit, or other forms of cesspools, with which the house-
drains communicate. There may still be ascending vapours
from the stains on the sides of pipes, which, however slight,
should be kept out by having a superior exit provided for them,
so as to avoid their bearing upon the upper orifices.”

The sinks in rooms will be used for washing upon, and in
bedrooms as wash-hand-stands. As it is inconvenient to lift
tubs of water or baths used for washing children, it will be
proper for that and other purposes to have a second sink at the
foot of the stand, as shown in the subjoined plan:(—
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* The dust-shafts in the model dwellings are found to need alteration, so as
to avoid inconvenience from escape of effluvia into the rooms from the heaps
beneath, which are improperly kept upon the premises for several days by
the authorities at present charged with that portion of the arrangements for
town-cleansing. The inconvenience would be diminished if the dust-flues
had superior openings, soas to lead the emanations above the roofs, away
from the habitations. But this, though it would dilute, would not prevent
the emanations, which can only be done by avoiding the retention of refuse.
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The water service-pipe should be of small bore, and made
of tin, glass, earthenware, or other innocuous ma,i.;erlal; and
self-closing valve-taps, though a little more expensive at first,
will be found economical by preventing the waste of water from
carelessness.*

Provision for the frequent Removal of Solid Refuse from
| Dwellings. :

TIn several places the General Board provided, during the
continnance of the Diseases Prevention Act, for enforcing
as a regulation the daily removal of refuse; and they are of
opinion, as already stated in the circular on the cleansing of
towns, that such a regulation ought to be made permanent,
Tt is a common practice to throw into the dust-bin, along
with coal-ashes, the garbage of meat, fish, hones, (.:abbqge-
leaves, and vegetables, which are apt to pass rapidly into

* Tn many cases it would be inconvenient, and in all expensive, to _con-

ceal from view pipes carried into the upper rooms of old houses, if so large
-as those usually employed for the conveyance of water. To avoid this cost
‘and inconvenience, ‘Mr. Holland has suggested the substitution of very
small pipes, one eighth of an inch in diameter, or less, through which an
ample supply of filtered water might be delivered ; but as the rate of
discharge would be inconveniently slow, he proposes to provide an air-
tight vessel, into which the water would enter until the air contained 1s
.s0 far compressed as to balance the pressure of the water. On the tap
‘being opened the water will be driven out by the air-spring as rapidly as if
supplied by a pipe as large as the plug-hole of the tap. It is necessary
that the air-vessel shall be large enough to contain as much waier as will
be required- at once ; it will gradually fill again between the intervals of
drawing, and in a few minutes a fresh supply may be obtained. The
water, being in an air-tight vessel, is not exposed to any risk of pollution.
The pipes need not be larger than a tobacco pipe, and may be made of
earthenware, glass, gutta percha, or other incorrodible material. ‘Such
pipes are very inexpensive, and may be concealed as easily as bell-wires.

|
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Refuse from Dwellings. - 119

decomposition, in which state they become alike offensive
and injurious; and it is this bad practice which renders
frequent removal indispensable. Dust-heaps, containing such
garbage, are the usual sources of flies and other insects which
infest the interior of houses, betoken impurity of the air,
and befoul meat, provisions, and furniture. The refuse is
sometimes thrown into cellars, and allowed to collect for
months together, or it is cast into the privies and cesspools.
Although this is not a subject directly connected with house-
drainage, it is an essential consideration with .respect to the
health of the population, and one especially demanding proper
provision in order to secure the house-drains and their ap-
pliances from improper usage; for it is highly probable that,
in these econfined spots, where cesspools are now improperly used
as dust-bins, if no other convenience were afforded, the water-
closet basins would too often become (at all events in the first
instance, and as far as they could be used for such a pur-
pose) the dust-bins hereafter, and that considerable expense,
annoyance, and trouble would ensue in emptying and cleansing
them.* By proper arrangements, the time and labour of more
frequent collection and removal of such refuse may be greatly
diminished. Increased frequency of collection causes no addition
to the bulk to be carted away, or within certain limits, to the
expense of cartage, and under proper arrangements, frequent
removals, from house to house, need be little more expensive
than infrequent removals of larger quantities from houses, made
at a distance from each other. The cost of collecting might be
diminished by providing moveable dust bins or boxes capable of
holding the usual accumulation between the intervals of the
cart being sent round, the box being lifted at once info the cart,
so as to avoid the dust and dirt.occasioned by filling the dust
into baskets, and throwing the contents into the cart in the

* Tn houses where the separate floors are let to different families, arrange-
ments might frequently be made for providing dust-shafts, much to the

~ comfort and health of the inhabitants. This provision has, in the model

dwellings and lodging-houses been found to be a very great boon to the
poor, and is duly appreciated. It is yet an inconvenience in those dwel-
lings that the dust is not more frequently removed by the dustmen from
the bottom of the shaft, vide ante, p. 116. The evils and inconveniences
which the population suffer from accumulations of refuse are sorely op-
pressive ; and the proverbial insolence and neglect of dustmen, often
only to be overcome by bribes, amount to a direct tax upon the poor
tenants, who, when they have scarcely wherewithal to buy bread, are

found clubbing their halfpence together as inducements to these men to do
their duty.




120 Provision for the Removal of Solid

street, arrangements being made for changing the full receptacle
for an empty one, at such short intervals as may be found most
convenient. The dust-hoxes may be advantageously provided
by the Local Board, otherwise they will not all be of con-
venient or uniform size, and cannot, therefore, be packed so
closely in the cart in which they are carried; while it would be
difficult to avoid occasions for dispute if the boxes belonged to
private individuals ; besides, they can be supplied more cheaply
in large numbers than singly.® The byelaws may, therefore, pro-
perly provide—
" That ashes and other kinds of refuse shall be placed ready
for removal at the times appointed, such refuse being put into
a, convenient receptacle, ready to be given to the dustman when
the dust-cart passes by.

That no dust or dirt shall be thrown on the surface of any
court, yard, or passage, or out upon the footpath, or swept into

.the street during the day, after such shall have been cleansed,

persons being required to retain all such refuse until the next
time the scavenger passes.

In respect to the cleansing of stables, a provision for the
constant removal of dung should be made, similar to that for
the removal of house refuse. Mews and quarters where horses
and cattle are kept in towns, are often what have been properly
cailed  fever nests,” to which the attention of the General
Board has been strongly directed, and evidence has been received
from eminent veterinary surgeons that frequent and complete
cleansing, and other sanitary measures, are as important and
economical for cattle as for human beings. The stable-keeper
who permits stable-dung to accumulate and rot in or near the
stables, until he can dispose of it in a heap, is generally guilty
of a false economy. Late reports of agricultural associations
have incontestably proved that disease and epidemics amongst
cattle are most rife in filthy, close, ill-cleansed, and ill-ventilated
byres and stables. The pallid complexion and low health so

* A dust-shaft, or even box, beneath the ashpit of the kitchen fire,
covered by a grid to prevent the entrance of coals or cinders, saves fuel
considerably, and prevents much of the annoyance of dust-bins. It has
been proposed to add to this a receptacle in which vegetable refuse may be
placed to dry, the vapours from which would pass up the dust-flue into the
chimney, and the dried remains might be burnt. Such arrangements would
greatly reduce the quantity and the offensiveness of refuse to be carried
away. It would be wise for those who keep horses at livery to be more
careful than they usually are in choosing stables which are kept in a
salubrious condifion. .

