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Order of Report. pis

class of towns. The principles of action being ad-
mitted, it becomes an important question in what
way they can be made applicable to places of the
largest population. The difliculty will be in bringing
them practically to bear in towns which can afford
but little outlay, and to such towns, therefore, the
remarks and suggestions which I have to offer are
chiefly directed. '

To facilitate reference, I have divided my Report
under the following heads :—

1st. The constituents of sewage and their value,
as far as the hitherto inadequate examinations and
analyses will allow of any safe calculation of value ;

9nd. A description of the chief processes which
have been adopted for deoderizing sewage, and for
manufacturing therefrom a solid manure ;

3rd. A description of the means hitherto practised
for the application of sewage to agriculture in the
liquid form;

4th. The agricultural results of these various pro-
cesses ;
and I have ventured to add recommendations of the
means which appeared to me, in the present state of
the question, best calculated to realize the value of
sewage, while securing the removal of all danger to the
Pusric Heavrn.

CONSTITUENTS OF SEWAGE,

The sewage of towns consists of the solid and liquid
excrements of the population, the ingredients of soap,
the refuse from kitchens, the drainings and washings
from markets, stables, cow-houses, pigstyes, slaughter-
houses, &c., the refuse drainage from many factories
and trading establishments, the washings of streets
and other open surfaces.

1t would be difficult at present to obtain precise
data for determining the value of the sewage of
towns. This is a pomt which demands much more
searching investigation than has hitherto been given
to it. A long series of examinations would be ne-
cessary to arrive at an average in any one town. The
quality must be tested at various times of the day, for
the drainage of house refuse is much greater at one



8 The Differences in Quality of Sewage.

period than another, and the discharge from factories
frequently takes place at particular hours. Different
days again will show great variation. The house
drainage will be greatest on Saturday, least on Sun-
day, and market day in many places will add percep-
tibly to the discharge at the outfall. Again, the
rainfall would demand separate consideration. A
moderate fall of rain after dry weather may actually
increase the usual proportion of manuring ingredients,
by washing down deposited matters, w hile a heavy
discharge may so add to the dilution of the sewage
after the first flush as to render the whole worth little.

Moreover, no such series of observations for any one
town would form a safe general guide. Material dif-
ferences would be found in towns having respectively
a larger proportion of old or of new drainage works.
In many of the former, much of the solid matter is
dEPnslted along the course of the drains, and the flow
being sluggish, decomposition is far advanced, and
gases are discharged, before the outfall is reached.
In many of the latter the discharge is found to be
so immediate that solid excrement is not even dis-
integrated.

In towns of rich and of poor population the quality
of the sewage may also materially differ. Speaking
of the excess of animal food consumed by the classes
in easy circumstances, Professor Way says, * the
nitrogen of this food is discharged in the faces, which
are probably therefore much richer in this element
than that of the working community.” A specu-
lation has been cited in which a favourable result was
obtained from the manufacture of manure from the
refuse of a rich establishment, which failed with that
of a poor one. The value of the refuse of Belgravia
would, no doubt, exceed that of Bethnal Green.

The sewage of a manufacturing town would vary
much also from one with a non-manufacturing popu-
lation. The sewage of Manchester and Bradford
would scarcely be identical in its constituents with
that of Brlghtun and Bath.

Even times of commercial prosperity and depres-
sion must, in many towns, cause a material change
in the nature of the sewage. In the manufacturing
towns of Lancashire,—indeed in all towns dependent
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chiefly on their factories,—both the quantities and
quality of the discharges must vary to a great extent
in proportion to the manufacturing activity of a period.

Again, and especially, the difference of water
ﬁllpp%: , both in quantity and quality, the amount of
rain-fall, the cum?arative completeness of drainage
arrangements, and the proportion of subsoil water
carried off by the sewers, would seriously affect con-
clusions on this point.

The value of the sewage of a town can only be
determined from a series of analyses of that sewage.

Except in one particular, no general calculation
can be made of the amount and value of the various
refuse ingredients discharged. The exception is the
solid and liquid excrements of an average of the
population, which, doubtless, constitutes the most
valuable portion of the sewage.

Considerable attention has for a long time been
given by physiologists to the determination of the che-
mical constituents of human excrement, and renewed
researches have more recently been made by chemists
with especial reference to the utilization of sewage.

Professor Voeelcker states, in Morton's Cyclopadia
of Agriculture, that the three classes of constituents
on which the commercial as well as the fertilizing
nature of all manuring matters chiefly depends, are,
lst, ammonia, and organic matters furnishing am-
monia on decomposition ; 2nd, soluble alkaline salts ;
3rd, phosphates. And that * of all the natural
manures obtained in this country, human excre-
ments contain a much larger proportion of ammonia,
or organic matters which furnish this valuable com-
pound on decomposition,—more alkaline salts, espe-
cially salts of potash,—and a larger proportion of
phosphoric acid, than either the excrements of the
horse, cow, sheep, or pig.”

