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XX1

SEwAGE IRRIGATION PROVED NOT TO BE INJURIOUS TO
HeALTH.

There is no record of any special outbreak of disease at or
near the sewage farm. The men working on the land and
amongst the sewage are reported to be healthy, the men cutting
the grass are healthy, and the cows fed upon the grass are also
as healthy as other cows, producing wholesome milk ; and with
respect to tapeworm, the medical men who attend the Edinburgh
hospitals do not find any exceptional excess of this disease amongst
their cases; but, on the contrary, less than in other hospitals.
The Craigentinny meadows were made the subject of an ex-
haustive inquiry by the War Department during the time that
Lord Macaulay was member for Edinburgh and Parliamentary
Secretary for that department. Complaints were made that the
proximity of the irrigated meadows and the effluvium from them
roduced disease in excess amongst soldiers quartered in the neigh-
Euuﬁng barracks. Official inquiry was made by army medical
officers, who took the returns of health and mortality for 20 years
back from barracks situate in different parts of Great Britain
where troops similar in numbers and performing similar duties
had been quartered, and these returns were tabulated, the results
obtained proving that the barracks adjoining “the Edinburgh
sewaged meadows had the lowest sick and death rate in the list,
go that the allegations against the Craigentinny meadows fell to the
ground.® Tt must not, however, be supposed that rough and ready
sewage irrigation isadvocated, as the evidence should only be taken
as proving that the application to land of putrid and crude sewage
in the most gross form does not necessarily breed a local pestilence,
though such mal-arrangements may produce an offensive nuisance
which ought not to be continned. But we have no evidence that
these Edinburgh meadows are a nuisance injurious to health; we
are, however, satisfied that the work of irrigation may be carried
on in a manner much more cleanly by a construction of settling-
tanks to separate the solids and by the construction of permanent
main-carriers, which could be regularly cleansed. The utilisation
of sewage should, in all cases, be carried on in such manner as,
in the vicinity of dwellings, to be the least offensive, although
additional costs may, in some cases, be incurred to pay for more
complete purification.

Moxney RETURNS FROM SEWAGE CONTINGENT OX LOCAL
CONDITIONS,

The tabulated statements now made from experiments with
sewage on a great scale show that money returns are contingent
upon local peculiarities and management. Where the works
necessary to treat sewage are simple in their construction and the
treatment is unfettered by patents, there is least loss. Purification
of sewage is not, however, effected by any use of chemicals which
has been brought to our notice, the resulf in all cases having been

* See also Appendix No, 5, pages 102, 108,
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in Liondon term dust earts. The rivers, canals and watercourses
bordering and intersecting the Dutch towns are made into open
sewers. Yaterclosets on the English plan are used to a limited
extent. A modified privy 15 however generally arranged within
the houses over a vertical shaft which drops the refuse to a drain
below. In many cases chamber utensils are used. The Dutch
towns are deficient in water supply, so that, almost throughout the
country, water from rivers, canals, or the watercourses is used for
all domestic purposes, however much tainted it may be.

The country being so flat, so intersected by rivers, canals, and
watercourses, and the land and street surfaces so little above the
general level of the water, has induced the municipal authorities
of Holland to come to the eonclusion that main-sewers and house-
drains, as constructed in English towns, are impracticable ; hence
the resort to the pneumatic system. -

Capt. Liernur acknowledges that towns should have the subsoil
water lowered, that they must be sewered, that houses must be
drained, and that the fluid refuse of manufactures must be provided
for, but insists that human exereta must be removed by separate
and costly apparatus, consisting of steam-engines, air-pumps, iron
tanks, and cast-iron pipes of five inches internal diameter—none
more, none less—these pipes to be jointed as if for carrying water
under high pressure. These pipes are not, however, laid in level
and right-line lengths, but in the form of saw teeth extended, so
as to break the line of pipes vertically into long downward slopes
of 1 in 250, and short upward slopes of 1 in 5, the long slope and its
short upward slope forming a sort of inverted syphon, where sewage
must rest and block the pipe, to be sucked upwards and forwards
by the partial vacuum, The soil-pans are not much unlike English
waterclosets ; they are fixed beneath a seat, have a syphon bottom
outlet, and are specially ventilated. These pans are fixed within
buildings as waterclosets are fixed, and are used as waterclosets
are used ; the prime difference being that the user of the pneumatic
closet has no power of emptying the pan. In some cases,
where a closet is liable to be much used, the pan has been filled
above the brim, and the air-suction failed to empty it. In all
cases the closet is a fixed receptacle, amenable to no control by
the users, but dependent for its action upon a perambulating
turncock. If servants disobey rules and pour in slops or the con-
tents of chamber utensils, and the pan is full before the time of
turning on the vacuum comes round, full it must remain; and if
there is overflow the nuisance must be endured. This would be
found intolerable in English houses, where the perfect control of
the watercloset rests with the user. Capt. Liernur proposes
refinements, such as a moveable lining to his pan, that it may be
cleaned, which is unnecessary in the English closet. Additions
to the receptacle, in the form of a self-acting shallow pan
apparatus to contain a small volume of water, is to be added ; this
shallow pan to hang vertically when not in use, but to rise into a
horizontal position so as to form a false bottom when in use.
Standing in front of the seat is to raise the pan and fill it with
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some complicated mode of intercepting it must be provided at an
additional cost to the local authorities. i ; -

The pneumatic system is ingenious, but it 1s complicated in its
construction and working arrangements; and, consequently it is
liable to derangements which are sometimes difficult to mend.
We do not know one English town in which the apparatus if
adopted would be other than a costly toy. '

As may be imagined, when the nature of the arrangements and
complications are considered, the pneumatic apparatus gets out of
order, the slightest crack in any pipe or pipe-joint will reduce the
force of the partial vacuum, and even where all the apparatus
remains sound the closet-pans may not be emptied ; and, in fact,
neither the pipes nor the pans ever are entirely e;qptled. . The
power of air and water to remove solids through pipes he1qg as
their relative weights and veloeity, and air is to water, by weight,
about as 800 to 1.

TowN SEwAcE: 178 TEREATMENT AND CHARACTERISTICE.

Town sewage is water holding in solution and having in sus-
pension certain ingredients which render the water objectionable
to the senses of sight and smell and unfit for domestic purposes.

The volume of sewage in any town is in proportion to the water
used and expended for domestic and manufacturing purposes, with-
subsoil-water and occasional dilution by rain.

Where waterclosets are in general use human exereta is added ;
but though this in itself is rich in manurial ingredients and is also
liable to become highly polluting, it must ever be a small fraction
of the whole volume of sewage—about one hundredth.

In the manuficturing districts sewage is largely mixed with the
waste ingredients used. Skinners, tanners, dyers, bleachers,
brewers, brassfounders, tinplate makers, japanners, wool and
woollen goods washing and scouring, chemical works, and paper
works, with other forms of manufactures, pollute large volumes
of water, to the extent of entire rivers, as in the Aire and Calder
in the West Riding of Yorkshire, and in the Mersey and Ribble
basins of Lancashire. In the 6th Report of the Rivers Pollution
Commission, 1874 ; a map shows the several localities.

All chemical treatment of sewage, by patented processes or
otherwise, aims at deodorigation ; that is, at clarification and purifi-
cation. The processes are reported to take from sewage turbidity,
colour, and scent ; but no such process has ever restored sewage
water to its original purity, though most of the suspended solids
may have been removed, the salts of sewage remain, and generally
some of the chemicals, mixed with the water.

The sewage of a town, in which there are no manufactures or
dyeworks, is a turbid liquid, bluish grey in colour, having the
scent of stale cabbage water rather than of human excrement; in
warm weather stagnant sewage becomes offensive, having the
stench of rotten eggs ; when allowed to stand exposed it does not
become clear, but ferments, and if confined in sewers or covered
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Where the area and surface slope of a sewage farm is favourable,
intercepting drains may bring the once filtered sewage to the
surface and so allow of a second or a third filtration. In a dry
season there will be an advantage in this arrangement. Where
the land is marl or clay this mode of irrigation will be specially
advantageous, as the main purpose of a sewage-farm is to act as a
sewage-filter and purifier, and the more completely this filtering
is performed the better will be the results.

Land may be prepared to filter sewage, as suggested by the
Rivers Pollution Commissioners. (Mersey and Ribble Basins, 1st
Report, pp. 60-70.) Where small areas of land are alone available
this mode of purifying sewage will be advantageous. The crude
sewnge should have suspended solids separated in tanks that the
clarified fluid may more readily filter throngh the least area. A
good example of sewage filtering through land on a working scale
may be seen at Kendal.

AREA oF LAND REQUIRED FOR A SEWAGE-FARM WILL
DEPEND ON LocanL CoONDITIONS.

The area of land required for a sewage-farm will be governed
in a great measure by the character of the subsoil, asif it is
very porous or otherwise; as also by the volume of sewage and
subsoil-water in proportion to the population. At Doncaster, with
a sewage-farm of 264 acres and a population of 20,000, the average
daily flow of sewage being about 600,000 gallons, 120 acres of land
of a light sandy and open character have for three years absorbed the
entire sewage, only about five acres at any one time being under
sewage, and one acre has oceasionally absorbed the entire volume of
one day. At Croydon about one acre to each 100 of population has
heen provided. For a population of 60,000 there are about 15,000
waterclosets in use; or, one to four of the inhabitants. There
are the contents of 25 waterclosets in 20 tons of sewage each day ;
or, about 7,000 tons of sewage per acre per annum.

Small fields enclosed by larce fences will be detrimental to
sewage farming ; land which is open and without inner fences,
having a uniform surface and gentle slope to the south, will be
most advantageons. Good roads will, of course, as in any other
case, be an advantage ; but it will neither be desirable nor neces-
gary to construct many roads of a permanent character through
and over a sewage-farm, as the land, if well laid out and properly
drained, may be carted upon to remove the crops.

Irariaxy RyYE-crASS THE BEST CROP UNDER SEWAGE.

Italian-rye-grass is probably in all respects the most advanta-
geous crop to be grown under sewage, as it absorbs the largest
volume of sewage, occupies the soil so as to choke down weeds,
comes early into the market in spring, continues through the
summer and autumn, bearing from five to as many as seven
cuttings in the year, and producing from 30 to 50 tons of whole-
some grass upon each acre. The area placed under this crop must,
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sewers, Where waterclosets are used drains and sewers remove
the contents at once. ‘ _ o

Sﬁwage is injuriﬂus in proportion to 1its age Ell‘l.li putrl{.ht}n
Fresh sewage, if removed day by day, does not, in that time,
become putrid ; and, consequently, is not so injurious to health as
putrid sewage 1s. ; :

In towns completely sewered and drained, and fully supplied
with water and waterclosets, there is an unceasing flow along the
sewers to the outlet, and the strength of the sewage varies during
the day in pmport.iun to the use of water and 'ﬂ-f watercl:}a_eta.
The flow is greatest in the morning, at noon, and in the evening.
At night the sewers deliver almost pure water, consisting of waste
from leaking pipes and taps, with subsoil water.

Where waterclosets are in full use, as in London (about 700,000),
in Croydon (15,000), in Leamington (about 8,370), in Harro-
gate (about 1,620), in Cheltenham (about 8,500), and in like
proportion in some other towns, the entire of the polluted fluids,
with the effete matter of the watercloset, passes at once to the
common outlet. The London sewage is at present wasted into
the river Thames; but at Croydon, Leamington, Harrogate, and
Cheltenham the sewage is purified by irrigation, in each case
producing useful erops of grass and vegetables.

Where towns are situate on the sea or on the estuaries of tidal
rivers sewage is wasted, as at Brighton, at Liverpool, at Sunder-
land, and even at Edinburgh, where the Water of Leith inter-
cepting sewer discharges the sewage from a population of about
100,000 by a cast-iron outlet direct into the Frith of Forth.
‘When sewage shall be wasted in preference to utilising 1t, must
depend upon local conditions. The waste of sewage must mnot,
however, produce a nuisance injurious to health, and this wasting
of it certainly ought to be cheaper than using it under any of the
precipitating and chemical or irrigating processes at present known.

CLARIFICATION OF SEWAGE.

