Sanitary work in the smaller towns and in villages / by Charles Slagg.

Contributors

London School of Hygiene and Tropical Medicine

Publication/Creation
London : Crosby, Lockwood, and Son, 1893.

Persistent URL
https://wellcomecollection.org/works/ehjnesxj

Provider

London School of Hygiene and Tropical Medicine

License and attribution

This material has been provided by This material has been provided by
London School of Hygiene & Tropical Medicine Library & Archives Service.
The original may be consulted at London School of Hygiene & Tropical
Medicine Library & Archives Service. where the originals may be consulted.
This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

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

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

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



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

& WA
4 ek 2 150 el i 4 T i gk Rl T T T - e 1
e i = ——— 1 ——

A > e St S W . -

T PR P T A A S =

D AN/ T AR _Vh ORK

s . : - T e T R e Tt
-l

THH o .-ﬂl.n--.n.-

LES
[.h-.-J....., TIFIC

i -‘1. #_- o
s HNECKL
g

P L B T - e

i .:E!-'!.‘.'“

T 8
=i i

3L
AL e
E%r.

R s B EN:

i fai)

i e L LT

] i s s TR k- P
1 5
o
i
l\'T ']
5 f g - q " -
; 3 3! & l"l. 7 2 b AR
o
1
{
.
e
g"li‘w-r--hih.-‘-- L by - b L L i A - s ML i L B s i i eiana TEP ;
D T e e e b R Lt Bl S . i i LT 1E L s ARER RTINS "‘-.'

4
]



Y
LIBRAR

\a ﬁ:L{ﬁ.{
o Sehbinn

r’-ﬂ".‘l'_
|'_ -'J_‘-
o
ssion N

cce

. R e, A

Mark....s

S5

Cla







Digitized by the Internet Archive
in 2015

https://archive.org/details/b24996464



SANITARY WORK

IN THE

SMALLER TOWNS AND IN VILLAGES.







SANITARY WORK

IN THE SMALLER TOWNS

AND

IN VILLAGES

Y

CHARLES SLAGG

Assoc, M. Imsr. C. E.

AUTHOR OF ‘' WATER ENGINEERING "

Third Goition, EGularged

LONDON
CROSBY LOCKWOOD AND SON

T, STATIONERS HALL COULRT. LUDGATE HILL
1803



q5’l’l

BRADBURY, AGNEW, & CO. LD.,, PRINTERS,
LONDON AND TONBRIDGE.




PREFACE TO THE SECOND EDITION.

———

Sanrrary work is, in the main, the same in rural as
in urban distriets, for, besides villages, the rural sani-
tary districts contain many small towns ; and no line
can be drawn through the category of nuisances which
would wholly separate those of urban from those of
rural districts. Nevertheless there are many things to
be considered in the smaller towns and in villages
which do not occur in large towns. In large towns
some of the more common forms of nuisance have
been got rid of, while the work to be done in those
which remain 1s of greater magnitude; but in the
smaller towns and in villages the things requiring
attention are more numerous.

Each kind of work to be done in these is of equal
importance with the same kind of work in large towns,
although, perhaps because it is of less magnitude, it is
often considered of less importance, and is often very
badly done.

In the following pages I have offered no opinion upon
what may or may not be injurious to health. My own
remarks have reference only to those constructive works
which the Medical Officers of Health approve as tend-
ing to prevent illness, and these I have considered in
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every case with due regard to economy; but the
economy I mean lies in not doing what is not necessary,
and not in doing a thing cheaply. It is not economy
at all to do in a poor and slovenly manner the kind of
work here referred to; to use pipes, traps, or other
appliances which are not well designed for their re-
spective purposes, or which are not well manufactured
and true in form; nor is it economy to employ
workmen who do not understand the particular kind of
work they are engaged upon.

In this edition I have made some remarks upon
sewers which have reference as much to large as to
small towns; and upon house drains which have
reference to houses everywhere, and to mansions.

NOTE TO THIRD EDITION.

Tue present issue of this work is substantially a
reprint of the Second Edition, with the addition of a
reference (p. 241) to the ‘“ Water Companies (Regula-
tion of Powers) Act” of 1887, and of an ArPENDIX, In
which is set out Part III. of the ¢ Public Health Acts
Amendment Act’” of 1890, relating to Sanitary Work.

The death of the Author in January, 1893, just as a
new edition was required, has prevented the carrying
out of any such revision as he might have been dis-
posed to undertake. The continued success of the
work, however, as it was last revised by him, shows
that in that form it is found to be useful by a very
numerous class ; and it is hoped that the additions now
made will help to maintain and extend its usefulness.

R



CONTENTS.

[NTRODUCTION : ; - : : i . 1

PART 1.

S0ME OF THE MORE COMMON FORMS OF NUISANCE,
AND THEIR REMEDIES.

PAGE

SecrioNy [.—PIGSTYES.

Construetion of floors—Butchers’ offal—Prohibitory situa-
tions —Solid and liguid filth—Richardson, H. D., on
“ The Pig” — Sections of the Public Health Act, 1875,
relating to the subject — Extract from Dr. Ballard's
Report ! s : . . ‘ . 1-8

SectioN IL—SLAUGHTER-HOUSES.

Situations—Structural condition—Pigs fed with offal—Paving
of floors —Quantity of water required—Quotations from
bye-laws—Sections of the Act relating to the subject
—Extract from Dr. Ballard’s Report . , : . 9-14

SecrioN IIL—PRIVIES AND CESSPOOLS.

Some particulars of construction—Open cesspools should be
converted into dry pits—The covering or roofing over
of cesspools—House ashes should be sereened—Disposal
of the fine ash and of the cinders separately. ) - 15-33

Secrion IV.—BAD AIR IN HOUSES.

The fetid odour pervading small houses in towns, or where-
ever closely built upon the ground—The composition of
fresh and of foul air, from Dr. Angus Smith’s work on
“ Air and Rain"—Some particulars of space in buildings
from Dr. George Wilson’s “ Hygiene "—Difficulties of
ventilating small houses when crowded upon the ground
—>Scetions of the Act relating to the subject. . o4-40



Vil CONTENTS.

SecrioN V.—DIRTY HOUSES

Draming of House-slops—Paving the surface of the ground
—Dirty roads a chief cause of dirty houses—Roads come
properly within the category of sanitary works —Road
materials—Prevention of mud and dust—Draught on
muddy and on clean roads—Extract from a paper by Sir
Joseph Whitworth on the economy of roads—Remarks
thereon by Mr. P. H. Holland —Difficulties caused by
roads being thrown open to the public before they are

properly made . : : ; 3 : ; . 41-47

Section VL—DAMPNESS OF HOUSES
Eaves troughs to roofs—Back walls. . . . . 48-50

SecrioNn VIIL.—STORAGE OF RAIN-WATER.

A pproximate quantity procurable from the roofs of swmall
houses—Storage tanks—Cost of a well sunk in the
ground—TFiltration of water through sand and through
charcoal —Storage and filtration of rain-water from the
roof of a large house . : : . : : . 51-8]

SecrioN VIIL—CONTAMINATION OF WELL-WATER.

Sources of contamination—Three kinds of common wells—
Protection of the water of dipping-wells—Remarks upon
water supply in a rural district—Sections of the Act
relating to the subject . . ! iy )  62-(R

PART II.
DRAINAGE.
SecrioN IX.—HOUSE DRAINS AND SEWERS.

Definition of the terms “sewer ” and “ drain "—Sewers may
act as land drains—Old watercourses—House drains
everywhere necessary—Properties of a sewage-flow—
Velocity of asewage-flow—Solid deposit—Surface, niean,
and bottom velocities—Qualities of house-drain and




CONTENTS. 1X

sewcr-pipes — Inclination of house-draing — Sizes of
house-drains—Discharce of a 6-in pipe—Causes of
stoppages of house-drains and sewers—Form of bottom
—Jointing—DMode of laying pipes—Refilling the trench
—Bad ground—Taper pipes—Dead ends of sewers—
Drains under house-floors—Terminations of house-drains
— Water-traps—Flush tanks — Disconnecting traps—
Water-closets—Foul soil pipes—Ventilation of house-
drains and sewers—Fluctuation of the volume of sewage
—Open and close sewers—Road drains—Cirenlar and
ega-shape sewers—Sewer bricks—Depths of sewers—
Junction of house-drains with brick sewers—Sewer
mvert blocks—Experiments on the strength of sewer-
pipes—The carrying capacity of sewers, 71-152

Sectioy X.—ARRANGEMENTS OF THE OUTBUILDINGS
OF SMALL HOUSES.

Positions of wash-houses and other outbuildings—Drainage
of paved yard—Play-ground. . 4 . . 153-156

SecrioN XI.—PAVING MATERIALS

Asphalte—Portland cement—DBricks—Stone flags. « 1B7-159

Secrion XIL—COMPOSITION OF SEWAGE.

Definition by the Rivers Pollution Commissioners—Extracts
from “The Chemistry of Sewage,” by Mr. Edward
Smith, F.C.5.—Extracts from IKrepp’s “ Sewage Ques-
tion "—Extracts fromm Dr. Letheby’s ¢ Notes and
Chemical Analyses"—Extracts from Report of Rivers
Pollution Commission, . ; A : : . 160-163

Secrion XIIL—DISPOSAL OF SEWAGE.

Transmutation of the forms of the elements of organic life
—The gencral principles of the several processes by
which sewage is cleansed—DBy irrigation—By sub-irriga-
tion—By Intermittent (downward) [iltration—Dy pre-
cipitation—Proceedings to be adopted by Sanitary
Authorities in procwring land, &e . . . 166-178



X CONTENTS.

PART III.

WATER-SUPPLY.
SEcrioN XIV.—QUANTITY.

Mode of reckoning the quantity required—Waste—A saffi-
cient quantity necessary—Division of supply : Domestic
purposes— Public sanitary purposes—Trades purposes—
Absolute quantity required, according to the occupation
of the bulk of the people—Examples of Charges—
Weights of lead service-pipes in various towns, . 181-189

SEcrioNn XV.—QUALITY.

Degrees of Hardness—Extracts from the Report of the
Chemical Commission—Extracts from the Report of the
Water-supply Commission, . : : ; . 190-192

Secrion XVI—SOURCES OF SUPPLY.

Brooks and Streams—Rivers—Springs—Moorland tracts of
ground—Deep wells. . S G 193810

SecrioNn XVIIL.—GAUGING WATER.

Formule of observations of water flowing over weirs—
Quantity due to any depth according to the theory of
falling bodies—Actual quantities observed to flow—
Theoretical and practical quantities compared . 211-221

SecrioN XVIII.—CONDUITS AND CONDUIT PIPES.

Open and covered conduits—The relations which subsist
between the quantity of water flowing in conduits and
their inclinations and dimensions—Condunit pipes—The
relations which subsist between the quantity of water
flowing in conduit pipes and their diameters and
hydraulic inclinations—Du Buat’s formula—Tables cal-
culated from Du Buat’s formula—Eytelwein’s formula—
Results of calenlation by Du Buat’s formula compared
with those by F:,'lelwein’ﬂ—Seatiuns of Acts relating

to Water-supply . . : [ . 9222-249
APPENDIX : Part 111. of * Public Hmlth Acts Amendment
Act” of 1890 . p - ) y c - . 243-958 i

(GLOSSARY . " A g : : i . . 259-262;




PART 1L

SOME OF THE MORE COMMON FORMS OF
NUISANCE, WITH THEIR BEMEDIES.

Secriox 1. PIGSTYES.
,, 1L SLAUGHTER-HOUSES.
,, 1. PRIVIES AND CESSPOOLS.
., IV. BAD AIR IN HOUSES.
., V. DIRTY HOUSES.
,» VL. DAMPNESS OF HOUSES.
» VII. STORAGE OF RAIN-WATER.
» VIII. CONTAMINATION OF WELL-WATER.






[l

SANITARY WORK

IN

THE SMALLER TOWNS AND IN VILLAGLES.

PART 1,

SOMIE OF THE MORE COMMON IFFORMS OF
NUISANCE, WITH THEIR REMEDIES.

§ L.—PIGSTYES.

In some parts of the country almost every house
has its pigstye. The pig is looked upon as a kind
of bank. It is probable that pig-keeping by work-
men is not economical, for the meal and other
meat required to fatten the pig takes a deal of money,
and 1t would probably pay the workman better to con-
vert the waste products of victuals into manure than to
store them 1n tubs or tanks about the house to feed the
pig with. The chief cause of the nuisance of pig-
keeping, however, 1s that the floor of the uncovered
part of the stye is too rough to be kept clean. It
would seem as if anything were thought good enough
to pave the floor with ; boulder stones, brick clinkers,
or anything whatever which will prevent the pig

B 2



4 SANITARY WORK.

rooting into the earth,—a natural propensity of the
pig, derived, perhaps, from his wild ancestors, who
got their own living in that way. These rough floors,
however, cannot be kept so as not to be a nuisance.
Pigs, like most other animals, do not void dung on
their own beds if reasonable provision is made for
them to go elsewhere. When this is done, the straw
bed of the pig in the covered part of the stye is pre-
served tolerably clean; but if the yard or uncovered
part of the stye be roughly pitched in the manner
above described it will not go out to this part unless
the gross inequalities of the floor be covered over—
indeed a heavy pig cannot walk over these rough
floors. They are then littered. The litter holds to-
gether all the dung and urine, and soon becomes a
mass of filth ; and yet, in consequence of the rough-
ness of the floor, 1t must lie there until fresh litter is
laid down, however foul it may be. It is this reten-
tion of filth in the open yard of a pigstye which makes
it a nuisance near a house. As to the manure thus
made, it 1s not worth while to subject the health of
persons to injury for the sake of it. The remedy for
all this 1s to pave the floor, so that the filth can be
swept away daily into a covered cesspit adjoining the
pigstye, and to lay a drain from near the top of the
cesspit to take away the over-flowing liquid to the
same place—whether that be a sewer or an open piece
of land—to which the house drainage i1s taken. DBut
nothing can be done in this, neither in other sanitary
requirements, without an ample supply of water.
Another thing which makes a pigstye a nuisance where
otherwise it might not be so, is the feeding of pigs
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with the offal of slaughter-houses. DButchers usually
do a large business on small and confined premises,
and make the most of everything to their own advan-
tage by keeping pigs, sometimes in large numbers, to
eat up the offal. It would be very much better, in
every other respect than the undue advantage of the
butcher, to convert the offal into manure. When 1t 1s
considered that it is only in the immediate neighbour-
hoed of a considerable number of dwelling houses
where private slaughter-houses exist, we see that
neighbours must necessarily be subject to annoyance
where large numbers of pigs are kept on adjoining
premises, and especlally so when these are fed, or
partly fed, on the offal of slaughter-houses. Notwith-
standing that it might be a harsh law which would
prevent a labourer keeping a pig when he believes it
to be profitable to him, providing he keep it clean,
there are yet certain situations in which a pig ought
not to be kept at all, viz. :—(1.) Adjoining the wall of
a dwelling-house under a window ; for in such a situa-
tion the window cannot be opened without admitting
the foul emanations of the pigstye, however well it be
kept. (2.) Immediately adjoining a public road or
footpath. (8.) Near to a public road or footpath when
the stye is at a lower level than it ; and the greater the
difference of level the greater should be the horizontal
distance of the pigstye from it.

It 1s a frequent question of those who wish to con-
form to sanitary regulations, if only they know what
those are, at what distance from a dwelling-house they
may keep a pig.

This would seem to depend upon the state in which
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it 1s kept. If the floor be such that the filth can be
easily removed from it, and if a sufficient supply of
water be at hand, we may reasonably expeect that the
stye will be kept in such a condition as not to be a
nuisance, and 1t may in that case be nearer the house
than if no care or trouble be taken about these things.
The Medical Officers of Health may at some time agree
to recommend a certain minimum distance which
should be imsisted upon in all cases; but until we
know what that is, the best thing we can do is to bury
as soon as possible all the solid and liquid filth, so as
to prevent the formation of injurious gases, or at least
to lessen the quantity; and for this reason the floors
of pigstyes should be evenly laid, so that the filth may
be swept away daily to the land, in the manner already
mentioned.

Asphalt is in some places used for the open yard or
fold of a pigstye, made with gravel, sand, and the
pitch of gas-tar. In other places cement is used,
spread thinly over a brick floor laid upon a bed of con-
crete, and sometimes upon the concrete itself. Where
stone flags are to be had within a reasonable distance
they are sometimes used, and they make the best
floor; but a good floor may be made with bricks alone,
if care be taken to select them square and well-burnt,
and to bed them solidly on a foundation of concrete.

Besides the pig and the stye, another source of
nuisance is the swill-tub, or wash-tank. Into this are
thrown both vegetable and animal refuse, which de-
composes and gives off foul gases. The liberation of
these is assisted by stirring up the contents every time
the pig is fed. In so far as this cause of nuisance

-
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PIGSTYES. T

contributes to the result it affords a greater reason for
insisting upon its bemng a long way off the house than
is afforded by the consideration we have given to the
pigstye 1tself.

There is a little book on ‘ The Pig,” by H. D.
Richardson, in which he says, ““ I cannot too frequently
reiterate my observations relative to the paramount
necessity of cleanliness and dryness.” The floor of
the fold, he says, should slope towards one corner,
and should be of flagstones or pavement, and there
should be a drain from the lowest corner to a tank or
small cesspit outside, and adjoining the pigstye. * The
interior of the covered shed should be kept constantly
littered ; and so, indeed, should the courtyard or fold,
if the object of the keeper is to convert his straw into
manure.” (Here the author seems to speak of farmers
or others having plenty of straw and wanting manure.)
“If not, it should be swept and washed clean, and
occasionally sprinkled with fresh sawdust.”

““ There is no better absorbent, no cleanlier material
than this, and 1t 1s cheaper than straw, when both have
to be purchased, much more portable, easier obtained,
carried, or stowed away.” The object in having the
tank, he says, is a double one, viz., ‘“ at once to keep
the pig-fold and styes in a clean and dry state, and to
preserve the valuable liquid manure which comes from
the animals you keep.” Again, *“ There are some who
will probably inquire whether it would not rather be
better to suffer the moisture to soak into earth or straw,
or other substances, on the floor of the enclosure, and
then to clear it all away periodically, than to drain off
the liquid into a tank. For the information of such
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persons, I may observe that by drawing off the liquid
you add to the cleanliness of your swine, and therefore
to their health and capacity for thriving ; and also that
the collection of the liquid manure into tanks is less
troublesome than the removal of substances saturated
with 1t would be.”

The section of the Act which relates to pigstyes is
the 91st, defining nuisances, in which a nuisance is
“ Any premises in such a state as to be either a nui-
sance or injurious to health,” and ‘any animal so
kept as to be either a nuisance or injurious to health,”
and ‘‘ any accumulation or deposit which is either a
nuisance or injuriousto health.” Wherever the term ¢ the
Act” oceurs, the general Public Health Act,1875,1s meant.

Dr. Ballard, in his first report on Effluvium nui-
sances, dated 1882, says of pig-keeping that the fault
appears to be that the pig is looked upon as essentially
and naturally filthy, and is thus left to revel in the
filth he is supposed to prefer, but to this popular pre-
judice Dr. Ballard demurs; the pig, he says, is not
naturally an unclean animal. When the pig wallows
in mire it merely follows an instinet to cleanse its
skin. The mud stands to the pig in the relation of soap,
but instead of washing it off with water he rubs it off,
when dry, against a rough surface, and thus gets rid of
loose hair and cutaneous scurf along with the mud.
Cleanse his skin for him with soap and water, and he
will rest in contentment and grow fat. Dr. Ballard
says the flooring should be 1mpervious to wet, which
should be drained away by proper channels. There
should be no wood in any part of a pig-stye, for it
absorbs liquid filth and is a continual nuisance.



§ II.—SLAUGHTER-HOUSES.

TraE positions of slaughter-houses in rural sanitary
districts ave generally such as to cause a nuisance.
They are mostly behind the butchers’ shops, and these
are necessarily in the thickly populated parts of the
district, and in these parts the ground is in most cases
as thickly built upon, for some considerable distance
round the slaughter-house, as it is in many large towns.
The position behind the butcher’s shop is, however,
preferable to one which 1s open to the street, as some
slaughter-houses are, and which are both slaughter-
house and shop in one. In the case of a slaughter-
house in the back premises of the shop (which, by the
bye, 1s in most cases part of the dwelling-house) the
objection due to its position is often doubled by its
bad structural condition. This is wholly unnecessary
and unwarrantable. In addition to this, notwithstand-
ing that the spaces are so small and confined, the nui-
sance is often increased by keeping pigs to eat up the
offal, which 1s the system of disposing of it, and no
regular means of removal are adopted for disposing of
that which the pigs do not eat, which is thrown on to
the manure heap, exposed to the sun and atmosphere ;
whereas 1f the system were to keep no pigs on the pre-
mises, but to remove all the offal to a field where they
might be kept, then all the offal would be removed to-
gether, as a rule of the business, and the premises
would be rid of both offal and pigs. This is the practice
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i some individual cases, and i1t should be entorced
where necessary, in all cases, on sanitary grounds.

This being done, nuisance arising from the struc-
tural defects of slaughter-houses may be abated by the
following means. The first requisite is that a suffi-
cient quantity of water shall be close at hand. Some
trials to ascertain the quantity required show that
about 140 gallons of water are required on each killing
day; 1t 1s important, therefore, that it should be ““laid
on " in pipes, for if it have to be fetched from a dis-
tance the necessary quantity will not in general be
used.

The next requisite is that the floor shall be evenly
paved, for a rough floor cannot be kept clean, and
there 1s probably no spot of ground within the compass
of the whole area of the district of a sanitary authority
that should be so well cleansed as a slaughter-house
floor, for the dirt it is subject to is of a kind which is
most offensive. But an evenly paved floor and plenty
of water must go together. Without a sufficient quan-
tity of water to wash the dirt off an evenly paved floor,
the beast slips upon it, and a butcher prefers a rough
floor under those circumstances. But a rough floor
cannot be kept so as not to be a nuisance, however
much water may be at hand. No doubt there is some
inconvenience to the slaughterman by reason of a cer-
tain slipperiness of a smooth floor with blood upon it ;
but, weighed against the sanitary benefits of a quick
removal of all blood and garbage, this cannot be allowed
to be a grievance.

Stone flags make the best floor, but grit-stone in
any form answers the requirements. It is sufficiently
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hard for durability, for the wear is i1n this ease not
great, and it is sufficiently non-absorbent.  Flags
should be of moderate size, If they are small in area,
the great weights that come upon them tend to cause
an unevenness of the floor: if they are very large they
are liable to be broken, unless they are also propor-
tionately thick. It would seem from experience that
the superficial area of any one flag should not exceed
one square foot for every half inch of its thickness. A
firm foundation is necessary, whatever be the material
of the floor, but the smaller the individual pieces com-
posing the floor the stronger ought the foundation to
be. A bed of concrete twelve inches in thickness will
probably be sufficient for any situation, and 1if the floor
be of good stone flags a bed of concrete eight inches in
thickness will be sufficient. The conecrete should be
made with hydraulic lime, or with cement. The com-
mon fat limes are not good for foundations.

The edges of the flags should be squared down to
a depth of at least two inches, and great care should
be taken to make the joints perfectly close with cement,
otherwise the infiltration of blood and filth will be a
constant source of nuisance. A level floor is better
than one laid sloping towards the drain, for the removal
of the filth by means of water depends in this case
wholly upon manual labour, and not upon natural
drainage ; and a level floor 1s less slippery.

The drain from the slaughter-house should have as
much fall as the outlet will admit of, and should be of
socket-pipes six inches diameter, closely jointed.

The height of a slanghter-house is required by the
bye-laws in some districts to be not less than nine feet
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from the floor to the wall-plate of the roof, or, where
there 1s a room over it, not less than eleven feet to the
ceiling ; and that there shall be means of light and
ventilation to the extent of at least twenty square feet ;
also that the lowest part of any opening in the walls
shall be at a height from the ground of not less than
six feet ; that the cleansing of the floor shall be done
within three hours of the time of slaughtering ; that the
walls shall be thoroughly whitewashed with quicklime
four times in a year, viz., in January, April, July, and
October ; but in other places the bye-laws require that
this shall be done twice a year, viz., in March and
September, and perhaps this may be as far as bye-laws
ought to go, for laws must be absolute, and apply to all
cases. And in respect of the area of the openings for
ventilation, statea above to be twenty square feet, that
would seem to be very desirable, for the great amount
of vapours arising from the slaughtering and dressing
ought to be allowed to escape into the atmosphere as
quickly as possible.

Hides and skins should be removed within two days
of the time of killing.

Section 169 of the Act* directs that, for the purpose
of enabling any urban authority to regulate slaughter-
houses, the provisions of the Towns Improvement
Clauses Act, 1847, with respect to slaughter-houses,
shall be incorporated with this Act.

Dr. Ballard, in the report previously mentioned,
says of slaughter-houses that the lair or pound into
which animals are put before they are slaughtered
should be inspected with a view to cleanliness, every
time the slaughter-house itself is inspected. He has

* See also ss. 29, 30, 31, of *“Public Health Acts Amendment Act™
of 1890, post, p. 250.



SLAUGHTER-HOUSES. 18

found that any filthy place has been regarded as good
snough to put animals into before slaughtering them. In
some pounds he has seen a layer of trodden-in dung and
litter many inches thick upon the floor, and the walls
filthy, while the slaughter-house itself has been elean and
limewashed. The essentials of slaughtering so as to avoid
nuisances are serupulous cleanliness of the slaughter-
house and pound, of the atmosphere of both, and of all
utensils, and the speedy removal of all filth and garbage.
In order to ensure these results much care is re-
quisite in respect of details of construction of the
buildings. The slaughter-house and pound should be
two distinct and separate buildings, or should at least
be capable of being entirely shut off from each other.
The walls of both should be of brick or stone, and the
inner surface should be covered with alayer of imewash
which ean be renewed from time to time. The lower
part of the walls to the height of 5 or 6 feet should be
covered with smooth cement, slabs of slate, zine sheet-
ing, or some similarly impervious material, capable of
being washed clean with water. There should be no
exposed woodwork ; it should be covered with paint,
or tar, or zinc sheeting. The flooring of the slaughter-
house should be of uniform material, sufficiently even
to be capable of ready and thorough cleansing with
water and a brush, and sufficiently rough to avoid
slipping upon it. At the same time it should be firm,
and 1ncapable of giving way under the fall of heavy
beasts, or of breaking under rough usage. Paving
with York flagstones set with cement is generally pre-
ferred by many slaughtermen, whose opinion is worth
having, to any other paving of a jointed character.
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It should be laid upon a firm foundation of 4 to 6
mches of good conerete. But the objections to it are
its slipperiness when blood and other matters become
spilt upon it, a tendency of the flags to crack and
become loose, and the frequent loosening and breaking
away of the cement with which they are set, partly as
the fault of the slaughtermen who use the joints of the
flags for-the support of their prytch sticks, instead of
using the holes provided for that purpose. The best
paving of all, Dr. Ballard says, is an even jointless
paving, sufficiently hard and firm to resist rough usage,
and sufficiently rough not to be shppery. Such a
pavement 1s furnished by some concrete and some
asphalte composition. In seventeen slaughter-houses
at Newcastle-on-Tyne the floors were thus laid in 1869
and have been in use ever since. It consists of *‘ good
Portland cement, mixed with roughly-ground stone or
granite, laid upon a basis of small brick bats : the whole
thickness of the flooring being about 8% or 4 inches.”
It is free from slipperiness and had not cracked any-
where. It is very readily cleaned, and 1s as perfect a
flooring for a slaughter-house as could be devised. This
Hooring was laid down by Wilkinson & Co., of New-
castle. Ordinary asphalte is unfit for use in slanghter-
houses ; it is too soft in the summer, and readily
yields to blows or pressure. But Dr. Ballard had seen
at West & Haye’s private slaughter-house at Croydon,
a flooring of asphalte composition which had been laid
down by Claridge’'s Patent Asphalte Company, which
appears to meet all the requirements. The pryteb
holes were iron thimbles imbedded in the composition
hefore it hardened.




§ III.—PRIVIES AND CESSPOOLS.

Tuere should be a separate privy to each house.
Sometimes we find only one to several houses. When
this is so, its proper condition is neglected by all, and
when complaints are made the neighbours fall to
quarrelling, and there is a difficulty in fixing the
blame upon the tenant of any one house. DBut besides
this no feeling of decency can be maintained by any of
them. In every privy there should be a child’s seat,
not more than 10 or 12 in. high, while the proper
height for the other seat is 18 or 19in. When the
low seat is not provided children are driven to dirty
habits. The door should not be hung so that the
bottom of 1t comes close down upon the floor, but
there should be a space of 8 or 10in. between the
floor and the bottom of the door, and there should be
a hole 1n each wall, near the top, for ventilation.

An open privy cesspool is in most cases a nuisance.
The addition of small quantities of water to effete
organic matter causes fermentation and the liberation
of the gases of decomposition ; and therefore all such
matter should either be washed away with plenty of
water, or water should be wholly excluded from it,
Either an abundance of water or none at all is alone
safe in this case. Therefore the cover or roof should
be made so as wholly to exclude rain-water. If the
ground be a stiff retentive clay, this may be sufficient ;
but in most cases the ground is more or less porous,
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and then the water sinks into the ground and carries
with 1t in solution the contaminating matter of the
cesspool, perhaps to a well. So that, at the best, the
case offers but a choice of two evils ; either the water
1s evaporated, carrying into the air the noxious gases
(and perhaps the germs of specific diseases), or it con-
taminates the underground water.

These are sufficient reasons why privy cesspools
should be covered, but if water is to be wholly kept out
of the cesspit it 1s necessary that it be prevented from
soaking into it through the sides or bottom from the
surrounding ground; for the water which falls upon
the surface and soaks into the groundis drawn towards
the cesspool, and enters 1t through the sides and bottom
unless these are water-tight. When we are about to do
a thing—though it may be merely the making of a
water-tight cesspit—it is better to do it thoroughly,
than to malke useless the greater part of our labour by
witliholding the remainder.

There are several ways of making the sides and
bottom of a cesspit water-tight. In the case of a new
construction the ground may be got out a foot wider
each way than the outside dimensions of the walls,
and 6 in. deeper than the underside of the flooring,
and this outer space may be filled with puddled clay.
The proceeding is to select some good stiff clay and
throw it in, and to cut, cross cut, and tread this into
one impervious mass, with the use of a sufficient
quantity of water only to reduce it to a uniform con-
sistency. Care should be taken not to use too much
water. This bottom puddle having been completed,
the floor is to be laid and the walls carried up, first to
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half their full height, Then all rubbish is to be
cleared away from the top of the puddle outside the
walls, and the space filled in between the back of the
walls and the sides of the hole with puddled eclay,
previously prepared. The walls should be stayed
across from side to side to prevent bulging while the
puddled eclay is being trodden in, or rammed in.
When the walls have been thus backed up to half
their height the remainder of the walling is to be com-
pleted, and, after clearing away the rubbish from the
top of the puddle, the remainder of the puddle back-
ing is to be completed. The walls should be built
with hydraulic ime mortar, or with cement, and if
sufficient eare be taken to stay the walls across from
side to side, and to leave in the struts until the mortar
becomes hard (on the face of the wall at least) the
walls may be half-brick thick; otherwise they should
be one brick thick.

Where good retentive clay cannot easily be pro-
cured, gas tar may be had. In most places some fine
and non-porous material may be had, such as fine
oravel, coarse sand, or the refuse of limestone or
other quarries. Ashes or other porous material is
not good for the purpose. Let the material be dry,
and pass it through a screen or riddle of half-inch
mesh. It has been found, with quarry rubbish, that
about three by measure of this material to one of aas
tar makes a substance which can be handled with a
trowel like common mortar. Having excavated the
hole to the required dimensions, and trimmed the
bottom level, spread this composition over the bottom
and lay the brick floor uponit. The around should be
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got out an inch or two wider each way than the outside
of the walls. Carry up the walls to half their height,
and, having cleared away all rubbish from the face of
the tar-composition below, fill in the space with the
same. Complete the walling, and, again having cleared
away all rubbish from the face of the tar-composition,
complete the backing, taking care to unite the second
with the first portion. It is better to make the tar-
composition used in the bottom stiffer, and to add
more tar for the backing of the walls.

Old brick cesspools are often larger than is neces-
sary. In these cases the dimensions may be sufficient
to allow of a half-brick lining. If so, lay the floor in
the manner above deseribed, and carry up a half-brick
wall all round at a distance of an inch from the old walls,
and fill in the space with the liquid tar composition in
the manner described.

There are two ways of covering the cesspit so as
to exclude rain-water—closely and openly. The open
method is the better. It then takes the form of a
roof, raised above the ground on posts at the angles,
the sides being open. The roof should project suffi-
ciently far over the sides of the pit to prevent the
drifting of rain into it. The whole subject may be
reduced to this principle, viz., keep all water out and
let air in.

An important principle to be observed in sanitary
work is that all effete organic matter should be ex-
posed to the action of earth or of atmospheric air, or
of both, as fully and as quickly as possible after
it has been thrown off, in order that it may become
changed into harmless substances, and, for harm,

P T i il i, it i il




PRIVIES AND CESSPOOLS. 19

virtually destroyed. Unless, then, an absorbent like
dry earth or the fine ash of house-fires be daily thrown
into a covered cesspit, the cover should be so made
that the atmosphere may have the fullest play over
its contents. The cover should therefore be raised
from the ground, and be, in fact, a roof, the sides
being open, as in Figs. 1 and 2, Fig. 3 being a plan

Fig. 1. Fig. 2.
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Srale—1-8th of an inch to a foot,

of the same. When, however, an absorbent, as one of
those above stated, is added daily, the cesspit may
be closely covered, as in Figs. 4 and 5. If the cover
be of wood, a frame of half battens covered with inch

boarding is sufficient, if the joints be grooved and
C2
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tongued. Either a part or the whole of the boarded
cover should be hinged to the frame, so that it may
be opened for the removal of the contents, and so
that 1t may fall down again exactly to its place. Loose
covers are seldom put back again properly. In fixing
the cover it should be set three inches higher on one
side than the opposite one, so that the rain-water
may readily run off. The frame should be bedded
upon the walls so closely that water cannot soak
under 1t into the cesspit. The cover should be laid
with a close joint against the privy wall, the joint
being caulked or otherwise made water-tight.

For durability an iron cover is preferable, if it be
hinged or have a hinged door, but loose plates are
seldom put back again into their proper places after
removal for emptying, being too heavy.

The durability of wood may be increased by paying
it over with the o1l of coal-tar pitch. After the
naphtha has been removed from coal-tar, the pitch-oil
is derived from the residue. Raw coal-tar may be
used if one pint of spirits of turpentine be added to a
gallon of tar as a drier.

The question arises-—What size should the cesspit
be? Before determining that, let us consider another
important matter connected with water-tight privy
cesspits and with ash-heaps. When the fine ash and
cinders of a house-fire are brought out and thrown
into a heap together they are allowed to accumulate
because of their worthlessness for any general purpose,
and they become a nuisance in several ways. The
fine ash is blown about by the wind, and partly into
the house again in many cases, and when placed
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on or near to a roadside the dust is a nuisance to
those who pass. The ash-heap 1s an mviting place
upon which to throw the contents of chamber-pots,
and in general it is the common place upon which
garbage and the waste of victuals are thrown, where
a pig is not kept, and it is thus converted into a foul
mass. No one will readily fetch it away, for it is
neither clean and useful nor good manure.

Now if, when the ashes of the house fires are brought
out daily, the fine ash were screened out of the cinders
and thrown into the privy cesspit, that part would be
dealt with, and several important advantages would
result, for, extraneous water having been prevented
from entering the cesspit, the only liquid it would
contain would be that of the excrement, and this
would be absorbed by the fine ash and kept for manure.
The fresh privy excrement would be covered daly
with the fine ash. All garbage and waste of victuals
should also be thrown into the cesspit and go to make
manure,

An open cesspool is economically bad, and wasteful
of manure. 'l'he contents are reduced to a sloppy
mess, which ecannot be taken out without buckets, and
when it is carried away without being mixed with
ashes or other dry matter on the spot, a barrel is
necessary for the purpose ; and when it has been thus
obtained, at considerable cost of removal, it is hardly
worth fetching away, because of the labour of mixing
with other substances before it can be applied to the
land. When, as is the more general custom, the
liquid contents of the cesspool are removed together
with the ash-heap, or part of it—that is to say, as much
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as the farmer requires for the removal of the hiquid con-
tents of the cesspool—the operation is noisome and
offensive. But when the ashes are screened the fine ash
and the privy soil together form a portable manure, in a
state sufficiently solid to be dug out of the cesspit when
required. Manure is required for the land chiefly
twice a year—spring and autumn—so that in this
respect a cesspit should be of a size which will hold
the contents for half a year.

The quantity of fine ash resulting from house-fires
varies with the quality of the coal. In some districts
1t averages % cubic foot per week from each fire, and
as 1n small houses one fire only is usually burnt, this
becomes % cubic foot per house per week in its dry
state, or 20 cubic feet 1n six months. This 20 cubic
feet will absorb 7 cubic feet of liquid, and its bulk will
be reduced to three-fourths of its dry bulk, or to 15
cubic feet per house for six months.

I have had in use during the last two years, in the
kitchen of the house I occupy at Madeley, one of the
ash-screens hereinafter described, which separates
the fine ash from the cinders, and I bhave repeatedly
ascertained the quantity of water which a given quan-
tity of the fine dry ash will absorb, and 1t is as above
stated. The spaces between the bars of the grate
through which the ash falls are three-sixteenths of an
inch wide ; a width decided upon, after frequent trial,
to be the best width,

A depth of 6 or 8 in. of straw, fresh stable litter,
sawdust, fern-brake, or other waste vegetable absorbent
of that kind, should be put into the bottom of the
cesspit before beginning to use it, and each time after

W
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emptying it. Under certain circumstances an exces-
sive quantity of urine is discharged into the cesspit,
which percolates into this absorbent material, and 1s
retained at the bottom, and not subject to evaporation,

This will occupy a space of 6 or 8 cubic feet—say 8,
making 23 cubic feet. Then the fweces, &ec., will oc-
cupy a space of 3 or four cubic feet—say 4, making 27
cubic feet, or one cubie yard per house for six months.

But it must be observed that the kind of coal from
which the above-named quantity of ash results (which
has been found by experiment) is not of average good
quality, and probably about 4 cubie yard per house
would be sufficient on the average.

The cinders, being separated from the fine ash, are
useful for a variety of purposes. They may be re-
burnt, or, if not disposed of in that way, they are very
useful for roads and footpaths. Nothing makes a
better foundation for the metalling of a road than clean
cinders, and across wet land nothing makes so firm and
dry a footpath ; they bind well together, are porous,
dry, and therefore clean, which is really a great thing
to be desired in rural districts. The slight objection
to the dark colour is soon gone after experience of
the comfort of walking on such a footpath in wet
weather, when perhaps others are almost impassable.
But it is only by taking out the fine ash that the house
ashes are made thus useful. If at first careless people
should spoil their heaps of cinders by throwing on to
them such garbage as they ought to throw into the
privy cesspits, that will be rectified by a gradual ac-
quisition of common sanitary knowledge ; and if this
fail, the inspector of nuisances may with more justice
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deal summarily with such persons than when no pro-
visions are made to enable the tenants to avoid commit-
ting nuisances ; for really at present the commission of
nuisances 1s 1n many cases unavoldable for want of pro-
per structural conveniences on the premises of houses.

An extensive acquaintance with the poorest people
shows that there 1s no reason to doubt the willingness
of most of them to keep their houses and premises
in a cleanly condition, and to observe sanitary in-
structions, even though they may entaill some extra
trouble, provided that practical help 1s given to them
to enable them to comply with those sanitary require-
ments, and not, as it were, stand a long way off and
call out to them to do this or that without making it
possible for them to do it. It is in such cases as this
that we hear people say, “ Oh, they won't take the
trouble to keep the place clean, do what you will for
them.” But that is not true, in any large sense, al-
though 1t may be so under certain circumstances, as
those, namely, where owners of houses never go near
their tenants, but leave the collection of rents to
agents. These common subjects of pigstyes, privies,
cesspools, and ash-heaps, claim serious attention, for a
Public Health Aect cannot be properly carried out
unless the work be begun at the right end, and that
we may take to be to get people, each for himself and
herself, to perform those common every-day functions
of cleanliness which, when neglected, cause an ac-
cumulation of evils almost irremovable. It i1s by
dealing with these evils in detail, upon some general
and well-defined system, that they will come by-and-by
to be wholly removed.
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As to the means by which the fine ash may be
separated from the cinders, in a simple manner and
imexpensively, there 1s a choice of two or three. 1. A
fixed screen, as shown at A, in Figs. 4 and 5, bult
into the wall of the privy, Figs. 6, 7, 8, and 9 are
respectively a section, an end view, a plan, and a cross
section of the ash screen, to a scale of 1 in. to a ft.
Here the ashes of the house-fires are brought out and
thrown into the screen, and with a small rake the fine
ash 1s soon separated from the cinders, and falls dowp
upon the cover of the cesspit, and is pushed through
a hole in the wall of the privy, underneath the screen,
into the cesspit ; the cinders are then raked out of the
screen into the box in which the whole had been
brought out, and carried buck to the fire, or otherwise
disposed of.