Mr. Bennett Lawes, in the valuable paper read be-
fore the Society of Arts in 1855, gives an elaborate
series of Tables, embodying the conclusions arrived at
by various authorities from analyses of the food con-
sumed by various classes at different ages, from direct
experiments on human respiration, and from analyses
of excrement. The general result deduced from these
extended inquiries, is that the total dry substance of
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matter alone of the population conveyed in this
quantity of water would amount to 1 in 1,669, and
would contain, according to the above calculation,
7:3 grains of nitrogen per gallon. In an early sample,
however, examined by Professor Way, only 2:96
grains of ammonia were found. In a sample from
another completely dramed town, Croydon, only
092 grains of ammonia per gallon were found. In
this latter case, an immense waste of water and a
large body of subsoil water were originally drained to
the outfall, and in both cases the quantity of suspended
matter was said to be insufficient for examination.

The only criterion of value which has yet, for the
most part, been determined is the amount of solid
matter in suspension and solution in the sewage,—of
itself a most uncertain guide to its value.

Mr. Walker, who leases the sewage of Rugby,
calculates that he obtains 1 ton of solid matter in
50,000 gallons, being at the rate of 1 in 223! This
quantity, however, was determined by one trial only,
on a small seale, by prer:ilpitatian with lime, in which
there would clearly be a large element of error.

A sample of the Leicester sewage (a town in which
cesspools have as yet been scarcely interfered with),
taken during continuous rain, gave a proportion of
1 of solid in 700 of liquid ; and another sample from
the imperfectly drained town of Cheltenham gave 1 in
729. 'These examinations were made by Mr. Lindsey
Blyth. The amount of solid matter contained in
the sewage of Tottenham, a completely drained
district, was not determined, but the proportion in
which it exceeded the above in the chief elements
of value may be approximated to by the following
Table, furnished by Mr. Blyth, of the relative ingre-
dients of the dried deposit of each:—

Organic Matter,

: : Mineral Constituents,
Diried Deposit from the

|
Sewage of Total . | Containing || Total Containing
per-centage,| Nitrogen. |[per-centage. Fhosphates.
Leicester - .| 31'40 098 | 6860 856
Cheltenham - - | 2761 091 |l 72-39 10-28

Tottenham - - | 3386 1-52 !| 6614 12:66

el ol —
























Minimum Value of Sewage. Chemical Processes,&c. 19

faces. I am content for the present purpose to admit
that the minimum value of sewage is comprised In
the excrementitious refuse of the population, and
is represented by six shillings per head perannum.

This looks a small sum in itself; let us see what it
means in reality. It means 3,000/ per annum for
every 10,000 of the population. ¢ means an average
annual rate of upwards of eighteen pence in the pownd!™
And the difference between this sum and the actual
cost of getting this manure on the land means the
amount of the direct money loss from permitting this
matter to pollute our rivers and injure our health.

I shall endeavour to arrive at a reliable calculation
of the cost of its more profitable employment for
agricultural purposes.

Tue DEODORIZATION OF SEWAGE AND ITS M ANUFACTURE
INTO SorLip M ANURE.

The chief plans for treating the sewage of towns,
and applying it to the fertilization of land, may be
designated the solid and the liquid methods.

I shall proceed, in the first place, with a descrip-
tion of the solid methods, which aim at obtaining
from the sewage a dry, portable manure. These may
be subdivided into three classes of operations :—

1st. The precipitation of the solid matters held in
mechanical suspension and partial solution in the
water, by the addition to the sewage of various
chemical ingredients.

2nd. The separation of the solid matters in sus-
pension by straining or filtration, and their admixture
with various solid deodorizing materials.

3rd. Simple deposition and draining off of the
liquid from the solid mass.

1. Chemical Processes for separating the Solid
Matter of Sewage.

Judging from the number of patents which havebeen
granted for the chemical treatment of night-soil and

* The total of the rateable value of property assessed to the poor’s rate in
England and Wales, eontained in the return of 1854 relating to poor law unions,
amounts to 67,730,200/; the total of the population included in the same return
being 17,7 18,605.

g
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Public Health Act. The outfall was led into the
nearest stream, where of course the pollution from
refuse, before retained amidst the habitations of the
people, soon became a considerable, E_thlmug_h less
dangerous nuisance. It was the subject. of great
complaint, and the next step was to seck for some
meuns of avoiding the evil consequences of this
noxious discharge.

Sewage works have been erected by a company
at great expense for carrying out the lime process
under Mr. Higgs’ superintendence.

These works comprise a reservoir capable of
holding 44,000 gallons, into which the sewage is first
received, and then raised consecutively into 4 iron
tanks (each capable of holding 5,000 gallons) by an
engine of 10-inch eylinder, 16-inch stroke, working
up to 8-horse power. The engine in ordinary work
makes 110 strokes per minute, and the pumps 900
strokes per minute.

Cream of lime is poured into and mixed with the
sewage as it passes into the iron tanks. The pro-
portion of lime used is estimated to be one fourth of
the solid matter of the sewage and the solid of the
sewage is calculated by Mr. Higgs to be on the
average 1 in 500 of the liquid.