Clarification by deposition in tanks and treatment by chemicals
remove detritus and suspended matters from sewage, but, as ex-
plained, will not fully purify the fluid. This removal of the
solids will, however, be an advantage, as a vast mass of matter
liable to choke the bed and banks of a stream or river will
be removed, which, when allowed te accumulate, becomes putrid
and offensive. The streams in Lancashire and Yorkshire are so
fully occupied, and water is of such importance, that the manufac-
turers must have it, though dirty ; steam-boilers being specially
constructed to enable steam to be generated from dirty water.
The cost of treating sewage in tanks and by chemicals appears
to be about 1,500L per annum for each 1,000,000, or 1507, for each
100,000 gallons per day. The cost is therefore in round numbers
about ths of a farthing per ton of the sewage so treated. Any
income realised by the sale of the extracted and treated sludge will
be in diminution of this cost.
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the depth of winter; and for potatoes, turnips, most vegetables,
and certainly for all pulse and cereals, the land ought rather to be
enriched by frequent irrigation in the preceding season, than
treated with sewage when these crops are growing; except in
times of great drought, and even then care is requisite. A
very limited experience soon teaches us that the purification of a
constant flow of sewage, and which is frequently greatest when
least wanted on the farm must bring certain difficulties in its train.
The cultivation of sewaged land, for instance, requires more than
double the amount of manual labour which is usually employed
upon arable land, and more horses must be kept than upon an
ordinary farm. The amount of capital, even where the produce
iz sold off as soon as grown, must be greatly in excess of that
required for the general ordinary cultivation of the soil ; while to
properly stock and work a sewage-farm upon which the main

roduce is consumed, quite five times the usual amount of money
will be needed. One of the greatest difficulties is to keep the
sewaged land clean, as not only does every seed and the minuntest
portion of a root-weed grow, but sewage itself often contains the
seeds of numerous weeds which have been washed down from the
fodder and straw of stables and cowhouses in towns.

There can be no doubt now, after the experience of some years,
that the land best adapted for sewage irrigation is a warm
friable loam. The only instance in which town sewage irrigation
is a decided financial suceess is that of the Craigentinny Meadows, at
Edinburgh. These meadows are, however, in reality for the most
part only a deposit of sea sand, washed and blown from the adjoin-
ing estuary, and the main produce grown is nothing more nor less
than luxuriant couch-grass. The enormous amount of coarse
forage which is produced from such a naturally sterile soil shows
the fertilizing properties of town-sewage, and also points still more
distinctly to the fact that a sewage-farm should consist of land
through which the sewage can readily filter. It is strange that
although deluges of crude town-sewage have been poured upon
portions of these Craigentinny Meadows for 200 years, the dis-
coloration of the sandy soil only extends a few inches below the
surface, and that at the depth of a foot the sand appears as bright
and clean as that upon the adjoining sea shore.

It has been contended that if more land is allowed for a

iven volume of sewage, clay soils, when properly drained, will
equally adapted for town sewage irrigation. No doubt, if

similar volumes of sewage are filtered slowly through a lar
area of well-drained clay, and quickly through a small area
of sand or gravel, a more thorough absorption of the manurial
elements from the sewage will be made by the clay than by the
porous soils.  But clay lands are naturally cold, they dislike
wet, and will be at the best only poor filter-beds; and when
sodden with rain-water the added sewage is apt to pond on the
surface rather than to soak gradually into the already heavily
wetted soil.  After heavy dressings of sewage in parching weather

29260, )
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to other ground for the purpose of making hay, even if a suitable
site is conveniently situated, will‘he very costly, It therefore
appears to us that upon an extensive sewage-farm, where a con-
stant demand for all the rye-grass grown cannot be depended
on, a machine for making hay by artificial means should be
provided. 4 AL

Drying heavy crops of sewage-grown grass by artificial heat
must ; however, be a slow, costly, and tiresome process, and should
never be resorted to unless necessity compelled this form of deal-
ine with it, and when it appears to be the only way to prevent
the total loss of the erop during continuous wet weather. We
believe the best machine for the purpose is one which is the inven-
tion of Mr. W. A. Gibbs, of Gilwell Park, Eszex, to whom the
gold medal of the Society of Arts was awarded a few years ago
for the ingenious apparatus which bears his name.

The length of time which a plant of irrigated Italian rye-grass
lasts varies considerably. On some farms it been ploughed up
after one year's cropping. On other farms the practice has been
to keep it down so long as there is a good plant, and it can be
kept free from weeds. Ej%y fresh seed being sown among the old

ants, Italian rye-grass thus treated, has lasted seven or eight
years. Its more usual duration is, however, from two to three
years, and as there seems to be a common belief that this plant
can only produce a certain weight of grass, it may follow that the
quicker the growth the more readily the plant will be exhausted.

It was a matter of pleasure and some surprise to us to find how
town sewage benefited two such distinctlly different fﬂm%e plants
as Italian rye-grass and lucerne. The latter, it is well known,
grows with one deep tap-root, while the rye-grass has a dense
mass of fibrous rootlets, which extend upon and over the surface
of theland. At Paris the favourite green crop for sewage appeared
to be lucerne, which at the time of our inspection seemed to flourish
remarkably well under sewage irrigation, and to produce heavy
crops of the most valuable provender. The gravelly soil and the
warm climate of the district no doubt are particularly adapted for
sewage irrigation, and this may be the reason why a direct appli-
cation of aewa%]e to the growth of vegetables seems to answer
better than with us.  The culture of Italian rye-grass has only
recently been introduced on the Paris sewage-farm, but its success
is so marked that it may possibly take the place of lucerne as the
staple green crop. :

nglish farmers have by some been considered over cautious in
not embarking their capital in the costly cultivation of sewage-farms,
but on our inspection of the Paris farms it appeared much more
strange to us that so many French cultivators, whose little patches
of land intersect the Paris sewage-farm, had not all availed them-
selves of the free use of the sewage. Many, no doubt, have done
go, but it was difficult to comprehend how some of the farmers
preferred to grow their miserably small crops when the adjoining
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This ahstractis not in all respects a fair comparison of the relative costs the
local rates will have to bear in some of the towns named, as in the case of
Bolton, where not half of the sewage is dealt with, and even this is done in a
manner which will not be sanctioned under a Rivers Pollution Prevention Act.
At Rochdale the crude sewage of the town flows direct into the river, a state of
things which certainly cannot be continued, and only a portion of the town is
at present supplied with pails; and, as we have shown by working out the
figures furnished in the local return, not quite one fourth of the excreta of the
population said to be supplied with pails is accounted for.

ose towns which have purchased, or leased, land for, sewage-farms, as
Banbury, Bedford, Wrexham, Wolverhampton, Cheltenham, and Doncaster,
show the best results, and levy the lowest rates, and we E‘{!IESIE].H[' pllut longer
experience will produce even much better results, and in time will show an
available income. At Chorley, West-Derby, and Tunbridge-Wells there are good
estates to set off against the money expended, the value of which estates will not
diminish. At Leeds, Bradford, and Halifax there are only sewage-mud-tanks
and so-called filters, with some unprofitable machinery which will not improve
in value, and much larger costs must be incwrred in these towns before all the
sewage can be clarified in the best practicable manner. At Birmingham
a large additiopal purchase of land upon which to purify the sewage is
contemplated, and such expenditure will be the best yet made by the local
authority. Birmingham is an instance of a town which would not move
voluntarily : and then, being driven to extremities by legal restraints, worked
unwillingly, bit-by-bit, and in sewering arrangements throwing the town back
in its health returns, by compelling a retention of excreta upon the premises in
the vain hope by such means to so lessen the polluting pmpertﬂouf the sewage
at the outlet as to avoid further litigation. Experience has, however, shown
that stopping house drainage and discountenancing waterclosets has only
slightly diminished the polluting property of the sewage, but not to any appre-
ciable degree which can be accepted as a purification of the river water.

We have explained in this report that sewage, with or without the excreta
from waterclosets is sewage, and that the entire excreta of a town population
added to the waste-water is, by volume, only about as 1 to 100, consequently
the capacity of sewers need not he enlarged ; steam pumping power (if re-

uired) need not be increased, nor need the area of the land upon which to treat
the sewage be added to; neither need there be one shilling more exﬁended per
annum on any process connected with the disposal of the sewage ; but, on the
con , the land irrigated will be made more profitable.

At Doncaster, Leamington, and Warwick the rates levied are for the pur-

ose of paying the interest and instalments to redeem the large sums whi

ve been expended upon steam-pumping establishments and cast-iron
e-mains. At TunEridge-'Wal]a, West-Derby, and Merthyr-Tydfil, local
conditions have necessitated large outlays of capital on the estates and the
works for conducting the sewage to the sites, preparing the grounds, and
constructing permanent sewage-carriers. These works have been very costly.
Longer experience in working the farms will, we anticipate, by improving the
income from the produce to be grown, very much lessen tﬂm present rates in aid.

It may be noted in the details of the several towns deseribed, as at Blackburn,
Harrogate, and at Tunbridge Wells, that very large sums have been paid in
parliamentary and legal costs, and we have charged these items to the capital
accounts in each case as against s e irrigation, which of course increases
the local rate, but it may fairly be said that such items are no$ necessarily
parts of the expenses to be incurred in providing sewage-farms. Some towns
suffer much more than others by reason of local opposition, and litigation
before parliamentary committees, or, under the powers of the Lands Clauses
Act, by arbitration. Land rented at 20s. or 30s. per acre, when required for a

ge-farm, is sometimes valued at several hundreds of pounds per acre,
and in the case of Blackburn, portions of the land obtained for sewage irri-
ﬁﬁm purposes has cost about one hundred and fifty years’ purchase. These
iculties and excessive _ghﬁ:_'feu.w_ry much retard local improvements and
tend to throw the question of sewage irrigation back; it is, however, only a



















APPENDTCES,

—

APPENDIX No. IL—SEWAGE FARMS.

Abstracts from these separate Reports of the different systems are
given in our Heport.

EDINBURGH.

Tue city of Edinburgh has a population of about 196,979, living
in 10,559 houses, in which there are 41,615 separate dwellings on the
“flat” system. The volume of sewage is about 5,900,000 gallons
per day. Sewerage works have from time to time been carried out
the old sewers being of rude construetion in which sewage stagnates,
henee its black and foul condition at the several ontlets, Main-sewering
is stated to have been commenced about the year 1778, and the system
has been extended from time to time, especially in the New-town as it
has increased, and works of a better class are still in progress. The
oldest main-sewers are built of rough stone, with flat stone bottoms and
stone covers, having a sectional area of 18 feet (6 feet by 3 feet) ; the
cost of the older sewerage has been 69,000/, Since 1853 main-sewer-
are works have been greatly extended at a further cost of 80,0004 and
in the valley of the water of Leith, a sewer has been constructed to
intercept sewage and the refuse from paper and other mills, and pass
the same by a cast-iron outlet-pipe (costing with the other works
85,0004), into the Trith of Forth at “ Black Rocks.” These works
serve for a population of about 100,000. The sewers of Edinburgh
are not regularly flushed, and are not at present sufficiently ventilated ;
several springs were tapped during the execution of the main-sewerame
works, the water being taken into the sewers, and it is estimated that
the daily volume from this source is equal to about 40,000 gallons,

There are in Edinburgh at present many waterclosets, and in the
older and more crowded parts of the city, 9 Macfarlane’s latrines and
43 public privies; but the excreta and other refuse of the inhabitants in
the Old-town are chiefly collected in pails or pans, placed in the living
rooms ; these receptacles are said to be taken down every morning into
the streets, and their conteuts emptied into the corporation carts and

39260, A
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BEDFORD.