Fig. 4. Fig. 5.
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The cost of this sereen, in the form in which I have
had it made, is 6s., and in building a new privy it
adds no more than that to the expense ; but in fixing
it to an existing privy wall, the expense of cutting the
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hole and fixing the screen is 1s. 6d. more, making
7s. 6d., fixed complete. It weighs 14 Ibs.

A fixed screen of this kind has the disadvantage
that the fine ash is blown about during the process of
carrying and screening, and to avoid that I have
devised a hearth-box, which takes the place of the
common grid and hole under the fire-grate. A small

ASH SCREEN
Fig. 6. Fig. 7.
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box or shallow tray of sheet iron is placed under the
fire-grate, having a grid or grating attached to the top
of 1t, which, when in its place, is flush with the hearth-
stone. The fine ash mostly falls of itself through the
grating into the box. Whenever the hearthstone is
swept up the remainder falls through, and the cinders
are at once pat upon the fire. This is done as often

L4l
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in a day as a cleanly woman pleases to tidy up her
hearthstone.

The size is made sufficient to contain one day’s fine
ash, so that it must be removed daily. The hearth-
box, or cinder saver, as it may be called, being taken
to the privy, the fine ash is discharged into the cess-

HEARTH BOX.
Fiz. 10, Fig. 11.
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Fig. 13.
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pit, either through the privy seat or through a hole in
the wall of the privy outside. In this way the excre-
ment 1s covered daily, while at the same time the fine
ash is got rid of, and which is uselessfor almost any other
purpose, and 1t absorbs the liquids of the excrement,
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and converts the whole contents of the cesspit into a
portable manure, of some value, and which will on
that account be the more regularly and frequently
removed.

This box is shown in Figs. 10, 11, 12, 13, and 14,
and costs about 5s.

Cutting the hole for it under the fire-grate costs
about the same as cutting a hole in the wall of the
privy for the fixed screen, so that (when the ash is
discharged from the box through the privy seat) the
whole expense 1s about 6s. 6d., and when 1t 1s pre-
ferred to cut a hole in the privy wall instead of that,
the whole cost is about 7s. 6d.

Fig. 10 shows a cross section of the box, shut;
I1g. 11, the front end when open for the discharge of
the ash ; Fig. 12 a section lengthwise, shut, and Fig.
13 open ; Fig. 14 being a plan.

The hearth-box is made of sheet-iron of the thick-
ness of No. 16 wire-gauge. The bars are ;in., and
the spaces % in. When in its place the top of
the grating which covers the box is flush with the
hearthstone, and offers no obstruction to the use of
the brush or shovel. A hole is sunk in the hearth.
stone a little deeper than the box, and a chisel-draught
run round the edges, to receive the flange of the box.
The box itself is hinged to the near end of the grating
plate, and has side flanges not quite so wide as to
come flush with the edges of the grating plate, so that
the grating plate can be retained by the fingers’ ends
when the flange of the box underneath is let drop for
the purpose of shooting out the fine ash through the
far end. The near end of the box is made sloping, so
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that it may be more readily picked up {from the hearth
than if it had to be lifted vertically to the height of its
own depth. On each side of the box a half-round
chase is cut in the hearthstone, 1 in. wide and 3 in.
deep, into which the tips of two fingers of each hand
are mserted to pick up the box.

When it is said that six months seems to be the
most suitable length of time upon which to calculate
the capacity of a cesspit, that is on grounds of utility
alone, seeing that it 1s twice a year when farmers
require the manure, and therefore will readily fetch it
if 1t 1s worth something, and so we might reckon upon
getting the cesspits regularly emptied, at least as often
as that, if we can convert the privy excrement into a
portable manure. Dut it is, of course, a question on
general grounds of health whether privy exerement
should be allowed to remain on the premises of a
dwelling house so long as that. Unless it be at least
once a day covered with ash or dry earth, that would
seem to be too long a time ; but it is by the Medical
Officers that this question must be settled, and the
general testimony seems to show that in towns the
excrement should either be removed at once, by means
of water-closets, or if privies continue to be used in
towns, as often as once a week ; and this requirement
reduces the size of the receptacle to one which can be
easily removed, and a tub or pail is then adopted
mstead of a cesspit. But an important general ques-
tion must be determined before it can be said which of
these two methods—a cesspit or a pail—is to be pre-
ferred 1n any place, rural or urban. It is whether the
Sanitary Authority shall undertake the removal of the
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privy excrement, or whether it shall be done by indi-
viduals, for it is only when the work is done by the
Sanitary Authority, under an organised system of re-
moval, renewal, and disposal, that the pail or tub
system can be made to work properly.

In devising means to an end it often happens that
the object assumes a form different from that first con.
ceived, although it may remain the same in principle ,
the one form growing out of the considerations given
to the other. Thus, as soon as reason has established
the case that there should be no open cesspools, but
that they should be converted into water-tight cesspits,
a little further consideration shows that, when every-
thing 1s water-tight and dry, no pit at all 1s necessary.
In considering how to prevent exhalations from an
open cesspool, the first thing that occurs to one 1s to
cover it; the next to supplement the close cover with
water-tight walls and bottom ; and, in order to absorb
the liquid and hold it for manure, and to deodorise
the contents of the cesspit, to throw into it dry earth
or the fine ash of the house-fires. DBut when the con-
tents of the cesspit are thus converted from a liquid to
a dry mass, there appears no reason for a pit at all, and
no reason why the dry mass should not be deposited
on the level of the ground, so as to be easily filled into
a barrow or cart in the usual way, and so avoid the
useless labour of digging it out of a pit.

All that is necessary in order to make a pit unne-
cessary is that the floor of the privy shall be consider-
ably higher than the level of the ground at the place
where the manure is to be shovelled up into the barrow
or cart, and 2 f{. would seem to be a sufficient height
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for this. Privies are sometimes built on sloping
ground, which gives of itself a sufficient difference of
level between the front and back of the privy, or nearly
so: but on level ground one of two things 1s necessary
to be done in order to do away with a pit: either to
vaise the floor 2 feet or so above the ground level and
make an inclined walk up to it, or to make steps, say

three of 8 in. each.
At the back there should be a projection from the
wall of the privy, as shown in Figs. 15 and 16, so as

Fig. 15. Fig. 16.
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to contain the same quantity as a pit should do in the
same place, say § cubie yard for each house, and the
floor should be made to slope downwards about 1 in
6, as shown. A hanging door eovers the hole through
which the place is emptied. The contents being in a
dry state, nothing exudes through the opening.

Besides the greater facility of emptying, this plan
has the advantage of being rather less expensive than
the pit, and especially so on sloping ground.
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There 1s another method which consists in laying a
concrete or other floor at the ground level, to receive
the deposit, and round the edges of which on three
sides the house ashes are arranged. The floor of the
privy in this case is raised above the level of the
ground —say 2 feet. The excrement and the ashes
are mixed together when required to be removed. If
the ashes are carefully disposed round the edges of the
floor they absorb the excess of liquid and prevent it
spreading over the surface of the ground outside. This
method, however, would seem to me to be objectionable,
unless the floor and the space occupied by the ashes
were roofed over. That being done it would be pre-
ferable to a pit. Indeed any kind of pit is to be
avoided if possible. The open pit ought not to be
allowed under any circumstances, and, seeing the diffi-
cuity of making a pit water-tight, i1tis advisable to have
none at all. DBut the roofing over is absolutely
necessary.

By section 35 of the Act every new house 1s to have
a sufficient water-closet, earth-closet, or privy, and
an ashpit furnished with proper doors and coverings;
and by section 86 any house without a sufficient water-
closet, earth-closet, or privy, and an ashpit furnished
with proper doors and coverings, is to be provided with
these within a reasonable time to be specified in a
notice to be given to the owner or occupier. If the
notice is not complied with the local authority may, at
the expiration of the time specified in the notice, do
the work thereby required to be done, and may recover
the expenses from the owner: or may declare the
same to be private improvement expenses; provided

-
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that where the convenience has been and 1s used in
common by the inmates of two or more houses, or if
in the opinion of the local authority the convenience
may be used by the inmates of more than one house,
they need not require cne to be provided for each

house.



§ IV.—.BAD AIR IN HOUSES.

TrHOSE persons who go much into small houses,
whether in town or country, find a fetid odour and a
close and stuffy condition of atmosphere prevalent in
all parts of the house. This fetid odour is distinet
from that of sewers and drains, and prevails also
where there are none of these. It is the exhalations
from animal bodies, human, canine, feline, and other,
and from dirty clothes brought into the house damp,
and there left to dry; from dirty bed clothes, which
have absorbed the perspiration of persons during the
night, and give it off in vapour during the day; and
the general dust of the house.

When we consider the chemical composition of
atmospheric air in different places, it is surprising
how small the difference 1s—in figures. Atmospheric
air consists, in the main, of two gases, viz., nitrogen
and oxygen (the nitrogen being inert and the oxygen
the life-sustaining portion), with a small quantity of a
third, viz., carbonic acid. Dr. Angus Smith has
recorded, in his book on “ Air and Rain,” that the
usual amount of oxygen in the atmosphere—that is,
the average analysis of the air of all places, good and
bad—is 20°96 per cent., or 2096 cubic feet in 1000
cubic feet of air. The air of the seashore and the
open heath, he says, contains 20°999 per cent. of oxy-
gen. In a room which felt close, but not excessively
so, the amount was found to be 20°89 per cent. In a

S
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rery small room, with a petroleum lamp burning and
a good deal of draught, the quantity of oxygen was
20°84 per cent., and after the lamp had been burning
for six hours it was 20°83 per cent. At the backs of
houses in Manchester it is 20'70 per cent. In a
crowded law court in London an analysis gave 20°65
per cent. When a candle goes out 1t 1s 1850 per
cent. 'The worst specimen examined from a mine was
18-27 per cent.

No air in nature contains more than 21 per cent. of
oxygen, and none contains much less. It is proved,
Dr. Smith says, that badly ventilated rooms contain-
ing less than 20°7 per cent. of oxygen are very un-
wholesome.

¢ Some people will probably inquire,” he says, *“ why
we should give so much attention to such minute
quantities, thinking these small differences can in no
way affect us. A little more or less oxygen might not
affect us, but supposing its place oceupied by hurtful
matter we must not look upon the amount as too
small, The difference between 20°999 and 20980 is
190 in a million. In a gallon of water there are 70,000
grains. Let us put mto 1t an impurity at the rate of
190 in 1,000,000; it amounts to 13'3 grains in a
gallon. This amount would be considered enormous
if it consisted of putrifying matter, or any organic
matter usnally found in water. DBut we drink only a
comparatively small quantity of water, and the whole
13 grains would not be swallowed 1 a day, whereas we
take into our lungs from 1000 to 2000 gallons of air
aily.

“The detection of impurities in the air is therefore of

D 2
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the utmost importance. We must remember also that
the blood receives the air and such impurities as are
not filtered out in its passage, whilst it is the stomach
which receives the water we drink, and that organ has
for many substances a power of disinfection and de-
struction which the blood does not possess.”

The quantity of carbonic acid in the atmosphere is
stated by the same authority to be as follows, at Man-
chester :—

In the streets in usual weather, ‘0403 per cent. ;
during fogs, *0679 ; about middens, ‘0774 ; average of
all the town specimens, ‘0442 ; where the fields begin,
‘0369 ; minimum of suburbs, *0291; and in close
buildings, *1604 per cent.

In the London parks and open places the per-cen-
tage of volume 1s ‘0301 ; in the streets, ‘0380.

On hills 1 Scotland, ‘0332 the lowest, and *0341
the highest per-centage.

Dr. Bernays found in a Chancery Court, with closed
doors, at a height of 7ft. from the floor, ‘193 per
cent, at a height of 3 ft. from the floor ‘203 per cent.
of carbonic acid gas. The worst specimen from a
London theatre, at eleven o’clock at night, was 320
per cent.

Dr. George Wilson, in his ‘“ Handbook of Hygiene,”
says, ‘‘the question resolves itself into this—What
amount of carbonic acid shall be accepted as the
standard of permissible maximum impurity? After
numerous experiments and a most extended inquiry,
Dr. Parkes has given it as his opinion that, allowing
*4 volume as the average amount of carbomic acid in
1000 volumes of air, this standard ought not to
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exceed *6 per 1000 volumes, because, when this
ratio is exceeded, the organic impurities, as a rule,
become perceptible to the senses. With a ratio of '8,
‘9, or 1 per 1000 volumes, the air smells stutly and
close, and beyond this it becomes foul and offensive.”
Dr. Wilson corroborates these remarks of Dr. Parkes
from his experience of prisons, a class of buildings
which afford opportunities of arriving at an approxi-
mate and practical solution of this problem.

Dr. Angus Smith, in “ Air and Rain,” says, ‘“we
all avoid an atmosphere containing 1 per cent of car-
bonic acid in crowded rooms; and the experience of
civilised man is that it is not only odious but un-
wholesome. When people speak of good ventilation
they mean, without knowing it, air with less than *07
per cent. of carbonic acid.”

Dr. Parkes gives the average amount of carbonic
acid exhaled by an adult in the twenty-four hours as
16 cubic feet, or a little over *6 cubie feet per hour.

Dr. Wilson points out that when lights are used,
and the products of combustion are allowed to pass
into a room, the supply of fresh air must be
augmented in order to maintain the standard of
purity.

““It 1s found that 1 cubic foot of coal gas destroys
the oxygen of 8 cubic feet of air in combustion, and
produces about 2 cubic feet of carbonic acid, besides
other mmpurities. As a common gas burner burns
about 3 cubic feet of gas per hour, the importance of
having these deleterious products of combustion carried
off by special channels will be readily admitted.”

Taking 6 carbonic acid per 1000 volumes of air as
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the standard of maximum impurity, and *6 cubic feet
of carbonic acid exhaled per honr, and taking the
initial carbonic acid contained in the atmosphere at
the normal ratio of ‘4 per 1000 volumes, Dr. Wilson
says, ‘‘the quantity of fresh air which should be
supplied is found by calculation to amount to 3000
cubic feet per head per hour, in all cases where the
diffusion of the contained air 1s uniform.” If, instead
of ‘6, a lower standard of ‘7, ‘8, or *9 volume of
carbonic acid per 1000 volumes of air be fixed upon,
the amount of fresh air required would be propor-
tionately less, of course ;—would be 2,000, 1,500, or
1,200 cubic feet per head per hour. Actual experi-
ments made at five o’clock in the morning at Alder-
shott Camp show that in a room with a supply of
1,200 cubic feet of fresh air per head per hour the
carbonic acid was *855 per 1,000 volumes ; in another
room with a supply of 1,700 cubic feet it was *759 per
1,000 volumes ; and in a third room with a supply of
about 765 cubic feet per head per hour it amounted
to 1:2 per 1,000 volumes.

The foregoing calculations and facts show the
quantity of fresh air required to be admitted into
rooms in order to prevent the quantity of carbonic
acid gas increasing beyond a given standard; but as
soon as we come to apply the rule in practice the
question of the capacity of the room comes in, with
its many difficulties, and also the means of admitting
the fresh air, for although we might cause the required
quantity of fresh air to pass through the room, yet its
velocity through small spaces would probably produce
such draughts as would be intolerable. We find 1t te
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be so in practice. When the only means of admitting
fresh air i1s through the doors and windows, a person
in a small room is exposed to draughts of air in almost
any possible position, and we commonly find holes in
walls stopped up to prevent these draughts—and not
merely to keep the house warmer. It is the same
whether the hole be under a door, a broken window-
pane, or whether it be a purposely-fixed ventilator ;
people will not leave them open. They would be glad
enough to have fresh air if they could have it without
draughts ; and I have known holes knocked through
the back walls of houses by the tenants themselves,
but stopped up again because of draught. To malke
the air of dwelling-houses fit to live in 1s one of the
most 1mportant objects of a samtary authority.
Persons who are tolerably wealthy may accomplish
this for themselves, but 1t 1s the necessities of the
multitude that engage the attention of a sanitary
authority. The ventilation of houses 1s as difficult as
ever the sewage question was, and will require for its
solution as much research as has been given to that
question, and which must be accomplished by legisla-
tion as efficient as that now in force and that which
raay follow on the sewage difficulty.

Bad air 1s aerial sewage, and must be cleansed by
oxidation before we can safely breathe it, as foul
water must be before we can drink it.

The sections of the Act which relate to this subject
are the 91st, which declares ‘“ any premises in such a
state as to be sither a nuisance or injurious to health
to be a nuisance, and the 46th, which is as follows :—
“Where, on the certificate of the Medical Officer of
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Health, or of any two medical practitioners, it appears
to any local authority that any house, or part thereof,
is in such a filthy or unwholesome condition that the
health of any person is affected or endangered thereby,
or that the whitewashing, cleansing, or purifying of
any house, or part thereof, would tend to prevent or
check infectious disease, the local authority shall give
notice 1 writing to the owner or occupier of such
house, or part thereof, to whitewash, cleanse, or
purify the same, as the case may require.”

[See also provisions of  Public Health Acts
Amendment Act” of 1890, post, pp. 243—258.]




§ V.—DIRTY HOUSES.

WE do not find clean people in dirty houses, nor
dirty people in clean houses. When we look into the
causes of dirty houses we find that want of proper
drainage for the house slops is one of the chief of
them. A house must be considered to extend beyond
the threshold of the door for at least some yards.
Where, for some yards in front of the house-door, the
surface of the ground is not paved, or so roughly
paved that liquids cannot run off cleanly from it—
that is one cause of a dirty house. The children run
in and out many times in a day ; and every person
and animal of the household brings dirt into 1t con-
tinually. The poor woman may try to rectify all this
by scolding the children and kicking the dog, or may
drive the children away altogether, for some hours at
least, to find a better place to run about in; but 1t all
ends in failure and bad temper, and the house becomes
permanently dirty. The dirt on the floor dries, and is
kicked or blown about in dust, which settles on the
furniture and clothing, the walls and the ceiling, and
is even carried upstairs. Bed-clothes are thrown on
to the floor for want of other convenient place ;
washing day would come very often if it were to come
often enough to keep things clean; and often withal
there 13 a want of water. DBut the strength of spirit
and of body required to keep a eclean house under
these long-continued adverse circumstances dies out,
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and the house falls gradually into a chronic state
of dirt. The husband becomes dissatisfied with i,
and with all in it, and the usual consequence of that
is too well known to need to be mentioned; it is
enough to say that it is one of the circumstances of
his life which does not tend to maintain his health.

Less money than the wife wants comes into the
house because the rest has gone elsewhere. Children’s
clothes become worn out until scarcely any re-
main. She starves herself to feed her children, and
even then insufficiently for their health. Sickness
comes into the house, with its consequent expenses.
A dirty household 1s under these circumstances kept
together as long as possible, but a frequent conse-
quence is the necessity of parish relief, and the owners
of house-property pay perhaps more money in un-
necessary poor-rates than would be necessary for all
the expenses of drainage.

Dirty roads are another cause of dirty houses,
and are uneconomical as well in the cost of main-
tenance.

It is ruinous to a road to allow water to lodge upon
it. If the object were to grind down the materials by
means of wheels and horses’ feet we should add water
to them, and that is practically what takes place
when water lodges on a road. It is a matter of
experience, after taking into account all charges of
road-maintenance, that the cheapest materials for the
voad surface are the best in quality. Trap rock is
the best material ; sandstone is weak ; limestone 1is
slippery ; flint is too brittle ; granite, of certain quali-
ties, is a good material, but trap rock is better; it




DIRTY HOUSES. 43

has a property of toughness as well as hardness.
The pebbles and boulders picked from agricultural
land are good for the purpose, when broken and
made angular, so that the stones interlock with each
other. It is necessary that there should be a good
depth of stone—say ten or twelve inches—but it is
not necessary that it should all be of the quality which
is suitable for the surface ; the lower half or two-thirds
of the depth may be of inferior quality, such as sand-
stone, for this part is to be regarded as the foun-
dation only, and 1s never to be reached by the wheels
of vehicles or by horses' feet. It should, however, be
broken to the same size as the top stone, or metalling,
otherwise it will work up to the surface, and the size
should not be larger than would pass through a ring
two inches 1n diameter. Stone of two kinds, differing
in hardness, should not be mixed together ; the softer
wears away before the other, and leaves an uneven
road ; but if placed altogether below the hard stone
1t serves the purpose of supporting the better material.

Roads come properly within the category of sanitary
works. Dust 1s certainly a nuisance, and mud 1s no
less so; both are sources of dirty houses. Iven
in a monetary point of view, a good hard material
for the top metalling is economical ; less dust and mud
are produced, because there is less wear. It is the
wearing away of the materials in wet weather which
produces first mud and then dust. The carting of
large quantities of poor material on to a road, and the
removal of large quantities of mud from it, cannot be
economical. And be it remembered that the removal
of the mud takes place and must take place whether
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labourers be employed to scrape and sweep it up,
and carts be employed to remove it, or whether it
be left to be washed away in heavy rains into the
drains, or, in lighter rains, to be ground up and remain
to be blown away by the next dry wind. To huve
it washed into the road drains is to have them choked ;
then the road-labourers disturb the construction of
the drains or culverts and clean out the deposit, and
restore the construction in a very rough and inefficient
manner, making stoppages all the more likely after-
wards. So that the ground-up material is necessarily
removed, either as mud or dust. Watering roads,
too, 1s expensive work. The expense of all these 1is
reduced by making the top metalling of roads with
better material.

Sir Henry Parnell, in his book on roads, gives the
results of experiments on the force required to draw
given weights over roads of various degrees of clean-
liness, which show that for the same load the following
very different degrees of force are required for the
draught.

Ona muddy gravel road . : . = - ; . 32
On a clean gravel road - ; - e, g
On a muddy road which is made with gmd hml.eu stone ., 10
On the same road covered with dust . ; - ]
On a well-made broken stone road in a clean dry state. . b
On a paved road . . ; : . - . o ol

In a paper contributed to the Institution of Civil
Engineers by Sir Joseph Whitworth some years ago,
on the advantages and economy of maintaining a high
degree of cleanliness in roads and streets, it is said
that it is a remarkable fact that the quantity of dirt

]
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removed 1is not inereased by frequent cleansing, but 1s
indeed under some circumstances diminished. This
can only be explained by the fact that very much less
dirt 1s produced on roadways which are kept properly
cleansed, and that thevefore they are preserved. This
effect of improved cleanliness has been generally
observed, and its cause is that when dirt 1s allowed to
remain on the surface of a road it retains the water.
A curious illustration of the preservative effect of
cleanliness of a roadway 1s afforded by the state of the
crossings, where the roads are ‘ macadamised” or
made with broken stone. The sweepers keep their
crossings clean by constant sweeping; but the road,
instead of being, as might have been expected, worn
away at the crossing, is often found higher and less worn
than the adjoining parts. The saving of the material
is no doubt the consequence of the greater dryness,
and therefore hardness, of the clean part of the road.
In the discussion on this paper, Mr. P. H. Holland
said that one of the best effects of clean streets was
that the houses were more easily kept clean, and the
effect of this upon the habits and morals of the people
was most important. If persons could not keep their
houses clean with a reasonable amount of care and
trouble, they soon gave up the attempt, and submitted
to live in dirt. This domestic dirtiness caused
domestic discomfiture, which naturally led the husband
to desert his own fireside for the public house. If,
however, the streets were kept clean, it became com-
paratively easy to keep the houses so. He had
frequent opportunities of watching the effect of im-
provements 1 this respect, and it invariably followed
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that there had been a marked improvement in the
habits and morals as well as in the health of the
people.

The condition of public roads is of great import-
ance in another respect. How shall we call upon
persons in their private capacity as householders to
keep their houses clean when the public authority
make 1t almost impossible to do so by neglecting the
condition of the streets and roads? It is one of the
gravest questions which a sanitary authority can enter-
tain, whether they do not themselves contribute to the
dirty condition in which we find the houses of poor
people. And as to the question: Which are public
roads ? 1t ought not to arise, for all roads which are
used by the public ought to belong to the public
authority. It 1is of frequent occurrence that roads,
originally private ground, are thrown open to the use
of the public without having been first properly made
by their owners, and when the public authority is
asked to take to these roads and keep them in repair
they very properly object to do so until they have been
put into a proper state of repair by the original owners,
but the public having used these roads-—in some cases
for many years—the original owners say the road is no
longer private, and is now public ground. These con-
tentions cause much difficulty, and are injurious to ali
parties concerned. The course of proceeding should
be that when a road not properly made is thrown open
to the public by the owner of adjoining property for
the convenience of the tenants, the public authority
should bar the road to carriage traffic until it shall
have been properly made, and then take to it as a
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public road. By allowing it to be used by the public
before it is properly formed, the public authority create
a difficulty for themselves, but by placing a bar across
one end, upon the public road with which i1t communi-
cates, the owner of the private road sees that it is his
interest to make the road properly at once. Dut as a
practical remedy for former laches on both sides it seems
proper and just that all such roads now existing should
be put in order with the assistance of the sanitary
authority, and that in future a better system of proce-
dure should be adopted ; for, besides the necessities of
roadways 1n such cases, 1t 1s frequently a present
necessity of the sanitary authority that sewers be laid
in such roads.



§ VI..DAMPNESS OF HOUSES.

IT 1s unnecessary to describe the many evil effects
of dampness of the floors upon which, and the walls
against which, people lodge. The chief cause of
dampness of houses is the want of proper eaves-
troughs and spouting to the roofs, and where the pre-
caution has not been taken, in building the house, to
lay a damp-proof course, the evil effects are excessive.
When there are eaves-troughs at all they are in many
cases so narrow that either the rain-water of the
slighter showers falls short of them, or that of the
heavier showers overleaps them at their lower ends
and for some distance upwards. They are in many
eases no more than 3in. in width. They should be
5in. The edges of the trough should be fixed at the
upper end level with the edge of the eaves, and an
inch or so within that edge all along the trough, so as
to catch the slighter showers which drop sheer down.
It is chiefly towards the lower end of the trough
where the water runs over the edges, and besides being
caused by the trough being too narrow in many cases,
another, and a frequent cause, is the want of hopper-
heads to the down pipes. We see a small hole cut in the
bottom of the eaves-trough, and the down-pipe joined
immediately to the trough. The mouth of the pipe is
too small to admit the quantity of water due to the
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capacity of the pipe itself. The full quantity of water
that a pipe of given size is capable of conveying cannot
enter it through a mouth of its own diameter merely,
and it is necessary to enlarge the mouth of the pipe.
This is done in the case of eaves-troughs by a separate
wider piece, called a hopper-head. DBut where there
are no eaves troughs at all we may see by a rough cal-
culation how much water is poured down at the foot of
a house-wall. If we take each slope of the roof of an
average house to be 180 square ft., a rainfall of one-
third of an inch in an hour amounts to more than thirty
gallons in that time, poured down along the foot of the
wall. And it should be noticed that the surface of the
ground about house walls in rural districts is usually
not so evenly flagged, or otherwise paved, as it is in
towns, and therefore that the water does not so quickly
run off, but lodges about the foundations to a much
greater extent, and is absorbed by the walls and given
off inside the house in vapour. This is especially so
with stone walls. In hilly districts we sometimes find
the surface of the ground at the back of a house
several feet above the floor level, and no space left
between the wall and the earth. Water falling from
the roof in such a case makes the house unfit to live in.
Everything put against or near the wall soon becomes
mouldy, and it 1s first dragged further away, but for
want of sufficient room it is soon put back again, and
the consequence is that rheumatism and other diseases
take hold of the inhabitants, and illness and inability
to work ensue,

The remedy in a case of this kind is to cut down
the earth at the back and leave a clear space of a yard

=
*
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or so between the wall and the earth. One foot below
the floor level is a sufficient depth generally. It is
easy to see how such cases have arisen ; the retaining
wall necessary to be built to keep up the earth has
been made use of as the back wall of the house.




§ VIL—STORAGE OF RAIN-WATER FROM
HOUSE-ROOFS.

TrE rain-water falling upon the roofs of most houses
of considerable size i1s caught and stored for use,
thereby avoiding, to some extent, dampness of the
foundations and other inconveniences. It is in the
smaller houses we find this provision mostly neglected.
Measurements of the areas of some thousands of
house-roofs show an average roof area of about 360
square feet per house. An average rainfall of 30
inches per annum is not unusual, and if we reduce
this to 24 inches we could probably collect most of
that in tanks, for upon so steep a surface nearly all
would run off; but allowing 6 inches in depth for
evaporation, there would be left 18 inches in depth
available for storage, which would amount to 540 cubic
feet, or 3375 gallons in the year, which would yield a
daily average supply of 9 gallons to the house. If all
the rain-water is to be stored and used gradually and
equably day by day, the capacity of the tank should
be from about 1000 gallons in the western counties
to about 2000 gallons in the eastern counties, but the
rules of storage capacity applicable to water-works
reservoirs do not apply in this case, because, in small
houses, it 1s impossible to limit the quantity daily
drawn out of the tank (although that is quite practi-
cable in the case of a mansion), and if the proper

average daily quantity be exceeded 1t throws out any
£ 2
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calculation which might be made on the basis of a
given daily quantity to be used. If the tank be made
to hold 1000 gallons, it will be of reasonably sufficient
size for one house, and this would be contained in a
space 6 ft. square and 4} ft. deep, or in one 5 ft.
square and 63 ft. deep. But, perhaps, the cheapest
tank that can be made is a well. A circular well may
be sunk, 5 ft. diameter, to a depth of 15 ft., and if the
ground be a stiff retentive clay to that depth, a trial
hole should be dug in the bottom to the depth of a
foot or 18 inches to ascertain that the clay continues
to a sufficient depth below the bottom of the well, the
hole being carefully filled in again with puddled clay.
The well may then be lined with half-brickwork in
hydraulic lime mortar, leaving a clear diameter of 4 ft.
3 in. If the bricks be laid dry the water will pass
through the joints to the clay at the back and dissolve
it, and part of it will be washed into the well as the
water-surface lowers; and if the mortar be made of
other than hydraulic lime it will be dissolved. Where
the ground is porous this lining could not be depended
upon to be sufficiently water-tight. In that case the
brick lining should be of radiated bricks, with close
vertical joints, and backed with puddled clay, 8 or 9
inches in thickness. Instead of clay a common kind of
asphalt may be used, composed of gas tar and any
non-porous dry material screened through § in.
meshes, and worked in the manner already described
for dry cesspits (see § IIL.), both floor and backing
of walls. The thickness of this need not be more than
an inch, but care should be taken that it is not less
in any part than } an inch. In this case the radiated

——— - pa—
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well bricks should also be laid with hydranlic mortar
or with cement.

Another method is to use no bricks at all, but to
render the sides of the excavation with Portland ce-
ment in three coats, the full thickness of the cement
being not less than an inch. In this case it is very
necessary that the sides be trimmed down to an exact
circle. It has been objected to this method that the
ground water may rise outside the tank above the level
of the water within it, and, by its hydrostatic pressure,
burst off the cement lining. This would probably be
so if care were not taken to make the excavation cir-
cular; but that being done, and there being neces-
sarily an equal external pressure all round the well
the cement ring would be put under a compression
not greater, in all probability, than it could withstand.
If it be desired to have a brick lining, and to coat the
face of that with cement, the bricks should be laid dry,
to prevent settlement of mortar joints.

A well of the small diameter above stated may
easily be covered with stone flags, or cast-iron plates,
or it may be domed over. It is necessary to leave an
air-hole in the cover, and to protect it with a hood so
that 1t cannot be reached for mischief,

Fig. 17 shows a section and Iig. 18 a plan of a rain-
water tank of this kind. The leaves and other things
which are brought down by the rain-water from the
eaves troughs should be intercepted before they reach
the well. This is done by placing a copper wire gauze
screen across a small receptacle in which the deposit
takes place, and from which it is removed from time to
time and the gauze screen washed.
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The cost of a rain-water tank, made in the first-
mentioned manner, will probably be about £7 0 0

In the second : ; : o = 5 0D 0

In the third . : ‘ . . B 0 6

In the fourth ; i : ; = B O B
in each case including the pump and all, complete.

If we suppose the tank and pump to last, with a
full allowance for repairs, only 30 years, there would
be procured in that time 100,000 gallons of water. If
we take the first cost at £6, and allow 2 per cent. per
annum for repairs, or 2s. 6d. every year during the 30
years, and add 3d. for redemption in 80 years at 5 per
cent., and capitalise that combined annual payment at
5 per cent., we shall add 55s. to the £6, making £8 15s.,
or say £9, DIor this sum, mecluding prospective ex-
penses for 30 years, a quantity of 100,000 and odd
gallons of water would be procured, being at the rate
of about 1s. 9d. per 1000 gallons, or 48 gallons for a
penny.

If the first cost of the tank and pump be £8, and
including the same percentage for repairs, &e., there
would be procured 36 gallons for a penny. When we
consider that when the rain-water is not stored for
use in a locality where water is scarce and has to be
fetched from long distances, or, if not actually fetched
by the inhabitants, paid for at the rate of 4 or 6 gal-
lons for 1d., which is not an uncommon thing, the
advantage of storing the rain-water of house-roofs is
sufficiently apparent.

Except for the expense, it is advantageous to catch
the roof-water before it descends to the ground, so
that from an elevated tank a pipe may be laid into the
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house. This also affords facility for filtering the
water. When the ground-water contains certain mi-
neral properties, some persons find it disagree with
their health, and are glad to drink filtered rain-water.

T'he ordinary sand-filter, such as is in use on the
large scale, cannot well be adapted to filtration on the
small scale of the necessities of one small house. The
area of a filter-bed is usually on the scale of about
one-third of a square foot per head of the population,
but we cannot make a filter for one house on the same
scale, unless it be a mansion, or large house. In a
general filter-bed the action is continuous, minute by
minute, although the water is suddenly drawn from the
mains in quantities of several gallons at intervals of an
hour or two, taking house by house throughout a dis-
trict. It is this intermittent action which makes the
difference between the two cases. A general filter bed
yields about 75 gallons of water in 24 hours per
square foot of its area, but for the reasons stated we
zannot reckon the size of a sand filter for one house
on that scale. We frequently require to draw four or
five gallons, or more, in a minute, and to obtain this
quantity through a sand filter at the ordinary speed of
descent would require a much larger area than would
be practicable or convenient.

The purification of water passing through any filter-
bed takes place by reason of two separate actions upon
it, first by straining out of 1t the sohd matter in sus-
pension, and secondly by bringing the oxygen of the
atmosphere to act upon it so as to change any decaying
organic matter which it may contain in solution intu
inorganic and harmless substances. The best filtering
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medium, therefore, is that which at once excludes from
its pores suspended solid particles and exposes the
dissolved organic matter to the largest possible amount
of atmospheric air. Fine sand, by reason of its hea-
viness, lies too compactly in 1ts body to comply with
the latter requirement, while in its surface it is too
porous to exclude all suspended matter. On the large
scale this is of no practical inconvenience, because,
although the solid matter may not be altogether
arrested on the surface, but may penetrate the sand to
the depth of an inch or two, 1t 1s easily removed by a
regular attention, but the case of a small household
filter is quite different; here no such regular attention
18 given, or could practically be given, to remove the
solid material and replace it from time to time with
fresh material. Some substance, therefore, must be
used which is closer in its texture on the surface and
more open in its body than a sand-bed 1s. Charcoal
1s a very porous substance, but the difficulty is to make
the water pass through the pores; for when the char-
coal 1s in the form of lumps, however small, the water
passes through amongst the interstices of the lumps or
granules, and not through their pores, thus coating
the surface of each lump or granule with the impurities
of the water, and for a time, therefore, depriving the
water of them, but afterwards allowing it to pass
through unpurified, and even, after further use, giving
off to 1t part of the accumulated impurities of the
water which had previously passed through. This
was found to be the result of passing water through a
thickness of five inches of animal charcoal of a degree
of fineness similar to that used in sugar refineries,
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according to a paper read at the Institution of Civil
Engineers, in 1867, by Mr. Edward Byrne. The ex-
periments Mr. Byrne made were not considered con-
clusive of the case, for there seemed to have been some
peculiar property in the water ; but, however that may
have been, the experiments certainly did show that,
after a certain quantity of water had passed through
the filter, the remainder was in worse condition after
than before it passed through.

In the discussion of this paper, Dr. Letheby said
that a cubic foot of animal charcoal, weighing from
50 to 52 lbs., held within its pores four gallons of
water, and that he had found by experiment that it
was necessary that the water, to be purified, should
remain in contact with the charcoal for at least one
minute. In Mr. Byrne’s experiments the time had
been two and a half minutes. It was stated that the
rate of filtration through the filters of the Water Puri-
fying Company is 400 gallons a day, through a filter
containing 80 lbs. of charcoal.

Dr. Frankland said he had passed some of the Lon-
don water through a stratum of animal charcoal, three
feet thick, at the rate of more than 41,000 gallons per
square foot in 24 hours, under a head of 30 feet. The
charcoal was in granules, like coarse sawdust, and in
the above-named instance more than one-half of the
organic matter in the water was removed ; and, on redu-
cing the rate of passage of the water to one-half, one-
fourth, or omne-tenth, the proportion removed was
scarcely increased. It appeared, from experiments,
that wood or other vegetable charcoal is inert in its
action on organic matter in water,
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Animal charcoal appears to have been applied to
the filtration of water with some success by Mr. Atkins,
of Fleet Street. The charcoal is reduced to powder
and mixed with powdered vegetable and combustible
matter ; and the combined powder is mixed with liquid
pitch, and the mixture worked up and moulded into
plates or blocks of any form. By thus moulding the
charcoal into blocks, 1t is at once put into a convenient
and portable form; and the mud arrested on the sur-
face 1s scraped off, after the plate, or frame of plates,
or the block, has been removed from the water. For
continuous use, a duplicate set is required ; as, indeed,
is the case in any method of filtration. A useful
thing for catching the rainwater of the roof in a clear
state, is Buck’s ¢ Separator,” inserted in the vertical
rainwater pipe. The first run of water, bringing with
it soot and dirt of various kinds from the roof and
gutters, is made to pass in one direction to the drain,
while the succeeding run of water, much clearer, passes
in another direction, and may be caught for use.

When, however, as indeed often happens, a mansion
or large house 1s without a sufficient supply of water,
a very useful quantity may be obtained from the roofs.
A much larger roof-area, in proportion to the number
of persons living under it, exists in such cases as this
than in small houses. If we take a large number of small
houses, we find the average number of persons per
house to be, say, five, and we find the average roof-area
to be, say, 360 square feet, or it may be in some cases
that the average 1s 400 square feet, or 80 square feet
per head of population; but, in the case of a mansion,
the comparative roof-area is much larger, even when
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the visitors arve included. It is often as much as 200
square feet for each person; and, taking 18 inches
as the available depth of rain-water in an average year,
the quantity would be 1875 gallons per head in the
year, or, when regulated, 36 gallons per head per
week., It is better, in this case, toreckon the quantity
per week ; because, in order to regulate the quantity,
a service cistern must be constructed, to be filled by,
say, the chief servant of the household periodically.
[f the quantity used during a week were equable, day
by day, 1t would be sufficient to make a small cistern
to hold one day’s supply, and that it should be filled
from the storage tank once a day ; but, as on some days
of the week much more water 1s used than on others,
it 1s better to make the service-cistern to hold a week’s
supply. Without some regulation of this kind, there
would be no certainty of the storage lasting over a
drought; and it is because this regulation cannot be
practically and generally maintained in small houses,
that the rule of storage capacity of reservoirs cannot
be applied. When the water can be regulated, say
weekly, the capacity of the storage tank may be 120
days’ (average) supply, in the western counties; and
may vary from that capacity to twice as much in the
eastern counties.



§ VIIL—CONTAMINATION OF WELL-
WATER.

THE sources of contamination of well-water are :—
(1), privy cesspools which are not water-tight, and
from which rain-water is not excluded ; (2), soakage
of the top-water into the ground and thence into the
wells, conveying with it refuse matter from the surface;
(3), house-drains which lie near the well, and which
allow the house-slops to percolate through the joints
into the surrounding ground, from which they grad-
nally soak into the well; and (4), unless the drain
consists of pipes closely jointed, rats are a frequent
cause of contamination of wells near which house-
drains lie ; for rats seem to have a peculiar instinet in
finding their way through the ground direct to water,
and, although the water in the well may be out of their
reach, it is possible that in their efforts to reach it
some of them drop in; but, even if that should not be
so, refuse liquids may find their way through the holes
they make from the drain to the well.

