
HISTORICAL NOTICE.

on the same watersheds, but higher up, became joint owners

of such sewers. These sewers were constructed in 1876, and

although the sewage was thus diverted in detail, it was only
.

to cast it into the Tame again in one united volume, pending

the decision of these Boards as to the method of sewage treat-

ment to be adopted, a problem that threatened to be very

difficult of solution had not the Drainage Board been formed

about that time, and so relieved those Authorities of further

trouble. The Authorities of the District of Balsall Heath,

a small, but somewhat thickly -inhabited area draining to

the rivers Eea and Cole, immediately above the Borough of

Birmingham, had established some precipitating works of an

elementary character at the outlet in the river Cole area,

but owing to the great increase of population all around,

the use of these works had become objectionable, and as the

only outlets for this district lay through the Borough of

Birmingham, it became necessary, if great expense were to

be avoided, that some arrangement should be made for the

Corporation to provide the requisite outlets. The district

of Harborne, likewise situated in the watershed of the Bea,

above the Borough of Birmingham, had also established a

system of tank purification, but open to similar objections

to those above named in Balsall Heath, this district also

suffering from precisely the same difficulties as to outlet.

These, then, were the only districts in the neighbourhood of

Birmingham, of which the Authorities had made any efforts

to deal with their sewage; whilst on the other hand there

were several districts urgently in need of sanitary reform,

that had been unable, owing to their positions in relation to

other districts, to take independently the necessary step, except

at a prohibitive cost.

"Birmingham and its Sewage Farm, holding by virtue of

its position, the key of the situation, and the Corporation

anticipating that great expense and inconvenience must

ultimately arise if some united action were not taken, it

was decided to apply to the Local Government Board, under
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the Public Health Act, 1875, for an order to form the follow-

ing urban and rural sanitary districts, or portions of them,

into a united district for the purposes of sewage disposal

—

viz., the Borough of Birmingham, the Local Government
Districts of Aston Manor, Handsworth, Smethwick, Balsall

Heath, Harborne, and Saltley; the contributory places of

Aston, King's Norton and Northfield, and Perry Barr; and

portions of the Districts of the West Bromwich Improvement

Commissioners, and of the Solihull Rural Sanitary Authority
;

the principle of selection adopted being to choose only those

districts lying round Birmingham, which were restricted in

their outlets, or which had no reasonable facilities for establish-

ing purification works of their own.

" An inquiry; lasting several days, was held by J. T. Harrison,

Esq., the Local Government Inspector, at the Public Offices,

Birmingham, in which the West Bromwich Commissioners

proved to the Inspector's satisfaction that they were in a

position to establish their own purification works ; and the

Rural Sanitary Authority of Solihull, having also recently

prepared a scheme, was likewise omitted by the Inspector.

"All the other districts were formed into a United District

under the title of the Birmingham Tame and Rea Main

Sewerage District, the Provisional Order coining into operation

on the 29th September, 1877.

" The Joint Board consisted at first of twenty elective mem-

bers, chosen from the members of the various Constituent

Authorities, of which the Borough of Birmingham sent eleven

and the other one each, and two ex-ojjicio members—viz., the

Mayor of Birmingham and the Chairman of the Aston Manor

Local Board. The District was enlarged in 1881 by the

addition of the Parish of Sutton Cold field, but no alteration

was made in the constitution of the Board until Sutton

Coldfield was incorporated early in the present year, when

the number of members was increased to twenty-four, Sutton

Coldfield sending one member and the representation of the

Borough being increased to the same extent.
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" The duties of the Board are the acquiring of such lands

and the construction and maintenance of such outfall worka

as may be necessary for the purification of the sewage of the

various Constituent Authorities, so that it may be discharged

into any streams or watercourses without breach of the Rivers'

Pollution Act, 1876. It is incumbent on each of the Consti-

tuent Authorities, either to construct such intercepting sewers

as may be required for conveying the sewage of its district

to the outfall works, or otherwise to arrange terms with one

or other of the Constituent Authorities for the user of such

sewers as may be necessary for that purpose. The Joint

Board exercises supervision over the size, character, and

direction of new intercepting sewers, so that they may be laid

down with general reference to the requirements of the United

District at large, and in the case of its being desirable that

one Constituent Authority should use the existing intercepting,

sewers of another Constituent Authority, it devolves on the

Joint Board to say whether such sewer can and ought to be

so used to the extent of, but not exceeding, 40 gallons per

head per day of the population of the district.

" The costs of the Joint Board are divided into the costs of

management, and the costs of outfall works (outfall works,

being the land, tanks, and works for purifying the sewage).

" All the Constituent Authorities, with the exception of

Perry Barr, are liable to the costs of management, but no

Constituent Authority is liable to the expenses of outfall

works until some portion of such Authority's district has been

placed in connection with any of the said outfall works.

" The various districts contribute to the expenses of the

Board in proportion to the number of rated tenements in each

district or contributory place, such number being ascertained

from the poor rate made last, before the times for issuing the

Board's precepts.

" The total area of the Drainage District is 47,275 acres

;

the population in 1885 was estimated at 619,693, and the

ratable value £2,401,093.
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" Appendix A gives a detailed statement of the area*

population, and ratable value.

"In accordance with the Provisional Order, the Drainage

Board purchased, as going concerns, all existing lands and

works for treatment of sewage owned by the various Consti-

tuent Authorities, such being Birmingham, Aston Manor, Har-

borne, and Balsall Heath. Of these, the works at Harborne

and Balsall Heath were abandoned as soon as arrangements for

outlets had been carried into effect, and the sites of such works

were ultimately sold. From the Borough of Birmingham, the

Board acquired about 159 acres of freehold, and 103^ acres of

leasehold land, together with the extensive system of tanks,

machinery, plant, farm implements, and stock, situated at the

general outlet at Saltley, point E on plan; and from Aston

Manor about 6 acres of land, also situated at Saltley, and

surrounded by the Corporation Farm.

" As the outlet at Saltley is the natural point of discharge

for fully nine-tenths of the total population of the Drainage

District, one of the first cares of the Drainage Board after its

formation, was to assist the various Constituent Authorities in

their endeavours to put themselves in communication with the

outfall works purchased from the Birmingham Corporation.

Accordingly arrangements were speedily made for the Corpora-

tion to receive into their main sewers A and B, the sewage

from the districts of Harborne and Balsall Heath on payment

of an annual sum for user ; the Manor of Aston Local Board

entered into a contract for the construction of a sewer for

conveying its sewage from the temporary outlet into the Tame

to the Board's tanks, the Aston Rural Sanitary Authority be-

coming joint owner with Aston Manor and Handsworth, and

thereby procuring an outlet for the Erdington and Witton

portions of its districts ; the Handsworth Local Board ex-

tended one of the Aston and Handsworth joint sewers so as to

accommodate the northern portion of its district, and has

since, in conjunction with Smethwick, extended the other

joint sewer, thereby completing for the present the intercept-
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ing sewers of its own district, and providing for Smethwick

an outlet for the larger portions of that district. The Saltley

Local Board constructed intercepting sewers and the Rural

Sanitary Authority of King's Norton, after arranging with

the Corporation of Birmingham for an outlet through their

main sewer marked B, constructed intercepting sewers for the

drainage of portions of its district. For those portions of

the Drainage District that could not conveniently be brought

down to the common outlet at Saltley, the Corporation of

Birmingham constructed a sewer for accommodating the area

draining to the Cole comprised in the districts of Birmingham,

Balsall Heath, King's Norton, and Aston Eural, this sewer

being tunnelled across the ridge dividing the watersheds of the

Tame and Cole, and discharging on to the new farm. The

Aston Rural Sanitary Authority also constructed a sewer for

the drainage of Sutton Coldfield, this sewer likewise discharg-

ing on to the new farm.

"As the result of the intercepting works just described, the

whole of the populated areas of the Drainage District, with

one exception, are now placed in communication with the out-

fall works. The one exception is the District of Smethwick,

which, being situated at the summit of the watershed, has had
to await the development of the intercepting system, but it is

believed that arrangements are contemplated whereby this

difficulty will shortly be removed.

" In the meantime, pending the completion of these intercept-

ing arrangements, the Drainage Board had been proceeding

with the very important duty of extending its outfall works,

so as to meet efficiently the additional strain that would in

due course be brought upon them. It had been generally

understood at the time the Board was formed, that an ex-

tension of the outfall works would be necessary, and after

due consideration it was decided that the application of the
sewage to land, after treatment by lime in the tanks, would
be the most satisfactory method of purification. The Board
accordingly directed its attention to the acquisition of the



2S4 BIRMINGHAM

required area of land. An opportunity that presented itself

in 1880 of obtaining the unexpired term of 102 years of a

lease of 96 acres of suitable land at Tyburn, about 2£
miles below the existing tanks, when embraced, and shortly

after, a lease for 99 years of 123 acres of adjoining land was
obtained, while 250 acres of freehold from the Right Hon. the

Earl of Bradford, 350 acres from the Trustees of W. W.
Bagot, Esq., and 118 acres from various other owners were

acquired by mutual arrangement, and more recently a further

plot of 18£ acres has been leased from the Right Hon. Lord

Norton for 21 years, thus making a total of 955J acres of

additional land, or, including the land already occupied by the

Board at Saltley, a total area of 1,227 acres available for works

of sewage disposal. The rent of the leasehold land is at the

rate of £4t per acre, and the average cost of the freehold,

including timber, buildings, mill wrights, tenants' compensation,

law charges, &c, £152 per acre.

" The nature of the land is very favourable for the purification

of sewage, the natural surface of the ground being as a rule

even and unbroken, and the level such as to admit of the irriga-

tion of the whole by gravitation, with the exception of about

100 acres. The subsoil is of gravel and sand, varying from

6 feet to 10 feet in thickness. To reduce risk of flooding from

the river, the Board removed the mills and weir, and

straightened the river at Minworth, at the lower end of the

farm lands, thereby lowering the water level of the river

saveral feet; and by the construction of outfall cuts, carried

to suitable outlets into the river, the subsoil drains are placed

beyond the influence of backwater, the result being that no

inconvenience is experienced from the proximity of the river,

except during unusual floods. For conveying the sewage to

the land, a conduit, 8 feet in diameter, and about 3f miles

long, has been constructed, capable of discharging 38 million

gallons per day when running half full, or double that

quantity when running full, the fall being 2 feet per mile.

This conduit commences at the outlet end of the large tanks
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at Saltley, and terminates at Tyburn, valves being placed at

suitable intervals for discharging the sewage on to the land

passed through. Below Tyburn the capacity of the conduit

has been reduced, a conduit 3 feet 6 inches in diameter being

sufficient for the remainder of the farm. The sewage is drawn

from these conduits into open brick carriers, which again

discharge into secondary carriers of earth, and thence into the

flooding carriers. The brick carriers are constructed with a

slight fall, ramps being provided at the inverts at suitable

intervals for drawing down the water. The land is drained to

a minimum depth of 4 feet 6 inches, but in many cases, owing

to the level nature of some of the land, a greater depth has

been found necessary at the lower ends of the drains. The

subsoil drainage consists of 3-inch and 4-inch agricultural drain

pipes, placed from half to three-quarters of a chain apart, and

discharging into main drains of 9-inch, 12-inch, 15-inch, and

18-inch stoneware socket pipes, which in turn discharge into

the outfall channels. Roads generally 12 feet wide, with

passing places at intervals, have been laid out with the view

of meeting the requirements of the steam-cultivating opera-

tions, as well as for the conveyance of produce. In addition to

the farm buildings at Saltley purchased from the Corporation,

farm buildings in a central position at Tyburn have been

erected, together with entrance lodge, manager's house, and six

labourers' cottages ; also smaller buildings at Minworth, and

four labourers' cottages. The various farm-houses and build-

ings originally existing have also been repaired and extended.

" Cost.—The total cost of the land and works to the present

has been £403,695, of which the purchase of original land

and works is £170,544; new land, £110,800; new works,

£113,299
;

farming stock and implements for new land,

£9,052. The details of cost are given in Appendix B.

"The method of treating1 the sewage as now carried on is

as follows :

—

" The sewage, on arriving near the liming sheds at the upper

end of the works, is mixed with lime, both to neutralise the
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acicls (present to an unusual extent in Birmingham sewage)

and also to assist precipitation, which, however, is not now
necessary to so great an extent as formerly ; the sewage then

passes through the large or roughing tanks, where the grosser

impurities are precipitated, and from thence it is conveyed by

the main conduit to the land, and disposed of by ordinary

irrigation. The sixteen small tanks required at one time for

completing the precipitation process are still used under certain

circumstances, and are a valuable auxiliary when rainfall has

increased the normal quantity of sewage. The sludge from the

tanks is elevated by bucket-dredgers and pumps into movable

wooden carriers, and flows into beds formed in the land at the

Saltley or western end of the farm. The sludge contains about

90 per cent, of water as it comes from the tanks, but after

lying on the ground for about fourteen days, much of this

water drains away, or is evaporated, leaving the sludge in a

layer about 10 inches thick, and of a consistency that admits

of its being trenched into the land. Crops are then planted,

and after a time the sludge becomes pulverised, and the land

with which it has been incorporated is capable of being

irrigated. About 50 acres of land were required for the sludge

last year, and the same land may receive a dressing of sludge

every two to three years.

"A few words may be said as to the difficulty at one time

experienced in dealing with the mud from the tanks. After

the construction of the first two large tanks in 1859, the mud

therein deposited was dredged out and run on to the adjacent

land, where it accumulated for some years, forming at one

time a large mass of foul matter about 7 acres in area, and

over 4 feet deep. In consequence of the nuisance arising there-

from, proceedings were taken about 1871 by the residents in

the vicinity, and an injunction was obtained restraining the

Corporation from depositing the mud so as to cause a nuis-

ance. Great efforts were made by the Corporation to reduce

the amount of mud, large quantities being conveyed away in

boats, but it was not until the experiment had been tried, of
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trenching the mud into the land, and found perfectly satis-

factory, that the present system was adopted, about the end

of 1872, and the difficulty finally overcome.

" Practically, the whole of the sewage of the drainage dis-

trict, amounting to 16,000,000 gallons per day, flows by gravi-

tation to the outfall works. Only a very small area requires

its sewage lifted by pumping, the cost of such pumping being

£104 per annum.
" The Board farms the whole of the land, no portion of it

being sublet.

"Produce.—Of the produce, milk is a large and increasing

item, 128,995 gallons, realising £4,406, being sold last year.

During the present year, about 280 acres of land are devoted

to mangolds, swedes, and kohl rabi; 250 acres to market

garden produce; 100 acres to Italian rye-grass; 130 acres to

cereals ; and about 340 acres are pasture.

" The total amount realised last year from the sale of stock

and produce was £20,008. During the same time stock was-

purchased to the extent of £7,760.

"Cost.—With regard to the financial aspect of the Board's

works, it is perhaps needless to say that a considerable sum of

money has annually to be obtained from the rates. The total

amount raised by the Board's precept last year was £33,089,

of which interest and repayment of loans absorbed £17,516 ;

management expenses, rent, rates, taxes, &c, £5,594, the bal-

ance of £9,979 representing the loss on the year's working of

the farm.

" Appendix C is a detailed statement of the actual income

and expenditure of the farm and works during 1885. The

great loss, as will be seen from the statement, is in the work

at the outlet (which comprises the lime, wages, machinery

expenses, and other charges connected with intercepting and

dealing with the mud from the tanks). The amount expended

under this head (exclusive of rent) was £10,715, for which

sum 4,778 tons of lime were provided for precipitation, and

135,476 cubic yards of mud were arrested in the tanks, and
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dug into the land; the corresponding income is practically nil."