1
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- Refuse from Stables and Slaughter-houses. 121

common among stable-keepers denote the unwholesomeness of
the atmosphere thus created. Whatsoever may be the far-
mer’s usual vractice as to the fetching of dung, its accumula-
tion in the vieinity of crowded dwellings should be rigorously
prevented, and provision should be made for its due removal
by the scavengers appointed under the Local Board. The

detention of dung until it dries, giving off offensive gas, to the.

pollution of the air, is moreover injurious to the dung itself, for
many farmers have now become aware that recent, or, as they
call it, “fresh dung,” is the most powerful as manure, and they

-will therefore pay more for it.

But were the interest of stable-keepers, in having perfect
cleansing, less in accordance with that of the town, as no one
has any right so to conduct his business as to make it annoy-

ing and injurious to others; no accumulations of dung near.

dwellings ought, therefore, to be permitted beyond what can be
contained in a covered receptacle of limited dimensions, provided
with a trapped drain to carry off the lquid manure, and emptied
at short intervals. R

The occupiers of stables and slaughter-houses, who are in
the habit of what they call “ saving” the manure, that is,
keeping it a long time, at such real expenses as those adverted
to, may object to frequent removals of refuse as interfering
with their means of selling it. If they choose to retain such
accumulations in disregard of the health of their own servants
and the condition of their cattle, they should not be allowed to
to do so to the anmoyance of other inhabitants and the injury
of the public health. But owners of such refuse would, for
the reasons already given, find it to their interest to remove
it more frequently, and an arrangement might be made with the
contractor to make for it a fair allowance.

The retention of decomposing refuse in slaughter-houses, and
the neglect by butchers of frequent and complete cleansing, is
also proved to be not only dangerous to health, but even, in a
pecuniary sense, an error. Offensive odours, and a close and
stagnant atmosphere, injure the quality of meat, dispose it to
taint, and promote its rapid putrefaction. It has been demon-
strated, that meat killed in slaughter-houses where a degree of

_cleanliness and freshness is maintained above the average,

“keeps” beyond the ordinary time; whilst meat killed in
slaughter-houses where there is excessive filth and closeness,
becomes sooner tainted, occasioning great Joss. Professor Owen
has pointed out that,—
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< Another advantage (of well-conducted slaughter-houses) was,
that the butcher, getting the meat in better condition, was able to
keep it fresh much longer than it could generally be kept in London.
T have seen in Clare Market fine joints of meat thrown on the offal
heap, and carted away in thirty hours after the slaughter of the
animal ; this had been the case with carcases which had been sus-
pended for only one night in the tainted atmosphere of the slaughter-
house. The owners of these places appeared not to know that a
piece of fresh meat placed within the atmosphere of tainted meat
would rapidly partake of the corruption, and seemed also not to be
aware that their filth and ignorance combined to make them pay a
large fine out of their own pockets, in ‘the shape of meat thrown
away, if it could not be forced by its cheapness on the poor inhabitants
of the distriet.”

_ The dung in slaughter-houses, the blood, and much of the
garbage heretofore removed by band, might be removed by
convenient apparatus on the principle of a water-closet. For
this purpose arrangements should be made for easy access to
one of the branch or main lines of sewer, having an adequate
flow of water, for the removal of most of the manure which is
now collected and removed by cartage. By such arrangement,
almost all, if not literally all, filth liable to decomposition, that
is, liable to become annoying and injurious, might be at once
got rid of, leaving scarcely anything but coal-ashes. and per-
fectly dry substances to be removed by hand.

~ Similar means would be applicable, to a considerable extent,

for the removal of the remains of fish and other garbage, and,

the cleansing of markets, as well as for the removal of dung
and the cleansing of stables. o

Tt should be the duty of the inspector of nuisances, or of
some other officer under the direction of the surveyor, to com-
municate information to stable-keepers, fishmongers, and other
inhabitants as to the conveniences available for such purposes,
and to give instruction as to their use; the object being not to
increase labour and trouble, but to diminish them as much as
possible. All practicable conveniences should be provided, and
full information given, before attempts for the enforcement of a
change by means of penalties are resorted to.

The Local Board may fairly provide, as a byelaw, that the
cleansing of the interior of all yards and premises whatever
shall be so frequent and complete as to prevent any offensive
odours being diffused, so as to be perceptible to the neighbours
or passers-by. '

~
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Necessity for Public Conveniences in Towns. 1238

Public Conveniences.

It will be the duty of Local Boards of Health to provide
public water-closets and public urinals, as important means of
preventing the deposit of filth on the surface of the streets or
on walls. Such conveniences may be considered as indirect
means of surface cleansing, and should be erected near markets
and places of large resort, as good at least as those provided
at railway stations, or with improved construction, giving more
light and air, and better means of cleanliness, and placed
under proper care. Public water-closets should be examples
of the most perfect cleanliness and freedom from offensive
odour. In some places an arrangement has been sanctioned
of a small paynient for a superior order of accommodation.

The Surface cleansing of Streets and Edifices.

One important mode of applying the prineiple of the removal
of all town refuse in suspension in water, is that of cleansing
streets by means of the jet d'ean. |

~ The broom without water loosens and removes a large pro-
portion of the indurated filth ; but in some states of weather it
smears and spreads ordure, and increases the surface evaporation
from it, leaving the filth between the interstices of stones un-
touched. In dry weather, it raises dust; and the operation of

 street cleansing by sweeping alone is very incomplete.

The cleansing by jet is, on the contrary, complete; it cleans.
interstices and removes everything. = Slight showers soften the
swrface dung and dirt of streets, and render it adhesive. A pro-
per jet scours and clears all perfectly away. Properly applied, it
leaves neither loose mud nor puddles of stagnant water ; it more-
over scours away the filth from side walls,* and may be used to