There are three kinds of wells :—(1), pump-wells,
(2), draw-wells, and (3), dipping-wells, and the above-
named forms of contamination are common to them
all ; but a draw-well is liable to contamination of
another kind. The cover is necessarily moveable, and
is usually on the same level as the surface of the
ground. The cover is often left open, and small
animals, such as dogs, cats, and rats, sometimes fall
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in ; and, the occurrence being unknown, the ammals
decay there and contaminate the water, the cause of
the consequent illness of the persons who drink the
water being probably undiscovered.

Unless wells be provided with pumps, the rim or
edge-curbing should be raised above the surface of the
ground, and a step or two made for persons to ascend
to draw the water.

Dipping-wells are also subject to contamination
from other sources. The cans, buckets, and pails
used are set down in dirty places about the house, and
tne dirt is carried to the well and washed off in the act
of dipping. Also, every time anything is dipped into
the water, it is stirred up and muddied for the next
person who comes. Another source of pollution of an
open well-hole is the mischief of children, and where
the situation is public this cannot be prevented. A
dipping-well the water of which 1s used for domestic
purposes, ought not to be allowed to exist. Every
opening should be completely closed, except one for
ventilation, which should be protected by a hood, so
that it cannot be reached, and another for the over-
flow of water, which should likewise be shielded; and
the water should be procured by means of a pump.
These dipping-wells are weak springs, and as the over-
flow of water may probably be frequent, a cattle-trough
may be so placed as to receive the overflow : in public
places this 1is of great use. The pump should be
wholly enclosed within the well, and a horizontal shaft
or spindle should traverse the well from wall to wall,
carrying upon it an arm to work the pump-bucket,
having only its end projecting through the wall, upon
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which is fitted a simple lever or handle 18 inches
or so in length. Being wholly enclosed or bricked up,
the pump barrel should be lined with brass or gun
metal, and truly bored out, and, indeed, well and truly
fitted in every respect, so as to prevent the need of
frequent repairs, which is a too common need of many
pumps.
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un elevation, and a plan of such an enclosed pump, the
handle alone being outside the brickwork. Under the
spout is a dog-trough, 24 in.X 12 in. x4 1n., across
the middle of which are two iron bars, upon which the
bucket or pail is set. At one end of the trough there
is a lip, an inch below the edges of the trough, over
which the surplus water flows into the drain, through
a small grating. The pump, and the shoot or spout,
are of cast-iron; the working barrel lined with brass,
and the foot-valve is also of brass. It i1s 1mportant
that this valve should be well fitted, because of the
small head of water upon it to keep it tight. Two lugs
are cast upon the pump barrel, one near the top and
the other near the bottom, which are bolted to two
cross pieces of wood, built into the brickwork, to hold
the pump steady.

These pumps are made at a cost of about 50s. each,
and the rest of the work costs about the same. As to
the trough, it should be a shallow one, to hold about 3
or 4 inches depth of water only, for if it be made deep
enough to dip into, the children who are sent for water
for the household—and it is children mostly who fetch
the water under the circumstances now under consi-
deration—would fill their pails with the contaminated
water of the trough, after the well-water is exhausted,
which 1s a very common ocecurrence in dry weather.

Weak springs, as many of these are, although the
water may be of good quality, yield but a very in-
adequate quantity for the number of persons resorting
to them. While they remain open dipping-places,
persons who come to fetch water, and see the depth
insufficient to dip into, wait (sometimes for a long time)

¥
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until they can dip their pail or other vessel ; but when
the water 1s boxed in and a pump fixed, they exhaust
the supply of water quickly, and are too apt to say
that the new pump is no benefit to them, or that they
would rather have the old dipping hole again. DBut as
this arises from thoughtlessness, time will probably
convince them that they had better have of good
quality what water the well-hole yields than have it
polluted.

It is more difficult to arrange a proper water-supply
in a rural district than in a town. Rural sanitary
distriets contain many aggregations of population of
2,000, 8,000, and 5,000; and it is these places which
are the most difficult to deal with in respect of the
water-supply. Take, for instance, one parish of, say
4,000 population, in a dozen parishes constituting the
Rural Sanitary District of, say 20,000 or 30,000 popula-
tion, living on about as many acres of ground : three-
fourths of the population of the parish may be con-
gregated on 100 acres, the other thousand being dis-
tributed in something like the following manner :—100
at A, 200 at B, 300 at C, and 400 at D. Now, leaving
out of the question how three-fourths of the popula-
tion of the parish may be supplied, those designated
A, B, C, and D, will probably all procure water for
domestic purposes from sources liable to contamin-
ation from passing persons and ammals, whether ac-
cidental or wilful. But supposing a satisfactory water-
supply to be arranged for the main portion (say the
8,000) of the population, it would probably not pay, at
the current water-rate, to supply the small outlying
places—the other fourth ; although, living within the




CONTAMINATION OF WELL-WATER. 67

same sanitary district, they may very properly say they
have the right to be supplied equally with those who
live more centrally in the same district, providing they
are willing to pay the current water-rate on the value
of the house. But if the sanitary authority must
in¢clude these outside people, the water-rate upon
those more centrally situated must be increased, so
that an average rate may be struck for the whole dis-
trict. It is therefore advisable to protect and render
as useful as possible all the small sources of water in
the outlying parts, so that the inhabitants may procure,
in a tolerably pure state, whatever quantity these small
sources yield.

There is little or no doubt that the average rate of
mortality of some of the Sub-districts of Registration
is unduly swelled by excessive mortality in small out-
lying places, and that if these could be kept within the
average of the district that average would be consider-
ably less than it 1s now ; and who knows how far the
unwholesome water of these outlying places con-
tributes to swell the bill ?

The section of the Act which relates to this subject
is the 70th, as follows :—* On the representation of
any person to any local authority that within their
district the water in any well, tank, or cistern, public
or private, or supplied from any public pump, and
used or likely to be used by man for drinking or
domestic purposes, or for manufacturing drinks for
the use of man, 1s so polluted as to be injurious to
health, such authority may apply to a court of sum-
mary jurisdiction for an order to remedy the same ;

and thereupon such court shall summon the owner or
¥ 2
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occupier of the premises to which the well, tank, or
cistern belongs, if it be private, or in the case of a
public well, tank, cistern or pump, any person alleged
in the application to be interested in the same; and
may either dismiss the application or may make an
order directing the well, tank, cistern, or pump, to be
permanently or temporarily closed, or the water to be
used for certain purposes only, or such other order as
may seem to them to be requisite to prevent injury to
the health of persons drinking the water.”

The court may order the water to be analysed, and
if the person on whom an order is made fails to com-
ply with the same, the court may, on the application
of the local authority, authorise them to do whatever
may be necessary in the execution of the order, and
expenses may be recovered from the person on whom
the order is made.
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§ IX.—HOUSE-DRAINS AND SEWERS.

Definition.—Drains and Sewers are sometimes
spoken of indiscriminately, but it is necessary, for
convenience sake, to make a distinction. Again,
house-drains and land-drains are distinet in their
functions, the omne draining surface-water and the
other ground-water. We define a house-drain to
be a channel (whether open or covered) which con-
veys away from a house, or from a few houses,
the refuse liquids, together with such solid matter
as may be in suspension and solution in them,
and a sewer to be a channel (whether open or
covered) which receives the contents of two or more
house-drains ; & main sewer, one which receives the
contents of two or more other (subsidiary) sewers;
and a trunk or outfall sewer, one winch receives the
contents of all other sewers belonging to the same
system.
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Sewers may act as land drains.—A sewer may,
by constructing it in a certain manner, be made
to admit ground-water ; and, in argument whether
a sewer should be made to remove the wetness of
ground through which it may be laid, the subject
may be argued on the understanding that a sewer,
made 1n a certain manner, will act as a drain, while, if
made 1n a certain other manner, it will be impervious,
and therefore not a drain-sewer. It is a question to
be determined rather by the doctor than by the en-
gineer whether the dampness of ground under and near
dwelling-houses should be removed: if so, the only
question for the consideration of the engineer is how
far the drainage of the ground may assume the form of
a run of water sufficiently quick to carry with it fine
particles of earth or sand into the sewer, and so induce
a settlement of the ground and consequent danger to
the stability of buildings. In merely damp ground
this would not oceur, and it is in this kind of ground
where the method seems most beneficial.

When the sewage (sewage being that which flows
through drains and sewers, whatever it may consist of,)
of several houses belonging to different owners is
brought into one drain, before it enters a sewer, this
drain is a main drain, as when, by agreement between
owners of adjoining houses, one drain, laid along the
backs of their respective houses, drains them all before
it debouches at the lowermost into a sewer.

Another method of distinetion is that drains are
those channels which belong to houses as private
property, without reference to the number of houses
drained by each, and that sewers are such channels as
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belong to the public. Practically, the results of the
two methods coincide 1n most cases.

Old Water-courses.—In Rural Sanitary Districts
perplexing questions arise as to whose duty 1t 1s
to repair, alter, or amend certain watercourses nto
which house-sewage and road-water have been turned
from time to time, and which lie through private
lands. These were originally, no doubt, the natural
outlets of the rainfall, and, as such, belonged to
the owners of the adjoining land, each omne having
the use of it as far as his land extended, and being
responsible for its condition. So long as that
which came into such a water-course was rain-water
only, all that was necessary was to provide for its
passage, without reference to the form of the channel ;
but when houses have been built within the watershed
of such a channel, the sewage has been from time to
time turned into i1t by house-owners who have had no
original rights in the land adjoining it. This has
come about in the following manner : —Roads have
been formed in a direction across this original water-
course, the road ditches having their outlet into it.
Houses have been built adjoining the road. The open
ditches having been found to be inconvenient, a culvert
has been laid to carry off the road-water, and the
ditches have been filled up. This has been done
either in whole by the parish vestry or in parts by the
house-owners as far as their respective frontages have
extended, the parish authority completing the culvert
in other parts. Then, from time to time, the house-
sewage has been turned into these culverts, and so the
main watercourse has become an open sewer, used by
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the public ; but its form is such that the sewage lodges
in 1t and becomes a nuisance. Presently the sanitary
authority 1s appointed, and it is desired that the
nuisance shall be done away with. The question then
arises—Is this a public sewer ? for if so, the sanitary
authority ought to amend its form so that the sewage
may be properly carried off.

The usual remedy, and an effectual one, for a case
of this kind, is to lay an intercepting sewer for the
house-sewage, taking it along such public roads as
may be practicable and convenient, and through pri-
vate lands where it may be necessary, under the
powers of the Act. It is one of the principles of
sewerage that natural watercourses should not be
converted into sewers, but should be left to perform
their proper function of carrying off rain-water, and
especially storm-waters. Such an intercepting sewer
is, of course, laid by the sanitary authority.

There are cases, however, where the area of ground
naturally draining into a watercourse of this kind is
small, which may be treated as exceptions to the
rule, and where such a watercourse may be continued
to be used as a main sewer, either covered or open, or
covered in some parts of its course and open in others.

In such a ease, where the ground is very steep, and
where floods have formerly torn up the bottom of the
old water-course and brought down the sides, but
where, nevertheless, there would have been great difii-
culty in carrying the sewage in another direction by an
intercepting sewer, I have deemed it advisable to allow
the old watercourse %o continue to be used as a sewer,
To prevent sewage lodging in the rough bottom of the
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old watercourse, I have laid in a brick invert, on con-
crete, as shown in figs. 23 and 24. To check the too
areat rush of water in flood times I have formed the
bottom 1n steps, as shown.

In steep ground, such as this, a covered sewer is
almost like a flue, up which the gases ascend rapidly
from the lower levels, and blow out at any opening
there may be, and in this case the lower end of the
sewer 18 covered, and 1s in communication with other
sewers at lower levels, so that in the part now under
notice, and where it was not absolutely necessary to

Fig. 23.
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cover it, it has been left wholly open, thereby break-
ing the conmnection of the covered sewers at the lower
levels with those at the higher levels.

House drains everywhere necessary.—The necessi-
ties of urban and rural sanitary districts are different
in degree but not in kind, and it is the degree that
1s the important thing to be considered in each
rural sanitary district, according to the density of
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population and other circumstances. This question
of degree, however, applies to works of combination,
such as sewers, and not to individual works, such
as house drains. HKvery house in a rural sanitary
district requires a drain to carry off the house-slops,
as well as every house in a town; but the sewage
may in some cases be satisfactorily disposed of without
any system of sewers, where the houses are widely
separated from each other.

Properties of a sewage flow.—The properties of a
sewage flow are (1) its viseidity; (2) its velocity, which
depends upon two subsidiary properties, viz., the
hydraulic mean depth of the stream and its inclina-
tion ; and (3) the scouring action of the stream upon
the bottom of the.channel.

In respect of the first of these we may take it to
be the same as that of water.

In respect of the second property, if the cross
sectional area of a stream be divided by the width
of its cross section, measured along 1its bed, the result
is the hydraulic mean depth ; and the greater this
depth the greater is the velocity, if the inclination
remains the same.

Velocity of a sewage flow.—The flow of a liquid is
influenced by the friction between it and the channel
through which it runs, and it is retarded, more or
less, accordingly as the extent of the surface of the
channel with which it flows in contact is great or
small, in relation to the quantity of liquid flowing
through the channel. The quantity of liquid dis-
tharged by any channel of given size, as a pipe of
given diameter, is the result of the sectional area
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of the stream multiplied into its velocity. It 1s de-
sirable that the velocity of the sewage should be
considerable. In circular pipes the least extent of
surface is offered, in relation to the quantity dis-
charged, and therefore the least obstruction to the
flow of sewage, when the sewage half fills the pipe,
in all cases within the limits of practice.

Solid deposit.—The third property is necessary to be
considered so that stoppages of the sewer or drain may
not take place from the accumulation of solid matter.
In Beardmore's “ Hydraulic Tables ” it is stated that

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

40 = will sweep along coarse sand.

60 i - fine gravel.
120 3 3 rounded pebbles.
180 - ik angular stones,

These, except the first, coincide with Du DBuat’s
experiments.

In Rankine’s ““ Manual of Civil Engineering” are
stated, not the velocities which will move solid matter
along, but the greatest velocities of the current close
to the bed consistent with its stability ; thus—

Soft clay . . . . . . 025 feet per second.
Fine sand : : ; ; .+ 0750 n
Coarse sand and gravel as large as peas . 0°70 s
Gravel as large as French beans . . 100 .
Graval 1 inch diameter i : . 22b e
Pebbles 14 inch diameter . « « B°88 ”
Heavy shingle . . : . . 400 e

Mr. Neville gives the following in the third edition of
his ““ Hydraulic Tables, Co-eflicients, and Formule,”
recently issued by the publishers of this work.
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Speaking of rivers, he says (p. 258), “The mean
velocity must not be too quick, and should be so deter-
mined as to suit the tenacity and resistance of the
channel, otherwise the bed and banks will change

continually, unless arfificially protected ; it should not
exceed
25 feet per minute in soft alluvial deposits.

40 - clayey beds.

60 3 sandy and silty beds.
120 i gravelly.
180 T strong gravelly shingle.
240 T shingly.”

Although in the regimen of rivers it is an object to
restrict the velocity so that the materials of the bed
may not be worn away, and in sewers it is an object
to increase the velocity so that deposit shall be carried
away, still a useful comparison may be made between
this table and the others herein given.

Mr. Wicksteed made some experiments with a
channel having a semicircular bottom (Du Buat had
operated on a channel sometimes rectangular and
sometimes trapezoidal, whose greatest breadth was
18in., and depth from 8 to 91in.), and he found that
with a bottom velocity of 12} in. per second, coarse
sand, small pebbles, and rounded stones, and pieces of
brick 2in. diameter, were carried along, the larger
ones moving rapidly and stirring up the sand and
small stones, which moved slowly. With a velocity of
21% inches per second iron borings, together with all
the previous substances, and pieces of brick 3 in.
across, were carried along. In these experiments the
fall of the surface of the water and the bottom of the
channel were the same, viz., 1 in 139.
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Experiments were then made with a level bottom,
and a sufficient supply of water admitted into the
channel to produce a surface velocity of 323 in. per
second, which would indicate a bottom velocity of
about 20 in., or, according to some authorities, 22 or
23 in., and with this velocity, on a level bottom, half
and three quarter bricks, together with the substances
before named, were rolled along, turning over and over.

Surface, mean, and bottom velocities.—It is difficult
to measure the bottom velocity in any actual stream,
and the experiments of different persons do not show
any close agreement in the results arrived at, in respect
of the relation-which the bottom velocity bears to the
surface velocity.

In Dr. John Robison’s ‘“ Mechanical Philosophy ™
it is stated that the differences between the velocities at
the surface and the velocities at the bottom of streams
are proportional to the square roots of the velocities
at the surface. The mean velocity is the arithmetical
mean between the surface and bottom velocities. In
a general way, if unity be taken from the square root
of the surface velocity in inches per second, the square
of the remainder is the velocity at the bottom.

Dr. Rankine says that the least velocity, or that of
the particles in contact with the bed, is about as much
less than the mean velocity as the greatest velocity is
greater than the mean, that is, that the least, the mean,
and the greatest velocities may be taken as bearing to
each other nearly the proportions of 8, 4, and 5.

Mr. Bazalgette stated, in a paper read at the Insti-
tution of Civil Engineers, on the metropolitan main
drainage, that he had designed the work so that there
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should be a mean velocity of not less than 13 mile in
an hour, when the sewers run half full, which is
132 ft. per minute, or 2'2ft. per second, the bottom
velocity of which, according to the above-named ratio,
would be 99 ft. per minute, or 1°65 ft. per second.

According to the experiments precedently named
this bottom velocity would ‘‘ sweep along fine gravel,”
or ‘“‘gravel as large as French beans,” or * coarse
sand, small pebbles, and rounded stones, and pieces of
brick 2in. diameter.”

From these and from our own observations we may
say that the bottom velocity of a sewage stream ought
never to be less than 18in. per second, or the mean
velocity less than 2 ft. per second. With the quick
fall which may usually be given to house-drains a
mean velocity of 31ft. per second may easily be
obtained, if the pipes be not made too large.

Qualities of house drain and sewer pipes.—One of
the first requisites of a house-drain or sewer pipe is
that it be perfectly circular, and another that it be
smooth. The kind of clay of which drain-pipes
are sometimes made, and the mode of manufacture,
are such that during the process they fall out of shape
and become non-circular at the ends. This irregu-
larity of shape in adjoining pipes in the same drain
causes obstructions to the solid matter of the sewage,
obstructions which are cumulative, and which are not
found out for a long time after their commencement,
causing a generally foul state of the drain, and one
from which large quantities of foul gases are given off,
which travel upwards along the drain to the house.

There are three kinds of earthenware pipes in use
for house-drains and sewers.

i
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1. “ Earthenware " pipes, which are made at many
brickyards, but of one kind of clay only at each.
Very few of these stand the heat necessary to vitrify
them thoroughly and yet retain their shape, and they
eannot be made so smooth inside as 1s desirable for
house-drains and sewers.

2. Stoneware pipes. These are made of a mixture
of clays which burn mostly of a light colour, and
sometimes there 1s an admixture of previously burnt
clays broken up, and other substances, and the mix-
ture of which they are made will stand great heat in
burning, while yet the pipes mostly retain their form.
These pipes can be, and mostly are, glazed with
common salt during the later stages of firing. They
are usually 2 ft. in length, excluding the socket, which
is 14 in. deep in the 3-in. and 4-in. pipes, 1% in. deep in
the 6-in. pipes, 2 in. deep in the 9-in. and 12-in., and

1 in. in the 15-in. pipes. The thickness of the 3-in.
pipesis usually £ in., of the 4-in. pipes § in., 6-in. pipes
$ in., 9-in. pipes # in., 12-in. pipes 1 in., and 15-in.
pipes 1} in., and those made by Messrs. Stiff and
Sons weigh respectively about 12 1bs., 16 Ibs., 29 1bs.,
52 lbs., 86 1bs., and 126 lbs.

Other pipes are made of fire-clay, and these are
usually thicker than stoneware pipes, except the
smaller sizes of 3 1n. and 4 ., which are the same.

When there may be a special reason for requiring
greater strength to resist external pressure than the
ordinary stoneware pipes will resist, or than it would be
prudent to subject them to, fire-clay pipes may be
made of any thickness required ; but stoneware pipes,

es well as some kinds of earthenware pipes, will resist
G
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considerable external pressure. When Mr. Rawlinson
some years ago read a paper on the drainage of
towns at the Institution of Civil Engineers, Mr.
Doulton said he had tried the strength of some pipes
made by his firm, with the following results. The
pipes experimented on were two feet long; each pipe
was supported at the ends on blocks ; a piece of wood
twelve inches long was laid on the middle, and the
weight was gradually increased until fracture ensued.
The following were the results :—

Diameter . Weight on Weight over the entire
of pipe. Thickness. 12 in. square. surface of the pipe.
cwts, qrs. tons. cwis. qrs.
15 in. 1 31 3 i 1! 1
12 in. § and & 53 3 8 13 2
9 in. i 64 3 8 18 3

But it would not be prudent to accept these as the
breaking weights of all stoneware pipes of like diameter
and thickness, even of the same make, for one or a
few in a great number might fail with very much
less weight. Moreover, it would be contrary to all
engineering practice to allow an actual weight even to
approach any known breaking weight.

Inclination of house-drains.—There is usually no
difficulty in giving a sufficient fall to house-drains, if
the pipes be true in form and evenly laid (and no fall
whatever will compensate for defects in either of these
respects). A moderate fall, and yet a sufficient one, is
1 in 60, or 2 in. in 10 ft., for the body of the drain, and
1 in 30 for the branches.

Sizes of house-drains—The proper size of a sewer
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or drain must be determined upon a consideration of
the laws of hydraulics, moderated by knowledge de-
rived from experience. This is necessary; for by
the former alone we should find that a pipe of
but two or three inches diameter is sufficient for
half a dozen houses, even with the small inclination
sometimes given to house drains, but we know by
experience that the diameter should not be less than
six inches, on grounds distinet from hydraulic laws.
But the requisite size of a house drain is often over-
estimated. A pipe six inches internal diameter is suffi-
ciently large for the drain of the largest house, and 1t
is not too large for the smallest house. A house drain
frequently has several branches, and each branch may
be four inches diameter. A 4-in. pipe would indeed be
sufficiently large for the whole length of the drain in
respect of 1ts capacity to carry off the quantity of
sewage running from the house, but from the careless-
ness of persons a solid article—much too large and
heavy—sometimes gets into the drain, and in a 4-in.
pipe this fills up too much of the space to allow
the sewage to pass it. If, then, the obstruction takes
place at some unknown part of the body of the drain
there is great trouble in finding it, but when each in-
dividual branch 1s but 3 in. or 4 in. diameter a solid
article is more likely to be caught before it gets as far
as the 6-in. pipe, and when a stoppage 1s caused by
such an article its position may generally be ascer-
tained to be at or near an inlet of the drain, and may
be removed at once without much searching. If,
however, 1t get through the branch, and the drain be

6-in. diameter, 1t will probably not obstruct the sewage
G 2
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altogether, but will be gradually moved down towards
the end of the drain by the occasional flushes of water,
- and will probably be carried down to the outfall with-
out further inconvenience.

For this reason the body of a house drain should
not be less than 6 in. diameter, although the branches
may be 4 in.

A concise and useful formula for our present pur-
pose is that of Eytelwein, given in Tredgold’s * Tracts
on Hydraulics,” viz., that the mean velocity per second
of a stream of water of similar form to those we are
now considering is about nine-tenths (more accurately
ten-elevenths) of a mean proportional between the
hydraulic mean depth and the fall in two English
miles, supposing the channel to be prolonged so far.
The mean velocity per second of any such stream may
therefore be represented generally thus :—

h = the hydraulic mean depth,
f = the fall in two miles,
and v = the mean velocity sought.

When v = "9 A/ k7,

or, as it is more convenient to take small quantities
like these per minute, v = 54 v/ I f = the mean velo-
city per minute; and this velocity multiplied into the
sectional area of the stream gives the cubic quantity
discharged.

Discharge of a 6-in. pipe.—The velocity in a 6in.
pipe running half full, and having a fall of 1 in 60,
would be fully 250 feet per minute, and this multi-
plied into the sectional area of the stream would give
a discharge of 24 cubic feet per minute, or 150 gallons.
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If we take the fall to be 1 in 120, /=88, and
9 &/ h f = a mean velocity of nearly 3 feet per second,
or 180 per minute, which would give a discharge of
fully 100 gallons per minute.

No household discharges so much sewage as this.
The velocity, however, will be less than that above
stated so long as the sewage does not half fill the pipe,
which it will seldom do in a 6in. pipe, even when it
drains half-a-dozen houses, with a fall of 1 in 60,
unless the rain-water of an unusually large area be
turned into it.

The only direct rain-water that it is necessary to
turn into a house drain is that falling upon the ground
surface of the back premises of houses. That falling
upon the roofs may be, and certainly should be,
caught and stored for use, and sent into the drains
after use. As to the area of the ground surface of
the back premises of houses drained directly into the
house drains, numerous observations and measure-
ments show that it seldom exceeds the area of the
house roof, and this, as has been before stated, has
been found by the measurement of several thousand
house-roofs to average about 360 square feet. If we
suy that the divect rainfall to be carried off by the
house drain as fast as it falls is that due to an area of
360 square feet, that is rather to overstate than un-
derstate the average area of small houses.

A house drain should carry off as fast as it falls the
greatest rainfall from the area draining directly into
it, together with the greatest quantity of house-sewage
that may be discharged at the same time. If we take
the quantity of water resulting from a depth of rain
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of 2in. in an hour over an area of 860 square feet
as the quantity to be carried off, the discharge to be
provided for would be 60 cubic feet in the hour, or 1
cubic foot per minute. But say that during some
short part of the hour the quantity might be twice the
average, or 2 cubic feet per minute.

The maximum quantity of sewage discharged per
minute from one house does not exceed 2 cubic feet
per minute, and that only very rarely.

If we suppose this to occur at the same time as the
heavy rainfall above stated, which is not impossible,
the quantity the drain must be capable of discharging
is 4 cubic feet per minute per house.

Referring to the calculated discharge of a 6-in. pipe
when half full, and with a fall of 1 in 60, viz., 150
gallons per minute, or 24 cubic feet, we see that
with that fall a 6 in. pipe is sufficient for six houses;
but how often do we see and hear of owners of house-
property being advised to lay down 9-in. pipes when
several houses are to be drained by one drain, and
sometimes even when only one house is to be drained?
It is quite as easy to fall into the error of laying
down too large a pipe as one too small, and of the
two that error is the more often made.

The few calculations given above are not intended
to prove anything which is not already well known to
those accustomed to this kind of work, for they neither
make nor require such calculations, but only to prove
to those who are inclined to lay down pipes of too great
size that they not only do no good by it, but harm.

The causes of stoppages of house drains and sewers.—
Certainly many drain and sewer pipes have become
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choked with solid sewage, and the fault has been
mostly attributed to the supposed too small size,
whereas the proper reason has more probably been
that they have been badly laid, badly jointed, or of
irregular form. As to the form of drain pipes it has
already been said that they should be truly circular.
As to the laying, sufficient care is often not taken to
make the bottom of the trench of uniform inclination ;
and as to the jointing, carelessness in this respect is
the chief cause of stoppage.

In very stiff and retentive clay sewage cannot escape
far away through bad joints, but it is certain (from
actual observations) that wherever the ground 1s at
all porous, large quantities of liquid escape through
imperfect joints of drain and sewer-pipes. The liquid
is the carrier of the solid portions, which have a con-
stant tendency to settle to the bottom of the pipe,
and if the liquid be insufficient in quantity to cause
the necessary velocity (that 1s, if it be allowed to
escape at the joints), the solid part of the sewage
necessarily settles and chokes up the drain. And to
be convinced of the extreme importance of attention
to the jointing, it i1s only necessary to consider that
during all the time this accumulation of solid sewage
is taking place the drain is, in fact, a long cesspool,
one end of which adjoins a dwelling-house.

When 6 in. pipes have become choked with solid
sewage 1t has often been supposed that that is too
small a size for a house-drain, and 9 in. or larger pipes
have been recommended as a remedy, instead of attri-
buting the fault to its probably true ecause—the in-
efficient jointing of the pipes. DBut if a drain be so
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laid that stoppage occurs from accumulation of solid
sewage, the sooner the stoppage takes place the better,
for as it takes a longer time to fill a 9 in. than a 6 in.
pipe with solid matter, so much longer does the forma-
tion of injurious gases continue. In the case of a
sewer, the conditions are somewhat different, but not
wholly. The dimensions are necessarily larger, but as
against this it must be said that there is a more con-
stant run of water.

For a sewer, a 9 in. pipe is the least size to be
recommended, increasing to 12 in., and then larger if
necessary, up to 18 in. or 20 in., but for a larger sewer
than this, brickwork is often more economical, although
pipes are sometimes used of a diameter of 80 in. and
even more ; but they are very awkward to deal with
satisfactorily. Pipes of moderate size are made 2 ft.
long, exclusive of the socket, but pipes of large size are
usually made longer—23 ft. and 3 ft.—and they are
very heavy, requiring special tackle to lower them into
the trench, and when there they are difficult to handle,
the room the pipelayers have to work in being but
narrow.

Form of the bottom.—The principle of confining the
stream of sewage in dry weather to a narrow space in
the bottom of a brick sewer of considerable size, as in
Fig. 25, has sometimes been adopted for pipes, both
large and small, but this form is not so good as the
circular form for small pipes.

Jointing.—It is the lower portion of the joint, say the
lower half of the cirele, which most requires to be well
made and perfect. The liquid sewage, as has just been
said, is the carrier of the solid portion, and if it be
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allowed to escape at the joints, the solid part neces-
sarily settles on the bottom of the pipe, and remains
there unless flushed away, which may seldom or per-
haps never occur.

The joints of house drains and sewer pipes are often
made with elay, but clay is not a good material for the
purpose, unless it be well tempered outside the trench
and made of a consistency so tough as to allow a long
band of it to be suspended without breaking by its own
weight. A band being thus made, by taking a lump of
well-tempered clay and rolling it out on a planed board
and flattening it out to a width of 1% in., and a thick-
ness of  in., it is laid round the lower portion of each
socket, as in Fig. 26, before the spigot end of the next
pipe is inserted. A good pipelayer will draw up the
spigot end of each pipe until it touches the top of the
socket, and then, when the pipe has been drawn
““home,” will let it drop vertically, and leave no space
between the ends of adjoining pipes.

Another material is Portland cement, but when this
is used it is necessary to guard against portions getting
into the interior of the pipe, there setting, and forming
ugly lumps and obstructions.

Sometimes a platted band of spun yarn 1s laid in the
bottom of the socket, 14 in. wide and % in. thick, when
it is intended to leave the upper part of the joint open
to dry the ground ; or if it is intended to make a close
joint at top as well as bottom, several strands may be
forced into the socket all round.

Large numbers of sewer pipes have been laid without
the precaution above mentioned, when either clay or
cement has been used for the jointing material, the
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spigot ends being inserted into the sockets without a
proper thickness of jointing material under them to
prevent the escape of liquid sewage, and to raise the
spigot end up to the level of the interior of the adjoin-
Ing pipe, so that it drops below it and forms an obstrue-
tion against the flow of sewage, catching particles which
flow with the sewage, and gradually causing an accumn-
lation of solid matter all along the bottom of the pipe.
To provide against this a ‘“rest” has been devised,
formed on the outer edge of the inside of the socket,
as in Figs. 28, 29, the jointing material being laid behind
it, before the spigot end is inserted, and made con-
tinuous round the lower half of the socket, the upper
portion being left open when it is intended to dry the
ground ; or, when it is intended to exclude ground
water, the material may be continued over the upper
half of the joint in the usual way.

The width of the ‘‘ rest” is 6 in. for pipes of 12 in.
diameter and upwards, and for the largest pipes 8 in.
wide. The rest is formed in one with the pipe in the
process of manufacture. A loose piece would answer
the same purpose if it were sure to be inserted, but in
practice it would probably seldom be placed in its
proper position.

To ensure that in circular pipes the rest shall always
be in its proper position at the bottom of the pipe, a
stud or indicator is formed upon the outside of the
socket at the crown, diametrically opposite to the
position of the ““rest,” so that, looking down into the
trench, when the indicators are seen in line along the
top of the pipes it may be known for certain that the
rests are in their proper positions at the bottom.




HOUSE-DRAINS AND SEWERS. 93

Fig. 30.

Fig. 81.

DN
— 7).\

T et



94 SANITARY WORK,

There are other forms of joint which bring up the
spigot end to the proper level, such as that devised by
Mr. B. C. Cross, C.E., shewn in Figs. 80, 81, where
the bottom portion of the pipe on the outside is made
flat, and the bottom portion of the socket joint is
rebated.

Where, as in an outfall sewer pipe through fields, it
1s the intention to keep out ground water, as tending
to increase too much the quantity of sewage, the joint
devised by Mr. Stanford is useful, shewn in Figs. 32,
33, and which is formed by casting upon the spigot
end and in the socket of each pipe, rings of material so
that when the pipes are put together they fit closely
into each other all round; but these pipes do not
admit of the ground water being drained into them
through the upper portion of the socket. When the
sewage has to be pumped to a higher level than the
outfall of the sewers it is proper to keep out all ground
water, and whether it be pumped or not, if the ground
is so full of water that any large quantity would come
into the sewers through openings in the upper part of
the joints, the sewers should not be made to act as
drain sewers; but where the quantity of water is
small, and yet sufficient to keep the ground damp, 1t is
advisable to admit it in the manner named, a barrow-
ful of gravel or other hard dry material being placed
over each socket as in Figs. 26 and 27.

The general effect of a sewer is to dry the ground,
whether it be specially provided for or not, but if it is
really desired, some proper means of accomplishing 1t
should be provided, such as through the upper part of
the joints, and not leave it to chance; but if the
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quantity is great, a drain pipe under or at the side of
the sewer pipe is necessary. In low-lying gravel beds
this diversion of the ground water from the sewers
saves serious inconvenience at the outfall, but these
are exceptional cases, and not sufficient to found a
rule upon that the upper part of the joints of sewer
pipes should in no case be left open.

In June, 1869, a paper was read before the Geo-
logical Society of London by Mr. William Whitaker,
B.A.,, F.G.8., on the connection of the geological
structure and the physical features of the south-east
of England, with the consumption death-rate. The
subject had already been discussed in detail (Report
of the Medical Officer of the Privy Council for 1867,
pp. 14—17, and 57—110), yet Mr. Whitaker
thought it would be well to state the chief facts
of the case from a geological point of view, the
method of investigation followed, and the conclusions
come to.

Dr. Buchanan had previously been appointed by the
Privy Council to inquire into the results of sanitary
improvements in England. With this object he visited
twenty-five large towns in which various works, de-
signed to promote the public health, had been for
some years in operation, and his investigations led to
the conclusion that consumption had been very mate-
rially affected. This disease, however, had not de-
creased in all cases, and on examination it turned out
that the lowering of the consumption death-rate went
along with the decrease of water in the subsoil by
improved drainage; and this led Dr. Buchanan to
suggest that it might be well to see whether natural
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causes which affect the saturation of the subsoil, had
not alsn some connection with consumption; or, In
other words, whether places on those geological forma-
tions which allowed the free drainage of water would
not have a lower consumption death-rate than places
on less pervious or damper beds.

As 1n the south-east of England the surface-aeposits
of gravel as well as the regular formations of clay and
other strata were shown upon the geological maps,
that part of the country was chosen for investigation,
and divided into 58 districts, Mr. Whitaker being
associated with Dr. Buchanan in the inquiry. The
plan was ““to select out of the 58 districts such as are
most comparable with each other in regard of their
position and geological structure, and to see how their
phthisis is affected by the perviousness or impervious-
ness, elevation or lowness, slope or flatness, in the
members of such more limited series.” The results
were as follow :—

(1) On pervious soils there is less consumption than
on impervious soils,

(2) On high-lying pervious soils there is less con-
sumption than on low-lying pervious soils.

(3) On sloping 1mpervious soils there is less con-
sumption than on flat impervious soils.

(4) These inferences must be put along with the
other fact, that artificial removal of subsoil
water, alone, of various sanitary works, has
largely decreased consumption,

I'rom which follows the general inference, that wet-

ness of soil 1s a great cause of consumption, no other
H
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condition having been found, in the course of these
inquiries, to go along with the consumption death-rate
to any great extent.

I have introduced these quotations from Mr. Whit.
aker’s paper (which was given in the  Geological
Magazine ” of November, 1869, and published in sepa-
rate form by Messrs. Tribner & Co.), in support of
the assertion that the upper part of the joints of sewer-
pipes should be left open.

It is necessary, however, to point out that these
openings will not receive any water—or will not re-
ceive much of the water—until the ground below the
pipes, and up to the level of their middle, has become
super-saturated; the water then overflows into the
pipes through the openings. This points out that the
sewers should be laid at a considerable depth, for, if
not, the water would sink below them and stand at
some uncertain level, which might be but little below
the sewers, and thus the drying of the ground would
not be attained.

Mode of Laying Pipes.—A common way of laying
pipes, but a very wrong one, is to lay them down
upon the bottom of the trench so that the bearing
points are the two ends only, the body of the pipe
being unsupported. Two serious defects in the drain
sceur from this. Firstly, the weight squeezes out
the clay or cement with which the joint is made,
and the spigot-end of one pipe falls below the
socket-end of the next one, causing an inequality
of the bottom at every joint; and, secondly, the
pipes thus lie hollow, being supported at the two
ends only, and when the trench is filled-in the super-
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incumbent weight has a great tendency to break them.
They should lie solidly all along the body of the pipe
upon the bottom of the trench, a hole being made to
receive each socket. If the bottom of the trench be
trimmed to an even gradient the pipes will then lie
concentrically, and the joints can be properly made.

Refilling the trench.—In refilling the earth into the
trench the small stuff should be first thrown in, and
the spaces between the pipe and the sides of the
trench should be well filled, so as to prevent future
sinking by leaving hollows under the sides of the pipes.

The bottom of the trench having been filled up to
the middle of the pipe with the most retentive of the
earth thrown out, gravel should be thrown in, all
along the trench, sufficient to cover the sockets of the
pipes ; but where so much gravel is not procurable
within reasonable distance, sufficient at least should
be procured to block the front of the open sockets and
prevent dirt falling in.

The remainder of the filling-in should be done in
regular layers of not more than 6 inches in depth,
and each layer should be well rammed before another
1s thrown in, except when the ground consists of
gravel or sand, in which case, or i either of them,
ramming 1s useless. The best means of consolidating
dry sand 1s to wet i1t, and as to clean gravel- it will
settle of itself into 1ts own position. DBut ground con-
sisting of clayey gravel or gravelly clay is often met
with, and 1n such cases ramming is necessary, One
rammer or punner should be employed for every man
filling in.

It the ground in which a sewer is laid consists of a
n2
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bed of sand, precaution is necessary to prevent it
being carried into the drain or sewer through the
upper part of the joints of the pipes which may be left
open, as has been said, and in this case the gravel or
small stones previously mentioned as to be placed in
front of the upper part of the socket joints of the pipe,
should be so placed as to act as a filter to the sand,
and so prevent its entry into the pipe. But if the
ground be of the nature of a quicksand the joints
cannot be left open.

Bad Ground.—The possible existence of a quicksand
bed at the depth at which it may otherwise be advisable
to lay a sewer is one of the strongest reasons why nu-
merous trial holes should be dug to the intended depths
at intervals along the lines of intended sewers. If the
sewer be begun and continued with such a gradient
as brings the bottom into a bed of quicksand at some
higher portion of the work, it must be continued at
that gradient, however difficult and expensive the
work may be; but if this had been foreseen it might
probably have not been difficult to make the gradients
such as would have avoided the necessity of laying
the invert of the sewer in such ground. But when-
ever ground of this kind is met with, stable litter will
be found useful, to pack in behind the poling boards
and to drive in between them.

If, with all precautions of close-timbering and the
use of stable litter, tow, or cotton waste, the ground
still rises in the bottom, some special means of car-
rying off the water, other than by pumping, must be
adopted ; but no general method can be stated which
would answer in all cases. A bed of concrete would
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answer probably in most cases if the movement
of the water could be prevented, and so prevent
the lime or cement being washed out before the
concrete has had time to set. Sheet piling, or
close planking, has to be resorted to sometimes. In-
deed the expedients are numerous. They are all ex-
pensive, and a few yards of such work cost more
than a great many trial holes. Mr. Reade of Liverpool
adopted a method which would answer if it would not
have the effect of carrying away the sand with the
water, and so either blocking up the waterway or
carrving the sand clean away to the outfall, the result
of which would probably be a settlement of the ground
near the sewer. The method was to lay in the bot-
tom half-round pipes with the flat side downwards,
or, rather, pipes of the form of the letter O reversed,
through which the water ran away, the sewer-pipes
being laid on the backs of these drain-pipes, in saddles,
the two lines of pipes breaking joint.

