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HYGIENE IN ITS PRACTICAT, RELATIONS TO HEALTH. 9

sickness and death to others. The Black Assize at Oxford, in my, paex
1577, is a memorable event which serves to show us, by con- A%8¢-
trast with eriminal court terms of the present day, what pro-
gress has been made since that time. DBaker tells us, in his
~ Chronicle, that all who were present in the court died of gaol
- fever within forty-eight hours—judge, lawyers, constables, wit-
" nesses, prisoners and spectators—in all some three hundred per-
E,; sons. In London the great plague would have been a matter rondon
rJ of annual recurrence, and the hundred thousand who died of S
| it would have been only the advanee guard of the army of vic-
* tims, had not the great conflagration, which soon followed it,
purified the eity with fire. "When it was rebuilt more attention
was given to sanitary laws, which were just beginning to be
understood, and the new eity, being comparatively clean,
escaped the contagion which loaded the air of the old.
When we have in mind such facts as these, gathered at ran-
dom from the annals of past centuries, we realize that all classes
of society share—though not in equal degree, perhaps—the T::Dm L
benefits of the steady upward progress toward higher standards
of civilization and social refinement. In Europe and Ameriea
we see the growth of societies of thoughtful, earnest men,
organized to discuss questions affecting the publie health, and
to devise means of making unthinking and unthankful com-
munities healthier and happier. In many cities we see liberal
appropriations of public money expended by boards and eom- Baniiasyel
missions cnmpt}sed of men eminent for scientific attainments and in cities.
public spirit in sanitary work, while an army of self-sacrificing
physicians labor in the work of sanitary inspection with a zeal
and fidelity to duty altogether disproportionate to their scant re-
muneration—if the value of such services ean be measured in
money. We see the steady and sustained progress of improve-
ment in the comfort, convenience and healthfulness of the
homes of the npper and middle classes, and we also see repre-
sentatives of these classes devoting time and means to further punye sans.

the great work of bettering the condition of those below them ¥ ™™
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HYGIENE IN ITS PRACTICAL RELATIONS TO HEALTH. 13

It is a fact which unfortunately does not admit of intelligent
contradiction, that in the architectural practice of the time very
little attention is paid to the laws of health. What is known as paneainy
ganitary science is still to some extent empirical; but from "™
experience we have learned something ot Nature's laws and
Nature's penalties, and we certainly have a right to expect that
our architeets shall not, by disregarding the former, force us to
incur the latter. Let us begin with our heating apparatus,
already noticed as contrasting go favorably, on the score of com-
fort, with the primitive fireplace of Great Britain and the
elumsy, inefficient appliances employed on the Continent.
Owing to the length and severity of our winter geasons, the fur-
nace is one of the most important of the permanent fixtures of motair
a well-appointed house. Now, it is by no means probable that Gy
the system of heating by the distribution of air eurrents moder-
ately warmed by contact with the radiating surfaces of a
furnace, is objectionable on hygienie grounds. If is the abuses
of the system which give rise to the evils commonly charged
against the system itself, and in these abuses we find a marked
difference between scientific theory and every-day practice in
architecture. It is probable that every well-informed architeet
is familiar with the fact that there is a wvast difference, as
regards its healthfulness, between a system of heating in which
a large volume of moderately-heated air is employed and one
in which dependence is placed upon a small volume of air
raised to a high temperature. The very common abuse of the
system consists, principally, in the use of furnaces too small for
the work they have to do. As the consequence, we must drive
them in cold weather to such an extent that the air passing
through them is vitiated and rendered unfit for breathing.
We cannot expect the average householder to understand these
matters, and we must look to the architect to lead the progress
of reform which shall give us wholesome heating without sacri-
fice of comfort.

Intimately connected with the problem of healthful warming,
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HYGIENE IN ITS PRACTICAL RELATIONS TO HEALTH. 19

Beginning with the water service, we find that the pipes are service pipes.
of lead, notwithstanding the fact that the architect has ready to
his hand several kinds of pipe quite as convenient as lead and
much safer than those made of a metal which, under a great
variety of conditions, parts with poisonous salts to the water
passing through it. All conscientions architects familiar with
the literature of chemistry will admit that lead should be dis-
carded as an unsafe metal for service pipes, and tin or black

| iron used instead ; but lead is still ealled for in ninety-nine out
of every hundred specifications. In the drainage system and praimage.
its appurtenances we find evils of a different and more sericous
character. We see dependence for the suppression of gases,
often held under considerable pressures in the sewers, placed
upon supposititious half-inch water seals in traps of such shape gryp,
and so placed that they are likely to be emptied, from one
ecause or another, every hour in the day, and to stand empty at
night. We find that the foul sewer is provided with breathing
holes into our houses; that in dark, unventilated recesses
adjoining our bedrooms are cheap and flimsy water-closets, water
wrong in principle and wholly unsatisfactory in operation, St
which retain go much of the filth passing into them that they
become pestilent nuisances. In short, we find every condition
so favorable to sewer-gas poisoning that we no longer wonder
at the great mortality from diseases of pythogenie origin in our
gewer-drained cities. As the plumbing work of our houses is
commonly done, it would be better for most of us if we had to
bring our water in buckets from a public hydrant, and carry
our waste to the culvert at the nearest street corner.

‘Where shall we place the respongibility for this most terrible Tne responsi.
of the evils which characterize the architectural practice of the ;ﬂﬁ:ﬁ;m
time? We know from experience that very few of our archi-
tects have given the problems of hygienic house drainage the
careful attention they deserve, but it is not because they do not
know the consequences of cheap and defective plumbing work
in houses, nor becanse they consider these defects irremediable.

e :







HYGIENE IN ITS PRACTICAL RELATIONS TO ITEALTI. a1 ]

parsimonious owner unwilling to pay the price of good worl,
and the owner upon the “rascally plumber” who “scamped the
job.” But it does not rest here. The plumber replies that he
works for a profit, and means to make it when he can. If the e jmper.
owner expected to get a thousand dollars’ worth of materials
and time for five hundred dollars, he is the only party to the
transaction who is deceived, and that because he deceived him-
gelf. There is something of truth in each of these specious dis-
claimers, but perhaps the architect has a larzer share of the
moral responsibility than he is willing to admit. If he would
let discreditable work go to those more anxious for present gain
than for an honorable professional reputation, we should be
better able than we now are to draw the line between the two
classes composing the profession.

It is, perhaps, too mueh to expect that there will ever be in
our average architectural practice a close approximation to the
measure of our scientific knowledge. If it follows, even a long
way behind, the footprints of invention and discovery, it will
be as rapidly progressive as we can hope to see it. Generally o porcatiem
speaking, we gain knowledge a good deal faster than we can g} arehies
practically apply it, and our progress toward higher standards
in architecture will and should be characterized by a judicious
conservatism. The material interests involved are large, and
must be carefully guarded by the conscientious architect. We
cannot, therefore, expect that he will make haste to utilize
every new fact which may be added from day to day to the
sum of the world’s knowledge, but we have a right to insist
that he shall not carry his conservatism too far, and cling to
systems and methods entailing evils from which we naturally
and properly look to him for protection. In these matters there
should be a much closer relation than now exists between
theory and practice in architecture, and if the conscientious

- architect will first educate himself in those branches of his art
in which the disparity is greatest, he will find it an easy task to
bring about the desired reforms. In thus educating the public,































SEEWER GAS. 31

erally not rank, ‘a faint odor alone being recognized.” I think
it is generally conceded that typhoid, once started, may be
propagated from patient to patient through the medium of the
evacuations. Now all this is unlike the operation of any known
chemical compound, gaseous or otherwise. Again (from the choleran
same report), the ontbreak of cholera in the city of London, “%™
Tnion Workhouse, in 1866, investigated by Mr. Radecliffe, was
ghown to have taken place, in all probability, from a sudden
gfflux of ‘sewer air from a drain containing choleraie evacna- -
tions, this efflix being caused, or at least favored, by a sudden
‘change of atmospheric temperature and pressure. IHere again
the gas, or ‘sewer air,’ spoken of as the agent, is not necessarily
a ‘gas of decay;’ yet, if a gas at all, it must have been an
organic gas, acting as a poison, but how unlike all actual chemi-
‘cal poisons, where the agent is a known chemical compound.

~ “ Again, decay of filth in the dark, and away from free access grgantedecay
of air, is supposed to be productive of gases especially danger- '™ e e
“ous to health, more so than when the decay goes on in the light

- and free air; and, moreover, that sewer gas is rendered less
- hurtful by a free cireulation of air in the sewers. That this

~ last is not due to mere dilution, is shown by the deleterious

~ character of the gas when diluted only after it enters the

~ honses.

~ «(onsidered purely as a chemical question, these facts, if chemicalas

~ facts, are entirely inexplicable. If the germ theory is accepted, qw’ﬁ:m

'ffa. plansible explanation is more easy. It is possible to imagine

- a condition of things in decaying organic gases similar to that

- which ocenrs in decaying organic infusions. It is known that

- ench infusions goon swarm with minute organisms, the almost

- universal ocenrrence of which in such connection gave them

the general name of “4nfusoria,” and that different forms are mrusorta.
genembed according to the different chemical characters of the
golution. The changing organiec compounds in the fluid are
ﬂ{mhtlesa the food with which these low organisms are nour-

i tfmhed Certain specific forms thrive best in certain definite

'
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emanations from decomposing organic matter, It soon became
evident, however, that the weight of ecientific opinion was on

E:lmg;- the other side. Dr. Lionel 8. Beale, whose aunthority in such

matters is much higher than Professor Tyndall’s or perhaps any
other scientific man in Great Britain, seems to have taken a
middle ground, and to have discovered that the practical are
of more importance than the seientific aspects of the question.
That the poison of fever grows and multiplies after its kind
like other living things is, he says, a fact established beyond
controversy ; although it is still a matter of dispute among
original investigators whether it is a microscopic fungus origi-
nating without, or a living particle rising within and from the
living matter of, the human system. But whatever may be. the
truth on this point, he insists that human beings are alone
responsible for the production of these germs and for their
maintenance and spread ; and that a state of society is conceiv-
able in which fever germs would neither arise nor multiply, or,
in the event of their introduetion ab extra, would themselves
perish instead of damaging or destroying the higher life.
“ Fever germs,” he says, “will not be developed direet from
filth, but by permitting people to live year after year in open
defiance of well-known sanitary laws, the generation of fever
poison in their bodies is favored, while its free growth and mul-
tiplication if imported is reduced to a certainty. It is there-
fore our aim to prevent people from falling into that condition
of health which favors the organization and propagation of
contagions fever poisons in their bodies. * * * Although
we may successfully and without fear econtend with fever germs
if we only preserve our healthy powers of resistance, hundreds
of human organisms are, through defective sanitary arrange-
ments, being prepared for invasion.” “DBad air and sewage,
the adjacent dung-heap,” concludes Dr. Beale, “ may all be per-
fectly free from fever germs, but nevertheless certainly will
bring about changes which will render many of these exposed
to their influence the ready victims of disease. While, there-













38 SEWER GAS.

this country, and house connections with sewers are not
always, if often, so made as to offer effective opposition to the
inflow of poisonous gases generated in these channels of pollu-
tion under our streets. The first step in the direction of
reform should be the thorough ventilation of the sewers, and
then any improvement in the character of the plumbing work
in houses and dwellings will be more likely to accomplish the
results desired.
The dranage  Lhe history of the sanitary works of Croydon, England
of Croydon, ‘
(before referred to in an extract from Prof. Brewer’s paper),
shows very elearly the importance of sewer ventilation. This
was formerly a very healthy town, but as the work of providing
it with sewers approached completion an epidemie of typhoid
fever broke out. Latham, in his excellent work on Sanitary
Engineering, which I consider one of the most valuable of
recent contributions to the literature of this very important sub-
ject, gives the following account of the effect of ventilating the
sewers in diminishing the death rate of that city :
“ The mortality of Croydon rose from 1853 per thousand in
1851 to 28-57 per thousand in 1853. Those early sewer works
were designed on the principle that all matters were to be so
Formatton ot TAPIdly discharged from the sewers, and the sewers flushed
rwaniad 1y With such a copious supply of water, that decomposition eounld
fushing. not take place, and therefore it was thought that sewer gas
would never be present ; but in practice this theory was not
found to be borne out, and it is a remarkable coincidence as to
the canse of the frequent outbreaks of fever in Croydon which
took place at certain intervals until the year 1866, when the
sewers were thoroughly ventilated, that diseases which formerly
made their haunt in the low-lying districts were transferred,
rypnota after the completion of the drainage works, to the highest or
o e lians Dest portions of the town, thereby establishing the fact that the -
of sewers. nresence of the disease in the high localities was due to some-
thing carried in the air of the sewers, which, in obedience to a
natural law, accumulated in the highest part of the district.

e




SEWER GAS. 39

Tt may be said that, as Croydon was sewered on the small-pipe
system, the result of non-ventilation was attended with more
marked results than is the case in towns where sewers of larger
size are in vogue, as the fluctuations in the rate of flow and the
effects of sudden changes of temperature, which have an
extraordinary influence on the air of sewers, in this case exer-
cised a more marked effect in increasing the pressure of the
imprisoned sewer air.