* Mr. Seymour Tremenheere, in his Notes on Public Subjects in
the United States, p. 108, thus describes the improvements in the supply
of water in American towns, and the usual process of applying the jet :—
“ The luxury of cold water is one which certain of the great companies seem
to think unnatural to man ; of cold water, atleast, in abundance and purity.
Tt is rather tantalizing to one who leaves London in the beginning of August
to find himself in ten days in cities across the Atlantic where bath-rooms are
almost as numerous as bed-roomsin every private house of any pretensions
to comfort, that even a moderate competency can command, and where the
purest water is let in at the highest habitable part of every building in
unlimited quantity and for a most moderate payment. It is somewhat
amusing, too, to.see the Irish maidens in Philadelphia (in their usual
vocation of housemaids -there as elsewhere) tripping out in the early
morning upon the broad brick foot-pavements, and screwing a small hose of
an inch in diameter to a brass cock concealed under a little iron plate near
the kerbstone ; then, with an air of command over the refreshing element,
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clean the fronts of houses. When applied by means of fire-
engines, during the prevalence of cholera, to the cleansing of
close courts and alleys, there was a decided check given to the
viralence of the disease. When used in such courts and alleys
in sultry weather, the effect is most grateful to the senses. The
operation of cleansing by the jet is far more rapid than by hand-
sweeping, or even than sweeping by machine, and is less expen-
sive by nearly one half than hand-sweeping. The apparatus is,
moreover, available for the extinction of fires in towns more
rapidly and effectually than by any other known means; and
where skill in its use has been acquired, losses and risks from
fives have been diminished more than one half. The hose and
jet is also an important means of removing any stoppages from
house-drains and pipe-sewers. |
For such cleansing, no less than for the proper sanitary condition
of the dwellings, the existence of a good surface pavement is
presumed. The available experience for the construction and
pavement of courts, alleys, streets, and roads, will form the sub-
ject of separate minutes of information; but it may be observed
here, that unpaved and uncleansed surfaces near crowded habita-
tions, especially in closed courts, back-yards, passages, and other
close and ill-ventilated localities, are often more noxious in their
influence on the health of the population, even than cesspools.
Where the surface is unpaved, it becomes the depository of

directing a copious shower against the windows, shutters, front door, white
marble steps, elegant iron railing, green shrubs, small and much-cherished
grass-plot, heavy-blossomed creepers hanging on neat trellis-work, and
finally upon the graceful acacias, or the silver maple, or the alanthus, or
the mountain-ash above her head. Next advances a graver character,
whose business is to ‘lay the dust.” He-drags after him a snake-like hose,
some 50 feet long, one end of which he has screwed upon the stop-cock

fixed by the side of the pavement, while from the brass pipe of the other

end he throws a strong jet over the street, and to a considerable distance

beyond the point at which he has arrived when he has come ‘to the end of
his tether ;7 he then removes the screw-end to the next cock, which is at
the proper distance to enable him to reach by the jet from the hose the
point where he left off. The jet is also eminently serviceable in cleansing
streets, courts, and alleys, which can never be sufficiently purified by mere
sweeping, and also for clearing out drains and sewers, and preventing
accumulations which cause offensive and noxious exhalations. It is recom-
mended for that purpese in the Report of the General Board of Health on
the Supply of Water to the Metropolis (London, 1850, page 231), and
experiments with it are adverted to which had been made at Sheffield and
elsewhere, apparently without a knowledge of the fact of its successful
and very popular use in the United States.” He speaks emphatically, and
in conenrrence with other witnesses, of the superior “comfort and luxury
of an abundant supply of fresh, sparkling, cool, and what is of more con-
sequence than all, most agreeably soft water, in the hotels and private
houses.”
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ordure, of animal and vegetable matter, as well as of slops and
waste water. Although the emanations from the foul, wet, and
miry surfaces thus . occasioned are less intense than those from
cesspools and drains of deposit, yet the people, and especially
children, are longer exposed to them, and the evaporating
surface is much wider. The most marked improvements of
the general health and habits of the inhabitants of the poorest
classes of houses have followed the substitution of good pavement
for such miry surfaces. The surfaces should be properly levelled
for surface drainage, and also channelled where necessary ; but
channelling is not an advantage where there is sufficient fall to
the street. Impermeability to moisture, or non-absorbency, is
an important quality for surface cleansing and surface washing.

General View of combined Works of House and Town Drainage ;
Principle of Back Drainage. S

Having described the tubular system of house drainage, the
apparatus for the reception of refuse in water, and the materials,
forms, sizes, inclinations, junctions, and directions of the chan-
nels for its removal, it is now desirable to exemplify some
important improvements in the arrangement and connexion of
branch-pipe drainage with house-drains, as part of one general
system to abolish the chief sources of the filth in or near houses,
and to prevent gaseous or aérial impurities in towns.

The first trials of earthenware pipes, made in consequence of
the sanitary inquiries of 1842, were, as already stated, with
pipes of very rude workmanship, which were laid down upon

- the lines of the old house-drains, carried from the back premises

through each house to the sewer in the middle of the front street.
Now, although the impermeable pipes (which, as first used, were
more than double the proper size, and were also of unnecessary
lengths and with defective falls) remove what the old permeable
brick-drains detain, and keep themselves clear of deposit, with-~
out cleansing by flushing or otherwise; yet it appeared on fur-
ther investigation that considerable economy of material and
expense might be obtained by a closer application of the prin-
ciples herein-before set forth, by adapting -the capacity of the
pipes to the service they have to perform, by obtaining with
the shortest lengths, the best fall, by diminishing the frictional
area, by concentrating the flow, and by obtaining the quick-
est discharge practicable, and therefore the greatest force

- of sweep.

The economy of materials has indeed Dbeen already shown
(vide ante, pages 41, 42, 43,) from the application of these
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principles to the drainage of a single house, particularly from
bringing the branch sewer ‘itself to the back of the premises,
and as near as practicable to the sinks and the several dis-
charge-pipes, instead of taking it to the greatest distance. from
‘themn, that is to say, into the centre of the streets, as was pre-
viously the general practice. The following plans display the
arrangements as applied to a block of houses, or a court or
‘alley, in - contrast with the practice of the drainage of such
‘o block of houses, or such court or alley, with a brick
“sewer large enough to enable a man to enter and remove the
“deposit:—- | |

- Old System. Improved System.
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- On the measurement of these two methods of house drainage,
it appears that by the new arrangements the lengths of the
“whole of - the drains would be as 1 to. 21;—the inclination
~of the house-drains would be 10 times greater ;—the sectional
“area of the house-drains would be one tenth ;—the nclinations

of the mains would be doubled ;—the area of the mains would
‘be only one thirtieth;—and the cubic capacity of the whole
. system would be reduced to one thirty-seventh.

" As compared with the intermediate system of tubular drainage
" of the houses separately, from the back premises to a sewer in
front, by the improved method, refuse is cleared away from
‘beneath’ the.premises in at least one fourth the time, with pro-
“portionate increase of the power. of sweep, by the same quan-

tity of water.
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‘The second shows brick house-drains laid throug]i the houses

premises, as these lines would havebeen laid down on the old
- plan for the same block of houses :— T
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Now, these engineering results, combined with a reduction
of mnearly four fifths of the previous ordinary rates of expense
are applicable, under proper management, to two thirds of the
works needful for complete house and town drainage, and
cleansing. : . o
- The following ave varied exemplifications of this system, as
executed under the Public Health Act; the first shows the
plan of draining from the backs of houses, adopted for a block
of houses at Croydon:— =~ - A

STREET

into sewers along the centre of the street, and in front of the
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The comparative lengths and frictional areas of the channels
of removal of the two systems will be evident from comparison
of the two plans. It appears from the actual estimate in detail
‘for the particular block as given by Mr. Ranger for the improved
works, that the cost is an average of 2l 17s. 10d. for the
-drainage of each of thiese 22 houses, and 11s. per house “front-
age,” making the total share of contribution for pipe sewerage,
81.°8s. 10d. per house; for the repayment of which a rate of 1d.
per week would suffice; whilst on the old practice of separate
drainage for each house into a brick sewer carried through
the centre of each street, as shown in the last plan, the pro-
portion of payment from each house, for its frontage to the
brick sewer, would have been 1l 9s.; and the average cost
per house for drainage would, according to the estimates of
the quantities of materials and work, have been 5l 14s.;
making a total of 7I. 3s. each house, or more than twice as
much, for the original cost, apart from the expense of
cleansing and repairs.