Only 1} per cent. of this solid matter at Totten-
ham is stated to be erit.

When each tank is charged, from half an hour to an
hour is allowed for settlement before the liquid is
passed off to the outfall, and 7 or 8 deposits arc made
before the solid is removed.

The great difficulty which has been experienced in
the lime process both here and at Leicester has been
the drying of the sewage, so as to render it portable.

Various expedients have been tried at both places,
and successively abandoned. At Tottenham a quantity
of the manure had been dried by various means, but
the difficulty of accomplishing this economically had
not been overcome at the time of my visit. The new
plan then proposed, but not in operation, was to pass
the sewage, in the semi-fluid state in which it is
withdrawn from the tanks, round a drum in a thin
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zation, at their own cost. A complete system of public
sewers has been constructed in the town, and a large
aqumber of manufactories are drained into them ; but
a considerable proportion of the houses has not yet
been properly drained. Cesspools still prevail m the
town for the most part. The outfall, W.}'lﬂl‘e the
sewage works are established, is about a mile below
the town, and here the whole liquid dranage, except
in times of flood, is dealt with by the hme process.

The sewage flows into a pump well, whence dupli-
cate engines, with 25-inch cylinders, 7 feet 6 inches
stroke, and 28-inch pumps, raise it to the level of the
Teservoirs.

Quicklime, mixed in water to the consistency of
cream, is raised at the same time by the same engine,
and discharged in certain proportions, varying from
2 to 16 grains per gallon, into the pipe which conveys
the sewage. The two are intimately mixed by a
series of agitators, and afterwards pass through a
perforated chamber into the first reservoir, where the
greater part of the solid matter is precipitated.

The bottom of this reservoir is sloped from 5 feet
depth at the sides to 15 feet in the middle to a centre
channel or trench, along which an Archimedean screw
of 3 feet in diameter continuously works, drawing the
precipitated matter into a covered well at the upper
end. From this it is lifted by a Jacob’s ladder of
dredging buckets alternately to one of two tanks
twenty feet above on an upper floor.

At this stage of the process the material raised
from the reservoir is in a state of “slush,” and the chief
difficulty until recently appears to have been, as stated
with regard to the works at Tottenham, to get rid of
the remaining fluid. At Leicester this difficulty has
now been ingeniously overcome by Mr. Wicksteed, by
means much more perfect and far less costly than
those hitherto employed.

A portion of the semi-fluid sewage in the tank de-
scends through a pipe into a portable apparatus below,
consisting of a pile of filtering trays secured together,
from which the water is discharged by the pressure
of the remaining sewage above. The solid matter
comes from the trays of this press in firm slabs, and
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1t is then cut by strings into ordinary sized bricks, and
put out to dry.

The agitators, screw, and Jacob’s ladder are worked
by a separate engine.

The first reservoir is about 60 feet in length and
45 feet wide, and the liquid sewage travels from it, at
the rate of about a quarter of an inch per second, to
a second reservoir, 130 feet long, where further settle-
ment takes place; seven-eighths, however, of the pre-
cipitation take place in the first reservoir.

_ An offensive odour pervaded the buildings at the
time of my visit, which evidently escaped from the
sewage deposit as it was raised from the bottom of
the reservoir. On opening the chamber in which the
Jacob’s ladder works the effluvium was intolerable,
but this might be very readily dealt with, and all
nuisance obviated.
~ The water which flowed off to the river after treat-
ment with the lime possessed still a perceptible smell
and taste, although the sewage was in a very diluted
state on that day from continuous rain; but as proof
of the great improvement which these works have
occasioned in the condition of the river, it must be
stated that fish have recently returned to old haunts
at a short distance below, where they have not been
seen for many years.

It is said that upwards of 30,000/, have been ex-
pended upon these works., This amount, however,
must not be taken as the necessary cost of establish-
ing similar works elsewhere, a considerable sum
having, no doubt, been sunk in the various trials and
experiments necessary to bring the process to its
present practical condition. Mr. Wicksteed calcu-
lates that works sufficient for a population of 500,000
could be established for the sum of 40,000/

From this population it is estimated that 60,000
tons of manure would be produced per annum pre-
pared in a plastic state, like clay ready for brick-
making, at a cost of 2s. 4d. per ton, including the
discharge into carts or barges lying alongside the
works.

The price of the dried manure of the Cm‘pPaﬂy
was a few months ago fixed at 40s. per ton. There
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having been little or no demand for 1it, and a large
- " L, : )

and increasing accumulation at the Company’s works,
it has been more recently offered at 25s. per ton.

While treating of the lime process, I must not
omit mention of the important trials recently carried
out by Dr. Angus Smith, Mr. Crace Calvert and
Mr. McDougall, on the foul water of the River
Medlock at Manchester.