At the date of the author's visit (August, 1889) a gang of

twenty-four men were constantly employed in dealing with

the sludge. Since the opening-out of the irrigation land, the

expenses at the outlet have undergone some reduction, and

there is every prospect not only of a further reduction in the

future, but also of a gradual increase in the receipts from the

irrigation land, as the demand for the farm produce is

developed
;

but, bearing in mind the large initial outlay in

purchase of land and the construction of works, and the

annual working expenses in disposing of so large a volume of

sewage, it is not to be expected that assistance from the rates

can be dispensed with until, in the somewhat distant future
;

the large annual sum now required for interest and repayment

of loans shall cease. It should, however, be remembered in

dealing with sewage farm accounts that, after all, the great

item on the credit side of the balance sheet (although it is one

that cannot be represented by a money value) is the satis-

factory disposal of the sewage.

" In conclusion, it is only fair to observe, with reference to

remarks made in the first part of this paper as to the sanitary

condition of the Tame Valley, that, since the date then referred

to, considerable progress has been made in sewage purification,

Walsall, West Bromwich, Wednesbury, Darlaston, and other

towns and places having taken up the question in a practical

and energetic manner."— J 886.
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P L,AJST OF SEWAOE PAKMS

Sewage.Farm*
(Freehold 888 ,

-/ iOTw Leotsehdld 275
I Short leasehold, . ..IV)

Total. -1.Z27

Jhy tmHSnaaUmarwim
-%^*<P'?^°rL™™^P^<lAil Ov 7885, f<rprecipitation &C. 73 hmi

'

Quantum ofMud. arrested in, the. Tanks at SalOey during 7885 \ - 13i,47S cub. yards
Urea, of- land, iLeeJ.vn.788S for diguing w, the, SUulge, From, the Tanhs. . - -40 acres

PARTICULARS OF "

description.

large Tank, North,
Middle
Soutli,

ISSmall Tanks

Length,

828 ft. Oin,.

338 ft. Oin,
mn. Oin..
150 ft Oin,.

each

Width- JtvvraaeUcpth, Capacity
in cub. feet

92 Ft. Oin.
98 ft . Oin..

90 ft. 0 in.
50 ft. Oin..

each.

386 ft.

S ll ft.

5 34- ft.

6 07 Ft.)
each. J

7)6, 400
16S. 400
754, 600

728,960 combined.

TotalArea, of'Jh-ainage Iliatrict
„ POP T

Rateable

Total capacity of Tanlts , 1, 169, 360 cut. Feet

_. ^ 47, 275 cures
Population, in, 7885 (estimated.) . 613, 693
tile Value, in. 1885 ag Z,40) 033
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APPENDIX A.

Area
in Acres.

Estimated Ratable
Name of District. Population

in 1885.

Value
in 1885.

Borough of Birmingham, 8,420 427,769 £1,621,701

Smethwick, Local Government District of, 1,882 26,000 113,667

Harborne, ,, J >
1,412 7,422 31,334

Balsall Heath, „ >i ji • 453 25,300 69,803

Saltley, ,, )> >> • 1,039 7,100 47,514

Aston Manor, ,, 943 62,510 171,875

Handsworth, ,, >> si • 3,638 27,300 125,601

Aston Union, Contributory Place of Aston, 8,916 10,552 63,19S

King's Norton Union, Contributory Places

of King's Norton and Northfield,

West Bromwich Union, Contributory Place

of Perry Barr,

Borough of Sutton Coldfield, .

Total, .

3,500

4,042

13,030

15,275

1,655

8,810

84,476

19,208

52,716

47,275 619,693 £2,401,093

APPENDIX B.

Old Farm.

Land,...... £56,337 0 0

Works, Tanks, &c, .... 91,479 0 0

Stock and Plant, .... 22,728 0 0

New Farm.

Lands.—Re Wiley's Lease, . £1,500 0 0

,, Perkins' ,, 164 0 0

,, Housman (Freehold), 6,249 0 0

Earl of Bradford (Freehold), . 38,4S4 0 0

» Bagot „ 49,498 0 0

,, Newton ,, 11,173 0 0

,, Goldingay ,, 3,732 0 0

Works.—Main Conduit, £33,256 0 0

3 ft. 6 in. „ 3,544 0 0

Laying out and Draining,

.

46,979 0 0

New Buildings, 20,119 0 0

Repairs to Old Buildings,

.

599 0 0

Permanent Carriers, 8,802 0 0

Live Stock and Farm Implements,

£170,544 0 0

110,SOO 0 0

113,299

9,052

£403,695 0 0

19
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APPENDIX C.

INCOME AND EXPENDITURE FROM JANUARY 1st TO
DECEMBER 31st, 1885.

INCOME.
Outlet.

Sale of Manure, . . . . . . . £7 0 0

Pumping Sewage, . . . . . . 104 0 0

Sundries, . . . . . . . . 0 4 9

£111 4 9

Farm.

Sale of Rye-Grass and other Crops and Cattle, Ley, . . £4,960 15 10

„ Milk, ....... 4,406 IS 7

„ Stock, ....... 10,641 0 3

£20,008 14 8

EXPENDITURE.
Outlet.

Wages, including Lime for Disinfecting, . . .

Horse Keep, Veterinary Attendance, Repairing Harness,

Carts, &c, . . . . .

Timber, Ironwork, Bricks, Tools, Coal, Coke, and Repairs

to Machinery, ......
Horse Hire, Boat Hire, and Tonnage, ....
Rent, Rates, Taxes, and Gas, .

Miscellaneous, .......

£9,025 12 0

356 11 6

1,064 14 7

174 9 5

787 0 9

94 2 9

£11,502 11 0

Farm.

Wages, ....
Seeds, Plants, &c,

Horse Hire, Keep, and Cattle Keep,

Stock Purchased,

Miscellaneous, including Tools, .

Rent, Rates, and Taxes,

£5,047 1 5

50S 18 11

4.76S 14 5

7,760 7 6

930 S 2

3,806 18 5

£22,822 S 10
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APPENDIX D.

OUTFALL WORKS, OUTLET AND FARM. -

Estimate of Incomefrom January 1st to December Slst, 18S9.

OUTLET.
Estimated Actual Estimated

Income. Income Income Income

1888. 1888. 1889..

Sale of Manure, . £10 0 0 £12 14 0 £10 0 0

Sale of Horses, &c.

,

Pumping Sewage, 104 0 0 104 0 0 104 0 0

Sundries, 10 0 0 10 0 0

£124 0 0 £116 14 0 £124 0 0

FARM.
Sale of Rye-Grass and other

Crops and Cattle, Ley, . £5,500 0 0 £5,964 7 3 £5,750 0 0

Sale of Milk, . 4,000 0 0 4,092 IS 6 4,000 0 0

Sale of Stock, . 10,000 0 0 10,359 6 9 10,000 0 0

£19,500 0 0 £20,416 12 6 £19,750 0 0

Totals, . . £19,624 0 0 £20,533 6 6 £19,S74 0 0
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APPENDIX E.

OUTFALL WORKS, OUTLET AND FARM.

Estimate of Expenditurefrom January 1st to December 31st, 1880.

Expenditure.

OUTLET.

Estimated

Expenditure

18S8.

Actual

Expenditure

1888.

Estimated

Expenditure

1889.

Wages, £5, SCO 0 0 £5,814 0 7 £5,800 0 0

Lime for Disinfecting, 2,700 0 0 2,512 4 s 2,600 0 0

Horse Keep and Veterinary

Attendance, . 400 0 0 470 14 6 450 0 0

Timber, Ironwork, Bricks,

Tools, Coal, Coke, and

Repairs to Machinery, . 1,100 0 0 1,225 3 9 1,350 0 0

Tonnage, . . . 150 0 0 31 17 2 50 0 0

Rent, .... 370 0 0 363 7 7 360 0 0

Rates and Taxes, 275 0 0 277 18 2 280 0 0

Gas and Water, 70 0 0 94 9 10 100 0 0

Miscellaneous Expenses, 150 0 0 141 7 4 150 0 0

Horse,.... 50 0 0 56 0 0 0 yj

£11,065 0 V £10,987 3 7 u u

FARM.

Wages, £5,500 0 0 £5,894 6 9 £5,500 0 0

Seeds, Plants, &c, 500 0 0 582 12 5 600 0 0

Horse and Cattle Keep, 4,500 0 0 4,635 16 10 4,700 0 0

Stock Purchased, 8,000 0 0 7,997 17 6 8,000 0 0

Implements, Tools, &c, and')
1,000 0 0 862 16 6 1,300 0 0

Miscellaneous Expenses, J

Rent, .... . 2; 850 0 0 2.5S4 5 2 1,375 0 0

Rates and Taxes, 900 0 0 S19 8 5 7S0 0 0

Gas and Water, . 150 0 0 183 14 4 200 0 0

Totals, . •

£23,400 0 0 £23,560 17 11 £22,455 0 0

£34,465 0 0 £34,548 1 6 £33,645 0 0
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CHAPTER XXIX.

MARGATE, 1892.

In 1888, Mr. Baldwin Latham was instructed by the Margate

Corporation to prepare a scheme for the drainage of the

district.

The report, which accompanied the scheme, has been pre-

sented by Mr. Latham, together with a joint report by Sir

Frederick Bramwell, C.E., F.R.S., &c, and Sir Douglas Galton,

E.E., K.C.B., &c, to the author, for the purposes of this

chapter.

Both reports are of the greatest interest, and will be found

of great value by those who may have to advise on the dis-

posal of the sewage of seaside towns.

Mr. Latham's report states that the area of the district is

994*889 acres; of this area 235'450 acres are comprised in

the foreshore, so that the absolute area of this district, after

deducting the area of the foreshore, for which drainage arrange-

ments will not at present be required, is 759 -439 acres. It

will also be observed that the lands adjacent to the Borough,

if ever they come to be built upon, would, from the natural

configuration of the district, have to drain in the direction of

Margate, and this fact must not be lost sight of in considering

the sufficiency of the scheme to meet all future contingencies.

Population.—At the census of 1871, the Borough of Mar-

gate contained 11,995 persons, and at the census of 1881, it

contained 15,889 persons, but in the interval between these

two periods, the Borough had been enlarged, and, there-

fore, the increase of 1881 was not due to the natural increase

of population in the district. In order to arrive, however, at

what has been the rate of increase in this district, if we take
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the population living in the Registration District of Margate,

which remains the same in 1881 as it was in 1871, we find

that the population at the census of 1871 was 13,903, and in

18S1 it was 18,226, showing that, in the decade, the rate of

increase had been 31*09 per cent.

"If we assume that the Borough of Margate is to increase

at the same rate in the future as has been shown to be the

increase in the Registration District, then the population at

the middle of the following years will be as under :

—

Year. Population.

1S81 15,987

1S91, 20,943

1901, 27,435

1911, 35,940

" These populations, however, are based upon a period when

Margate is empty of visitors, and in all probability a time

would arrive, especially when the district is provided with

proper sanitary arrangements, and becomes more attractive in

consequence, when a population of not less than three times

these figures might fairly be expected. It is true that the

element represented by the visitors will not contribute so

large a proportion of sewage as the resident population, since

the area of the district as representing the rainfall and a large

portion of the water supply will be proportionately greater

for the resident than for the non-resident portion of the

inhabitants. The dry-weather volume of sewage should not

be calculated at less than 30 gallons per head per day, half

flowing off in six hours.

"Rainfall of District.— I have received from J. Stokes,

Esq., of Apsley House, and from T. Twyman, Esq., of Renfrew

Villa, Margate, very valuable information with reference to

the rainfall of the district. I have also found that there are

other rainfall recoixls in Margate and neighbourhood to which

I have referred. The following figures show the state of the

several records s

—
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TABLE XXVII.—RAINFALL AT MARGATE.

Years of Observation.
Average quantity

per annum.

1. Xj. O. JLCHCieilj . . •

2. T. Twyman, ....
3. W. L. Sear, ....
4. J. Stokes, ....

18fi4 to 1881

1S78 to 1887

1869 to 1875

1881 to 1S86

20 '6 inches.

24-9 „

22-6 „

24-0 „

" Having regard to the fact that the rainfall varies with the

elevation of each portion of the district, it is probable that the

average rainfall for the Borough of Margate, over a long series

of years, would amount to about 24 inches, and that the fall

on the average would take place on 160 days in the year.

The amount of rain which would have to be admitted to the

sewers, however, depends not so much on the volume of rain

which falls in a day, as upon the rate at which the rain falls

and flows off the areas which receive it. It is also dependent

upon the geological character of the district, as a very large

portion of the rainfall in this district would not flow off the

surface, but at once penetrate it, and it is only from roofs,

yards, roads, or artificially prepared surfaces that the rain

would flow off.

" I am now carrying on, and have been carrying on for over

ten years, observations upon the sewers of Croydon, which

has a similar geological formation to that at Margate, and at

the same time I have recorded, continuously, observations

upon the rate at which rain falls and the period in which

it flows off in this particular town, which, I believe, is the

only instance on record where any such observations have

been made, and from these results it is possible to arrive at

correct conclusions as to the way in which rain affects the

discharge of the sewers. As a rule, it is found that the

quantity of rain which is put down as falling on a particular

day often falls in a few minutes ; the fall rarely extends into

many hours. It is this rate of fall which affects the sewers.
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It is by no means, therefore, an uncommon thing in the case

of Croydon to find the average dry-weather flow increased to

a quantity exceeding twelve times that of the average flow,

and yet in Croydon a very large portion of the surface-water

—namely, from the roads and streets—is entirely diverted

from the sewers, and it is practically only the rain which

falls on the roofs and yards of houses that has to be dealt

with.

"In the case of Margate it appears there is never a year

passes but what more than an inch of rain falls upon one or

more days in the year ; there are a considerably larger number
of days when f inch or more falls, and a larger still when

I inch falls, and on one day, namely, December 26th, 1886,

nearly 2\ inches of rain and snow fell. It will be observed

that unless the rain from the roofs and yards of houses is

admitted to the sewers, it will be necessary to have two sets

of house drains from each house in the district, one for

carrying the sewage proper, and the other the rainfall. This

would be attended with double cost to the inhabitants in

carrying out their private drainage works, and even then it

would probably be only partially successful owing to the

probability of the slops occasionally finding their way into

the wrong system of drains.

" It appears to me that there is nothing to be gained in the

scheme which I am proposing for your adoption, by carrying

out a separate system on what I call the high level district of

Margate. If the sewers are proportioned (as will be the case)

to the fluctuating work they will have to perform, the admis-

sion of rain or its absence will be no drawback to such a

system of sewers. And although it is true that larger sewers

are required where the rainfall is admitted than in cases where

it is not, yet even this in the case of Margate is not ab-

solutely correct, as owing to the fact that it will be requisite

to construct the outfall for Margate in tunnel, in order that

the work may be economically performed, it is necessary that

it should be made of a particular size so as to be convenient
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for execution. In the scheme, therefore, which I have shown

on the accompanying plan, it is contemplated that all the

rainfall of all the high level or gravitation district shall pass

into the sewers. The rainfall of the low level district being

conveyed away from the streets by means of the existing

and improved surface water drains, but that rainfall which

could not be conveniently excluded without the expense of

making separate house drains should be admitted to the

sewers.

"Geological Character and Physical Outline of District.