Taper Pipes.—In Shropshire taper pipes are made,
20 inches long, the internal diameter of the larger end
being slightly greater than the external diameter of the
smaller end, allowing the small end of one pipe to enter
the large end of another. I am inclined to think that
this shape is better than abrupt sockets for steep
ground, say, where the inclination exceeds about 1 in 80,
as it often does in hilly ground, The advantage of this
form 1s that the sewage has a clear drop from the end
of one pipe into the next one.

The series of steps thus formed is very useful in
checking the too great vush of sewage where the de-
scent 1s continuous. Hitherto these pipes have been
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used chiefly for land-drains. They are made of the
common clay of the locality, which is of better quality
for pipes than most other clays with which I am
acquainted. Socket-pipes, of 6in. and 9 in. diameter,
are made of the same clay, but they are not salt-
glazed, and are somewhat rough internally, and some-
what porous. To remedy this and yet make use of
local materials, which I think should always be done
if possible, I have treated them after the manner of
Dr. Angus Smith’s process, dipping them into the
melted pitch of coal tar. The raw tar may be used
if turpentine be added as a drier, say, half a pint to
a gallon of tar. The process 1s not an expensive
one.

Dead Ends of Sewers.—In cases where stoppages
have occurred near the upper ends of sewers—the
dead ends,—the quantity of liquid is often not suffi-
cient to produce such a velocity of the whole sewage
as will carry along the more solid part, which
gsettles gradually until it fills the pipe. For this
reason the sewage of several of the uppermost
houses on each side of the sewer, say half a dozen,

should be collected in ome 6 in. pipe before its
entry into the sewer, wherever that 1s practicable. A

flushing tank is desirable at every dead end of a
sewer, but where the sewage of some dozen houses
cannot first be thus collected, it 1s essentially
necessary. '

One of the chief causes of stoppage of drains
and sewers in which there is an insufficient run of
water is the fine sand used at public-houses to scouvr
the metal pots, and for other purposes. This, being
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used in large quantities, soon chokes up the trap in
the back yard or scullery, and the trap is frequently
removed to save the trouble of emptying 1t.

Drains under House-floors.—In rural sanitary dis-
tricts the drain seldom need be laid under a house
floor, but when that is necessary it should be sur-
rounded with concrete to prevent the possibility of the
escape of foul air into the house, especially when it lies
under a boarded floor.

But by far the best drain under a house floor is a
cast-iron pipe, the joints of which are caulked and run
with lead in the same manner as for gas and water
pipes. The pipes being 9 ft. long, there 1s only about
one fourth of the number of joints.

Junctions of Drains and Sewers, —The junction of a
house-drain with a sewer, or the junction of a branch
with the house-drain, should in every case be turned
in the direction of the flow of sewage in the channel
with which the junction 1s made, and should never
enter it at right angles. For this purpose junction
pieces are attached to pipes in an inclined direction,
into which, when the general direction of the drain or
branch 1s required to be at right angles with the
sewer or the drain, a bend pipe may be inserted,
which will bring the lead of the pipes into the required
direction.

The direction of a drain or sewer, however often it
may be necessary to change it, should always be in
straight lines, joined with bend pipes. Straight pipes
eannot be laid in a curved direction with any proper
regard to good jointing.

Short branches—Inasmuch as it is necessary that
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there should be a trap upon every branch of a drain,
it follows that branches should be as short as possible,
and to this end the line of the main drain should
follow the positions of the several traps. This adds a
little to the length of the main drain, but the preven-
tion of stagnant air in long branches is thus prevented.
In the drainage of a quadrangle or wide court, the
main drain should surround the court, so as to come
within a short distance of every trap, rather than be
carried across the court the nearest way to the en-
trance, with long branches to the several traps, as re-
presented in I'ig. 33a. The extra length of drain
required is well compensated for by the shortness of
any branch in which stagnant air can accumulate.
The lines of drain should be those shown by full lines
on the diagram, and not as shown by the dotted lines.
The surface drainage of rainwater is in this case in a
direction away from the centre and towards the sides,
the centre of the area being for this purpose a little
elevated. If the centre of the area must be sunk be-
low the sides, and the rainwater drainage therefore all
brought to the centre, then one long branch becomes
necessary, but 1t 1s better avoided, by throwing the
rainwater drainage towards the sides, and into several
traps instead of into one, and so distributing the bene-
ficial effect of the flow of rain water.

In such a case as that represented, there should be
a ventilating pipe, 5 in. diameter, at each of the places
marked V, terminating with an open end above the
roof, but not mmmediately under any dormer window,
and not at the same level as the top of the nearest
chimney if the distance is less than, say, 10 ft.
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Terminations of House-drains,—The points up to
which separate branches of a house-drain are re-
quired to be laid arve, in general, as follow. The
cellar; the scullery sinkstone; the lowest part of
the yard or paved surface about the house, to receive
the rain-water or surface-drainage; the water-closet,
if there be one; and, in large houses, the butler’s
pantry. The drain should be brought up from its
lower end of such a depth as to allow the extreme end
of the farthest branch to be not less than 2 feet below
the surface of the ground, the inclination of each
branch being calculated at 1 in 30.

Sometimes the drain is carried through the scullery
wall and terminated under the sinkstone, thus making
a direct communication between the interior of the
house and the drain, whereby the foul gases of the
drains and sewers are invited into the house; for
although a trap may be placed on the end of such
a branch drain, i1t will not at all times prevent the
foul air coming through it into the scullery, and thence
probably into the house. It is very much better to
terminate the drain outside the wall, and place a trap
upon it there, and to discharge the sinkstone-water
into that trap, so that at those times when the foul
air of the drains may escape at that point they do so
in the open air, and are there less injurious than when
they escape into the house. Very little better than none
is (or rather was, for people now see the fallacy of
it) a ‘“ bell trap” at the mouth of a pipe in a sink-
stone, the other end being inserted into the drain.
These traps act as traps only when the cover is in
its place (and very imperfectly even then), and they
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so frequently become choked with tea-leaves and
orease, that a remedy for this is often found in throw-
ing away the cover altogether and leaving the end of
the pipe open.

As to the kind of trap to be placed outside the wall
to receive the sinkstone-water, and also for the yard
gulley, to receive the surface-drainage, there are se-
veral kinds in common use.

Iron box-traps are neat in appearance, but they
are objectionable, inasmuch as that, unless very well
and carefully set, the foul air of the drain comes up
through openings left round them between the trap
and the setting—usually a few bricks in mortar or
cement : but when properly and closely set they an-
swer very well.

The earthenware trap is much better in this respect.
The spout projects into the socket of the last drain-
pipe, and 1t 1s easier in this case to make the joint
air-tight. These traps, or yard galleys, are, however,
often made too deep—to hold too much. The less
space there is for lodgment of solid matter in a trap
the better. The only excuse for making a space larger
than 1s necessary to form the water-trap is that it
requires cleaning out so much the less often; but this
18 of itself an objection. While the matter lies there
it is decaying and giving off foul gases, and it is better
that it should go to the soil as quickly as possible
than that it should be retained (undeodorised and not
disinfected) in traps for any considerable time.

The same kind of trap serves for the two positions
named, and in many situations the same trap serves
for both purposes, when the surface channel of the
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paving of the yard 1s laid so as to drain che surface
water into the trap, outside the kitchen or scullery
wall, opposite the sinkstone.

Traps in these positions are always at the head of a
drain or branch drain, where there i1s no constant run
of water through them, and the sediment they collect
must either be Hlushed out into the drain with water,
occasionally, or 1t must be taken out and disposed of
on the surface. This consideration really opens two
wide questions of principle in town drainage—whether,
that is to say, sedimentary sewage should all be sent
into the drains and sewers, and thence to the outfall, or
whether as much of it as possible should be kept out
of the drains and sewers by being caught in cesspits,
and removed from them as occasion requires. If we
go far enough back we should find that formerly sewers
were of very rough construction, very large, and of a
form which did not facilitate the passage of sewage
through them, but rather induced settlement upon the
bottom, and especially the heavy road detritus washed
in by rains from broken stone or gravel roads. Catch-
pits or street gulleys were made to keep out this heavy
material. They were not at first *“ trapped,” but were
merely for the purpose of catching the mud from the
roads. When, however, i1t became a frequent occur-
rence that people were made ill by the stench from
these open street gulleys they were trapped. Then,
when more attention came to be paid to house
drainage, a similar system was adopted, with this
difference, that the first consideration was to keep
back the foul air of the drain by a trap, rather than to
retain the waste solid matter of the sewage, but as the

o Sl e
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foul air was trapped by forming a depression, which
was filled with water, it naturally collected the solid
filth and allowed the liquids only to overflow into the
drain ; and so it is to this day, with many of the forms
of traps used. This retention of solid filth in small
cesspits close to houses 1s a nuisance which ought to
be done away with now that sewers are made of a form
to carry off what comes into them, and now that house
drains consist of glazed ecircular pipes which ecarry
forward the solid filth as well as the liquad direct to the
sewers and to the outfall.

In a yard gulley, or any trap at the head of a drain
or branch drain, such as that which receives the refuse
from the scullery sink, there 1s no continuous run of
water through it, and the sediment should be flushed
away frequently, and regularly in point of time. When
the depression is not too great this can be done with
certainty by taking off the iron grating and throwing
down a pailful or two of water every day, as a part of
the regular household duties, provided the form of the
trap-bottom 1s such as to allow the sediment to be
readily flushed out. The bottom should be circular
and the outlet of easy form. The flat bottom of a
“mason’s trap” does not allow of this easy flusling.
There are exceptional situations where a flat bottomed
large trap is the best thing that can be applied, such
as for a grease trap at a country house where there
are stables near the house and where rats are numerous,
which infest any drain into which much grease is
discharged, for although the drain may be of proper
pipes, well jointed, they come up from the lower end,
and 1t is not desirable to promote their life by sending
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grease into the drain for them to feed upon. Other-

wise, traps should be of such form as to allow the refuse

they collect to be flushed out into the drain. In most

traps at the head of drains and branch drains, openings

are made for the purpose of cleaning out the sediment.

Where there is a garden belonging to the house, so

that the sediment can be dug into the ground, this way

of emptying the trap is as good as any other, perhaps

better, but where there is no such garden the sediment

s difficult to dispose of satisfactorily on the surface of

the ground. It is to be observed that the sediment

collected in house drain traps is not heavy, like the

gritty road detritus i street gulleys, and it may safely

be washed into the drains and sewers where there are

no convenient means of dealing with it on the surface ;

and as the drains are made purposely to carry off the

sewage they should be put to their proper use, and the

retention of filth in small cesspits near houses should

be done away with. It is important to have a good

supply of water, for this as well as for other purposes,

but if the supply is not so good as it should be, in

point of quantity, there yet need be no hesitation in "

getting rid of the gulley sediment in this way by

throwing into the traps the ordinary waste water of

the house, and properly flushing them out once a week. |
The best thing for flushing the trap at the head of a -'

drain or branch drain is a Field's or a Shone’s flush-tank.

The flush-tank is sometimes used as a trap, the refuse

of the scullery sinkstone passing into it, but this 1s bad

economy; it is of the wrong form for a trap; its proper

use is to be placed on one side, and so that the long leg

of the syphon pipe discharges into the proper trap.
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Disconnecting-Traps, or Intercepting-Traps.—The
usual size of a house drain 1s 6 in. diameter, with 4 .
branches. The sectional area of a 6 in. pipe 1s 28
square inches, of which one tenth part is but seldom
occupied by sewage, nine tenths or more being at most
times occupied by air. This air space of the drain is,
at its lower end, in communication with the sewer. A
good deal has been said upon the necessity of placing
a trap in the drain to prevent the sewer air approach-
ing the house. Ifthere 1s an infectious disease n a
house the infection may, it is said, pass down the
drain of that house and up the drain of another one
connected with the same sewer, and therefore the air
of the sewer should be separated from that of the house
drain by a trap. The trap, evidently, should be placed
at or very near the sewer, because the air in that part
of the drain between them will be stagnant, and there
should be no stagnant air in a house drain.

But in how many cases can this be done, practically ?
Where such a trap must necessarily be placed at a con-
siderable distance from the sewer, and in fact much
nearer the house than the sewer, this length of drain
must contain stagnant air, a fault which no other con-
sideration can excuse. To lead sewer air up to a house
and there stop it by a trap in the drain, is contrary to
one of the fundamental principles of house drainage,
and perhaps the most important one to be kept in view.

Where a disconnecting or intercepting trap cannot
be placed much nearer the sewer than the house,
the air passage should be continuous through a suffi-
ciently large pipe to the roof, and above it. If there
are water-closets on the upper floors the vertical scil
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pipe may serve the purpose of preventing stagnation of
the air, if it have an open top; and in other cases a
special ventilating pipe should be erected, not less than
4 in. diameter, but 5 in. is better. As to ventilating
pipes in general, what they mostly do is to prevent
stagnation of the air in the drain. Occasionally, ox
even frequently, the air passes pretty strongly upwards,
but usually very gently. The air passes upwards or
downwards according to one or other of several condi-
tions, one of which 1is the rise or fall of the sewage in
the sewer; another, the direction of the wind in rela-
tion to the direction of the line of sewer; another,
the temperature of the sewage in the sewer at different
times of the day, and in different localities in the same
system of sewers. These variable conditions are beyond
control. What really can be done 1s to prevent stag-
nation of the foul air, by which it gathers injurious pro-
perties from day to day, and ultimately escapes in a
concentrated form at places where it 1s most injurious.

But where a disconnecting trap can be placed at or
very near the lower end of a house drain, 1t should be
so, and an opening made on the upper or house side of
the trap, and close to it, to admit fresh air from the
atmosphere into the drain, the opening being covered
with an iron grating with plenty of space between the
bars, not merely a few holes, which soon get stopped
up with dirt. The kind of trap often used for this
purpose is the dip pipe, or inverted syphon, sometimes
called a line trap. Another is Mr. Buchan’s form of
trap, which has a 2 in. drop into it, and this 1s in 1ts
favour. Another is Mr. Hellyer's, which is essentially
the same, but has a 6 in. drop. The cross sectional
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area of a trap 1s usually made the same as that of the
drain—a 4 in. trap for a 4 in. drain, 6 in. trap for 6 in.
drain, &ec. ; this is wrong ; and Mr. Hellyer’s trap is
made smaller in the throat than at the ends; it is a
matter of experience that the force of water from one
house is at most times not suflicient to prevent the
solid matter of the sewage settling in the trap. Its
sectional area should be less than that of the drain, to
msure a sufficient velocity through it to prevent its
silting up, because while there may be but little depth
of water in the drain, the trap must be always full, in
the throat, and in ordinary times the quantity of
sewage coming down the drain does not produce a
sufficient velocity through a trap of the full sectional
area, to carry forward the suspended matter flowing
with the sewage, which consequently lodges in the trap
and gradually fills it up.

The principle of contracting the throat of a trap was
first applied to water-closet traps by Mr. William
White, F.S.A., architect, but the forms suitable to
the two positions are different. The position of the
disconnecting trap of a house drain requires that it be
adapted to its special situation.

The top or roof of a water trap must be brought
down below the level at which the water stands. The
surface of standing water is horizontal. When the
throat of a trap is circular in cross section, at top as
well as bottom, the sides (of the top) are immersed to a
greater depth than they need be, for the crown or
highest point must be brought down below the level of
the standing water, and all other parts but the very

top are immersed to an unnecessary depth, and obstruct
I
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the passage of the solid matter flowing with the
sewage, some of which floats upon the surface of the
stream, which is horizontal. The part of the trap
which dips into the water should be horizontal like-
wise ; the throat of the trap should be, in eross section,
circular at the bottom and horizontal at the top. This
has been done in the  Quick-motion or Flushing
trap,” shown in Iigs. 84, 35, 86, 37. In the applica-
tion to watercloset traps the cross section is elliptical,
as applied by Mr. White, and this seems the best form
for that purpose. In either form the throat is con-
tracted to one half of the full sectional area of the
drain pipe, but not so much as to offer a mechanical
obstruction to the flow of the sewage. The velocity
through these traps i1s twice as much as can take place
through the ordinary form. The size of disconnecting
trap made suitable for a 6 in. drain allows the maxi-
mum quantity of sewage to pass through it without
backwater during the heaviest known fall of rain, that
is, 2 in. in depth in five minutes. The area allowed
for one house and its appurtenances is 320 square
yards. This is much more than the average area ; it
is equivalent to five houses only on an acre of ground,
and 1s double the average area per house in towns—
the area, that is, from which proceeds the rainwater
carried off by a house drain. It may then be taken
that this trap, as made for 6 in. drains, is large enough
to pass the greatest quantity of water coming to it
while, on the other hand, it is small enough to compel
the water and sewage to pass through with a greater
velocity than it can possibly have when the sectional
area is the same as that of the drain pipe itself. The

=
;




HOUSE-DRAINS AND SEWERS.

Fig. 34.

SURFACE OF THE GROUND

WW%M T ,;f,»;;f

!
1
|
]
l >

e
AR
OPENING
,
.
:,/

. FROM ﬁ |
\THE HOUSE p P ©

115

7

b

e Ry
L R AL

N A

CROSS SECTION
OF THE THROAT

MOUTH OF
FTHE TRAP

PR by

END

12



116 SANITARY WORK.

head of water needed for this is not more than 4 in.,
which is always practicable in a house drain, and is
provided for at the air opening by laying the drain on
the lower or sewer side of the air opening 4 in. or 5 in.
lower than on the upper or house side of it. The level
at which the connection of the drain with the sewer
must be made is of course fixed and unalterable, but
there 1s always a sufficient fall between the two ends of
the drain to allow of this head being obtained where it
15 wanted.

The bottom of the air opening is formed in such
manner as to cause a quick horizontal motion of the
sewage into and through the trap, thus sluicing away
the solid matter, and this is facilitated by making the
top or roof of the throat of the trap horizontal, be-
cause the depth to which it is immersed is the same
from side to side of the trap, giving much easier passage
to any floating matter.

If the air opening is built of brickwork, founded on
concrete, say 9 in. x 91in.,, 14 in. X 9 in., or 14 in.
X 14 in., in the clear, according to the depth of the
drain, the bottom may be formed to the proper shape
with fine concrete, or of a separate piece of glazed
earthenware, supplied with the trap. Instead of brick-
work and a bottom piece of earthenware, the whole
thing may be made in earthenware, like Mr. Hellyer's
trap, with a large pipe carried up to the surface and
covered with a grating.

Water-traps in general.—Whatever the form of a
wuter-trap may be, it consists essentially of a vessel
full of water, across which, from side to side, is placed
a diaphragm, or some vertical intercepting part of it,
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the lower edge of which is horizontal and dips into the
water. 'The extent of the dip seldom, if ever, exceeds
2 inches, and is more often 1 inch, and even sometimes
less. The greater dip is intended to offer a complete
obstruction to the passage of air from one side of the
diaphragm to the other; but water absorbs gases,
and in this way they pass through it under the dia-
phragm and escape on the other side ; and 1t 1s now
understood that no form of water-trap whatever pre-
vents, at all times, the passage of gases through it.
The times when it mostly fails to prevent their pas-
sage are when they are driven upwards from the drain
towards its upper end where the trap is situated, and
there attain an elastic force greater than the atmo-
sphere on the other side of the trap, when the pres-
sure acts mechanically to increase the quantity of air
passing through the trap, which at those times is seen
(when persons are sufficiently observant of these
obscure but dangerous small things) to escape in
bubbles ; and 1t 18 now also well understood that
means of escape for these foul gases from the drain into
the atmosphere must be provided in front of the trap.

Nearly all inlets to drains at the ground-level are
near the doors or windows of dwelling-houses, and
therefore the foul gases should not be allowed to
escape at those points, under our noses, as it were.

It 1s necessary to observe that sewage, immediately
on its entry into a drain, begins to give off the gases of
decomposition, and continues to do so until it is buried
in the soil at the outfall.

These gases are declared by the medical officers to
be highly injurious to health. It may be, some of

-
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them say, that the gases themselves are not injurious
to health, but only offensive to the senses, and that it
1s the specific germs of disease which they convey
which are to be feared; but they say again, in expla-
nation, that even if the gases be not injurious of
themselves they become practically so by acting as the
carriers of the germs which are so, and therefore are to
be prevented coming into dwelling-houses.

If a water-closet 1s to be connectea with the house
drain the form of trap belonging to it will be different
from those already mentioned, and will depend upon
the kind of closet apparatus adopted, the simplest
kind being an earthenware pan with a trap of the kind
called the syphon-bend, or S pipe, into the upper end
of which the neck of the pan is inserted, and the lower
end of the trap is inserted into the socket of the last
pipe of the branch drain, in the same manner as the
spout of the yard gulley already described.

Water-closets.—Many of these pans and traps have
been fixed without any water supply from cisterns and
pipes, and in some places with very good results, being
kept clean by throwing down them the contents of the
slop-pail, and in addition to that several pailsfull of
water daily as a part of the regular household duty.

The shape of these pans is often objectionable, the
neck being made directly under and concentrical with
the rim.

There is a shape in which the back of the pan is
vertical, the contraction from the rim to the neck
being managed in the front and sides of the pan.

These are more easily kept clean. The pan and
trap should be well supported, and firmly bedded on
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concrete or brickwork, and the joints made perfectly
air-tight. In converting a common privy and cesspool
into a watercloset, the cesspool 1s sometimes merely
filled up with earth and the pan and trap set upon that ;
but the settlement that takes place disturbs the joints
and lets the foul air of the drain escape through them
into the closet.

There are several kinds of water-closet apparatus of
a more complicated kind, with various forms of traps.
The worst kind is the pan-closet, in which a tinned
iron or copper “pan’” works in an iron ‘ receiver.”
The receiver is a cast-iron box, large enough to allow
of the motion of the hinged pan, and therefore of con-
siderable size. The interior of the receiver soon
becomes coated with the soil discharged into it from
the pan, and is a permanent cause of offensive smell
in the closet; for a quantity of the foul air in the
receiver 1s drawn out of 1t every time the closet 1s used,
equal in volume to the contents of the pan ; the action
being one of those everyday things which illustrate one
of the principles of physical science—that two bodies,
as water and air, cannot occupy the same space at the
same time. This is the kind of closet apparatus
usually recommended by plumbers who have not had
wnuch experience i these things; and therefore it is
1ecessary that owners and occupiers of houses should
enquire for themselves into the action and the merits
of these and other things with which dwelling-houses
are furnished by plumbers and other tradesmen, who,
in some branches of their business, are, no doubt,
good enough workmen, and understand what they do
in those branches, but who, as a rule, certainly know
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very little indeed about the proper construction of
water-closets and their appendages of cisterns, pipes,
and valves,—judging from what we too often sce in
houses in small towns.

The motion of the pan, swinging backwards and
forwards in the receiver, disturbs the equilibrium
between the air-pressure in the receiver and the out-
side, causing at times a partial vacuum and at other
times a plenum of air in the receiver. To remedy
this a hole is made in the cover, or somewhere near
the top of the receiver, through which the foul air is
driven on the descent of the pan, and through which
air is drawn into the receiver on the ascent of the pan
to its position of rest; thus a constant pumping of
foul air out of the receiver into the closet goes on,
unless the further remedy be adopted of attaching a
pipe to this hole in the cover of the receiver and
leading 1ts other end through the wall into the outer
air ; and the effect of this is usually spoiled by making
the pipe too small in proportion to its length, and too
tortuous 1 its course, so that the obstruction caused
by the friction due to the velocity with which the air
must pass through so small a pipe 1s sufficient to
prevent the intended motion; for it must be observed
that the operation is performed quickly, and therefore
through a small pipe the air must pass with great
velocity ; but obstruction to the motion of air caused
by friction against the sides of a pipe increases as the
square of the velocity, divided by the diameter of the
pipe, so that whatever the obstruction to a given
volume of air passing through a given length of 2in.
pipe in a given time might be, it would be thirty-two
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times as much in a 1-in. pipe of the same length. When
a small pipe is attached with the intention of venti-
lating a drein or soil pipe the object 1s defeated, for the
reason just stated. The foul air prefers the easier
passage through the opening of the basin, contending
with the disturbed motion of the water, which allows 1t
to pass by it into the apartment. The putting up of a
small ventilating pipe is one of those things—and there
are many—in which a mere meddling is worse than
doing nothing.

Better than the pan closet i1s the form shown in Iig.
38, with a plug valve and direct pull (Jennings’s), but
by doubling the pipe under the basin the essential re-
quisite of a straight continuation of the soil pipe up-
wards is overlooked, or is not possible of accomplish-
ment, in this form. True, a pipe may be attached to
the bend under the basin and led away to serve as a
ventilating pipe, but it must be a small one, and it
would be altogether an improvement if the trap bend
were turned round in the direction of the dotted lines
in the figure, so that a vertical ventilating pipe might
be continued straight upwards from the soil pipe. The
desired support of the basin is easily managed in
another way.

One of the best forms of watercloset basin — best
because simplest and yet efficient—is the “ Washout "
basin (Woodward’s), IFig. 39. It is free from all com-
plication of valve or machinery, the form of the basin
allowing the soil to be washed out into the soil pipe by
the flush of water. The ordinary hopper or ““ cottage
closet basin has already been mentioned. I refer to
these three forms only, because I am bent on recom-
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mending i these, as in other parts of sanitary work,
sumplicity and the avoidance of complications, as much
as possible, having regard to efficiency.

Fig, 58,
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Foul Soil Pipes.—A soil pipe is part of the house
drain, whatever the angle of its position. Sometimes
a soil pipe 1s inelined at an angle of 45° or some other
angle between the horizontal and vertical positions,
and this is extremely bad construction. When a drain
pipe is nearly horizontal the solid part of the sewage is
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carried away in the water, the two going together, but
when steeply inclined the water runs away from the
soil and leaves it adhering to the inside of the pipe,
coating the bottom of it, from which injurious gases
arise and attack the upper part or roof of the pipe, and,
if it is of lead, perforating it after a sufficient length
of time. A soil pipe should be truly vertical, and this
is the usual position, but even a vertical pipe 1s more
likely to be fouled than one lying nearly horizontal, so
that the soil and water pass off together. All the old
soil pipes I have seen removed have been very foul
inside, and some of them have been even thickly coated
with soil, and my own observations have been con-
firmed by every plumber I have spoken to on the
subject. The direction in which the soil is discharged
into the vertical pipe from the closet basin 1s sufficient
to aceount for this ; it is not discharged straight down
the pipe, but across, from the mouth of the branch.
Considering that every vertical soil pipe should be
carried up beyond the branch, or branches, however
many, and terminate with an open end above the roof
so as to allow of the passage of air up or down as
circumstances from time to time demand, in order to
prevent undue compression, and consequent effort of
the foul air to find a way of escape, it is inevitable that
the branches must discharge the soil in a direction
across the vertical pipe, but it may immediately be
directed down the centre of the pipe by means of a
taper pipe, called a Concentrator, by which the soil
and liquid which accompany it are confined to the
central portion of the pipe, and do not foul the sides.
This is shown in Fig. 40. Below the taper pipe, or
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Fig. 39.
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soncentrator, and in one piece with it, is a short length
of vertical pipe, of less diameter than the main vertical
pipe, and this guides the flow down the centre of the
main pipe. The top of the taper pipe is of the same
diameter as the soil pipe. At the top and bottom end
of the concentrator, which i1s 18 in. in length, are
flanges by which it is attached to the soil pipe, with
air-tight joints. Before putting it mto use many
experiments were made to ascertain the least diameter
for the short vertical piece of pipe, which is 6 in. long,
and, using each time 1} gallon of water to represent
the water flush of a common closet, 1t was found to be
impossible to make such things as paper, a duster, or
piece of flannel lodge in the concentrator when the
pipe was 2 in. diameter ; if such things pass the trap,
they will pass the concentrator when 2 in. diameter.
It is however in practice made 23 in. internal diameter,
and the soil pipe 44 in. But, the same principle
being observed, these dimensions may be 3 in. and 5 in.
respectively if desired. I have found one case where a
new square piece of a bar of soap was thrown down with
the housemaid’s slops, and 1t did not pass through the
24 1n. size, but I hardly think this a sufficient reason
for making 1t larger. There should always be a house-
maild’s sink for the slops, with a grating at the mouth
of the pipe. Where the soil pipe and the closet basin
can be brﬂught near each other, the trap is made in one
piece with the concentrator, but where they cannot be
so, a short piece of 8in. pipe connects them, as in Fig.
41. This works all right with a fall of 2in. in a foot.
The trap on any branch of a soil pipe should be as
near the soil pipe as possible, to prevent the entry of
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foul air into it. It might be supposed that there
might be a trap under the closet basin as well as one
close to the soil pipe, but it would be bad construction
to place two traps so near each other; when this is done,
one of them withdraws the water from the other by the
compression and expansion which the air between
them undergoes.

The passage of air up the soil pipe is not materially
obstructed by the short lengths of pipe of reduced
diameter. It is length combined with smallness of
diameter which offers resistance to the passage of
fluids. The insertion of a diaphragm in a long pipe of
considerable bore, to which these short lengths of pipe
may be likened, has little effect in obstructing the flow.

Concentrators may be placed one above another, one
at each floor level, where there 1s a series of waterclosets
connected with the same vertical soil pipe. At present
the experience is with two in height, only, about 10 ft.
apart, and there has been no inconvenience from noise.

Down pipe from the cistern.—The down pipe from
the cistern to the basin of the water-closet is often
made too small; it should not be less than 1} in.
internal diameter. The valve at the mouth is also
very frequently too small. It should have a consider-
ably larger area than that of the pipe; about one-and-a-
half times the diameter is sufficient. What is wanted
for this purpose is a sudden flush of water, not neces-
sarily greater in quantity, but of quick action. Twa
gallons is the usual quantity for one flush. The
lightest pipe made is sufficiently strong for the pur
pose, and any saving which it may be desired to make
should be sought for in thickness of metal and
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not in size of pipe. Nine pounds weight per yard is
quite sufficient for a pipe of 1j in. diameter.

Whatever the form of closet apparatus, the one
feature common to them all is the soil-pipe. This is
the pipe which intervenes between the trap of the
closet-basin and the drain, and the top of it is usually
the highest point of the house-drainage, and therefore
is the point at which the gases arising from the decom-
position of the sewage have the greatest tendency to
accumulate,—all those, that is to say, which are of
less specific gravity than the atmospheric air. It is
impossible, except by means of an expensive applica-
tion of antiseptics, to prevent the liberation of the
gases of decomposition of sewage (which begin, as has
been already said, as soon as the sewage is formed, and
continue until it is finally disposed of at the outfall)
and it is quite as impossible to prevent their escape
into the atmosphere. The only practicable thing that
can be done to prevent injury from them is to conduct
them to places out of reach of the air we breathe con-
tinually,—that is to say, into the atmosphere above our
heads, such of them, at least, as are of less specific
gravity than the atmospheric air at the moments of
action, and these gases are the most injurious because
the most volatile. The diffusion of the heavy carbonic
acid gas is slower, and it is not so important a vehicle
of conveyance of germs of disease as the lighter gases
are.

Of the evil effects of the gases of decomposing
sewage, Dr. George Wilson, in his * Handbook of
Hygiene,” says, after enumerating some cases where
enteric or typhoid fever had taken place from the
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entry of these gases into places where people bad ta
breathe them, “ While numerous other instances are
recorded of the evil effects of the air of sewers,
cesspits, drains, &c., in producing temporary ailments,
such as nausea, vomiting, diarrhecea, and headache,
the great interest which attaches to this important
subject rests on the development and spread of enteric
fever ;” and that “the sewer air, laden with the specific
poison, readily finds its way into houses on account of
its greater tension, and in consequence of badly
trapped and imperfectly ventilated drains.”

Ventilation of House-drains and Sewers.—The ven-
tilation of sewers and house-drains has received a
good deal of attention, and many propositions have
been made which will occur to those conversant
with the subject, but which need not be repeated
here. No method of ventilation, however, is at once
so simple, practical, effective, and inexpensive as
open communications between the drains and sewers
and the atmospheric air. When openings are made
into sewers or drains, the gases of decomposi-
tion, previously accumulating under pressure, escape
freely into the atmosphere; and the mischief is that
when they escape at the ground-level we must breathe
them. DBut there is no necessity for this; they can
be conducted up into the atmosphere above the house-
tops, if the pipes be sufficiently large and sufficiently
numerous. These two requirements may be at once
stated, from experience, to be, that the ventilating
pipes should be 4 inches diameter, and that there
should be at least one to every house-drain,
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The retail prices of iron pipes suitable for drain-
ventilation are as follow :—
8 in. diameter, 38s. 3d. per 6 ft. length.

31 in. " 3s. 10d. =
4 in. ” 4s. 8d. -
41 in. 2 Gs. s

These are preferable to the small lead pipes which
have sometimes been put up, with the i1dea of venti-
lating the drain or soil pipe—when, indeed, plumbers
have come to see the necessity of the ventilation of
house drains, In putting up these small pipes the
element of friction, through so small and long a pipe, is
probably overlooked, but it is of itself suflicient to
prevent the pipe being of any use. If no motion
of air through the pipe were to take place, no pipe at
all would be required ; it is the necessary element of
motion through the pipe of a certain volume of air in a
limited time which i1s overlooked. Moreover, to the
inefficiency of a small pipe the obstruction of bends is
sometimes added, and when such a pipe has been
found by experience to be useless for the purpose of
ventilation of a drain or soil pipe, ventilation has been
thought to be useless, whereas the fault has probably
been, in each of these cases, that the pipe has been too
small. Air, like water, will only pass easily through a
pipe when the velocity is small. It resists béing
pushed through too fast, and when we consider how
delicate and small the force is which bears upon it in
any position in drainage, it is not wonderful the foul
air refuses to be expelled through a small pipe, and
prefers to escape into the house,

Perhaps the plumber does not take the trouble to
K
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think what size the pipe ought to be, and it appears to
him that the size of the pipe is immaterial.

The owner of the house is glad to hear from the
plumber that a small pipe will be sufficient ; he would
be still more pleased if he could be assured that none
at all is required.

One of the last ventilating-pipes of several thousands
erected under my directions before this present writing
18 44 inches diameter; and when the workmen had
finished all but putting down the last trap at the
ground level, they put into the drain a bit of white
paper, and 1t was at once carried up the ventilating-
pipe and was seen to fly out of the top of it.

When I constructed the sewerage and drainage of the
town of Leek, I caused to be erected a number of
ventilating pipes at the upper ends of the house-drains.
Since that time the Sanitary Inspector has been re-
quested by the Improvement Commissioners to report
to them the state of the ventilation of the sewers and
drains of the town, and the following is a copy of his
report.

““ The public sewers and private house-drains con-
nected therewith are ventilated by means of 1,194
metal pipes, varying from 23} in. to 4 in. diameter,
carried up the exterior walls of buildings above the
levels of windows. Although means of ventilation are
much required in places, it may be said, in general,
that the provision made for the ventilation of sewers
and drains is much more adequate than was antici-
pated.

“ Notwithstanding the fact that little was said as to
the importance of sewer and drain ventilation when
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these works were constructed, the engineer who cons
structed them appears to have devoted considerable
attention to the subject; and, at a subsequent period,
upon the recommendation of the Sanitary Committee,
the Board made an order that every drain and branch-
drain hereafter constructed be ventilated at its head
by means of a pipe or flue, terminating above the
windows of the house or building.

““ The propriety of thus dealing with the subject has
been so often demonstrated in Leek, that I only need
refer to the fact that where the necessity of sewer and
drain ventilation has been altogether ignored, typhoid
fever has been most prevalent. After careful inspec-
tion and consideration, I cannot recommend any other
wethod of dealing with the subject than that already
adopted by the Board. The principle inculeated by
the order now upon the books is that it shall not be
possible for foul stagnant gas to be present in any
sewer or house-drain. The means determined upon
by the Board for that purpose are extremely simple,
easy of application, and strictly in accordance with
natural law.

“It has repeatedly been proved here that the best
water-trap at a drain-head (especially if it be inside a
house) without proper provision for ventilation, is a
snare and a delusion, fraught with much hidden danger
to health and life. I therefore submit that the Board
cannot do better than carry out in its integrity the
principle of ventilation already adopted, by requiring
a sufficient number of outlets at the head of each
sewer and draimn; thereby allowing nature to establish

a natural eireulation by which continuous diffusion,
K 2
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dilution, and rapid oxidation, will at least reduce the
danger to a decimal degree.”

I have been informed by the Sanitary Inspector,
Mr. Robert Farrow, that he has frequently held a
candle or a few lighted shavings to an untrapped gully
in the street, and has found the current of air to
be inwards. From that it may be inferred that the
tall ventilating pipes are fed with atmospheric air,
through any defective trap there may happen to be at
the ground level, and so the sewers and drains become
supplied with currents of atmospheric air, preventing
the formation of sewage gases, to some extent, and
carrying off those which are formed.

Dr. Alfred Carpenter, in a paper read at a meeting
of the Health Department of the Social Science Con-
gress in 1869, on the “‘ Influence of sewer gas on the
public health,” said, speaking of Croydon, ‘“ When a
stink is perceived at a particular spot, or in a parti-
cular house, orders are generally given to stop the
place of issue by trapping the offending opening, with
the beneficial result of removing the smell and staying
the progress of disease in that particular house or
plice ; but no means are taken to prevent its influence
being felt elsewhere. The mischief is simply trans-
ferred in a selfish kind of way, and the public suffer
for it. I have had much experience of this kind of
thing in our district, and soon saw that trapping was
not a proper remedy unless it was accompanied by the
provision of another exit in a safer situation.”

Further, that “The Croydon Local Board deter-
mined, three years ago, to adopt the principle of
opening the extremity of every sewer, and of every
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branch or house-drain in connection with the sewer,
and make every house ventilate its own house drain.
The Local Board also had openings made into the
sewers at 100 yards interval, so as to allow of a con-
stant and continuous current of air. By these means
the effects of sewer gas have been entirely obviated,
and the consequences removed, m those portions of
our district to which the law is made to apply, in a
most marked and decisive manner.” . . . . ‘“The
sewer gas will form, at times, very abundantly in the
house-drains,—the houses being, like gas-receivers,
open at the bottom only, the sewer products will malke
their way through the traps into such houses; and if
the traps become, as is often the case, untrapped,
especially in dry weather, there is a ready means for
the entrance of the gas into the house, independently
of the means afforded by the water in the trap itself,
which is a ready conductor of the miasms,—absorbing
the agent on one side and giving it off on the other.”

After pointing out that the formation of sewage gas
cannot be prevented, and that trapping is only stop-
ping the danger at one point and forcing it in another,
quite as perilous to those exposed to its influences,
Dr. Carpenter said, ‘“ Whilst, therefore, these gases
will form, how ecan we best avoid their influences ?
The nature of sewer gas has been well pointed out by
various chemists and medical authorities,—all concur
in the belief that dilution destroys it; that if suffi-
ciently diluted with air it becomes innocuous, and its
sting is taken away. When it first escapes from a
sewer 1t carries with it some condition which is in-
jurtous to life, tending to prevent some necessary
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change in the blood, or other vital tissues, either by
1ts own power or by means of a property to which it
simply bears the relation of carrier. If it be mixed
with sufficient air, especially if that air be ozonised,
the miasm becomes oxidized and comparatively harm-
less, or if not so oxidized its presence is not injurious
to life.” Speaking of the motion of air in sewers and
drains being upwards, he said, “ Our problem, there-
fore, is how to render this circulation positively con-
tinuous. This has been effected most perfectly in our
district by compelling every new house to have ven-
tilation for itself. The soil pipe is continued upwards
in a straight line above the level of the pan (of the
water-closet), between the trap and the sewer, and it
is made to terminate by an open extremity above the
eaves of the house, away from the window, and not
close to, or on a level with, the chimney. KEvery con-
nection with a sewer requiring the presence of a trap,
has that trap guarded from the consequences of pres-
sure by a ventilator similar to that of the soil pipe,
the latter being placed as close to the trap as possible.
It is found necessary to make these shafts ascend
straight up, and not curve or turn at right angles, or
their efficiency is interfered with. The result of
making these innumerable openings at the higher
points of the sewer has been to promote a rapid circu-
lation through the sewer, by which all sewer gas 1s're-
moved as quickly as formed, and no concentration can
take place.”

Dr. Thursfield, in his Sanitary Report on the Bo-
rough of Shrewsbury, March, 1875, says: ““The object
in ventilating a soil-pipe is to afford such free exit to
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the gas that it shall neither pass through the water in
the trap, nor through any corrosion or leakage in the
soil-pipe itself. The mode in which soil-pipes are
ordinarily ventilated does not accomplish this; a pipe
of small caltbre is carried from the soil-pipe with many
turns and twists to the top of the house, and the retar-
dation to the up-draught, caused by the small calibre
and length of the pipe, is so great that in many cases
it practically does not act at all.”