*In the account of these experiments published by
the Manchester and Salford Sanitary Association, the
effect of the admixture of lime with the river water
is thus described :—* When lime is thrown into the
River Medlock it produces what may be familiarly
called ¢ curdling,” which results from the formation of
a very flocculent precipitate. ‘T'his precipitate is
formed by the combination of the lime with the car-
bonic acid, organic matter, and other substances held
in solution and suspension in the water. It separates
into large and distinct portions, which subside very
rapidly. Careful observations repeatedly made show
that the precipitate falls at the rate of about 1 foot
in 8 minutes, or about 1} inches per minute.”

It was found that about 2 grains of lime per gallon
added to the water of the Medlock which had the
most repulsive odour almost totally deprived it of
unpleasant smell.

T'his proportion of lime appears to have been con-
firmed also as sufficient on a large scale, if time
enough could be given for the operation of the lime
before the precipitate was allowed to take place.,

In the early experiments it was found that 17 cwt.
of lime mixed with 1,000,000 gallons of water pro-
duced instant precipitation without excess or causti-
city. “The precipitate so made contained no caustic
lime: the water also ran free from caustic lime.”
Further trials, however, determined that under more
favourable circumstances 10 cwt. of lime would be
sufficient for immediate precipitation from 800,000 to
1,000,000 gallons of water.

Considering it an important thing to devise some
means of reducing still further the quantity of lime,
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drainage for the deodorization of the sewage and its
preparation as manure, although this does not appear
to have been actually determined yet by trial on the
large scale. The price of the material is 10/ per
ton.

Mr. Manning’s material is prepared from alum
shale, containing sulphate of iron, and animal charcoal
in equal quantities. Its use has been adopted at
Edinburgh and at the new gaol near Liverpool with
considerable success as a deodorizing agent.

These ingredients are stated to cost 7s. 6d. per y
ton, and including carriage, the cost of deodorizing &7
1,000 gallons of sewage will be a penny, or say Is.
per head per annum, and according to the analyses
of Dr. Penny, a valuable manure is the result.

The actual working expenses at the new gaol near
Liverpool were 50/ per annum for the deodorization
of 12,000 gallons per day, including the digging out
of the solid and carting away. £

The process originally conducted at the outfall of the
new drainage works of Croydon was that of mechanical
separation of the solid matter from the liquid by passing
the sewage through perforated plates or strainers.
The liquid was then allowed to flow off, and the solid
was mixed with peat charcoal. Various causes led
to the failure and abandonment of these operations,
and-an action having been brought against the Local
Board for pollution of the river Wandle, various en-
deavours have, I believe, since been made by them
to arrive at more satisfactory results.

I visited the outfall again last year, when it was
still by no means free from nuisance ; but the works
were then in a transition state. They had recently
been let for the carrying out of a new process.

It was proposed to treat the sewage with lime in
alternate reservoirs within the building at the outfall,
in which the chief precipitation would take place, the
effluent water being made to travel afterwards through
a long course of open brick channel, constructed in
parallel lines, the water flowing along it backwards and
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The Cheltenham Works. 33

The liquid is at once absorbed, and after being turned
over and thoroughly intermixed, the solid mass is fit
for immediate removal and use.

The ashes and dry refuse of the town are said to
be just about sufficient for the purpose. They absorb
about two-thirds of their bulk of sewage; that is to
say, that one cubic yard of the ashes, &c. and two-
thirds of a cubie yard of the semi-fluid sewage, make
only 1 cubic yard of solid manure.

"This operation was commenced in the spring of 1855.
The drainage of Cheltenham is not yet by any means
complete, but already the manure is manufactured at
the rate of about 2,000 cubic yards per annum.

None of the lime deposit had been removed at the
time of my visit. This addition to the process had
only recently been adopted. The cost of it is about
14s. or 15s. per week.

The outlay upon this building was about 1,2501.
The houses draining to it number about 3,200, dis-
charging about 300,000 gallons in 12 hours of day-
time. The cost of the operation at the outfall is
found to be 2s. 2d. per cubic yard of manure, and
the ashes are worth 8d. per yard. The Local Board
wisely put a very low value on the manure in the
first instance. Up to the time of my visit it had
been sold at 2s. 6d. per yard, but as the demand
exceeded by two or three times the supply, it was
intended immediately to raise the price. Three and
sixpence per yard would pay the working expenses
and interest on the outlay.

As the first attempt of the kind, I must observe
that Mr. Dangerfield, the local Surveyor, has carried
out this work very satisfactorily, but further con-
sideration dictates some improvements in a sanitary
pomt of view, and in economy of construction and
saving of labour, to some of which I shall beg to
draw attention in another part of my Report, as
they may be useful for future guidance, more espe-
cially to small towns.

The operation did not appear to give rise to any
nuwsance, and the effluent water and solid sewace
were nearly free from unpleasant odour; but the
process may, In my opinion, be conducted in so com-
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It appears that neither of these substances has
much deodorizing power when mixed with liquid.
When heated after saturation they both gave off
offensive effluvia in abundance, but, when spread
over the surface of offensive matter, the escape of
all odour was prevented. The experiments show
that they have no power to separate matters from
solution, and thus confirm the previous statements of
Professor Way and Dr. Henderson that the power of
charcoal to absorb ammonia from the atmosphere
does not extend to the separation of that gas, or of
anything worthy of notice, from solution.