The following comparative estimates, explanatory of the
application of the same principle, have been furnished by Mr.

Rammell :(—
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Tubular Drainage from the backs of houses.

Here the comparative expense of execution, according to the
lengths and quantities on the old plan of front drainage by
brick sewers, would have been 8/. 10s. per house; the estimated
expense of the drainage with tubular drains to the pipe-sewer at
the back of the house will be 2I. 7s. 9d., repayable by an annual
instalment in 30 - years, with-interest at 5 per cent., by an im-
provement rate of 3s.14d. per annum, or an addition of 3d. weekly,
to the rent. N : L

A table is given in the Appendix, from the experience of
houses already drained in this manner in the metropolis, which
shows the_quantities of materials and work required for single
houses of each chief class. - A consideration of this table may
enable the owners and occupiers of houses, the ‘members of
Local Boards, and new contractors, to see their way more
distinetly as to. the.cost for which, according to the local prices,
complete works of: sanitary improvement ought to be executed;

“contrasted with the prices of old works for houses of the same -

class.

[43] | :
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as compared with Old Works. 181
In respect to the charges for cottagesit is to be observed that
they include prices much beyond what sufficient works have been
executed for on a large scale. Ifor example, in the statement
of particulars, 17s. 5d. is set down for service-pipes and taps;
whereas it is reported that where the main has been laid close to
a house, a sufficient half-inch service-pipe and tap has been put
in upon large contracts for less than half that sum, and that,
generally, complete works have been executed for that important
class of house at 30 per cent. below the total amount set down.
The cost of complete works of water supply for a cottage,
(including house service-pipes of block tin instead of lead), and
of complete drainage works, including a water-closet and a sink
for the house,—the whole public and private charges, including
the water rent, are accomplished at a charge of less than 2Ld.
per week. Vide particulars in the Appendiz, p. 166.

- As the estimate stands, however, in the above table, the cost
of these works may be contrasted with the cost of a common
pump and well, and with the original cost of a common cess-
pool with its repairs, which are greater in both instances than the
charges for the apparatus in question.*

‘Where from any particular circumstances it has been found
to be absolutely necessary to carry the tubular drainage from
the back premises to an existing sewer in the centre of the
front street, the use of the tubular pipes has generally effected
a saving of one half of the former charge for brick drainage,
over the same lines.

The expense of an extension of combined works, for providin g
water-service apparatus, -and a sink or return-pipe or drain for
each additional floor, is set forth in the table at 11 5s. 9d4. for a
cottage or a fourth-class house. This is an arrangement of great
importance to the health and comfort of families occupying flats
and model dwellings in towns, and one, indeed, of great economy
for the higher class of houses, for which the charges would be
double those stated. | -

Pipes of properly-made vitreous earthenware will be as

durable as those found by Mzr. Layard at Nineveh, or those

at the Colosseum at Rome, and when they are properly laid,

* A common price for sinking a well eight yards, and steining it,
i3 about 4L ; pum$ and wood frame 7Z ; stone trough 17 ; total 127 ; -
interest and depreciation at 6% per cent. 15s. 71d. per annum. The
expense of wells of brick construction, is frequently 16Z ; and the total
annual expenses 1/. 10d. The average expense of a common cesspool
including cleansing, repairs, and interest on capital, has been stated at 17, per
annum ; but the original expense of water-tight cesspools for the middle
class of houses is sometimes 257 ; and the annual cost, including interest

‘and depreciation, 3/, per annum.

[48]
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182 Cost of Tubular Sewers

there are no accumulations of refuse within them. But on a
house-to-house inquiry in the Metropolis, which may be taken
as a fair average of the whole (vide Report on the Supply of
Water to the Metropolis, p. 282), it appeared, in answers from
nearly 8,000 householders, that the private expenses per house,
(apart from the public sewers rate), upon an average of five
years, was (in addition to the expense of making, repairing,
and cleansing the brick sewers of deposit) as follows, with the
contrast practicable where the Public Health Act is properly
executed :— ‘ ]

Old. S_ystem. Under ;he
o Wedlt Public
Annual Weekly
' : Expense, Expense. Health Act.
Mending and cleansing brick house-drains 0 19 8% 0 43 abolished.
Cleansing cesspools - - -1 0 4 0 4% abolished.
Repairing water-butts, and cisterns -019 2 0 4% abolished.
Making house-drains - -2 0 4
Cost of an intermittent water-supply -2 1 9 0 94
Cost of a constant water-supply - - - - - - 2d.weekly.

Thus, whilst it is perceived that up to the time of making the
official investigations an intermittent supply of inferior water
alone cost 93d. per week,—that mending and cleansing defec-
tive house-drains cost 41d. per week, the making of them double
the sum, and cleansing cesspools 43d. per week,—in the places
where combined and improved works have been executed, and
the charges distributed over a term of years, on the system
adopted under the Public Health Act, cesspools have been filled
up, and a soil-pan apparatus substituted, and kept in good action,
at little more than half the ordinary expense of cleansing a
cesspool. The expense of cleansing the brick house-drains and
the cesspools for four or five years, would pay the expense of
‘properly constructed water-closets and pipe-drains for the greater

 number of old premises.

With respect to the comparative prices of tubular main
sewers and brick sewers of the former construction, a practical
llustration may be taken from the new main sewers laid down
for the town of Rugby. They are of glazed stoneware, of sizes
varying from 6 to 20 inches (for the trunk main), laid at depths
varying from 3 to 28 feet, the average being 10 feet 6 inches;
the total length, converging upon a single outfall below the
town, is 6 miles 2,880 feet. The total cb§t, including all
charges whatsoever, was under 8,600/, being at the rate of
2s. 1d. per lineal foot, or about 550/. per mile. Now had
that town been drained with brick sewers of deposit, made
sufficiently large for men to cleanse them, as arranged by the
late surveyor to the City of London, in three classes, and at

the contract prices for such sewers as laid down by the Metro- .
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politan Commissioners of Sewers, the following would have
been the cost of the system :—

1st. Of brick cewer, large enough for a man to erawl £ s d.

through, 2 feet 6 inches high by 2 feet wide,

11,520 feet at 6s. - - - Z 3456 0 0
2d. Of brick sewer, large enough for a man to crouch

through, 3 feet 6 inches high by 2 feet 3 inches |

wide, 11,520 feet at 8s. - - - 4,608 0 O
3d. Of brick sewer, large enough for a man to stoop

through, 4 feet 6 inches high by 2 feet 6 inches

wide, 11,520 feet at 12s. - - - 6,912 0 0

Total 6 miles 2,880 feet of brick sewer - £14,976 0 O

But to the annual charges for this outlay, in most cases,
must be added the expense of removing the accumulations of
deposit, which would be at the rate of 29/ per mile per annum,
and also the cost of dilapidations, which the subterranéan survey
of the metropolitan sewers proved to be considerable, Brick
sewers are often cheaper in the construction than the larger
sizes of tubular earthenware pipes at their present prices; but
the brick sewers of the same internal diameter are dearer in
action, in consequence of the current expenses attendant upon
them, from their liability to choke, and from their permeability
and dilapidations, than proper tubular sewers. Assuming, how-
ever, the reverse of the fact, that permeable brick and mortar
sewers are permanent, and vitreous earthenware pipes perish-
able, the latter would be the cheaper; and without incurring
any greater annual cost than for drains on the old system, the
whole of those laid down at Rugby might be pulled up and
renewed every four years,® and the house-drains within even a
shorter period, and the occupiers would, during their continuance,
enjoy an exemption from the noxious emanations arising from
drains or sewers of deposit.