Population (about) - - . = - 18,000
Rateable value - - - - - - £65,000
Houses - - - = E 7 - 3,500
Waterclosets - - 2 = - < 3,000
Cost of main sewers - - - - - £15.000
Cost of outlet works, pumping station, and laying out sewage

farm n - - g - = £9,200
Volume of sewage every 24 hours - - (gallons) 700,000
Rent, labour, and expense of working farm - - - £3,280
Amount received for produce - - - - £3,461

Bedford. This is an instance of a town which, without being forced
by the expensive machinery of the Court of Chancery to get rid of the
nuisance cansed to the river by sewage pollution, has endeavoured to
utilize its sewage by applying it to profitable use in irrigation. The
Local Board District of Bedford has an area of 2,200 acres, and a
rateable value of 65,0001, with a population of about 18,000 living in
8,500 houses, to which are attached at least 3,000 waterclosets, and as
there are no privies, this may truly be termed a watercloset town. A
thorough system of sewerage has been carried out, commenced in 1864
and finished in 1868 at a cost of 19,000{. The old sewers are used as
surface and storm-water conduits, and these have three outlets into the
river Ouse. The whole of the sewage proper is intercepted from
the river by the new sewers, and gravitates to a point at Newnham,
about a mile from the town, where it flows into a sewage-well, and is
thence pumped on to 155 aecres of land, a small portion of which is fhe
property of the corporation. The larger part is leased from the Duke of
Bedford, the Rev. J. W. C! Campion, and Captain Polhill Turner. The
soil of the farm is a rich loam with a gravelly sub-soil, well adapted for
the purpose to which it is devoted, and the surface has been especially laid
out for irrigation. The permanent carriers are stone-ware pipes, with side-
junections at proper intervals for regulating the flow of sewage on to the
plots of land required to be irrigated. The volume of sewage which
has to be pumped, is estimated at 700,000 gallons every 24 hours,
but of this 300,000 gallons is sub-soil water. The main outfall sewer
is 5 feet 3 inches by 3 feet 9 inches in sectional area, three quarters
of a mile long ; iz laid at a gradient of 1 in 3,520, and serves as a
storage-tank.  The sewage-well, at the pumping-station, is of small
capacity, and to prevent choking the pumps by the coarser particles of
gewage, the suction-pipe is protected by iron screens.

The outfall-sewer is eleaned out oceasionally, and the deposit which is
little more than detritus is carted away.

The cost of preparing the land, construeting carriers, erecting pump-
ing station, and fitting it with machinery was 7,200/

By the courtesy of the town clerk we are enabled to give a copy of
the General Account and Balance Sheet for the year ended 31st Decem-
ber 1874, and also proceeds from sales of crops for the year ended
31st December 18745.
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the purchase of 475 acres of land at Samlesbury, at a cost of 69,5001,
including expenses of arbitration, easements, &c., being at a rate of
about 100 years purchase of the present rents, and they have ihrergted
their engineer to extend the sewage condwmt on io this newly acquired
land at an estimated cost of 7,650L, to which the cost of draining and
preparing the land must be added. The farm at Pleasington and
Houghton has a light loamy soil upon a gravelly subsoil; it has been
under drained to a depth of 4 feet, the drains being 18 feet apart. It is
intended to drain the land at Samlesbury, which is partly loam and
partly stiff clay. : Uy T

In addition to the cost of disposing of the sewage in irrigation, there
is the cost of cleansing the “middens” and the privies en the * pail”
system ; this amounts to 5,641/, 2s. 8d. yearly, and the annual receipts for
the refuse from both kinds of privies is only 1,8057. 125, 5d.

CHELTENHAM.,
Population (about) - = = - = - 45,000
Rateable value - - - - - - £217,849
Houses - = - - - = - 8,725
Waterclosets = = - = = - 5,000
Cost of outfall works, purchase and laying out of farm - £18,000
Volume of sewage every 24 hours = - {gallons) 1,250,000

Privies are cleansed at the expense of the occupiers of the houses to
which they belong.

Cheltenhium.—The sewage of this township, which has an area of
about 2,000 acres and a resident population, including portions of
Charlton-Kings, Leckampton, and Prestbury, of about 45,000, living
in 8,725 houses, and a rateable value of 217,849/, is disposed of in
irrigation. The natural drainage of the district is into three streams
flowing from east to west, 7.e., Wyman’s Brook on the north, the Chelt
in the centre, and the Hatherley Brook to the south; all the sewage,
however, runs towards the Chelt and the Hatherley Brook, near which
streams the subsidence-tanks have been constructed, from which it flows,
by gravitation through earthenware pipes fo the farm. The local
anthority have in contemplation to comduct by pipes in a northerly
direction a portion of the sewage from the tank near the Chelt on to
land in the parish of Elmstone-Hardwicke, abutting on Wyman's Brook,
and if the proposal be carried out, a great object will be obtained in
bringing under sewage irrigation an extended area of land admirably
adapted for the purpose; and as the owner and tenant of the land are
willing to join in an agreement for 14 years, a degree of permanence
will be assured ; the tenant will take the responsibility of dealing with
the sewage on his own land so as not to occasion nuisance or injury to
others ; he will also pay a fair rent for it. The watercloset system is
generally adopted, there being about 8,500 in the town. The average
volume of sewage every 24 hours is 1,250,000 gallons, and as stated
above, this flows from the main outfall-sewer into subsidence-tanks,
which are constructed with transverse divisions to intercept matters in
suspension, and by an arrangement the sewage as it flows through the
tanks works a turbine and chain pump ; by this means the “sludge”
is pumped up, and mixed with the house refuse and ashes, (about
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CHORLEY.

Population (about) - - - 5 - - 20,000
R-Ill?ﬂﬂllle mi:uﬂ ) - " - - 5 - £54,407
Houses - - - - - - - 4,000
Waterclosets - - - e - - 200
Cost of outlet works, purchase, and laying out farms at

Common Bauok and Plymouth Bridge - - - £16,550
Volume of sewage every 24 hours - - (galloms) 500,000
Privies and middens - - - - - 1,600
Privies, * pail ™ system - - - - - 700
Cost of cleansing privies on both systems - - £709
Amount received for refuse - - - - £186

Chorley ( Lancashire).—Arca of the distriet 3,613 acres, population
about 20,000 ; annual rateable value, 54,407/, There are about 4,000
houses, 200 waterclosets, and 1,600 privies, but these latter are being
gradually abolished and the ©pail” system introduced, and about 700
privies are now reconstructed on this system. The distriet, with the
exception of a small arvea at Cowling and Botany, was sewered in 1855,
at a cost of 17,0007, and the sewage then gravitated to one outfall in
the river Chor. Complaints were repeatedly made to the Improvement
Commissioners by the Reverend J. Sparkling, Mr. Henry Alison,
Mr. R. Townley Parker, Mr. E. E. Silvester, and Mr. Randolphus de
Trafford, riparian owners, of the nuisance caused by the sewage of
the town being discharged into the river Chor and thence carried down
into the river Yarrow, which polluted and rendered offensive the water
of the Yarrow from the confluence of the Chor to below the village of
Croston, and in July 1867 Mr. Edward Silvester and Mr. Henry
Alison filed a bill of complaint in Chancery and prayed, “ That the
# defendants be restrained by injunction from causing or allowing the
“ gewage to be discharged, or to flow into the river Yarrow so as to be
% g nuigance and pollute the said river.” The defendants (the Chorley
Commissioners) by their counsel admitted that the discharge of sewage
into the Yarrow, by means of the Chor, had polluted the river, and that
the works constructed by them had become a nuisance. A perpetual
injunction was issued to restrain the defendants from continuing the
same, such injunction not to take effect until the expiration of 12
months from the date of the decree, 23rd November 1867, or until the
expiration of such further period as the Court should from time to time
direct. With the intention of diverting the sewage from the Chor and
Yarrow and ufilizing it in irgigation the Improvement Commissioners,
on the 21st October 1867, took on lease for 21 years, at a yearly rent of
1304, a farm of 87 acres, at “ Common Bank,” about a mile to the
West of Chorley, and subsequently, in 1870, purchased it for 6,450,
and caused it to be laid out to receive sewage. The outfall-sewer
was extended and continued on to the farm by cast-iron pipes; per-
manent carriers to distribule the sewage were also constructed of
brickwork, stoneware-pipes and wood; and suitable farm buildings,
were also erected; these works cost 4,800, As soon as the wﬂﬂ;g
were completed, the sewage, which is estimated to be about 500,000
gallons every 24 hours, 200,000 of this being subsoil water, flowed
continuously over the farm. The land, which is for the most part
poor vegetable soil, with a stiff clay subsoil, has been underdrained to
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Ttalian rye grass has received per acre in one year at a rate of 13,000
tons, or a vertical depth of sewage of 130 inches. The land during the
season would readily have disposed of -lr:mhlf: t.Im-{ volume of sewage, 260
inches, —if it had been desirable so to dispose of it. The 130 inches were
actually required by the grass.

Doncaster—This borough has an area of 1,690 acres, a population of
about 20,000, and a rateable walue of 68,7214 10s. There are in the
borough 4,300 inhabited houses ; the existing water supply is defective,
consequently waterclosets are not cenerally used. The town has been
sewered. but not more than one half of the excreta of the inhabitants
flows to the pumping-station at the outfall-works. _Tim- MAain=sewers
are of brickwork, and the branch mains of sanitary pipes. The sewers
are ventilated by means of open grids in the covers of manholes at the
street surface ; and, in some instances, by pipes carried up the gable
ends of the houses above the roofs. The sewerage works were com-
pleted in 1870, under the advice and superintendence of Mr. B, S.
Brundell, C.E., and the sewage then flowed by an existing ontlet into
the river Don navigation. The proprietors of that navigation, in the
autumn of 1870, filed a Bill of Complaint in Chancery, and obtained an
inj'unctian. The ecorporation, as advised, not having a defence, con-
sented thereto, asked for time to be given in which to carry out remedial
works, and the Court granted two years. The corporation then directed
Mr. Brundell to examine and report on the best means of disposing
. of the sewage. This he did, and reported in favour of irrigation,
advising that the sewage should be intercepted from the river and
pumped on to land, the property of the Corporation at Long Sandall.
Subsequently, the works, as designed, were carried out, at a cost,
of 20,000L. The whole of the sewage of Doncaster, with the exception
of that part of the town known as Bennetthorpe, consisting of about
80 houses, gravitates to a point on the north side of the town, and
flows into a sewage-well, first passing through iron sereens fixed
across the well to prevent choking of the pumps by cotton-waste,
rags, and shavings thrown into the sewers. A volume of erude-sewage,
varying from 500,000 to 800,000, or an average of 600,000 gallons, is
pumped daily from 6 a.m, to 11 a.m., and from 1 p.m. to 5.30 p.m. The
outfall-sewer is of sufficient capacity (6 feet in diameter) to hold the dry-
weather sewage flowing during the night ; but in wet weather the sewage
can be pumped, at night, into a tank on the farm, capable of holding
1,000,000 gallons. There is also a storm-outlet, by which the sewage,
when extremely diluted by heavy rain-fall. can be pumped direct into the
“ flood drain.” The sewage-farm is on the road leading to Thorne, on the
north side of, and about two miles from, Doneaster ; the corporation are
owners of a considerable estate in this neighbourhood, and the * Wheatl
Hills Farm,” of 264 acres of land (partly light open soil and partly nla,}g
has been laid out as a sewage-farm, and has been let with the sewage,
together with a suitable house and farm buildings, on lease for 14 years,
ata yearly rent of 8004, the corporation undertaking to pump and deliver
the sewage of Doncaster on to the farm at the yearly cost of about
3001, The clay-land is underdrained ; but the light open land is only
underdrained in the valleys and low places, and it is found that the
purified drainage water finds its way readily through the light soil
from long distances to these subsoil drains. There are five acres of
land, especially laid out, and deep under-drained, which can be used
as a filter on the % Downward Intermittent” prineiple, as proposed
by the Rivers Pollution Commission.. Up to the present time, how-
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Diawmeter of Pump. :
Double acting ; 20 inches diameter.
Length of Stroke of Engne.
Low-pressure cylinder, 4' 6" stroke,
High-pressure do. 3" 13" do.
Number of Strokes per Minute.
22 revolutions.

TriAL of one Excine for One Week, from 23rd Febroary 1874 to
1st March 1874,

Time of pumping, 458 hours.

Coal consumed, 3 tons=147 lbs. per hour of actual pumping.
Number of stoppages, 11.

Gallons pumped, 3,843,000.

Tons pumped, 17,1561=375 tons per hour.