Fluctuation of the volume of sewage.—It 1s well
known to those who have had to do with sewers that
the volume of sewage varies from hour to hour of
the day; and this takes place to such an extent that
one half of the sewage due to the whole 24 hours
often flows off in six or eight hours, and that circum-
stance has to be taken into consideration in deter-
mining the size and other conditions of a sewer.
This fluctuation 1s caused by the varying quantities of
water used in houses at different hours of the day.
Repeated gaugings ci the flow of sewage in dry
weather, when the quantity is not influenced by rain-
fall, but 1s chiefly that used in houses, has shown that
the maximum flow during some one hour of the day
1s about twice as much as the minimum flow during
another hour of the consecutive 24 hours.

Mr. Marten has stated that at Wolverhampton about
three-fourths of the daily supply of water was given
between the hours of eight in the morning and eight
in the evening.

Mr. Hawksley has stated that at Salford, in the year
1862, the draught of water between eight a.m. and
noon was from 2 to 2} times the average quantity of
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the whole day, and that in the night it was not more
than  of the average quantity.

A day’s observation of the state of the chief service
reservolr of the Manchester Water Works in 1864
showed the quantities flowing out to be

from 9 a.m. to noon 1} million gallons

,, noontodpm.1} »
.,y op.m.to9p.m. 2 = 3
»y Jpm.toYam. 2 ,, ”

7 L5 1

So that during the six hours from 9 a.m. to 3 p.m.
the average hourly quantity going out of the reservoir
was v of the whole quantity during the 24 hours, or
500,000 gallons; from 38 p.m. to 9 p.m. 5%, or 333,333
gallons ; and from 9 p.m. to 9 a.m. /'3, or 166,666
gallons ; the first-named hourly quantity being three
times that of the average hourly night-flow. 'The
fluctuation of the water-supply is, as might be pre-
sumed, greater than that of the sewage flow, because
there is always some ground-water running in the
sewers, which seems to make the night flow of the
sewers about half as much as the maximum daily
flow.

In several towns the maximum hourly quantity of
dry weather sewage flowing at the outfalls of the
sewers has been found to be a little more than twice as
much as the minimum.

Such observations show that the fluctuation of the
volume of sewage 1s very considerable even in dry
weather ; and another cause of fluctuation is the rain-
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fall. Everybody knows that immediately after a
shower of rain ““ the drains smell.” The foul gases
of the drains are, in fact, then forced out by the influx
of water. When the water in the sewer is rising, it
compresses the air in the sewer above 1t, when 1t 1s
confined, and, reacting, as all elastic bodies do, with a
force equal to that with which they are compressed,
the sewer air forces its way into the houses through
kitchen sinks, traps, and water-closets, and through
street gulleys, and other places at which 1t ought not
to be allowed to escape.

Open and close sewers,—When a close sewer 1is
broken into the escape of the pent-up gases is fearful
in volume and malignity, and the death of workmen
has frequently occurred when this has been done,
and more frequently has illness of many people arisen
from 1t.

When a sufficient number of openings has been
made through which there is free communication be-
tween the atmosphere and the interior of the sewers
the escape of sewer gas at any one opening is almost
imperceptible.  Now if we consider the bearing of
these facts we shall see that open and not close sewers
are to be preferred.

But wholly open sewers in populous places cause
too much inconvenience, and therefore for the sake of
convenience sewers in populous places must be covered.
Between these two antagonistic requirements we must
take a middle course, and, while covering the sewer,
must make frequent openings through which a com-
munication may take place between the interior of the
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sewer and the atmosphere, the openings being covered
by gratings at the surface of the ground.

On main sewers Mr. Rawlinson advised that the
openings be not more than 100 yds. apart; but it is
evident that the greater the number of openings the
better, and 1t 1s only a question of expense whether
the whole length of every sewer should not be open to
the atmosphere, the grating covering the opening being
continuous. The objection raised on the question of
expense 1s of course a valid one in a degree, and in
the case of deep sewers must be met by substituting
openings at intervals; but the nearer sewers approach
to open channels the better. House drains, however,
should be covered, and the communication should be
made between the drain and the atmosphere above the
roof by means of a vertical pipe, as before mentioned,
and also at the upper ends of street sewers, where the
ground is steep; but in the greater portion of the
sewers, and especially in the lower parts, the openings
should be at the ground level.

As has been said, sewers or at least pipe sewers,
should be laid in straight lines. Besides other advan-
tages which this method has over curves, 1t allows the
sewers to be readily examined, without breaking up the
roads, for, by carrying up a man-hole at one bend, and
an opening at each of those next it, in front and rear,
down which a lamp may be lowered to the sewer, it
may be seen from the man-hole if the sewer be open.

In well-arranged sewers, stoppages may be almost
certainly prevented; nevertheless, the original design
due, I believe, to Sir R. Rawlinson) should be adhered
to, for, even though such examinations need seldom
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be made, the numerous communications thus made
between the sewers and the atmosphere are very bene-
ficial, if the covers of the man-holes and the lamp-holes
be made with openings, or if they be covered with
gratings. They then act beneficially by admitting
fresh air to the sewers, providing an efficient system of
ventilation, such as has already been mentioned, be
adopted in connection with these openings.

The man-holes should be about 3 ft. square, gathered
in near the top an inch or so each course until the
opening is reduced to the length of 2} bricks, and the
width to 2 bricks. Upon the brick walls a cast-iron
frame is set, within which a moveable cover is fitted,
the construction of which should be such as to be as
open as possible, consistently with safety to horses’
feet.

The bottom of the man-hole should be formed so as
to prevent lodgment of sewage, and should be of the
form of the lower half of the adjoining pipes, or of the
invert of the sewer, when of brickwork.

The lamp-holes may be vertical pipes, set up on a
square junction, and carried to within about a foot of
the surface. Round the mouth of the vertical pipe a
small bed of concrete should be laid to receive the
pressure of the traffic over the cover, which should be
supported upon two courses of brickwork, bedded upon
the concrete, so that weights passing along the road-
way shall not be transmitted to the pipes. The cover
should be of east-iron, similar to that of the man-holes,
but need not be so large. In macadamised roads, the
iron covers of both should be swrrounded by pitched
stone for the distance of a yard or so.
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Road drains.—Wherever there is a considerable
number of houses together it will be advisable to
lay a common sewer into which they may be drained,
so that the sewage may be conveyed to one spot and
disposed of.

Now, wherever there is a considerable number of
houses together there is usually a road drain, or
culvert, or several of them, for the purpose of carrying
off the rainwater. These may have their outlets as it
may be ; but it may be taken generally that they are
sufficient for the purpose for which they were laid
down, but for that only. To convert these into
sewers 1s quite a wrong proceeding. We find, indeed,
as matters of fact, that in many cases house sewage
1s turned into these road drains and culverts, but we
find also the necessary consequences—stoppages, and
nuisances arising from the breaking out of their con-
tents. Before such pipes as are suitable for sewers
and house drains were made, road drains were chiefly
formed of bricks, sometimes with mortar and some-
times laid dry, or of rough stonework, and it is chiefly
such drains and culverts as these that we find in
existence, and in some cases receiving part of the
house drainage. They are often of considerable size,
and on that account are sometimes thought to be
sufficient for both road drainage and house drainage,
and so far as size and fall go they might be so in
most cases, but the chief consideration 1s that house
sewage must be cleansed (I prefer to say cleansed
rather than purified) before its escape into a river or
stream, and if it be mixed with a large quantity of
vainwater—which it would be if put into road drains—
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the cost of dealing with it is greatly increased, while the
rainwater itself, if unmixed with house sewage, might
flow 1n its natural courses.

When the method of purification is that of the
irrigation of land, a certain quantity of rainwater
is sometimes useful in helping to float the sewage
over a sufficient area to effect its purification, but
this does not tell against the main argument—that
the bulk of the rainfall should be allowed to flow
off by the channels which have hitherto conveyed
it, and that sewers should be laid to convey the
sewage and a limited quantity of rainwater to the
outfall ; and under these circumstances the sewers
may be of smaller size than would be otherwise
necessary.

But it is not so much that the quantity of rainwater
in a year would be difficult to deal with, if its flow
were at all regular, day by day, as that it is difficult to
make any effectual provision for the occasionally sudden
and excessive flow.

The roughness of the interior of these road drains
and culverts prevents the sewage flowing freely off,
and causes a generally foul state of the bottom, and
this is increased by the escape of the liquids through
the joints of the brickwork or stonework, for they are
not impermeable, which is an essential requisite in the
lower half of the sewer.

In the defimtion clause of the Act, ‘“ drains vested
m or under the control of any authority having the
management of roads, and not being a local authority
under this Act,” are excepted from the definition of
the word sewer.
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Circular sewers.—When the situation of the upper
end of a sewer is such that it cannot be extended
so as to include the drainage of any additional
number of houses, the upper end of the sewer
may be of 6-in. pipes,—for what length downwards
will depend upon the fall, but the length will in
most cases be comparatively short. Below these
short lengths of dead ends 9-in. pipes may be
continued for considerable distances, which may,
when necessary, be succeeded by 12-in. and 15-in.
pipes, for distances still greater; but when it becomes
necessary to make the diameter as much as 18in. it
will in general be better to lay a brick sewer, with a
half-brick ring; and half-brick, or about 44 in., is a
sufficient thickness for diameters up to about 2 ft. 6 in.
Sewer bricks should in all cases be moulded thin on
the face and thick at the back, and more or less so
according to the radius of the sewer, so that they may
be bedded solidly upon each other throughout the
width of the bed. For sewers of larger size, and up
to 8 ft. 3in., or 3 ft. 6 in. diameter, the bricks may be
moulded of the dimensions of 9in. long, 6in. wide,
and of a thickness of 2}in. on the face, and 8 in. at
the back. Although heavier than bricks of ordinary
size, these are not inconveniently heavy in the hand-
ling, and about the same cubical quantity of work per
day is done with them as with bricks of ordinary size.
T used bricks of these dimensions, moulded for the
purpose, in the north outfall sewer of the Leek
Drainage. Its diameter is 3 ft. 3in. If the diameter
be required to be greater than about 3 ft. 6in., the
thickness should be 9in., or one brick, up to, but not
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much exceeding, a diameter of 4 ft. 6in., or 6 ft. high
and 4 ft. wide.

Eqgg-shape sewers.—For the purpose of concen-
trating a small flow of sewage, and so increasing
its depth and consequent velocity, the bottom of
a brick sewer is sometimes made of smaller radius
than the top, and the usual ratio of height to width
is three to two. It 1s evident that a given small
quantity of sewage flowing in a cucular sewer
spreads out over the bottom and reduces the hydraulic
depth, and where the inclination of the sewer 1s
small and the variation of the quantity is great this
form is preferable to the circular form ; otherwise
it 1s not so.

The circular form has many practical advantages
which the egg-shape has not. Itis stronger; the fluc-
tuation of the height of the surface of the sewage-flow
is less, and for this reason the extent of surface exposed
to wet and dry on the sides of the sewer is less, which
is 1n its favour, for the grease and other matter left on
the inside of the sewer at and near the surface of the
sewage-flow gives off gases of decomposition, and the
more so in proportion to the extent of surface exposed.

Sewer bricks.—The bricks of the invert or lower por-
tion of a sewer should be of very good quality. They
are subject to constant abrasion by hard matter; and
the joints should be of cement, or of ground hydraulic
lime used in the manner of cement, with an admixture
of not more than two of sand to one of cement, or
lime, the sand being clean and sharp to the touch.
The blue bricks made in Staffordshire and Shropshire
are excellent for sewer work, and the gault bricks in
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the neighbourhood of Iondon; but as the bricks of
the locality will probably in most cases be used for
sewers, care should be talken to select the best kind of
clay the locality affords, within reasonable distance,
and to have the bricks well burnt.

It has occurred in sewers that the bottom has been
deeply cut into by the action of sand and other solid
matter upon 1t for a number of years.

Depths of sewers.—As to the depth at which sewers
should be laid, that depends altogether upon local
circumstances. Where the surface of the ground
is generally of uneven height, the level of the
lowest part of the opposite houses is the guide,
the middle of the height of the sewer being not
less than 2 ft. lower than such lowest points. In
such ground, taking this minimum depth at several
points along the course of a sewer, or along some
considerable portion of its length, the proper in-
chination may be ascertained, and the depth at every
part of the course., The proper gradient being deter-
mined, the easiest way of ensuring its exact formation
is to place two fixed sight-rails across the line of
trench at an equal height above the intended bottom
of the sewer, and to use a moveable rod, with a cross-
head upon 1it, to bone in every part of the bottom
truly. This 1s a much better way than driving ahead
with a straight-edge and handlevel, although this method
is adopted for the short lengths of house drains.

Junction of house drains with brick sewers.—The
junctions of ‘the house drains with a sewer are
sometimes made to enter it at the bottom, below the
surface of the ordinary sewage-flow, but this cannot

il —hu.ﬁ_d.._-l_-..?:l___L_l_h-.‘.q,...u_
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be commended. The intention probably is to prevent
the sewer gas passing up the drains to the houses, but
although this method has that effect there are practical
objections to it, based on experience of the silting up
of the lower ends of the drains when this method has
been adopted; and, naturally, the wvelocity of the
sewage-flow is checked whenever the sewage rises in
the sewer. The preference for this method has been
excused on these grounds. All sewage matter, it is
said, is soluble in water, if a sufficient length of time
is given to it, and with that view the size of the house
drain is made rather larger and the velocity of the
sewage-flow 1s considered as a secondary question. So
that all be dissolved, it 1s supposed that a lesser
velocity is necessary, but this can hardly be a practical
way of looking at the thing. It is impossible to avoid
the entry of all insoluble matter into a house drain,
and when the junction with the sewer is made in this
manner it i1s only a question of time when the lower
end of it will be found silted up. The best point in
the height of a brick sewer at which to make the
junction of a house drain 1s at the haunch of the
arch, or just above the springing. The passage of
sewer gas up the drains must be got rid of by a
proper system of ventilation at the upper ends of the
drains. Taking the point above mentioned in the
height of a brick sewer to be the proper one, a
junction block, formed obliquely, should be set in the
brickwork wherever a house drain is, or may be
required to be, connected with the sewer. ‘ Oblique
junction blocks” are quite old things now. One of

these being built into the brickwork, a bend pipe is to
L
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be inserted to give the lead of the house drain the
proper direction. Their prices are about as follow,
for 43-in. and 9-in. brickwork respectively, viz., for
6-in. pipes, 8s. 9d. and 5s. 6d.; for 9-in. pipes, 5s. 6d.
and 7s.; for 12-in. pipes, 8s. and 10s. 6d. each.

Sewer invert blocks.—For egg-shaped sewers the
stoneware invert blocks are useful and give facility
in the execution of the work. They are made for
4%-in., 6-in., and 9-in. brickwork, and their prices
per lineal foot are about as follow, viz., for 41-iu.
brickwork, 1s. 2d.; for 6-in. brickwork, 1s. 8d.;
and for 9-in. brickwork, from 2s. 2d. to 8s. 6d.,
according to the width.

Eaperiments on the strength of sewer pipes.—On page
82 are a few weights borne by stoneware pipes. Here
are some tried by myself on fireclay pipes of larger
size, In a manner resembling the circumstances under
which pipes bear pressure in actual use. The weight
a pipe will bear without breaking depends a good deal
upon the way it is bedded. In clay ground, cut to the
shape of the lower half of the pipe, a fireclay pipe 30
in. diameter, 8 ft. long, 2% in. thick, bore 10 tons
3 cwt., without apparent injury, and another 30 in.
x 21 in., 3 ft. long, 1% in. thick, bore the same weight.
Another fireclay pipe 24 in. diameter, 3 ft. long, 1} in.
thick, bore 8 tons 2 cwt., also without injury. They
were made by Messrs. Wm. Ingham and Sons, at
Wortley, near Leeds, in the year 1880. The earth dug
out of the trench was filled in over the pipes to a depth
of 1 ft., and pigs of iron were piled upon the pipes to
the weight mentioned. They were not further weighted,
partly because there was no more pig iron at hand,
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and also because these weights are far greater than the
pipes could ever be subjected to in practice. DBut as I
knew that fireclay pipes had been found broken in the
ground in actual sewers, at no unusual depth below
the surface, I tried some further experiments in the
following manner.,

In gravelly and sandy ground trenches were cut of
the same width as sewer trenches for the various sizes
of pipes, the bottom not being so exactly formed to the
shape of the pipe as in the first experiments, but
resembling the form of trench where the broken pipes
were found. The experimental trenches mdeed were
purposely made to resemble the general form and
width of trench where the bottom is not excavated to
the exact form of the pipe-bottom.

In the following experiments joint holes were made
in the bottom of the trench so that the body of the
pipe had an even bearing all along, and the sides were
filled in with the excavated earth and rammed about as
much as—but purposely not more than—it usually is
in practice, or was in those trenches where the pipes
were found broken ; and the filling in was continued
over the pipe to the depth of 1 ft. Numerous pigs of
iron were weighed and found to average 1 cwt. each. All
other pigs used were taken to be of the same weight.
These were piled upon the pipes, a short plank of the
length of the body of the pipe being first laid upon the
earth over it. The pigs of iron were piled up until
the first fracture occurred, both ends being watched,
after which there was no further loading. The
diameters and thicknesses of the pipes, and the lengths

of bearing of the weights mentioned, were as follow :—
L Z
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BREAKING WEIGHTS OF PIPES.

Dimensions of pipe. |Thickness. Iif;!grﬂ:;f Weight,
Inches. Inches. It. Ins, Tons. Cwts.
30 diameter . o 21 2 6 7 1
a0x21 . . : 1% 2 i 6 16
24 x 18. - STl 1} P 3 6 11
20x 165 . . 18 2 3 b 7
15 diameter . e 14 2 0 3 15
Tt e ) T 2 0 8 15
12 diameter . o BN 1 1 9 3 16
9 diameter . ; $ 1 9 2 12
6 diameter . o § 1 9 3 19

The fracture was always longitudinal, mostly at the
crown and the two sides, in a few cases also at the bottom.

The carrying capacity of different forms of sewers.—
A common ratio of height to width of an egg-shape
sewer is 1'5 to 1 (Fig. 42), in which the height from
the invert to the springing of the arch is equal to the
width at the springing, the radius of the invert being
contracted to one half of the radius of the arch, and
the radius of the sides expanded to three times that
radius. With these proportions, the whole area of the
sewer in cross section is 1°149 p®, » being the width at
the springing. The perimeter of the whole section is
896 », and the hydraulic mean depth is *29 p.

When this sewer 1s running one third full, or at a
height of ‘5D above the invert, the sectional area of
the stream is *285 p?, the wetted border 1'38 p, and the
hyd. m. d.=-2065 p. When half full these quantities
are—area "509 p?, border 1:90 , and hyd. m. d. ="2680p.
When two-thirds full, or up to the springing of the
arch, the area is *756 p? the border 239 p, and hyd.
m.d.='3163p. These lengths and areas result from
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the angle 36 52°, which embraces each side of the
sewer, and the angle 106° 16" the invert.

Another form of egg-shape sewer, called for distines
tion the ovoid (Fig. 43), has a height 1:293 to width
1 at the springing. This results from the radius of the
sides of the sewer being twice that of the arch, each
side embracing 45°, whence the radius of the invert
becomes the difference between 1 and the square root
of 2 ()3 or 1—'707 = 293, when the width o = 1.
The height of the sewer therefore is 1:293 p. The
whole area of the sewer in cross section is *9955 p?,
which is practically=p% The whole perimeter is
3°60 , and the hyd. m. d.="2765 p.

When this sewer is running one-third full the
sectional area of the stream is °255 p? the wetted
border 1'29 o, and the hyd. m. d.=*1976 p. When
half full the area is ‘456 p?, the border 1°74 p, and the
hyd. m. d.=2620 p. When two-thirds full the area is
670 p?, the border 2°17 p, and the hyd. m. d.="3087 p.
At this height the water is above the springing.
Taking it up to the springing only, or at a height=
‘793 p above the invert, the area is ‘603 p%, the border
2:03 p, and the hyd. m. d.=°2960 p.

In a circular sewer, when running one-third full, the
area is ‘229 p?, the wetted border 1°23 o, and the hyd.
m. d.='1862p. When half full these are respectively
-3927 p?, 157 0, and '25 p. When two-thirds full the
area 1s *556 p?, the border 191 b, and the hydrauhe
mean depth *2911 p.

The carrying capacity of a sewer having any given
inelination 1is proportional to the sectional area
multiplied into the square root of the hydraulic mean

I s
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depth. If A and h represent these, and ¢ the carrying
capacity of the sewer, ¢ is proportional to A V' I
From the foregoing data the following table is con-
structed, showing the comparative values of ¢ for each
form of sewer at different degrees of fulness.

Proportional earrying capacities of various forms of
sewer at different degrees of fulness, the width, o, at
the springing of the arch, being in each case=1.

,J Egg shape. Ovoid. Cireunlar.
Pall : k bl .l 6187 5248 20927
Two-thirds full . ; 4251 3722 3002
Half full. . a2 2635 2334 1963
One-third full . ’ 1265 1134 088

Sewers of equal carrying capacity when full have the
following dimensions :—

Width at

- Height,
Springing. ght

Egg shape . ; . i i 1 175
Ovoid . Z : ; i 2 107 1-38
Circular . 120 120

i

The diagram, fig. 44, shews by the horizontal secale
the carrying capacity of each of these forms of sewer at
any height measured by the vertical seale, by which it
1s seen that In an egg-shape sewer one third of its
carrying capacity occurs at the height “44 1, one half
at *55 u, two thirds at *65 H. In the ovoid form one-
third of its carrying capacity occurs at the height 42 i,
one-half at *53 1, and two-thirds at ‘63 1. In the cir-
cular form one-third of its carrying capacity ocenrs at the
height *39 1, one-half at *5 m, and two-thirds at ‘61 m,
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§ X.—ARRANGEMENT OF THE OUT-BUILD-
INGS OF SMALL HOUSES.

Trose who intend to build houses mostly have
them built according to their own arrangement and
fancy; and this must be so; and I offer the following
remarks only as a suggestion, but one which is founded
on an experience of different arrangements, some of
which, though not any less expensive, are less con-
ducive to the convenience and health of the tenants
than the one shown in the accompanying sketch.

For instance, there may be a row of houses with
an entry between each two of four, and opposite the
entry a common washhouse for the four houses.
There can hardly be a worse arrangement. When
there is a common yard to several houses it is of prac-
tical importance that the outbuildings be so arranged
as to prevent, as far as circumstances make possible,
a concentration of the work to be done, or rather a
congregation of persons, on one spot for the perform-
ance of any office; as, for instance, for washing., It
1s too much to expect that four women should amicably
arrange their washing days so that one washhouse
shall serve for all; but two may so agree. The ar-
rangement shown in the sketch is not an invention or
design of my own, but is one which I have found to be
better than the other I have mentioned.

As to the privy place, it is better on all grounds
that there should be a separate one to each house, as
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indicated in the sketch, but one cesspit for the two
does well enough.

Fig, 45.
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This is, as shown, between the privy building and
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the washhouse, and one roof covers all—washhouse,
privies, and cesspit., The ends of the space occupied
by the cesspit are left open. The ashes of the house-
fires may be thrown into this place, or there may be a
separate ashpit for dry ashes, as shown at the back of
the coal-sheds.

Fach washhouse has a boiler, and every two ad-
joining washhouses have a common chimney, and as

Fig. 46.
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it adjoins the two cesspits it may be made to ventilate

them by leaving a half-brick hole on each side. This
1s not essential. Sufficient ventilation is afforded by
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leaving the two ends open, as before described. In
each washhouse is a sinkstone, under the window,
and the waste pipe from the sinkstone passes under
the paving of the yard and empties into the trap oppo-
site, which is set low for this purpose, into which also
the house slops are thrown. A trap is arranged con-
veniently near the door of each house, for when there
is no such convenient place near the door the slops are
thrown anywhere. These are but trivial things, in
one sense, but in the aggregate they are of much
importance. The central open space shown in the
sketch gives room for the children to play in.

The ventilating pipe of the house drain in the sketch
is shown to terminate at or about the level of the ridge
of the roof, against the chimney. This is better than
carrying it up to the top of the chimney, for in the
first place the length of the pipe is as great as a 4-in.
pipe ought to be; secondly, i1t avoids the possibility of
any foul air which may escape from the ventilating pipe
passing down the chimney flue when there is no up-
draught in 1t.

If one’s chimney adjoins a neighbour’s, and one has
no fire burning, one may sometimes smell red herrings
when he is cooking them. It by no means follows that
the air from the drains would pass down the chimney
in the same way if the ventilating pipe were terminated
at the same level as the chimney flue, but to avoid even
a possibility of this it is well not to terminate these at
the same level.




§ XI.—PAVING MATERIALS.

Tae paving of the surface of back yards, and of all
spaces extending for some distance from the thresholds
of house doors, is an essential part of house drainage.
Without it a house cannot be kept clean, as we have
said in another place. Without paving, the surface of
the ground is worn into holes, which are puddle-holes
in wet weather, and at all times an unpaved surface
near the common door of a house is necessarily in a
dirty condition.

After the house drain has been properly laid there
is no need to again disturb the surface, and in that
case it may be asphalted, at a cost of from 1s. 6d. to
2s. per square yard; but of course something more
is necessary than to mix gas-tar and gravel together
and lay it down, as i1s sometimes done, and called
asphalte. The pitch of gas-tar should be procured,
and remelted, and a portion of the oil which had been
extracted for chemical purposes should be added to
the melted pitch. After the naphtha has been taken
out of gas-tar there remains a residue, out of which an
oll—commonly called creosote oil, although proper
creosote 1s distilled from wood-tar—is extracted, and
1s used with melted pitch to bring 1t back in some
degree to a state of tar. The boiler or pan in which
the pitch 1s melted should be fitted with a tap, through
which the liquid contents may be drawn. First, put
to the boiler 1 gallon of the creosote oil to 1 cwt. of
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piteh ; boil them ; add more oil, up to 1} or 2 gallons
to the cwt. of pitch, as required. Draw off a small
quantity into cold water from time to time and try its
stiffness by dipping a straw or stick into it, and make
it so that it will barely run down the stick ; or touch
it with the finger, and if, on slowly withdrawing the
finger, it adheres and follows it in a string, it is of
the proper consistency. Boil well and mix thoroughly.
Let the foundation upon which the asphalte 1s to be laid
be free from dirt. If gravel be the material used let it
be first dried, and then pass it through a screen of
1}-in. mesh, then through another of £-in. mesh, and
then take out the sand through }-inch mesh; the
coarse stuff to be laid in the bottom. KEngine cinders
are a good material. Pass them through a 2-in.
screen ; break the coarse lumps for the bottom; sereen
the middle stuff again for the top through #-in. mesh.
For footpaths or yard paving, 11 to 2-in. is a suffi-
cient thickness; for roads, 3 to 33-in. Roll each coat
well with a 6 or 7-cwt. roller ; or better, 10 cwt. Where
a number of surfaces about houses are to be paved at
once, there need be no difficulty in finding the proper
materials and the workmen to apply them.

The dark appearance of the asphalte can be relieved
by sprinkling over it the siftings of clean gravel, clean
and dry quarry rubbish, the red ashes of engine fur-
naces, or, best of all, crushed spar from limestone
quarries.

Portland cement may be used for the paving of yard
surfaces, where gravel is plentiful, in the following
manner :—

Let the ground be removed to a depth of 84 inches.
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Mix, then, clean coarse river gravel with ground hy-
draulic lime, or cement, in the proportion of 1 of lime
or cement to 6 of gravel, and lay this down of a thick-
ness of 2 inches. Screened gravel is then to be mixed
with Portland cement, in the proportion of 2 of ce-
ment to 5 of gravel. This is to be deposited upon
the previous layer before the lime has had time to
set. The surface of this second layer is to be then
grouted with neat cement until a fair face is produced,
with flatting tools. Upon the neat cement clean sharp
sand is to be spread and beaten into it. The cost of
this, where gravel is plentiful, is 2s. 8d. per square
yard.

The quality of the cement should be tested by
making a bar of the neat cement an inch square and
something more than a foot in length, and, giving the
bar 1 ft. clear bearing, place a weight of 36 lbs. upon
the centre of it. This can be done by anyone, any-
where, while the test by direct pull requires special
apparatus.

Paving-bricks make good work, especially the dust
bricks made in Staffordshire, and the burrs made in
Shropshire. They should be bedded in cement, with
which also the joints should be flushed.

Whatever the paving be constructed with, channel
bricks should be laid to convey the house slops to the
gulley or drain-trap.

Sandstone flags, such as are procured abundantly in
Yorkshire, are perhaps the best paving materials, when
squared down to a depth of 2 inches on the edges, and
solidly bedded upon a foundation of clean cinders,
gravel, or brick rubbish, not less than 4 inches deep.



§ XII.—COMPOSITION OF SEWAGE.

Or the composition of sewage the Rivers Pollution
Commissioners say, in their Report, dated February,
1870, ** Sewage is a very complex liquid; a large pro-
portion of its most offensive matters is, of course,
human excrement, discharged from water-closets and
privies, and also urine thrown down gully-holes ; but,
mixed with this, there 1s the water from kitchens, con-
taining vegetable, animal, and other refuse, and that
from wash-houses, containing soap and the animal mat-
ters from soiled linen. There is also the drainage from
stables and cow-houses, and that from slaughter-
houses, containing animal and vegetable offal. In
cases where privies and cesspools are used instead of
water-closets, or these are not connected with the
sewers, there is still a large proportion of human
refuse in the form of chamber slops and urine. 1In
fact, sewage cannot be looked upon as composed
solely of human excrement diluted with water, but as
water polluted with a vast variety of matters; some
held in suspension, some in solution.”

In December, 1869, Mr. Edward Smith, F.C.S., read
a paper before the Torquay Natural History Society,
which he called ‘“ The Chemistry of Sewage ™ and 1in
which he estimates the bulk of excreta at 10 cubic feet
per annum per head of population, and its weight at
630 lbs. The freces form ;5 and the urine % of the
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bulk, or 1 cubic foot fieces and 9 cubic feet urine per
head per annum.

“ Food is partly assimilated and partly excreted as
urine and fieces. The urine consists of water holding
in solution a highly nitrogenised body called urea, as
well as sulphates and phosphates of soda and potash,
and common salt. The feces consist of those sub-
stances which have not been digested, such as disinte-
arated muscle, bone, or mucus, and those salts which
are insoluble in water, viz., phosphate of lime and
phosphate of magnesia. The urine yields—Dby drying
or evaporation—about 4 per cent. of dry solids, and
the feces yield, by drying, about 25 per cent. of dry
solids. Thus, speaking broadly, the mixed excreta
contain mrea, with phosphates and sulphates of soda,
potash, lime, and magnesia. But the nitrogen of the
urea is readily converted into ammonia, that is, into a
compound of nitrogen and hydrogen, the ferment or
active agent of the change being a peculiar nitrogenous
substance always voided with the urine. Therefore
we may put the available educts of excreta as am-
monia, phosphoric acid, sulphuric acid, potash, soda,
lime, magnesia. The human excreta simply represent
the ingredients taken from the soil in the shape of
wheat, potatoes, sheep, or oxen, and these alkaline
phosphates and sulphates are as essential to the growth
of vegetables as food is to man.”

In Krepp’'s ““ Sewage Question” it is stated that
the average of the estimates of Liebig, Lawes, Hof-
mann, Witt, Way, Thudichum, Boussingault, Stock-
hardt, Saussure, and others, is as follows :—

M
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Per day. Per annum.
Solids (about 1-10th of bulk) . 0:24 1bs. | 87:60 1bs, | 1°39 c. ft.
Fluids (about 9-10ths of bulk) 1-95 lbs ?11 75 lbs. |11-29 c. ft.

2-19 lbs. J':'l'ﬂl‘.f:l 35 lba 1268 c. ft.

The four principally useful ingredients of an average

individual are said to be—

Feces. Urine. Total,
Ammonia (nitrogen) 1'491bs. | 9°:381bs. | 1087 Ibs,
Phosphate of lime {phuaphnrm acid).| 2-00 1bs, 2:80 lbs 4°80 lbs.
Potash . - . 0°25 lbs. 1:08 lbs 133 lbs.
Organic substances . .| 10°51 lbs. | 22-49 1bs. | 33'00 Ibs.
14-25 lbs. | 35.75 1bs, | 50°00 1bs.
The solid and flmid excrement is thus again di-
vided :—
Feces. Urine.
per cent. per cent.
Water . : - - . . 75 93-99
Organic substances - . - 12-20 415
Nitrogen*® : . ; - . 2 1-40 1°42
Phosphorie acid + : - . ST 1-06 0-24
Pﬂt&&h s - # ® - . = ﬂ.Eg "]' 20
Insoluble silica - . - qlhic 148
Oxide of iron . ; . : ; - 0°54
leE . . = B - 1 .?2
Magnesia : . . : . 155
Sulphuric a.md - - : : = 427
Soda : : ; - - § 031
Chloride of sodium 3 A - ol 0-18
|
* Nitrogen equal to ammonia . - Feces 1'70
Urine 1°73
1 Phosphoric acid equal to phosphate of lime Feces 230
Urine 0°562
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From Dr. Letheby’s ‘“Notes and Chemical Ana-
lyses,” reprinted from the ‘ Medical Press,” it appears
that the average proportions of organic and mineral
matters per gallon of London sewage, taken from ten

different parts of the city, were as follows :—

Numper oF GRAINs oF Sonib Marrer 1N 70,000 GrAiNs (BEING

1 GALLON) OF SEWAGE.

] Organic. | Mineral, | Total.
In solution ; - .f 15-08 4066 + 5574
In suspension . 17708 2109 | 3815
Total . | 32-14 6175 | 9389
LEICESTER SEWAGE.
|
In solution . : . .| 18-49 56°51 70-00
In suspension . . 5°50 1365 | 19°15
Total . - 18-99 70°16 39-15
TOTTENHAM SEWAGE.
In solution TR T 4501 5450
In suspension . . « .| 14-53 25746 3999
Total . .| 2402 | 7047 | 9449

In the Report of the Royal Commission on the pol-
lution of rivers, 1ssued in February, 1870, 21 analyses
of London sewage are given, the averages of which are

as follow :—
Total solid matters in solution, 64:54 in 100,000

M 2
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parts by weight, which would be 45:18 in 70,000=
45'18 grains in a gallon.

In suspension 27:04 organic matter,
4246 minoral

Total 69:50 in 100,000 parts by weight, which would be, per
gallon 18°'93 organic,
29-72 mineral.

Total 4865

In the same table of the Report are 29 analyses of
the sewage of 16 other places—large and small towns
—the averages of which are as follow :—

Total solid matters in solution, 77'74 in 100,000
parts by weight, which would be 54:42 in 70,000=
54:42 grains in a gallon.

In suspension 15°97 organic matter.
14'05 mineral ,,

Total 3002 in 100,000 parts by weight, which would be, per
gallon 11°18 organic.
9-83 mineral

Total 2101

In the foregoing 16 towns water-closets are in use,
but by another table of analyses of the sewage of other
places where water-closets are mot in general use—
called ““ midden towns "—it appears, from the same
Report, that the proportion of solid matter in the
sewage is quite as great; e.g., 87 samples showed an
average quantity of solid matters in solution equal to
82:4 parts in 100,000 parts by weight, or 67°68 in
70,000=5768 grains in a gallon.

R Y A —
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In suspension 21'30 organic matter.
17°81 mineral ,,

Total 89°11 in 100,000 parts by weight, which would be, per
gallon 1491 organie.
12:47 mineral

Total 27-38

This is contrary to what one would suppose, but i
these ““ midden towns” we know that a drain 1s or was
commonly laid between the bottom of the midden and
the sewer, by which means the fiecal and other matter
was washed away in wet weather into the sewers, and
this may account for there being even more solid
matter in the sewage of these towns than in that of
those where middens so drained do not exist.



§ XIIL.—DISPOSAL, OF SEWAGE.

In animal and vegetable life a constant round of
change 1s going on. Vegetation feeds upon decom-
posed vegetable and animal matter, converting sub-
stances noxious to the life of animals into healthy
vegetation, when dissolved by water and taken up by
the rootlets of the plants.

The same vegetation, after a sufficient growth, is in
its turn the food of animal life, which, in the process
of its growth, throws off the refuse to feed vegetation
again. Of the effete organic matter to be removed
from the premises of houses, that which is of animal
origin is destructive to the healthy life of animals, but
it is the sustenance of the life of plants, and, through
them, of the animals which feed upon them. To bring
back the same elements which were poisonous to
animal life in the form in which they were thrown off
from it, they must undergo the complete transforma-
tion which passing into vegetable life involves, before
they are rendered again fit and proper food for ani-
mals,—the elements, that is to say, not their husks or
embodiment.

The process of cleansing sewage 1s essentially a
chemical one, either natural-chemical or artificial-che-
mical. The sewage may be so exposed to the action
of atmospheric air that the organic matter becomes
oxidised and changed into harmless substances, which
is a natural-chemical process.
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Sewage should be conveyed to the earth as quickly
as possible after its delivery at the end of a drain or
sewer, and should be kept moving, for 1t is stagnation
of the sewage which causes a nuisance, and 1t 1s pre-
eisely stagnation which prevents the sewage being
used profitably. A water-logged soil will grow nothing
of any value. There must be motion in the sewage,—
slow, of course, but still, movement.

The pores of the earth are at all times filled with
either air or water. When the one is expelled the
other takes its place. Some part of the organic matter
of the sewage—that which is already in the proper
stage of decay to be assimilated by vegetation—is at
once removed in that way; another part is stored in
the earth, awaiting its further stages of decay, while, if
the quantity be large, and more than these two pro-
cesses can deal with, the surplus is carried down below
the top soil, and would run off unpurified, but that, by
laying drains at a sufficient depth, air is allowed to
penetrate the pores of the earth, which changes the
decaying organic matter into harmless substances, by
a process of oxidation. If sewage be allowed to flow
over a piece of land for a time, and then be shut off
from that particular piece, it passes down into the
drains, being followed in its progress through the
pores by atmospheric air, which become filled there-
with as they were before the air was expelled by the
incoming sewage water. It requires a considerable
time for the exhaustion of the sewage from the pores
down to the level of the drains, for the exhaustion
proceeds at a rate less and less every hour after the
stoppage of the flow. If the sewage run on to a piece
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of land for 6 or 8 hours, it may require the next 18 or
16 hours for the ground to be renewed with fresh air ; so
that the whole area should be divided into 8 or 4 areas,
on to which the sewage should be made to flow in
turns. This is the method of intermittent filtration,
and by it a much smaller area of land is required to
purify a given quantity of sewage than is required in
the ordinary method of irrigation—not more than one-
tenth as much ; but there 1s less profit in its use. In
order to apply sewage to land with profit, there should
be an acre to from 50 to 100 of the contributing popu-
lation—more or less according to the nature of the
land and the crops grown.

Mr. W. Hope, V.C., who i1s an authority on the
utilisation of sewage by way of irrigation, says that
50 persons to an acre are too many, and that a given
quantity of sewage may be more profitably utilised by
apportioning an acre to every 20 or 30 persons. Never-
theless 1t would seem that in situations where so
much land as that would require cannot be had, an
acre to from 50 to 100 persons suffices to cleanse the
sewage. :

Sewage irrigation, as ordinarily practised, 1s a kind
of intermittent filtration, but instead of the pores of
the ground lying exposed to air, as in intermittent
filtration, for 16 or 18 hours, the sewage continues to
flow over the same area for days together. The pnri-
fying effect of the porous ground over which sewage 1s
made to flow intermittently is proportionate to the
extent of its pores, or to its cubic capacity, within
moderate range, so that if the drains are laid at a
depth of 6 feet below the surface the purifying effect

P ———
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of an acre of ground is equal to that of two acres when
the drains are only half that depth. Drains are
equally necessary whether the sewage be used by way
of irrigation or by way of intermittent filtration, but in
the former case the effect is dependent rather upon the
extent of surface than the depth of drained ground.
Different kinds of soil affect the cleansing of sewage
differently. A clayey soil seems to possess the requi-
site properties in a greater degree than others: but if
the land be a stiff retentive clay it is so dense, of itselt,
that a larger area is required, while sand of itself has
no purifying properties other than those which porosity
gives it. A mixed soil, of clay, sand, and lime, would
seem to be the best.

In country places, where houses are situated widely
apart, the sewage may be taken separately from each
house to the nearest available piece of land. Where
houses are near together 1t is more advantageous to
lay a common sewer into which the separate houses
may be drained.

The “ Automatic Sewage Regulator,” recommended
by Messrs. Bailey Denton and Rogers Iield, 1s the
means of applying small quantities of sewage to land
beneficially, Unless sewage comes on to land in suffi-
cient quantity to cause a smart flow it cannot be dealt
with properly; it cannot be turned in the wvarious
directions required from time to time. The regulator
stores up 1n a tank the dribble of sewage from a
few houses, and when the tank is full it is emptied
automatically through a syphon pipe, and flows
on to the land in a proper stream while it does
flow. Thus each tankful may be turned on to any
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part of the land requiring it, which may afterwards be
allowed tc rest and become aérated before other sewage
is turned on to it.