. The expense of tubular drainage at Rugby as well as at Croy-
don, has been from various circumstances greater than an average.
The town of Barnard Castle contains about 750 houses, and

* The annual instalment to repay 14,976L, say 15,000L, in 30 years,
with interest at 5 per cent. per annum, is 975L, which sum, added o 300L
a year for cleansing and repairs, would amount to an annual charge for
sewerage of 1,275L 'The annual instalment to repay 3,600L, the cost of
the pipe sewerage of Rugby, in four years, would be 1,015 4s., to which
if there be added the large sum of 180l a year for repairs, the total annual
cost (upon the extravagant supposition of one fourth of the pipes requiring
renewal every year) would still be 80l. a year less than the large. brick
drains would cost, which according to the old practice would have been
constructed.
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covers nearly 120 acres. It is drained under the Public Health
Act, by 4 miles of pipe drain sewers, the diameters of which
vary from 4 to 15 inches, at one outfall, at an average depth of
from 7 to 8 feet; in some parts through rock. The average
cost is 1s. 8d. per lineal foot, or 439l per mile ; being at the
rate of 21. 6s: 10d. per house, or d. per week, for main drainage.
The main water supply, instead of being taken from the river
Tees, according to the former practice,is collected from soft-
water springs neaily five miles distant, and brought to a covered
reservoir in an earthenware pipe of 9 inches diameter, and thence
to the town in an iron pipe of 7 inches diameter. The water is
only brought into the light in the room where it may be drawn,
in a constant supply as fresh as at the spring-head. The cost
will be 1-87d. per week per house, or for the total combined
public -works 2:032d. per -house per week. For the town
of Ottery St. Mary, Devon, where the water supply is similarly
collected from springs, the combined works of drainage and
water supply are now in the course of completion, at less than
1d. per house per week. For Tottenham, where the water supply
is obtained from borings, and is raised by steam power, the com-
bined works of drainage and water supply have been constructed
at less than 11d. per house per week. The combined works of
drainage and water supply at Sandgate, which have just been
completed, amount to 3d. per house per week. In this town the
pumber of houses is extremely small, and their size and value
above the average. For Hitchin, where spring sources are
obtained, the estimate is 1d. for the water supply, and gd. for
‘the public drainage works; for Penrith, a like charge; all being
below the average rates of charge of trading companies for
separate waterworks alone. At Ely, the expense of the com-
binied public works will be 14d. per'week. = . o
~ The average estimated expense of other towns drained under
the Public Health Act, (and the contracts have hitherto been
taken within the estimates,) has been 5s. 4%d. per house per
annum, or 11d. per week for combined works, or 1id. per

-

week for main drainage works, and %d. per week for a main

water supply.

Tt was however found in the course of the inquiry under the
Sanitary Commission, that other inconveniences besides those
herein-before recited, were attendant upon the common practice
“of town drainage ; viz., the grievous disadvantages and dangers
from stoppages of the public highways for road repairs. At
present the perforations of sewers and the breaking up road-
ways from time to time, for cleansing house-drains, as well as
for repairing water-pipes, are liable to be as numerous as the
houses. Under the improved system of combined. works of

in the Protection of Foot Pavemenls. . 185

tubular back drainage, the perforations into main sewers for
the reception of house-drainage, and the occasions for breaking
up the carriageway, instead of being proportionate to the num-
ber of separate houses, will often be only as the number of
the blocks of houses. | ' :

Rain-water falling on- the surface of the pavement in courts
and alleys would be carried away as at present, by a surface
channel on the pavement to a grating at the end of the court,
and the drainage of sunk areas in front would be accomplished
in a continuous line,* as indicated in the following plan :—

scALE 80 FEET TO 1 INGH

" One chief objection to the practice of laying branch sewers

. * The arrangement by which a water-main is Jaid in the centre of a
wide street, instead of a small main at each side, or where practicable,
at the back of the premises, is illustrative of the expense caused by the
Separation of what ought to be parts of one arrangement.  The trading
companies, by laying a pipe in.the centre of the street to save a small
portion-of their capital, occasion a much larger expenditure of capital by
the ratepayers. This is exemplified in the course of an examination of
Mr. Mylne, Engineer to the New River Company :—* Did the plan of
comprehending the tenant’s communication-pipes, and the whole machinery
under one general system, (i.e. a plan for a new supply for Paris,) offer any
advantages in respect to economy and sufficiency in laying down the iron
pipes ?—In a new town there would often be much public economy in
laying pipes on both sides, instead of in the centre of the streets ; there
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at the.back of houses, and draining from them, instead of
of from the fronts and the centre of the streets is, that in case of
the occurrence of a stoppage in a branch-pipe sewer, the stop-
page may affect several houses of persons who arenot to blame for
having caused it. In practice, however, where the pipes have
been toler ably well laid, with proper water supply, such stop-
pages are not found to occur ; and they may not be expected to
oceur, because from the greater falls and more concentrated runs,
they are necessarily kept more clear of any deposit or obstrue-
tion. _If, however, a fault does occur in the line of the house-
drain itself, it does not, as at present, affect the interior of the
house, or compel the breaking up of all the lower floors, but is
confined to the back premises. If a stoppage occurs in the
branch sewer at the back of a house, the difficulty in getting
it removed is reduced to a very trifling matter, as the surveyor
will be responsible for the good working of the branch sewer,
and exercise the same control in relation to it when brought to
the back of the premises as when carried through to the front
street.

In point of fact, however, entrance for back drainage is
urged as an objection only by persons interested in existing
practices, not by the people themselves, who are not so unwise
as to pay for a defective drainage four or five times the
expense of an efficient one, for the sake of a fallacious inde-
pendence. The intrusion objected to is less annoying than
that now customary; itis an intrusion on the back premises
only, outside the houses, and not by any neighbour or pro-

‘prietor of contiguous property exercising apparently questionable

rights, but (with consent as to convenient times) by a common
servant, a public and responsible officer ; and the people, when
left to choose for themselves, wisely prefer this to the intrusion
of bricklayers inside their houses, the ripping up of floors, the
cutting of joists, and the disturbance of foundations, followed by
heavy bills, and continued intrusions to open up the drains

when stopped, or out of repair.