HARROGATE.
Papulation (average) - - - - - 12,000
Rateable value - - - - - - £50,000
Houses - - - - - - - 1,500
‘Waterclosets - - - - - - 1,620
Cost of main sewers - - - - -  £15,683
Cost of outlet works and laying out land at Jenny Plain - £1,150
Purchase of land at outlet works at Wetherby Lane - £4,484

Harrogate—This is essentially a water-closeted town; the area of
the district is about 1,300 acres. Resident population, about 8,000,
augmeniéd in the season, from the months of May to October, to about
16,000 ; the annual rateable value is 50,000/, There are 1,500 inhabited
houses, and 1,620 waterclosets in the township, and very few common
privies. The waterworks belong to a private company. The * Coppice ”
stream, a tributary of the * Oak Beck,” flows through the town, and
that portion of the river-channel in the town has been covered over ;
into this stream several of the old sewers discharge. In 1867 complaint
was made by a bleacher (Mr. Wood, of Rawden, near Leeds), whose
bleachfields are on the * Oak Beck,” of the fouling of the stream by the
sewage of the township, and proceedings at law were threatened. The
Improvement Commissioners compromised the matter by paying 5801,
undertaking “ not to discharge any more sewage into the stream.”” In
order to give effect to this agreement, they directed their surveyor to
prepare plans of main sewerage works for the township ; these works
were, in 1869, carried out at a cost of 15,5831, and to cleanse the daily
and nightly volume of sewage, which 1s estimated at about 168,000
%ﬂlma (inclusive of about 83,000 gallons of spring water), the

mprovement Commissioners obtained a lease of 47 acres of land, a
stiff clay soil at Jenny Plain, one mile from the town. This land they
caused to be specially laid out, and subsidence-tanks to be constructed
into which the ontfall-sewer should discharge, the sewage to flow
from thence through stoneware pipe carriers on to the land, and the
effluent water run off into the “ Oak Beck.” The cost of these works
was 1,150/, In April 1869, about two months after receiving the 5801.,

39260. B




| - ! &
L =
Bl | - I |
I
i 1 '
i 11 1K |
L [ 1 th
Y t
] Lol l
1 | 1
1 1 | [ 15 &l ! ) !
5 : ¥
a 1 1.
1 b it | T A
1 T e Al
| It 1 v 11
{
i [
il I 1k
i1 ul
J1ne L&
5 1 1 { : :
¥ =R10 ] |
[&
A L
1 Ly T
T ? I on lease ¥
1
i
()]
















23

the adjoining farmers on about 80 acres of land for ":'l."lti{:ll we received
from 20s. to 30s. per acre. The sewage of Leamington is pumped
to the farm daily, and is used in winter on fallow or grass-land, and
in summer on grass, cabbage, carrots, parsnips, onions, mangul_ﬂu and
turnips. We never apply any sewage to the root crops, with the
exception of cabbage, until May or June; but this latter erop is sewaged
in the spring as soon as the weather will permit. Wj: have tried
sewage on corn crop, but found it difficult to apply it while the erop is
growing, in fact sewage ought not to be applied to corn crops. The
last season we had excellent crops of everything grown on the farm.
The farm is worked with 13 horses which are all fed on the sewage
produce and do remarkably well.”

“ We have also a dairy of 40 cows, the milk is sold on the farm at
11d. per gallon the cows are all stall fed in summer on grass, and in
winter on turnips, mangolds, and hay and straw, eut into chafl, and a
little artificial food. The calves are reared and sold when two or three
years old ; we also keep a few sheep on the farm. During the last two
years we have gained 10 silver cups and a great many money prizes for
roots grown by sewage.”

MERTHYR TYDFIL.

Population Iﬁaboutj - - - - - E 50,000
Rateable value - - - - - - £135,000
Houses - - - = - - - 10,778
Waterclosets - - - - - - 8,000
Cost of outlet sewer, purchase and laying out of land as

filters, and as sewage farms - - - - £53,330

Yearly rent of 59 acres of land held on lease - - £298
Volume of sewage every 24 hours, about - (gallons) - 1,200,000

Privies (2,800) are cleansed at the expense of the occupiers of the
houses to which they belong.

Merthyr Tydfil—This urban sanitary distriet has an area of 17,714
acres, a population of about 55,000, and a rateable value of 135,000L
There are 10,200 inhabited and 578 uninhabited houses ; connected with
these are about 8,000 waterclosets and the drainage from about 2,800
privies. In 1864, the waterworks were completed, and it then became
necessary to provide for the disposal of the used water which greatly
augmented the volume of the sewage. Plans were prepared by Mr. S,
Harpur, the engineer, to the local authority for the disposal of the sewage,
and approved ; the works were commenced in November 1865, but owing
to the failure of the contractor, were not completed till 1868, at a cost of
28,0004, ; the crude-sewage was then discharged into the Taff. Soon after
the works were completed a Bill of Complaint was filed in the Court
of Chancery by Messrs. Nixon and Company, colliery proprietors,
Ynysowen, to restrain the local authority from polluting the Taff, and an
interim injunction, afterwards made perpetual, was granted. In April
1869, the engineer to the local authority submitted a comprehensive
scheme for disposal of the sewage by irrigation; this was sanctioned, it
embraced the taking and laying out at Troedyrhiew, within the parish
of Merthyr, 75 acres of land; also 60 acres of common land, and 240
acres of enclosed land in the parishes of Llanfabon and Llanwonno, at
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Adderley again invoked the aid of the Court of Chancery, and obtained
an order of sequestration.

About the same date certain other owners of property near the
subsidence-tanks also moved the Court to hinder the corporation from
depositing on  the ground sewage-sludge arrested in the tanks
and the Court, in this case also, granted the injunction prayed for.
Whereupon the council either removed the sludge or dug it into a
portion of the farm-lands. Thus restrained on all sides, instrue-
tions were given to the borough surveyor, early in 1871, to submit
surveys and levels of any lands he considered most snitable for dealing
with the sewage by irrigation, and to employ such assistance as he con-
sidered necessary. In June of that year a comprehensive report was
jointly prepared by Messrs. Blackburn, J. Chalmers Morton, Lawson,
and Maunsergh, and Doctors Voelcker and Hill, recommending the
taking 2,000 to 2,500 acres of land near Kingsbury, about eight
miles below the present outlef, and the construction of sewage-condunits
for conveying the sewage thereto. This report was laid before the
council, but the scheme being considered too costly, a special committee
was instructed to again consider the whole question of sewage disposal,
and acting on their adviee the corporation promoted a Bill in Parliament
in session 1872 to aequire powers to extend the main-sewer to a
portion of the land before deseribed at Kingsbury, and there to obtain
800 acres, on which to purify the whole of the sewage, partly by inter-
mittent downward filtration, and partly by irrigation. The Bill passed
through committee of the Commons after a lengthy opposition, but was
thrown out on the third reading. The costs incurred to the corpora-
tion in promoting this Bill amounted to 10,644/ T7s. 104., and not
having passed placed the town in a dilemma; however, in order to
satisfy the requirements of the Court of Chancery, the corporation
purchased 24 acres of land, formerly held on lease, for the sum of 8,000/
and subsequently further inereased the area of the farm at Saltley
by adding to it a purchase of 101 acres, at a cost of 29,400L; acting
on the advice of Thomas Hawkesley, Esq., C.E., as to the best
method of treating the sewage at the outlet-works (under their limited
powers). The town council, in accordance with his recommendations,
caused four additional sets of subsidence-tanks to be constructed, and
the sewage to be treated by the lime process. A volume of about
12,000,000 gallons every 24 hours ig thus, by the addition of 1? tons of
lime, to a certain extent clarified and an average of 365 cubic yards,
or about 300 tons of the suspended matters of sewage, are deposited in
the tanks, or about 110,000 tons per annum. The total cost of the
outlet works and tanks has been 58,880{. The corporation have per-
mitted Major-General Scott, C.B., R.E.,, to carry on experimentally his
process for treating sewage and converting the © sludge™ into cement,
but this has not been done to any great extent, because it is not remu-
nerative. The corporation are now making arrangements for carrying
the water, clarified by the lime process on to the adjoining lands at
Saltley for irrigation and filtration, and it is expected that by these means
a more complete purification of the polluted liquid will be effected.

The *sludge,” amounting to 365 cubic yards daily from the subsi-
dence tanks, is removed and dug into land, a portion of the farm, at a
cost of 14Z. 10s. per acre, at arate of about one acre per “[u%k, or, in the
whole, 56 acres during the year. With reference to the suit instituted by
Sir Charles B. Adderley, it was in 1875 arranged that the order of seques-
tration should be discharged, and that the injunction should be varied
so as admit of the corporation constructing new sewers within the town
which they had been prevented doing for some years, as also that the
sum of 6,000/ should be paid to Sir Charles Adderley in settlement of
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has been about 70,000{. The rainfall from the roofs of buildings
and sorface of streets ordinarily flows into the sewers, but in heavy
storms the flood water is discharged by 18 storm-outlets direct into the
river.

Before any intercepting sewers were eonstructed, the sewage flowed
by about 100 ontlets direet into the river, ‘ﬂnl—lsingu nuisance and serious
annoyance to the inhabitants living adjacent and mear to the Mill
Lodge of the Springfield paper-works. A memorial having been pre-
sented to Mr. Secretary Bruee by the owners and occupiers of property

being ratepayers) in the township of DBolton, he directed an inquiry,
under the 29th and 30th Victoria, chapter 90, section 49, ¢ as to the
¢ glleged default of the corporation of Bolton in not having provided its
“ district with proper sewers, and polluting the river Croal.” This
inquiry was held on 19th August 1868 by Mr. Arncld Taylor, one of
the inspectors of the Local Government Act Office. On receipt of his
report, dated 17th December 1868, the Secretary of State directed that
a copy of it should be sent to the corporation. Adfter the lapse of nearly
a year, no decisive steps having been taken in the meantime to abate the
nuisance complained of, the Secretary of State directed (28th June 1869)
that the plans and estimates of the borough engineer of Bélton (Mr.
J. Baylis), in reference to the diversion of the sewage of the horough
from the river Croal, together with any alternative plans that may
have been prepared by instructions of the town council be sent to the
Local Government Act Office for approval without further delay.
These plans and estimates were submitted and approved, but a further
delay having taken place in carrying out the works, the Secretary of
State, being satisfied that the town council had been guilty of default,
izsued an order under his hand the 21st day of July 1869, directing that
the works necessary for the diversion of the sewage should be com-
menced within 14 days from the date of the order, and that the works so
commenced should be continued without intermission until completion.
The intercepting sewers which have been constructed have cost 10,2861,
In June 1870 the corporation entered into an agreement with the
“ A. B. C. (Native Guano Company),” whereby they contracted to erect
works at Burden, near the southern boundary of the borough, at a cost
of 16,578, and the company, on their part, undertook to defiecate and
purify the sewage, so as to render it fit to be admitted into the river ;
and in consideration for the use of the patents of the company, the cor-
poration agreed to pay the working expenses of the process, and to
deliver to the company one-fourth part of the manure manufactured at
the works from the sewage-sludge. The volume of sewage which
flows to the works every 24 hours is about 2,500,000 gallons ; but, in
addition to this, there is a further velume of 1,000,000 gallons also
intercepted, which is at present discharged by one outlet into the river,
as the four syphons under the river to connect this sewer with the main
outfall are not finished. There is also an additional volume of about
500,000 gallons of sewage yet to be intercepted, which now passes by
several outlets direct into the river.