—The district is located on the chalk, in some cases covered

with drift, but mostly in the higher portions of the district

the chalk appears on the surface. This particular geological

formation is extremely absorbent, so that only the rainfall

which falls on the roofs and artificially prepared surfaces will

be likely to pass into the sewers of a larger part of the district.

" Of course such things as floods from the chalk have been

known, but they are not likely to occur in such a district as

Margate, as these floods generally arise from the surface

having become frozen while rain is falling and so having

been made impervious to moisture, the rain then flows off *

but in a district so near the sea as that of Margate, such a

condition as this is not likely to arise. The physical outline

of the district is such that it is severed by two valleys, namely,

the Dane Valley, passing down the district to the sea, from

south-east to north-west, and the Tivoli Yalley, passing through

the district from south to north. The former of these valleys

is by far the smaller, but is the more populous. On the

accompanying plan I have shown by red colour the boundary
of the high level district, the sewage of which would be dealt

with by gravitation, and which, therefore, clearly defines the

valley lines flowing through the district and the general

arrangements which become necessary in consequence of the

peculiar outline of the country.

" Mode of Disposing of the Sewage.—In a seaside town
the mode of disposing of the sewage is a matter of vital
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importance. There is so much sentiment in the minds of the

public that any method of disposing of the sewage by which
it is either retained in the district—as in the cesspool system,

—distributed on the surface—as on a sewage farm, or on a

filtration area,—or by deposition into the sea, must be fully

considered. From my knowledge of Margate, and from a
number of observations which I have had to make in the

neighbourhood of Margate upon the directions of tidal cur-

rents, I am most clearly of opinion that, in this case, the best

and the only safe mode of disposing of the sewage effectually,

is by its discharge into the sea at a point suitable for that

purpose, and in making this recommendation, I wish you to

distinctly understand that I have not one word to say against

the principle of the utilisation of sewage by irrigation, or its

comparative destruction by natural or artificial filters, as for

years I have been the exponent of these methods of disposing

of the sewage of inland towns, and have carried out in this

country and abroad some of the most extensive works of the

kind which have been brought into existence.

" Margate, however, from its natural position, has enormous

advantages for disposing of its sewage, without nuisance, and

in a most economical manner. On the other hand, it is clear

that, in order to apply sewage either by irrigation or inter-

mittent filtration, it would be necessary to convey it some

distance from the town, where it would be applied to a very

porous soil, so porous that it would almost disappear at once,

with very little change probably in its natural character.

This sewage would, therefore, almost immediately make its

way down to the underground water level of the district.

Having regard, therefore, to the fact that both the present

and future water supply of Margate and the neighbouring

towns must continue to be derived from the chalk, very

serious risks of underground pollution would arise were any

sewage works established within some miles of them. It

would be improper on my part to recommend you, and suicidal

on yours, to attempt to carry out any such scheme of dispos-
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mg of the sewage, under the conditions as regards the water

supply that exist in your neighbourhood. And, even were it

feasible, the cost of the works would be enormously increased,

as duplicate systems of sewers would become necessary through-

out the whole of the district, and the whole of the sewage

would have to be pumped to a considerable elevation in order

to be so disposed of. Again, as there is no area within the

limits of the Borough itself, you would have to convey the

sewage into the district of an alien authority, and, even if

compulsory powers could be obtained, you would have to

purchase a considerable area of land with its protecting cor-

don, which I fear would prove to be a very expensive under-

taking. The question of the pollution of the underground

water supplies, if sewage was applied to land in the neigh-

bourhood of Margate is no mythical conclusion. For over

twelve years I have been conducting experiments on the

movement of the underground waters in various geological

strata, and have been collecting statistics in reference to this

subject, and I may say there exists at the present time ample

evidence to show that the dangerous pollution of underground

water may traverse the ground for miles without losing any

of its baneful properties. Under such circumstances it would

therefore be extremely imprudent to attempt to apply sewage

to land in the neighbourhood, even if it could be done without

cost to the inhabitants.

"My recommendation to you is, that the sewage of the

town of Margate should be conveyed, by direct gravitation, to

a point distant about 2 miles east of Margate Jetty or to

Foreness, and be there discharged at the outer extremity of

the Long Nose Ledge, where it should be discharged into deep

water. The formation of the coast line at this particular

point is extremely favourable for effectually disposing of sew-

age in the sea.

"If a line is drawn directly east and west, the coast on
the west or Margate side of Foreness Point will be found to

recede at an angle of about 8° from such line, while on the
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east side the coast recedes at an angle of 47°. The effect of

this recession of the coast is that the currents are deflected

off the shore at the proposed point of sewage discharge. The

direction of the tides is also extremely favourable. The pub-

lished records of these tides at this very spot shows that the

young flood flows direct south, the first quarter flood flows to

TABLE XXVIII.—METEOROLOGICAL OBSERVATIONS
AT MARGATE.

sr. N.E. E. S.E. s. s.w. w. N.W. Calm.

January. 1-8 2-6 7-0 5-8 7-2 17-0 8-8 2-2 9-6

February, . 3-6 2-0 10-2 4-4 11-2 17-2 3-0 1-4 3-4

M arch, . 5-4 8-6 12-2 5-4 6-4 9 0 5 6 3-6 5-8

April, . .
6-4 13 0 11-2 4-4 5-2 6-4 5-4 1-4 6-6

8*0 7-0 8-0 4-4 5-8 11-6 7-0 3-8 6-4

June, . .
9-4 9-8 7'S 26 7-0 8-2 6-0 3 0 6-2

July, . .
2-4 2"2 7-6 44 8-4 16-8 11-8 1-8 6 6

August, . .
5-2 32 8-2 3 8 66 10-6 7-4 3-2 13-8

September,

.

5-0 5-4 7-0 2 2 6-4 16-8 8-0 3 8 5-4

October, 5-0 1-8 5-0 4-8 7-4 11-8 10-8 8-0 7-4

November,

.

3-6 1-8 9 0 5 4 7-4 14-4 7-2 4-2 7-0

December, . 7'0 2-6 7-0 1-4 7-2 16-2 9-2 5-2 6 2

62-S 60-0 100-2 49 0 86-2 156-0 90-2 41-6 84-4

Percentage, 8-6 8-2 13-7 6-7 11-8 21-4 12-4 5-7 11-5

the south-west, the half flood flows to the west, the last

quarter flood flows to the north-west; the first of the ebb

flows north-east by north, the half ebb flows to the east,

while the last quarter ebb flows to the south-east. It will be

noted that there is only one particular stage, viz., the first

quarter flood, which is not so favourable as the other direc-
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tions of the tidal current, the flow being to the south-west, or

almost directly on to the shore at the point at which it is

intended to discharge the sewage. But, on the other hand,

it will be observed from the table (XXVIII.) of the direction

of the winds, that the prevailing winds which affect the tidal

currents materially are south-westerly and westerly, the exact

opposite direction to the most unfavourable tidal current. The

preceding table shows the direction of the wind at Apsley

House, Margate, for the years 1883 to ]887 inclusive, from

the observations by John Stokes, Esq.

"Tidal Observations.—In 1877 a series of tidal observations

was made at this particular point, and from these observations

I have written the following description of the direction which

the floats took :

—

TABLE XXIX.—TIDAL OBSERVATIONS AT MARGATE.

Tidal Observations, Margate, made by Mr. G. N. Abernethy,
Mem. Inst. C.E., and Mr. A. Latham, Mem. Inst. C.E., in 1877.

10th March.—H.W. 8.51 a.m. and 9.36 p.m. Float put in commencement of

ebb. Went to east and south-east with velocity of 65 feet

per minute.

25th May.—H.W. 10.34. Float put in commencement of flood moved in a
south-westerly direction parallel to the coast. Velocity 2S feet

per minute. Wind slight S.

25th May.—H.W. 10.34. Float put in quarter flood, velocity 62 feet per
minute. Moved to south-west parallel to shore. Wind
slight S.

2Gth May.—H.W. 11.23 a.m. and 11.46 p.m. Float put in between ± and

$ ebb. Went off to the east and slight tendency to south-east

with a velocity of 111 feet per minute. Wind slight S.

26th May.—H.W. 11.23 a.m. Float put in £ to 3 ebb. Went off to east

and slight tendency to south-east with a velocity of 93 feet

per minute.

26th May.—H.W. 11.23. Float put in at half flood. Went off in a north-
westerly direction with a velocity of 50 feet per minute.
Wind W.

26th May.—H.W. 11.23 a.m. and 11.46 p.m. Float put in at termination
of flood and commencement of ebb. Went off in a northerly
direction with a tendency to north- east at a velocity of 51 feet
per minute. Wind W.
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2nd July.—H.W. 3.57. Float put in S hours after high water. Went first

to south and then to west, outside rocks with a velocity of 36
feet per minute to the south and subsequently a velocity of

50 to 72 feet per minute to west. At 2.50 p.m. float near

eastern side of jetty. Wind slight S.W.

2nd July.—H.W. 3.57. Float put in about noon. Went direct to west

and passed about 300 yards outside of jetty. Velocities vary-

ing between 69, 59, and 102 feet per minute. Wind slight S.W.

2nd July.—H.W. 3.57. Float put in 12 minutes before H.W. Went off"

to the north-east with a velocity 119, 166, and 191 feet per

minute. Wind slight S.W.

3rd July.—H.W. 4.36. Float put in about 7 hours after H.W. Went first

in south-westerly direction, then north-westerly and westerly,

and turned 1 hour before H.W. and then went to the east.

3rd July.—H.W. 4.36. Float put in about 42 minutes after H.W. Went
to the east and south-east with a velocity varying from 132

feet to 41 feet per minute.

5th July.—H.W. 6.6. Float put in 1 hour before H.W. Went first to

north-west and then to east with varying velocity, but before

turning to east the float was out f mile. Another float put in

at the same hour went off to north-west with velocity varying

from 39 to 49 feet per minute.

5th July.—H.W. 6.6. A float put in 3£ hours after H.W. Went to east

and south-east, ran 600 yards outside White Ness and North

Foreland at velocity varying from 55, 77, and 93 feet per

minute.

ISth Sept.—H.W. 9.13 a.m. Float put in 11.45 a.m. or 2J hours after H.W.

Wind strong from north-east. Float went to east and south-

east. Heavy sea on shore. Float passed "White Ness at a

distance of about A mile from shore.

19th Sept.—H.W. 10.0 a.m. Float put in 1 2.45 p.m. or 2f hours after H.W.

Wind north-north-east, strong, with sea on shore. Float went

to east and south-east and passed North Foreland a mile from

shore.

20th Sept.—H.W. 10.42 a.m. Float put in 2.40 p.m. or 4 hours after H.W.

Went off to the east and south-east at velocity of 132 feet per

minute and went past North Foreland a mile out.

"It will, therefore, be seen from the prevailing direction of

the tidal currents, the general direction of the winds and the

particular outline of the coast at the point which has been

selected for the outfall, that all the conditions are extremely

favourable for the discharge of sewage, but I may point out

also that, owing to the fact that there is only one particular



TIDAL OBSERVATIONS. 3°3

phase of the tide which is not altogether favourable (and that

occurs while the tide is rising), I have so arranged the levels

of the sewers that there will be a slight check to the discharge

of sewage at the outfall only at this very phase of the tide,

and by this means I shall avoid the possibility of sewage ever

coming on to the shore.

" It is well known that sea water has a remarkable power

both of destroying and precipitating the matters discharged

from sewers in a fresh state. It contains one of the most

potent chemicals that are at present used for the purpose of

precipitating sewage, its antiseptic properties are well known y

and, further, it has been pointed out by one of the highest

agricultural authorities of this country, that probably you get

more indirect return by the discharge of sewage into the sea

than you would by utilising it upon land.

"In December, 1884, and January, 1885, Sir John Bennet

Lawes pointed out the beneficial influence of sewage upon the

fisheries of the country, and in this he was corroborated by

other eminent authorities in the correspondence which then

took place in the columns of the Times. He showed that so

long as sewage is discharged fresh into the sea, and is got rid

of so as to avoid decomposition, it is a benefit to the fisheries,

and, therefore, would be no waste. In order to get the full

advantages of the discharge of the sewage I have designed a

system of sewers, so that there shall be a continuous discharge,

and that there shall be no stagnation either in the outfall or

in the sewers of the district.

" I propose to construct a system of intercepting sewers con-

touring the high level district at a sufficient elevation to

secure the drainage of the whole area, and so as to be capable

of continuously discharging the sewage, even at the highest

water level of the highest spring tides. The rainfall and
sewage of the whole of the district above the intercepting

sewers will flow by gravitation at all states of the tide to the

outfall.

" The low level district I have divided into three separate
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areas, the sewage from which, I propose, shall be automati-

cally pumped just as fast as it is produced and discharged into

the intercepting sewers ; it will then rapidly find its way by
gravitation to the outfall.

" The most populous of the low level districts is the Dane
area, which contains 34-94; acres. The Tivoli Valley is divided

into two areas, the upper containing 59"82 acres (which is the

most sparsely populated of all the areas), and the lowest part

of the Tivoli Valley contains 35-61 acres. Of the 759 439

acres, the total area of the Borough, from 629*619, the sewage

will be conveyed by direct gravitation, and from 129 -

820, the

sewage and rain which falls upon the houses, and is admitted

to the sewers, will require to be pumped. The main outfall

for the district is intended to be a brick and concrete sewer,

the invert lined with blue Staffordshire bricks, 4 feet 6 inches

high and 3 feet wide ; the lower section of it forms part of a

section of an 18-inch sewer. The main sewer will run parallel

to the coast, and in that portion of the district in which it is

constructed, which is outside the Borough, there cannot be the

slightest doubt that hereafter it will tend to increase the value

of the lands through which it passes by providing an efficient

sewage outfall for them, and it is placed in such a position as

will in all probability be the natural direction that a further

extension of the roads of Margate would be likely to take

eastwards. This sewer will diminish in size as it approaches

the west end of Margate, being graded according to the work

it is to perform. Its invert would have a level of 18| feet

above Ordnance Datum at the Ro}*al Sea Bathing Infirmary,

and at this level it would pick up the existing drains of that

establishment.

" The sewage at Foreness Point would be conveyed across

the Long Nose Ledge by a 27-inch* iron pipe in an excavated

trench ; it would be carried 550 yards into the sea (measured

from the cliffs) before it was discharged. The trench which

would receive the outfall pipe would be rilled in and con-

* The outfall as constructed was 30 inches in diameter.—(Author.)
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ereted so that the presence of the sewer or sewage could never

even be known or suspected when the works were completed.

All the rest of the intercepting sewers are adjusted in size

and inclination to the work which they would have to perform.

" The lateral sewers of the town are all of small size, and.

have very rapid falls, so that they would discharge their con-

tents very quickly into the intercepting sewers, and these

intercepting sewers have all of them such falls in the district

which they have to traverse, that the daily flow of sewage

through them in the driest weather will keep them clear and

cleansed.

" Low Level District.—In this district I propose that three

automatic pumping stations shall be provided, each fitted with

two hydraulic pumping engines. By dividing the low level

district in this way, a considerably increased fall is given to

the sewers, and they are reduced in size so that the sewage

will be got rid of as quickly as it is produced.

" The actual power required to be maintained in these dis-

tricts is comparatively small, for in order to raise the sewage

at the rate of 600,000 gallons a day out of the three combined

districts, a little over 2 horse-power would be required, but
the six engines intended to deal with the sewage of these

districts would be capable of raising 3£ million gallons of

sewage per day out of the district into the gravitation sewers.