The real intrusion upon puvacy is therefore occasioned by
the present practice of carrying drains underneath the living-
rooms and through the houses; for the workmen must follow
them there for repairs as for construction. By restricting their

would be saving of lead pipes; saving of repairs to these lead pipes;

avoidance of inconvenience and expense of breaking up roads for that

purpose; saving of inconvenience to tenants in the event of frosts, from
there being less of their smaller pipes exposed. In a street of 6O feet
wide, the sa.ving of lead pipes would be about 20 feet to each tenant'; that
is, if’ the street is built upon each side, there would be 40 feet of leaden
pipe saved in a house-frontage of, say, 20 feet ; therefore 20 feet of iron
extra would avoid the use of 40 feet of lead.” .

|

»
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extension to the back yards, or the back offices, intrusions are
confined to the parts where they must be least'inconvenient and
objectionable, and the dangers of accidents from want of skill, as
well as the expense and inconvenience, in cutting through the
walls and foundations of old houses are avoided. By laying down
the drain as well as the water-pipes at the same time, in the same
trenches, and carrying both, wherever practicable, through the
same openings, double ear thwork and other work is saved, and
also double annoyances and intrusions of workpeople. By carry-
ing the water-mains to the back premises instead of through the
centres of the streets, the saving of the lengths of house service
pipes and of the expense of repairs, is proportionately great to the
saving of the cost of house-drains. Where soil-pans and pipe-
drains, on a proper system, are laid down, and kept in action
by due supplies of water, the work and the intrusion in respect
to it, and the charges for cleansing and repairs, now constant,
will be reduced to a mimimum.

Neither religious duty, nor the existing law, nor private, social,
or public morality, recognizes the existence of private rights at the
expense of the health and well-being of others. By all the recent
general as well as local legislation upon the subject of the re-
moval of filth from private premises in towns through public
agency (by dust contractors and scavengers), the law is uni-
versally compulsory. It is impossible that any one person should
be allowed to retain ordure, or cesspools, or filth of any kind,
upon his own premises, in a town, or amidst closely-packed
habitations, without polluting the common air, and thereby
injuring his nelghbours And although he might be left. to
injure Tis own health, Se has 1o ught even if he lived in a
detached dwelling, to injure the health of his c]nldren, or of
others dependent upon him.* -

Tt is, moreover, most to the interest of individual occupiers,
that the cleansing should be constant, complete, and to the
greatest extent self-acting ; that it should be done with complete
regularity and economy ;—vwhich objects can only be attamed
by a general system, executed by a responsible and public

~ * Tn many of the Local Acts for the improvement of towns, passed prior
to these investigations, the conservation of filth was carried to such an
extreme as the following : —* That nothing herein contained shall extend
or be construed to extend to any ashes, cinders, dust, diré, manure, filth,
soil, dung, or rubbish, which any of the inhabitants of the sald limits shall
have oceasion or shall think fit to preserve, or keep within their own re-
spective fouses, yards, and gardens.” Under the influence, however, of an
enlightened public opinion, a great number of such “Improvement” Acts,
drawn up in the most perfect ignorance of sanitary principles, have already
been superseded by the provisions of the Public Health Act.
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agency, that is to say, when, as under the Public Health Act,
the primary works, the house service-pipes for the common
water supply, the channels for the removal of the waste water,
the house-drains, as well as the branch and main sewers, are
managed and kept in order as parts of one general system.

Tt was usually the case up to the time of these investigations,
and is so now in towns where the Public Health Act has not
been applied, that the first notice which a householder or the
owner of house property received of the construction of a sewer,
intended for the service of all houses without exception, was
the raising of a large earthwork in front of his house. Even
when time was allowed, no provision having been made for
the distribution of the charges of the new works between the
various classes of owners, between lessees and tenants-at-will,
yearly tenants, or weekly tenants, notices to the owners were
of litile avail towards voluntary adoption. Joint notices to

- the occupiers as well as the owners often served only as notices

of 'a dispute between them, which there were no means pro-
vided for settling equitably and cheaply, the owner disputing
the justice of the requisition for an immediate payment for
a new work not expected or stipulated for at the time the
tenement was let, and the occupier or the lessee objecting to
the payment of the expenses of a work for permanent improve-
ment of premises in which he had only a temporary interest. - If
the grounds of dispute as to the justice of the charge, or as to the
legal Liability were settled, separate notices to separate owners,
each to drain their respective tenements, would be nevertheless

"notices to set about a work of which they probably know nothing;

and of which, (judging from the defective state of the drainage
and the extravagant cost of the drains of large public buildings;
and the erroneous doctrines contained in professional books,)
it is highly improbable they will be well informed by the com-
mon builders. Such notices to private owners are usually
notices to them to incur expenses, to which they see no reason~
able limit, and of the extent of which they may well be
apprehensive. - : \ o
- One main cause of the very small number of house-drains
voluntarily joined to the sewers in the metropolis, and in pro-
vincial towns, under the practices pursued up to the time of the
official investigations, was, besides the fees, and the expenses to

-which the opening of the roadway and the formation of tle

junctions gave rise, the costs entailed by the construction of
a house-drain itself, and which are yet maintained under the
few local or private Acts, which contemplate house-drainage
at all. "When the newly-constructed sewer has been covered

for the systematic Drainage of Duwellings. 139

up, the owner or occupier is not only put to the expense
of unpaving the footpath and the roadway, and re-opening
the ground in order to make his communication with the sewer ;
but, beyond this, by the position in which the sewer is in-the
front of the house, and in the middle of the street, he is, often
unnecessarily, put to from four to six times more expense than
need have been incurred under other arrangements;  and in
many cases the drainage of cellars, and the foundations of
the buildings are impaired, from the length of the drain that
would be necessary, while under better arrangements the publie
drain might have been laid of the same depth, and yet sufficient
fall have been obtained to dry the foundations and cellays.  :
Under these circumstances a small proportion only of the houses
in the poorer districts are drained into the sewers; and one of
the pecuniary consequences of this restriction is, that the majority
of ratepayers, who by these defective arrangements are practi-
cally excluded from the chief use of the sewers, are nevertheless
compelled to contribute to the expense of the main sewerage
works, from which they do not derive benefit proportionate. to
their share of contribution. B
One engineering consequence of such defective administrative
arrangement, which excludes a.large proportion of the tributaries
from the mains, is, that sewers receiving only a small proportion
of the house-drainage for which they were intended, are de-
prived of the force of the sweep of water which would have
kept them more clean; they receive mere dribbles; and greater
deposit in the sewer is thereby occasioned, so as to increase the
extent of surface constantly giving off noxious evaporation.
.. House-drains of depssit not only occasion smells, but lead
to considerable waste of water, used, though seldom effectually,
to cleanse them. By re-placing such drains by proper earthen-
ware pipes, in which no deposit will be formed, the excessive
expenditure of water for cleansing drains will be prevented, by
being rendered unnecessary. | S -
. It will be the duty of the Local Board to protect the public
health from the noxious influence of defective private works,
as well as to protect owners and ratepayers from unneces-
sary exactions, which are a great source of irritation and local
opposition to sanitary improvement. This may be done by the
previous preparation of proper plans of house drainage and
cleansing works, and previous estimates of the expense at which
they may be provided, under common contracts, for private
improvement rates, ¢.e. payments by annual instalments of
principal with interest. (Vide Forms in the Appendix.)
Such explanations should accompany the orders for filling up
cesspools, and for proper drainage and cleansing of houses; and
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should set forth, that for what is termed a private improvement
rate,—of from 1d. to 2d. per week,—for terms not exceed-
ing thirty years,—and which will be a reduction of existing
charges,—cesspools may be filled up; and complete house-drains
laid down, and kept in good action and repair. The rates for
which combined works may be constructed and maintained npon
private premises are properly called improvement rates, for the
works have been found to produce improved rentals, as compared
with other properties which are destitute of them ; and they,
moreover, are directly remunerative in the saving of dilapida-
tions. It should also be explained that the owner will be at
liberty either to pay off the whole of the inmediate outlay, or
to construct the works himself, as he may think fit, provided
that, before they are covered up, their efficiency in all respects
shall be tested by the Board’s surveyor, who must be satisfied
that they are neither bad from liability to accumulations of
deposit, nor from connexion with objectionable cesspools, nor
are of an inclination or construction and arrangement, or in
other respects, unconformable to a general system.