“With regard to the results that have arisen when ventila- Benenctat er-
tion of sewers has been adopted, the case of Croydon shows o il
clearly that proper ventilation has been attended with wvery
benefieial results. Since the introduetion of systematic ventila-
tion there have been no periodical outbreaks of fever, and the
general rate of mortality has so declined that, in a district
having a population of nearly 60,000 persons, the rate of mor-
tality rarely exceeds 18 in the 1000, which is a standard
of health unparalleled in sanitary science for a distriet having
so large a population. The example of London affords another
striking example as to the influence of sewer ventilation. mheexampis
Here the sewers are ventilated, though no general plan is® ™"
adopted for dealing with the noxious effluvia escaping from
the ventilators, and yet London stands at the head of all large
towns by reason of its small death rate, which has been
aseribed by more than one eminent authority to the somewhat
rude ventilation provided for the sewers.”

I think I may say, without doing any injustice to ounr civil sewer ventt.

- e . : . . lation not ap-
engineers, that sewer ventilation is not appreciated in this prectated in
country in proportion to its importance. Certain it is that our il
public authorities are too generally indifferent to it, and no
plan has been proposed which has secured general adoption,
except that of ventilating through perforations in the man-hole
covers. Most of those who have ventured to propose plans
of sewer ventilation have been ignorant of the conditions
which must be observed to secure the results desired. Like

most matters connected with sanitary engineering, the ventila-
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46 WASTE AND BOIL PIPES.

but its chief superiority consists in the fact that it is lighter,
0 stiffer, stronger and less liable to accidental injury. Thin lead
large sizes. Pipe of large diameter is necessarily weak. It sags by its own
weight and often breaks from inherent weakness. Heavy lead
| pipe of sufficient size is both too costly and too heavy for use,
and, owing to the weakness of the material, there is great diffi-
i culty in securely fixing it in any position in which its weight
saperiority falls upon the fastenings. Iron pipe is wholly free from these
oCHORPIPS Ghjections. It is strong, stiff, and corrodes so slowly that, if of
1, proper weight and good quality, it will ordinarily last as long
as a house. We could scarcely wish for a better material. It
is easily cast into any desired shape, and the requirements of
plumbers have been so fully anticipated by the founders that it
is very rare to find an architeet’s specifications ecalling for any
form of pipe, joint, trap, Y, branch or bend, which is not kept
in stock, or which, if not in stock, cannot be fashioned by com-
troncast binations of parts already made. One of our iron founders
requirea told me, only a few days previous to this writing, that he was
#HAPE almost daily in receipt of orders to cast special shapes of pipe
sections and joints, but rarely found it necessary to make a new
pattern. If he did not have exactly the article wanted, he
could almost always make it by putting two or three pieces
together, no matter what the use for which it was intended or
the position in which it was to be placed.
But while we have in cast iron a material which, all things
conatttons of considered, is as good as we could want, the efficiency and safety
“useot tron of a line of cast-iron soil pipe depend in a great degree upon
PIPe: the manner in which it is set up and joined. Probably every
practical plumber in the country knows how to make a tight
and permanent joint in iron pipe, which, for convenience in
handling, is cast in short lengths, but they do not always do it.
Careless join. In some instances I have seen the lengths set into each other
' ing of lengths (o1t} out any attempt to make joints at all. The consequences :
i of such slovenly workmanship may be serious and far reaching.

Such connections, while they do not often leak water—which -
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WARSTE AND BOIL PIPES, 59

;an inch for private houses, and three-eighths and upward
where there is a long line of large size to accommodate a con-
* tinuouns outflow of considerable volume), is not great enongh to
- make the economy profitable. In architects’ specifications we
geldom find a snitable weight of iron pipe ealled for. Conse-
quently the principal demand is for very cheap and light
pipes. As made they are as hard as chilled iron—owing to the
fact that they are cast so thin—and about as brittle and diffieult
to cut as glass. If dropped they erack or break, and arc
utterly untrostworthy at all times. In much of the cheap work
of the time we find 4-inch iron pipes used which average about
eight pounds to the foot. In good work 4-inch iron pipes should Wetent ot
be at least of 12 pounds weight to the foot. I know of one Fodnin
large public building in New York in which a 10-inch pipe
weighing 45 pounds to the foot is used.
Thus far I have considered only vertical lines of soil pipe,
with their branches. In planning a drainage system for a
house which was to be made as perfeet as possible without
regard to cost, I should have separate lines of soil pipe for
each floor. I have known instances in which every waste pipe son pipestor
in the house was carried separately to the main waste in the **""*"
cellar, and each was separately ventilated above the roof. This
plan has the advantage of confining obstruetions to the pipes in
which they occur, without interfering with any of the others ;
but it involves extra expense, and cannot be considered indis-
pensable to good drainage in average houses.
In sewer-drained dwellings it is nsually necessary to give the
s0il pipe nearly a quarter turn bend below all the house con- extension
nections in order to reach the sewer, as kitchens, bath rooms b
‘and water-closets are commonly in the rear apartments, while
the sewers are under the streets upon which the houses face.
The pipe must, therefore, be carried along the cellar wall or
under the cellar floor. The former is preferable when practi-
~ cable; but in what are known as English basement houses, in
‘which the kitchen is on a level with the cellar, the pipe which
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TRAPS, SEALS AND VENTS. 0o
L]

under considerable pressure, is through soil and waste pipes.
. Here, as in most American cities, the chief dependence for Manholes.
. sewer ventilation is upon perforations in the manhole covers.
. These are better than no openings at all, when they are open,
but they are very liable—certain, indeed—to become choked
with mud and dust during mueh of the time; and from the augang
first heavy snowfall of winter until spring—with, perhaps, a grecs. kin
few brief intervals of general thaw—they are as effectnally
elosed by ice and snow as they would be if covered over with
the permanent pavement of the street. The culverts at the
street corners are of course trapped, and during the winter
season they are likely to remain effectually sealed. The mouths s waier
of the sewers are, as the rule, so placed as to be completely sub- '
merged at high tide, at which times the river water forces its
way up into them for a considerable distance, compressing the
air confined within in proportion to the resistance offered at the
various outlets by which it seeks to escape. To inerease this
pressure we have still another active agent—heat. In cold or
cool weather the temperature of the air in sewers is considera- expansion ot
bly above that of the outer air. We are continually pouring e
great floods of hot water into them, at temperatures ranging
from 80° to 180° Fahr, It is not unusual to allow steam
engines to exhaust into them, and, as showing that the temper-
ature of the confined air of sewers is not low enough in aver-
age weather to condense steam, I may instance what may be remperature
seen any day in the streets of New York—the escape of steam, ** **"*™
still a hot vapor, from the perforations in manhole covers in
regular puffs corresponding to the piston strokes of an engine
in some neighboring building. In one way or another we im-
- part considerable heat to our sewage besides that generated in
the process of decomposition. In very warm weather the tem- Effect of
perature of the outside air is usnally higher than that of the temperature
- air in sewers; and, so far as unsealing traps is concerned, a dif- upon traps.
ference in the temperature of the air inside and outside a sewer

:' iﬂ-nﬁﬂ.l;lf as effective one way as the other. A simple experiment,
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65 TRAPB, SEALS AND VENTS.

probability, earry it past the bend and leave the traps unsealed.
Evidently the traps were home made, as no two were alike and
not half of them were well made. It may be assumed that no
trap can be so sealed with water as to offer an effective barrier
to the passage of gases held in an unventilated waste pipe,
whether under pressure or not.

As further illustrating the importance of ventilating the
waste-pipe system of a house, I may mention a phenomenon
which has surprised a great many people, practical plumbers

Emptying included. Tt sometimes happens that traps which are to all
of traps by

syphoning. Appearance properly set, so nearly empty themselves as to afford

a free passage for air throngh them. This may oceur in several

ways. For example, if we have a quantity of water thrown into

causes. the trap so great as to fill the body of the pipe for a distance

greater than the vertical hight of the column of water in the

trap, it will be quickly unsealed. This action is easily

explained, since it is only a syphon in a slightly modified form.

When we take a tube bent into the shape of the letter |J, fill

Phenomena it with water and invert it, there is no tendeney on the part of

T the water contained in it to run from one end of the tube or

syphon more than from the other, so long as the two legs are of

equal length. The liquid in both

oy legs may be said to be pulling down-

ward and tending to form a vacuum

F| at the highest point of the bend ; be-

4 ing of equal weight they balance each

{ other. If we lengthen one of these

i legs, the water in the long leg will

4 be heavier than that in the short

] leg, and will run out, while atmos-

(| pheric pressure will force the water

") in the short leg up to the top and

it out of the tube. Now, if the short

end of the syphon be dipped in a

vessel containing water, as shown in Fig. 2, the well-known
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action will take place of emptying the vessel by syphoning.
Applying this illustration to the arrangement of waste

pipes and traps shown in Fig. 3, we find that if the Ef;fn!:‘!;?sct::“
flow of water, solid matter, paper or anything of the sort in wastepipe
from the water-closet 2 is great enough to fill the pipe «, we s
have a column of water flowing down which is heavier than

that in ¢, and tending to form a vacuum above it in the main

pipe. Consequently, the water in ¢ and & will be forced over

into the pipe @ by the
atmospherie pressure. Not
only will this happen in
the trap jf, but at the
same time, if there is a
heavy flow of water down
the soil pipe @, as from
the bath tub % and no
ventilation, the traps g¢
and /& may be partly emp-
tied, leaving a free pass-
age for foul air from the
sewer until they are again
filled. The emptying of
traps may also oceur from
the ereation of a vacuum
in a soil-pipe branch, as at
¢, by water, as from 4, flow-
ing past the orifice at which
1t discharges.

In the drawing marked
Fig. 4, I have shown an ar-
rangement of the soil pipe
and its prineipal branches which I eonsider free from any such
objections. Tt of course admits of such extension as may be Arrangoment
necessary to adapt it to the various styles of architecture em- jypee.
ployed in cities. In this arrangement the soil pipe « is carried
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 gtraight from the sewer to the point at which it takes the upward
| bend. This seetion is of the same material as the vertical line, wo trap in
| and is without a trap at any point. From the bend in the cellar syt uive.
it is earried vertically up to and through the roof, terminating in
; a ventilating cap. This is no doubt unnecessary, but when the e ventia-
pipe is not bent over, some form of cap is commonly used for S
the purpose of keeping the wind and rain out. To leave the "™
pipe open at the top answers every purpose. Parallel with the
goil pipe, also following it to the roof, is a ventilating pipe, 4,

which conneets with every trap in the branch wastes and venti-

lates each one independently of the ventilation secured through supplemen.
the soil pipe. This pipe 4, for the independent ventilation of s s
traps, is seldom introduced, except in the very best class of

worlk, but as it entails little inereased expense, I should recom-

mend its employment in every case.

It will not do to place too muceh dependence npon the venti-

lation of the =oil pipe alone to prevent the emptying of waste

pipe traps. It often happens thatithe waste pipes of wash sypnoning
basins placed at a distance from the soil pipe, syphon their ) 0%
traps even when the latter is ventilated. In such cases the '™
wastes of basins, sinks or closets remote from the soil pipe, '
should be carried up to and through the roof. This is the

easiest and surest way to secure good ventilation, and when such
ventilation is neglected we usually have trouble from * the ventiation
smell of the sewers,” even though the main wastes into which m;&
these branches discharge are ventilated. When this precauntion

is neglected, the traps in these long branch wastes are very

liable to be unsealed by gyphoning. The pipe usually has a
eapacity for discharging more water than can flow into it, and

the rapid downward current makes a partial vacuum which vacoumin
often canses the air to draw down through a considerable body E;ﬁpﬁ“;;i
of water to fill it. Every one has noticed, in emptying a bath **

tub or wash basin, that air is sometimes sucked into the waste

‘pipe with a roar long before the tub or basin is empty. The

eame thing takes place after the water has all run into the pipe.
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The rapid ountflow creates a partial vacuum, which is more
easily filled by an air current moving with the water than by
one flowing against it, and the air rushing down the pipe will
often displace the seal in the trap, leaving it open, thongh per-
haps not quite empty. Ventilating the soil pipe will do much
¥ounven- t0 protect waste-pipe seals, but no trap is absolutely secure
tliated trap
sate. Against being unsealed by the several causes mentioned, unless
separately ventilated as shown in Fig. 4. When this is done,
the syphoning of seals in traps is an impossibility.
The absence in Fig. 4 of any trap in the main waste or soil
Traps in Pipe will, no doubt, surprise a good many readers. In common
I practice this pipe is often trapped just inside the cellar wall,
the idea being that sewer gas ghounld be prevented from
entering the house drain at all, and that a running trap will
accomplish this object. In my judgment such a trap does
objections, Vastly more harm than good. It is very liable to become
choked by accumulations of solid matter, and unless well pro-
tected its seal may freeze in very cold weather, which is a
troublesome matter. The most serious objection to it, however,
lies in the fact that it detracts from the efficiency of any
arrangements which may be made for ventilating the soil pipe.
When we trap this pipe at any point we immediately close it
against the passage of air currents, and the pipe above and
below the trap is filled with what is known among plumbers as
mowing  dead air.” When there is a copious dash of water down the
e ey Pipe; as when a pail of suds is thrown into a slop hopper or
wastes. water-closet on one of the upper floors, the stagnant foul air in
the pipe must be displaced. The resistance offered at the trap
in the soil pipe will generally be greater, owing to the larger
body of water held in it, than at one of the traps in the lower
branches, and the displaced air is very likely to blow through
one or more of these.
It chould be remembered that the most important of the
ends sought by ventilation is the establishment of a free com-
munication between the sewer and the outer air. When the
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pressure upon the air confined in the sewer is inereased from Houso drains
any cause, it should have an outflow through every house drain. 1ate sewers.
When from any cause a partial vacuum is created in the sewer,

every house drain should be an inlet for air. In other words,

we should allow the sewers to “breathe” through the main

waste pipe of every house, besides giving them as many breath-

ing holes in addition as can be provided. When every branch Nosanitary

i . . . . : ohjections to
waste pipe is trapped, and especially if every trap is ventilated tho passage

REWET gag

as shown in Fig. 4, this inflow and outflow of air through the vty
soil pipe of a house is attended with absolute immunity from S
inconvenience or danger to health, provided the jointing is
properly done. There is no pressure of foul air upon the

traps, but little chance for water seals to absorb foul gases, and

none at all for the unsealing of traps by blowing out or syphon-

ing out. With such an arrangement we have nothing to fear Evaporation
as regards the security of water seals except evaporation, and m traps.
this is easily gunarded against. Should a seal be allowed to dry

out, however, the danger of atmospheric pollution is much

reduced by the double ventilation deseribed.