The water which has been used in actuating these engines,

after use, will be employed for flushing both the high and low
level sewers of the district, and in addition to this arrange-

ment for flushing, I have provided in the estimate a number
of flush tanks so as to secure the thorough cleansing of all

the sewers of the district. With reference to the low level

district of the Dane, it appears that, at the present time, if a
rainfall occurs at the period of high tide, the district is liable

to be flooded
; no scheme, therefore, would be complete that

did not provide against this flooding of the district. In the
scheme, therefore, I have proposed and included in the esti-

mates the construction of a new surface-water drain rifrhfc
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through the district, consisting of a proper penstock chamber,

with its tide valve and penstock arrangements in connection

with the present outfall, and, in addition to that, I propose to

provide a chamber containing two automatic pumps, actuated

n the same manner as the sewage pumps in the district are

intended to be worked, so that whenever the surface-water of

the district rises to an inconvenient level, these pumps will

start to work of themselves, and relieve the district from

flooding.

" I have also in the estimates concluded that to make the

scheme complete in itself, you should know what will be the

cost of making everything self-dependent; therefore, I have

assumed that it is necessary to construct engine houses, boiler

houses, &c, on the site of the yard (now your property"1 in the

lower portion of the Dane district; in the estimates the cost

of these buildings and everything in connection with the com-

plete scheme has been included. I should, however, point out

that, in the event of the present Tivoli pumping station being

used as the site of the power works, the cost of the scheme

would be reduced, as a saving would accrue in the buildings

and in other directions which would tend to reduce the cost

of the works."

REPORT BY SIR F. BRAMWELL AND SIR DOUGLAS
GALTON.

MARGATE DRAINAGE.

1. Provision for the Future.—Assuming the figures in

Mr. Baldwin Latham's Report to be correct, it appears that

the Borough of Margate includes about 995 acres, of which

about 235 are foreshore, leaving about 760 acres as the area of

which the drainage has to be dealt with. The population in

1881 appears to have been, in round numbers, 16,000, exclusive

of visitors.

The plan provides for a future (in 1911) permanent popu-
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lation of about 36,000, being about two and a quarter times

the present number of inhabitants : and it assumes that during-

the season this number will be increased to three times that

amount by visitors.

This provision for as much as 108,000 inhabitants in the

season, in the future, appears to be ample.

The amount of sewage allowed for in the scheme is 30

gallons per head of the prospective population, including

visitors. This appears to us larger than necessary.

It would probably be safe to take the sewage of the resident

population at 30 gallons per head ; but from information

which we have obtained regarding the water supply, it

seems clear that 10, or at most 15, gallons per head, for the

visitors, would be an ample quantity to allow.

Calculating on this latter basis, the sewage would amount,

when the population had attained its maximum, to a total of

about 2,000,000 gallons per day, equivalent to 320,000 cubic

feet
;
but, for the next ten years, it is reasonable to suppose

that the amount would not much exceed 1,400,000 gallons in

the twenty-four hours.

The levels of the ground within the Borough involve the

necessity of employing mechanical means for raising the

sewage in two districts—namely, that of the Dane Valley,

and that of the Tivoli Valley, comprising together 130 acres
;

while the sewage from the remaining part of the area, which

is 630 acres in extent, can now off by gravitation.

The rainfall, as well as the sewage, will be removed by the

sewers from the gravitation area, but only that part of the

rain which falls on roofs and yards, and the sewage proper,

will be removed by them from the 130 acres of low level area;

the rest of the rainfall on such area being allowed to pass

through the present water-courses, or, where necessary, through

improved channels to the sea.

This general design appears to be satisfactory.

2. Method of Sewage Disposal.—The disposal of sewago
on land is always a matter of difficulty and expense.
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When sewage is delivered on to a favourable soil, covered

with growing crops, the subsoil water may not be affected by
the distribution of sewage on land; but, in a chalk district,

at certain times of the year, the infiltration of sewage applied

to land may become a source of danger.

In the case of Margate, the water supply of the district is

obtained from the underground water stored in or passing

through the chalk.

It is in the highest degree advisable to avoid even a sus-

picion of pollution in this underground water by percolation

from a sewage farm, and it is also important to avoid the first

cost of the acquisition and of the preparation of the land, and

also to avoid the annual cost of pumping the whole of the

sewage on to that land.

There is every facility for the discharge of the sewage into

the sea, and, therefore, in consideration of the local conditions

which obtain at Margate, we are of opinion that the sewage

should be discharged into the sea, and that its disposal by

application to land should not be resorted to.

3. Position of Outfall.—The spot selected for the outfall,

viz., Foreness Point, is the most favourable locality on the

coast in the vicinity of Margate for the discharge of the sew-

age into the sea.

An examination of the chart appears to show that it is at

this particular point where the tides change their direction,

and where the north and south and the east and west tides

meet.

During the whole ebb the currents set away from the shore

to the east and south-east, then, during the ebb, there is no

probability of the shore to the west and south of Foreness

being affected by sewage flowing out of the outfall.

As regards the currents of the flood tides and their probable

effect,—these currents appear to be sluggish at, and for about

an hour from,, low water ; but after this time they begin to

make, and until half-flood the set of the currents is to the

south-west and west, and parallel to and near the shore.
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During the remainder of the flood the currents flow away

from the shore to the north-west.

Whilst, therefore, on the one hand, during the last three

hours of flood tide, and during the whole of the ebb, the set

of the currents is away from the coast near Margate ; on the^

other hand, during the first three hours of the flood, the set

of the tide is along the shore
;
hence, during those three hours,

it is necessary that the sewage should be prevented from being

discharged at the outfall, and that it should be retained in a

storage reservoir. When, in the future, the summer popula-

tion reaches the 108,000, and the sewage the 2,000,000 gallons

a day, then on those occasions when the first three hours of

the flood occur during the time of maximum flow of sewage,

the quantity to be stored would amount to 80,000 cubic feet.

A chamber of such capacity would not afford any storage for

rainfall in the time to come, when the full number of the

population will have been reached, but we are of opinion that

there is no need to exceed this storage capacity with the

present population, and that it will be well to make the

chamber of the capacity indicated, leaving it to be duplicated

when the increase of population requires it.

A reservoir can be formed by deepening and enlarging the

sewer for the last 200 or 250 yards of its length, so as to

make an elongated chamber near its mouth. The bottom of

the chamber would be a little above the level of low water

neap tide ; if the sewer be widened throughout this length to

about 12 feet, the chamber would suffice for the storage of the

sewage generated during three hours of maximum flow, when
the full number of the population was reached, and this stor-

age would in no way interfere with the continuous flow of the

sewage from the sewers within the Borough.

The underground water level rises inland, and the flow of

underground water is towards the sea ; hence the temporary

storage of sewage at the outfall cannot cause any risk of pol-

lution of underground water.

4. Outfall Sewer.—This sewer, which is 3 feet by 4 feet 6
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inches, and is built of concrete lined with brick, is carried

from the junction of Edgar Road and the Eastern Esplanade

(at which junction it receives the general system of town sew-

erage), parallel to the shore, and at a depth of 60 feet, for a

distance of about 1| miles, to Foreness Point, terminating, as

proposed, in a penstock chamber, the bottom of which is on

the level of ordnance datum.

This chamber, it will have been seen, we suggest should be

enlarged so as to store some 80,000 cubic feet.

From the penstock chamber an iron pipe, 27 inches dia-

meter, is to be laid from the foot of the cliff across the fore-

shore, buried in the chalk, and extending in all about 550

yards to low water mark, spring tides.

With the object of reducing the head needed for discharge,

we suggest that this pipe should be increased to 3 feet 3 inches

in diametei*.

The size of the sewer is sufficient to allow of the removal of

the prospective sewage, together with a little over £ inch of

rainfall in twenty-four hours. For cases of exceptional rain-

fall, storm-overflows -are provided.

This capacity of discharge we consider to be sufficient.

The range of spring tides is nearly 15 feet—that is, from

about 8 feet 6 inches above to about 6 feet below ordnance

datum.

Having regard to the relative levels of the outfall sewer

and of the tides, the sewage would be backed up during every

spring tide very nearly to the Borough boundary, which,

however, would render it necessary to provide very full

ventilation for the outfall sewer.

This may be easily arranged by means of the shafts shown on

the line of this sewer. We are of opinion that this construc-

tion will work perfectly well, and we think a wise discretion

has been exercised in keeping the outfall down at this level,

so as to embrace as large an acreage as practicable within the

gravitation area, and thus diminish as far as possible the

areas involving pumping.
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5. Town Sewerage.—(1) Gravitation Area.— The main

intercepting sewer commences at the west end of the Borough

with an 18-inch earthenware pipe sewer, which is enlarged to

a 21-inch pipe sewer between the junction of the Canterbury

Road and the Marine Terrace. In consequence of the low

levels of the Marine Terrace, it is deemed expedient that the

part of the sewer which passes along it should be formed of

an iron pipe having a diameter of 21 inches, the remaining

portion of the sewer thence to its junction with the outfall

sewer is constructed of concrete, brick lined.

All the other sewers in the gravitation area are proposed to

be earthenware pipe sewers,

The details of the system of sewerage are not fully shown.

It is, however, clear from certain sections which have been

furnished to us, that the several town sewers may be laid with

rapid falls, and at an adequate depth to drain the basements

of the houses
;
therefore, with suitable flushing arrangements,

and with proper precautions for the exclusion of road grit, the

gravitation sewers may be kept free from deposit.

(2) Low Level Area.—The two low level districts—that in

the Dane Valley and that in the Tivoli Valley—are to be re-

lieved of the sewage proper by mechanical means.

As has already been mentioned, the low level sewers are not

designed to remove rain water other than that which falls on

yards and roofs, and thus these new sewers will not be affected

by road grit.

(a) Dane Valley.—In the Dane Valley the sewage is to be
brought by means of earthenware pipe sewers to a pumping
station near the gas works, where it is to be lifted by an
automatic hydraulic pump through a 12-inch iron pipe, 400
feet long, into the high level system.

These sewers would, as already mentioned, carry off the rain

falling on roofs and on paved yards, while the other part of

the rainfall would pass off along existing drains
;
but, inas-

much as a portion of this area is now liable to be flooded when
heavy rain occurs at the time of high water, provision is made
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for a new rain-water sewer, leading to a penstock chamber on

the beach, close to the back of the pier, whence the storm

water arriving at the time of high water would be discharged

by means of an automatic hydraulic pump.

(b) Tivoli Valley.—In the Tivoli Valley it is proposed to

have two pumping stations—one close to the eastern end of

the Marine Terrace, the other close to the railway crossing at

the bottom of Frog Hill.

The sewers at the back of Marine Terrace (where the ground

is said to be water-logged and below high water) are proposed

to be constructed of iron pipes ; the remainder of the sewers

are to be earthenware pipe sewers.

The rain water, other than that which falls on roofs, is pro-

posed to be passed through existing drains to the sea.

(3) Ventilation of Sewers.—The estimate shows a provision

for 145 ventilators. It is understood that these are in addi-

tion to 264 manholes and 15 shafts.

These together would give a ventilator for every 90 yards

of sewer. It is understood that one of these ventilators is to

be placed at the dead-end of every sewer.

With the gradients shown, the whole of the sewage ought

to be removed rapidly, and to be discharged at the outfall

within two or three hours of its being generated ; so that if

no deposits are allowed in the sewers, there would be no pro-

bability of offensive smell arising.

To prevent deposit there are 22 automatic flushing cham-

bers provided for the principal sewers.

"We consider that it would be advisable, in order to avoid

accumulations in the smaller sewers, that a flushing tank cor-

responding to the size of the sewer, should be placed at the

upper termination of every sewer.

The estimates provide 5,038 junctions for house connections

on the line of sewer.

The adaptation of the house drainage to the new sewerage

is not included in the plan ; but it would be advisable that

there should be invariably a disconnecting trap between the
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sewer and the house drain, and that the latter should be pro-

vided with independent ventilation.

6. Mechanical Appliances for Lifting" the Sewage in Low
Level Areas.—With respect to the raising of the sewage from

the Tivoli Valley and from the Dane Valley into the outfall

sewers, and to the construction of the local sewers within

these valleys we agree that this construction will be facili-

tated, and these local sewers will be better kept free from

deposit by there being more than one pumping station ; and

we also concur in the provision in the Dane Valley of a means

for mechanically raising the rain water coming upon that

valley, which at present occasionally floods it if a time of very

heavy rain happens to be coincident with high water.

In this manner several pumping stations of very small

power, however, are required.

Having regard to this smallness of power, it becomes prac-

tically impossible to bear the wages expense incident upon
making each of these pumping stations independent, and thus

it points towards the working of all these small pumping
stations from some central source of power.

There are one or two models by which this could be done,

viz. :

—

1. By compressed air employed in working engines of the construction of

the ordinary steam engines and driving pumps.

2. By applying the compressed air to act directly on the surface of the
sewage in receptacles provided for the purpose. (Shone's system.)

Another convenient mode of distributing power from a
central source is to do so hydraulically, and that is the mode
Mr. Baldwin Latham has proposed.

More than a quarter of a century's experience has shown
that the hydraulic mode of distribution is entirely trustworthy.

By its means the various pumping stations will automatically
start when needed, will continue to work as long as needed,
and will stop automatically when the working is no lono-er

required. The machinery is of the simplest character, and
the chance of mishap and the cost of repair are of the very
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smallest. As regards mishap, however, the scheme and esti-

mate provide for a duplication of the hydraulic engines at

each of the pumping stations.

This plan of the hydraulic distribution of power from a

central source has our entire approval.

7. Estimates.—We have satisfied ourselves that the dimen-

sions of the main outfall sewer . . . are sufficient, and have

adequate falls.

With respect to the remainder of the sewers, we have no

further information than that of the sizes given on the plan.

As well as we can judge these are adequate, assuming fair

falls, about which, having regard to the level of the outfaJl

sewer, we imagine there can be no difficulty. We are thus

(with the exceptions we have mentioned, and that are again

referred to below) satisfied with the dimensions of the sewers

and with the other provisions in Mr. Baldwin Latham's plan,

and we presume he has assured himself that such work can

be executed in Margate at the various prices mentioned in his

estimate, but on this point we express no opinion.

In our judgment the sum of £3,486 (say, Three thousand

four hundred and eighty-six pounds) should be added for

increasing the outfall pipe from 27 inches to 39 inches, and

for providing the chamber to contain the three hours' delivery

•during the first half of the flood tide.

Fkederick Bramwell.

Douglas Galton.
Qlh August, 18S8.

It m&y be mentioned that the outfall, as constructed, con-

sisted of 1,583 lineal yards of 4 feet 6 inches by 3 feet sewer,

590 lineal yards of 7 feet 6 inches diameter reservoir sewer,

and 530 lineal yards of 30-inch diameter cast-iron pipes. At

the junction of the reservoir sewer with the outfall from the

town, means were provided for preventing the sewer-air from

passing into the town outfall from the reservoir (see fig. 16).

The cost of the works, including a large number of flushing
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tanks, street gullies, and other surface-water works, was about

£75,000. The author is indebted to Mr. Baldwin Latham for

the details given.

Fig. 16.
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CHAPTER XXX.

PORTSMOUTH, 1889.

Population, &c— Population draining to works, 130,000;
ratable value, £500,000

; water-closets, 26,000
;

daily dry-
weather flow of sewage, 4,000,000 gallons. There are two
storm-overflo ws.

The separate system of drainage is partly in operation, but
in designing the outfall works, provision was made for a con-

siderable amount of rainfall per hour.