In condensing gases, or as a deodorizer of atmo- .
sphere, the peat charcoal appears to have about four
times the power of the Boghead coke ; but, on the
other hand, it must be borne in mind that, whereas
the peat charcoal has latterly cost in London between
4/. and 5/. per ton, the ground Boghead coke is to
be had for 12s.

In the course of these experiments a valuable
property of the Boghead coke was discovered. It is
only with great difficulty that this material can be
made to mix with water ; it remains a floating mass
on the surface, and it was found that in that position
1t has considerable power of promoting evaporation
of the liquid below, while effectually condensing the
odorous gases that would otherwise escape. It thus
becomes of wvalue in promoting the drying up of
offensive deposits. The sample of the Boghead coke
was obtained from the Chartered Gas Company’s
works, Horseferry Road, a certain portion of this coal
or bituminous shale being now very generally used in
the manufacture of the London gas.

3. Deposition of the Solid Matter of C‘e&spm!s ; and
the Separate System of Drainage.,

The simple deposition of the excremental refuse of
towns, and the draining off of the liquid from the solid
mass, as the means of manufacture of a portable
manure, is carried out on the largest scale in Paris, A
full and able report upon these works was prepared by
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this more solid form and that in which it is presented
at the outfall, diffused in a large body of water.

The middensteads of Liverpool and Manchester
are an example of this kind of treatment. These
places receive daily the ashes and the privy refuse;
they have of late years been drained, and have
received constant attention in other respects, with the
view to make the best of them. The ashes them-
selves form an excellent deodorizer when properly
used, and yet the rate of mortality in both of these
towns seems to me to support the conclusion of those
who contend that a high standard of health 1s not to
be expected until the water-closet has been generally
substituted for the middenstead.

Sharing in this conviction, I shall not consider the
cesspool system further. The deposition of the re-
fuse and draining off of the liquid practised in the
neighbourhood of Paris, whereby the portable manure
‘ poudrette ” is obtained, is practicable only as part
of that system, and is itself, at best, a most offensive
operation.

With the method of town drainage now established
in this country, arrangements for deposition of the
solid matter of the sewage at the outfall would be
insufficient as a sanitary operation, as the attempt at
Hitchin has shown; nor, if this could be admitted,
would the solid possess anything like the value of the
Paris deposit, the chief value of the matter in our
case being in solution in the water. Here, indeed,
we may invoke the aid of chemistry, to render that
value again available in all towns and places in which
the liquid itself cannot be applied to the lands; and
we may reasonably hope that the great attention which
the importance of the subject has for some time se-
cured to it from scientific men, will, ere long, be

crowned with greater success than has hitherto been
attained.

From the foregoing observations,—first, as to the
constituents of the sewage of towns, and, second, as
to the state of dilution in which alone it is available
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either for solid manufacture or for direct application
to the land in the liquid form,—we may judge of the
difficulties which present themselves in realizing the
value of this manure, however well determined that
value may be.

Having alluded to the opinions of those whose
remedy for the difficulty would consist in reverting
to the cesspool system,—modified and improved of
course, but in any case a system, in my opinion, in-
compatible with a due regard to the public health,
even if preferable in the interests of agriculture,—I
come to a further difficulty in the question, namely,
the additional dilution of the sewage by rain. For
the remedy of this, what is called “ the separate
system of drainage” has long been strenuously advo-
cated.

The difficulty of this increased dilution is at first
sight so great in practice, and the remedy so obvious
and simple in theory, that I purpose to offer a few
observations on the subject, feeling satisfied that the
proposition of two separate systems of drainage, one
for surface waters and another for house refuse is
founded on a mistaken view of the question.

First, as to the extent of dilution by rain water,
which has to be considered.

Because a certain amount of rain falls in the course
of the year at a given spot, it 1s not to be assumed
that this represents the daily addition of water to be
applied to the land, or from which the sewage con-
stituents have to be disengaged.

An annual rainfall of 24 inches, equally distributed,
would amount to about the same quantity per head
as the usual water supply of the population of a town,
namely, 25 gallons per day. Whatever the amount
of rainfall, however, considerable deduction must be
made from it for evaporation. On examination of the
registers of rainfall, it will be found, moreover, that
a very large Fl‘ﬂPDl‘tIGIl of the whole quantity of
rain usually falls in a small number of days of the
year, which of course may be discarded from calcula- :
tion altogether; for on those occasions of flood, or ;
storm, there would be no attempt, after the first '

"

_'___




The Separate System of Drainage considered. 41

flushing of the sewers, to make use of their contents.
Conveyed in such an enormous bulk of water on
those few days, the sewage would be innocuous and
of no service for manure, and therefore might safely
be allowed to pass off direct to the outfall.