It is probable that many practical plumbers will consider the maependent
independent ventilation of traps unnecessary. I have seen HECT
many very satisfactory jobs of plumbing in which it was omit-
ted, but for the reasons already set forth it is certainly desira-
ble if not essential. Sewer gas is a subtle enemy to health,ﬂg:ﬁm
seattering broadeast the germs of fever and the seeds of infec- economy.
tion, and when we undertake to securely intrench onrselves
against its attacks we cannot afford to negleet any precautions
of safety to save the cost of a few pounds of lead pipe or a few
dollars for additional labor.

Where there is no danger of an escape of sewer gas to be ventiation
apprehended, the ventilation of the waste-pipe system of a i
house would be necessary to prevent the rapid corrosion of lead pipes.
wastes. The points at which lead wastes soonest wear out and
begin to leak are the points at which, in the absence of ventila-

tion, the lighter gases from the sewer would naturally accumu-
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from observations made in London and other Dritish cities,

showing that the rapid corrosion and perforation of unventilated

waste pipes is a matter of common experience on both sides of

the ocean One of the many examples of the corrosion of lead

pipe which I have seen came to my notice quite recently, and

is especially interesting as showing how the defeetive drainage

of one house may affect the healthfulness of another. I was
consulted as to the cause of a very strong smell of sewer gas in Qurious
the well-appointed residence of a gentleman of wealth, on one stmospuerio
of the finest avenues of New York. This smell was chiefly i
noticeable in a passage connecting the front and back bedrooms =

on one of the upper floors. A careful inspection of the plumb-

ing work of the house was made without diseovering any seri-

ous defect. The bath room, water-closets, wash basins, &e.,

were all on the north side of the house, while the offensive

smell was confined to a passageway on the south side, and this

was not supplied with water. The first conclusion was that the mstaxen

. p conaluslons.

gewer gas escaped from some defect in one of the pipes on the

other side of the house, and passing under the floor found a

means of escape through a erack in the passageway floor. A

further examination showed that this was not the case, and it

then became evident that the cause of the trouble was outside

of the house. An examination of the adjoining building was

then made, and the source of the tromble was easily found.
The lead soil pirlnc, which was earried up against .thﬂ ;:uu-t..y-'-.u:sﬂl, A
extended a few inches above the branch connecting it with the

third story water-closet, and was closed by means of a lead cap

goldered on. From the cap down, for 12 or 15 inches, the pipe

was completely honeycombed. There were countless holes in

it, from the size of a pin point to an eighth of an inch in diam-

eter, and the shell was so thin and rotten that it eould be read-

ily erushed between the fingers. From the holes in the pipe,

which was wholly unventilated, sewer gas had freely escaped, rransmission
and had found its way into the adjoining house through the fuousha
brick wall. The damaged pipe—which had elearly been cor- """
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roded by sewer gas alone, as no water had ever come into it—
was repaired and the nuisance ceased. Those in the house in
which the corroded pipe was found claimed to have suffered no
inconvenience from the smell, which one would naturally sup-
pose would have been intolerable to a person with an ordinarily
sensitive nose, while in the adjoining house it was a constant
annoyance,

pangers As already stated, water seals in traps are liable to two dan-

which mon-

ace water Z€18 Which are commonly overlooked, but either of which, in the

seals in traps.

Evaporation.

absence of abundant ventilation, will wholly destroy their effi-
ciency in a very short time. They may be reduced in volume
by evaporation until a passage is left for air through the traps;

saturation by Or exposed for even a short time to contact with fonl gases

foul gases,

having no other means of escape, they will absorb and transmit

Frequent them. The first of these dangers can, as I have said, be gnarded

flushing.

Absorptlon
of gases by
water In
fraps.

against by frequently flushing the pipes. A eareful housekeeper
should see that this is done daily, at least; and when houses are
closed or left in the care of servants during the absence of the
ocenpants, provision should always be made for keeping the
traps filled with clean water. This is commonly neglected, but
the comsequences of such neglect may be the ruin of health or
the loss of precious lives. The danger of saturation by, and
transmission of, sewer gas through water seals, is less readily
apparent and calls for brief explanation. It will be found in
the chapter on water-closets. Iere we will deal only with the
fact, which is that water standing in the traps of unventilated
waste pipes is constantly absorbing more gas than it can hold.
Long before the point of saturation is reached, it begins to give
off on one side the gases it takes in on the other. When the
point of saturation is reached depends somewhat upon circum-
stances which need not here be taken into account; but it is a
fact within the observation of all who have studied the subjeet
experimentally, that water exposed to contact with confined
sewer gas grows fouler and fouler, and never seems to wholly
lose its capacity for absorbing until it hecomes putrid and de-
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eomposition takes place within it. In an unventilated trap a
water seal cannot remain pure for many hours. It begins to
absorb at once, and the length of time required to so charge it

that it will begin to give off gases is, probably, as stated by Dr,
Fergus, from half an hour to two hours, according to the pres-

sure of the gases in the pipe and their foulness. For this Tlenewal
reason, every waste pipe, even when ventilated, should have :
enough water passed through it daily to eompletely replace the

geal in its trap. When the pipes are unventilated, it should be

done very often.

Dr. Fergus, whose eminence as a sanitarian justifies the lib- or. rerguss
eral reference I have made to his writings, gives, in a contribu- i’i’fﬁ’!ﬂﬁl."
tion to the Sanitary Record, the results of some interesting e "
experiments with traps and seals. He shows that the water
seal of an ordinary § trap is scarcely to be regarded at all as a
barrier to the passage of sewer gas, and that it has the further dis-
advantage of retaining enongh decomposing matter to produce.
within the pipe itself a sufficient amount of sewer gas to accom-
plish all the evil that is feared, except such as comes by the
eonveyance from the sewer itself of gases containing the germs
of disease originating in other houses. He made a series of
experiments with a bent tube, its bend being filled with water
after the manner of the usual trap. In the sewer end of the
tube he inserted a small vessel containing a solution of ammo-
nia. In fifteen minutes the ammonia had passed through the
water of the trap, and had bleached the colored litmms paper
exposed at the house end. In another experiment he produced
the rapid corrosion of a metal wire exposed at the house end.

To prove that this transfusion takes place not with ammonia gases passea
alone, which is lighter than air, he made the same experiment fiaae"
with sulphurous acid, sulphuretted hydrogen, chlorine and car-

bonie aeid, all of which were transmitted eo as to produce their

chemical effect on the other side of the trap within from one to

four hours. Ie says: “We are, therefore, very strongly in- xo satety
clined to believe the last alternative, namely, that however '™ "™
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well drains may be trapped, sewer gas will find its way from
them into our houses, and any one who is acquainted with Gra-
ham's investigations as to the diffusion of gases, will readily
understand how this will happen.”

Vet The same experiments were made with a ventilated pipe,
and although the action was slower, it still took place. The
ventilation was not such as to insure a clear and direct flow of

. air through the pipe; but it was more effective than many
devices in use, and was considered quite sufficient.

Concerning the decomposition taking place within the trap,
Dr. Fergus believes that it is almoest impossible, even with a
copious flow of water, to cause undecomposed freces to be dis-
charged through the bend. With any ordinary flow there is
only an eddying of the water in the trap, not a sufficient move-
ment of the whole volume to carry floating matters under the

Lodgment ot bend. ¢ No mere flow of water will carry out the feeces, which
fmcesintraps. . . S A - .
simply kept whirling round in it,” Often, with the mistaken
idea that by adding a few inches to the depth of water in the
trap an effective resistance will be opposed to the pressure of
Shallow traps SEWer as, these are made quite deep. Dr. Fergus recommends
preferable that the dip or bend should be only sufficient to secure a seal-
ing, for the deeper it is made the more complete will be the
retention of decomposing matters at the house side of the trap.
Distntection 1N View of the large amount of water being discharged, he eon-
tmpractieable i ders it practically impossible to use any disinfectant in suffi-
cient proportion and with suflicient regularity to secure a chemi-
cal disinfection of the suspended organic matters.

My own observations and experiences lead me to eonclusions
which generally accord with those expressed by Dr. Fergus;
but if I may be permitted to eriticise the statements of so emi-
nent an authority, I will say that he seems to have overlooked
the fact that, with adequate ventilation, the protection afforded

conditions o by & water seal, renewed as often as onece a day, is enough to
seourlty £0r 1 ovent sewer gas from entering a house through a trapped

branch waste. I know that such is the fact in this country, and
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if not in Great DBritain it must be beecause different methods
are there followed in plumbing houses. It will be noticed that
Dr. Fergus admits that the venting of the pipes experimented
on was not such as to insure a clear and direct How of air
through the pipe. This is the one essential condition of good mn“u;m:t;m
ventilation, and with this insured a trap with a half-inch seal importance.
which cannot be syphoned out may be depended upon. I
would, however, urge the advantage of occasionally—if possi-
ble, daily—flushing waste pipes from basins, &c., not in con-
stant use.

In a work of this kind, which deals with principles rather
than with the details of plambing practice, it is scarcely neces-
gary to describe the several forms of traps in use. They are of rormsot
two general kinds—those sealed by water and those sealed by i
valves. The latter, though somewhat extensively employed in vaive traps.
foreign plumbing practice, are but little used in this country,
and never in good work. Some modern varieties are still kept
for sale by dealers in plumbers’ supplies, but they are not to be
depended upon for use in connection with house drainage. In all water traps.
water-seal traps the principle is the same, whatever their shape,
namely, a bend in or chamber attached to the pipe filled with
water, which cuts off the passage of air but offers to liquids and
semi-solids passing down the pipe no greater resistance than that
due to the bend. Asregards resistance to the pressure of air or nesistance to
gus, traps are efficient in proportion to the depth of seal they hraportion
contain. Consequently, the volume of water in the trap is of no >

Forms of
traps.
Fig. s. Fig. 6.
importance as affecting the depth of the seal. In the accom- peptn of seat
not depend-

panying illustrations are shown three forms of traps in common et upou ca-
use. The first of these, most commonly employed, is the §P*'¥oftmr
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trap (Fig. 5). The second (Fig. 6) is a form of trap in general

use, embodying the game

principle. Fig. T isa trap

of the flat syphon variety,

—, sometimes used, but of very

~“ Jimited utility in connection

with honse drainage. In each

of these the distance, A, be-

tween the dotted horizontal lines projected to the right, shows

the depth of the seal. Were the form of trap shown in Fig. 5

changed to the form shown in Fig. 8, it is obvious that the vol-

ume of water it holds would be very

much increased, but the depth of

seal and the efficiency of the trap as

regards resistance to pressure of air f

Dip as distin- OF Zases, would remain unchanged. f

Bube e On the other hand, were the trap
ghown in Fig. 5 changed to that Fig. 8.

shown in Fig, 9, we ghould have a less volume of water than in

Fig. 8, but an increased depth of seal. A pressure of air which

would blow through the geal shown in Fig. 5, would also blow

through that shown in Fig. 8, but

a considerably inereased pressure

would be required to blow through

that shown in Fig. 9. Arguning

=, from this fact alone, it would be

natural to conelude that the

----— deeper the seal the safer the trap.

This is true when we are dealing

with pressures; but there should

never be a pressure of air, pure or foul, upon a trap seal, and

there never is when the ventilation shown in Fig. 4 is provided.

auch ap un- Leaving resistance to pressure out of account, a great depth of

necessiT ceal is unnecessary. With adequate ventilation, the service

which seals are expected to render is limited to closing waste
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in front of it in a body. In other words, there is a large vol-
ume of water to be lifted up through the trap, but the stream
of air which can be made available to force this water out is
quite small, and hence passes up through the water while the
heavy body of water falls back on each side, instead of being
carried over into the waste pipe. I have repeatedly attempted
to syphon out these traps, but there was always water enough
remaining, after the heaviest flow, to form a seal. The impor-
tance of this feature is one that ean hardly be overestimated.
My experiments were made with traps in the sides of which
wateh ecrystals had been inserted to give a full view of what
was going on within. The operation of the trap is thus casily
geen, and the difference of action between it and the ordinary
S or half-§ trap plainly shown. The very compact form of
this trap enablés the plumber to get a large one into very emall
gpace, an advantage which is important when it is desired to
make a neat job.