The policy of the Public Health Act is to diminish individual
chargeability and individual trouble ; and for the sake of economy,
as well as efficiency, to comprehend under one system all works
effected by it—works of water-supply from spring-heads- to
the taps in the house, and works of drainage from house-sinks, or
soil-pans, to the outfalls of the trunk line of sewer ; the expense

of eombined works within the house being defrayed by distri-

buted charges under private improvement rates, and those
" common to several houses by special district rates. Formerly it
was the practice to charge as much as practicable of the branch
sewers, and first cost of all works carried through private lands,
upon private individuals or owners. Under the Public Health
Act no such immediateé levies should be made, but the whole
cost of the works, as in the plan (ante, p. 127), from A to B,
should fall upon the special district rate, the dotted lines only,
which form the actual private house drains, being chargeable to
the individual owners. : '_
- The term “ branch drains” is frequently used in relation to the
tubular pipes substituted for the former brick sewers. But
these branch drains are, in fact, public sewers, and part of the
public system of drainage, though earried through private pre-
mises. By the Public Health Act interpretation clause the
term ¢“drain” means “any drain used for the drainage of one
building only, or of premises within the same curtilage,”
and would include any pipe, from a single house, commu-
nicating with a sewer into which the drainage of two or more
buildings or premises, occupied by different persons, is conveyed.

|

|
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The word “sewer” includes “sewers and drains of every
description, except drains to which the word ¢ drain,’ interpreted
as aforesaid, applies.” It is within the power of Local Boards,
sec. 45, to carry their sewers, after reasonable notice in writing,
through any lands whatsoever, where it may appear upon the
report of the surveyor to be necessary, while the expenses shall
be charged upon the special district rate, by which the cost should
be equally distributed over a period of years.

Conclfusions.

In addition to the conclusions set forth in the Report on the
Sanitary Condition of the Labouring Population, and confirmed
and adopted by.the Commissioners for inquiring into the means
of improving the Health of Towns, namely,— ..

That no population living amidst aérial impurities, arising
from putrid emanations from cesspools,—drains,—or sewers of
deposit, can be healthy, or free from the attacks of devastating
epidemics ; and | . |

That as a primary condition of salubrity, no ordure and town
refuse can be permitted to remain beneath or near habitations ;—
and, that by no means can remedial operations be so con-
veniently, economically, inoffensively, and quickly effected as by
the removal of all such refuse dissolved or suspended in water ;
may be enumerated the following :— |

That it has been subsequently proved by the result of drain-
ing houses with tubular drains, in upwards of 19,000 cases,
and by the trial of more than 200 miles of pipe-sewers, that
the practice of comstructing large brick or stone sewers for
general town drainage, which detain matters passing into.them
in suspension in water, which accumulate deposit, and which
are made large enough for men to enter them to remove the
deposit by hand-labour, without reference to the area’ to be
drained, has been in ignorance, neglect, or perversion of the
above-recited principles. : o

" That whilst sewers so constructed are productive of great
injury to the public health, by the diffusion into houses and
streets of the noxious products of the decomposing matter
detained in them, they are wasteful from the increased expense
of their construetion and repair, and from the cost of ineftectual
efforts to keep them free from deposit. L
. -That the house-drains, made as they have heretofore been of
absorbent brick or stone, besides detaining substances in sus-
pension, aceumulating foul deposit, and being so permeable as
to permit the escape of liquid and gaseous matters, are also
false in principle, and wasteful in the expense of construction,
cleansing, and repair. ' |




142 General Conclusions.

" 'That it results from the experience of works constructed upon
the principles developed in these inquiries, that improved
tubular house-drains and sewers of the proper sizes, inclina-
tions, and material, detain and accumulate no deposit, emit no
offensive smells, and require no additional supplies of water to
keep them clear. -

- That under a proper system of works for water supply
combined with house and town drainage, such as is con-
templated and sanctioned by the Public Health Act, no ordure
is detained so long as to allow it to enter into advanced stages
of decomposition, either in the house-drains or in the public
sewers ; but that all refuse is put in course of constant and
inoffensive removal, at a rate of discharge of about three
miles an hour. -

:. That where the absence of a natural fall impedes the con-
tinuous removal of town refuse, and of surplus rain or spring
water, an artificial fall may be obtained by steam power, at a
rate of cost (on a scale for a large district) which is incon-
* siderable compared with the evils it would obviate; and that,
at such rate of cost, or from 1s. to 2s. per house per annum,
in many cases, not only may the house-refuse be removed from
near habitations, but the foundations of houses and the whole
sites of .towns may be relieved from the damp of low-lying dis-
tricts, and the consequent-excessive unhealthfulness and decay
of ‘habitations thereon diminished. |

. That all offensive smells proceeding from any works intended
for house or town drainage, indicate the fact of the detention
~and ‘decomposition of ordure, and afford decisive evidence of
malconstruction, or of ignorant or defective arrangement.

;- That the method of removing refuse in suspension in water,
by properly combined works, is much cheaper than that of
collecting it in pits or cesspools, near or underneath houses,
emptying it by hand-labour, and removing it by cartage. |

That by a proper system of combined works, and- properly
adjusted tubular drainage, three districts at the least may, under
ordinary circumstances, be drained and supplied with water
completely at a rate of expense heretofore incurred in ome for
mmperfect works, which accumulate decomposing deposit, and
gave off offensive and injurious smells. '

That under ordinary circumstances, where new and combined
works are properly executed, the expense of the main water sup-
plies, and the main drainage works have, on the average of the
whole town, been less than at the rate of 8d. per house per
week.