The A. B. C. process was carried on up to June 1873, but was
then abandoned, owing to the great expense of working it, and also
he.l?ia.use the manure manufactured from the sludge could not be
sold.
‘We were furnished by the manager of the works (27th January 1876)
with the cost of lahour and materials required to treat 1,085,000 gallons
(about half the present daily flow of the sewage of Bolton,) for & period
of 571 hours by the A. B. % process, i.c.)
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(abount 8,000,000 gallons per day) flowed direct into the Bradford Beck,
then a black and offensive stream. The Rivers Pollution Commission
designated it the most filthy stream they had met with, surpassing the
* worst examples in Lancashire.” Although the sewage was not worse
in appearance than the water of the * Beck,” into which it flowed, Mr.
William Crompton Stansfield of Esholt Hall, near Apperley Bridge,
considered himself aggrieved by the additional pollution which the
sewage caused to the stream, and on the 28th of Amgust 1868, he filed a
Bill of Complaint in the Court of Chancery to restrain the eorporation
from causing or permitting to pass any sewage, filth, or other offensive
matter, solid or lignid, into the Bradford Beck in such a manner that
the same might pass therefrom into the river Aire to his injury, and
prayed that damages might be awarded for all injuries suffered. On
the 1st September 1868, the corporation was served with an interim
injunction obtained ex parte from the Master of the Rolls, prohibiting
them under a penalty of 10,000/ from opening or permitting to be
opened any additional main or branch-sewer, or any house-drain or
sewer into the outfall-sewer or into the Bradford Beck, or any sewer
communicating therewith or emptying itself therein. An answer to the
bill was filed, but negociations between the corporation and the Plaintiff
ended in an arrangement whereby the injunction was dissolved upon
terms, one of which was that the corporation should, on or before the
11th of January, take steps to defeeate the sewage passing through the
public sewers. The ecorporation being convinced that any works
merely dealing with the sewage of the town would fail to produce any
appreciable improvement in the condition of the river Aire, they, in
conjunetion with other corporations and loeal boards in the watersheds
of the Aire and Calder, introduced a Bill into Parliament during the
Session of 1871 called the “Aire and Calder Conservancy Bill,” which
proposed to deal in a comprehensive manner with the sewage of the two
watersheds. Violent opposition to this Bill was threatened, and it was
consequently withdrawn. The same year the “Peat Engineering and
Sewage Filtration Company,” made an offer to the corporation to apply
their system to the sewage of Bradford. Arrangements were made by
which the corporation agreed to lease the sewage to this company for a
term of 21 years, and to provide lands and buildings in which the
operations were to be earried on; and the Company, on their part,
agreed to purify the sewage, estimated at a daily volume of 8,000,000
gallons at their own expense, the residuum to become the property of
the company. The company were also to have free use, for the first
three years, of the buildings and plant to be constructed by the cor-
oration ; but after that period they were to pay the corporation a rent
goa‘ the use thereof. These works were subsequently erected at o cost of
60,0007, including land and incidental expenses. The company however
failed to carry out the contract, and legal proceedings were commenced
by the corporation against the company and their sureties to enforce
the contract; but the company collapsed, and the corporation in 1874
took possession of the works. ¥
The defecation works are situate in a ?a'.':ll? befween Friztx&ghaﬂ and
Massin and were specially constructed for carrying out the process
of ﬁlu'agtjh:;lljay peat ﬂhaErEEE]L ]'rl‘his process failed, because the sediment,
choked the filters ; and as the filtering medium required to be constantly
replaced, the cost was ruinous, and the process had consequently to
" be abandoned. The corporation then made such alterations to the
works as to carry on a combined process of precipitation and
fiitration ; and this method has for some time past been in operation
for defmeating the sewage, which gravitates to the works, and flows
into four subsidence tanks, from these tanks it passes along an
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were not accepted by the company. On ﬂl_E Eﬁ:ﬂh Suptember 1871, Mr.
H. M. Jackson, a riparian owner, ﬁl_ed o bill of complaint in Chancery
and applied for an interlocutory injunction to restrain the corporation
from passing sewage into the river, but the court declined to grant the
injunction and the suit was ubnnflnued. _ . 4

In 1872, the * Peat Engineering and Sewage Filtration Company,
made an offer to the corporation to deal with the sewage by their
process, but this offer the corporation did not entertain. »

On the 25th of October in the same year, the corporation entered
into a contract with the * General Sewage and Manure Company,
Limited,” whereby a messuage and 28 acres of land at the outfall
works were leased by the corporation to the company for 14 years at
a rent of 750 per annum, together with the sewage of the city. The
company covenanted to erect the necessary buildings; to furnish
the requisite machinery and plant; to effectually deodorize and
purify the whole of the sewage of the city, and to pass the clarified
water therefrom into the river Sherburne, and they further covenanted
that if default iz made, after six weeks' notice, in {tarr:,rin% out the
conditions of the lease, the corporation shall have power of ré-entry
and to put an end to the lease; whereupon all buildings and works
shall become the property of the corporation without payment or com-
pensation to the company; and the corporation are also to have the
option of buying the steam engines, machinery, and other effects on the
works at a valuation.

The company were to commence to treat the sewage on the 20th of
September 1873, but it was not until May 1874 that the works were
sufficiently completed to enable them to do go.

The * General Sewage and Manure Company Limited ™ was formed in
1872, with a primary object of working on a practieal scale the process
for the purification of town sewage patented by Dr. Anderson, but the
company have also acquired cther patents for improving this process.
The works erected by the- company at Coventry, at a cost, including
machinary and plant, of 12,0001, are situated on the right bank of the
River Sherburne about two miles from the city. The sewage, estimated
at 2,000,000 gallons every 24 hours, is weak owing to the large volume
of subsoil water which mingles with it on its passage through the sewers,
On the sewage reaching the works it passes through * extractors ” which
remove the coarser parts of the suspended matters, and it then flows
into circular mixing tanks, constructed beneath the floor of the first
block of buildings, to these tanks are affixed “agitators” driven by
steam power for thoronghly mixing the compound which is here added
to the sewage in such quantities as from time to time is required. This
mixture consists of a saturated solution of erude sulpbate of alumina,
which has been heated to the boiling point, and this is prepared at the
works from ordinary clay, or from shale of the coal measures, treated
with concentrated sulphuric acid (an aluminous shale is at present used).
From the mixing pits the sewage flows into another series of tanks
under the floor of the second block of buildings, and in these tanks
“lime” in the condition of so-called “milk” is added to the sewage
which is here also continuously agitated by machinery.”

From the * liming-tanks” the defscated sewage flows into uncovered
subsidence-tanks ; these are four in number, and each tank is cleaned
out every fourth day, The supernatant liquid flows from these tanks
in & tolerably clear condition into a conduit which discharges it on to
an area of about 4} acres of loamy soil adjoining the works. This land
has been mu_ghﬁ laid out as a land-filter and drained about five feet
deep with an outlet at the extreme end of the land into the river Sher-
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HALIFATX,

Area . - = = - - (acres) 8,768
Population, about - - - - - - 68,000
Rateable value - - - - - - £262,581
Inhabited houses - - - - - . 11,218
Waterclosets = - = - = - 2,600
Sewerage works cost - - - SRS T TEna0
Outfall works and tanks cost = = - - £15,954
TEstimated volume of sewage every 24 hours (gallons) - 2,500,000
Yearly cost of cleaning tanks and removing refuse - = £213
Privies on the Goux system - - - - - 3,159
Yearly cost to corporation of cleansing these receptacles - £1,806
Privies with middens on old system - - - 4 1,500

=4 A0

Yearly cost to corporation of cleansing these “middens™

The borough of Halifax has been sewered ; the main sewers ave built

of stone and brickwork, and the branch sewers are formed of stoneware |,

pipes, the main outfall being into the Hebble at Salter Hebble. The
sewers are ventilated by means of side chambers built to each manhole ;
these are carried up to the surface of the streets and are covered by open
arids. The Hebble, a small stream, in its passage through the town is
considerably discoloured by refuse from mills and dye works; and, in
1869, it was greatly polluted by sewage. Tn the month of May of that
year, Messrs, J. Holdsworth and Company, whose mill is on the stream
about a quarter of a mile from the outfall sewer, filed a bill of complaint
in the Court of Chancery, and in July of the same year an injunction
was granted to restrain the corporation, from and after the 1st of June,
1870, from causing or permitting the sewage of the borough to flow
into the Hebble Brook until the same had been sufficiently purified
and deodorised. In February 1870, the late Mr. John Lawson,
C. E. (Lawson and Mansergh) at the instance of the corporation, visited
Halifax, and after an examination of the district submitted a report on
the best mode of disposing of the sewage thereof; he recommended
that  an irrigation scheme on a comprehensive scale should be carried
% out, and he considered that the 475 acres of land proposed to be pur-
“ chased by the corporation would probably be sufficient for the
% thorough utilization and purification of the sewage of Halifax” : he
also stated that * tanks or screeners would be required to take out the
“ suspended matters, and the sewerage could be delivered on to the
“ greater part of the land by gravitation.,” The recommendation of
Mr. Lawson was not adopted by the corporation, who in the autumn
of 1869 called in Mr. J. Bateman, C.E. to advise them, and he
recommended that subsidence tanks should be constructed, and that an
intercepting sewer of cast-iron pipes, from 18 inches to 30 inches in
diameter, should be laid to convey the sewage of Halifax and discharce
it into the tanks and thence into the stream at a point below the
plaintiff’s works; the intercepting sewer and tanks were completed
before the 1st of June 1870, and this satisfied the Plaintiffs in the suit,
The cost of these works was 15,954/. The volume of sewage flowing
through the outlet is estimated at 2,500,000 gallons every 24 hours, and
in this volume is included about 500,000 gallons of subsoil water. The
sewage is mot treated by any chemical agent, but flows into the sub-
sidence tanks where the coarser matters and detritus are arrested, hut
the raw sewage, loaded with the foul matters in solurion, passes from
the tanks into the Hebble Brook.
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The sewerage system of Paris consists of seven principal and fifteen
secondary collectors. On the right bank of the Seine there are three
principal collectors, converging to a chiet’ one under the Rue Royale ;
(which conveys the sewage to Clichy) ; there are also three on the left
bank of the river, and these communicate, with the chief one, by means
of two syphons under the Seine. _

The chiet collector is 16 feet in height, 18 feet in breadth, and about
three miles in length ; the aggregate length of the main-sewers already
completed is about 354 miles. e I

The Plain of Gennevilliers is well adapted for sewage utilization, as it
consists of a light open soil on a gravelly subsoil of considerable depth ;
and it, therefore, serves the purpose of a natural filter ; but at the date
of our visit, in September 1875, only about 400 acres were under
irrigation.

In outline, the Plain very much resembles, although on a larger scale,
the sewage meadows of Carlisle bounded by the Eden ; and also the
Kendal sewage farm bounded by the Ient.

The principal main sewage-carriers are formed of brickwork, and are
7 feet wide and 3 feet deep, the branch-carriers being 3 feet 6 inches
wide and 2 feet deep.

The daily volume of the sewage of Paris is equal to 343,700 tons,
but only a limited portion of this (i.e., abont 28,000 tons) is used on the
land required to be irrigated, the remainder flows into the river Seine
at Clichy.

The whole of the zolid exerements of the population are not allowed
to go into the sewers; these and the contents of cesspnols are collected
and removed to the Forest of Bondy, and are there manufactured into
poudrette ; but as the streets are cleansed daily and the droppings of
horses and surface dirt are swept and flushed through the gullies into
the sewers, the sewage contains a large quantity of solid matter, not only
in suspension but also in solution.

In 1869 the municipality of Paris, having laid down the carriers,
sub-carriers, condunits, and pipes for distributing the sewage over the
land at Gennevilliers, conceded to the owners, and also to the lessees of
the allotments, the free use of it until 1880, after which time, if they
continue to use it, a rentis to be paid. At first there was a great pre-
judice against the use of sewage as a manure, and also the produce

wn by its aid, but this has gradually died ounf, and the number of

ttees who use the sewage increases every year, and the owners and
uuﬂuﬁ»;era are much pleased with the result.

The allotments are very numerous, and are let on lease for terms
varying from 8 to 15 years.

The erops grown under sewage-irrigation have been a perfect success;
they comprised absinthe, artichokes, asparagus, beans; beetroot, cabbage,
cordon, carrots, celery, chevil, chicory, cohl-rabi, cucumbers, leeks,
melons, onions, parsnips, peppermint, potatoes, pumpkins, spinach,
tomatoes, turnips, lucerne, clover, Italian rye-grass, mangolds, wheat,
oats, and Indian corn.

The market-garden produce yielded very abundant erops. The
asparagus is grown in nursery-beds as plants,. and afterwards sold to
gardeners, who foree it for use of consumers. The Indian corn was of
exceedingly luxuriant growth, 9 to 10 feet high. The potatoes gave a
very good crop; the sewage is applied-to the land before planting pota-
toes, and not to the growing crop; except in dronght.,. The Italian: vye-
E&s and lucerne yielded five enttings for hay and two cuttings: green

cattle feeding. It is found that the application of sewage to lucerne

more than doubles the wazﬁl;t of the erop. A meadow of natural grass

(principally cocksfoot) under sewage treatment, yjelded three crops: of

hay in the year, and these realized 151 13s. per acre, Application of
E Z
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sewage to young fruit trees has also been very suceessful. The avera
yearly rainfall is 20 inches. The hot and dry plain of Geunevilliers is
capable of absorbing a very large volume of sewage, especially in the
summer season. It is found that the sewage does not readily freeze, and
therefore can be applied continuously to the land., The available area
of land at Gennevilliers is insufficient to receive the daily volume of the
Paris sewage, and we were informed that it is in comtemplation to
extend the main conduit to St. Germain, and to irrigate the land lying
on the edge of the forest, and also the forest itself if necessary.

The effluent water after percolating through the gravelly subsoil flows
into the river Seine, and at the date of our visit it was clean, bright, and
inodorous. :

BERLIN.