The number and variety of new traps patented every year
would require a separate volume to deseribe them. As the
rule, the idea which underlies most of these inventions is that
it is necessary to provide for resistance to heavy pressures from
the sewer. With good ventilation no such pressure is possible ;
consequently, in good work, balls, valves and the like are rarely
used in waste-pipe traps. They are used to some extent in
England and on the Continent, but have never found favor
with American plumbers.

Traps should be kept free from aceumulations of sediment.
This is a trnism which needs no argument ; and yet it is a mat-
ter of almost daily occurrence in the experience of plumbers to
be called upon to clean out traps which have been closed by
articles carelessly or viciously thrown into water-closets and
which could never pass into the sewer. When he suggests
that the caunse of an obstruction will be found to be some
bulky article lodged in the trap and which has no business
there, he is invariably answered: ¢Oh, no; that is impos-
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gible. We are always very careful not to allow anything of

the sort to be thrown in.” Upon investigation he may be wnat pramn.
pretty sure of finding a miscellaneous assortment of lost arti- :z::um
¢les. In the house of one of our most experienced New York
plumbers, a scrubbing brush and several smaller articles were

taken from a water-closet trap, and not long since I was told by

a Brooklyn plumber that he had found in a water-closet trap a

valuable watch and chain and other articles, supposed to have

been stolen by one of the servants. Similar instances might be

given without number. Children and servants seem to be cnuarenana
chiefly responsible for the obstruction of traps. It is no unu-*™"*
sual thing for plumbers to find lost articles of jewelry, laces,

house eloths, old shoes and worn-out rubbers, combs and brushes,

broken crockery and mantel ornaments, broken glass and num-

berless other artieles, which dishonest or careless servants or
mischievons children have thrown in, ignorant of the fact that

traps are great conservators of rubbish, and almost always retain
whatever of solid or insoluble matter goes into them. I have coaashesin
known instances in which much trouble has resulted from the ™*r<***
fact that servants would persist in throwing coal ashes into
water-closets to save themselves the trouble of earrying them

down stairs. It is unnecessary to say that the throwing into a

trap of anything not intended to go into it, is wrong. In water- paper.

! ﬁloseta care should even be taken that stiff paper which resists

E reduction to pulp, or large pieces of newspaper, shall never

 enter them. Tough paper, or large wads of it, are likely to find

! ‘a lodgment somewhere in the pipe, and, if they do nothing

~ worse, will diminish the scouring power nf water passing down

2,
l m Rags are especially troublesome in this respect, and when pags,

E ={umght upon a projecting roughness, will sometimes cling for a

- long time.

" The trap screw is a device for emptying and cleaning traps Trap serews.
’ j‘whmh has lately come into very general use—probably because

" grchltects have got into the way of calling for traps with trap

- Screws in their specifications. Sometimes, for convenience, the

L]
'
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unless such appliances used receive more earefnl and intelli-
gent attention than they are likely to get at the hands of ser-
vants, they will be found less satisfactory than the water-closet.
*rivies. Privies are still used to some extent in cities, but there is cer-
tainly nothing to be said in favor of them. They are, I think,
nunisances which should be abated by law, and if their abolition
cannot be effected, they should be 'allowed ‘to exist onl y in
modified form and under striet ssmll;ary inspection. The only
objections to earth elosets in cities and towns are the trouble and
Dry conserv- ¢xpense they entail.  All the dry Ennﬁcrﬂnc]r gystems are open
to the same objections, unless their emplo}rment is so ‘general
that some systnm can be ﬂrgamzecl for dmpnsmg of the contents =4
of the receiving vessels without much expense ) if any, to the
individual householder. ‘When each person who adopts’one of
these systems must pay for materials on the one hand and labor
and cartage 011 the uthe:- he will be very apt to conclude that
the trouble’ and expente are far greater than the resulting
benefit. " Probably the time 'is not far distant when we shall
realize more fully than now that we cannot afford to waste the
wealth we pour into our polluted rivers, and which is needed
for the enrichment of farm lands exhausted by what Baron
I.leblg fnrclbljr ﬁha,raef:enzed as vamplrﬂ ugneulture
victorugo  Vietor Hugo ' draws ‘the fullnwmg stnrthng picture of the
O Tarte sewage waste of a great city, in “ Lies I‘n[lBEI‘ﬂblEB Sty
% Paris throws five millions a j,'ear into the sea., and t]us with-
ont metaphor.  How and in what manher? D[Lj’ ‘and mght
With what object? None. With ‘what t]wnght'! JWI?."]JQIH: *
thinking. For what return ? Fnrnntiupg By means uf what
organ? By means of its intestine—its sewer. N
Chineso < Thanks to human fertilization, the earl:h in China is still as
R voung as in the days of Abraham. Chmeﬁ:e wheat ylelds a
hundred and twenty fold. There is no gua.na comparable in
fertilizing power to the detritus of a capitah, ' UL 08,
vamoor We fit out convoys of ships at greaf expense to gaﬂiar up
sewage. .+ the South Pole the droppings of petrels and pengll__lﬁﬁ, and
i
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WATER-CLOBLETS.

o Ecraze of ciear].}' CITONEOus. The .commﬂrr::inl value of the sewage of
English cities, taken as it runs, is estimated to be about four
cents per ton. Under favorable conditions, sewage irrigation
can be carried on successfully, but most of the experiments in
this divection have been unsuccessful, and very few of the large
and costly sewage farms in Great Britain have paid or are likely

Sewage of to pay interest. The value of Boston sewage is estimated by the
cittes, Massachusetts State Board of Health to be about one eent per
ton. The value of New York sewage is still less per ton, owing

to its more liberal and even wasteful nse of water per head

i omaso of population.  Practically it may be said to have no value,
notwithstanding the fact that it contains a vast amount of valu-

able fertilizing material. With us the problem of the economi-

cal and profitable utilization of sewage will probably remain
unsolved so long as we continue to dilute the valuable constitu-

ents of sewage with unlimited quantities of water. Great as its
aggregate value may be, it is not usually great enough to pay

for the separation of that which is valuable from that which is

not. When necessity shall compel us to save this wealth, we

ghall probably begin by keeping that which is valuable out of

the sewers altogether, and using these conduits only as runways

Water-ctosets for dirty water and street washings. Then we shall probably

not lkely to

h-‘aamnm follow some gystem of dry conservancy, but for the present the
water-closet retnains an established institution, and it is useless
to condemn it as unsanitary. The charge is well founded in a
majority of cases, but vastly more of good will be accomplished
by an intelligent effort to improve the water-closets now in use
and remedy their defects than by riding Quixotic tilts against
them. In my experience I have never found any good reason

water-closes Why water-closets should be either unwholesome or offensive.

nulsanees Tt is quite certain, however, that when any defects exist in the
drainage system of a house, they will commonly be found eon-
spicuous in the arrangements pertaining to the water-closets,
and the sanitary inspector is not likely to make a mistake if,
when called upon to correct the evils pertaining to bad plumb-

ing work, he begins there.
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The mquimments of a goml water-closet are various and im- The require-
perative. To be safe and sanitary, as well as convenient, it :::,T;ﬁ;
must be inodorouns. If it has any odor at all it will of necessity i
be a foul one, disgusting to the sense of smell, nauseous to the
stomach and depressing in its general effect upon mind and
body. If mot actively poisonous, it will probably lower the oenstve
physical tone of all who are compelled to breathe the air thus S
vitiated and predispose them to sickmess. Often, however, it
will be found aetively poisonous, even when the smell, in itself
considered, is not strong enough to noses accustomed to it to
excite alarm or oceasion inconvenience.

It must he'so constructed that it can be effectnally flushed or rusnmg.

washed out without waste of water; it must be so simple and
strong as not to be disordered by average usage; and it must strengen.
not afford an outlet at any point for the gases of the sewer.
Obviously, but few water-closets in common use conform to
these essential conditions, Nearly all will do so when new, if common
properly put up, but very few, comparatively, can stand the i
test of use, even for a brief period, without becoming nuisances.
There is, therefore, much room for reform in water-closets,
even though there exists no hygienic necessity for the abandon-
ment of the principle of water carriage—regarding the ques-
tion from the standpoint of the individual owner or occupant
of a sewer-drained house.

To discuss fully and impartially the merits and defects of all
the water-closets in general use in this country, would be a
delicate and difficult task. Every manufacturer is jealous of
his particular product, and every inventor stands ready to
champion to the death his own particular invention and im-

- provement. There is nothing in this menace of endless and

bitter disputation to deter the conscientious writer from ex-

pressing his honest convietions; but in the case of water-closets

this particularity is unnecessary as well as undesirable. They ciassincatton
can be accurately divided into certain general classifications, '
and as the defects of a given closet are common, generally




Panclosets. Of the water-closets in use in this country, a very large pro- !
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speaking, to the class to which it belongs, a few remarks will
gerve to assist the reader in Judging of the several etyles eom-
peting for general favor, and in determining whether the ones
e uses or finds in use are safe or unsafe,

portion are pan closets. Closets of this pattern are defective in
principle and unsatisfactory in operation ; and althongh they
have been variously modified and improved during the Past few
years, it is doubtful if they are susceptible of such improve-

Construction. ment as will wholly correct their inherent defects.  In Fig. 12

Objections.

Foul re-
¢ oelvers

18 shown a sectional view of the
common pan closet. B is the
basin, nsually made of earthen-
ware, P is the pan which, when
the handle is raised, is tilted,
emptying its contents into the
receiver or containing vessel R,
from which they pass into the
soil-pipe branch, having a trap
at T. As commonly made, the
prineipal objection to this form
of closet is that in addition to
allowing the foul air from soil
pipe and sewer to escape, it in-
Fig. 13, - creases the mischief by manu-
facturing a great deal of very offensive and dangerous gas on its
own account. In use, the side of the receiver against which the
pan discharges its contents when tilted, becomes coated with a
mass of foulness that clings to and cakes upon it. Plumbers
are frequently—though not so often as they should be—ealled
upon to remove the receivers of pan closets and burn them out
in order to abate the stench which has become intolerable.
This affords only temporary relief, for the process of accumula-
tion begins again at once and continues until the pan has’ "t:y.s).rual;ir
room in which to swing. It is no uncommeon thing to find the

#

1
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inside of a receiver go clogged that it is difficult to empty the
pan. Matter thrown out as it descends is often scooped up
again as it returns to its place. Human exerement is naturally
viscous and plastie, and when dashed against a rough surface,
like the inside of an iron casting, it takes hold and eclings, espe-
cially as it is untouched by water which rushes down the basin
and into the soil pipe when the pan is tilted. Irom this eling- potsonons
ing matter undergoing decomposition—more or less rapid i
according to cirenmstances—there constantly arise gases as poi-
sonous as any whick come from the foulest of sewers. These
gases are held under constantly increasing pressure between the
two seals, and when the upper seal is broken by tilting the pan,
the water thrown down must, of course, displace the gases
and force them out. If not thus liberated they will come rransmission
through the water seal in the pan, as explained in the preceding s
chapter. If the trap in the soil-pipe branch under such a closet
is unventilated, its seal offers very little effective resistance to
the upward passage of gases from the sewer and pipe. As the msumectens
rule, the flow of water into the closets of this deseription is o
insufficient to flush the trap; consequently, the seal is seldom
completely changed, and there is almost always a mass of un-
dissolved feeces floating therein. With all these facts in mind
it is easy to understand why a disagreeable smell, and some-
times an overpowering stench, is instantly emitted when the
pan seal of such a closet is broken.