Works.—The sewage-disposal works are in some respects

both novel and interesting. The district drained is very flat.

" The highest, busiest, and most densely populated portion

of the Borough is elevated about 12 feet only above the tidal

range, while about one-third of the Borough is very little

above the level of ordinary spring tides " (Angell). In order,

therefore, that the sewers should be provided with sufficient

fall, the sewage has to be pumped.

There is a small pumping station at Stamshaw, containing

pumping machinery operated by a pair of 4 N.H.P. Otto gas

engines, by means of which the sewage of the sub-district is

raised and discharged into the main outfall sewer. All the

main sewers discharge their contents into the pump-well of

the main pumping station, which is situated near Eastney

Fort. This pumping station, with a long length of new
outfall sewer, a rising main, the tanks, and other works, were

designed and carried out by Sir Frederick Bramwell, Mem.

Inst. C.E., F.R.S., &c, with the assistance of his chief assistant,

Mr. Harris, Mem. Inst. C.E. The old system, designed by

Mr. Lewis Angell, Mem. Inst. C.E., had in 1882 become in

part inadequate for the requirements of the Borough, and the

works to be described were in substitution of such of them as

required alteration.
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Before definitely deciding upon the point of discharge of

the sewage, Sir Frederick Brarnwell caused experiments to be

made in order to ascertain the course that would be taken by

the sewage under the diverse conditions prevailing. It was

found that the floats were carried many miles out to sea, when

placed in the tide-way soon after high-water, and the works

were designed so as to admit of an exceedingly rapid discharge

of the sewage, in order to take full advantage of this circum-

stance.

A reference to the plan will show that there is an exceed-

ingly large land-locked harbour, that of Langstone, immedi-

ately to the north of the outfall works. An enormous volume

of water fills this harbour at high-water, and as a consequence,

the velocity of the water passing through the narrow channel

communicating with the sea is, both on the ebb and flood,

very high, the range of the tide varying from 13 feet 6 inches

at spring, to 10 feet 9 inches at neap.

The point of discharge which was selected by Mr. Angell

when first designing the works, and subsequently approved

by Sir Frederick Brarnwell, is peculiarly well-situated, having

regard to all the circumstances of the case.

The new main pumping station contains a pair of 150 I.H.P.

compound condensing rotary beam - engines. Each engine

works two pumps by means of connecting-rods, one at each

end of the beam. The pumps are each capable of delivering

500,000 gallons of sewage per hour when doing full duty.

The rising main leading from the pumping station to the

sewage tanks is 3 feet 6 inches in diameter, and about 1,500

yards in length.

Tanks.—There are three storage tanks, side by side, having
a collective capacity of 4,500,000 gallons, and covering an area

of 3i acres. Each tank is 160 feet in length and 150 feet in

breadth. As shingle was found in profusion upon the site,

the tanks are constructed of concrete, with brick facings
;

they are arched over and soiled. The inverts of the tanks
are segmental in cross-section, with a longitudinal fall of 1 in
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150 to the outlets. With the object of allowing their contents

to be discharged as soon as desirable after high water, the

tanks have been constructed with inverts at a level of 1 foot

below ordinary high-water mark. The tanks are provided

with sluices at the upper end, in order to admit of part of the

contents of a full tank being discharged into an empty one

for the purpose of flushing out deposits.

Ventilation of Tanks.—The ventilation of these large tanks

is provided by means of twenty-seven fresh-air inlets in the

crown of the arch on the shore side of the tanks. Along the

land side of the tanks is a flue 4 feet high by 2 feet 6 inches

wide, which runs the entire length, and is connected with the

under-side of a coke furnace about 3 feet square at the bottom,

and enlarged to 6 feet square at the top of the fire. The

fumes are passed into a chimney shaft about 100 feet in

height.

Rapid Discharge of Sewag"e.—The rapid discharge of the

whole of the impounded sewage is an essential feature of the

scheme; the outlets are sufficiently large to admit of all the

sewage being discharged into the outfalls, and thence into the

sea, within a period of one hour. The tanks first discharge

into a culvert 7 feet by 6 feet in size, from which three lines of

cast-iron pipes, 3 feet 6 inches in diameter, proceed well into

the tide-way, their mouths being just below low-water mark.

The arrangements by means of which the large penstocks

situated between the tanks and the large culvert are operated,

are of an exceedingly ingenious nature. On the arrival of the

period when it is desirable to allow the sewage to be discharged

into the sea, a small penstock is opened, the escaping sewage

operates a turbine which, in its turn, sets in motion the

machinery by means of which the large penstocks are opened,

thus one man can readily open these ponderous appliances,

and attend to the tanks as well.

Obligation not to foul the Foreshores.—The Corporation

of Portsmouth are under an obligation to the War Department

to dispose of the sewage without creating a nuisance by fouling
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the foreshores, and it would be difficult to devise a scheme

which would better meet the exigencies of the case.

Up to the point where the sewage enters the sea, the

disposal works are similar in principle to many of those

established with a view to the purification of the sewage by

land treatment. Political economists would probably say that

the discharge into the sea of so much fertilising material is a

waste of the nation's resources, but the ratepayers of Ports-

mouth cannot be expected to pay for the recovery of such

fertilising ingredients, as they would inevitably be compelled

to do, should land treatment be resorted to, merely in order

to satisfy the political economist.

Cost.—The pumping station and rising main cost £25,000

;

the tanks and outfall works £45,000. The annual working

expenses at the pumping station amount to £2,450, and at the

tanks to £250.

The author is indebted to Mr. H. Percy Boulnois, Mem. Inst.

C.E., the late Borough-Engineer of Portsmouth, now Borough-
Engineer of Liverpool, for the opportunity of inspecting the

works, and for all the details relating to them.

CHAPTER XXXI.

BERLIN.

The Berlin sewage farms have attracted much attention
recently, mainly in consequence of the enormous area which
has been provided for the purpose of purifying the sewage
of the city.

The city of Berlin is divided into two portions by the
river Spree; these two areas have, for drainage purposes,
been subdivided into twelve separate districts, each with its.

own pumping station, from which the sewage is pumped to
the northern and to the southern farms respectively, the
distances of these farms from the city being 6 miles as
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regards those in the north, and about 12 miles those in the

south.

The area of the city is about 24ro square miles ; its popu-

lation was in 1890, 1,578,800; and its ratable value at the

same date was £10,968,000; there were 180,000 water-closets,

25,000 urinals, and 17,000 private baths.

There is an excellent water supply, but as the water is

supplied by meter* at a price of 16£d. per 1,000 gallons,

when the supply per house does not exceed 17,600 gallons per

quarter, for larger quantities the price is reduced to lid. per

1,000 gallons, its use is much restricted; compared with London,

for instance, with its supply of about 32 gallons per head per

day, the consumption of water in Berlin is only 13'42 gallons

per head. This fact is important from the land-treatment-of-

sewage point of view, because sewage is, in dry weather,

about equal in volume to the water supply of the town from

which it is derived, unless there is much leakage into the

sewers from the subsoil, or the sewage is largely augmented

in volume by the discharge of water and other liquids from

factories, &c. The comparatively small volume of rain water,

again, pumped with the sewage to the Berlin sewage farms,

shows that the Berlin sewers are amply provided with storm-

overflows ; for example, the total volume pumped to the farms

is not quite 24 gallons per head per day
;
London, on the other

hand, sends at least 40 gallons per head to its sewage disposal

works on the north of the Thames, and 50 gallons to those on

the south. It must not, therefore, be hastily concluded that

because Berlin has solved its sewage problem by applying

its sewage to land, that London could as readily do the same.

In 1890, the sewage farms of Berlin to which sewage was

regularly applied were as follow :

—

On the south

—

Osdorf, 3,055 acres, sewage first applied 1876.

Gross Beeren, 2,362 acres, ... >, 1882.

Schenkendorf, )

Sputendorf, and
[
3,860 acres, . . sewage not yet applied.

Klein Beeren, )

* " Sale of Water by Meter in Berlin," Gill, Min. Proc. Inst. C.E., 1S91.
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On the north

—

Falkenberg, 2,382 acres, .... sewage first applied 1879.

Malchow, 3,216 acres, .... ,, ,, 1882.

B1
ê̂ [o

e

r̂

e
} 3,914 acres, . . . sewage not yet applied.

Physical Characteristics.—The sewage farms are situated

on flat, or slightly undulating, sandy plains, well adapted for

sewage utilisation, because of the porous nature of the subsoil,

the small expenditure necessary in laying out the land, and

the low price at which the land was procm^able. The following

details refer to the four farms which are used for sewage dis-

posal. The average price paid per acre for the four farms,

Osdorf, Gross Beeren, Falkenberg, Malchow, was £40, 10s.,

very nearly, the gross acreage of these farms being about

11,015 acres. The land was laid out in three different ways,

namely, those portions of an undulating character, amounting

to about 2,080 acres, were merely surface graded for broad

irrigation ; an area of about 5,330 acres of more level area

was laid out in level terraces and underdrained for treatment

of the sewage on the intermittent filtration principle ; whilst a

part has been devoted to the formation of shallow tanks for

use during periods of heavy rainfall, and in times of hard

frost. This latter area is about 410 acres, so that about

7,820 acres are used for sewage disposal purposes, whilst an

area of about 120 acres was not utilised in 1890. The cost

of preparing the land was as follows, the figures being in-

clusive of levelling, and forming roads, embankments, and
effluent channels:

—

Osdorf, 2,190 acres, . . . cost of preparing £28,770
Gross Beeren, 1,422 „ . . . „ 19,757

Falkenberg, 1,818 „ . „ 21,103

Malchow, 2,510 „ „ 25,226

The drainage of the land was carried out after the sewage
was applied, and in such a manner as the different character

of soils met with demanded. There are a number of open
drainage channels running into and through the farms, and
the subsoil drains, laid generally at a depth of about 3 feet

21



322 BERLIN.

to 4 feet 6 inches, discharge into these open channels, so that

the effluent from any portion of the farms may be readily

examined. The subsoil drainage works on the 7,810 acres

drained had in 1890 cost £66,590.

The sewage is pumped to the farms from the pumping
stations in the city through cast-iron mains, which terminate

at the highest points of the various farms, so that the whole

of the land is commanded. There are drawing-off valves upon

the mains at various points, and the arrangement generally is

similar to that to be met with on many sewage farms in this

country, there being cast-iron distributing mains laid under

the ground which convey the sewage from the pumping main

to the various earth carriers and grips.

The total expenses in connection with the purchase and

laying out of the land may be thus summarised :

—

TABLE XXX.—COST OF SEWAGE FARMS, BERLIN.

Cost per Acre

Description.

Of Land Laid
Out.

Of Total
Area.

£ S. d. £ s. d.

Purchase of land, 40 10 0

Cast-iron mains, . about 19 0 0 13 10 0

Laying out land, 5)
12 0 0 8 10 0

Draining land, . ) J
8 0 0 GOO

Incidentals,* • )

)

4 10 0

Total capital expenditure, 73 0 0

Crops, &C—The comparatively small volume of sewage

per head to be dealt with gives a considerable amount of

latitude as to the crops that may be grown. We find, for

* Inclusive of sums expended in buildings, implements, and improvements

to streams.
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instance, that the number of acres employed in the treatment

of 1,000,000 gallons of sewage per diem varies from 223 in

the case of Osdorf to 403 in that of Malchow, the average of

all the farms being 268. The number of persons contributing

sewage to each acre varies from 19S at Osdorf to 122 at

Malchow, but the limit has been considered to have been

reached at Osdorf. At Wimbledon the sewage flow is now

about 1,000,000 gallons per day, which is applied to about

74 acres of land ; and there are other cases—Birmingham, for

instance—where the proportion is about the same, although

it should be mentioned that in both these cases the sewage is

clarified before being applied to land ; still the volume per

acre is so large that ryegrass, osiers, and mangolds are within

narrow limits the only kinds of crops that can be grown. On
the Berlin farms, on the other hand, the largest acreage was

in 1890 under cereals, namely, 2,820 acres
;
grass was grown

upon about 1,785 acres; roots and vegetables on 1,013 acres;

and oil-producing plants on 237 acres. These details refer to

the 5,933 acres farmed by the Municipal Authorities of Berlin,

the remainder of the farms are let to a number of tenants,

who paid an average rent of 86s. 3d. per acre, whilst ordinary

land, not prepared for sewage disposal, was obtainable at

35s. 3d. per acre ; we see, therefore, that by the application of

the sewage to land from an average number of persons of

156 to each acre, its value is improved by 51s., so that the

value of the sewage yielded per head per annum is by this

method of calculation about 4d., and curiously enough, this

figure compares very closely with the value obtained at

Wimbledon, when calculated upon the basis of working ex-

penses and gross returns.

An interesting fact in connection with the Osdorf and

Gross Beeren Farms is that relating to the employment of

lime, in quantities of from 1 to 2| tons per acre, in order to

accelerate the process of nitrification, which appears to have

been interfered with in consequence of the large volumes of

crude sewage applied per acre. This fact seems to point to
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the necessity 6f clarifying the sewage before applying it to

the land.

Financial Results.—The average gross income from the

three classes of land during the years 1887-8, 1888-9, 1889-90

may be thus tabulated :

—

From the grass plots, . . , . £6 18 0 per acre,

filtration area, . . . 7 14 0 ,,

taDks, 4 9 0 ,,

We have seen that the total cost of the land to the munici-

pality, with its laying out, was £73 per acre ; the working

expenses are about £5, 10s. per acre, or about £1 per acre less

than the returns, so that, broadly, there is a return of £1 per

acre towards the repayment of capital and interest account.

The farms on the north, however, which are much nearer the

city, and, consequently, the markets, than those on the south,

show the best financial results, a fact which must not be lost

sight of when comparing Berlin with other towns.

Sanitary Results.—From the sanitary point of view, the

farms are eminently successful. The sewage is, in the first

place, much stronger than average English sewage, because of

the small volume yielded per head, due to a relatively small

water supply. The following figures show approximately the

character of the Berlin sewage :

—

Suspended matters, . . . Ill parts per 100,000.

Mineral, = 80 \ ni
Organic, = 31 J * *

*

Ammonia, 11*8 ,, ,,

Chlorine, 22 -4 ,,

Of the ammonia, 98"87 per cent, is removed on the irriga-

tion plots, and 97 "82 per cent, on the filtration plots, and as

much as 86"12 per cent, from the tank plots, the two former

methods showing a high degree of purification.

The general health of the persons living upon the farm

—

about 1,580 in number—is extremely good, the average death

rate for the five years, 1885-9, being only 9'75 per thousand.

The author is indebted to Mr. Koechling, Assoc. M. Inst.

C.E., for many of the details given in this chapter, and to Mr.
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Hobrecht, the City Engineer of Berlin, for the plans and some

of the details, Plate ,35. Should the reader desire further

information on the subject of the Berlin farms, he cannot do

better than consult the paper by Mr. Roechling, printed in the

Minutes of the Proceedings of the Institute of Civil Engineers,

vol. cix., 1892.

CHAPTER XXXII.

SEWAGE PRECIPITATION" WORKS, DORTMUND (GERMANY), 1889.