The chief feature of the automatic sewage regulator
is an annular syphon, which is the invention of
Mr. Rogers Field, and is made by Messrs. Bowes
Scott and Read, of Westminster, in sizes from 4 in. to
12 in. diameter of the inner pipe. This may be fixed
in a brick tank of any required dimensions. It is also
fitted into galvanised iron tanks, of sizes holding from
50 gallons to 200 gallons. A similar invention is that of
Mr. Isaac Shone, made by Mr. J. C. Edwards, of Ruabon.
There 1s another by Messrs. Doulton & Co., of Lambeth.

For single houses, or for a few together, where there
are gardens or other cultivated ground, the sewage of
the houses may be conveniently disposed of by means
of sub-irrigation, that is by means of common draining
pipes, without sockets, laid upon a prepared bed in
rows at a depth of a foot below the surface. The
sewage rises through the pores of the soil and feeds the
rootlets of the plants, giving an abundant vegetation.

It is objected to the principle of the system that it
causes undue evaporation and consequent loss of heat
from the ground, but if, as experience has proved,
vegetation does thrive upon it, the other question does
not seem so very important. It is objected also that
the pipes become in course of time stopped up with
sediment. Well, they would, after a sufficiently long
time, but as they are laid at so shallow a depth 1t 1is
easy to take them up and empty the sediment upon the
soil, and dig it in, like any other manure. The
disposal of sewage is one of those things about which
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it is certain there will be differences of opinion, and all
we can do in practice is to proceed in that way which
is most suitable to each particular case, and to sce that
what is done, is done well ; for, many times, how a
thing is done is of more importance than what it 1s.

Where neither surface irrigation, sub-irrigation, nor
intermittent filtration through the ground ecan be
adopted, the less eflicient method of settling tanks is had
recourse to. The precipitation of the solid matter 1s
hastened by the addition of some ingredient, as sulphate
of alumina, which causes the solid particles suspended in
the sewage to flocculate and fall to the bottom, and to
increase the rapidity of deposition and prevent ferment-
ative action, by which a scun would rise to the surface,
a small quantity of milk of lime is added before the
sewage arrives at the tanks where the precipitation is
to take place.

A vast number of different things have been tried in
the precipitation and clarification of sewage in tanks,
which go under the general name of chemicals, but
some are too expensive, some ineffectual in producing
o complete separation of the liquid and solid compo-
nents of the sewage, others are destructive of the
manurial value of the effluent sewage water, and of
what little value remains in the sludge precipitated.
This, at the best, 1s of but little value, and is difficult
to get rid of as manure, even at a shilling a load in
some places, and with the use of one or two of those
ingredients which are effectual as clarifiers, even this
little 18 destroyed, and farmers will not have the
stufft upon their land at all. It is not advisable to
use any such chemical preparation, but after such a
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separation as can be had with those precipitants which
do not destroy manurial value, to pass the effluent
water intermittently through land, or through artificial
filter beds, according to the magnitude and position of
the volume of sewage to be dealt with.

Sometimes lime alone is used, that is, quicklime re-
duced to powder, either by grinding or slacking, and
mixed with water in such quantity as to produce a
liquid ““ milk,” which flows into a tank where the lime
and the sewage are intimately mixed by machinery,
having either a revolving or an oscillating motion.
After this mixing the sewage flows into the larger
tanks where precipitation takes place. The use of
lime alone, in quantity about a ton to each million
gallons of sewage, is tolerated where the river into
which the effluent water runs, i1s not a clear stream, or
a fishing river, as those running through manufac-
turing towns, but it is only tolerable on this account.

Moreover it does not remove the colour given to the
sewage by dye water or tan liquor, especially the latter.
Nothing seems to do this but such an ingredient as is
destructive to the last extent of any manurial value re-
maining in the sludge. The sludge, whatever be the
precipitant used, is the difficulty of the tank system,
and, taken altogether, this system 1s one only to be
adopted when no other is possible.

There are two chief ways of using the tanks, one in
which the sewage flows through a series of them, one
after another, and issues from the last one, usually
over a fixed weir. In this way the mud is deposited
mostly in those into which it first comes, and but
slightly in the farther ones. The series of tanks on

e
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this system form indeed but one long tank with ecross
walls. Experience has shewn that when the sewage
flows over the cross walls, from one tank into the next,
and so on to the end, the top of each cross wall being
successively a little lower than the preceding one, a
distinct current is formed on and near the surface
through the tanks, and that the sewage flows off
without fully depositing its load of mud. To obwviate
this, large openings are made in the bottom of alternate
cross walls, wide enough to allow the quantity of
sewage to pass with a velocity not exceeding 2 or 8 in.
per second, and high enough to allow a clear waterway
over the mud deposited.

The other way is to use the tanks separately, filling
each with sewage and shutting it off from each in suec-
cession, whereby it comes to rest, and the water is
drawn off from the top downwards either by a floating
weir, or by a vertical pipe formed in sections or rings
to stand upon one another, a section being raised from
time to time as the water sinks; the floating weir, how-
ever, falls of itself with the sinking of the water.

Legal and other processes.—It has sometimes oc-
curred that the distinction between those works
which the Sanitary Authority are to do, as the
public body, and those which owners of private
property are to do at their own expense, has not
been at once perceived. We propose, therefore, to
point out a few of the sanitary laws and customs.
There are two main divisions of the subject; (1) that
which embraces what tLe Sanitary Authority are to do,
and (2) that which private persons are to do. 'This
latter, again, is subdivided into that which the owner
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is to do, and that which is to be dune by the ocecupier.
The occupier, as a rule, is to remove all nuisances
which are not caused by the want of structural conve-
niences on the premises; the owner is to do all struc-
tural work necessary to enable the occupier to keep the
premises in proper sanitary condition; and the Sani-
tary Authority are to do the rest. But, in general, itis
necessary that the Sanitary Authority should do their
part of the work first, in order that the owners of
property may be enabled to do their part, even as it is
in many cases necessary that owners should do their
part before the occupiers can do theirs; as, for in-
stance, when the nuisance arises from the want of a
house-drain, a sewer is first required with which it
may be connected. It is stated in section 15 of the
Act that ““ Every local authority shall keep in repair
all sewers belonging to them, and shall cause to be
made such sewers as may be necessary for effectually
draining their district for the purposes of this Act.”
And in order to do this they may lay any sewer in any
public road or street or other ground now occupied as
a road or street, or which is intended to be given up
for that purpose ; and if it is necessary to lay a sewer
through private land within the district in order the
better to complete the system of sewerage, it may be so
laid after giving reasonable notice in writing to the
owner or occupier of the intention to do so (the land
and all damages being, of course, paid for). And,
further, if it is necessary in order to procure a proper
outfall for the sewage, or for its distribution, that a
sewer be laid beyond the distriet boundary, it may be
so laid by giving three months’ notice of the intention,

l
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by advertisement in one at least of the local news-
papers. The notice is to contain all such particulars
of the intended work as may be suflicicnt for the
understanding of the intention by every person inte-
rested, and it is to state where a plan of the intended
work may be seen.

When land is required for the purposes of the Act
it is taken either by agreement or under the powers of
the Lands Clauses Consolidation Aects; but before
putting in force any of the powers of these Acts the
local authority are to publish i a local newspaper
once at least in each of three consecutive weeks in
November an advertisement describing the nature of
the works for which the land is required, and stating
how much is required, and where a plan may be seen ;
and are further to serve a notice in the month of
December on the owner and lessee and occupier of the
land, and requiring an answer whether the person
assents, dissents, or 1s neuter in respect of taking the
land required. 'T'he local authority then furnishes the
information to the Local Government Board, and asks
that they be allowed to put in force the Lands Clauses
Consolidation Acts, whereupon the Loecal Government
Board will direct a local inquiry to be made as to the
propriety of making a provisional order in the matter,
and if the government engineer who holds the inquiry
appreve of the plan the provisional order may be
made, and the local aunthority are to serve a copy of it
on the owner, lessee, and occupier of the land pro-
posed to be taken.

As to serving the notices in the months of November
and December as above-mentioned, they may be served
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in September and October, or in October and Novem-
ber, provided that in either of these cases an inquiry
preliminary to the provisional order shall not be held
until the expiration of one month from the last day of
the second of the two months in which the notices are
given.

When it is desired to borrow the money for perma-
nent works from the Public Works ILoan Commis-
sioners and to spread the repayment over a term of
years, an engineering inspector of the Local Govern-
ment Board usually holds a local inquiry into the
merits of the proposed works, at which inquiry all
parties interested may be heard, either for or against
the proposal, and he reports for or against the request
to the Local Government Board. Certain forms are
furnished by the Board to be filled up by the engi-
neer acting for the local authority, describing the
nature and extent of the works and the estimate in
detail, together with other particulars. At such an
inquiry it is very desirable to have at hand every
detail, both of the intended construction of the works
and the estimated cost, the nature of the ground, and
so on. The estimate is the chief thing to be inquired
into, no doubt, and of course this cannot be accurately
made out until both plans and sections are made, as
well as detailed drawings, even though they be made
out only in the rough; but it is certainly better on
all hands (if time will allow of it, which it sometimes
will not) that the plans should be wholly completed
before the inquiry takes piace, and not only so, but
that duplicate plans and seetions should be furnished.
A civil engineer of much experience is apt to think
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little of these formalities, and to rely upon the merits
of his plan even though they may be unseen, but it is
better not to trust to this.

By the 23rd section of the Aect, ““ Where any house
within the distriet of a local authority i1s without a
drain sufficient for effectual drainage, the local autho-
rity shall by written notice require the owner or occu-
pier of such house, within a reasonable time therein
specified, to make a covered drain or drains emptying
into any sewer which the local authority are entitled
to use, and which 1s not more than 100 feet from the
site of such house;’ and goes on to say that if there
is no sewer within 100 feet, then that the drain is to
empty into a covered cesspool or other place.

Here, 1t may be observed, there seems to be some
contradiction between this and the 94th clause, which
has a provision that where the nuisance arises from
the want or defective construction of any structural
convenience, notice is to be served on the owner ; and,
in general, the owner is to lay the drain and do all
other constructive work within the curtilage of his own
premises.

If the notice is not complied with the local authority
may, after the expiration of the time specified in the
notice, do the work and recover the expenses from the
owner.

The execution of the sewers is usually let by con-
tract, as a whole, and the private drainage work is some-
times done by each owner of property employing whom
he likes to do the work, and sometimes it is done by the
same contractor who does the sewerage work, at a
schedule of prices agreed upon previously. By the

N
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latter method the owners of property have a guarantee
that the prices are fair and equitable, without being,
on the one hand, so small that the work cannot be
properly done for them, or, on the other, exorbitant.
By the former method the persons employed do not
always know what the work is worth, beforehand, not
being much accustomed to the kind of work, and if
they are asked to say beforehand what they will do
the work for they are more likely to over-estimate than
to under-estimate the cost of it, and in that case the
owner of the property suffers a loss, but it sometimes
happens that he who is to do the work under-estimates
its worth, and when that is so he either loses money or
his efforts to recoup himself lead to bad work being
done. Nevertheless there are advantages in employing
local men to do the private drainage work, for they
thus become, under proper supervision, educated to
the kind of work required.
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PART IIL.—WATER-SUPPLY.

§ XIV.—QUANTITY.

A water supply is usually reckoned in point of
quantity on the number of gallons per head of the
population per day., At this rate the quantity actually
supplied to towns varies from twenty in some to forty
in others, in the majority of cases, and of these most
incline towards the smaller number. There are ex-
ceptional cases where the supply is greater than the
higher number, and others where it is smaller than the
lesser number, but in most cases the quantity is
between twenty and forty, and the average of all is
probably not far from twenty-five. These differences
in the requirements of different places seem to be
attributable for the most part to the condition of the
distributing pipes and the house-fittings, Where
these are of bad construction the quantity of water
unavoidably wasted is very great, and as the quantity
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1s reckoned upon that supplied rather than upon that
used, the waste i1s included, and swells the amount to
something beyond all reasonable limits when the
quantities actually used for the separate purposes of a
household are reckoned up.

But besides this cause of difference, resulting from
the condition of the distributing pipes and house-
fittings, there 1s a difference in the requirements
between a purely agricultural district and a mining
and manufacturing district. In the former a smaller
quantity of water is required for personal washing,
and especially for clothes-washing, and less also is
required for the general cleanliness of houses in an
atmosphere free from smoke and dust, than when the
air 1s loaded with both; and according to the present
constitution of rural samitary districts many places are
included in them in which a large quantity of water is
required for these purposes.

It is not so much the question how little can people
do with, or what quantity they use when they have to
fetch it from long distances, but—what quantity they
legitimately use when the houses and premises, and
the clothes and persons of households, enjoy a con-
dition of cleanliness.

The actual quantity used varies in an inverse ratio
with the quantity of dirt about a household.

Where the water-supply is deficient, experience
proves that neither persons, clothes, nor houses are
kept in a state of cleanliness, and where circumstances
make personal cleanliness impossible there must surely
be misery. When a workman, whose occupation is a
dirty one, comes home, if he could plunge into water
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and get the dirt off him he would be set up for the
evening, and be more inclined to stay at home than he
is where all is dirt around him.

One must consider that there are two kinds of dirt:
the one mineral, and inoffensive; the other 1s refuse
organic matter. We do not feel defiled by contact
with the one, but contact with the other is abhorrent,
and there ought to be in every household a sufficient
quantity of water to wash 1t off frequently. Those
who suffer the dirt which 1s caused by the perspiration
of the body to linger underneath the clothes, out of
sight, are essentially dirty. We cannot all be rich,
but we can all be clean.

The whole daily quantity of a water-supply 1s
divided into three portions, viz., (1) for domestic use,
(2) for public sanitary purposes, (3) for trades’ pur-
poses. The first two are everywhere required, and
may be taken together as follows, where the dis-
tributing pipes and house-fittings are of good con-
struction and their condition properly attended to.
Where the occupation of the bulk of the people is
not a dirty one, fifteen gallons per head of the popula-
tion per day. Where the occupation of the bulk of
the people is a dirty one, as in a mining and manu-
facturing district, twenty gallons per head per day.
For trades’ purposes the quantity varies greatly in
different places. In some it is half as much as the
quantity used for domestic and public sanitary
purposes together, but it so completely depends upon
the necessities of the locality that nothing definite can
be stated for it. Whatever it may be in any locality it
1s to be added to the quantities given above. For
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trades’ purposes, water is mostly supplied by meter and
charged at a price per thousand gallons. Supposing
the quantity required for trades’ purposes to be one-
third of the quantity required for domestic and public
sanitary purposes together, the total quantity would
be from twenty gallons to twenty-seven gallons per
head of the population per day, accordingly as the
occupation of the bulk of the people is not, oris, a dirty
one. And these would be the quantities where the
house-fittings are of good construction and where
proper precautions are taken to prevent waste. They
are far less than the actual quantities supplied in many
towns, but the surplus is wasted. The late Mr, James
Simpson supplied to the Royal Commission on Water
Supply a list of fifteen towns in which the average
quantity is 21 gallons for domestic purposes, and
22% gallons for all purposes; and Mr. Bateman
supplied a list of eight or ten towns in which the
average domestic supply is 25} gallons, and the total
supply 804 gallons per head per day. In these
averages the quantity taken for other than domestic
purposes is about one-fifth of the domestic supply ;
but it is to be remembered that the quantity set down
as for domestic purposes is not a measured quantity,
but is the result of deducting the trade supplies from
the total known supply, and therefore includes the
waste, which, in some towns where the house fittings
are of old construction, is very great; and when waste
is prevented the fixed quantity required for trades’
purposes bears a greater ratio to the domestic supply.

Examples of Charges.—The charge for the do-
mestic supply is about, on an average, five per

S
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cent. on the rateable value of the house, or one
shilling in the pound; but it varies, both in dif-
erent places and with the rental. The scale gene-
rally begins with houses not exceeding £4 a year,
which are charged at the rate of 1d. a week, or
4s. 4d. per annum, and follows on nearly at the rate of
one shilling in the pound, reducing, however, as the
rent advances, so that a £50 house is perhaps charged
at 47s., a £75 house at T0s., and a £100 house at 90s.
Of course the original cost of the works influences
the scale a little more or less, but the figures above are
not unusual ones.

For trades’ purposes water is supplied either by
meter or by a scale of charges. There are some
trades in which the quantity is not great enough to be
metered. The price per 1,000 gallons is reduced with
the increase mm the quantity taken, and rapidly so
where the water 1s supplied by gravitation.

For instance, the Manchester seale is, for a quarterly
consumption not exceeding 06,000 gallons, 2s. per
1000. If the quantity be 10,000, it is 1s. 10id.; if
20,000, 1s. 9d.; 50,000, 1s. 7id.; 100,000, 1s. 83d.;
150,000, 1s. 2d.; and so on until when the large quan-
tity of 500,000 gallons per quarter is taken the charge
1s 10d.; for a million gallons, 74d., and 3 millions less
than 5d. per 1000 gallons.

Then there are annual charges by scale, such as

£5 per annum for a brickmaker’s stool.

108 for a smithy fire.
213  5; for a slaughter-house.
21s. ,, for a warehouse.

dg.. for each cow.
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gl s for each horse (private)

T 5 at livery stables.
gans & for a 2-wheel carriage.

5g. ., for a 4-wheel carriage.

6d- % per head in manufactories,

Private baths are included in the charges for do-
mestic purposes—as, indeed, would seem to be reason-
able in all cases.

The domestic and public sanitary rate in Manchester
1s arranged in a way which has been since followed
elsewhere Instead of levying the whole amount re-
quired (1s. in the £) on house property, the rate is
divided thus : 9d. in the £ on houses, which is called
the domestic rate, and 3d. in the £ on all rateable
property alike, including mills, manufactories, &e. It
is evident that a supply of water, always under pressure
in the street mains, day and night, is of value to pro-
perty in general, as well as to dwelling-houses, and the
proportion fixed upon at Manchester was 3d. for
public and 9d. for domestic purposes; but the pro-
portion is subject to variation ; in Liverpool the public
rate is 6d4. and the domestic rate only 4id.

The Leek scale for trades’ purposes, other than those
charged by meter, is as follows, per annum.

Barber's shop, using wash-hand bassm . & 0

Building brick walls (per cubic yard, 1d.)

Building a house, one year’'s water-rate

Builders’and wheelwrights’shops, per bench 0 4

Coopers and wood-turners, per person

employed . . ; . L S04

Curriers, per person employed

Cows, each ; ; i : a8 w0

el
]
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Horses, each : ; x 3 0
Carriages used for hire, each 4 0
Ditto not used for hire 2 0
Drug shops, per person employed 2 0
Blacksmith’s shops, per hearth 2 0
Printing offices, per person employed 1 6
Plumbers, painters, and paper-hangers,

per person employed 0 4
Silk twisters, per gate 2 0
Slacking lime, per cwt. 0 1
Surgeries, per person practising 2 0

Water-closets in mills, workshops, and
public buildings, each . ; s w iy B
Hotels, inns, and public-houses (having
stables), 30 per cent on the domestic
rate.

IJating-houses, 20 per cent. ditto.

Warehouses, lock-up shops, and offices,

from 15 to 30 per cent. of the rate
charged on dwelling-houses of equal
value.

By meter the charge varies from 1s. 4d. per 1000
gallons for a consumption of 5000 gallons per quarter,
to 1s. per 1000 for 10,000, 9d. per 1000 for 20,000,
74d. for 40,000, 6d. for 100,000, down to 5id. for
200,000 gallons per quarter.

In the Stockport scale brewers are charged as fol-
lows, on the quantity of malt brewed per annum,

For any quantity not exceeding 50 loads . £1 10 0
Above 50 loads, and not exceeding 100 leads 2 10 ¢
i, 00 4 " 150 ,, 8 6 O
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Above 150 loads and not exceeding 200 loads 8 17 6

1 o L ER 33 LR 33 L * .
13 400 X ] 3 50':' 3% 5 19 ”
LR LT LR LY BB 1 - - .
sat =900 i 1ooo- ,, B8 4 9
4000 il 500) ., » 10 8.6

Note, a load = 6 bushels.

At Norwich the charge for “ domestic” purposes,
which does not, however, include a bath in a house,
which one would suppose to be one of the most neces-
sary of domestic purposes, is 4s. 4d. a year when the
rent (not the rateable value) is less than £5 a year.
When that 1s as much as £5 and is less than £100,
the charge is 5 per cent. on the rental, or 1s. in the £.
When the rent (i.e., the net rent at which the house
would let to a tenant from year to year)is £100 or
upwards, the charge is 41 per cent. on the rental. The
charges for other uses than those charged by meter
are as follow, per annum :—

Greenhouses, 4d. per square yard of site,

Gardens attached to houses, and included in the
rent, 2s. for every 10 rods.

Gardensnot attached to houses, 25.8d.forevery 10 rods.

One horse, 6s., and each additional one, 4s.

Each 4-wheel carriage, 6s.

Each 2-wheel carriage, 4s.

Street watering, 1d. per square yard watered once a
day, or 2d. when watered twice a day.

For special protection against fire, and not to be
used for any other purpose, 8s. for one opening, and
2s. for each additional one.
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The house-service pipes are to be of lead, unless
otherwise agreed upon, and are not to be of less than
the following weights, namely,

$-inch pipe 5 1bs. per yard.

11

= s ORA op

7 1bs. s
i 9 1bs. i
. 11 Ibs. 5
- 16 1bs. -

! SR 224 lbs. ,,
These pipes are heavier than those in some other
places, as, e.g., at Yarmouth.

YARMOUTH.
}-in. pipe, 5 lbs. per vd.
: ,y 06%1bs. |,
3 o SR g
1 s 1k Tha, e
13 ,, 14 lbs. i

COVENTRY.

$-1n. pipe, T lbs. per yd.

3 1llbs.
1 o RIDE g
14 , 22lbs.

ALDERSHOT,

e

i 7 1bs. ,,
= 9 Iba. 4
» 111bs.
a0 ABIbE: .
o 224 1bs.

Pt =lo SRl RS

s in
i

-in. pipe, 5 lbs. per 1b.

DURHAM.
#-in. pipe, 43 lbs. per yd.
%’ 13 ﬁ% 39
h} 2 12 ry
., 19 ,
LEEK.

§-in. pipe, 4 Ibs. per yd.
& i 51bs.
% ) 7 1bs. 14
1 o 111bs. ,,

LAMBETH,
i-n. pipe, 63 lbs. per yd.
1 n 9% lbs. ,,
1+ ., 1231bs.
13 15%1bs.



§ XV.—QUALITY.

Bur it is necessary to consider the quality equally
with the quantity of a Water-supply for general use, in
respect of its hardness; and without going into any
medical question of whether hard water is injurious
for dietetic purposes, I think it will be found upon
inquiry into the best testimony on this subject that,
for general use, a Water-supply should not be of a hard
character.

I separate the characters of water in this respect by
saying that water of not more than 5 degrees of hard-
ness, by Dr. Thomas Clark’s scale, is soft water,
and that 15 degrees of the same scale indicates hard
water.

The Chemical Commission, appointed by Govern-
ment to investigate the qualities of various waters,
reported that ‘it may be useful to distinguish the
quality known as the ‘hardness’ of water according as
it is of a temporary or permanent character. Perfectly
pure or soft water, when exposed to contact with chalk
(carbonate of lime) is capable of dissolving only a very
minute quantity of that substance; one gallon of water,
in weight equal to 70,000 grains, taking up no more
than 2 grains of carbonate of lime. This earthy im-
pregnation is said to give the water two degrees of hard-
ness. But waters are often found containing a much
larger quantity of carbonate of lime, such as 12, 16,
or even 20 grains and upwards in the gallon. In such
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cases the true solvent of the carbonate of lime, or at
least of the excess above two grains, 1s carbonic acid
gas, which is found to some extent in all natural
waters. But this gas may be driven off by boiling the
water, and the whole carbonate of lime then precipitates
in consequence, or falls out of the water, with the ex-
ception of the two grains which are held in solution by
the water itself. The gas-dissolved carbonate of lime
gives therefore temporary hardness, curable by boiling
the water.”

“ Other salts of lime, such as sulphate of lime, are
generally dissolved in water without the intervention
of carbonic acid gas, and therefore remain i solution,
although the water is boiled, imparting hardness.”

The Commissioners also say, “In the washing of
the person the saving of soap by the use of soft water
1s most obvious. For baths, soft water is most agree-
able and beneficial, and might contribute greatly to
their more general use. Its superior efliciency to
pard water in washing floors and walls i1s calculated
also to promote a greater cleanliness in the dwellings
of all classes, both within doors and externally ; while
in the occasional domestic washing of linen the smaller
preparation necessary for washing in soft, as compared
with hard water, the saving of soap which would then
be sensible to its full extent, and the more easy and
agreeable nature of the operation, would make a supply
of soft water in a high degree desirable.”

The Royal Commission on Water-Supply, who re-
ported in 1869, took evidence on the question whether
hard or soft water is to be preferred for a general
~supply.
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Dr. Edmund A. Parkes, in answer to the question
(No. 3126), ““ Would 16 or 20 degrees of hardness be
prejudicial ?”’ says ‘‘ I think that that degree of hard-
ness would be certainly prejudicial. I think that very
probably 1t might disagree with a great many people;
but supposing it reached to 8 or 10, or 12 degrees of
hardness from carbonate of lime, it might be consi-
dered probably good water as far as that was con-
cerned, but I should draw a marked distinetion
between that and the hardness arising from sulphate
of lime, or sulphate of magnesia, or chloride of cal-
cium, which would certainly disagree in much smaller
quantities, so that the goodness of water for drinking
purposes I would estimate according to its permanent
hardness rather than according to its temporary hard-
ness.”

Dr. Lyon Playfair says, in answer to question No.
2646, et seq., that, as a sanitary question, if the water
is otherwise pure he does not think that mere hardness
is of much importance as to health, but that it i1s of
the greatest importance as regards the economical use
of the water ; that less soap would be required ; that
cleanliness is promoted by the use of soft water, both
with regard to personal cleanliness and washing, and
that there is considerable economy in the use of soft
water, compared with hard water, in respect of wear
and tear of clothes in washing. Ividence of similar
import was given by Mr. John Simon, Dr. J. A.
Wanklyn, Professor Odling, Dr. W. A. Miller, and
Dr. Angus Smith.




§ XVIL—-SOURCES OF SUPPLY.

Brooxs and small streams in valleys are not desi-
rable sources of water supply ; the quantity of organic
matter they contain, in comparison with the quantity
of water flowing in them, is greater than that con-
tained in the water of other sources.

Other sources are, (1) Rivers, (2) Springs, (3) Moor-
land tracts of ground, where the rain-water falling upon
them, and running off in small and rapid streams, is
caught in reservoirs at a high elevation ; and (4) Deep
wells.

As to rivers, running water coniains free oxygen,
absorbed from the atmosphere, and the more so where
it has a quick motion over a rough bed, which causes
its surface to be broken up, and exposes a greater
number of particles of water to the atmosphere than
where the motion 1s slower, over a smoother 'bed.
Organic matter in a state of decay, which I have else-
where called ** effete organic matter,” 1s, as it were,
seized upon by the oxygen in the water and chemically
changed mto harmless substances, after the action has
continued for a sufficient length of time.

It 1s a matter of common observation that the dis-
coloratior of rivers by the polluting matters poured
into them from populous places gradually fades away,
and that at some considerable number of miles below,
if no other pollution takes place on the way, the water

1s clear, and in some cases quite fit to drink; and if
0
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the water of rivers could flow far enough away from
one town before it were taken for the supply of the
next one, the organic impurities would probably be-
come wholly changed into harmless substances; the
difficulty 1s to ascertain in what distance or in what
time this effect takes place; either distance or time
will vary with the relative quantities of polluting mat-
ter and of water, and there is nothing but supposition
to go by in estimating at what distance from the pollu-
ting source water may safely be taken for domestic
use lower down the river. It cannot very well be
proved that they are wrong who advocate a river
source for a supply of water, even when it is well
known that the water is daily contaminated higher up
the stream. The strongest argument in support of
such a source 1s found in the want of proof that the
water is injurious to the health of those who constantly
drink it. This is but negative evidence in its favour,
and even this is only frue In some cases, as, for in-
stance, in the Thames at Hampton, from which source
a great part of London is supplied, although it is well
known that the sewage of some considerable towns is
poured into the river above that point.

On the other hand, as to the disappearance of colour
by long-continued flow, it 1s proved positively that
water may be quite bright and yet contain matter in
solution which disqualifies 1t for domestic use.

Springs are more copious, and constant in their
flow, from some of the geological formations than from
others. I'rom the chalk, the oolite, the new red
sandstone (Bunter division), and the millstone gnit,
springs are more copious and constant than from other
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formations, except the mountain limestone, which has
many fissures and caverns; and some of the springs
from this formation yield large quantities of water
perennially, varying but little throughout the year,
while others, though tolerably constant during years
of average rainfall, almost cease to flow after a long
drought. This seems to be owing to the compara-
tively small extent of ground upon which the rain falls,
combined with its great porosity; while the ground
from which the more perennial springs issue 1s of
greater extent and comparatively of more general
compactness.

The late Mr. Beardmore estimated that the water
which falls upon the chalk district of the river Lea
holds out for at least sixteen months.

Some springs from the oolite are reported to be
nearly constant the year round, others varying about
80 per cent. as between the average and the minimum
flow. I gaunged daily during the years 1860 and 1861
several springs which issue from the millstone grit at
Upperhulme, near Leek, with the following results :—
During the year 1860 the average daily quantity was
355,266 gallons, and the least quantity on any day was
305,453 gallons. During the year 1861 the average
daily quantity was 833,716 gallons, and the least
quantity on any day was 258,600 gallons.  Other
springs have been proved to be equally or more con-
stant in the new red sandstone, but in the mountain
limestone they are more variable—perhaps because of
the fissures being more open.  The original chief
source of the Bristol water supply was some copious

springs issuing from this formation at Chewton Men-
02
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dip, which ran for a long time at the rate of two mil-
lion gallons a day, but about ten years afterwards these
and other springs from which the supply was derived
fell off considerably; resuming their full flow again,
however, afterwards.

Below any level at which the water could issue in
springs the absorbent rocks hold water as in a basin,
and 1t may be procured by sinking a well. When the
ground through which a well is sunk is porous from
the top downwards, the quantity of water met with
increases with the depth of the well, but in some situa-
tions the water-bearing stratum is overlaid ~ with
strata of an impervious nature, which keep down the
water, under pressure. In sinking a well in such a
situation but little water is met with after the surface
or top water has been passed through, and this, when
of bad quality, is usually stopped out by a water-tight
lining. But when the depth to the water is great it 1s
not necessary to sink a well all the way to it; after
sinking to a sufficient depth to form a lodge for the
water, and afford room to fix the pumps, the remainder
may be bored. When the water is reached it bursts
up suddenly and fills the well. The first great under-
taking of this kind was at Grenelle, in the province of
Artois, in France, where a bore hole was made down
to the lower greensand, under the chalk, to a depth of
about 1,800 feet, when the water suddenly rose through
the bore hole, and was forced up many feet above the
surface.  Since this successful attempt to procure
water in this way the name Artesian has been given to
such a well, from Artesium, the ancient name of
Artois. The blow-wells in the low-lylng parte
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of Lincolnshire act in the same way, although
on a smaller scale; the overlying clay being bored
through to the chalk beneath. In all such cases
the water which is thus procured must first have
fallen upon ground much higher than the site of the
well, and upon the outerop of the absorbent stratum
pierced by the boring, through the fissures of which 1t
descends and accumulates under the clay or other
retentive strata of which the low-lying ground consists.
A well sunk through the clay into the chalk at King-
ston, in Surrey, threw water up to the surface, being a
true Artesian well. Its temperature was, however,
too high for the purpose for which the well was sunk.
The strata passed through were as follow :—

11 ft. clay and gravel.

2 ,, gravel.

,» blue clay.

,, clay of various colours.
,, marl,

,,» vein of sand.

., marl,

,, vein of sand.

,, marl.

,» dark sand.

25 ,, light coloured sand.
99 ,, chalk, with flints.

— -

470 ft.

o
g
b |

o
Ot = O = . =]

[
et

The following is a short desecription of an Artesian
well to be sunk in the same locality :—Well and bore
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hole to be sunk to an estimated depth of 500 ft. Two
6-ft. lengths of cast-iron cylinders, 7 ft. diameter, to
stop back the top water.  Shaft lined with 9-in.
brickwork, 6 ft, clear diameter, to be continued to a
depth of 200 ft. Cast-iron bore-pipe, 12 in. diameter,
with turned joints, to commence here and go down to
the chalk, reducing the size only when necessary.
The pumps to be at a depth of 80 or 90 feet below the
level to which the water may rise. Kstimated cost,
£1,350.
Figure 47 illustrates such a well.

Fig. 47.

The publishers have very kindly offered me the
use of a wood-cut from Mr. Hughes’s book on Water
Works, which shows, better than anything I could
give, how it is that, when an impervious stratum of
clay is sunk or bored through, water is found, and
rises towards the surface, having its origin, in this
case, in the rain falling upon the high ground about
Tring on the one side and Knockholt on the other.
The following are Mr. Hughes’s own words :—

-
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«Tn this section A is the gault clay, an impervious

Tring.

| Watford.

Harrow.

River Brect.

‘8T B

London.

Norwood.

Lewisham,

Knockholt.

Seven Oaks,
stratum, which underlies the firestone, chalk marl, and
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chalk. 'The firestone and chalk marl are net shown
in the section, because it is believed in this chalk
basin the water penetrates through both of these, and
1s really not stopped till it reaches the gault. In the
south downs, however, it is otherwise, for there Lydden
Spout, and other copious springs are thrown out by
the chalk marl. B is the great mass of chalk 800 or
1000 feet 1n thickness. The tertiary or Thanet sands,
resting on the chalk, are marked ¢, and the impervious
mass of London clay 1s marked p. The level of high
water mark in the Thames is represented by the hori-
zontal line @ b, and the presumed line of saturation or
height to which the water from the chalk will rise at
any point between London and Tring, is represented
by the inclined line ¢ d, drawn from the top of the
gault below Tring to tide Jevel in the Thames at
Lewisham, where the chalk i1s exposed in the basin of
the Thames. It will be observed that in this section
I have not shown the beds in one continuous uninter-
rupted basin-shaped arrangement, but intersected by
two faults, marked No. 1 and No. 2. The fault No. 1,
which brings down the London clay » to the level of,
and in contact with the chalk, 1s clearly exhibited on
the North Kent and London and Brighton Railways,
both of which it intersects at New Cross, in a north-
east and south-westerly direction. It has been well
described by the late Mr. De la Condamine, in a paper
read before the Geological Society of London, in June,
1850.* With respect to the fault No. 2, although not
exposed at the surface, we have good evidence of its

* Pullished in Vol vi. of the Quarterly Journal of the Geological So-
siety, p. 440,
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existence from well sections. Thus, the depth to the
chalk below Trinity high water mark at Gray’s Inn
Lane, the Hampstead Road, Tottenham Court Road,
and the Regent's Park, varies from 80 to 100 feet ;
while at Trafalgar Square, Wandsworth, and Chelsea,
the depth varies from 250 to more than 300 feet,
which shows either a fault or a very great curvature of
the strata. Muv, Prestwich believes that this fault or
axis of elevation, whichever it be, passes along the
valley of the Thames, in an east and west direction.
It is clear that this fault as well as the one at Lewis-
ham, No. 2, would be intersected by the line of our
section. The main drainage of the chalk formation is
not so much interfered with by these faults as might
be supposed at first sight. The line ¢ d shows the
height to which the chalk is probably saturated with
water, according to the views first promulgated by Mr.
Clutterbuck, and afterwards corroborated by the Dean
of Westminster and other eminent geologists. The
drainage of the chalk will still take place at d, not-
withstanding the faults, because the communication
between the separate masses of chalk is still uninter-
rupted, the fault being probably not filled up with
impermeable clay and made into a puddle dyke, as
happens in some districts. Aeccording to the views of
Mr. Clutterbuck, the water will rise in wells between
Tring and London, to the level of ¢ d, and he has
found by measwrements of numerous wells interme-
diate between the two places, that the water stands at,
or nearly at this height. It will be observed that the
ground at Watford lies below the line of saturation ¢ d,
and this accounts for the numerous springs which
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break out in the meadows there, and for the fact, that
every excavation, made only a few feet in depth, is
immediately filled with water. Again, it will be ob-
served, that a part of the London clay district, close to
the metropolis, lies below the line of saturation. This
1s precisely the condition under which artesian wells
may be expected to yield a stream of water that will
overflow the surface. On boring down through the
London clay, p, to the chalk on either side of the fault
No. 2, we come to water which is acted on by the
pressure from Tring or Knockholt as the case may be,
and which, as soon as the boring is effected, rushes up
through it and rises above the surface, namely, to the
the line ¢ d. This is the explanation of many over-
flowing artesian wells in the neighbourhood of Fulham,
Brentford, and other places in the valley of the
Thames.”

Common wells, though they may be deep, depend
for their water upon the area immediately surrounding
them, the rainwater falling upon which sinks down-
wards and laterally towards the bottom of the
well, and the quantity procurable may be likened to
the contents of a cone, the base of which 1s the area
round the well, and its apex the bottom of the well,
the contents being renewed from time to time as the
rain falls. The extent of this area, or base of the
inverted cone, 1s the greater the more porous the
ground is, for any given depth of well, for there is in
every kind of ground a minimum horizontality which
the water can assume, uader any given degree of ex-
haustion by pumping, its percolation to the well being
hindered by the density of the ground through which




ROURCES O SUPPLY. 208

it passes, and the greater the density the steeper the
incline assumed by the sides of the water cone. In
practice these theoretical deductions are mterfered with
by the existence of faults, filled more or less with 1m-
permeable material. It is said that at one of the wel's
at Liverpool, 210 ft. deep, in the new red sandstone, the
shallow wells around were affected by the pumping to
a distance of 12 miles from the shaft.

A well sunk in the new red sandstone at Wolver-
hampton yielded but little water, being within a quarter
of a mile of a great fault, limiting the extent of surfuce
on that side to that distance.

Good water is obtained from uncultivated tracts of
moorland. It is obtained by storing in reservoirs that
which flows directly off the surface, and that which
sinks into the ground and issues in springs within the
watershed area. Knowing the quantity of water re-
quired, the area from which it is to be collected may
be determined according to the amount of rainfall of
the locality. It is mecessary, in order to do this with
something like precision, to obtain the register of the
rainfall for a number of years. If the rainfall has not
been gauged within the particular area, the water from
which 1s to be appropriated, i1t 1s necessary that the
position of the area on which the gauges may have
been fixed, be one in which similar meteorological oc-
curences take place habitually ; as, for instance, at a
similar height above the sea-level ; exposed to similar
currents of air; sheltered by hills in similar relative posi-
tions and of similar height, or that both situations shouia
be equally unsheltered. The best position tor a rain-
gauge 1s in an open piece of ground, nct near houses or



904 SANITARY WORK.

trees, and from 6 to 12 inches above the ground; the
nearer the ground the better, so that it 1s sufficiently
high to prevent the splashing of water that falls out-
side it leaping into the mouth of the gauge. Five
inches diameter 1s reckoned to be as good a size as any
for the mouth of the gauge. Rain-gauges are made in
various forms, and that in which the depth registered
is most easily ascertained, carries a graduated rod at-
tached to a float, which, rising with the water in the
gauge, shows the depth fallen; but this kind is open
to the objection that the face of the rod catches rain,
which runs down 1t into the gauge and causes a greater
depth of water to be registered than actually falls.
Another kind has a graduated glass tube attached to
the body of the gauge, in which the water rises equally
with that in the body of the gauge; another kind
merely receives the water, which i1s measured by pour-
ing it out into a separate glass tube to ascertain the
depth fallen. There is also another kind which has a
float unattached to any rod, a graduated rod being
used only at the time of measurement. :

The register of rainfall for a number of years |
having been obtained, an average 1s taken. If !

the yearly depths of rain be examined separately, it
will probably appear that they vary much from each
other, and that the greatest depth in any one year is
about twice the least in any other. It will probably be
observed also that for two or three years together pre-
ceding or succeeding the year of least rainfall, the
amount is less than the average of all the years, and
that the mean depth of three consecutive dry years is
about one-sixth less than the average; also, that the
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least depth in any year 1s one-sixth less than this
wean of three dry years.

Experience has shown that the quantity of water
which can be caught and stored in reservoirs and
delivered out daily for use is not so much as that due
to the average of a number of years, and is not more
than that due to the mean of three consecutive dry
years, which has proved to be, in numerous instances,
very nearly one-sixth less than the average, all the rest
going past the reservoir in excessive floods. Thus,
if a table of rainfall be examined, extending over a
sufficient number of years, it may show the average
yearly depth to be 36 inches. In some one year the
least depth will probably be found to be about 24 inches,
and taking any three consecutive dry years, the mean
of them will probably be about one-sixth less than the
average, or 30 inches, and it is this depth and not the
average, which 1s to be reckoned upon ; and the daily
quantity required being known, the necessary extent of
watershed area is ascertained. But the actual quantity
to be dealt with is always less than the rainfall regis-
tered by a gauge, for the gauge registers the depth that
falls, and from that depth must be deducted the quantity
evaporated and otherwise lost on its way to the re-
Servoir.