To obviate these serious 'defect::s_ in the pan closet, many de- aoaieations
vices have been proposed, some of which are not without great fepee

mente
advantage in modifying its worst evils. "It is rather singular
that although the nuisance and danger’ of ' foul receivers have
been rec{}gnu:ed for years, until re.ﬁently no one geems to have
thovght of the simple experiment of flushing them. ' In a closet Frasning
lately 'bmught ‘to “my notice the" pnnﬁlple of * contraction was "™
substantially as s shown in Tig. 13. ' A represents the receiver
and B the bowl, both of the ordinary form used in the com-
mon pan closet; C is the pan. The bowl receives water at the
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top from the pipe D in the, ordinary manner, both valve and
levers being operated by the 1:.'11,1(]]0 as usnal. . Around the
. interior of the mcews.,r A the
pipe G is ar rang-;d dn_ the
form of a ring. T}us plpe
is attached to and reeceives
# water from a pipe, I, which
@\ passes through the receiver
j A and communicates with
the pipe D through a con-
dueting pipe, J, so as to be
Fig. 13. supplied with water by the
operation of the valve at the same time that the pan C is sup-
plied. The pipe G is provided with perforations, g, through
which the water escapes in streams or jets. The pipe G is also
connected with a pipe, K, which mmmumca,tea dlrectl ly Wn‘.h the
water gupply pipe, and is Plﬂ‘i"‘lded mth a stﬂp cock whmh may
be turned by hand in order to Bupplj the pipe G thh water
independently of the pipe D and  the valve, "W'hen /in_opera-
tion, the water issuing from the plpa G Washes the msldc of the
receiver and the outside of the pan and lu}wer part ¢ nf the bowl,
thus keeping the paris clean and pm?entmg the outside of the
pan from becoming corroded from ammonia. If, as frequcnﬂy
happens when the pan is emptmd the lc-wer trap is B_I’Ehi}ﬂﬁd
the flow of water from the pipe G, GVEI'E{JI'I.']E.E th!.E dlﬂicultf
and promptly furnishes a supply for the trap. In emptying the
pan the flow of water upon the 1]151‘2113 of the receiver prevents
the adhesion of ﬁml and washes a.}'my tT:ue nuntenta nf the pan.
This unprnvemauE is- wry va,luable -::-ne, and. wﬂl du much to

abate the nuxaaqge Eifpfuul reee:wers
venting Y enting the receiver is an uld expudmnt and a good one in
recelvers. Jtcelf mnmderec_:] hut I do n-:rt '!}eheva that an_'f nmuunt of vent-
ing will make, th& e{:mmon pan eloaat safe and amel]ent. Good
ventilation is quite a different thing from. mmple venting.
Ventilation implies an inflow as well as an outflow, and a natu-

ST | . '—'-
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ral or induced enrrent. It is possible to secure these essentials
if the proper means are taken, but such ventilation as is secured
by carrying an air pipe into the side of the receiver does not
nsnally suffice, although it is a great deal better than nothing.

Of late some currency has been given to tbe idea that it is
possible to correct the defects of the pan closet by disinfection,
and an apparatus to apply the disinfeeting fluid has been in-
vented and introduced in England. The chloralum or other
disinfecting material is held in an earthen vessel above the
closet, and when the valve is opened a small quantity is auto-
matically let down through a pipe discharging into the basin,
to mingle,wifh the water of the flush and pass with it throngh
the soil pipe to the sewer. The device has very little practical
utility, if any. "We have no disinfecting material cheap enough
for free and general use which is sufficiently powerful to render
any important service when thus employed. A good water-
closet, properly set, amply flushed, kept clean and discharged
into soil pipes open at both ends, will not need disinfecting ;
others will scarcely be benefited by it.

Of closets embodying the essential prmclple of the pan closet
with certain modifications, there
are a great many, few of which
have come into general use in
this country. Of these the
valve  closet (Fig. 14) is proba-
bly the most generally used.
Some of these are a little better
than the average pan closet;
~ others have all its defects be-
sides some which are peculiar to
themselves. Few of them will
hold their basin seal for any
length of time when worn with
use. Nearly all of them will
syphon out this seal through the , 14,
overflow upon very slight provoecation. They are mostly inex-

Disinfection,

Valve closeta.
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pensive affairs made tor cheap work, and are not usnall ¥ recom- |
mended for use in well-drained houses, even by those who make
them.
Eopper Plain hoppers, without either pans or valves and requiring no
overflows, are in many respects the best of the cheap water-
A ies closets. Their advantage consists in strength, simplicity and
cheap appa- the impossibility of concealing filth within them. They will
"% heecome foul and offensive if neglected, but the fact that they
need attention is apparent to the sense of sight, whereas the
closets last described secrete filth within while elean on all visi-
ble surfaces. . A mneat housekeeper would not allow the sides
of a hc}ppnr'tﬂ remain foul, but the inside of a pan-closet
il receiver is beyond her reach and out of her sight. The usunal
form of hopper closet with automatic valve flushing apparatus
is shown in Fig. 15. In
closets of this kind we have
but one.seal — that in the
trap made  in the soil-pipe
branech—Dbut when this one
seal is relieved from pres-
gure by ventilation, it is
more effective than three or
four would be if between
them we. had aceumulations
of nuisance-breeding filth.
condittons ot W hen adequately flushed,
. e hopper closet is neither
unsightly nor unsafe—pre-
supposing, of course, the _
requisite ventilation. The % TR e
Lopper should be large and of such shape that it will penmt‘ 1
faecal matter to drop into the trap w1t]10ut 'I:nuchmg the sides. a
The flush should be strong enﬂugh tﬂ sm:mr the inside of the
hopper and give a clean seal in the trap after the closet has

been used. In common plumbing work the apparatus is usnally

B . ki
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go arranged that a pressure upon the seat OPEHB a valve and automatic
allows a small quantity of water to trickle in as long as the iy
closet is in nse. Such a flush is of very little vu]ue beyond
wetting the sides of the hopper and preventing accumulations

upon them, and needs to be supplemented by a strong dash of

water, the volume of which is under control of the person using

the closet. "When this is provided, either alone or, preferably, Advantages
in connection with a moderate flow maintained antomatically b
by means of a valve opened by a downward pressure upon the

seat and closing when that pressure is relieved, the ]mpper

closet with ventilated connections with the sewer should,

kept clean, be the best cheap closet in use.

Though seldom introduced into houses, the device known as sup closess.
the ship closet merits attention as a very perfect and sanitary
apparatus. « One of , the. best. forms of  this variety of water-
closets which has come tﬂ my notice is Ehnwn in Fig. 16. The construction.
hopper is of good shape, but instead of bemg connected at the
bottom with the soil pipe in the ‘E]:E‘Dﬂl manner, an_iron pipe
makes a connection with the pump ba.rrel geen 011 the left, the
plunger of which is shown raised in the dmwmg - When the Action,
handle is lifted, as shown, the c{}ntenfs of the hopper are drawn
into the body, of the pump, and at the same time a quantity of
water is foreed from the upper part. of the pump barrel into the
- hopper throngh' the | pipe | which conneets them near the top.

When the handle is. depreased the sml e, cﬂntmned in the
body of the pump is forced out t'hmugh a."lira,hre in the soil pipe
rising behind the pump barrel, being prevented from returning
to the hopper by a’ 'valve in the bottom of the pump. As the
handle is forced down a vacuum is formed above the plunger,
and throngh a check valve in t]m pipe on the. left a supply of
water is drawn into the, :body.of the pump. A The plunger is
made large in order to reduce the quantity of water needed to
fill the body of the pump at .each, stroke. The flush of water
in the hopper on lifting the pump handle is forcible and abun-
dant.  As these closets are intended to be used below the water
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line on shipboard, it is necessary that they should be wa-

ter tight in every part, as an y inflow through them would

' be a dangerous leak in the

vessel. They are, therefore,

g0 made that they ean with-

gtand a strong backward pres-

», Bure in the goil pipe without

difficulty. As made for use

at sea, this form of closet is

mostly brass, substantially put

together and so arranged that

it can be readily taken apart.

- Its positive movements and

Sl efficiency in preventing any

back flow through the soil pipe, render it a very perfect device

Jf‘.’."ﬂiﬁﬂi‘ﬂi regarded from a sanitary point of view. A modification of this

tor houses, T0rm of closet, simplified, cheapened and adapted to use in
houses, has been made but is not yet in use.

In buying a water-closet, it is a safe rule to buy the best that

can be obtained and have it put in by the most intelligent and

amevest gkillful plumber whose services can be secured. This is not

eneapest. only the best policy from a sanitary point of view, but it is the

most economical in the end. A cheap, flimsy closet cannot be

expected to stand the test of long usage, and will either be con-

gtantly out of order or must receive constant repairs. The

essential requirements of a good water-closet have already been

briefly stated at the beginning of this chapter, but with a view

. to fixing them in the mind of the unprofessional reader, I will
now consider them more fully. They are:

Water 1osets L. At should be inodorous. This is a quality of excellence

M e mo which few cheap water-closets possess when in use. A faint,

stvesmell. Janressing, characteristic odor is almost always noticeable at or

near the seat level, and very commonly in all parts of the room

in which a water-closet is placed. Sometimes it permeates the

air of the whole house. This is less readily detected by one




WATER-CLOSETSE. g

accustomed to it from the impression it makes upon the sense

. of smell than from its depressing, headache-inducing effects.

Those aceustomed to the characteristic smells of city houses characterts
seldom notice this odor, except for a moment when coming in gy nemser.
out of the fresh air; but it has often been remarked by people

living in the purer atmosphere of the country that they notice

the smell of the sewer the moment they enter a city honse. 1

have no doubt this is true, for although I have lived the greater

part of my life in eities, I find more difficulty in escaping

than in detecting the smell of the sewers when passing through

most eity honses. The water-closets are not wholly to blame rooms con-
for this, but they are largely so. For this reason, the rooms in [ F
which water-closets are placed should be well ventilated all the vertiated:
time. The too general custom of placing them in little pantries, aspiacea
with no ventilation except through a shaft opening into similar Fhe
pantries above, and lighted by a water-tight glass skylight, is

bad. When not ventilated at all, as is often the case, the evil is

gtill greater. Ventilation at the level of the seat is recom- ventuaton,

‘mended by some plumbers, and when secured it is doubtless

good. Closets so constructed, in conneetion with ventilating
ghafts, as to provide for a constant current down through the

‘bagin and out, have been introduced and are well spoken of. I

have had no personalexperience with them, but if the ventila-
tion for which provision is made ean be secured, I can see no
reason why they should not work well. But whatever the form

- of closet used, the architect should see to it that the apartments
: m which they are placed are well ventilated throughout.

~ While upon this subject I may remark that a great many waterciosets
p&nple, especially young women, pass much more time than is fopre ¢
- necessary in the usually unwholesome atmosphere of these
 places, taking books and newspapers with them. This is
 vicions habit which entails more than one evil eonsequence

- upon those who practice it ; but it is nevertheless very common.
- People should learn, and children should be taught, to regard a
- water-closet as just what it is. It certainly is not a place in
* which ii? pass an idle hour reading novels.
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enough ; but the common practice is to give the handle a jerk
and let it drop. For this reason it is important that the flushing
apparatus should be so arranged that a strong and voluminous
flow is secured, even though the handle is raised only for an
instant. This is provided for in most of the valves in use in sk varves.
good plumbing practice, by an arrangement which permits the
valve to close very slowly when once opened. If for any
cause the flow of water into and through a closet is not enough
to scour it ont thoroughly and leave a clean geal when the flow
ceases, a competent plumber should be called in to remedy the
defeet, which he can commonly do in a few minutes.

Water for flushing closets should not be drawn from a service service pipes
pipe in which the flow is liable to be interrupted by the open- G dhent
ing of a cock between the closet and the main. To this cioget vacins.
rule there are no exceptions. Unless each water-closet has a
separate service pipe which is not tapped for any other pur-
pose, some form of cistern or its equivalent should be provided
and the water needed for flushing drawn therefrom. In cheap anesncnar
contract plumbing work, however, it is not unusual to find the ﬁlﬁaﬁ;ﬁ

- main service pipe tapped on every floor for all purposes, water-

- closet flushing included. Where the Holly system is used, the

~ pressure of water in the mains is usually so great that a service

- pipe might be tapped several times without interrupting the

- flow at the highest cock or valve. In New York, however, and

; - many other eities where the pressure in mains and service pipes
~depends upon the head of water in distributing reservoirs, it is