- That where combined works have been properly constructed,
a service-pipe has been introduced from the water-main for
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-the conveyance of a constant supply of water, a sink and

dust-bin provided, the cesspool filled up, and an apparatus of
the nature of a ‘water-closet substituted, connected by a house-
drain with a main drain or sewer, and put in-good action, at
a charge under ordinary circumstances, and for the greatest

‘number of habitations, payable by an improvement rate of

little more than 3d. weekly, being less than the ordinary rates of

.expense for forming and keeping in repair common pumps, and

the expense of cleansing cesspools attached to houses in towns.
That where combined works have been properly executed,

the expense of the complete works has not hitherto exceeded the

average expense of cleansing and repairing house-drains, and of

.cleansing cesspools, as declared upon a housg—to;—house inquiry,
including 8,000 houses, in three average p_anshes of the metro-

olis. | IR |
P That it is important, for the sake of economy, as well as for
the health of the population, that the practice of the removal of
refuse in suspension in water, and by combined works should
be applied to all houses, especially to those occupied by the -
poorest classes. | | -

Tt is to be hoped that the due consideration of the facts upon

which the general conclusions above recited are based will lead

to the voluntary adoption and wide practical application of 1.:he
principles evolved ; but it is proper to observe, .tha,’s, whilst
those facts prove the eminent practicability of the chief measures
.contemplated by the Public Health Act, they equally show the
.duty of enforcing, in places where the Public Health Act has
not been brought into «peration, the provisions of the Nuisances
“Removal and Diseases Prevention Act: inall cases © where it
appears that any dwelling-house or building in any city, town,
‘borough, parish, or place, within or over which the jurisdiction
or authority of the town council, frustees, commissioners,
guardians, officers of health, or other body to whom such notice -
is given, extends, is in such a filthy and unwholesome condition
as to be a nuisance to, or injurious to the health of any person;
or, that upon any premises within such jurisdiction.or authority
there is any foul and offensive ditch, gutter, drain, privy, cess-
pool or ashpit, or any ditch, gutter, drain, privy, cesspool,
or ashpit kept or constructed so as to be a nuisance to, or in-
jurious to the health of any person . then, upon proof thereof
Defore two justices, the nuisance may be ordered to be abated,
that is to say, the viciously-constructed drain, or other.work to
be removed ; and the neglect to obey such order subjects the
owner or the occupier to penalties, while the work may be done
by the authorities, and the parties offending may be charged
therewith.
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The subject is by the common law entitled to protection
against anything as a nuisance, which is offensive to the senses,
- although no injury to the health results from it, nor any other
injury than the discomfort of offensive smells, or of filth and
other matters offensive to the sight. :

House drains, or branch or main drains, which detain and
accumulate deposit, can scarcely fail under ordinary circum-
stances to give off emanations offensive to the senses, which
will make them nuisances within the meaning of the act, and
sueh emanations are often fatal, and are always injurious, by
lowering the general tone of health, even when they are so
diluted as not perceptibly to produce specific disease.

. It cannot be too often impressed on Loeal Boards, that it is
their duty to cause such sewers to be made as may be necessary
for effectually draining their district for the purposes of the
Public Health Act, and that this duty is not discretionary but
compulsory. Nor must it be forgotten that a Tocal Board
may incur penal consequences as well from the improper
discharge of their duty, as from the “unlawful omission  of it.
Whatever discretion the Act may have allowed with respect to
the form of works, or their mode of construction, they must
be so executed as neither to create a nuisance, nor incur waste-
ful expenditure,—the very objects which it was the intention of
the Statute to prevent. The legislature having charged Local
Boards with the duty of executing its beneficent provisions for
the protection of the public health, they are subjected not only
to moral, but also to legal responsibility for any private or public

- injuries which they may ocecasion, whether by their acts of com-

mission or omission. . They may create nuisances by constructing
bad works, or by allowing nuisances to accumulate in conse—
quence of constructing no works at all, when, by the Statute,
they are under legal obligation to provide them. "If they allow
nuisances to remain, when they are bound to remove them
they incur legal responsibility for neglect of duty, or, in 'legai
phrase, for “nonfeasance ;” if, from insufficient attention or
culpable negligence, they create nuisances in the attempt at
1_'e'mo'va,1, the offence arising unwittingly or from negligence, they
mcur responsibility for “misfeasance ;” and if they create nui-
sances by wilful neglect or defiance of previous available informa-
tion7and experiénce, they incur reponsibility for « malfeasance.”

- Signed by order of the Board.

o o C. Macavray, Secretary.
Whitehall, 25th June 1852. '

|
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APPENDIX.

(No. 1.)

ELEMENTARY MAXIMS TO BE KEPT IN VIEW IN THE DRAINAGE AND
Creansing OF Towns.

Ascertain, if practicable from any existing or previous experience of
storms within the distriet, with what modifications the tables herein-before
given may be applied to the district.

Where drainage works have already been laid down, observe the out-
falls and the branches, both in the discharge of pipe water and of rain-
water, and the quantity of deposit left ; and from such observations judge
of the corrections-requisite in the sizes of tributary pipes.

In laying down main drains or sewers in any street, let it be ordered at
the same time that all cesspools on the premises in such street shall be
filled up ; that tubular house-drains shall be provided, and that a sufficient
flow and sweep of water shall be secured to" keep such drains free from
deposit.

Provide that blood, semi-fluid offal, garbage, and refuse of every de-
scription, which may be capable of safe removal in the drains by sus-
pension in water, from slaughter-houses, markets, shambles; stables, cow-
houses, or manufactories, be conveyed into the drains on the principle of
the soil-pan apparatus, taking care that such refuse be led as directly as
possible into those main-pipes which have the largest, quickest; and most
constant flow. - ,

Provide such gullies or openings into the sewers that the surfaces of
streets, foot pavements, roads, yards, markets, or open spaces where there
is much traffic, or droppings from cattle, or other filth, may be promptly
cleansed by means of the jet. ‘ - |

Make proper provision for the ventilation of all sewers and drains in
such manner that there may be a free current of air through them in the
direction of the sewage flow. ' ‘ '

To adjust the drains to the service they will be required to perform,
calculate for extraordinary storm-waters in those valley or outlet lines
only where it will be necessary to accommodate them. :

-Take care that in laying socket-jointed pipes great caution is used to
give the pipes a full bearing, and not to allow.the plain ends of the pipes
;:)o ¢ dind,” or rest solely on the socket, as, by doing so, pipes are frequently

roken. : :

Whilst proper provision is made for the discharge of storm-waters in
valley lines, where there is a natural descent, do not provide for taking
them into the sewers of streets and places where storm-waters can flow
on the surface without inconvenience, and thus, at increased cost, incur

the certainty of weakening and impeding- the ordinary dischargés by the

use of sewers too large for them. , .
To provide an efficient drainage where a natural outfall is wanting for’
a continuous discharge of sewerage, as in the case of lands near tidal
rivers and helow high-water mark, pumping should be resorted to ; but in
order to economise power, cut off the upper districts wherever practicable
by a line of catch-water sewer for discharge by gravitation, so as to avoid
any unnecessary quantity flowing down to a depth whence it must be
pumped up again. -
[43] - K
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