Taking some years’ registers of rainfall in the
metropolis at hazard, I find that about ene-half* of
the total rain fell in from twenty to thirty days of
the year, and such days will naturally be eliminated’ '
from calculation, with reference to the distribution
of the sewage. On half the remaining number of
days in which rain fell, the quantity would not have
exceeded the usual daily water supply, and the max-
imum fall upon other days was only such as should,
with proper arrangements, be usually under command
for distribution.

Mr. Walker, at Rugby, has scarcely been deterred
at all by rain from pumping all the sewage that he
could on to his land, for, except during one period of
frost, he has worked on regularly for 300 days of the
year ; stopping, therefore, (Sundays of course being
excluded, ) for only thirteen days on all accounts. So
far as the quantity of water thus distributed over the
land is concerned, even if the whole of the usual
rainfall on the site of Rugby, in addition to the town
water supply, were applied to Mr. Walker’s land,
it would not be above one sizth of the bull of water
which is regularly applied to the Craigentinny
Meadows in ordinary working.

It 1s obviously desirable, on agricultural grounds, to
avoid as much as possible any dilution by rain of the
already greatly diluted sewage; and all land water,
drainage of suburban roads—in short, all waters free
from pollution—should as far as practicable, be ex-
cluded from town sewage. Allow me, however,

. Ifind this fact more completely confirmed by Mr. Beardmore
in his hydraulic tables. In the register of 17 years' rainfall at
Boston, the average annual fall is seen to be 22°30 inches, and
1103 inches fell within 24 days. In the register of 16 years’
rainfall at Glencorse, where the much heavier quantity of 37-38
inches fell in the vear, 25-61 inches, or more than two-thirds of
the whole, fell within 42 days.
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were those of the metropolis examined by Professor
Way.* _ .

There is no sufficient evidence of the precise value
of these elements ; but there seems reason to suppose
that at all ordinary times a very large addition of
manure is thus washed down with the house sewage.
This fact is the more obvious to those who have
given much attention to the subject, from the evidence
which is constanly presented to them of the rapidity
with which stagnant water from street surfaces be-
comes extremely offensive, although kept perfectly
distinct from other drainage. During repeated ex-
aminations, some of the foulest emanations I have
experienced were from places with which no house
drainage whatever was connected ; the noxious smell
came from the surface refuse only, washed by the
rain into gullies and catch pits. it 1

And this consideration leads me to the main objec-
tion to this proposed separate drainage, namely, that
we should have two foul systems of sewers and house
drains instead of one; at the best, two sources of foul
atmosphere ramified over every town, and each the
more dangerous for that very separation. So that even
if the interests of agriculture loudly demanded this
treatment of the case, and the enormous cost were
not an object, REcArD For THE Pusuic HeEALT wouLD
FORBID IT.

In short, the public would be called upon to incur
double expense for a source of great and decided
danger to their health, and a very questionable ad-
vantage to agriculture.

* The objections to the separate system are far stronger in the
metropolis than in provincial towns, both on agricultural and
sanitary grounds. In the first place the rainfall does not bear
so large a proportion to the water supply, and in the next, it
becomes much richer in manurial elemenis, or in other words,

much more foul and noxious than in less erowded places.
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Tuae UriLization or SEWAGE IN THE Liguip Fonra.

I shall now proceed to a description of the methods
employed for utilizing liquid sewage as it flows to the
outfall.

The methods of application of liquid sewage to
agriculture fall under two divisions : —

1st. the system of open irrigation, which has been
practised in some places for many years; and,

2nd, the system of underground pipes, and distri-
bution by moveable hose and jet, which has been
brought into practice only within the last few years.

1. The System of Open Irrigation.

Of the application of sewage by open irrigation the
Craigentinny meadows at Edinburgh certainly form
the most striking and successful example.

The area of land in question consists in all of about
260 Scotch acres, the Scotch acre being rather more
than an acre and a quarter English. They are irri-

ated with the waters of the * Foul Burn,” into which
about half the City of Edinburgh is imperfectly
drained.

Over the ¢ Old Meadows,” which comprise about
180 acres, the sewage is said to have been so applied
for these sixty years. This land lies somewhat on a
gentle slope. It was partly drained some time ago.
I was informed by the Superintendent that these
drains were, in his opinion, rather an injury than a
benefit, as they carried the liquid too rapidly from
the land. Mr. Oliver, however, under whom the
drainage was carried out, believed that he derived

at advantage from it, as it L{na»rmi’c,tlad the water to

ercolate the soil to a greater depth than it otherwise

would have done. Another informant states, no doubt
with much truth, that if, on the one hand, the sewer
water is allowed to form pools on the land, the crop
is destroyed, or the yield 1s small in quantity and bad
in quality ; but, on the other hand, in very dry seasons,
the exits of the drains require to be plugged up in order
to retain a sufficient degree of moisture in the land.
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The soil of another portion of the meadows which
was laid out about thirty years ago consists of sea
sand, which, before the irrigation was {:?leenced,
was very nearly barren and worthless. “The whole
of this land is irrigated by gravitation from the Foul
Burn, but another portion, consisting of about fifty
acres, lies above that level, and to this the sewage is
raised by a steam engine of about eight-horse power.