]t the rule rather than the exception to have the supply eut off

- from the upper part of a house by the opening of the faucetsin

E  the kitchen.  This can be avoided, but it seldom is except in

- the best work. Under these circumstances, water eannot be

- drawn direct from the service pipe into the basin of a water-
closet withont serious danger. Cold or cool water, especially if My
pure, has a vast capacity for absorbing gases. Ordinarily it will el
absorb many times its own volume, and all sorts of gaseous
impurities are taken up by it as readily as a dry sponge takes

e |
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up water. Such impregnation of course renders water foul
and wholly unfit for drinking or use in culinary operations. It
is for this reason that the service pipe of a house should not be
connected with water-closet basins when, from any cause, the
flow is liable to be intermittent.
Evilsof tap-  Suppose that when water is drawn in the kitchen and the
P ios ey flow in the upper part of the house is temporarily interrupted,
aercloset: the handle of a water-closet is raised when the basin is foul.
The water in the pipe, which might otherwise have been held
there by atmospherie pressure, runs down as soon as air is
admitted at the top, and the current of air which rushes in to
fill the pipe carries with it the impure gases from the water-
waterpol closet basin, These are at once absorbed by the moisture cling-
ning. , i :

ing to the sides of the pipe, and water subsequently drawn from
this pipe may be very impure and unwholesome. A striking
illustration of water poisoning by the gases generated in water-
closets is found in the sanitary history of the town of Lewes,
Trphotd England.  During the year 1874 typhus fever broke out
“Lewes. within the corporate limits, and nearly five hundred cases were
reported within a few days. The town is supplied with water
by three private companies, much as our American cities are
supplied with gas. The fever cases occurred in the districts
mtermittent supplied by the Lewes Water Works Company. The supply
WAL furnished by this company was not constant, but was turned on
for three or four hours in the morning, and again during the
afternoon. When the water was shut off the pipes emptied
themselves, and air rushed in at every opening to fill the partial
arrtrom yacuum created by the ountflow of the water. During the preva-

closet hasing . . .
drawn nto lence of the fever an investigation was made, and the following
THEEHIPE facts were brought to light: Many of the water-closets in the
infected district were flushed with water drawn directly from
the service pipes, and it was the habit of the people to have the
valves open in casc these closets were used when the water
was shut off, so that they might be flushed as soon as the flow

was resumed. The consequence was that a part of the air
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which entered the mains was drawn in through the basins of
foul closets. Other defects were found of a still more serious
nature, by which the gases of foul privy vaults were drawn into
the service pipes through eracks and holes made by corrosion of
the lead. Here was found the caunse of the outbreak of fever. In
one distriet sixty houses out of four hundred and fifty-four were extent of the
epidemic,
supplied from the works of the Lewes Water Company, and in
this district the cases of typhus fever occurred only in these
sixty houses, with the exception of two cases. The other three
hundred and ninety-four houses were free from it. Ewven after
the epidemic had become general, and was propagated by other
means, only six per cent. of the total number of eases occurred
ontside of the houses supplied with this company’s water.
Other illustrations might be given of the danger of tapping
gewer pipes direct into water-closet basins, but the faet that it
is dangerous will be evident to every intelligent person without
further argument. I am aware that plumbers are often called el

upon to do all sorts of objectionable things, and that an forbaa
attempt on their part to explain the necessity for employing e
better methods may be regarded as an effort to sell more
material and make a larger job to charge for. DBut while I am
not prepared to say that a conscientions plumber should refuse
to contract for such work, I have no hesitation in saying that
he ghould not do so without explaining the danger of mistaken
economy, thus clearing himself of moral respnnsihilit}f for the
consequences if his protest is disregarded. It is not my pur- Plumbing
Inwe needed.
pose to discuss the ethies of this question in this chapter,
- if at all, but it seems to me that the Health Boards of New
York and other American cities should endeavor to secure such
additions to the loeal building laws as would relieve plumbers
of the moral responsibility of doing bad work and justifying it
to their consciences with the specious plea advanced by the
starved apothecary of Mantua:
** My poverty, but not my will, consents.”
8. 1t must be strong, simple and not liable to get out of Strengh,sim.

order. This is a qualification demanded for sanitary as well as Gurabiity,
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CHAPTER VL

ServiceE Prees Axp Warer Service v Crry Hovses.

The occupant of a city house has, as the rule, no choice as

to the character of the water he uses. His only available
source of supply is the street main, and, generally speaking, he
has no occasion to trouble himself in the matter further than
to see that the service system of his house is so arranged as to
Constant ser- Secure, if possible, a constant supply at every cock. This
vice a primao .
requisite, CANNOt always be had without pumping, even in cities abun-
dantly supplied with good water. In many parts of New
Tanks. 1 Ork, for example, it is necessary to pump into tanks or reser-
voirs, near the roof, all the water drawn above the basement
floor. In this case the service pipes are carried down
throngh the house, which involves a somewhat different
arrangement of them than is needed when the supply rises
from pressure in the mains.

Pressure V' Dien the pressure of water in the mains is sufficient to
duetohead. jngure a constant service on every floor, as in many cities,
especially those in which a head is secured by means of power-
ful pumping engines, there is no occasion for any mistakes on
the part of the plumber who understands the mechanical part
of his trade—so far, at least, as securing a good distribution is
arrangement Concerned. The plan upon which the pipes are arranged must,
oLpPeE of eourse, depend upon the size, character and internal arrange-
ment of the house. The architect should, and sometimes does,
make sunitable provision for water service and drainage in his
plans, but too often he designs the house in every detail first and

then provides for the pipes in whatever way he finds easiest.
condittons o Lhe conditions of a good water service are that it shall be
a good water aonetant, in well-laid pipes protected from all danger of freez-

service,

ing, bursting or leaking from any cause, and so placed that,




- mentioned, lead has long been regarded by chemists as an
- unsafe metal for service pipes. Observation and experiment
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when the supply is shut off, the whole system may be drained
by opening a waste cock in the cellar or kitchen. In the chap-
ter on waste and soil pipes, T ventured some sugeestions
respecting the best disposition to be made of the pipe system
in a house. Further on in this chapter I shall speak of the
means which I have found most eflicacious in protecting service
pipes from frost at the points where they are most exposed.

The question of the best material for service pipes is one of y o gor
great importance, and it has been long under discussion without ¢ Piret
acquiring much interest for the general public. If the ques-
tion of health were not involved, the problem would be a very
gimple one, for lead pipe, taken for all in all, would probably
be the one universally preferred. Lead, from its cheapness
and the facility with which it can be manipulated ecold, has
been for centuries the favorite metal of plumbers, and the
name of the trade is derived from the Latin name of the
metal. With the exception of ease of working, however, lead
cannot be said to possess qualities which adapt it for nse as a
material for service pipes. ILead pipe is heavy and weak; it onjections
readily stretches, and sags or buckles when exposed to varia- “'**"
tions of temperature ; it is easily crushed ; rats can cut it with-
out difficulty, as they sometimes do, and many kinds of water

attack, corrode and are poisoned by it. For the reason last pegardea
a8 unsafo.

Laad plpes.

seem to have confirmed this opinion ; and that, under a great

 variety of conditions, it will be found to rest upon a substantial

basis of secientific truth, I shall attempt to show in Chapter
VIIL
In the effort to find something better than lead as a material o . .ue
for service pipes, experiments have been made with nearly all substitutes
the cheaper metals, as well as with a good many substances not
metallic, such as glass, paper, gutta percha, &e. Block tin
pipes have been extensively used, but they are not, and prob-
ably never will be, regarded with general favor. Tin is harder on pipes.
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and much less ductile than lead, it melts at alower temperature

and, in addition to being a more costly metal, it is much less

Conditlons of easily manipulated. In some kinds of water it is rapidly cor- 'r

roded, and my observation leads me to believe that those

waters which act upon tin most rapidly do not attack lead vig-
orously, if at all. T may be mistaken on this point, but I have

frequently had my attention called by plumbers in country '

districts to instances of the rapid destruction of tin pipe in

waters which apparently had no effect upon lead ; while in as

many other cases I have found tin to render excellent service

under conditions fatal to the life of lead pipe. Fortunately,

the soluble salts of tin are not poisonous. Its cost and the dif-

ficulty of manipulating it are not objections which need stand

in the way of its more general use, but they always have and

probably always will.
e e Lead-ineased tin pipe—or, as it is more eommonly called, tin-
pipes

“lined lead pipe—has been extensively used during the past few

years, and has generally given satisfaction. In some waters the

tin lining lasts but a short time, but in a great majority of

Advantages. cases it will be found a safe and durable pipe. As now made,

this pipe has a continnous tin lining throughout, of very even

thickness ; and, when properly put together with the appli-

ances furnished, and according to the method preseribed by

the manufacturers, it will deliver water free from poisonous

metallic salts as long as the tin lining lasts and perhaps longer.

disadvan- 1f, however, this pipe is worked in the same manner as lead,

“28% any but a very skillful and exceptionally careful workman will

be pretty sure to leave lead surfaces exposed, thus defeating the

minned object of the tin lining. The manufacturers of lead-incased tin

et pipes supply tinned brass ferrules, thimbles and T connections,

with which perfect joints can be made, insuring a continuous

tin lining, but plumbers, as the rule, object to using these and

Wiped joints, insist on wiping the joints after the usual practice. I know of

no reason for this unless it be that the wiped joints are more

profitable, as they enable the plumber to use a pound and a

-
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half of solder, worth from 14 to 15 eents a pound, and charge
it on the bill as five pounds at 50 cents per pound. The objee-
tion to wiped joints in tin-lined pipe is that, in * getting a
heat” preparatory to spreading the solder after pouring, the
lead becomes so hot that the tin is likely to be fused and
destroyed as a lining, but remains in the pipe to obstruct the
waterway. Joints in tin-lined lead pipe can sometimes he
wiped without destroying the tin lining, but I would not trust
any plumber to do it for me. I am not prepared to say that
bad joints will make a tin-lined pipe no better than one of lead,
but it is quite evident that the theoretical excellence of the
former over the latter depends upon the maintenance of a con-
tinuous tin lining, and this plumbers are not usually willing to
give them. '
Wrought iron has been employed as a material for small wrongnt-
pipes for water distribution with good hygienie results, but not SEETIRCE
without some disadvantages when unprotected from rapid oxi-
dation. The water coming through iron pipe is not consid-
ered injurious, even when a considerable amount of the metal
is present. The low price of wrought iron pipes, their great
strength and the ease with which they are put up render them
- very desirable, provided they can be made durable by protec-
- tion against rust. T have known of several instances in which _
~ wronght-iron tubes have been used as service pipes, but in only
~ one case have I been able to get the facts necessary to the for-
mation of an opinion as to their advantages compared with
- other pipes. This was in the case of Swarthmore College, 1., pipesat
- at Swarthmore, Delaware county, Pennsylvania. Water wasgrirhmer
~ mtroduced into the college building through iron pipes in 1869,
- and from that time until March, 1875, at which date my inqui-
3 - ries were made, they had required and received no attention or
~ repairs. In February, 1875, some changes were necessary, and o o six
a piece was cut out of one of the pipes which had been in con- years'service.
gtant use for six years. Its original diameter of hore—one inch
and a half—had been reduced to about one inch by the accu-
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Analyses. mulation of rust on the interior surface. At my request the
respected president of the institution, Prof. Edward H. Magill,
cansed a series of analyses to be made to determine the chiem-

Noorgante ical effects of the iron upon the water. Samples were taken
impusieies. from the spring and drawn from the cocks inside the building,

and the latter were found very pure, containing no trace of

Paroautugt it organic matter. The most remarkable fact was that the per-

centage of iron in the water taken from the cocks was only

about two-fifths of that found in the water taken directly from

the spring. This was established by repeated determinations,

and the fact cannot ‘be doubted that the passage of the water

through iron pipes caused it to deposit threefifths of the iron

it had previously held in golution. In its general character the

water is considered excellent, and at the date of my informa-

tion it was the opinion of the engineer of the college that the

pipes were good for 15 or 20 years more. This is not as long a

_ life as might be expected of lead pipe under favorable condi-

i tions, but when healthfulness is taken into consideration, there
| is really no comparison to be made between the two metals.

cavantzea  (ralvanized iron pipes have been in the market for many

i ironpibes vears, and when they were first introduced it was hoped and

believed that they furnished a satisfactory solution of the prob-

Zincunsate, lem of a cheap, durable and safe service pipe. This expectation

has been disappointed, and although still extensively used, pipes

coated with zine are regarded with disfavor by a majority of those

Impertect WH0S€ Opinions are entitled to consideration. In many cases the

protection jron, unequally and imperfectly coated with the zine, is more

rapidly corroded and destroyed than it would have been if left

unprotected. A great variety of waters used for the supply of

towns attack zine vigorously, and all the resulting zine salts are

zine pot. poisonous.  An effort has lately been made to show that the

soning. ¢qlts of zine can safely be taken into the human system in larger

quantities than could be held in solution in potable waters, but

there are too many well-attested cases of zine poisoning from

drinking water conveyed through galvanized iron pipes to ren-

der the experiment a safe one.
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Many efforts have been made to tin iron pipes, but I have minned iron
never heard that they were successful. The outside of the pipe Eines:
could be very well coated when desived, but the porous and
uneven character of the inside surface causes the tin to be une-
qually and imperfectly deposited, leaving portions of the iron
exposed to the water. In this case the objection is a commer-
cial one. The pipe is too rapidly destroyed to be economical.

More recently a process has been perfected for the manufacture rron pipes
of a tinlined iron pipe, which seems to overcome this difficulty. lg.
Tt is a wronght-iron pipe with a continuous and perfeet inde-
pendent tin lining. The tin pipe is drawn by the usual means,

and of such size that it can be slipped inside the iron pipe of

which it is to form a part. Hydraulic pressure is then applied mﬂ;:‘fm
by means similar to those employed in testing pipes, and the
duetile tin lining is expanded, conforming to all the inequali

ties on the ingide of the iron pipe and being thus locked firmly

in place. Tin-lined iron fittings are also supplied by the manu-
facturers of this excellent pipe. In making a joint a tinned rerrutes.
ferrule with a sharp lip, slipped into the end of the pipe, is so
arranged as to take a bearing all around upon the tin lining of

the fitting, and thus, while making a perfect joint, presenting somes.

a continuous lining throughout. These pipes are made in 16-

foot lengths of all the usual sizes. It is, in my judgment, the

‘best pipe for water conveyance ever made. If the tin lining is satety.
destroyed by the corrosive action of water, there iz no danger

‘of metallic poisoning as in the case of lead and =zine, and we

still have a strong, durable and safe iron pipe behind it. The savantages.
~ tin is so thick, however, that there is no danger of its complete
destruction except under unusual and peculiar circumstances.

A special ceutting tool is nsed when it is desired to preserve the

tin lining go as to turn it over the end, but the operation is no

‘more diffienlt and takes no more time than to eut ordinary gas

pipe with the common tool.