In his evidence before the Water Supply Commis-
sion in 1867, Mr. Bateman said that ““ according to
the declivity and the geological character of the coun-
try, and the cultivation and the amount of vegeta-
tion, the quantity which is taken up by vegetation, or
15 evaporated or lost to the rivers, varies from about
9 inches to 16 inches, the smaller quantity being of
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course that where the rocks are the hardest, and the
declivities are the greatest, so that the water comes
down in floods. If we take 12 inches as the mean
between those extremes, it will leave the net available
produce of these districts” (speaking of the Welsh
hills from which he proposed to take water). This
loss is taken from returns of actual gaugings in various
places. He says, ““In Manchester we have actually
collected and measured in reservoirs 33 in the ave-
rage of two or three dry years. Out of a rainfall of
45% inches we have actually collected and discharged
33 inches.” This would be a loss of 12} inches in the
year.

The late Mr. Thomas Duncan gave evidence before
this Commission. He was the acting engineer of the
Liverpool Water Works for many years, and had very
good means of ascertaining by gauges the actual quan-
tity of water collected and used out of the total
quantity that fell. Five-sixths of the ground from
which the gravitation supply is derived, consists of
moor and sheep pasture, covered with heather, and
some portion of it is mossy, the geological formation
being chiefly millstone grit. A very small portion of
it was ploughed, not one-fiftieth part; the whole area
of the gathering ground being about 10,000 acres.
With reference to the loss by evaporation and other-
wise, the question is put to the witness, and referring
to some tables he had drawn out, *“ You do not appear
to have had a loss in any one year of as much as 12
inches. 'Thatis to say, in 1861 the rainfall was 46°38
inches, and then, taking the quantity you realise,
which is 85°77 inches, that is slightly under 11 inches.
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If you take the next year as 458°51 against 40°08, that
is a loss of 8 inches. In the next year it 1s 51°01
against 40°72, that is under 11 inches again. In the
next year it is 39°035 against 27°85, and in the next
vear it is 34'80 against 23°35, making a loss of 11}
inches. Therefore, whatever your rainfall be, whether
it be large or small, the actual loss would seem to be
very nearly the same ?” A, ““The amount of evapo-
ration and absorption does not vary much.”

Mr. Hawksley has stated (Minutes of Proceedings,
Inst. C. E., vol. 81) that the loss varies in these
islands ““from 10 inches per annum as a minimum to
18 inches as a maximum. The minimum ocecurred
very rarely—indeed, only in the case of bare precipi-
tous mountains, consisting of non-absorbent rock, such
as slate or granitic rock. From that surface all the
rain that fell could be gathered, with the exception « f
about 10 inches. DBut the case was very different
where the surface was covered with soil and peat,
where 1t became flat moorland on the summit, and
more so where the land was cultivated and thrown into
the character of a sponge. In general, however, with
mountain watersheds, where the intermediate condition
existed, the actual ascertained loss amounted to from
13 inches to 15 inches per annum, according to the
situation and some local circumstances, and might be
taken at a mean of about 14 inches per annum.”

Supposing the situation to be one where this average
loss of 14 in. in depth would occur, it is to be deducted
from the 30 in. representing the mean annual depth of
three dry years, as above, leaving 16 in. in depth over
the whole drainage area, which represents the actual
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quantity of water to be dealt with, being 863,000
gallons in a year from every acre of drainage area, or
very nearly 1,000 gallons per day per acre, and if 20
gallons per head of population per day be allowed
there would be required an acre of collecting ground
for every fifty people, or for every ten houses (there
being, on an average, about five inhabitants to a
house). Thus, if the population to be supplied be
10,000, the daily quantity of water required would be
200,000 gallons, and the area of collecting ground
200 acres, 1f the rain-fall be 86 inches. |

Where, as above stated, the whole of the available
quantity of water due to a given area may be taken for
the supply of a population, it will in general be neces-
sary to afford water-compensation to the streams and
mills out of a separate reservoir; but in some cases
water-compensation 1s given out of the same reservoir
from which the supply to the population is derived,
in which case the watershed area must be one-half
greater than that above stated.

The next step would be to find a suitable site for the
construction of a reservoir into which the water falling
upon the drainage area would flow, and the next step
would be to determine the size of the reservoir—the
quantity of water it should hold. We know that
many storage reservoirs have failed to contain a
sufficient quantity of water to last through a long
drought at the rate of delivery out of them which had
been calculated upon as the daily supply.

In the first place, averages of many years’ rainfall
have been taken without deduction for the excessive
floods which cannot be stored in reservoirs of any
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practicable size, and a certain proportion of the
average has been deducted for loss by evaporation and
absorption, without regard to the absolute quantity of
that average. Thus, when the average annual rainfall
has been ascertained to be, say, 45 1in. 1n one place
and 30 in another, one-third, or some other pro-
portionate part has been deducted for loss, and the
remainder set down as the available quantity, giving in
the first of these assumed cases 30 1n. available and 1n
the other 20 ; and it is quite possible that by aceident
both these might be the true quantities available in
certain situations, if the precaution were taken to
deduct excessive floods which swell the average beyond
a point that can be dealt with in any reservoir that
could be practicably constructed ; but experience has
shown that the loss by evaporation and absorption
does not bear any fixed ratio to the rainfall, or to its
average amount, and that it is almost a constant quantity
in any year in the same place, whetherit be a wet year
or a dry one. These two sources of error are avoided
by first deducting one-sixth, or thereabouts, from the
vearly average, and then deducting an absolute depth,
being that due to the loss by evaporation or absorp-
tion, the result being a quantity which may fairly be
relied upon. The depth of ramfall to be deducted for
loss cannot be directly ascertained; from a water
surface the evaporation is about 30 in. in depth in a year,
but from the surface of a collecting ground it cannot
Le directly measured. The way in which it is ascer-
tained is by the indirect method of deducting the

known quantity collected from the known quantity
'Ei
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resulting from a certain depth of rainfall on a known
area of ground, the difference being the loss.

But another source of error has been to under-
estimate the length of time droughts may continue in
certain situations, and not sufficiently taking into
account the number of days on which rain falls in any
agiven period (as a year), which varies very much in
different places; for the fewer wet days there are in a
given time the greater number of days’ supply should
the reservoir hold, whatever be the annual rainfall, and
consequent daily regulated supply.

Large storage reservoirs, such as those now under
consideration, are usually made by constructing an
embankment across a valley, and making use of the
hollow thus formed by nature to hold the guantity of
water desired. The best site for a reservoir, therefore,
i1s one where (1) a bank can be made under or by which
water cannot pass, when dammed up to a considerable
height ; (2) where the ground has sufficient stability,
not only in itself in its natural state, but afterwards
when 1t may be more or less penetrated by the water
penned up, so that no slip may occur; (3) where a
wide and comparatively level expanse of ground exists
below which the sides of the valley approach each
other so that a short bank, and one not too high, may
impound a large quantity of water; if the first re-
quirement exists the fourth will be secured, viz., that
there should be a sufficient quantity of retentive
material to form a core, or trench and wall, of water
tight material such as clay.
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TuE quantity of water supplied by a pump may be
measured by the capacity of the working barrel and
the speed, deducting from the quantity so found
about 10 per cent. for leakage of valves and other
losses: and water is sometimes measured in a simi-
larly mechanical manner by meters; but when the
water flows, or ean be made to flow, from a pond, over
a weir, or through a notch in a plank or iron gauge,
the quantity may be ascertained in the following
manner, provided the thickness of the sill over which
the water fulls be properly regarded, and providing the
weir or gauge be truly level, and that proper pre-
cautions be taken to prevent the water passing under it
or past the ends.

The velocity with which water falls over such a
barrier follows the same general law which affects other
heavy bodies falling freely,—that is the force of
gravity. A heavy body falls 1608 ft. in the first
second of time after its descent from a state of rest,
and acquires at the end of that time a velocity of
32-16 ft. per second, which is called the force of
gravity, and 1s represented by the letter g. The
formulais V= /2 g H, when V = the velocity in feet
per second; g = the force of gravity. = 32:16; and
H = the height in feet. Therefore V = A/04'32 H =
8:02 /H.

In the case of a weir or a notch-board the height H

is synonymous with the depth of water. The depth
P2
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to be calculated upon is not that immediately over the
sill of the weir, but is the whole height from the sill to
the level of the water above the weir where it is out of
the influence of the current. When water approaches
a welr, or notch-board, the surface 1s drawn down for
some feet up-stream, being influenced by the draught
of water through the passage, and in measuring the
depth 1t 1s necessary to take it at some point out of the
influence of the current.

It has been stated above that the velocity with
which water falls over a weir is as the square root of
the depth, and when the whole depth is taken the
velocity due to it is that of the lowermost filaments or
threads (as it were) of the sheet of water flowing over,
These are pressed outwards by a force which is that of
the whole head of water, from the sill up to the level
of still water, and did they issue from an orifice at that
depth would spout out much farther than they can do
with the superincumbent sheet of water upon them.
The uppermost filaments have no velocity which is due
to the pressure of a head of water, and the velocity
which they do acquire is caused by those below slipping
horizontally from under them and letting them down
gradually from the bottom upwards, causing a de-
pression over the sill, which gives an inclination to the
gurface of the water for some few feet above the weir
or notch-board.

This inclination of the surface is differently pro-
duced from that of a river i train, and is due to the
loose end of the stream, whereby the lowermost par-
ticles escape faster than those above them, the whole
uumber becoming amalgamated into one stream, which
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takes a direction due to that filament which 1s at the
depth due to the mean velocity of the whole stream.
The velocity of the fluid threads at every part of the
depth being as the square roots of their depths below
the surface, the mean velocity of them all 1s necessarily
4 of that of the lowermost, and the whole sheet of
water assumes the curve which that filament would do
which is at the depth to which the mean velocity 1s
due, if 1t could 1ssue alone. The point i the depth
at which the mean velocity of the whole takes place 1s
at the depth of 4 of the whole depth, and the mean
velocity is that due to &/ 4 d = % 8/ d, which is, when
the constant multiplier is interposed, # of 8:02 v/d =
5'35 o/ d, which 1s the true expression of the mean
velocity of all the filaments of water passing through
the notch, or over the weir; and were there no ob-
struction to the flow the quantity discharged would be
found by multiplying this velocity into the depth and
into the length of the weir; but by no form of con-
struction can the actual discharge reach this theo-
retical discharge, because, first, the theory assumes
the falling body to fall in vacuo, whereas in practice it
falls through the air, and although atmospheric air at
a barometric pressure of 30 inches of mercury is of a
density only about the }+ part of that of water, yet
it offers some small resistance; and, moreover, while
the theory takes no account of friction against the
bottom or sides of the notch or weir, or of the diver-
gence of the particles of the stream passing through
the opening, the actual discharge i1s diminished by
these influences also. The more abrupt the opening
the greater are the disturbances of the flow. If we
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were treating of hydraulics in general we should see
how, by the appliance of wing-boards above the weir,
or, in the case of orifices wholly below the surface, by
adjutages below the opening, the discharge is increased
to almost the whole quantity indicated by theory, but
those are not the circumstances under which water is
gauged in ordinary practice.

In calculating the quantity discharged the depth
enters twice into consideration. In the first place it is
an element of the sectional area of the stream, and in
the second of the velocity. The sectional area is as the
depth, and the veloecity as the square root of the depth.
The cubic quantity discharged is therefore as d o/ d or
as A/ d® If the quantity be taken in cubic feet per
second per foot in length of the weir it is 5'85 A/ &
by the theory of falling bodies, the depth being
measured in feet ; and if it be taken in cubic feet per
minute it is 821 A/d® per foot in length of the weir.
But 1t 1s more convenient to measure the depth in
inches, in which case the constant 321 must be divided
by the square root of the cube of 12, or A/ 1728 =
41°57, and 43]%
quantity per foot in length of weir when the depth is
measured in inches and the quantity in cubic feet per
minute. If we put I = the length of the weir in feet,
this quantity would be 772 1 4/ d®.

But practice has proved that not only is the actual
discharge less than that of theory under every con-
dition of a weir, but that the constant multiplier varies
with both the length and the depth. By measuring
in large tanks the actual quantities discharged under

— T7°72, the constant of the theoretical
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various conditions of depth of water, length of weir,
and thickness of lip, and dividing these quantities by
the areas of the openings, certain coeflicients have
been found which bear the same relation to unity
which the quantities discharged bear to the theoretical
quantities, under the same conditions of length and
depth.

Various observers have found the coefficient to be
from about *58 to about *68, and if we take the mean
of all to be 623 the theoretical constant 772 would
be reduced to 4'81, so that if we put Q = the quantity
discharged in cubic feet per minute, d = the depth of
water in inches, and ! = the length of the weir in feet,
Q = 4'811+/d®.

By this formula it is assumed that the quantity is
proportionate to the length, but it is not exactly so,
for the shorter the weir, compared with the width of
the stream and with the depth of water flowing over
it, the greater should be the proportionate diminution
of discharge due to the contraction of the two ends of
the weir; and Mr. Francis, in the formula resulting
from his experiments at Lowell, U. S., makes a cor-
rection for this. His formula is Q = 200 (I—0'1 n d)
v/ d?, d being taken in feet, but if we take din inches,
and divide the constant 200 by the square root of the
cube of 12, Q = 481 (I— 00833 n d) o/ d®, n being
the number of end contractions.

The effect of the end contractions in the case of a
weir with one opening five feet long, and a depth of
water of six inches, is to reduce the quantity dis-
charged by about seven cubic feet per minute; thus,
4811+d* =481 X 5 x 14'7T = 853 cubic feet per
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minute, and 481 (I — 00833 n d) ~/d® = 4'81 (5 —
‘00833 X 2% 6) x 14'7T =346 cubic feet per minute, or
by about 2 per cent. in this case.

Except those of Mr. Francis, the most important
experiments on a large scale which have been made on
the flow of water over weirs were made by Mr.
Blackwell, on the Kennett and Avon canal, in 1850.
These were made from a pertectly still head, the area
of the pond from which the water flowed being upwards
of two acres in extent.

These experiments were upwards of 200 in number,
and were made with weirs of three feet, six feet, and
ten feet in length ; with thin iron plates; with planks
two inches thick ; and with broad-crested weirs, re-
sembling ordinary weirs on rivers, the width of crest
in the experiments being three feet. The coefficients
were found to vary with the depth of water and also
with the length of weir, and with the thickness of the
lip.

The following is an analysis of those experiments of
Mr. Blackwell which, in point of dimensions, come
most under the conditions of ordinary practice ;—I
mean, of course, which, within the scope of the experi-
ments, are most proportionate to the dimensions of
ordinary stream gauges. The gaugings of exceptional
depths with certain lengths are most valuable, as re-
lated in full by Mr. Blackwell in his paper contributed
to the Institution of Civil Engineers, but I have been
content to adduce the results within a depth of nine
inches ; also not to include the experiments on weirs
with wing-walls, and those made with short wide-
crested welrs.
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The general formulais Q = ¢l 4/ d? in which Q
= the quantity of water discharged per minute ;

= the depth in inches from the surface of still water
to the lip of the weir; ! = the length of the notch in
feet, and ¢ = a constant multiplier found by experiment
to equilibrate the terms Q and ! 4/d®. This constant,
¢, is found by measuring in a tank the quantity of
water which falls in a certain time from a notch of a
certain length with a certain depth of water flowing
over it; each one of these items being a subject of
measurement. The constant, ¢, 18 therefore arrved
at independently of the relation between the theoretical
result and the practical result. But inasmuch as the
conditions under which experiments are made must
be limited, while those of practice are unlimited, it is
very useful to compare the actual discharge under
given conditions with that which is due to the theory
under the same conditions, and this is best explained
by dividing the constant multiplier, found by experi-
ment to be necessary, in each of the given conditions,
by the constant multiplier of the thcory. The result
1s the coeffictent, which bears the same relation to
unity as the actual discharge bears to that of theory.
In the following table 1t 1s the result of dividing the
actual constant 1 each case by 7'72, the theoretical
constant, when the quantity is taken in cubic feet per
minute, the depth in inches, and the length in feet.
Thus, ;——%; = *67, the mean coefficient of all lengths
and all depths over notches in thin plates. Averages
are not always to be relied upon, but it mav be ch-
served that the combination of all lengths with all
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depths, within the range of these experiments (which,
mdeed, were nunierous), shows an average constant of
o°17 for thin plates, 4'35 for 2-in. planks, 3:93 for
weirs with wide crests sloping 1 in 18 across, and 3-66
for similar weirs with level crests; the corresponding
coefficients being 670, *563, *508, and *474.

Analysis of Mr. Blackwell's Experiments on the flow of
water over Weirs, within the limits before mentioned.

THIN FPLATES.

f
1in. to 3 in.

Mean of all

Depths. 31in. to 6 in. depths.
£t e
Value|Coeff, | Value|Coeff, Value Coeff,
of c. of ¢. of c.
Noteh 3 ft. long. | 5°10 | 660 | 4:68 | 606 4-89 | 633
o 976 | *746 ] 5°16 | '668 2°46 | “707
Mean of all lengths. i5‘13 ‘708 | 4:92 | 637 5°17 | "670
PLANK WEIRS, 2 IN, THICK.
Depths. 1in. to 3in.|3 in. to 6 in.|6 in. to 9 in. l{:ﬁ;}‘tﬂ;ﬂu
- B | ! L.
Value|Coeff. |Value Coeff. [Value Coeff.|Value Coeff.
of ¢. of c. of c. | of ¢.
Notch 3 ft. long. 806 | 512|444 | 575 | 462 | -598 | 434 | -562
., 6ft. ,, |414/| 536|462 598|444 | 575 4°40 | 570
, 10ft. ,, | 408 | 528|466 | 590|432 | -559 | 4:32 | ‘550
Mean of all lengths. | 406 | *525 [ 454 | 588 | 4°46 | -577 | 435 | -563
|
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1 in. to 4 in.

4in. te 81in.

* 3F¥T. WIDE, SLOPING 1 IN 18 ACRoss,
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Mean of all
depths.

Val m;*.!l'. Joeff.

lll. C.

Value| Coell.
(:If .
4:08 | ‘528

|
Value Coell.
of ¢.

303 | 808

Weir 10 ft. long. | 378 | ~489

— e ——

CREST 3 FT. WIDE, LEVEL ACROSS.

e

Depths, Mean of all

lin. to 5in.15in. v 8 in.|81in. to10in. depths.

Value Coeff.
of c.
366 | 474

Value | CoefT,
of e.

378

Value CoefT.
ol e
366

|
Value|Coell,
of .
Weir 10 ft. long. | 354 | 459 489 ‘474

When an opening through which water issues 1s
wholly below the surface of the pond, the velocity with
which it issues is proportional to the square root of
the head, that is, the height from the centre of the
opening to the surface of the water, if the opening on
the lower side be not covered with water; where water
i discharged from one pond into another, through an
opening wholly below the surface of the lowermost, the
head 1s the height from the surface of one pond to
that of the other. DBy the theory of falling bodies
the velocity would be 8'02 4/ &, h being the head of
water in feet, and the velocity being measured in feet
per second ; but this velocity is never attained in prac-
tice ; the opening is always more or less abrupt, and the
whole body of water does not issue in a direction at
right angles with the line of the opening, but, at the
sides, 1s forced to converge towards a point outside, at
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which point the cross sectional area of the body of the
water 1s only about two-thirds of that of the opening.
The velocity of the central portion of the body of water
1s probably as great as the theory indicates, but it is
retarded at the sides by the friction against them, so
that, besides the contraction of the area of the stream,
the mean velocity of all its particles is also reduced
below the theoretical velocity. Combining these two
effects, the practical result is to reduce the discharge
in the ratio of about 8 to 5.

In Banks's treatise on mills, a summary of coeffi-
cients found by numerous observers is given as fol-
lows :(—

Newton, *707 ; Bossut, *615; Banks, *750; Miche-
lotti, <625 ; Helsham, *705 ; Smeaton, *631 ; the mean
of which 1s 672, but it is to be remarked that the ex-
periments of Bossut and of Michelotti were made on a
larger scale than the others, and are more to be relied
upon.

Experiments by Brindley and Smeaton, with holes
1 inch square, show the times in which 20 cubic fect
of water ran out under different heads to be &s

follow :(—

1 ft. head, 9 minutes 22 seconds.

A 6 At (i
S0 5 . A0 T,
L 1 s dde
. 4 e | e

From these we deduce the following coeflicients, viz.,
‘64, '63, *64, *63, and "v3 respectively.
In a report to the British Association, Mr. George
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Rennie gave the results of the observations of others
than those above named, as follow:—Venturi, 640 ;
Borda, *646; Kytelwein, °640; Hachette, 690 ;
Brindley and Smeaton, "631; Rennie, "621; Poncelet
and Lesbros, 600, *605, and *593; also from other
experiments, ‘611, *618, and *611. The mean of all
these is "625.

If there were no obstruction to the flow the quan-
tity discharged in cubic feet per second would be
A X 84/ h, A being the area of the opening in square
feet, and & the head of water, but the combined in-
fluence of friction and reduction of cross sectional area
of the stream causes a reduction in the constant to 5,
in ordinary cases; so that the actual quantity dis-
charged is A X 5 4/ k, through abrupt openings. With
trained walls and other appliances the discharge would
approach nearly to that indicated by the theory; Mr,
Beardmore gives the constant 7'5 for such cases.

The word coefficient is used sometimes to express
the quantity which I have called the constant, and
perhaps there can be no liability to error in taking the
word indiscriminately, although it would seem that the
two quantities should be differently named. The con-
stant is a quantity found by experiment to equilibrate
two other quantities which are stated by the theory
adopted ; but a coefficient I take to be a decimal which

shows the ratio between the theoretical and the vrae-
tical quantities,




§ XVIII.—CONDUITS AND CONDUIT-PIPES.

Ir the channel by which water is conveyed be an
open cutting in the ground, the velocity of the stream
must be small, as may be seen from what we have said
(p. 77,) on the effects of scour on various materials,
and therefore the dimensions of the channel must be
proportionately large, and the fall proportionately
small. A waterworks conduit, however, is usually
lined with stone or brickwork, or with concrete, in
order that a greater velocity may be given (the differ-
ence of level of the two ends usually permitting it),
and the dimensions reduced. In this way a sufficient
velocity is obtained to prevent the surface freezing,
and to prevent the muddying of the water which would
take place by running with considerable velocity over
a natural bed. A mean velocity of from 2 ft. to 21 ft.
per second is not an unusual one in practice. Eytel-
wein's equation, v = *9 o/ If, is applicable to such a
channel, in which v = the mean velocity per second,
i = the hydraulic mean depth, f = the fall of the
conduit in 2 English miles.

Thus, with a hydraulic mean depth of 6 inches, and
a fall of 6} ft. per mile, the mean velocity would be
2+ ft. per second, for h =5 and f =125 and v = 9
v 5% 125 =2'25.

Such a channel might be so formed that the depth of
water might be 1 ft., the width at the surface of the
water 83 ft., and the width at the bottom § ft. The
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mean width would then be 2 ft., the sectional area 2
square ft., and the quantity of water conveyed 44 cubic
ft. per second, or 270 cubic ft. per minute. Larger
channels, in which the hydraulic mean depth is greater,
require proportionately less fall to maintain the same
velocity ; thus, if the hydraulic mean depth be 1 ft.,
and the velocity, as before, 2} ft. per second, the fall
would be only half as much as in the other channel, for
2 =00
— :ﬁ%ll = %{}Tﬁ = 6°25, or 34 ft. per mile.

Such a channel might have a width at the surface
of the water of 6% ft., at the bottom of 1% ft., and
a vertical depth of 2 ft. The mean width would
then be 4 ft., the sectional area 8 square ft., and the
quantity of water conveyed would be 18 cubic feet per
second, or 1,080 cubic feet per minute. (The quantity
in cubie feet per minute is converted into gallons per
day by multiplying by 9,000.)

By that process the approximate quantity of water
running in an existing channel may be found, but the
more usual thing to be determined in a waterworks is
the sectional area of the conduit from the known
quantity of water required to be conveyed with a given
velocity. In this case the first consideration is the
rate of fall which circumstances permit, so as to deli-
ver the water at a sufficient elevation above the place
to be supplied. The highest part of the district to be
supplied determines at what elevation the service reser-
voir should be, and taking that as a datum the rate of
fall in the several parts of the line of conduit up to the
source may be accommodated to the requirements of
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the several parts of the ground. In some parts a con-
duit following the contour of the ground may be most
economically made, while in other parts it may be ne-
cessary to confine the water in pipes under pressure,
and 1n some places a short valley or ravine may be
crossed by an aqueduct.

Open channels in the ground, however, which con-
vey water for domestic use, require to be fenced in,
and the expense of that is in some cases greater than
the expense of covering the conduit, when it is of
small dimensions. Covered conduits are mostly of
one or the other of two forms: either completely cir-
cular, or with vertical sides and arched cover, the bot-
tom in this case being usually formed with an inverted
arch from side to side, unless flagstones are used.
The choice of one or the other form depends chiefly
on the local materials used. The quantity of material
required is less in the circular form, but in this case the
beds of the stomes should be dressed or the bricks
moulded to the radius of the curve, in order to make
good work; and the labour of this costs more than
the extra materials in the other form, where they are
abundant.

To prevent leakage the conduit 1s sometimes laid in
puddled clay, from 8 to 12 in. thick, worked with little
water, up to the middle of the height of the conduit,
or higher; and to prevent the percolation of water
from the surface, in places where it might be injurious,
the puddling i1s completed over the arch.

Instead of being backed with puddle the beds and
joints of the heart of the walls may be filled with
asphalte, hydraulic lime mortar being used for the
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inner and outer parts of the beds and jomnts, as ino
the following Figure.

Fig. 49.
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It is essential to the purity and freshness of the
water delivered at the lower end of any conduit that
during its passage 1t should take up oxygen from the
atmosphere as fast as it gives out that which had been
previously absorbed, and to this end an open channel
is preferable to a covered one, but where 1t is neces-
sary to cover the conduit full provision should be
made for its ventilation. The number of openings
forming communication between the interior of the
conduit and the atmosphere cannot be too many. The
proper number will depend upon the degree of free-
dom from organic matter of which the water may
originally be, but 100 yards would seem to be as far
apart as the ventilating shafts should be in any case;
and these, while having each a large area, should bLe
protected by a hood from the possibility of pollution.

The quantity of water conveyed by either form de-
pends upon the same conditions which affect the flow
of water in open channels, and the conduit must always
run somewhat short of full ; half-full 1s the usual max-

imum state, Such conduits must therefore necessa-
Q
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rily follow the contour of the ground for the most part,
although when a ravine or short valley has to be
crossed that is easily done, without breaking the con-
tinuity of the gradient, by supporting the aqueduct
upon piers brought up from the ground below.

To convey water under pressure from a high source
along low ground, the principles to be regarded are in
some respects different from those we have considered.
The free oxygen originally contained in the water can-
not escape, or should not be allowed to do so if at all
possible. Cast-iron pipes are used for such conduits,
and if the ground along the line chosen for the pipe do
not in any intermediate part rise and fall again, the
alr originally contained in the water will for the most
part be retained until the water i1s delivered at the
other end, but if circumstances make 1t necessary to
lay the pipe over intermediate and subordinately high
ground, the air will accumulate at these high inter-
mediate points, and it then becomes necessary to pro-
vide for its escape, otherwise the pipe will become air-
locked, and the flow of water retarded or wholly
stopped, besides creating danger of bursting the pipe,
from the concussion which the elasticity of the air
allows the water to give to the pipe in the throbbing
action caused by the repeated efforts of the column to
pass the obstruction ; and these efforts are cumulative;
so that in all such cases air-escapes are fixed on the
pipe. When delivered into a sufficiently large reser-
voir it again in part takes up air.

Whether the pressure which causes water to travel
through a pipe be that of a natural head of water at a
high level, or whether such pressure be artificially
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given to it by a pump at a low level, is nmmaterial ;
the actual pressure must be the same 1 both cases;
and in the case of a pumping main air-escapes at high
intermediate points are still more necessary, for besides
the risk of bursting the pipe without them, there is
the risk of breaking the engine by the sudden relief of
its load. But in pumping mains intermediate rises
seldom occur. Where the ground does itself rise and
fall again intermediately, the pipe is made to rise con-
tinuously by cutting through the hill.

Supposing air locks to be avoided, it is necessary to
see that no unnecessary obstruction to the flow of
water be offered by sharp bends. When none of these
causes of obstruction exist, and the resistance to the
flow of water 1s that due to the friction of the water on
the sides of the pipe, the pressure necessary to give
any required velocity may be calculated by Eytelwein’s

fﬂrmulﬂ,— i \/ ___‘-'j_ "I'-f' =
L+ 50d

where v = the mean velocity in feet per second, d =
the diameter of the pipe in feet, and I the head of
water in feet necessary to give the velocity v : Squar-

ing both sides of this equation, v* = 2,500 5_;,{ g;ﬂljﬁ
1+ 50d
and k= 55507

The correction 50 d 1s made for short lengths of
pipe, but in waterworks mains, such as those now
under consideration, the correction may be neglected,

and the equation is simply v = 50 \/dﬁ and
v* 1 |

h= 35004
g 2
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As in the case of open channels, a good working
velocity is from 2 ft. to 24 ft. per second in conduit
pipes also. It may be found by calculation that about
21 ft. per second is the most economical velocity
through pumping mains, but for mains which convey
water by gravitation the case i1s somewhat different,
and in these, providing the source is sufficiently high
above the point of delivery to give it, the velocity may
be 3 ft. per second, or even more, economically, the
size of the pipe being reduced accordingly.

It should be observed that it is the ultimate quan-
tity to be conveyed which should be thus regarded.
Presently necessary quantities of water are usually
much exceeded to meet increased requirements, and
this fact, derived from experience, should be duly
regarded in determining the sizes of pipes and
conduits.

If present velocity be made 11 ft. per secend it
allows for a growth of upwards of 30 per cent. in the
quantity of water before passing the assumed best
velocity, and when the quantity shall have inereased
50 per cent. more than the original quantity the velo-
city will be 23 ft. per second, which is about the limit
of economical working ; although twice as much water
as may be supplied at first may be driven through the
same pipe at a velocity of 3 ft. per second, when suffi-
cient power is exerted to pump the water; but it is to
be observed that the expenditure of power increases
much more rapidly than in the ratio of the quantities
of water pumped through the same pipe; it increases
as the cube of the quantity, for, converting the power
expended into the height which corresponds with the
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pressure applied—that is, into the head of water—that
height is proportional to the square of the velocity
and therefore to the square of the quantity through
any pipe of given diameter, and in respect of the
power expended in pumping the water to this head it
is as the head and the quantity, or as the cube of
the quantity ; so that the power expended in pumping
water through a pipe at the rate of 3 ft. per second is
to that expended with a velocity of 2 ft. per second
as 27 to 8, which 1s a ratio much greater than that
between the cost of two pipes which shall deliver the
same quantity of water in the same time at the rate of
2 ft. and 8 ft. per second respectively, for the cost of
two such pipes would only be in the ratio of about
11 to 8.

From Eytelwein’s equation already given, as trans-
lated by Dr. Thomas Young, and given in Tredgold’s
Tracts on Hydraulics, the diameter (d) may be found
when the head (&), the length (I), and the velocity (v)
are stated ; or the head may be found when the other
terms are stated ; thus,

o \/ﬁ:’i—f}[] d h
— e

. 2,500dhA
= ———

l

vt 1
4d=37500 h

v? 1
h=55004

All dimensions being taken in feet, and the time per
gecond.
Or we may find each of these directly from the
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quantity of water, for the quantity is the product of
the cross sectional area of the pipe multiplied into the
velocity, whilst the area is the square of the diameter
multiplied into *7854.

If Q represent the quantity of water in cubic feet
per second, and 1if [, h, and d be taken as before,

Q = 7854 &* x 50\/@_ 39-27 r?’*\/d_;
=39'27\/ﬂ
a=y/ ( )
39:27 It

e s
(59 27) o
If the quantity be taken in cubic feet per minute,
39:27 x 60 = 2,856, and

x \/(2 856)

l
= 2,356 @

Eytelwein’s equation has been adopted in calculating
Table No. 5 in Beardmore's Hydraulic Tables.

M. Prony, a French writer on hydraulics, as stated
by Mr. Samuel Hughes in his treatise on water-
works, derived from the same set of experiments which
Eytelwein investigated, fifty-one in number, made by
Du Buat, Bossut, and Couplet, the constant 4849,
instead of 50, as found by Eytelwein.

Perhaps the formula which gives results more nearly
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agreeing with observed facts under most ordinary cix-
cumstances is Du Buat’s.

Du Buat’s formula, as given by Dr. John Robison,
in his ‘* Mechanical Philosophy,” Art. Waterworks,
is, In English measures,

V:S_DT___E\/_d_U 1) —0'3 (»\/E—-U'l)
vs —Lia/s+1'6

Wherein V = the mean velocity in inches per

second.

d = the hydraulic mean depth in inches.

s = the slope or inclination of the surface
of the current, and is the length
divided by the fall. (Thus a fall
of 8 ft. per mile i1s a slope of 1760.)

L = the hyperbolic logarithm of the quan-
tity to which it i1s prefixed, and 1s
had by multiplying the common
logarithm of that quantity by the
number 2-3026.

This formula is also applicable to pipes running full,
and is very accurate for both pipes and open channels.

To facilitate its application in practice Dr. Robison
has given an extensive table of the logarithms of the
values of 807 (A/d—0-1), of the values of 0°3
(v/d—0-1) and the logarithms of the values of &/s—
La/s+1:6, of which the following tables are abridge-
ments. The range of the hydraulic mean depth is
from 1in. (4in. pipe) to 3ft. (large open channel), and,
of a slope, from 1 in 240 to 1 1n 3,200.
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TasLE L

= = = ! =

| T < = =

d © s I 3 ] |'c|:
Fer s Al

= &n = e

& = 2 =)
1 2:44138 97 85 2:03670 ‘84
12 2-48518 3 9 2-94954 87
13 2-50426 sl 9-5 2:06167 ‘89
150 2-53885 34 10 297319 02
1-7 2-56769 36 11 299454 97
18 2-58112 87 12 2:01401 101
2 260580 39 13 3:03189 | 1-05
22 262803 41 14 3:04843 1-09
2:3 2:63839 49 15 306383 113
25 265772 45 16 3-07820 117
Sed 267556 46 17 3:09170 1221
28 2:68395 47 18 310441 1-24
5 269989 40 19 311644 1-28
3:2 271472 51 20 3:12783 181
3-3 2-72181 52 21 3-13867 1-34
3:b 278501 L% 22 3:14899 1:38
37 2-74805 55 23 3-1588H 1-41
38 2-75417 dili] 24 316828 1-44
4 276589 67 25 3-17734 147

42 277704 59 26 3:18601 15
43 2-78240 59 27 3:19438 1:53
45 970277 6 28 3-20243 1:56
4-7 2420269 62 29 3:21020 158
48 2-80747 ‘63 30 3-21770 1-61
5 2-81674 63 3l 3:92495 1:64
55 2 52540 67 32 8-23196 1:67
6 2:85812 7 33 323877 1-GY9
65 287622 73 34 324547 1-72
7 280206 76 35 3-25176 1-74
75 2-00851 79 36 326799 177
8 2:92305 82 37 826404 1:79
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TasLE 1I.
— — i | o
i ‘sl + =
¢l @2 [* ]| »F : 83
|w 'nl-;. &
= 2
240 1:10543 570 131597 900 1-42487
250 1°11553 580 1:32015 910 1°42746
260 112523 590 132426 020 143005
270 113453 600 132830 930 1-43263
250 1-14345 610 133226 040 1°43515
201() 115204 620 133614 950 1-43464
300 116035 630 133997 960 1-44011
310 116838 640 134373 970 1-44254
320 1'17612 G50 1-34743 930 1°44498
330 118363 660 1:35108 990 1:44737
540 119092 670 185468 1000 1-44946
550 1-19803 GRO 135823 1100 1-47223
360 1-20490 690 136170 1200 1-49269
370 1-21158 700 136513 1300 1:51148
380 1:21806 710 1:36851 1400 1:52885
300 1-22435 720 1:37185 1500 1:54497
400 123048 730 - 1'37513 1600 156014
410 123647 740 1-37839 1700 1°57416
420 124232 750 1'38157 1500 1-68747
430 1-24805 760 138471 1900 160004
440 125360 770 1:38782 2000 161195
450 125903 780 139089 2100 162325
460 1-26433 790 139391 2200 163403
470 1-26951 800 139690 2300 164432
480 1-27461 810 139985 2400 165414
490 127957 820 1-40277 2500 166358
500 128445 830 1-40564 2600 1°67261
510 1-28023 840 1-40678 2700 1:68133
520 129391 850 1:41128 2300 1°68971
530 1-20851 860 1°41408 2000 169780
540 1:30300 870 1'41683 3000 170558
550 130740 830 1:41953 8100 1°71713
560 | 1:31172 890 | 1-42220 3200 1:72042

——— . ——

—
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In the original tables the range of hydranlic mean
depths is from -% inch to 100 inches, and of slopes
from 1in 1 to 1 in 24,000. The extreme numbers,
however, seldom if ever occur in practice, and the
numbers selected in the foregoing tables will be founad
to embrace most cases of practice in waterworks.

It will be useful to compare, by example, thie
formula with that of Eytelwein. It makes the velocity
a little less than Eytelwein’s rule, and is therefore pre-
ferable, as erring, if at all, on the safe side; while it
makes some allowance for inequalities in the direction
and inclinations of pipes and conduits.

Example.—Required the mean velocity of a stream,
the hydraulic mean depth of which (d) is 1 ft., and its
inclination (s) 1 in 1,800.

By Table 1, Log. of 307 (+/d—0'1 = 801401
By Table 2, Log. of a/s — Lia/s+1'6 = 1-58747
There remains . . 1-42654
which is the log. of . : : « 206270
From which take, by Table 1, the
value of 08 (v/d-01) = . e 1 )1
There remains . . 2569 inches
—92-14 ft. velocity per second.

According to Eytelwein’s rule the hydraulic mean

: . 5260 x 2
depth (k) = 1; the fall in two miles (f) =— 300 =

5'87 ; and the mean velocity per second (v)="9
VEF= 9 AT X587 = 218 ft.
Ezample.—Required the mean velocity through a

12 in. pipe, the fall of which is 1 in 530.
The hydraulic mean depth in the case of a circular
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pipe is always § of the diameter, and is in this case,
therefore, 3 in.
By Table 1, Log. of 807 (+/d - 0'1 = 2°69989
By Table 2, Log. of z/8—Lin/a+ 16 = 1-29851
There remains . ’ . 1-40138,

which is the log. of . ; : . 2520
From which take, by Table 1, the
value of 0.3 (vd-0'1) =. . 049
There remains « .« 24'T1 inches

—9-06 ft. velocity per second.

According to Eytelwein’s rule the diameter (d) =1
the head (k) =1; the length (I) =530; and the

mean velocity per second (v) = 50\/':3;-1. Squaring

2,500 d h __ 2,500 __

l 530
4'717, the square root of which is 2-17 ft., the velocity
per second.

both sides of the equation, v*=

But if, as Eytelwein directs, we add the correction

2500

50 d to the length, then o = 4'31, the square root

of which is 2'08 nearly, and this agrees very nearly
with the velocity found by Du Buat's formula.

The following are the parts of the Act relating to
water-works to which we point attention. Under sec.
54, a local authority has the same powers for laying
water-pipes as for laying sewers, which we have already
described, both within the distriet and beyond it.

By see. 61, any local authority may supply water to
the local authority of an adjoining district, and this is
of much importance, for in some rural sanitary districts
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1t 18 very difficult to find water of suitable quality and
sufficient in quantity, while in an adjoining distriet
there may be an abundance of good water more than
the sanitary authority of that district require for their
own population, present and prospective.

Some people think that the water procurable within
any watershed area should be reserved for the use of
the population of that area alone, but that must Dbe
allowed to be a view too strict for the occasion.

Section 62 is to the effect that where any house is
without a proper supply of water the local authority
shall give notice to the owner to obtain a proper sup-
ply, the occupier paying the water rate authorised by
the local Act, if any, or where there is not any local
Act 1n force, then at a cost not exceeding twopence a
week ; but the Local Government Board may order
the rate to be more than twopence a week, if the local
authority apply to them, and show that it is not suffi-
cient 1n any particular case.