The sewage at present flows into large open channels or gutters by
the side of the footpaths in the streets; these are principally lined
with stone or bricks, and, where they cross the sireets, are covered
with deals ; the gutters are swept by the scavengers daily, and the solid
refuse removed therefrom, but the liguid flows from thence into the river
Spree and the canals,

A system of sewers is being carried out on the English plan, and for
this purpose the city has been divided into five drainage districts, with
a separate pumping station to each. The main and branch sewers are
built of brickwork, egg-shaped in form; they vary in height from
4 to 7 feet; the subsidiary sewers are formed of stoneware-pipes of
of from 9 to 24 inches in diameter. The sewers are chiefly laid at
gradients of 1 in 500, the flattest being 1 in 2,400. Each of the five
pumping stations will have six engines of 60 horse power each, four
“ (zalloways " boilers, and two locomotive boilers as auxiliaries for getting
up steam in emergency. The total pumping power will be 1,800 horse.
Each of the pumping stalions is estimated to cost 50,000L, and the
entire cost of the sewerage works, pumping stations, and pumping mains
is estimated at 2,000,000/, sterling.

No. I11. works are nearly completed, and we were informed that the
sewerage works in this district would be finished, and pumping at this
station commenced in 1876.

The sewers will receive, in addition to the sewage proper, the whole
of the rainfall upon the houses and streets; arrangements having been
made by which, in heavy storms, more than 4 /5ths of the flood-water will
escape by speeially provided overflows direct into the river. The average
yearly rainfall is 22 inches.

" The municipal council propose to utilize the sewage in irrigation, and to
enable them to do so, they have purchased, at a cost of 400,000 (orabout
1004 per English acre) 2,000 acres of land, a sandy soil, lying to the north,
and 2,000 acres to the south of the eity, distant there from about 10 English
miles, and these farms are being prepared to receive the sewage.

The sewage will have to be pumped through east-iron mains, two to
each farm, each 3 feet 6 inches in diameter, to a height of 130 feet.

Tt is estimated that the mean daily volume of sewage thus to be dealt
with will be 28,000,000 of gallons ; of this volume 16,000,000 of' gallons
will be delivered over the North Farm, and 12,000,000 of gallons over
the South Farm ; and, from the nature of the soil, it is expected that the
whole of the séwage will be absorbed and completely oxidized.

Subsidence-tan ks will not be construeted, but the sewage will flow
direct from the pumping-main into the carriers, and thence over the
land required to be irrigated. P )

The estimated yearly cost of pumping the sewnge is 12,0000

One of the pumping-mains is already laid to the South Farm, and
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upon this farm it is proposed to grow Italian rye-grass, roots, tobacco,
all kinds of eseulent vegetables, but no cereals,

It is also proposed to lay down a branch line of railway from this farm
to Marienfelde Station, which is about two miles distant, and by this
means to bring the grass and vegetables into Berlin, and, if' a ready sale
is not found for them, the municipal couneil propose to keep a dairy of
milch cows at their farm, and convey the milk to the city; they also
propose to carry on the farms until they are in good working order, and
then to let them with the sewage; but they do not propose to sell
sewage en route, as they expect to make a better bargain by letting the
farms and sewage together.

APPENDIX No. V.

EPIDEMIC DISEASE.

Epidemie disease will probably be a means of bringing about the
greatest modern improvements in civil and social life, as inquiry and
investigation make it more and more apparent that neglect of sanitary
requirements in past ages has tended to generate plague and pestilence ;
and, in modern days, to bring about their occasional revival, with typhoid
and cholera added, There are in the cyele of time wholesome and
unwholesome seasons, periods of excessive wet, long continued generating
malaria, and seazons of parching drought producing famine, the depres-
sing influences in hoth eases lowering the public health and 'so exposing
the human body to other influences immediately surrounding it which
aggravate disease. Wet seasons deteriorate vegetation, and tend to pro-
duce disease in animals, so that the food of man becomes unwholesome ;
dry seasons reduce the produce of vegetation or destroy it altogether, so
that man and beast perish.  These influences should not he left out of
sight in eonsidering causes of disease, neither should they be made too
much of ; that is, excess of disease should not in all cases be imputed to
climate, to seasons, or to the weather, if other causes more potent and
deadly can be discovered and which causes can be removed. There are
vague notices of great epidemics in remote ages in Kthiopia, Egypt, and
India ; notices more in detail of the plague in Athens 430 years before
Christ ; and there are histories of the Middle Age pestilences, plague,
sweating-sickness, and black death, with our modern reports on typhoid-
fever and cholera, That which we know of parts of Asia and Europe
as to the causes of disease we may infer of India, China, and the other
inhabited portions of the surface of the globe; namely, that aggregated
populations living amidst filth, devouring unwholesome food, drinking
impure water, and living immoral lives, suffer from virulent disease,
consequently existence is unwholesome, miserable, and short. Some of
the prime causes of disease may be inferred from descriptions of tow
houses, and domestic habits and modes of living during the Middle
Ages. Towns were crowded on to the least space possible to afford
means for fortifications, the streets were narrow, the houses projecting
storey over storey so as to shut out sunlight and diminish the eirculation
of air, the streets were unsewered and were irregularly paved with
large and small boulder stones ; if there was a gutter it was down the
centre, and over the surface filth from the adjoining houses was
scattered and lay there till it rotted. Within the dwelling houses filth
also abounded. % The basement floors were mud, over which, in those
of the better classes, were spread straw or rushes, and on to which
went urine of animals and man, spittle, vomit, sloppings of beer,
seraps of meat, bones, refuse from fish, and other filthiness not to be
named, which were never thoroughly cleansed, the accumulations going
on through long intervals,” Such is a brief deseription of muni-

Bl e e



72

cipal negleet in England about the time of Henry the VIIIth, A
student need not, however, trouble himself to read history to learn how
men consented to live amidst filth and neglect of all sanitary precautions
In past ages, as in these days of rapid communication he may within the
range of Kurope visit and inspect towns, dwellings, and populations
existing not very much if any below the horrible conditions deseribed
by the old historian ; but even in Great Britain at this day the descrip-
tion may be aceepted as partially true of vast masses of the populations
resident not only in the slums of our great cities and towns, but also in
our rural villages, the Common Lodging Houges Aet and the more
recent Artizan and Labourers Dwellings Act having, however, been passed
to provide remedies.

In 1848 there was passed the Public Health Aet, consolidated into
the Public Health Act of 1875, and under this latter Act sanitary work
is proceeding. The prime block to more rapid progress being dread of
local rating and ignorance of the cost of continued neglect.

As there is no value witheut human life it follows that healthy human
life must be of most value, and consequently that any rates which are
necessary to secure health and long life must be worth providing. Past
history shows that disease in most horrible forms has from timeto time
destroyed populations living amidst filth indescribable of their own
making. Recent inquiries show that modern diseases of malignant
types, such as typhus and cholera, generate out of putrid refuse and
gross neglect of sanitary works and operations. Modern eivilization
aggregates populations, and necessitates modern sanitary improvements,
and that form of improvement will be best which permanently produces
the most favourable results at the least pecuniary cost.

In eleansing towns, fluid and solid refuse has to be removed ; its
removal must, therefore, be specially provided for. Rain-water may in
some cases flow over the surface by natural channels, and in other cases
by channels formed for the surface-water. Towns require to be
scavenged, and the solids, ashes and vegetable refuse, have to be re-
moved by carts. Human excreta must also be removed, either in pails
or by some other system, wet or dry, or by waterclosets, drains, and
sewers. That system which ean be established and ecarried out at the
lenst first cost, and can be worked with the most complete efficiency,
will be the best—efliciency implying comfort and wholesomeness. To .
remove the waste-water from houses and towns as fast as used there
must be drains and sewers, as eesspools and water-carts would be im-
practicable.  Through properly constructed drains and sewers water
will flow to any required distance, and will wash te the outlet all effete
matter from the population at once without any secondary iutervention
or cost. The sewering of towns and the draining of houses is com-
paratively new, and there is much imperfect work. There are also
numerous mal-arrangements, such as drains and ashpits within house
‘basements, and unventilated waterclosets within the body of the houses
and crowded betwixt bed rooms ; consequently there arve nuisances and
fevers, all of which may be prevented. In every form of dry method
(there is, however, no such thing as a * dry method ") or pail-system,
there must be retention, for a time, of the excreta; and there must be
fetching, carrying, and returning of the boxes, tubs, pails, or whatever
the apparatus may be in which the excreta is received, and the nuisance
caused will be in proportion to the time of retention of the excreta
within or near the dwelling house, the capacity of the tub or pail to
receive the contents without slopping ; the ﬁuhﬁt_n care, and eleanli-
ness in removal ; and the treatment of the refuse at the yard or station.
If uncensing attention is given to the removal, and rigid cleansing of
the tubs and pails at each emptying, and the intervals of removal are
short (never to exceed one week), the terrible nuisance of the old privy
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7. There are towns and districts which are completely sewered,
drained. and have a full water-supply. Cesspools and cesspits having
been abolished, waterclosets substituted, and the sewage at the outlet
being applied to land for agricultural uses. But even in such towns
there are grave defects, as neither sewers nor drains are fully ventilated ;
and many of the waterclosets are situate 1n Improper parts of the house
and are also defectively ventilated.

The defects stated in the above seven cases have been described over
and over again in the Sanitary Reports of the last twenty-five years, and
there has been, and now is, considerable movement to obviate some of the
most glaring evils enumerated.  But the local authorities, in many cases,
shrink from incurring the first costs of main-sewers, house-draing, the
abolition of cesspits and privies, and the establishment of waterworks ;
the substitution of waterclosets and providing land for sewage irrigation.
Hence the adoption of patented schemes of various kinds, dry and wet,
for the removal of exereta, all of which are costly failures. The prohi-
bition against polluting streams with sewage has also brought in patented

modes of dealing with sewage, the inventors professing to purify it, and’

to make a portable manure out of the sediment which shall have com-
mercial value. Every such scheme, up to this time, having, however,
failed even to purify the sewage, as well as failed to pay working
expenses by the sale of any manure made.

Sewering, draining, a public supply of water, and scavenging, are
necessary to the comfort and health of town communities, and a purifi-
cation of the sewage outside of the town iz necessary to the health of
the country, and so far no form of portable apparatus, wet or dry,
dry-earth closet, or Rochdale, pail, can dispense with sewers, drains,
and a public water-supply. So far, then, all are agreed. The waste water
from houses, streets, yards, and manufactures must flow away through
sewers to some common outlet ; and, as this fluid is polluted by every form
of pollution within a town, though excreta is absolutely excluded, it
is, in fact, sewage; it must, therefore, necessarily come under any laws
and regulations-enacted against polluting streams with sewage. These
facts are either not appreciated or are not understood by those persons
who adopt the various moveable apparatus and work them at so great a
cost to the ratepayers. As to the so-called * dry-systems” there i no
such system, because all are necessarily more or less wet. The pails do
not receive and remove all the urine, as is shown by the returns of the
weights removed by the pails used at Rochdale in proportion to the
population.  Captain Lienur, in his most complicated and costly
pneumatic system, does not profess to remove all the urine, but insists
upon special provision being made for the reception and removal of
waste-water. As side-by-side with his pneumatic privy-pan-closet, he
states that there must be a sink for waste-water and the contents of
chamber-utensils entirely distinet from his apparatus. This must also
be the case with dry-earth closets, as also with moveable pans, tubs, or
%ai]u; either on the Rochdale plan, or indeed on any other such system,

hese facts being so, where is the advantage gained by all the extra
-intervention, labour, and costs incurred? The pleas used in favour of
these several modes of removing excreta are, their advocates say,
greater comfort to the houscholder, extra cleanliness, freedom from
nuisance, and absolute freedom from any form of pollution sufficient to
cause disease. This most desirable result unfortunately depends, how-
ever, upon so much perfection in the working establishments as to prove,
practically, to be unattainable. A dry-earth closet in summer, if not
attended to, becomes a small cesspit. And this attention involves daily
removal, effective cleansing of the box, and renewal of dry-earth. I have
seen dry-earth closets most disgustingly dirty through misuse and neglect.
The several portable tubs and pails are also liable to similar contingencies

L]

T Eroe

SR N S-S

e i i

pa—




| 7 r T A 1
p L i 11T
L 0 BlrIL ¥ { 1 )
Sy R A - B 4 |
[ 1 :
= JLTN: j - q
1 &1 : il




77

use render any atmospheric of fother taint within the house absolutely
impossible, and the sewage flowing daily in a fresh state from the
closet-pans  along fully ventilated sewers gives no injurious taint.
There must, however, be no drains nor openings into drains within
the houses. Sink-pipes must discharge over or into a drain outside,
and waterclosets must be against an external wall, connected with
a soil-pipe, which is emwried above the roof ; the upper end to be
fully open, and the watercloset rooms must have a day-light window,
and fixed menns for permanent ventilation to the external air ag
the ceiling. With such arrangements, and a good supply of water, one
of the best waterelosets will work with perfect safety, and may be,
what such places should in all cases be—private. The mode of dealing
with the sewagze, at the outlet, is in no way complicated nor rendered
more diffieult to deal with by the addition of the execreta from the
watercloset ; indeed, if the sewage is used in irrigation, it is dealt with
to much better advantage ; as the fluid is richer by so much manure.
Bedford, Leamington, Croydon, and Cheltenham are cases in point,
where the entire populations use waterclosets, and the sewage is also
used in irrigation for purposes of agriculture.