During the past few years iron pipes with glass lining have cassimea
come into use and have secured some degree of public fayor in " PP
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Interested Spite of a very determined opposition from the plumbing trade
opposition, ... . ias 5 ;
This opposition is probably due to the fact that plumbers can-
not put them in. They are very difficult to ent with eommon
tools; the brittle lining will not bear rough or careless hand-

mEL.m;'uf:ﬁ‘f: ling, and when a pipe tongs is applied to one end of a length

to serew it into a coupling at the other, a workman unaccns-

tomed to the work would probably shiver the glass lining before
he had brought the pipe to a solid shoulder. These difficulties
FaEisied have been met by the manufacturers, If a plan of the plumb-
ing work of a house, with measurements, is furnished them,
they will fill an order for the required amount of pipe cut to
the proper lengths and threaded at the ends to fit the glasslined
joints. If the plan and measurements are correct the pipes will
go together without trouble. They will not bear a very violent
. torsion strain, as the lining is brittle, but if the mechanic who
b | caretn puts them in—preferably a gas and steam fitter—uses his pipe
tongs with judgment and expends no unnecessary energy, he
will find the setting up of a line of glasslined pipe a
safe and easy matter. Pipes of this kind should be well pro-
tected from frost, as they are likely to be troublesome if allowed
Exposure to freeze. I am informed that water held in glasslined pipes
to Lrost.

will bear exposure to a temperature 14° Fahr. below that which
would freeze water held in lead pipes. I cannot say from per-
sonal experience whether this is so or not, but I have it on good
authority and am quite prepared to believe it, as there is a film

of plaster of Paris between the iron and the glass,
Enamced  Of enameled iron pipes there are a great many. Some that
I have seen were no better for the “enameling” they had
received, which was nothing more than a shiny eoat of baking
varnish ; others are evidently well protected against corrosion.
The best pipe of this kind which has ecome to my notice is cov-
ered inside and out with a thick, elastic enamel which has
Experimental registed all the tests to which I have thus far subjected it. In
',] “** other and more competent hands it has been subjected to vari-
E ous severe tests with acids and alkalies, to boiling in water—




SERVICE PIPES AND WATER EERVICE IN CITY mouses., 111

pure and charged for experimental purposes with various salts
__and to the action of gases. In all cases the results were sat-
isfactory.

Of “composite” pipes, made of alloys of two or more metals, composition
there are three or four in limited use. Those which I have U-gose
ceen and tested have nothing to recommend them. One was
badly made of very impure and inferior lead, and another, to
which my attention was attracted by the announcement that it reaamn
was “the long-sought and much-needed sanitary service pipe, e
which will deliver pure water and never wear out,” I found to
~ be principally lead.

Brass and copper tubes have, in some instances, been nsed a8 prags ana

service pipes, chiefly in and about Boston. Two or more large ***"* pipes.
firms are engaged in the manufacture of these pipes, which are
principally used by engine builders for the conveyance of
steam. They are washed with tin inside and out, inside only,
or not at all, according to the fancy of the buyer. They are
light, strong and very durable, but I should not consider them
well adapted for the conveyance of water for domestic use.
The coating of tin has no appreciable thickness, and would not
long protect the brass and copper from corrosion, and the salts
of these metals are poisonous. From recent inquiries I learn
that they are going out of use in plumbing work, and that
where best known they are regarded with least favor.

There are still other kinds of pipe in the market, but their
‘employment for the conveyance of water is so limited that it is
- searcely worth while to deseribe them. :

From the foregoing it will be seen that as regards material opporeunier
there is a pretty wide range for selection. A careful examina- £ liticlous
tion of the facts presented in Chapter VIII will further assist
the reader in forming a correct opinion as to the kind of pipe
best adapted for use under given conditions.

In putting in a system of service pipes the plumber should
‘observe certain general rules, which eannot be disregarded with
safety. Primarily, he must see that the whole system is go
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Buptring arranged that when the supply is*chut off every drop of water
“in them may be drained out. To be able to empty the pipes is
a great advantage to the housekeeper, and if judiciounsly
availed of, will often avert much damage to walls, carpets and
furniture. Unless fully protected against freezing, the water
Trhek e of a house should always be shut off at night and the pipes
drained in very cold weather. This is inconvenient and dan-
gerous, I admit, but it is less so than a protracted stoppage of
the water service from ice in the pipes, which gives rise to con-
ditions vastly more unsafe, regarded from a sanitary stand-
point, than any likely to result from a stoppage of the service

at night.

shouldbe 10 80 pipe a house that it may be drained dry requires judg-
P plans. ment and skill on the part of the plumber; in some instances
which have come to my notice it would have been practically
impossible had the plumber not received the intelligent coiiper-
ation of the architect. 1t would be diffieult to give any rules
for the piping of a house which would admit of general appli-

cation, but a few suggestions on this point may be of use.
Branches W hen tin, tin-lined or lead pipe is used, all branches from
e the vertical lines should be given a continuous support and
#WPPOTt guch an inclination that they will drain into the main service
pipe with which they conneet. The continuous support, which
is secured by laying them upon shelves, obviates the otherwise
sags. inevitable formation of running traps. The sagging of pipes
results from expansion and contraction incident to changes of
Expanslon temperature. ‘When the metal warms from any cause, it ex-
traction. pands. As it cools it contracts, but does not return to its origi-
nal shape. Lead is heavy and soft, and the force with which
it contracts is expended in stretching the metal, which requires
less power than to lift back into line the part that has sagged.
Creeping This phenomenon is foreibly illustrated in the “creeping” of
Jead sheets laid upon roofs with even a slight pitch, in Great
Britain and some parts of Continental Europe where lead is
used for roofing purposes. The expansion of the lead when
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warmed by the sun is in the direction of the eaves. When it Leaaroots.
eontracts again the sheet does not come back to its original
position, but the upper edge is drawn down, pulling out, in

turn, the nails with which it is held or tearing loose from them,

This creeping goes on until the lead has slipped off the roof—

its progress being much like that of a measuring worm. When supporting
iron or other stiff pipes are used, a continuous support is proba- Saup
bly unnecessary, but the hooks by which they are held in place

ghould clasp it loosely at frequent intervals. Vertical lines of

lead, or lead-incased tin pipes, are supported by lead flanges,
technically known as “tacks,” which are soldered fast to the Tacks.

Fig. z7.
pipes and held to contignous woodwork by screws. In good
work horizontal lines of lead pipe are provided with continuous continuous
and substantial support, and in some of the best jobs I have g
seen, with continuous safes to cateh and dispose of leakage.
When lead or tin pipes are laid under floors or in other posi-
~ tions nearly horizontal, with only such support as is secured by
occasional tacks, pipe hooks or loops of sheet metal nailed to
floor timbers, they are almost certain, from the causes men-
tioned, to form a succession of running traps, as shown slightly e
exaggerated in Fig. 17. It may be accepted as a general fact
that any stretch in lead pipe, due to expansion or the stretching streten.
of the metal by its own weight, will be a permanent addition
to its length, and when running traps are formed, as shown in
Fig. 17, sthe pipes cannot be drained. Any defect in the
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arrangement of the pipes which has this result may give rise to
serious mischief. T saw an example of this a few years ago in
Examplbof 0N of the most elegant residences in New York. Owing to
manship, the absence of the family at Washington the house was not
occupied during the winter, and the water was shut off and the
pipes drained. In the spring, when the water was turned on,
a leak was developed, and before it could be reached and
stopped it had destroyed a superbly frescoed ceiling and side
wall, ruined a valuable carpet and done injury to the value of
many thousands of dollars. Investigation ghowed that at some
time a change had been made in the pipe system of the house
and a branch pipe had been cut off. Instead of taking it off d
close to the main service pipe, the plumber had left about a =
foot of the branch connected, and this had been borne down by
its own weight until it hung suspended, pointing down toward
the parlor ceiling. This had remained full of water, had frozen
during the cold weather and burst, and when the water was
admitted to the pipes it rushed out at this point with the results
above stated. A little carelessness on the part of a plumber
resulted in a damage greater than he could have paid for with
the savings of years.
Importance  Service pipes should be accessible throughout their entire
e “ﬁ'ﬂ_’ length, so that a plumber ean make any needed alterations or
repairs without ripping up floors and making work for the car-
penter. Plumbers are very good at this kind of work, and
judging from the vigor with which they attack a floor or wall
with whatever implements are most convenient, I should say
that tearing up houses was congenial and agreeable oceupation
Needless ge. 10 many of them. Architects should guard against such destruc-
struction of tion of woodwork and plaster by arranging the floor in such a
floors. yway that a pipe can be reached without difficulty or delay.
T would as soon think of trusting my watch with a blacksmith
to put in a new mainspring, as give a plumber a carte blanche
to operate on the woodwork of my house with a saw, hammer

and cold chisel.

-
I -
}
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In piping a house with iron, the work belongs to the trade of ﬁ-'fi:'.“.iuu
gas and steam fitting rather than that of plumbing. These are :
now a part of the plumbel*’s trade, however, and the expert is
expected to know how to work on iron as well as lead. When
iron Pipea are used, no especial precautions are necessary except
to see that every branch is given a sufficient descent from the
point of discharge to the main service pipe. There is no trou-
ble in securing this if the house is planned with intelligent
reference to the proper arrangement of the pipes, but plumbers
are often hothered by serious difficulties which the architect
should have foreseen and provided for in his plans. It often rmorsana
happens, however, that the architect is compelled to modify his &y prans.
plans at the last minute to bring the plumbing of the house
within the scope of human ingenuity. The lack of a practical
knowledge in such matters, to which a great many architects
must confess, accounts for much of the unsatisfactory work
done by plumbers.

To so arrange the service-pipe system in a house that, so long Tne atstribu-
as the average pressure is maintained in the street mains, or St
main supply pipe, we shall have a constant flow, if desired, at "*****
any and every cock and closet valve, is one of the refinements
of the plumber’s art which does not come within the knowledge
of a majority of those who eclaim to know their trades. Cer-
tainly it is a desideratum for which comparatively few archi-
teets know how to provide without adding greatly to the cost
of the plumbing work in a house. As a consequence, the ser- mtermittent
vice pipes in a majority of houses are so arranged that when a i
cock is opened in the kitchen or on the parlor floor, those seek-
ing to draw water on the floor above must stand and wait
patiently until the eock below is closed, the pipe refilled and
the flow resumed. This often entails great inconvenience, and vnflushea
. . A water-closets.
15 sometimes attended with danger, as foul water-closets may
be left unflushed and forgotten by those who, at the moment
of using, cannot get a flush. When closets are flushed from
tanks, which they should be under all ecircumstances, this dan-
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ger does not exist, but in the case of those flushed throngh a
branch of the service pipe, the danger of negleet ig, as before
shown, further increased by the certainty that if the valve is
opened when the flow is stopped in the service pipe, the column
of water held up in the pipe by atmospheric pressure will at
once drop, and foul air charged with organic impurities will be
drawn in through the water-closet basin to fill the vacuum.
tnconvent- But were there no danger to be apprehended, the inconvenience
actective wae Which those experience who live in houses piped in this
ter=erie® glovenly and imperfect way, should lead to a reform. For the
architect and the plumber no other consideration need have
weight than that a house thus piped is, at best, a botched
job. The water pipes can be so arranged that with but little
added cost we can have a constant supply of water for every
floor to which its head will carry it. The reader will under-
stand, of course, that these remarks do not apply to houses in
which water drawn above the kitchen floor is supplied from a
tank to which it has been elevated by a force pump, but only to
those go sitnated that a distribution is effected by reliance upon
the pressure due to head in the mains,
tappingare L€ plan which first occurs to mind, and which was proba-
turn ipe. 1y earliest adopted, is that of carrying the service pipe un-
tapped to the highest point at which a service is desired, and
connecting all cocks and branches with the return pipe. This
plan ean be adopted with safety only under exceptional condi-
conditions o 1i0NS.  When we are sure of a head at the source of supply
;:gﬂfﬁ"nf sufficient to raise the water, under all conditions, to the turn of
the pipe, it will work very well. For example, in a country
house supplied from a reservoir or constant spring situated on
a hillside above the house, we could follow such a plan without
danger of inconvenience, In cities, however, we are likely to
have trouble with it, as the head varies, sometimes through a
pretty wide range, and when it falls below the level of the bend
in the pipe we are likely to have trouble. For the supply of
cocks below the level of the head, the water will continue to
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syphon over the bend, but when, during this period of low
pressure, a cock above the level of the head is opened by acci-

dent or design, the syphon is broken, the pipes empty them-
selves and the water is eut off from the house until the head

rises. 'We must, therefore, have an air cock at the bend, and aireoc:
the trouble of giving this proper attention at the right moment,

and the danger of having our water supply cut off at times

when the head would be great enough to maintain a service on

two or three floors, render this plan undesirable for adoption in

eity hounses. It also entails the expense of a double serviee pipe,

and renders difficult and troublesome the often necessary expe-

dient of emptying the pipes when danger from frost is appre-
hended. The emptying is easy enough, but the refilling and
reéstablishment of a flow through the pipe often involves some
tronble. For these reasons the plan cannot be recommended

for general use.