Population, &C.—The town of Dortmund contains about

85,000 inhabitants, and is drained on the water-carriage

system, but no faecal matter enters the drains. The fasces

are collected in cesspools and taken away by the farmers and

peasants of the surrounding district. In addition to the rain-

water the sewers take the ordinary street-water and also the

waste liquors from the manufactories. Dortmund contains an

immense number of breweries, and the waste therefrom is one

of the chief difficulties to be contended with in any attempt

to purify the sewage, not only on account of its great volume,

but more especially by reason of its disagreeable property of

fermenting and giving off bad odours. It is of the utmost

importance that the effluent should be as pure as possible, as

the brook into which it is discharged only contains a small

quantity of water, especially in summer, and has, moreover, a

large quantity of mill weirs occurring on its course.

In consequence of the bad odours emanating from this

stream (called the Emster), complaints against the Town
Council were of frequent occurrence, and in the year 1882

the Government compelled the town to construct precipitation

works. These were the first works of the kind constructed in

Germany.

Works.—The works, as first carried out, contained two pre-

cipitation tanks, similar in design to those in use in England.
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They proved, however, to be too small, and the sludge was a

great source of annoyance, it putrefying within a short time,

and then rising to the surface. In designing new works it

was of primary importance that the remedying of this

nuisance should be kept in view and that such arrangement

should be made as would allow of the sludge being removed
without interfering with the continuous working.

The Rockner-Rothe system seemed to solve this problem,

but as its cost was extravagantly high, it was decided to adopt

the plan of constructing cylinders sunk in the ground instead

of vacuum cylinders. The nature of the subsoil, which consists

of so-called "Flies" (sandy mud), seemed to point in this

direction.

Treatment.—The old tanks are still in use and serve as

preliminary depositing tanks ; the sewage being in this way
freed from the grosser impurities and floating matter. From
the tanks the sewage flows through a winding carrier, where

the chemicals are added ; the mixing being performed by

means of two water-wheels driven from one shaft. The floats

of these wheels are made of perforated zinc. As there is very

little fall to be obtained at the works, these mixing-wheels are

also used to lift the water to the desired height. This arrange-

ment allows of the chemicals used (lime and sulphate of

alumina) being added at different points, the sewage, after

receiving the lime, beino; allowed to travel some distance

before the sulphate of alumina is added. This is done on the

assumption that the action of the lime, from a bacteriological

point of view, does its work more effectively in this way than

if both were added at the same time.

After the addition of the chemicals the sewage flows through

the distributing channel into the inlet pipes of the cylinders

and passes down the vertical zinc cylinder to a depth of about

30 feet; it is there distributed throughout the section of the

cylinder, and rises gradually to the top. In order to ensure a

uniform motion of the sewage at all parts of the cylinder, i.e.,

to obviate a rush towards the outlet, overflow channels have
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been constructed at the surface into which the clear liquid

flows evenly. The action is as follows :—At the lower part of

the tank, flocculating matter is formed ; this subsides gradually

into the apex as sludge, having, however, previously served as

a filter for the rising water. In this way the chemicals are, at

the same time, utilised to their fullest advantage. The higher

the level of the filtering medium is kept, the more complete is

the action ; in other words, the best results are reached, if the

tank is first filled rapidly until the flocculent matter appears

near the surface, and the flow is then entirely stopped until

this matter has subsided. If the water is again turned on

the clarified effluent overflows at the top, and subsequently a

new filter is formed.

The results of this mechanical operation are very good. All

that is required is to allow a sufficient sectional area and

depth. It is advisable
>
to assume a continuous stream, the

velocity of which does not exceed 15 feet per hour. This will

give the corresponding duration of rest. With perfect rest, as

is well-known, almost complete precipitation takes place.

During the period of rest the removal of the sludge is

effected, because at that time it is less liquid than during the

inflow of water. The sludge is raised pneumatically through

wrought-iron pipes 6 inches in diameter, which are connected

with two receivers, fixed above the water level. These
receivers are exhausted by means of an air-pump driven by
the engine, and thus filled with sludge. The filling and
emptying of these receivers is accomplished automatically by
means of single-acting ball-valves closing in opposite direc-

tions. The only manual labour required is to turn the two
air-cocks in the suction pipe (three-way cocks with one
opening to the external air). While one receiver is beino-

emptied of sludge, the other is exhausted ; when it is filled

with sludge the three-way cock is turned so as to admit air,

and the sludge flows out automatically. It is then conveyed
by means of wooden carriers to sludge-drying beds. Here it

remains until it is sufficiently compact, and is then sold. Up
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to the present time the whole of the sludge has been sold to

farmers at a nominal rate of about 2d. to 2£d. per ton.

The chemicals are prepared in very nearly the same manner

as at other places. In the upper part of the building there

are pans in which the lime is slaked, and large vats in which

the sulphate of alumina is dissolved by means of steam. In

the lower part of the building the mixing-vats are placed,

together with a hoist for chemicals, &c, and a centrifugal

pump for lifting the sewage to a projected private irrigation-

farm. The engine and boiler have been designed of sufficient

power for this purpose. The engine is of 14 H.P., whilst only

about 5 or 6 H.P. is required for the ordinary working.

The volume of sewage having increased in consequence of

the increase in the population, it has been decided to enlarge

the works, and two additional cylinders are now being con-

structed, which will shortly be working in conjunction with

the four existing ones. Each cylinder will clarify about

700,000 gallons per day.

Two points are necessary for the satisfactory working of

this system

—

1. All floating matters and heavy particles must be kept

out of the cylinders by means of screens or tanks.

2. The sludge must never be allowed to accumulate in the

cylinders and get old.

If these points are attended to, the system is said to work

smoothly and without trouble.

Cost.—The cost of the works (exclusive of the old tanks,

which cost £1,250) was £5,000, the two cylinders now being

constructed will cost an additional £1,500.

This special system of cylinders has been patented in the

German Empire.

The author is indebted to Herr C. Kniebiihler for the

details of this interesting and novel system of sewage clari-

fication. See Plates 36 and 37.
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CHAPTER XXXIII.

TREATMENT OF SEWAGE BY ELECTROLYSIS.

The Webster Process.—Of all the systems of sewage-treat-

ment }'et introduced, that by Mr. Webster may fairly be said

to be one of the most promising. When it is considered that

the application of electricity is almost daily extended to new

objects, and that the science is, as yet, in its infancy, it must

be admitted that the results achieved by Mr. Webster are of

the most encouraging nature.

The time may come when our towns will be lighted with

electricity by night, whilst by day the dynamos will be

employed in purifying the sewage; then the loading of the

sewage with chemicals, with the consequent production of

large masses of sludge, will no longer be necessary.

The author is satisfied that the principle is correct ; the

difficulty lies in its application. But this difficulty can be

overcome, and will be, as far greater ones have been in the

history of modern science.

The following account of the process is by Mr. Webster,

F.C.S.:—

"It may be that scientific knowledge is not sufficient at

present to entirely and finally deal with this question. We
should, however, aim at as high a standard of purification as

possible—it is of no use to try half measures—and whatever

the treatment may be, the nearer Nature's action is approached,

the nearer will be the solution of the difficulty.

"Oxidation.—The oxidation of organic matter can only be

attained by one mode—chemical action—whether it be by

filtration accompanied by the action of micro-organisms, the

addition of chemicals, or by mechanical force represented by

the electric current.
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"Characteristics of Town Sewage.—Sewage is a most

complex compound, whose component parts depend upon the

water-supply of a town ; in some cases upon the rainfall and

the industries of the locality. Householders and owners of

factories would much assist local authorities in the end aimed

at if they would disinfect their refuse before it passes into the

sewers
;
thus, one of the most objectionable features to be

noticed in London sewage is the large amount of organic

matter with an obnoxious odour, floating on the surface. Its

source is uncertain, but it is evidently of a nature that points

to gas-works or tar-distilleries, also certain dye- and tan-

refuse, which require more treatment than sewage itself. The

manufacturer is at a loss where to put his waste-products, and

it is an extremely difficult question for the public to solve

;

but it is a moral certainty that, if the sanitary authorities of

our cities and towns have to purify their sewage, the taxpayer

will decline to pay for the treatment of manufacturers' refuse,

when it is known that sewage alone requires very much less

expenditure on purification than when it is mixed with

complicated waste compounds of a chemical nature.

" Most of the methods of sewage-treatment hitherto tried

have not only failed to meet reasonable expectations as to

their physical and sanitary characters, but they have also

proved, in many cases, costly failures.

" Iron Salts.—It was while working with perchloride of iron

as a purifier of sewage that the importance of iron salts in

relation to organic matter became apparent ; and it was in

connection with this chemical and free chlorine gas, that the

idea of electrolysis suggested itself.

"Effect of Electrolysis.—The chemical changes that take

place in sewage when it is electrolysed, depend chiefly on the

well-known fact that water as well as sodium, magnesium,

and other chlorides (which are always present in sewage), are

split up by the electric current into their constituent parts.

Thus, we have at the positive pole chlorine and oxygen set

free, and these elements arc liberated in a nascent state, a
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condition in which they are intensely active, so that the

organic matter in the sewage is rapidly oxidised into

innocuous compounds. So rapidly is this action that, provided

the sewage contains a sufficiency of chlorides, it is possible to

produce a disinfecting fluid from it consisting of oxides of

chlorine.

<! The first experiments were made with platinum plates, but

the experience was that the cost of platinum put its use out

of the question, besides which, there was a very slight action

on the positive plate, which distinctly pointed to its ultimate

destruction. For the treatment of sewage it is absolutely

necessary that precipitation of the matters in suspension

should take place, and the more complete this is the better

the ultimate result. After a long series of experiments in

the laboratory, it was found that oxidisable plates produced

the desired result. These plates should be of such material

that they shall have no poisonous after-affects either on land

or in rivers. The metal should be either aluminium or

iron ; the first-named is out of the question owing to cost,

but iron, besides having the advantage as regards price, in

the form of oxide has many valuable qualities, one of the

chief being that sulphuretted hydrogen cannot exist when

ferrous or ferric oxides are present. It is well known that

oxide of iron, in the hydrated form, is largely used for

purifying coal-gas from sulphuretted hydrogen. After many
months of exhaustive experiments, carried out on a large

scale at Crossness, it has been conclusively proved that cast-

iron plates of the commonest quality, employed as electrodes,

give the best result.

" Electrical Action.—The electric action is easily explained.

At the positive pole the chlorine and oxygen given off combine

with the iron to form a salt which is doubtless for the moment
a hypochlorite of the metal, but it immediately changes into a

chloride, which in its turn is deprived of chlorine to form

ferrous carbonates and oxides. During the chemical action,

carbonate of iron exists in solution, and its formation is due



WEBSTER PROCESS.

to the presence of carbonates in the sewage, chiefly carbonate

of ammonia. In samples that are absolutely free from dis-

solved oxygen, the ferrous oxide in the white form is precipi-

tated, and on shaking it up with air it changes to the usual

pale-green colour ; the carbonate of iron at the same time

being oxidised, the ultimate red precipitate is known as ferric

oxide, Fe
2
0

3 , and sometimes this changes, after a time, back

again to the ferrous state, FeO, thus showing that it has acted

as a carrier of oxygen to the organic matter present. On a

small scale the precipitate is carried to the top, due to the

bubbles of hydrogen collecting round the particles of matter

in suspension, but it ultimately sinks in the usual manner.

In practice the precipitate does not rise, owing to the larger

evaporating area, which allows the escape of the gases pro-

duced. The current required for the action varies with the

nature of the sewage. It is usually assumed that 15 volts

are required for splitting up water into its component parts

;

this may possibly be true with carbon plates, but with iron

plates acting on sewage the same result can be obtained

with -

9 volt as with double the intensity; of course it takes

a longer time, for with such a low voltage the quantity of

current is small.

"Current Required.—An ordinary sample of sewage re-

quires, on an average, one ampere of current for 10 minutes

per gallon, but when mixed with foreign matter, such as

manufacturers' waste-products, the amount required can only

be ascertained by experiment.

" Care of Plates.—The plates themselves should always be

kept under water, so as to prevent the formation of the red

oxide on the surfaces, and the action should be continuous

as far as possible, for if continuous, the plates seem to acquire

some property which reduces the resistance to the electric

current, and therefore lessens the cost. At the beginning of

a month's run, which lately took place, the voltage measured

across certain plates was 3, but after a few days only T79,

when doing the same work. On examining the plates freshly
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taken from the liquid they were in, a thin coating of the

black or magnetic oxide of iron was found, which has the

property of preventing the rusting of the plate under water

when the electric current is cut off.

" Screening".—The sewage to be treated should, of course,

be screened in the usual way, and then allowed to run

through the plates, so that every molecule shall come into

contact with the surfaces of the metal.

"Plant.—For 1,000,000 gallons sewage flow in 24 hours,

the complete plant necessary is :—Engine-, dynamo-, and

boiler-house; two engines and boilers, each 12 horse-power

nominal ; two dynamos ; brick shoots with culverts at side

;

two settling tanks
;

sludge-tanks
;
sewage culvert ; treated

sewage culvert ; cast-iron plates, copper conductor, measuring

instruments.

" Electrodes.—By actual experience we have been able to

prove that at least 25 sections of electrodes should be in

series, and across any one of these sections the potential

difference need not be greater than l
- 8 volts, the current

being of any desired amount, according to the surface of plates

used. In experiments lately carried out, a current of 370

amperes was used, which was calculated as "23 ampere per

gallon per hour
;

or-, taking it in watts, the estimated horse-

power required per million gallons in 24 hours was 26. These

figures have been checked by Dr. John Hopkinson. The organic

matter in solution of the particular sewage acted on upon this

occasion showed a reduction of 61 per cent, after treatment.

In other cases a purification of as much as 87 per cent, has

been obtained. If a lesser purification be sufficient, it would

mean a reduction of horse-power, as, during another run that

lately took place, the measurement across the electrodes proved

that 19 estimated horse-power was sufficient to treat 1,000,000

gallons in 24 hours, the resulting purification of organic matter

in solution amounting to 50 per cent. ; the waste of the iron

plates showing an average of 2 grains per gallon of sewage
treated.
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A channel should be kept at the bottom of the electrodes

for the collection of the silt, with a culvert at side to flush it

into, so as to prevent any block occurring. The advantage of

this is obvious. The plates in each section are about an inch

thick, and can be of any length up to 6 feet. It may possibly

be objected that a large number of plates is required. This

may be so, but the larger the number of plates the less the

engine-power required, and the longer they last. In each

section the electrodes are in parallel, and any one section is

in series with the other, the arrangement being exactly like

that of a series of primary battery cells.

"In putting down plates for the above quantity of sewage, it

would be as well to allow in them sufficient weight for five or

ten years' consumption ; what remained of this could be sold as

' old iron ' at the end of that time. One of the advantages of

having the plates in series is that if an37thing goes wrong in

any particular section, it can easily be set right, the current

being cut off during the repairs. The shoot containing the

electrodes should be coated inside with some sort of asphalt,

so as to prevent, as far as possible, any leakage of current

to earth, the asphalt acting as an insulator. The highest

efliciency would be obtained by using direct driving, provided

that the engine is of first-rate workmanship, and the dynamo

constructed to run at a comparatively low speed. This saves

in transmission, and prevents any difficulty that might arise

with belting. Consumption of coal under the best conditions

may be taken to range from 1-8 to 2-5 lbs. per horse-power per

hour; the cost of fuel and iron varies so much in different

districts, the prices in London being nearly double those near

mining localities, that no accurate estimate can be made of

the working expenses, as these will depend upon the locality.