The sewage water 1s conducted to the Old Meadows
by open channels or ditches, following the levels t::f
the ground ; but the level lands more recently irri-
gated are divided into panes of about half an acre each,
over which the water is successively conducted.

The irrigation. goes on incessantly, except on
Sundays, all the year round, winter and summer.
Two men complete the irrigation of all the lands
supplied by gravitation in about three weeks or a
month, and then work through it again. The opera-
tion is conducted night and day, and a weekly return
made of the work done.

I;"ﬂ other manure is ever applied to the irrigated
lands.

Each irrigation of the 50 acres of high level land is
completed in about ten days.

The quantity of water discharged over the low lying
lands in the course of the year must be enormous. I
had no opportunity myself of testing the ordinary flow
of the Foul Burn, as there was incessant rain durin
the whole period of my visit; but it has been estimated
at 220 cubic feet per minute. The Superintendent
informed me that it is never allowed to run to waste
except In times of excessive floods. There are not
many days in the year in which a greater amount of
rain would fall than during my visit, and the irrigation
was then proceeding as usual. If it be only assumed,
however, that the quantity which comes down in dry
weather is applied during nine months of the year,
deducting the Sundays as well, there will, on the above
calculation, be passed over the meadows annually a
depth of water between six and seven feet ; and yet
the Superintendent states, that the fertility is ‘in-

variably in proportion to the quantity of sewage
employed.
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“The carrying gutters at Clipstone are not cut out
by vertical spits below the level of the ground, but
are hollow dished channels, two or three feet wide,
upon which the grass grows almost as freely as upon
the other parts of the meadows. This has two im-
portant advantages ; there is no loss of producing
surface, and the cost of cleaning gutters is almost
saved.”

The average cost of formation is said to be at least
1201 per acre, which, taken at 74 per cent., with 10s.
per annum added for superintendence, &c., makes a
total annual charge of 9/. 10s. per acre.

The whole area of what is now water meadow
would have been well let, it is stated, at from 3s. to 5s.
per acre, before these works were executed. Such of
the land as is now let irrigated produces a rental of
41. 10s. per acre, but Mr. Denison, in his account of
these lands, gives statistics of the produce, showing
the average annual value to be not less than 12/, 4s.
per acre.

It may be useful also to refer to an example of
irrigation in Lombardy with the sewer water of Milan,
upon which some important considerations arise. A
description of these works by the Count Arrivabene,
one of the Surveyors, is appended to the Report of the
first General Board, and the following is extracted
therefrom :—

“The city of Milan consists in three concentric
circles, two of which are formed by canals constant] y
provided with flowing water, and the other by the
town walls,

“The inner canal, or Sevese, which is the most
ancient, encloses the first nucleus of the city under
the Romans, is all covered, and serves onl y for
drainage. The other canal, or Naviglio, which forms
the second circle, encloses the city as it was during
the middle ages, is open, and serves for navigation as
well as drainage. The Sevese carries off the drainace
of the two inner circles, and the Naviglio that of the
external.

“ All the streets of the city have along the centre
a subterranean sewer in brickwork, and proportionate

E 2
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It has the effect, in short, to use Mr. Bickford's own
words, of continuing (and even causing) a smooth
and uniform surface to the meadow, allowing of the
operations of mowing and carting over the meadow,
without any sensible perception of the existence of
the gutters used for irrigation.” :

These gutters are about 4 inches wide and 1 to
nearly 4 inches deep, and obviate the necessity for the
usual large and frequent level gutters. They are cut
with a die fixed in a sort of plough of simple con-
struction.

Any series of the gutters may be reached by cross
feeders, without necessarily first irrigating those above,
so that lower portions of ground may, whenever
desired, be irrigated before the upper levels.

Sir Stafford Northcote estimates, from experience
on his own land, that water meadows similarly
situated might be completely laid out at an expense
not exceeding 1/. per acre; and that the annual
expense of cleaning the gutters, or of cutting fresh
gutters by the side of the old ones, may be taken at
1s. per acre.

2. The System of Underground Pipes.

Distribution of Liquid Farm Manures.— Before
entering upon a description of the works which have
been recently laid down for the application of the
liquid sewage of towns to agriculture by a system of
under-ground pipes, it will be well to refer to some
instances of the farms upon which works are in use
for distributing artificial and farm manures in a liquid
form, as these have been in operation for several years,
and the arrangements since adopted for the distribu-
tion of sewage have been founded upon them, and
are of very similar character.

The cases of this class comprised in the appended
list (App. D.) have been brought to my notice, but
other instances no doubt now exist, so much attention
having of late been given by agriculturists to the ad-
vantages obtainable by such works.

It would not have been necessary for the purposes
of this report, even if it had been practicable for me,
to visit the whole of these establishments. Some of
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the hose. The liquid manure was applied winter and
summer.