Another plan, which gives each floor a separate service pipe, anotner plaa.

is free from objection save that of expense. In a very well

built house which I lately had an opportunity of inspecting,

the connection with the main was made with a f-inch tap and

Fig. 18,
a 4-inch A A pipe carried down below the frost line. This
extended to the stop and waste cock just inside the cellar wall.
- From this point the water was carried to the rear wall of the
cellar, some 50 or 60 feet, by means of a 2-inch A AA. From
this a separate line of #-inch A A pipe was carried up to each
. floor. In the drawing (Fig. 18), A is the connection with the

B




118 SERVICE PIPES AND WATER SERVICE IN CITY HOUSES.

main ; B, the stop and waste cock; C, the 2-inch main service i
pipe; D, the supply for the kitchen and basement ; E, the sup- =~
ply for the parlor floor, and F for the second floor. Though
not in a very elevated position, a constant service could not be
secured above the second floor, so the third and fourth floors, as
well as all the water-closets in the house, were supplied from
, an elevated tank in a closet on the fourth floor, which was filled
;' by a double-action pump with a vertical lever handle. Water
was supplied to this pump by a l-inch pipe eonnecting with
the main service pipe at G. This system worked perfectly
| under all conditions, and has no objection except the considera-
ble additional cost of pipe.
Itsadvan-  Lhe theory of this arrangement is that by enlarging the pipe
iames. in the cellar we diminish the friction and facilitate the flow to
such an extent that we secure a considerable increase in the
amount of water available for house service. I frequently meet
plumbers who find difficulty in understanding what advantage
can be gained from using a large service pipe, as the amount of
water which comes in through a five-eighths tap is, they insist,
no greater than will flow through a five-eighths pipe. This is
Relation of A0 error. While the amount of water which can pass through
lengthand o 06 bears a certain relation to the diameter of the pipe, the

diameter
. of plve o Jonotly of the pipe is in most cases quite as important an ele-

discharge,
ment in the caleulation. For example, the area of friction in
a 1-inch pipe is 3-1 square inches per lineal inch. In a 2-inch
pipe the area of friction is 62 square inches per lineal inch.
In the case of the ineh pipe, however, the volume per lineal
inch is only about -7 of a cubie inch; whereas in the 2-inch
eriotionat ve. Pipe it is 8'1 cubic inches. Now, in passing a gi'veu Tolume of
[istanceIn water through a pipe under a given pressure, it is evident j:'hat
a much greater frictional resistance will be encountered in a
1-inch pipe than in a 2-inch, and that the aggregate of this
snort ana resistance will be in proportion to the length of the pipe. It is
longpipes. . vell-established principle in hydraulies that very much more

water will flow through a short pipe than a long one under a

~ TR T
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given head. To state this exactly: With a given pressure the
discharge is inversely as the square root of the length, or the
length varies inversely as the square root of the quantity dis-
charged. Thus, for discharges in the ratios of 1, 2 and 4
gallons, the lengths of pipe would be as 16, 4 and 1—that is to
say, a pipe 16 feet long discharging 1 gallon in a given time,
would, if 4 feet long, discharge 2 gallons in the same time, and
if 1 foot long would discharge 4 gallons, the pressure in each
ecase being the same. Applying this rule to the case under dis-
eussion, we may assume that by reducing the length of the
five-eighths pipe connecting with the main to, say, 20 feet, we
get a flow through it nearly twice as great as we should have
were it carried back the whole 70 feet. To state the difference
exactly, if 70 feet of five-eighths pipe discharged 4'47 gallons
in a given time, 20 feet of five-eighths pipe would discharge
8:36 gallons in the same time, the pressure in both cases being
the same. The shorter we can make our five-eighths pipe the
more water we shall have, and if we could eut it down to one
or two feet we should get as much water through it as 80 or 90
feet of 2} to 3 inch pipe could carry away. Now, by increasing rewative
the diameter of the pipe we also increase its capacity in a very jaass
rapid ratio. With pipes of an equal length, having diameters "= pipes-
- of 1, 2 and 3, the guantity of discharge will be as 1, 56 and
156 respectively. In other words, a pipe to discharge three
times as much as another pipe needs to be only a little more
than one-half greater diameter. To be exact, a pipe 155 inch
- diameter will discharge three times as much water as a pipe of
~ 1inch diameter. It requires no further explanation to show
- that when we shorten our §-inch pipe to the limit allowed by
- law and inerease the diameter of the pipe leading from it, the
- flow of water will be enormously increased, nﬂtwit-hstanding the
- fact that we have only a five-eighths tap and connection with
house to begin with. By making use of this principle, it is
possible to pipe a house upon a plan very little more costly than
that commonly followed in average city houses, and yet secure
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a much greater supply and a better distribution than is usually
found.

Platestanda. i the illustration marked Plate 2, is shown the service-pipe
gystem of a well-arranged city house, which will be better un-
derstood from an examination of Plate 1, showing the plan of
each floor, with fixtures. The architect under whose direetion
the house was built has given special attention to the subjeets
of drainage and water service, and is one of the few in his pro-
fession who know how to distribute a water supply in such a
way as to have a constant service at every cock. The drainage
gystem of the house is shown in Plate 3.

pescription A8 shown in Plate 2, the house is of the usual style of city
Of BORE houses, consisting of a cellar, basement and three stories above
ground level. There is also an extension in the rear two stories
high and about half as wide as the main honse. This extension
contains a laundry with four tubs, servants’ bath and water-
closet on the basement floor and a dining room above. The
fixtures in the house may be deseribed by floors as follows
(see Plate 1):
Fistures  Basement.—Two water-closets, four laundry tubs, one bath
and one basin, besides the nusual kitchen fixtures.
Parlor Floor.—A butler's pantry, with one sink and one
basin. .
Second Floor.—Two water-closets, one bath and five basins.
- Third Floor—One water-closet and four basins.
Mamservies  The water is brought to the house by a §-ineh pipe, extend-
Db e, ing from the tap in the street main to the stop and waste cock
inside the cellar wall. From this point it is enlarged to 1%
inch, carried through the cellar and to the top of the kitchen
boiler. All branches for a cold-water service at basins, baths,
closets and wash tubs are made with $-inch pipe.
From the level of the boiler top the main service pipe is
_ reduced to 1 inch, and so continues up to the level of the sec-
Reduction in. ond story, all branches, as before stated, being one-half inch. At
MO this point the main service pipe is reduced to three-quarter inch
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and extends across the house under the second-story floor. As
it rises to the third story it is reduced to five-eighths inch, and
is then branched to supply two of the basins on that floor. The
other basin is supplied by a #-inch pipe, carried up from the
1-inch pipe on the floor below.

The distribution of the hot water is effected in the same mot water
way. Following the general line of the eold-water pipe, as de- i ki
geribed, it begins at the boiler with 1 ineh diameter and is
carried to the level of the second story. As it turns to cross
the second-story floor it is reduced to three-quarter inch, all
branches being one-half inch, as in the case of the cold-water
gystem, All the fixtures below the level of the boiler are sup-
plied through a #-inch line, which is branched in the usual way.

This gives the smallest amount of main hot water serviee pipe

on the floor where the pressure is greatest, while on the upper

floors the diameter is greater to offset the diminished pressure.

The cirenlating pipe extends from the 1-inch pipe on the second Circulation.
floor down to the branch which ends at the sediment cock.

This pipe is of one-half inech diameter thronghout.

It will be seen at a glance that the size of the main service
pipes is in proportion to the quantity of water to be delivered
beyond any given point. The relative capacity of the different
gizes of pipe used may be tabulated as follows, the figures oppo-
gite the diameters showing their area in inches and decimals:

Diameter, inches. Area, inches. | Diameter, inches, Area, inches.
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In going downward from a given point the reduction would
necessarily be very rapid, because the constant increase in the
Pressure would have to be equalized by an increased friction.
This explains why, in the basement, a half-inch line is all that is
needed to supply hot water to all the fixtures,

The practical plumber does not need to be told that it is but
little, if any, more expensive to pipe a house in this way than
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information of nonnpmfc:ssimml readers. In the illustration
marked Fig. 19, the boiler is fed with cold water through the
pipe D, En-tering at the top and extending down inside the
boiler as indieated by the dotted lines. Consequently, all the
water which ecomes into the boiler cold is discharged into it near
the bottom. DBeing heavier than warm water, it remains at the
bottom. Through the pipe B the water is supplied to the water cireulation.
back of the range, and thence passes back into the boiler throngh
the pipe A. The outflow from the boiler to the hot-water cocks
is through the pipe C, connecting with the top of the boiler.
Without applying heat to the water back, we should have
merely a boiler with its connections, including the water back,
full of cold water, which, of course, would stand motionless.
When we apply heat to the water back, however, we compel a
eireulation throughout the boiler, the water back and the pipes
connecting them. The reason for this enforced circulation
will be seen at a glance. When water is heated it has the same
tendency to rise which air manifests under like conditions. In
a closed vessel we should only have ebullition, more or less
violent according to the degree of heat imparted to the water.
In the case of a water back, however, which has an inlet and
‘an outlet, both below the line of the head, the heated water in
its upward flow passes out through the pipe connecting with
the boiler and is replaced by water from the boiler—its course
in the water back being indicated in the drawing by the curved
arrows. Thus a eonstant eireulation is maintained into, through
‘and out of the heated water back, which is slow or rapid in
- proportion to the rapidity with which a high temperature is
Aimparted to the water.
It will be seen from an examination of Fig. 19 that the pipe Boner con-
which carries the water from the boiler to the water back is "™
- connected with the bottom of the boiler, while that which ear-
ries the water from the water back to the boiler discharges into
~ the nupper part of the boiler. This is done to insure the main-
tenance of a circulation in the boiler. By placing the hand
upon a boiler when a fire in a range or stove maintains a cireu-
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lation through the water back, it will be seen that the upper
part 18 hot and the lower part cool—or at least muech eooler
than the upper part. As the outflow from the boiler to the
varions cocks connected with the hot-water serviee pipe is al-
ways from the top, it is obvious that the supply is drawn from
Cirenlating the warmest stratum of water in the boiler. Now if, as we find
R private houses scientifically piped, the pipe which carries
the hot water from the top of the boiler through the house is
brought back and again connected with the boiler at or near the
bottom, a cireulation of hot water is maintained throughout the
house. The hot water rising within the boiler is replaced by
cold or cool water flowing into it at the bottom, and is carried
into and along the pipe by the pressure of hot water rising
stze of etreu- behind it.  The pipe by which this eirenlation throughout the
18REPIPES 1) buse is maintained is commonly of small gize. Under average
it conditions half-inch is large enough. The way in which this
.- pipe is connected with the hot service pipe and the boiler is
' shown in Plate 2.

Advantages  Lhe advantages of a circulating pipe are twofold. It per-
“mp“;‘f,:f mits the water cooled by the radiation of its heat as it passes
through the hot service pipe to return to the boiler, thus mak-
ing room for the hot water which follows it. This keeps the
pipe from becoming cold, and obviates the necessity for empty-
| ing it when warm water is wanted on one of the upper floors. |
It also maintains a more equable temperature in the boiler, and
| tends to relieve it from undue pressure. In proportion as the
temperature of the water in the boiler is raised, its flow through
the cireulating pipe is rapid, and the loss of its heat by radia-
tion from the pipe will usually keep the temperature in the

boiler below 212° Fahr.
sage. In providing for such a cireulation, care must be taken to
guard against sags. If the pipe drops out of line its own
diameter, the ecirculation will be very slow and uncertain, if it is
not stopped altogether. It is, therefore, especially desirable to
give hot-water pipes, if lead or tin lined lead, continuous sup-

iy
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port when carried under floovs. If laid upon shelves, any
stretel due to expansion will be provided for without interfer-

ing with the eirculation.

In conneeting a boiler with a water back, it is a good plan to Conneting
make the upper pipe a little larger than the lower. For exam- waer e
ple, if §-inch pipe is employed to carry water from the boiler
to the water back, 4-inch pipe should be used to carry the water
from the water back to the boiler. This gives a free flow and
promotes an active cireulation. It is customary, I believe, to
make both pipes the same size, but an important advantage will
be found to attend the use of two sizes of pipe, as suggested.

The boilers most generally employed in good work are of cop- poners.

per, tinned on the inside. These are probably the best, as they

are lighter, and stronger in proportion to weight, than those

made of any other available metal. Black iron boilers, though

used to a limited extent in some cities, are no longer employed

in the best plumbing practice, and galvanized iron, though
gomewhat extensively used, are not to be recommended for

reasons elsewhere given in detail. Kitchen boilers are not seciaents
usually subject to dangers of any kind, but prudence suggests * "™
the adoption of precautions against explosion and ecollapse.

When supplied from tanks, an air pipe carried up to and bend-

ing over the tank gives the requisite security. When filled

direet from the mains this precaution cannot be taken—unless

it is possible to carry the pipe ahove the point to which the

water would rise under any possible condition of head or pres-

sure. For such cases vacuum and safety valves are made, but vacuum ana
they are not caleulated to inspire the impartial mind with un- **% ™"
limited confidence in their efficiency. They are made of brass,

and as they are commonly allowed to remain untouched for

years, they are very liable to corrode fast in their seats and,

in my experience, are seldom ready for prompt action at the
moment of emergency. Probably they are of little practical

use. I never heard of but one authenticated case of explosion Explostons.
in a kitchen boiler in this country, and that took place under
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