Discounting this, it may be taken that the capital outlay

necessary for complete plant, and capable of dealing with the

sewage of a small town, amounting to a flow of 1,000,000

gallons daily, would be about £6,000 or £7,000, the engines

and dynamos being in duplicate, as most engineers would
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agree they should be. The quantity of iron plates included in

the above sum would be serviceable for ten years, as far as one

can foresee, and it is also assumed that the town where this

plant would be erected has no appliances for treatment, such as

precipitating tanks, &c. ; where these are already in existence

the cost would naturally be less. In reference to the cost per

million gallons, the same arguments hold good as to the situa-

tion of the town ruling the price. Since the first calculations

were made, the rise in the markets has increased the cost of

working ; but it can be arrived at by the average consumption

of iron, and the necessary horse-power. Thus, the daily waste

of iron may be taken as 286 lbs. per million gallons, and the

consumption of coal three-fifths of a ton ; the labour required

for working a plant of this description would be two shifts,

two men to each shift.

"Effluent.—The effluent produced by the above process

contains about 3 grains per gallon of suspended matters, which

consist almost entirely of oxide of iron, which is quite

innocuous. Where this is objectionable from a sentimental

point of view, it can be entirely removed by filtration through

a few inches of sand. Where an even higher degree of

purification is required, for instance, when the effluent has to

be run into a trout stream, it is possible to produce any further

degree of purity required by passing it through an electric

filter, which is arranged as follows :

—

" Filters.—Alternate layers of small coke, free from sulphur,

are separated, either by layers of sand or perforated tiles
;
by

suitable connection these beds of coke form positive and

negative electrodes—the first layer of material being sand, so

as to mechanically separate matters in suspension. It is

impossible for disease germs to propagate, owing to the

nascent oxygen and chlorine produced when the filter is in

action. The oxygen given off in the pores of the carbon

also prevents the filter from choking.

"In this case, the sewage, after action with the iron electrodes,

is allowed to flow into a settling tank, and after remaining
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there for an hour or longer for the precipitate to subside, the

effluent is passed through the filter, any oxide of iron that

may be present tending to keep the top layer of filtering

medium free from any objectionable action, and in its turn

forming a filtering medium.
" Report by Sir H. Roscoe.—Sir Henry Roscoe has investi-

gated this process, and the following are a few extracts from

his report. He states

—

"
' The quantity of sewage operated on in each experiment

was about 20,000 gallons.

" 'The reduction of organic matter in solution is the crucial

test of the value of a precipitating agent, for unless the organic

matter is reduced the effluent will putrefy and rapidly become

offensive. I have not observed in any of the unfiltered

effluents, from this process, which I have examined, any signs

of putrefaction, but, on the contrary, a tendency to oxidise.

"'The absence of sulphuretted hydrogen in samples of

unfiltered effluents, which have been kept in stoppered bottles

for three weeks is also a fact of importance.

" ' The settled sewage was not in this condition as it rapidly

underwent decomposition in two or three days, even when in

contact with air.

"
' By this process the soluble organic matter is reduced to a

condition favourable to the further precipitation by natural

agencies.'

SIR HENRY ROSCOE'S ANALYSES.

Percentage reduction of oxygen Albuminoid
JN0- required to oxidise organic matter. Ammonia.

1. . .
• 67-4 57-0

2. . . . 64-3 57 3

3 77'2 75-0

4. . . . 72-6 50-0

5 76-5 87-5

6 73-0 87-5

" Land.—In cases where specially-prepared or suitable land

of a porous nature is procurable, the treated sewage might be

wholly or partially used for manuring crops, in which case the
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sewage should be only so far treated that the prevention of

putrefaction is assured.

"The advantage of iron in the soil is one that every practi-

cal man must acknowledge. As a proof of this, some sludge

(deposit after electric treatment) was pressed without the

addition of lime, and it was applied to vegetables, the result

being that a marked difference in favour of iron manure was

shown in the crops when compared to others grown with

ordinary farmyard manure.

" Sludge.—With regard to the question of sludge-disposal

it is suggested that, where practicable, the sludge should be

puddled with chalk, and run on to waste lands through

wooden conduits, similar to the process of mixing clay and

chalk in a washing-mill and running into backs, as carried

out in cement manufacture ; the only alternatives being filter-

pressing, digging into land, or shipping out to sea.

" Biology.—The bacteria question is one which has probably

still to be settled, but in order to obtain some information

as to the action of the iron compound produced by electro-

chemical decomposition, some experiments were carried out,

with the result that after a given treatment the whole of the

bacteria were killed. In the case of experiments carried out

in Paris, with ordinary treatment by means of iron electrodes,

the results were as follows :

—

Raw Sewage. Effluent.

Organisms per cubic centimetre, . . 5,000,000 600

"Another experiment in which the effluent was treated

still further, so that a slight odour of oxide of chlorine was
perceptible, destroyed all organisms, and the liquid remained

sterile.

" Conclusion.—In conclusion, it is submitted that the appli-

cation of the electric current in the several ways described

produces a precipitating and oxidising action similar to natural

processes, in which the organic matter is destroyed by oxida-

tion due to dissolved oxygen slowly absorbed from the air,

assisted in many cases by matters in the soil, such as oxides
22
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of iron, acting as carriers of oxygen, and it is also stated that

the question of cost will bear favourable comparison with, any-

process which really does the work attributed to it."

Note.—The process has been tried on a large scale at Salford, and the results

attained fully bear out the statement in the last paragraph.

Electricity has recently been employed for sewage treatment by M. Hermite

at L'Orient, France. The Engineer of January 5, 1894, contains a reference to

this system in the following terms :—M. Hermite's plan " consists in the em-

ployment of electrolysed sea -water. This agent, when mingled with the

sewage, is said to effect complete purification, accompanied by the entire

destruction of the microbes. Electricity in this case operates less directly

than in Mr. Webster's method, and the latter has the advantage of not

requiring sea-water, the operation taking effect at once on the sewage, without

any intervening compound/'

As seen by the author in operation at Worthing, sea-water was being

pumped through an electrolyser, which charged it with chlorine gas derived

from the chlorides in the water. The electrolysed sea-water charged with the

gas to the extent of about half a gramme per litre, or about 35 grains per

gallon, was then laid on to the water-closet flushing cisterns of a row of

cottages, and it was then used in lieu of ordinary water.

Whatever advantages the system might possess from the sanitary point of

view, and these are doubtless many, the great bar to its adoption in this

country is the fact that a dual system of water mains and domestic fittings

is necessary to its application. Then there are difficulties in connection

with the law relating to water-supply to be surmounted, and these again are

sufficiently formidable in themselves to restrict materially the adoption of

the system.

The author was informed by Mr. Cooper that the method of disinfection

could be applied at the outfall of a sewerage system, when the quantity of

electrolysed sea-water of the strength mentioned required for treatment of the

sewage would be about 10 per cent, of the daily flow; but from the commercial

point of view, it would be cheaper in that case to charge the sea-water with

2 grammes of chlorine per litre, when 2\ per cent, only would be necessary.

Obviously, the system is, at the present moment, in the experimental stage

only, and it is too early to give results that would be of practical value.
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A. B.C. process of treating sewage,

79, SO ; used at Aylesbury, 80

;

at Kingston-on-Thames, 213-217.

Abbey Mills, pumping-station at, 153.

Accrington, sewage disposal at, 42.

Acton, sewage disposal at, 44 ; fero-

zone and polarite process adopted

at, 81 ;
sewage works at, 247-251.

Aeration of sewage, 70, 72.

Aldershot, sewage disposal at, 44.

Alumino-ferric, 44, 210, 212, 261, 282.

Amines process of treating sewage,

84, 85, 275.

Ammonia and ammonia compounds

in river-water, 11, 12; in sewage,

13, 36, 90, 91, 92; in sewage-

sludge liquid, 122 ; in the effluent

water at the sewage farm, Hitchin,

190 ; and sewage works, Forfar,

190; in Ealing sewage, 204; in

Bradford sewage, 227 ; in the

Acton sewage works effluent water,

250; in Hendon sewage-sludge,

251 ; in Wimbledon sewage and

effluent water, 269 ; in Berlin

sewage, 324 ; in sewage at Cross-

ness, 336.

Animal organic matter in river-

water, 11.

Antiseptics preventive of nitrifica-

tion in soils, 132.

Arsenic in polluted river-water, 15.

Asparagus on sewage farm at Bedford,

177, 178, 182.

Aspergillus, food required for, 104.

Aston, 280, 289; sewer for, 282, 283.

Aston manor, sewers at, 278, 279;

works at, 282 ; district of, 289.

Aylesbury, rate of sewage flow at,

34 ; hourly variation of sewage

composition at, 35 ; sewage dis-

posal at, 42, 44 ; the A. B.C. pro-

cess tried at, 80 ;
composition of

sewage-sludge at, 119.

Back areas, separate drainage of,

47, 48.

Bacteria, number of, in sewage, 90;

action of, in bringing about fermen-

tation of sewage, 99-104 ; destruc-

tion of, by infusoria, 103 ; number

of, in polluted water, 103 ; destruc-

tion of, by electrolysis, 337, 33S7

Balsall Heath, works at, 279, 282
;

district of, 280 ; sewer for, 283.

Banbury, sewage disposal at, 44.

Barking, steamship carriage of sludge

at, 113 ;
drainage scheme for, 252.

Barley on sewage farm nearDoncaster,

165 ; at Bedford, 177, 182.

Beans on sewage farm near Doncaster,

165 ; at Bedford, 177, 17S.

Bedford, sewage disposal at, 42, 44

;

sewage irrigatiou farm at, 173-186.

Beggiatoa, see Sewage fungus.

Berlin, sewage farms of, 319-325.

Birmingham, pail system in, 41

;

sewage disposal at, 42, 44; amount

of sewage-sludge per 1,000 persons

produced daily, 108 ; sewage-sludge

dug into land at, 112; composition

of sewage- sludge at, 119; sewage

works at, 276-28S.

Bisulphide of carbon, a preventive of

nitrification in soil, 132.

Black-ash waste, use of, in treatment

of sewage, 78, 79.

Blackburn, sewage disposal at, 42, 44.

Board of Health (General) consti

tuted, 3.

Bolton, sewage disposal at, 42, 44

;

composition ofsewage-sludge at,l 19.
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Bradford, sewage disposal at, 42, 44

;

amount of sewage-sludge per 1,000

persons produced daily, 108 ; com-

position of sewage-sludge at, 119;

sewage works at, 226-236.

Bradley's sewage clarifier, 69, 70.

Brentford, sewage disposal at, 42,

44 ; sludge-pressing at, 109.

Burnley, sewage disposal at, 42,

44 ; amount of sewage -sludge per

1,000 persons produced daily, 108;

cement formed from sewage-sludge

at, 112.

Burton-on-Trent, sewage disposal at,

42, 44.

Bury, pail system in, 40, 41.

Buxton, sewage disposal at, 42.

Cabbag"SS on sewage farm at Bed-

dington, near Croydon, 171 ; Bed-

ford, 177, 178, 181 ; Swanwick, 202;

Wimbledon, 272.

Carbon, organic, in water, 11 ; in

river-water, 11 ; in sewage, 13 ; in

manufacturing refuse, 15 ; in Lon-

don sewage, 102 ; in Ealing sewage,

204 ; in Wimbledon sewage and

effluent water, 269.

Carriers or grips, construction and

arrangement of, 140 ; at the sewage

farm near Doncaster, 164 ; at Bed-

dington sewage farm, near Croydon,

170 ; at Bedford, 176 ; Mertou, 195;

Swanwick, 201, 202; Wimbledon,

267, 268 ; and Saltley, 285.

Carrots on sewage farm at Bedford,

177, 178, 181, 182.

Cauliflowers on sewage farm at Bed-

ford, 177, 178, 181.

Celery on sewage farm at Bedford,

178, 182.

Cement made from sewage-sludge, 112.

Cesspools condemned, 21, 22.

Chadwell, see Ilford.

Charcoal, use of, in deodorising sewage,

79, 80.

Chester, sewage disposal at, 42, 44.

Chiswick, sewage disposal at, 42, 44

;

amount of sewage-sludge per 1,000

persons produced daily, 108; sludge-

pressing at, 109; sewage works at,

208-213.

Chloride of sodium in river-water, 12.

Chlorine and chlorine compounds in

river-water, 12 ; in town sewage,

15, 90, 91 ; in effluent water at

Hitchin, 190 ; in the water at For-

far sewage works, 190 ; in the efflu-

ent water at the Acton sewage

works, 250 ; in Wimbledon sewage

and effluent water, 269 ; in Berlin

sewage, 324; liberation of free, as

a disinfecting agent, 330, 331.

Chloroform, a preventive of nitrifica-

tion in soil, 132.

Cholera, outbreak of, 1854, 3.

Clarifying reagents, 87-104.

Clay, use of, in treatment of sewage,

79, 80.

Clay soils, drainage of, 125 ; cracking

of, 125, 126.

Clinkers formed from sewage-sludge,

112.

Clover, at the sewage farm, Don-

caster, 165.

Commercial aspects of sewage farming,

142.

Commissioners for preventing river-

pollution, conclusions of, 17-19; on

river-water as an oxygenant of or-

ganic matter, 102
;
experiments of,

on intermittent downward filtra-

tion, 128-131.

Commissioners for remedying the pol-

lution of the Seine, appointed 1874,

conclusions of, 22, 23.

Commissioners (Royal Metropolitan

Sewage), conclusions and recom-

mendations of the, 26-30 ; on the

chemical treatment of sewage, 102,

103.

Commissioners (Royal Sewage), con-

clusions of, as to sewage disposal,

16, 17.

Commissioners (Turin), for methods of

refuse disposal, conclusions of, as to

sewage, 26.

Committee (Glasgow) on sewage dis-
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posal (appointed 1S80), recommen-

dations proposed by the, 23-25.

Committee of Local Government Board

(1S75), conclusions of, as to sewage

disposal, 19, 20.

Committee of Society of Arts (Health

of Towns), 1876, conclusions of, on

sewage disposal, 20-22.

Cost of sewage farming at Doncaster,

166-168
;
Beddington, near Croydon,

171, 172; Bedford, 174, 175, 179,

184, 185; at Dewsbury, 187; at

Hitchin, 1SS ; of sewage works at

Forfar, 190 ; of filtration area and

farm at Merton, 197 ; of works at

Rochester, 199; of farm at Swan-

wick, 202 ; of sewage works at

Chiswick, 212, 213; Kingston-on-

Thames, 217; Salford, 223, 226;

Bradford, 229, 234,235; at Sheffield,

236 ; New Maiden, 237, 238 ; Friern

Barnet, 246
;
Acton, 248, 251 ; Cov-

entry, 25 j, 257 ; Wimbledon, 264,

274, 275 ; of sewage farm and works,

Saltley (for Birmingham district),

287-292 ; of sewers for Margate,

314, 315 ; of sewage works at

Portsmouth, 319; of sewage farms

near Berlin, 322-324
; Dortmund,

328 ; of electrolytic treatment of

sewage, 334.

Coventry, sewage disposal at, 42, 44;

sludge-pressing at, 109; composi-

tion of sewage-sludge at, 119, 120 ;

sewage disposal works at, 255-257.

Crewe, sewage disposal at, 42, 44;

water-closets at, 46..

Cropping of sewage farms, 141, 142

;

at Doncaster, 165 ; Beddington,

171; Bedford, 176-178, 180-183;

Dewsbury, 186
; Merton, 195

;

Swanwick, 202
; Coventry, 256

;

Wimbledon, 270 - 274 ;
Saltley

(Birmingham district), 287, 290,

291 ; near Berlin, 322-323.