That waterelosets ean be used on the greatest seale by an entire popu-
lation, is further proved in the ease of London, where, for 3,600,000
population there iz, on an average, one watercloset to each 5-5 of the
inhabitants, or about 700,000 waterclosets are in use.*

The excreta passed daily from London may be estimated at 4,000
tons, and to remove this in tubs or pails to a distance of five miles,
would cost about 1,000{. per diem, or 365,000 per annum. The daily
volume of sewage and excreta of London weighs about 600,000 tons, and
this lows along the drains and sewers to the outlet at no cost but that of
pumping, which iz about 36,0004 per annum. In many towns this cost
would not be necessary, as the sewage will flow to the outlet, but in
every case of the dry-earth tub or pail systems there must be the cost
of hand removal and earting.

EXAMPLES OF SEWAGE IRRIGATION,

ExrracreD from the First Rerorr of the CoumissioNers appainted in
1868 to inquire into the best means of preventing the Porrurron
of Rivens.—Mzersey and Ripere Basins.

The information extracted from this rivers pollution report Dbears so
intimately on the questions discussed in our Sewage Report, snd the
several analyses are so full and complete, that we have eonsidered it

* With respect to waterclosets, soil-pans, and urinals, no watercloset, soil-pan, nor
urinal should be supplied with water through a serew-down eock, stool cock, or lever-
handle, direct from the water-main, but through a service-hox or water-waste preventer.

t The late Dr. Parkes, F.R.S., made exhanstive experiments with disinfectants,
and found that it would cost about threepence for the chemicals to disinfect one
gallon of putrid excreta, so that the disinfection of 4,000 tons per day of London
refuse would cost 11,200, or at a rate of 4,088,0001. per annum, leaving the 600,000
tons of sewage per day (or 219,000,000 tons per annum) untreated. gl’hm )
only serve to show the extravagance of disinfectants; as, also, that the small doses
of Condy’s fluid, or of any other fluid, or solid, passed down sinks, waterclosets,
drains, and sewers, can practically have no beneficial effect.  Foul drains and sewers
can only be disinfected at a cost proportionate to the weight and volume of exereta
and sewage in the drains and sewers, and this we see would be enormous; they
must be flushed with water.  Disinfectants may be used with ady in hospitals
in sick rooms, and in stables ; they may also be used by butchers and by others, ik
they will be practically useless in cesspools, if only small doses are applied ; and it
is to this fact attention is intended to be directed. The vestries are only wasting
parish rates when they send round carbolic-acid to be poured down street gullies by
tablespoonfulls,. The foul ies, drains, and main-sewers, may require cleansi
and if so, should be cleansed by flushing, as a use of chemieals for the- '
be out of the question, on account of the enormous cost of such applications.
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ripening unkindly only 4% quarters per acre; but it must be remembered
in all these cases that the field, naturally a poor gravelly soil, was then
yielding its third successive grain crop. Most satisfactory results also
continued to be reported last. year® from Lodge Farm in the cultivation
of potatoes, cabbages, beet, mangold-wurtzel, and other green crops. The
Lodge Farm experience, confining it to its growth of grass, may be said
to represent a return of 5s. annually {rom every individual contributing
to the sewage used upon it. Supposing the water supply to be over
30 gallons & head, each person will make 50 tons of sewage annually,
corresponding to the production of 10 cwt. of grass, worth 10s. a ton.

The experience here, combined with the tabular statement, page 84, of
the analyses of the clear effluent water, pouring from the farm into the
neighbouring brook, is sufficiently encouraging for those who are
interested in the cleanliness of both town and river.

We turn now to a large number of instances of irrigation, where the
object has been not only to make a profit but to abate a nuisance. Such
are the cases of Aldershot, Banbury, Bedford, Croydon, Norwood, Rughy,
Warwick, and Worthing,.

3. Aldershot Farm.—The casze of Aldershot may be placed first upon
the list, because here land has been taken for irrigation, not by the
authorities, but by a tenant who, bound no doubt to cleanse the sewage
of the camp, yet has for his principal objeet the extraction of a profit
from its use, so that he comes more nearly under the same class with the
example last named. Mr. Blackburn here receives the drainage of the
North and South Camps, i.e., of a population which is fairly represented
by a constant number of 7,000 adults. During winter the drainage of
this population, amounting to about 700 tons a day throughout the year,
is poured in succession over the several fields of the farm, 80 acres in all,
one half being in one and two years old Italian ryegrass, and the other
half growing crops of potatoes, mangold-wurtzel, cabbages, &, During
the summer the erops upon the arable half take but little of the drainage
of the camp, and it is then poured almost exclusively over the Italian
ryegrass land. The soil is the poor sand of the Aldershot waste (con-
sisting of almost pure silica), prepared at considerable expense by
levelling and deep grubbing, so as both to provide a uniform slope over
which the water may flow evenly, and to remove the ferruginous * pan”
which everywhere underlies the soil, and would hinder the even distri-
bution of fertilizing matter downwards. A few deep drains serve to
draw off the water which sinks beneath the surface.

The first set of samples A., taken in the afterncon of July 16th, 1869,
were, (1) from the reservoir into which the camp drainage flows;
(2) from the lower carrier or surface drain of a plot of about an acre in
extent, over a width of 50 yards of which it had slowly trickled amidst a
growing crop of ryegrass ; and (3) from the mouth of a drain the only
effluent water from the farm. The sewage was unusually offensive at the
time, and the effluent water was apparvently clear. The difference of
composition indicated by the analyses shows that while the water (1) just
poured on had, in its first passage over a surface already riechly manured.
apparently dissolved and ecarried with it some of the stuff left by a
previous dressing, so that after its 50 yards of passage the sample (2)
exhibited in its composition an even larger quantity of filthy matter in
solution, yet in the end, and after passing through the land, the organic
nitrogen and ammonia as shown in sample (3) had to a large extent
disappeared.

* Notes upon the Sewage Cultivation of Lodge Farm, Barking, by the Hon, H. W.
Pet v —(Effingham Wil:rf:, Royal Exchnu.ge}.gc f A b
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Here then is a case in which the nuisance of the sewage is entirely
abated, and so much produce realized as to make it probable that
the remedy, which has been here an expensive one, will yet prove
profitable, ‘

The following account of the experience of 1869 at this place
has been communicated to us by Mr. T. M, Wratislaw, Clerk of the
Local Board of Health :— .

¢ The gross produce of the sewage-farm, for the year ending 31st
December, has been 5441, 16s. 8d. The total expenses, so far as the
payments (including wages for the year) have been made, stand at
4581 8s. 5d., and I do not apprehend muoch addition.™

¢ I am not aware of the actual number of persons contributing to the
sewage utilized, but should estimate 7,800.”

7. Banbury.—A population of about 11,000 people here drain into
tanks, from which, through a 12-inch pipe, the sewage is driven by
steam power a mile or more to the upper end of a farm of 136 acres, a
lease of which has been taken for 21 years, at a rvent of 4l 10s. per
acre. The quantity thus applied amounts to about 300,000 gallons a
day, or about 4,000 tons per acre per annum over that part of the farm
which is under irrigation. The sewage settles to some extent in the
tanks from which the pumps lift it, and both mud and secum are here
taken from it, and mixed with the street sweepings and other scavenging
refuse of the town ; and 2,000 tons of this compost were sold last year,
for which a sum of about 100/, was received at the depit, the material
being loaded by the purchaser into barges on the canal elose by. The
liquid part, delivered on the highest part of the farm, having about
17 feet of fall before it reaches the river Cherwell, flows twice or thrice
over successive fields before it is finally dismissed, and the extreme
filthiness of the river formerly complained of is now satisfactorily
abated.

The following samples illustrate the cleansing process which the
sewage thus undergoes. The series A. was taken at our visit to Ban-
bury on October 17th, 1868; No. 1 being the sewage which had
accumulated in the pumping well from 10 a.m. to 2 p.m., and No. 2 the
effluent water as it left the meadows at 1 pm. The series B. was
collected on July 14th, 1869, No. 1 was taken at 10 a.m. and at noon,
being raw sewage taken partly from the upper earrier on the farm and
partly from the pump well. No. 2 was the water after it had passed over
200 yards in length, and four acres in extent of a field of Italian rye-
arass, at the rate of, probably, 70 tons an hour. No. 3 was taken after
this tail water had travelled half a mile in an open carrier, and then
distributed itself over a flat meadow of permanent grass land. It was
passing from the underground drain of the field in question, and

represents the sewage as it reached the river. The farm is for

the most part a very stiff soil, and the greater part of it is still in old
gaﬂs land, and neither circumstance is favourable to its efficiency; the

rmer because the soil tends to erack in dry weather, thus given the
sewage direct access to underground drains, and thence to the river
before it has been properly acted upon by the soil ; and the latter
beeanse the surface of the land not being specially and evenly laid out
for irrigation, the water tends to colleet in shallow ponds or puddles, to
the injury of the produce, without being itself materially cleansed.
The accounts given of the produce of the land are satisfactory, and it
is believed that the farm will soon repay rent, and costs, and loan, so
that the nuisance hitherto ereated by the town will be ultimately abated
without any serions permanent charge upon the inhabitants.
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9. Worthing, containing about 8,000 inhabitants, has hitherto fouled
a stream running into the sea two miles to the eastward of it. The
town drainage now runs to a tank from which it may flow as heretofore,
and still does run during the night, so that a good deal of very offensive
filth even now lodges in the bed of the stream. During the day it is
pumped and flows upon the land of the Worthing Land Improvement
Company, who have about 100 acres on which to receive it. The soil
15 a good free loam perfectly well adapted for their purpose, and the
natural slopes ave quite sufficient for the easy distribution of the water.
There are on the lower part of the farm upwards of 40 acres of an
alluvial flat of natural grass on which the effluent drainage of the higher
arable land received before it leaves the farm. Mr. W. Hugh Dennett,
solicitor to the Worthing Land Improvement Company, has commnuni-
cated to ns the following account of the gross receipts and working
expenses of the sewage-farm for the year 1869 :—

£ 3. d,

“ Receipts - - - 1,807 4 9
¢ Expenses - - 1,045 6 9
“ Balance - - 76118 0O

“ In the above expenditure is included a sum of 511 13s. 114d. for a
‘ Level ' rate, made for the protection of various lands from the en-
croachments of the sea, which is a speeial and not an ordinary
parochial rate. ‘There is also included a sum of 50I. for the rent
of 8% acres of the land referred to and comprised in the area stated
below. A steam engine on the farm was used for about three months
at a cost of about 254

“ The population of Worthing is about 7,600.

“ The engineer reports that the average volume of sewnge Fumped
each day of 24 hours to the farm is about 480,000 gallons (of which
about 130,000 gallons are spring or surface water). In addition to this,
about 80,000 gallons of water per day flow into the Treville stream.

“ The extent over which the sewage flows is about 83 acres.

“ The whole farm consists of about 96 acres, a portion of which is
not sewaged ; 42 acres arve pasture land.

“ 1 cannot say that the pollution has altogether ceased, because
although it is stated that the 80,000 gallons of sewage flowing into the
stream per day is top water, yet it flows from the sewage-well, and must
be necessarily polluted with sewage. However, the actual pumping of
the sewage into the stream ceased some months ago, and the com-
munication has been removed. The Local Board of Health have also
cleansed the stream, and there is reason to believe that all the sewage
pumped goes upon the land, though materially diluted by spring and
surface water.”