One man attended to the engine, and a man and a
boy to the distribution; their wages were under 2.
per week. ; :

I could not obtain any reliable information as to
the complete cost of these works, but as there is
nothing special in their character the outlay may be
presumed to be somewhat similar to that of other
ordinary cases, which appears to be on the average
about 5/. 10s. peracre ; the range having been hitherto
from about 4/. 10s. to 6/. 10s. per acre.

The tanks are unusually large, but they were
cheaply constructed of stone obtammed in the neigh-
bourhood. Iron would be cheaper here than in many
other loealities, but additional outlay was necessary
for raising a supply of water for dilution.

The arrangements at Mr. Robert Harvey's dairy
farm, near Glasgow, differ again in some degree from
those previously deseribed.

The pipes are here laid to command the distribu-
tion of liquid manure over 400 acres of heavy clay
land of a hilly character, immediately above the city
of Glasgow. -

Mr. Harvey possesses an extensive distillery here,
and the dairy of about 700 cows appears to have
been established with the view to the profitable dis-
posal of the grains, and the farm arrangements are
subservient to this establishment.

The works for the application of the liquid manure
on the farm were established some years ago in conse-
quence of the complaints of nuisance from its previous
discharge into the adjoining canal.

The whole of the liquid refuse from the cow
byres, and the waste fluid from the distillery, drain
mto a tank capable of holding 30,000 or 40,000 gal-
lons, whence it is raised by an engine of 12-horse
power, fitted with two 5-inch pumps, into nine circular
wooden cisterns or brewer’s vats erected above. ground
on the different high points of the land.

The rising andﬁ.; connecting main to these vats is
4 inches in diameter, and the different systems of
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manure obtained by Mr. Manning’s process are en-
tltied to consideration. Mr. Herapath fixes a price of
31. per ton for manure manufactured by his process;
Mr. Manning estimates the value of his manure, ac-
cording to Dr. Penny's analysis, at upwards of 2/
per ton. I do not presume to offer an opinion upon
these prices, but no results are yet known from the
use of these manures. Mr. Manning states that he
has taken measures to ensure trial on a large scale,
by dressing land with quantities varying from one to
three tons per acre.

The examination of the solid sewage manure of
Cheltenham shows a low value, as might be expected,
but one sufficiently near the value of manures obtained
by the lime process, as apparently not to justify the
adoption of the expensive apparatus involved in the
latter manufacture.

The agricultural results obtained at Cheltenham
warrant the conclusion that, sold at a price which will
cover the cost of manufacture, this manure will always
be in demand for local use—but for local use only,
as the expense of transport to a distance would soon
run away with its entire value, and even render it
costly at a gift.

In the absence of repcated and watchful trial, it is,
for obvious reasons, impossible to determine the precise
value of a manure. One manure may show good
results immediately, but may have an exhausting ten-
dency ; another may produce but little result on a first
crop, reserving its effects, as it were, for a second, when
its value may be ascribed to some subsequent, and
perhaps worthless addition ; but, so far as can be
Judged from a single trial, the results from the use
of the Cheltenham sewage were very satisfactory.

T'wo tons of hay were obtained where previously
not one ton had grown ; the grass much finer than
before, and clover abundantly springing up. Mangel
wurzel was grown of 35 and 36 lbs. weight, where
previously it llﬁ.(?:l attained only from 16 lbs. to 18 Ibs.
Immense quantities of the manure, however, were
applied—too much for economy ; and probably good
effects may be traced from this first application in
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been stimulated during mild winter weather, and are
looking luxuriant and well, may be more liable to be
subsequently cut off and destroyed by severe frost ;
and yet the irrigation goes on with sewage and with
Euid farm manures alike throughout the winter in
the places recited, with nothing but good result, as
far as I could learn ; and it was a very general opinion
that even in the most exposed positions the vegetation
would always be preserved from this danger by keep-
ing a good head to it as protection to the roots.
The agricultural objections to sewage irrigation,
%mperl:,r conducted, do not seem to be formidable.
he more serious and valid objections, made on
sanitary grounds, to the system as practised at Edin-
burgh, will, I trust, be entirely obviated by the modi-
fications of practice which I presume to recommend.

RecomMmeENDATIONS.

Upon consideration of the facts which I have now
been enabled to submit, it will at once be evident
that the best means of deodorizing and dealing with
the sewage of towns demands much further investi-

ation than has yet been made of the subject; but
it will probably at the same time be gathered from
the experience so far obtained that by certain pro-
cesses and admixtures the main object of this inquiry
may be in great part at once secured ; that is to say,
that much of the offensiveness of the sewage of towns
may be removed, and therefore much pollution of
the rivers and streams of the country avoided ; that
a solid manure of a certain low value may be obtained
by these processes, which under certain conditions
will probably pay for the outlay ; and that on sanitary
ounds, therefore, the adoption of some such process
by Local Boards, wherever the Public Health Act is
applied, or by the local authorities of the towns where
it is not, ought to be insisted upon, wherever an
offensive outfall exists, whether arising from new
works of drainage or from old.

It would appear that various patent processes are
adequate to this partial dealing with the subject; but
while the arrangements or materials adopted in those
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