This question is one of practical difficulty for every
local authority where water works are not established.
T'ake, for instance, a village or small town where one-
half or two-thirds of the houses have wells upon the
premises which furnish a supply of water to those
houses of an indifferently good quality for drinking
and culinary purposes, and the rain-water tanks of
those houses (after an expenditure similar to that
before stated) furnish a certain quantity of water for
washing and bathing purposes. Iurther, suppose these
houses to have been built by or to be occupied by the
pecuniously better sort of the people in those parts of
the town or village where water could be had by sink-
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ing these wells. Now the local authority have to meet
this difficulty ; they find the other half or third part
of the houses upon ground which yields not even
indifferently good water, but water which (if any at all
be found by sinking a shallow well, such as could be
paid for by a rate of twopence a week) s not fit to
drink. How shall the local authority proceed ? If
they order that any given house be furmished with a
proper supply of water, the owner will do his best to
meet the order by sinking a well. If the water hap-
pen to be good, so; but if not, the local authority will
have stultified their own position, and will have ordered
to be done to-day what they must order to be undone
to-morrow, for if the water is not good they must put
in force the 70th section of the Act.

I have thought it well to give this view of the case,
because the difficulty often arises and has caused dis-
putes in local councils as to the interpretation of the
62nd section, but 1t 1s evident that that section does
not apply to such a case, but that it contemplates that
a general water supply is at the command of the local
authority, and that any house may be ordered to be
supplied from that general source if the charge will not
exceed twopence a week, &c.

Even 1if good water could be procured from a shallow
well sunk on the premises of the house to be supplied,
the cost would in general be more than twopence a
week would cover.

Any usual water rate is one which covers all costs
and charges of making and maintaining the works, and
the current expenses of the supply ; and the twopence
a week, or 8s. 8d. per annum, must be considered as like-



238 SANITARY WORK.

wise covering all such costs, charges, and expenses of the
supply ; and a fair rate of interest on the outlay woul?
be 6} per cent., to cover the interest and charges upon
the money expended. The money to be expended,
thercfore, must not exceed about £6 13s., or say £7, in
order that twopence a week may be an adequate charge
for the water supply. A well would in most cases cost
more than that.

The Public Health (Water) Act, 1878, enacts that it
is the duty of every rural sanitary authority to see that
every occupled dwelling-house has, within a reasonable
distance, an available supply of wholesome water, and
that where a house has not such a supply, and if it can
be procured for a sum the interest on which, at the rate
of 5 per cent. per annum, would not amount to more
than 2d. per week, the sanitary authority may call upon
the owner of the house to provide the supply.

The sum of 8s. 8d. a year, or 2d. per week, would
be 5 per cent. interest on the sum of £8 18s. 4d. If
the supply cannot be procured for this, but may for a
sum which 3d. a week would pay 5 per cent. interest
upon, that is £13, the sanitary authority may still call
upon the owner to procure the supply, but they must
first have the sanection of the Local Government Board,
who will determine whether 1t is reasonable or not.
If the owner of the house fail to comply with the
requirement of the sanitary authority they may do the
work themselves—after one month’s grace beyond the
six months’ notice which they must give in the first
instance—and charge three-fourths of the cost upon
the owner and one-fourth upon the occupier; not, how-
ever, to be paid in one sum in either case, but in such
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instalments as the sanitary authority may direct.
These are called private improvement expenses, and
are, in the first instance, paid by the occupier, who
deducts three-fourths of the amount of each instalment
from the rent next becoming due.

If there are two or more houses requiring a supply
of water in the same way, that is, if the owners fail to
comply with the notice given to them to do the work
within the time specified, the sanitary authority may
malke one work to supply the two or more houses, if
the expenses will be no greater, and may apportion the
repayment of the expenses as they deem just. DBut
these provisions of the Act of 1878 do not relieve the
authority from the duty imposed upon them by the
general Act of 1875, of providing their district with a
supply of water where danger arises to the health of
the inhabitants from the insufficiency or unwholesonie-
ness of the existing supply, and a general scheme of
supply 1s required, and such supply can be got at a
reasonable cost; and if an owner of a house, having
been required to procure a supply as above mentioned,
objects on the ground that the authority ought them-
selves to provide a supply of water, or render the ex-
1sting supply wholesome, or that the whole or part of
the expense of providing the supply ought to be a
general charge, he may state his objection to the
authority, whereupon they are not to proceed with the
execution of the works without the sanction of the Local
Government Board, who may, if they think it equitable
so to do, apportion the expense of providing the supply
between the owner of the house and the sanitary
authority., This Act came into force on the 25th
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March, 1879, and any house built or rebuilt since thut
date cannot be lawfully occupied, nor can the owner
lawfully permit it to be occupied, unless the sanitary
authority has certified that there is provided within a
reasonable distance a supply of wholesome water avail-
able by the occupier. Any owner who oceupies a house
or causes or permits it to be occupied without such
available supply of water, is liable to a penalty. This
Act lays upon every rural sanitary authority the duty
of ascertaining the condition of the water supply
within their district. Water in a well on the premises
of a house, or a public well within a reasonable dis-
tance, may not perhaps strictly be a ““ supply,” but we
understand it to be included in that term. Any person
authorised by the authority may, if he has reasonable
ground for believing that a house is without a proper
supply of water, enter upon the premises and ascertain
whether that is so or not, and whether the supply, if
any, is within a reasonable distance. Where a rural
sanitary authority have provided a stand-pipe or stand-
pipes for the supply of water, they may recover water-
rates or water-rents from the owner or occupier of
every dwelling house within 200 feet of a stand-pipe,
in the same manner in all respects as if the supply had
been given on the premises; but if, amongst the
number, there be any house which already has a proper
supply, no water-rate or water-rent 1s to be charged
upon it unless and until the water of the stand-pipe is
used by the inmates of the house.

In the previous year, that is in 1877, an Act was
passed with the long title “The Limited Owners
Reservoirs and Water Supply Further Facilities Act,”
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the object of which is to facilitate the procuring of a
supply of water from lands belonging to owners whe
may be willing to let the water they possess be used for
domestic and other purposes by sanitary authorities
and others, but whose means and term of interest in
the estate may be limited so as to prevent them doing
so without some legislative facilities such as this Aect
provides. The basis of the Act 1s that in many places
it would greatly conduce to the affording of a plentiful
supply of pure water to the inhabitants of villages and
towns, and to the industrial requirements of the
locality, if facilities were given to landowners of
limited interests to charge their estates with sums
expended by them in constructing reservoirs and other
works for the supply of water, provided they be of such
a character as permanently to increase the value of the
estates, so that the work may be deemed an improve-
ment within the meaning of the 9th section of The
Improvement of Land Act, 1864. A landowner
charging his estate with the cost of the construction of
reservoirs or other works may enter into an agreement
for the supply of water to any sanitary authority, for
the time during which the cost of the improvement is
made a charge upon the estate, and means are pro-
vided whereby advances may be made for the purpose
of executing such works of water supply.

By the * Water Companies (Regulation of Powers)
Act” of 1887, it i1s provided that, in any case where
the owner and not the occupier is liable to the payment
of the water-rate in respect of any dwelling-house or a
part thereof occupied as a separate tenement, no water

company shall cut off the water supply for non-payment
I
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of the water-rate; but such rate, with interest at £5
per cent. per annum, shall be a first charge on the
dwelling-house, and may be recovered, with costs, from
either the owner or the occupier in the same manner
as water-rates may be recovered. Proceedings are not
to be taken against an occupier until notice shall have
been given to him to pay the amount due for water-
rate out of the rent due or to become due from him.
In the event of the water-supply to a dwelling-house
being cut off in contravention of the Act, the company
cutting off the same will be liable to a penalty not
exceeding £5 for each day during which the water
shall remain cut off, which penalty is to be recoverable
summarily by, and paid to, the person aggrieved.
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PUBLIC HEALTH ACTS AMENDMENT
ACT, 1890.
(63 & 54 Vict, ¢ 59.)

PART III.—SANITARY AND OTHER PROVISIONS.

16.—(1.) It shall not be lawful for any person to
throw, or suffer to be thrown, or to pass into any LNArious
sewer of a local authority or any drain communicating to pass into
therewith, any matter or substance by which the free *"
flow of the sewage or surface or storm water may be interfered
with, or by which any such sewer or drain may be injured.

(2.) Every person offending against this enactment shall be
liable to a penalty not exceeding ten pounds, and to a daily

.penalty not exceeding twenty shillings,

17.—(1.) Every person who turns or permits to chemieal
enter into any sewer of a local authority or any drain refuse

£, ; steam, &e.,
communicating therewith— not lul'l.}um
(a.) Any chemical refuse, or e

(b.) Any waste steam, condensing water, heated

water, or other liquid (such water or other liquid being

of a higher temperature than one hundred and ten degrees

Fahrenheit),
which, either alone or in combination with the sewage, causes a
nuisance or is dangerous or injurious to health, shall Dbe liable to
a penalty not exceeding ten pounds, and to a daily penalty not
exceeding five pounds,

n
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(2.) The local authority, by any of their officers either gener-
ally or specially authorised in that behalf in writing, may enter
any premises for the purpose of examining whether the provisions
of this section are being contravened, and if such entry be
refused, any justice, on complaint on oath by such officer, made
after reasonable notice in writing of such intended complaint has
been given to the person having custody of the premises, may by
order under his hand require such person to admit the officer
into the premises, and if it be found that any offence under this
section has been or is being committed in respect of the premises,
the order shall continue in force until the offence shall have
ceased or the work necessary to prevent the recurrence thereof
shall have been executed.

(3.) A person shall not be liable to a penalty for an offence
against this section until the local authority have given him
notice of the provisions of this section, nor for an offence com-
mitted before the expiration of seven days from the service of
such notice, provided that the local authority shall not be
required to give the same person notice more than once,

Provision 18.—(1,) Where the owner or occupier of any
as to local S . =
authority ~ Premises 1s entitled to cause any sewer or drain from

making com- those premises to communicate with any sewer of the

it cations Jocal authority, the local authority shall, if requested

:11:'?1: rf;l;'nd to do so by such owner or occupier, and upon the

sewers, cost thereof being paid in advance to the local autho-
rity, themselves make the communication and execute

all works necessary for that purpose. &

(2.) The cost of making such communication (including all
costs incidental thereto) shall be estimated by the surveyor of
the local authority, but in case the owner or occupier of the
premises, as the case may be, is dissatisfied with such estimate,
he may, if the estimate is under fifty pounds, apply to a court
of summary jurisdiction to fix the amount to be paid for such
cost, and if the estimate is over fifty pounds, have the same
determined by arbitration in manner provided by the Public
Health Aects.

(3.) A local authority may agree with the owner of any
premises that any sewer or drain which such owner is required,
or desires, to make, alter, or enlarge, or any part of such sewer




APPENDIX, 245

or drain, shall be made, altered, or enlarged by the local
authority.

19.—(1.) Where two or more houses belonging to g ioncion of
different owners are connected with a public sewer 85 & 30 Vict.
by a single private drain, an application may be gt b
made under section forty-one of the Public Health Act, 1875
(relating to complaints as to nuisances from drains), and the
local authority may recover any expenses incurred by them in
executing any works under the powers conferred on them by
that section from the owners of the houses in such shares and
proportions as shall be settled by their surveyor or (in case of
dispute) by a court of summary jurisdiction.

(2.) Such expenses may be recovered summarily or may be
declared by the urban authority to be private improvement
expenses under the Public Health Acts, and may be recovered
accordingly.

(3.) For the purposes of this section the expression ‘¢ drain ”
includes a drain used for the drainage of more than one
building.

20.—(1.) Where an urban authority provide and Sanitary
maintain for public accommodation any sanitary con- conve-
veniences, such authority may— TRHEE. s

(i.) Make regulations with respect to the manage- accommo.
ment thereof and make byelaws as to the decent danion,
conduct of persons using the same ;

(ii.) Let the same from time to time for any term not
exceeding three years at such rent and subject {o such
conditions as they may think fit;

(iii.) Charge such fees for the use of any waterclosets provided

by themn as they may think proper.

(2.) No public sanitary convenience shall, after the adoption
of this part of this Act, be erccted in or accessible from any
street without the consent in writing of the urban authority, who
may give such consent upon such terms as to the use thereof or
the removal thereof at any time, if required by the urban autho-
rity, as they may think fit.

(3.) Any person who erects a sanitary convenience in contra-
vention of this enactment, and after a notice in writing to that
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effect from the wrban authority does not remove the same, shall
be liable to a penalty not exceeding five pounds, and to a daily
penalty not exceeding twenty shillings,

(4.) Nothing in this section shall extend to any sanitary con-
venience now or hereafter to be erected by any railway company
within their railway station yard or the approaches thereto.

Batitars 21. With respect to any sanitary convenience used

convenien- in common by the occupiers of two or more separate

Egﬁn‘;fgﬂm dwelling-houses, or by other persons, the following
provisions shall have effect :—

(1) If any person injures or improperly fouls any such
sanitary convenience, or anything used in connexion there-
with, he shall for every such offence be liable to a penalty
not exceeding ten shillings :

(2.) If any sanitary convenience or the approaches thereto, or
the walls, floors, seats, or fittings thereof is or are in the opinion
of the urban authority or of the inspector of nuisances or
medical officer of health of such authority in such a state or
condition as to be a nuisance or annoyance to any inhabitant of
the district for want of the proper cleansing thereof, such of the
persons having the use thereof in common as aforesaid as may be
in default, or in the absence of proof satisfactory to the court as
to which of the persons having the use thereof in common is in
default, each of those persons shall be liable to a penalty not
exceeding ten shillings, and to a daily penalty not exceeding five
shillings.

. 22.—(1.) Every building, used as a workshop or
E;ﬁﬁﬁn manufactory, or where persons are employed or in-
Fﬁ:{gﬂ“ﬂ' tended to be employed in any trade or business,

" whether erected before or after the adoption of this
part of this Act in any district, shall be provided with sufficient
and suitable accommodation in the way of sanitary conveniences,
having regard to the number of persons employed in or in atten-
dance at such building, and also where persons of both sexes are
employed, or intended to be employed, or in attendance, with
proper separate accommodation for persons of each sex.

(2.) Where it appears to an urban authority on the report of
their surveyor that the provisions of this section are not complied
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with in the case of any building, the urban authority may, if
they think fit, by written notice, require the owner or occupier
of any such building to make such alterations and additions
therein as may be required to give such sufficient, suitable, and
proper accommodation as aforesaid.

(3.) Any person who neglects or refuses to comply with any
such notice shall be liable for each default to a penalty not ex-
ceeding twenty pounds, and to a daily penalty not exceeaing
forty shillings.

(4.) Where this section is in force, section thirty-eight of the
Public Health Act, 1875, shall be repealed.

23.—(1.) Section one hundred and fifty-seven of g i.0con o
the Public Health Aect, 1875, shall be extended so as 38 & 89 Viet.
: c. 53, 8. 1567,
to empower every urban authority to make byelaws '
with respect to the following matters ; that is to say : —

The keeping waterclosets supplied with sufficient water for

flushing ;

The structure of floors, hearths, and staircases, and the height

of rooms intended to be used for human habitation ;

The paving of yards and open spaces in connexion with

dwelling-houses ; and

The provision in connexion with the laying out of new streets

of secondary means of access where necessary for the
purpose of the removal of house refuse and other matters.

(2.) Any byelaws under that section as above extended with
regard to the drainage of buildings, and to waterclosets, earth-
closets, privies, ash-pits,and cesspools,in connexion with buildings,
and the keeping waterclosets supplied with sufficient water for
flushing, may be made so as to affect buildings erected before the
times mentioned in the said section.

(3.) The provisions of the said section (as amended by this
Act), so far as they relate to byelaws with respect to the strue-
ture of walls and foundations of new buildings for the purposes of
health, and with respect to the matters mentioned in sub-sections
(3) and (4) of the said section, and with respect to the structure
of floors, the height of rooms to be used for human habitation,
and to the keeping of waterclosets supplied with suflicient water
for flushing, shall be extended so as to empower rural authorities to
make byelaws in respect to the said matters, and to provide for the
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observance of such byelaws, and to enforce the same as if such
powers were conferred on the raral authorities by virtue of an
order of the Local Government Board made on the day when
this part of this Act is adopted : and section one hundred and
fifty-eight of the Public Health Act, 1875, shall also apply to
any such authority, and shall be in force in every rural district
where this part of this Act is adopted.

(4.) Every local authority may make byelaws to prevent
buildings which have been erected in accordance with byelaws
made under the Public Health Acts from being altered in such
a way that if at first so constructed they would have contravened
the byelaws.

Egmgﬂ&gf 24.—(1.) Where any portion of a room extends
nottobe ~ immediately over any privy (not being a watercloset
fwellingor Or earth-closet), or immediately over any cesspool,
sleeping midden, or ashpit, that room, whether built before or
S after the adoption of this part of this Act, shall not
be occupied as a dwelling place, sleeping place, or work-
room, or place of habitual employment of any person in any
manufacture, trade, or business during any portion of the day
or night.

(2.) Any person who after the expiration of one month after
the adoption of this part of this Act, and after notice from the
local authority of not less that seven days, so occupies, and any
person who suffers to be so occupied, any such room, shall be
liable to a penalty not exceeding forty shillings, and to a daily

penalty not exceeding ten shillings.

Penalty for 25.—(1.) It shall not be lawful to erect a new
erecting e . =
buildings on building on any ground which has been filled up with
ﬁ[;‘f.ﬂiﬂfl'um any matter impregnated with facal, animal, or vege-
offensive table matter, or upon which any such matter has
i been deposited, unless and until such matter shall
have been properly removed by excavation or otherwise, or shall
have been rendered or have become innocuous.

(2.) Every person who does or causes, or wilfully permits to
be done, any act in contravention of this section shall for every
such offence be liable to a penalty not exceeding five pounds,

and a daily penalty not exceeding forty shillings.
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26.—(1.) An urban authority may make byelaws power to

in respect of the following matters, namely :— ke bye-
(e.) For prescribing the times for the removal or certain
ganitary

carriage through the streets of any fwecal or [jposes.
offensive or noxious matter or liquid, whether

such matter or liquid shall be in course of removal or car
riage from within or without or through their district :

(b.) For providing that the vessel, receptacle, cart, or carriage
used therefor shall be properly constructed and covered so
as to prevent the escape of any such matter or liguid ;

(c.) For compelling the cleansing of any place whereon such
matter or liquid shall have been dropped or spilt in such
removal or carriage.

(2.) Where a local authority themselves undertake or contract
for the removal of house refuse they may make byelaws impos-
ing on the occupier of any premises duties in connexion with
such removal so as to facilitate the work which the local autho-
rity undertake or contract for.

27.—(1.) Where any court, or where any passage Pprovision
leading to the back of several buildings in separate for keeping
occupations, and not being a highway repairable by courts and
the inhabitants at large, is not regularly and effectu- Eioaec
ally swept and kept clean and free from rubbish or
other accumulation to the satisfaction of the urban authority,
the urban authority may, if they think fit, cause to be swept
and cleaned such court or passage.

(2.) The expenses thereby incurred shall be apportioned be-
tween the occupiers of the buildings situated in the court or to
the back of which the passage leads in such shares as may be
determined by the surveyor of the urban authority, or (in case
of dispute) by a court of summary jurisdiction, and in default of
payment any share so apportioned may be recovered summarily

from the occupier on whom it is apportioned.

28,—(1.) Sections one hundred and sixteen to one pyiension ot
hundred and nineteen of the Public Health Act, 38 & 80 Viet,
1875 (relating to unsound meat), shall extend and ?.'.ffﬁ,“' 1o
apply to all articles intended for the food of man, sold

or exposed for sale, or deposited in any place for the purpose of
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sale, or of preparation for sale within the district of any local
authority,

(2.) A justice may condemn any such article, and order it to
be destroyed or disposed of, as mentioned in section one hundred
and seventeen of the Public Health Act, 1875, if satisficd on
complaint Leing made to him that such article is diseased, un-
sound, unwholesome, or unfit for the food of man, although the
same has not been seized as mentioned in section one hundred
and sixteen of the said Act.

29. Licences granted after the adoption of this
part of this Act for the use and occupation of places
as slaughter-houses shall be in force for such time or
times only, not being less than twelve months, as the urban
authority shall think fit to specify in such licences.

I;rllmtiun of
licences.

Notice of 30.—(1.) Upon any change of occupation of any
ﬁ:;g::ﬁﬁt?gu building within an urban sanitary district registered
Ef}ilsi:]llshter- or licensed for use and used as a slaughter-house, the

: person thereupon becoming the occupier or joint ocen-
pier shall give notice in writing of the change of occupation to
the inspector of nuisances.

(2.) A person who fails or neglects to give such notice within
one month after the change of occupation occurs shall be liable
to a penalty not exceeding five pounds,

(3.) Notice of this enactment shall be endorsed on all

licences granted after the adoption of this part of this Act.

Ravocation 31. If the occupier of any building licensed as
o eonce on - aforesaid to be used as a slaughter-house for the killing
forsale of of animals intended as human food is convicted by a
meat unfit f urisdicti £ gell S e
for food.  court of summary jurisdiction of selling or exposing

for sale, or for having in his possession, or on his
premises, the carcase of any animal, or any piece of meat or
flesh diseased or unsound, or unwholesome or unfit for the use of

man as food, the court may revoke the licence.

Extensionof _ 52- Any keeper of a common lodging-house who
38 & 89 Viet. fails to give the notice required by section eighty-four
¢ 55,88 of the Public Health Act, 1875, shall be liable to a
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penalty not exceeding forty shillings, and to a daily penalty not
exceeding five shillings.

33.—(1.) Where the plan of a building has been, Buildings
either before or after the adoption of this part of this :{gf:}ﬁ:l'{;ﬂ in
Act in any district, deposited with a local authority in plans other.
pursuance of any Act of Parliament or byelaw, and :f:ﬁflﬁllgn i
that building is described therein otherwise than as a houses not
dwelling-house, any person who wilfully uses or know- gs such,
ingly permits to be used such building or any part
thereof for the purposes of habitation by any person other than
the person placed therein to take care thercof, and the family of
such person, shall be guilty of an offence under this section, and
shall be liable to a penalty not exceeding five pounds, aad to a
. daily penalty not exceeding forty shillings.

b (2.) Provided that if such building has in the rear thereof and
adjoining and exclusively belonging thereto such an open space
as is required by any Act of Parliament or byelaw for the time
being in force with respect to buildings intended to be used as
dwelling-houses, and if such part of the building as is intended
to be used as a dwelling-house has undergone such structural
alterations, if any, as are necessary in the opinion of the local
authority to render it fit for that purpose, the owner may use the

same as a dwelling-house.

—

34.—(1.) Every person intending to build or take Hoards tobe
down any building, or to alter or repair the outward ?ﬁﬁﬂ;ﬁ;‘ﬁ}’g
part of any building in any street or court, shall— pitings,

(a.) before beginning the same, unless the urban °
authority otherwise consent in writing, cause close-boarded
hoards or fences to the satisfaction of the urban authority to
be put up in order to separate the building from the street
or court ;

(b.) if the urban authority so require, make a convenient
covered platform and handrail to serve as a footway for
passengers outside of such hoard or fence ;

(c.) continue such hoard or fence with such platform and
handrail as aforesaid standing and in good condition to the
satisfaction of the urban authority during such time as
they may require ;
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(d.) if required by the urban authority, cause the same to be
sufficiently lighted during the night ;

(e.) remove the same when required by the urban authority.

(2.) Every person who fails to comply with any of the pro-
visions of this section shall be liable to a penalty not exceeding
five pounds and to a daily penalty not exceeding forty shillings,

(3.) Where this part of this Act is adopted the
eightieth section of the Towns Improvement Clanses
Act, 1847, shall be repealed, and this section shall be
deemed to be substituted therefor,

10 & 11 Viet.
c. 34.

et et 35.—(1.) All vaults, arches, and cellars under any
pair : :
ofcellars  street, and all openings into such vaults, arches, or
under ¢ cellars in the surface of any street, and all cellar-heads,
gratings, lights, and coal holes in the surface of any
street, and all landings, flags, or stones of the path or street sup-
porting the same respectively, shall be kept in good condition
and repair by the owners or occupiers of the same, or of the
houses or buildings to which the same respeectively belong,

(2.) Where any default is made in complying with the pro-
visions of this section, the urban authority may, after twenty-
four hours’ notice in that behalf, cause any thing in respect of
which such default is made to be repaired or put into good con-
dition, and the expenses of so doing shall be paid to the urban
authority by such owner or occupier respectively, or in default
may be recovered in a summary manner.

Means of 36.—(1.) Every building which, after the adop-
ingressto  tion of this part of this Act in any urban district, is
and egress ; x
from places used as a place of public resort, shall, to the satis-
of publie.  faction of the urban authority, be substantially con-
structed and supplied with ample, safe, and convenient
means of ingress and egress for the use of the publie, regard
being had to the purposes for which such building is intended to
be used, and to the number of persons likely to be assembled at
any one time therein.
(2.) The means of ingress and egress shall during the whole
time that such building is used as a place of public resort be
kept free and unobstructed to such extent as the urban authority

shall require.
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(3.) An officer authorised in writing by the urban authority,
and producing his anthority if so required, may at all reasonable
times enter any such building to see that the provisions of this
section are carried into effect.

(4.) Any person who being the occupier or manager, or in
the case of a building let for any period less than one year the
owner of any building used as aforesaid, uses the same or suffers
the same to be used in contravention of this section, or fails to
comply with the provisions of this section in respect thereof,
shall for every such offence be liable to a penalty not exceeding
twenty pounds,

(5.) Where any alteration in the building is required in
order to give proper means of ingress or egress, the court
may refuse to inflict a penalty for an offence under this
section until a reasonable time has been allowed for making
such alteration, but the court may make such order as they
think fit for the closing, or otherwise, of the building during
such time,

(6.) For the purposes of this section the expression “ place of
public resort” means a building used or constructed or adapted
to be used either ordinarily or occasionally as a church, chapel,
or other place of public worship (not being merely a dwelling-
house so used), or as a theatre, public hall, public concert-room,
publie ball-room, public lecture-room, or public exhibition room,
or as a public place of assembly for persons admitted thereto by
tickets or by payment, or used, or constructed, or adapted to be
used, either ordinarily or occasionally for any other public purpose,
but shall not include a private dwelling-house used occasionally
or exceptionally for any of those purposes.

Provided that this section shall not extend to any building
used as a church or chapel or other place of public worship
before or at the time of the adoption of this part of this Act.

37.—(1.) Whenever large numbers of persons are safety of
likely to assemble on the occasion of any show, enter- platforms, |
tainment, public procession, open-air meeting, or or used on
other like occasion, every roof of a building, and Eéﬁ;fmg_
every platform, balcony, or other structure or part
thereof let or used or intended to be let or used for the purpose

of affording sitting or standing accommodation for a number of
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persons, shall be safely constructed or secured to the satisfaction
of the surveyor of the urban authority.

(2.) Any person who uses or allows to be used in contraven-
tion of this section, any roof of a building, platform, balcony, or
structure not so safely constructed or secured, or who neglects to
comply with the provisions of this section in respect thereof,
shall be liable to a penalty not exceeding fifty pounds.

Byelaws:for 38. An urban authority may make byelaws for the
Eﬁfﬁ“’i?n prevention of danger from whirligigs and swings
from whirli. When such whirligigs and swings are driven by steam
gigs, shoot- r . .

B o allocics, POWEL, and frﬂn} the wse of firearms in shooting
&e. ranges and galleries,

39. An urban authority may from time to time
Ef:‘;ﬂf* place, maintain, alter, and remove in any street,
streets. being a highway repairable by the inhabitants at

large, such raised paving or places of refuge, with
such pillars, rails, or other fences, either permanent or tempo-
rary, as they may think fit, for the purpose of protecting
passengers and traffic, either along the street or on the footways,
from injury, danger, or annoyance, or for the purpose of making
the crossing of any street less dangerous to passengers.

Cabmen's 40.—(1.) An urban authority may from time to
e time provide, maintain, and remove in or near any
gtreet in their district suitable erections for the use, convenience,
and shelter of drivers of hackney carriages, and such other
persons as the urban authority may permit to use the same.

(2.) The urban authority may from time to time make regula-
tions for prescribing the terms aud conditions and the fees (if any)
to be charged for the use of such places of shelter, and may make
byelaws for regulating the conduct of persons using the same,

Adoptionog  41. Where this part of this Act is adopted, section
private one hundred and fifty-two of the Public Health Act,
ko 1875, shall be repealed, and the following provisions

shall be substituted in lieu thereof :—
(1.) Whenever all or any of the works mentioned in section
one hundred and fifty of the Public Health Act, 1875,

| ]
I
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have been executed in a street or part of a street under that
section by an urban authority, and the urban authority are
of opinion that such street or part of a street ought to
become a highway repairable by the inhabitants at large,
they may by notice to be fixed up in such street or part of
a street declare the whole of such street or part of a street
to be a hichway repairable by the inhabitants at large, and
thereupon such street or part of a street as defined in the
notice shall become a highway repairable by the inhabitants
at large,

(2.) Provided that no such street shall become a highway so
repairable if within one month after such notice has been
put up the owner or the majority in number or value of
owners of such street by notice in writing to the urban
authority object thereto, and in ascertaining such majority
joint owners shall be reckoned as one owner.

42, Any urban authority may from time to time statues
authorise the erection in any street or public place 4udmonu-
within their district of any statue or monument, and
may maintain the same, and any statue or monument erected
within their district before the adoption of this part of this Act,
and may remove any statue or monument the erection of which
has been authorised by them.

43. Any urban authority may, if they see fit, Treesin

canse trees to be planted in any highway repairable BoN

by the inhabitants at large within their district, and may erect
guards or fences for the protection of the same, provided that
this power shall not be exercised nor shall any trees so planted
be continued so as to hinder the reasonable use of the highway
by the public or any person entitled to use the same, or so as
to become a nuisance or injurious to any adjacent owner or
occupier.

44.—(1.) An urban authority may on such days p 4cena
as they think fit (not exceeding twelve days in any pleasure
one year, nor four consecutive days on any one occa- Erousdls.
sion) close to the public any park or pleasure ground provided
by them or any part thereof, and may grant the use of the same.
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either gratuitously or for payment, to any public charity or in-
stitution, or for any agricultural, horticultural, or other show, or
any other public purpose, or may use the same for any such
show or purpose ; and the admission to the said park or pleasure
ground, or such part thereof, on the days when the same shall
be so closed to the public may be either with or without pay-
ment, as directed by the urban authority, or, with the consent
of the urban authority, by the society or persons to whom the
use of the park or pleasure ground, or such part thereof, may be
granted : Provided that no such park or pleasure ground shall
be closed on any Sunday or public holiday.

(2.) An urban authority may either themselves provide and
let for hire, or may license any person to let for hire, any plea-
sure boats on any lake or piece of water in any such park or
pleasure ground, and may make byelaws for regulating the
numbering and naming of such boats, the number of persons to
be carried therein, the boathouses and mooring places for the
same, and for fixing rates of hire and the qualifications of boat-
men, and for securing their good and orderly conduct while in
charge of any boat.

Extensionof  45. The powers of an urban anthority under sec-
38 & 89 Vict. tion one hundred and sixty-four of the Public Health
c. 55, 5. 164. 5 x

Act, 1875, to contribute to the support of publie
walks or pleasure grounds, shall include a power to contribute
towards the cost of the laying out, planting, or improvement of
any lands provided by any person which have been permanently
set apart as public walks or pleasure grounds, and which,
whether in the district of the urban authority or not, are so
gituated as to be conveniently used by the inhabitants of the
district, and shall also include a power to contribute towards the
purchase by any person of lands so situate and to be set apart
as aforesaid.

Extensionof  46. Section one hundred and sixty-five of the
38 & 39 Vict. Pyhlic Health Act, 1875, shall be extended so as to
c. 55, 8. 165. :

enable any urban authority to pay the reasonable costs
of the repairing, maintaining, winding up, and lighting any
public clock within their distrvict although the same be not
vested in them.

= T
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47.—(1.) It shall not be lawful for any person to S
throw or place or suffer to be thrown or placed into on throwing
or in any river, stream, or watercourse within amy {Pde ¢,
district in which this part of this Act is adopted,
any cinders, ashes, bricks, stone, rubbish, dust, filth, or other
matter which is likely to cause annoyance.

(2.) Every person offending against this enactment shall be
liable to a penalty not exceeding forty shillings for every such

offence.

48, So much of section three hundred and six of Extension of
the Public Health Act, 1875, as imposes penalties on 3 % 89 Lct.
persons who destroy, pull down, injure, or delace any i '
board on which any byelaw, notice, or other matter is inscribed,
shall apply to persons who destroy, pull down, injure, or deface
any advertisement, placard, bill, or notice put up by or under

the direction of a local authority.

49, The Local Government Board may by order Ppower to
icati . Aty , determine
on the application of any rural a1}t11011t.} declare any o e
expenses incurred by such authority to be special ex- rarul :;1!111;0-
i a F . rities 1o De
penses within the meaning of sections two hundred gjecia
and twenty-nine and two hundred and thirty of the expenses.

Public Health Act, 1875,

50. The following provisions of this part of this Act Application
shall be applicable in rural sanitary districts, namely,— Sirartel
Section sixteen, relating to injurious matter being districts.
passed into sewers,

Section seventeen, relating to the turning of chemical refuse,
steam, &e. into sewers,

Section eighteen, relating to local authorities making communi-

cation with drains, &e.

Section nineteen, relating to the extension of section forty-one
of the Public Health Act, 1875.

Section twenty-one, relating to sanitary conveniences used in
common.

So much of section twenty-three, relating to the extension of
section one hundred and fifty-seven of the Public Health

Act, 1875, as applies to rural authorities,
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Section twenty-five, relating to the penalty for erecting
buildings on ground filled up with offensive matter.

Sub-section (2) of section twenty-six, relating to the power to
make byelaws for certain sanitary purposes.

Section twenty-eight, relating to the extension of sections one
hundred and sixteen to one hundred and nineteen inclusive
of the Public Health Act, 1875.

Section thirty-two, relating to the extension of section eighty-
four of the Public Health Act, 1875.

Section thirty-three, relating to the use of buildings described
in deposited plans otherwise than dwelling-houses.

Section forty-seven, relating to the restriction on throwing
cinders, &e. into streams.

Section forty-eight, relating to the extension of section three
hundred and six of the Public Health Act, 1875.

Section forty-nine, relating to the powers of the Local Govern-
ment Board to determine expenses of rural authorities to be
special expenses,
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Asphalte—There is found in Val de Travers and other parts
a limestone which contains asphaltum or native bitumen, and
this, reduced to powder and otherwise treated, is the true as-
phalte. That which is described in the book may be called
home-made asphalte,

Boulders. —Detached pieces of the older rocks, rounded, as we
find them and the smaller pebbles on the sea shore. They are
mostly very hard, and make good road material ; those, at least,
which appear to have been derived from the trap-rocks.

Concrete.—DProken stone, or gravel, and clean sand, mixed with
any cementing substance, as lime or Portland cement. It is
necessary that the material to be cemented together be {ree from
dirt, for the strength of the concrete depends upon the cohesion
of the materials, and unless the surfaces of each separate piecc of
material be clean, the cementing substance will not adhere strongly
to them. For various purposes various quantities of cementing
substance are required to be mixed with given quantities of ma-
terial, but for any purpose referred to in this book one part of
cement or of hydraulic lime to four parts of broken stone and one
part of sand is sufficient, if well mixed. Concrete should never
be mixed on the bare ground, but upon a platform. The material
being spread out, and the due proportion of lime or cement spread
out upon it, water is to be sprinkled over them from the rose-head
f a watering-can, and the whole is then to be turned over and
returned, again and again, so as to coat every separate piece of
material with the cementing substance, and the concrete is then
to be deposited in place and trimmed level. That is all that is
neccssary when the concrete has been well mixed. Wheeling it
up a stage for the purpose of letting it fall from a height in order
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to consolidate it is useless labour ; so is ramming, unless 1t be
done at the moment which occurs between the adherence of the
cement and its setling ; at any other time than this, ramming
does more harm than good ; it displaces the cement.

Cement.—Two kinds of cement are in common use,—Roman
and Portland. Roman cement is made from the nodular stones
found in elay at several places, as at the isle of Sheppy and at
Harwich. It sets quickly. Portland cement is made from a
mixture of chalk and clay, and when these are properly propor-
tioned the cement sets under water as well as in the open air.
If sand be mixed with cement at all it should be clean and sharp
to the touch, but even with such sand the strength of the cement
1s reduced below that of neat ecement, in about the same ratio as
the quantities of cement and sand bear to each other ; thus, with
one of sand to one of cement, the strength ultimately becomes
about two-thirds of that of neat cement. With 2 of sand to 1
of cement, about §; with 3 of sand to 1 of cement, about % ;
with 4 of sand to 1 of cement, about } of the strength of neat
cement. But the greater the proportion of sand the longer time
18 required for setting ; with neat cement nearly the full ultimate
strength is attained in about a month ; with 2 of sand to 1 of
cement, in about three months; while with a greater proportion
of sand the setting goes on still more slowly. So that, for the
work herein referred to, Portland cement should be used neat.

Coal-tar.—This is procurable at any gas-works. Owing to their
remoteness from the chemical manufactories which distil and
otherwise use coal-tar, or from other causes, coal-tar is {o be
bought very cheap at many gas-works; say at 2d. or 3d. per
gallon. It is one of the waste products of the manufacture of
gas, whiech must be got rid of ; but it has a value for the purposes
mentioned in this book which is not to be measured by the neces
gities of demand and supply merely.

Concentrator.—Made in glazed earthenware, but may be made
in iron, cast, and enamelled internally ; it may also be made in
lead, either cast or milled, but a smoother surface is preferable.
When the water and soil are discharged into the vertical soil pipe,
the concentrator guides them down the centre of the pipe, and the
sides are preserved from contact therewith, and therefore also the
air which passes along the soil pipe.
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Hydraulic lime.—The best hydraunlic lime is made from the blue
lias beds of stone ; these extend in a north-easterly direction from
Lyme Regis, in Dorsetshire, by Bath, Gloucester, Leicester, Newark,
and Gainsborough, to the Humber, and thence to the east coast of
Yorkshire at Whitby, Hydraulic lime is found also at Aberthaw
in Glamorganshire, and at Halkin, in Flintshire. It sets under
water as well as Portland cement. It is called a poor lime in
contradistinction to others which are called rich or fat limes, as
those which are made from chalkstone and the mountain lime-
stone, which, although good for dry work, and for land, will not
set under water. Its colour is a brownish yellow. It requires a
much longer time to slake pmpeﬂ}f with water, and when slaked
it swells but little in comparison with the fat limes, Instead of
being slaked in lumps this kind of lime is ground into powder in
revolving pans under heavy rollers, and used in the manner of
cement. A part of the Wenlock Limestone is strongly hydraulic,
It has very much the appearance of the blue lias, and burns of
nearly the same colour,—rather darker, Neither this »nor the
blue lias will carry much sand.

Mcetalling.—As applied to roads, is the top coating of stone, or
the road proper, and resists the wear and tear of horses’ feet,
being laid upon a bed of stone which is called the foundation of
the road. The metalling of roads should be of such material as
resists the wear of traflic, such as Whinstone, Rowley rag, and
(‘lee Hill Dhu stone ; this latter being one of the best kinds of
stone in England for the metalling of roads.

Organic matter.—Matter endowed with life, whether animal or
vegetable, or, as it would appear in some cases, partaking of the
two ; as distinet from mineral matter, which is devoid of life,
Natural philosophers cannot exactly determine whether cer-
“ain things which are found are animal or vegetable in their
attributes, for they seem to partake of the qualities of both ; but
of living things in general, and broadly, there 1s a marked dis-
tinction in their qualities, and we call the one animal and the
other vegetable; but both are organised,—that is, the parts of
zach are endowed with the quﬂ,lity of co-upemting with its other
parts in producing structure. When it has attained the limit of
the power with which it has been endowed it decays naturally,
If its life be cut short before it attains that limit it decays still.,
In either case, when its progress is arrested it returns to mother
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earth and is resolved into its original elements. This returning
stage is called, in the book, effete organic matter.

Puddle, or puddled clay,—Clay rendered so close and compact
as to prevent the passage of water through it. When clay is dug
from the ground, it mostly contains either stones or small veins of
sand, and it is to get rid of these that it is worked up, cut, and
cross cut, with long-bladed spades, and trodden into an impervious
mass. In order to enable this to be done a certain quantity of
water is added to the clay. It greatly facilitates the working of
puddle when time is allowed for the clay to soak up the water
after being cut and cross cut, and before being finally worked and
trodden. '

Wire gauge—The Birmingham wire manufacturers established
certain numbers which represent thicknesses, and specify any
particular thickness not in parts of an inch but by the appropriate
number., One eighth of an inch thick is No. 11 ; one sixteenth
of an inch is No. 16 ; one thirty-second part of an inch is No.
22 B. W. G. The thicknesses of sheet iron are stated in the
same numbers.
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