Our samples of the Worthing sewage were taken on July 15th, 1869,
about 3 p.m., (1) from the head earrier, (2) from a carrier 150 yards
lower down at the foot of a field of Italian ryegrass, over three or four
acres of which the sewage was passing at about the rate of 60 tons an
hour, and (3) from the effluent stream at the foot of the farm after it
had further spread over two or three acres of the flat alluvial grass plot
by the river. The following results were obtained on analysis :—
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These numerous analyses show that the sewage of Croydon is much
more efficiently purified than that of Norweod. Only on one
oceasion (August 12th, 1869) during the entire year was the effluent
water discharged in a somewhat unsatisfactory condition. On all other
oceasions the orgunic carbon and nitrogen were present in proportions
considerably below those necessary to render the effluent water an
offensive addition to a stream at any season of the year. Suspended
matters were never present, except in minute quantity. It must be
noticed, however, that during the continuance of the seven nights’ frost
in January 1869, the purification here, as at Norwood, became markedly
impaired, the organic nitrogen inereasing from 186 part in 100,000, at
which it stood before the frost, to 242 part, whilst the assimilation of
ammonia by the vegetation was also retarded, as is seen from the in-
creased quantity of ammonia in the effluent water. Unfortunately, the
winter of 1868-69 was too mild to permit of this point being satis-
factorily tested, and it will therefore be desirable to resume these
experiments should there be a longer continuance of frost during the
winter of 1869-70, In order to show more clearly the condition of the
effluent water from the Norwood and Beddington meadows at different
seasons of the year, the following table hag been prepared :—

IxrLuENcE of SEasoN upon the Purirrcarion of Sewacr by IRRIGATION
Resvrrs of Awarysis expressed in Parts per 100,000,

: Tatal
: s Total Solid . [Drganic Nitrogen a§) oo
Average composition of Mattors in Organic Nitro- Am- Nitrates bined Chlo-
eMuent Sewage Water. Bolution, |Corbon. Zen. :.1:11:||111J|.I Nm?tes. Nitro. | Tin®
HET.
Spring:
Norwood - - 8301 14500 | 303 ‘814 280 1°184 | 887
Croydon - - - 3574 7 1 072 225 388 | 2:32
Summer:
RT T I A R A
|:| - - — . - - - - " Ll
Autumn:
Norwood = » = B0 1°348 | 203 *BAS Tk 17629 | 804
Croydon - 431 * {0 +188 *185 * b b 3 20
Winter:
Norwood - - - 87-0 1271 273 *Br6 =313 1285 TETL
Oroydon - - - 40" "EE | 148 * 204 ‘535 *BE | 207E
After seven days’'frost:
Norwood - - - BE'8 1856 | 418 17145 156 1°534 | 834
LEL1 | = - - 3" A L .1 = - -
Croyd i Gl 250 371 413 a2 | 2-88

It will be seen from the above table that the total solid matters in
solution are remarkably uniform at all seasons; but in estimating the
degree of purification effected at different seasons on the two farms, it is
necessary to bear in mind the relative strength of the sewage employed
n each season, since the purity of the effluent water is considerably
affected by the proportion of polluting ingredients in the original
sewage; in other words by the strength of that sewage. The strength
of sewage is approximately given by the propertion of chlorine which it
contains. Estimated by this standard the sewage of Norwood was
strongest in summer, whilst the organic elements in the effluent water
were also present in largest proportion during the same season. In
winter, when the sewage was weakest, the effluent water was purest.
At the Croydon farm, on the other hand, the sewage was strongest in
autumn and winter, and the effluent water was also less pure in those
seasons, In summer, when the sewage was weaker, the effluent water
was also purer, whilst in spring, with a still more dilute sewage, the

SO260, : G






101

18. Woking.—We vefer, in conclusion, to an experiment in sewage
irrigation on the slopes of poor sandy soil below the invalid prison at
Woking. A population of more than 1,000 adults there receive a water-
supply of upwards of 20 gallons a Illﬂud, {:lluill to about one ton daily to
every 10 persons. The whole drainage of the place passes through a
tank capable of holding about 1,500 cubic feet, or 40 tons of water ; and
thence it has hitherto flowed almost entirely to waste, being used,
however, in an unsystematic way, to fertilize the grass fields at the foot
of the hill. Two acres upon the glope, in four consecutive plots apiece,
were laid out in the spring of 1869, so that a tank-full could at any time
be poured upon the upper or any other plot of the series, the tail water
being directed on any other plot of the series lower down. The four
plots of one acre were sown with Italian ryegrass in March, and three
crops averaging more than 12 tons each were cut during the following
summer, the plant having been repeatedly sewaged during the intervals.
The other acre, lying in fallow, was sewaged in the same way, and
samples of the efiluent water have occasionally been taken both from
plots growing ryegrass and from plots without a crop, in the hope that
we should ascertain the increased power of a surface covered with a
arowing erop as compared with one which depended solely on the soil as
a filter. The second acre has subsequently been planted with eabbages,
potatoes, and mangold-wurtzel, and these crops have received sewage
when the plants required. The difficulty of applying the results obtained
here to the circumstances of any other case arises from the extreme
hollowness and porosity of the Woking soil. A dressing of 40 tons of
sewage, poured in three-gquarters of an hour from the upper carrier of
one of these quarter-acre plots, is, notwithstanding the steepness of the
slope, almost all absorbed before it reaches the foot of the plot. It is
only when the land is saturated with rain-water, and thus loses its
power of absorption, that the sewage-water poured on at top, and con-
ducted over the four plots in succession of the acre then being treated,
will reach the bottom of the field. In the interests of the crop it has
been therefore necessary to irrigate eaeh plot in succession with raw
sewage. The plan has generally been to give each acre so much sewage
in the week as to make the result correspond to the allotment of an acre
to every 100 persons throughout the year ; and in the further prosecu-
tion of the experiment here, when the goil shall have become more clogged
with root fibre and with sediment, it is hoped that the effect of the whole
acre upon a specified quantity of sewage may be realized and observed.
The experiment has also to be extended to other places in order
that we may learn from it, if possible, the maximum powers of various
soils in eleansing sewage, getting results of the same definiteness
in regard to irrigation, as our laboratory experiments have already
given us with reference to filtration. Our results at Woking are
still incomplete, and must be reserved iill the issue of a later report ;
but it may be stated as regards the fertilising power of sewage
water thus applied, that Italian ryegrass sown in March on poor Woking
gand, yielded between July and October three crops of grass, averaging
more than 12 tons per acre each ; and that on plots of similar soil the
heaviest and most luxuriant growth of savoys, kale, and cabbage has
taken place, A bed on which 20 tons of Woking peat had been laid one
foot deep and watered in like manner, yielded as abundantly as the rest;
and the result is sufficiently encouraging to justify the prosecution of
the experiment on a larger scale, and on peat of a less questionable
character, in order to ascertain, in the interests of the great Lancashire

towns, whether sewage upon a true bog peat will feed succulent
G 2
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APPENDIX No. VIL.

AnsTchs*: Fm;n thfz Rerorts of Rovar Coanssion, and others, who
have inquired into the best Modes of DistriBuTING the SEWAGE
of Towxs and of applying it to beneficial and profitable Uses,

The following extracts are taken from published reports which are
now out of print, and which consequently cannot be made cenerally
available. On referring to them, it will be seen that there are detailed
statements, as also conclusions and recommendations, which have as
much value now as at the time they were made. Our more recent
examinations of towns, sewage farms, and the several modes of treating
sewage, confirm the conclusions almost to the letter. We therefore peint
to these extracts as justifying our own conclusions,

Exrtracrs from the Reports of the Royar Comnssios,
Precreirariony of the Sorip MATTER of SEWAGE.

Of the different processes that have been proposed for the precipita-
tion of sewage, that by lime is the simplest. It is also the only one that
has hitherto been putinto practical operation to any considerable extent,
and we may be therefore allowed, without disparagement to other
methods, to select it as a type for illustration of the whole.

The use of lime to separate the solid matters of sewage is founded on
the following civcumstances. Sewage of itself, from thd slimy, glutinous
character of the matter floating in it, and from the specific weight of
that matter being so nearly the same with water, will only separate very
imperfectly, and after a length of time, into a clear liguid and a solid
deposit.

The addition of lime, however, by the chemical changes which it
induces, but which we need not here describe, causes a separation of the
solid suspended matter in a state of flocculence, in the same way that
white of egg clears coffee or isinglass fines beer.

The result is that the sewage rapidly changes its character, separating
readily into a deposit, which falls to the bottom, leaving a clear liguid,
This is essentially the process that is carried onat Leicester, Tottenham,
and other places, the two named being the most important, The clear
liquid after subsidence of the solid matter is considered comparatively
pure and unobjectionable, and is allowed to flow into the rivers. The
solid is drained, as far as possible, and finally dried, and then offered
for sale as manure.

We may state our belief that, as far as present knowledge goes, that iz,
up to 1858, this very simple process offers as mueh prospect of com-
mereial advantage in respect to the manufacture of a solid manure from
sewage as any patent process that has been proposed up to this date.

But with reference .to the prospect of obtaining any very large profit
from the treatment of sewage, we see no reason to dissent {rom the view
that has been individually held and promulgated by several of our
members, namely, that neither the lime process nor any other existing
method of precipitating sewage is likely to be commercially advantageous
to those who en in it. We consider that this is, however, not the
light in which tEe matter should be viewed. The great problem is to
get rid of sewage advantageously to agriculture, if it may be; if not, at
the least expense to the community at large. ¢

Throughout the discussions that have hitherto occurred upon this
question, the real issue has been left comparatively in abeyance. The
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the liquid resulting from liming the sewage, and that this liquid wher.
kept during warm weather is liable to become a second time offensive to
the senses and consequently dangerous to health, such process is not
admissible in the case of the metropolis. But we submit that the
question 1s not whether, in the abstract, sewage after treatment with Time
contains vegetable and animal mattersin solution, and is liable to further
putrefaction, but whether such treatment so far destroys the noxious
character of sewage that practically it may be thrown into rivers without
danger.

Without going so far as to say that the precipitation by lime is a
perfeet process, or that it can in all cases be adopted, we feel satisfied
that it does to a great extent fulfil the purpose for which it is
employed, so far, at least, as the purification an rivers is concerned.

By far the largest amount of nuisance and danger arising from the
pollution of rivers by sewage is due to the solid suspended matters which
give off noxious effluyia throughout the period of their decomposition.
This is especially the case in our tidal rivers, where these deposits form
shoals and cover the banks, and at low water offer a vast surface of
offensive matter for the contamination of the air. The lime process
does effectually remove this gross solid suspended matter, and in o far
accomplishes a great and manifest good. It also destroys the immediate
influence of the noxious gasesin sewage, and although it may, in the
abstract, be ;:-lpen to the objection of still leaving matter capable of
further putrefaction in the liquid, we are of opinion that wherever this
liguid is thrown into a body of water considerably larger than itself
(not less than 20 times the volume of the clarified sewage) no evil results
will practically be experienced.

. Our conelusion, then, is, that in the absence of means for a direct
application of sewage to land, the methods of precipitation at command
by lime do actually offer remedial measures of a satisfactory character.
It remains to consider whether these remedial measures are within the
fair limits-to which a town population may be taxed for the snppression
of the sewage nuisance. :

We have already stated our belief that unless some new process of
areater efficiency should be discovered, the formation of a selid manure
from sewage will not be remunerative ; that is to say, that the amount
realized by the sale of the manure will fall short of the cost of its
production. Neither is this to be considered as a condition dependent
on the want of appreciation of the manure, which time and better infor-
mation on the part of the consumer will remove ; on the contrary, the
tendency has heen hitherto to put the price above the value which a
sound acquaintance with the nature of manures would attach to it. It
is even questionable whether, in some instances, any money at all
would be given for this deposit, and in mnsiﬂaring the practicability of
carrying into effect plans; for the precipitation of sewage we must be
prepared for this eventuality.

It will therefore be placing the matter in a necessary, although the
least favourable, light, if we consider that the manure when made
possesses only so much value as to induce farmers to cart it away
without paying for it. It may be desirable, however, that we should
here advert to a plan by which the expenses attendant on these pre-
cipitating processes would be very materially reduced, and the necessity
for works for this purpose in the vicinity of towns, and the possible
nuisance or fear of nuisance to which they might give rise, would be
entirely obviated. This plan is to limit the process to the precipitation
of sewage, and after allowing the clear liquid to run off, to pump the
sludge or mixture of deposited matter and water directly on to the fields
through pipes.
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