Crossness, experiments with the lime

and protosulphate of iron process

at, 76, 80 ; sludge-pressing at, 109

;

steamship carriage of sludge at,

113 ; composition of sewage-sludge

at, 121 ; pumping station at, 156

;

experimental electrolytic treatment

of sewage at, 331-338.

Croydon Rural, sludge-pressing at,

109; Beddington sewage farm for,

16S-173.

Cucumbers on sewage farm at Bed-

ford, 17S.

Currants (black) on sewage farm near

Doncaster, 165 ; at Bedford, 177,

178.

Dagenham, see Ilford.

Darlaston, 2S8.

Deptford, pumping station at, 156.

Derby, sewage disposal at, 42, 44.

Dewsbury, intermittent sewage filtra-

tion farm, 186, 187.

Doncaster, sewage disposal at, 45

;

irrigation farm at, 163-168.

Dortmund, the Kniebiihler tank at,

64, 66
;
sewage works at, 325-32S.

Drainage on the sewage farm near

Doncaster, 164 ; at Beddington

(near Croydon), 170; at Merton,

194; at Wimbledon, 266, 267 ; on

farms near Berlin, 321, 322.

Dry earth system, 19.

Duckett's water-closet, 41.

Dudley, sewage disposal at, 42.

Dundrum, nitrification experiments

at, 136, 137.

Ealing", sewage disposal at, 43, 45

;

sludge used for making clinkers at,

112
;
sewage works at, 202-208.

Earlswood, irrigation method at, 127.

Edinburgh, sewage disposal at, 43, 45.

Edmonton, Hille process in operation

at, 71 ; amount of sewage-sludge

per 1,000 persons produced daily

at, 108.

Electricity, mode of treating sewage

by action of, 329-338.

Erdingtou, sewer for, 282.

Essen, settling tanks at, 63, 64, 66.

Fermentation as a means of render-
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ing excreta oxidisable, 09-101 ; as a

cause of the formation of nitrates

in the soil, 132, 133.

Ferozone and polarite process of treat-

ing sewage, SO-84 ; as applied at

Acton, 247-251 ; and Hendon, 251.

Filter, electric, for effluent water, 335.

Filter-press, its construction and mode
of action, 115-117; at Chiswick,

211, 212; at Wimbledon, 263, 264.

Filtration at Merton, 194, 195 ; Ealing,

202-205
;
Chiswick, 209, 210 ; Brad-

ford, 231 ; New Maiden, 237, 23S
;

at Friern Barnet, 244, 245 ; Acton,

247-250 ; of water and of sewage,

cost of, 248.

Filtration, intermittent, as a means
of purifying sewage applied to land,

125 ;
experiments on intermittent

downward, 128-131 ; at Dewsbury,

186 ; at Hitchin, 1S8 ; at Coventry,

256 ; near Berlin, 321.

Forfar sewage works, 190, 191.

Fowler's water-closet, 41.

Friern Barnet, sewage works at, 23S-

246.

Fryer's destructor used at Ealing,

112.

Gooseberries at sewage farm, Don-

caster, 165.

Grantham, sewage disposal at, 43, 45.

Grass (meadow) on sewage farm near

Doncaster, 165 ; at Beddington,

near Croydon (pasture), 171, 172;

Bedford (meadow and pasture), 177,

178 ;
(pasture) at Saltley, 287.

Halifax, pail system in, 38, 40.

Handsworth, sewers at, 278, 279

;

district of, 280, 289.

Harborne, works at, 279 ; district of,

279, 280, 2S9.

Heat conditions of nitrification in

soil, 132.

Hermite process of sewage treatment

by electricity, 338.

Hertford, use of the lime and chloride

of lime process at, 71; of the lime

and phosphate of alumina process

at, 74.

Hille' process tried at Wimbledon and
Edmonton, 71.

Hitchin, intermittent nitration sew-

age farm at, 188-191.

Houghton's weir, 65, 66, 67.

Huddersfield, sludge burning at, 1 1 2.

Hydrocarbons in polluted river-water,

IS, 19.

Ilford, Chadwell, and Dagenham
sewage disposal works, 252-255.

Impermeable areas, separate drainage

of, 50, 51.

Infusoria as destroyers of bacteria,

103, 104.

Iron, perchloriilc of, as a purifier of

sewage, 330.

Kilns for burning sewage-sludge at

Salford, 225, 226.

Kniebiihler, tank, 62, 63.

King's Norton, district of, 280, 289

;

sewer for, 2S3.

Kingston-on-Thames, separate system

of drainage as adopted at, 57, 5S
;

A. B.C. process adopted at, 80;

sewage works at, 213-217.

Kohl-rabi at Saltley, 287.

Land irrigation as a means of dispos-

ing of sewage, 16, 17, 20, 22, 23,

26 ; in various large towns, 44, 45
;

modes of preparing the land for

sewage disposal, 124-145 ; broad

irrigation, 124; under-drainage, 125-

12S ; intermittent downward filtra-

tion, 128-131; levelling, 139, 140;

carriers, 140, 141 ; the ridge and

furrow method, 141 ;
preparation of

land at Doncaster, 164 ;
irrigation

at Beddington, 169, 170 ; at Dews-

bury, 187 ; at Swanwick, 200, 201.

Leeds, water-closets in, 41 ; sewage

disposal at, 43, 45 ; amount of sew-

age-sludge per 1,000 persons pro-

duced daily at, 10S ;
composition of

sewage-sludge at, 119.
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Leicester, rate of sewage flow at, 34 ;

sewage disposal at, 43, 45 ; failure of

the lime process at, 69 ;
manganate

of soda used at, 77, 78 ; the A. B. C.

process at, 80 ; amount of sewage-

sludge produced daily at, 108 ; com-

position of sewage-sludge at, 119.

Lettuces on sewage farm at Bedford,

177, 1S2.

Levelling of land for irrigation or

filtration, 139, 140.

Leyton, sewage disposal at, 43, 45 ;

lime and black-ash waste used at,

7S; sludge-pressing at, 109, 110;

composition of sewage-sludge at,

120.

Lime and alumino- ferric process at

Aldershot . and Brentford, 44 ; at

Chiswick, 210, 212.

Lime and black-ash waste process of

treating sewage, used at Leyton,

45, 78; Wimbledon, 78; Tottenham

78, 79 ; Friern Barnet, 245.

Lime and chloride of lime process used

at Hertford, 71.

Lime and herring-brine (Amines) pro-

cess, 84, 85 ; tried at Wimbledon,

84, 275.

Lime and phosphoric acid process of

clarification, 73, 74.

Lime and protosulphate of iron pro-

cess of treating sewage, 74-77.

Lime and sulphate of alumina process,

used at Chiswick, Coventry, 44

;

Ealing, 45, 207, 208; Wimbledon,

45, 71, 275 ; mode of application,

71, 72, 73; used at Friern Barnet,

245 ; at Coventry, 255 ; at Dort-

mund, 326, 328.

Lime compounds in river-water, 12;

in soil conducive to nitrification,

138.

Lime process of precipitation, disad-

vantage of, 24, 92; adopted by
various towns, 44, 45 ; mode of

application, 68-70; failure of, at

Leicester, 69 ; experiments on, 91-

97 ; at Hitchin, 188 ; as used at
Salford, 221-223, 225 ; at Bradford,

227-231 ; at Friern Barnet, 242 ; at

Ilford, 254 ; at Birmingham, 276,

2S5, 286.

Lincoln, sewage disposal at, 43, 45.

Live stock on sewage farm at Don-

caster, 165 ;
Beddington, near

Croydon, 171; Bedford, 183; and

Saltley (Birmingham district), 287,

289, 290, 291, 292.

Local Government Act, 1888, em-

powers County Councils to enforce

the Rivers' Pollution Prevention

Act, 1876, 4, 5.

London, composition of street drain-

age of, 9, 10 ; rate of sewage flow

at, 34 ; use of water-closets in, 37,

41 ;
impracticability of the separate

drainage system for, 52, 53 ;
experi-

ments on sewage of, 93-96
;
disposal

of the sewage-sludge of, by steam-

ship carriage, 112-115
;
sewage dis-

posal works for, 146-162; former

condition, 146 ;
intercepting sewers,

147, 148 ;
growth, 148, 149 ; main

drainage system, 151-153 ; main

intercepting sewers, 153 ;
pumping

stations, 153-157; composition of

sewage of, 157, 158 ;
disposal of

sewage of, 158-162; cost of filtering

water at, 248 ; characteristics of

sewage of, 330.

Lucerne on sewaged land in Paris, 176.

Magnesiacompounds in river-waters,

12.

Magnetic oxide of iron, use of, in

treatment of sewage, 83 ; formation

of, on electrolysing iron plates, 332.

Maidstone, sewage disposal at, 43, 45.

Manchester, sanitary state, 37.

Manganate of soda used at Wimble-

don, 262.

Mangold-wurzcl on sewage farms, 141

;

atDoncaster, 165; Beddington, near

Croydon, 171, 172; Bedford, 177,

178, 180, 1S1 ;
Hitchin, 189 ; Wim-

bledon, 272 ; Saltley (Birmingham

district), 287.

Manufacturing refuse, nature of, as a
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river pollution, 8 ; analyses of im-

purities derived from, 15 ; treatment

of, S6-89.

Manure, relative value of different

kinds of, 36; sewage-sludge as, 110,

111.

Margate, drainage works at, 293-317.

Massachusetts experiments on chemi-

cal treatment of sewage, 89-93.

Merton, sewage farm and disposal

works at, 191-197.

Metropolis, recommendations as to

the sewage discharge of the, 26-30
;

estimated sewage and rainfall dis-

charge of the, 50, 51.

Microbes as fermenting agents, 100-

104.

Micrococcus, the nitrifying organism

in soil, 132-139 ; distribution of,

with depth, 132, 133.

Milk, produce of, at Saltley (Birming-

ham district), 287, 290, 291.

Mixing machinery at Ealing, 208 ; at

Salford, 223-225 ; and Wimbledon,

262.

Moisture in sewage-sludge, 105, 10S,

110, 111, 120, 121, 123, 251.

Muriatic acid in polluted river- water,

IS.

New Maiden, sewage works at, 236-

23S.

Nitrate of silver, effect of, on Asper-

gillus, 104.

Nitre, function of, in nitrification, 136.

Nitrification, theory of, 131-139.

Nitrogen, organic, in water, 11 ; iu

river-water, 11, 12 ; in London

sewage, 102 ; in sewage-sludge, 119,

120, 121 ; in Ealing sewage, 204 ; in

Bradford sewage, 227 ; in Wimble-

don sewage and effluent water, 269.

Northampton, sewage disposal at, 43,

45.

North field, district of, 2S0, 2S9.

Norwich, sewage disposal at, 43, 45.

Nottingham, pail system in, 40.

Nuisances Removal Act, 1846, 2;

1855, 3.

OatS on sewage farm near Doncaster,

165 ; at Beddington, near Croydon,

171 ; Bedford, 177, 178, 182 ; and
Swanwick, 202.

Onions on sewage farm at Bedford,

176, 177, 178, 181.

Osiers on sewage farms, 141 ; at Don-
caster, 165; Beddington, near Croy-

don, 171 ; Hitchin, 1S9 ; Merton,

195
; Swanwick, 201, L02 ; and

Wimbledon, 272-274.

Oswestry, sewage disposal at, 43, 45.

Oxford, sewage disposal at, 43, 45.

Oxygen, dissolved in water, 101 ;

function of, in chemical processes

of treating sewage, 101-103, 328-

332 ; in nitrification, 131-137.

Ozo as an oxidising agent in treatment

of sewage, 77 ; used at Wimbledon,

77 ; and Leicester, 77, 78.

Pail system, 19, 21 ; substitution of

the, for cesspools, 37 ; character of

excreta collected b3' it, 3S ; different

kinds of pails, 39, 40 ; relative cost

of, as compared with water-closets,

40, 41, 46 ; extent of use of, in large

towns, 46.

Parsnips on sewage farm at Bedford,

177, 178, 182.

Paved surfaces, separate drainage of,

48-50.

Peas at sewage farm, Doncaster, 165.

Peat, purifying action of, on sewage,

130.

Penrith, sewage disposal at, 43.

Permanganic acid and its compounds,

use of, in treatment of sewage, 75,

77, 7S.

Perry Barr, district of, 2S0, 2S1, 2S9.

Persulphate of iron, use of, in purify-

ing sewage, S5, S6 ; tried at Salford,

86.

Peterborough, sewage treatment and

disposal at, 45.

Phenol, a preventive of nitrification

in soil, 132.

Phosphate of alumina as a clarifier of

sewage, 73, 74.



INDEX. 345

Phosphates essential to nitrification,

132.

Phosphoric acid, amount and value

of, in sewage, 36 ; amount of, in

sewage-sludge, 119.

Pimlico, pumping station at, 133.

Platinum (spongy), as an oxidising

agent, 249.

Polarite, use of, in treatment of sew-

age, SO-84 ;
analysis of, 81 ; used

for liltering at Acton, 247; cost of

filtering sewage through, 248.

Portsmouth, sewage works at, 316-319.

Potash, amount and value of, in

sewage, 36.

Potatoes on sewage farm near Don-

caster, 165 ; at Beddington, 171 ; at

Bedford, 177, 178, 180.

Prickly comfrey on sewage farm at

Bedford, 177, 178, 181.

Privies, 21, 22 ; in large towns, 37,

42, 43 ; in Doncaster, 163.

Protosulphate of iron, use of, in

clarifying sewage, 74-77, 91. 92, 94,

95.

Providence, rate of sewage flow at, 34.

Public Health Act, 1S4S, 2, 3 ; 1875,

3.

Pumping machinery at Abbey Mills,

154, 155 ; at Doncaster irrigation

farm, 163; at Bedford sewage farm,

175, 176 ; at the Chiswick sewage
works, 209 ; at the Kingston-on-

Thames sewage works, 214, 215 ; at

the Salford sewage works, 219, 220

;

at the Bradford sewage works, 234 ;

at the New Maiden sewage works,

237 ; at the Friern Barnet sewage
works, 240, 243, 245; at Ports-

mouth, 316, 317.

Rainfall at Wimbledon, 56, 57 ; at

Greenwich, 151.

Rain-water, separation of, from sew-

age, 47-58
; separate drainage of

back areas, 47, 48
; paved surfaces,

48-50 ; and impermeable areas, 50.

Raspberries at sewage farm near

Doncaster, 165.

Reading, sewage treatment and dis-

posal at, 43, 45.

Rhubarb on sewage farm at Bedford,

177, 17S.

River Pollution, effects of, 1, 3, 5, 6 ;

sources of, 7-10
; by sewage, 7, 8 ;

manufacturing refuse, 8 ; street

drainage, 8-10 ; conclusions of the

Commissioners for preventing, 17-

19 ; their definition of a polluting

stream, IS, 19.

Rivers' Pollution Commissioners, re-

ports of, 1865 and 1868, 7-19.

Rivers' Pollution Prevention Act,

1S76, 3, 4.

Rochdale, the pail system in, 3S-40.

Rochester, drainage works of, 197-

193.

Roses on sewage farm at Hitchin, 1S9.

Rugby, sewage treatment and disposal

at, 43, 45.

Rye at sewage farm near Doncaster,

165.

Rye-grass on sewage farms, 141 ; at

Doncaster, 165 ; at Beddington,

near Croydon, 171 ;
Bedford, 177,

178, ISO ; at Dewsbury, 186 ; at

Hitchin, 1S9 ;
Merton, 195; Swan-

wick, 202
;
Coventry, 256 ; Wimble-

don, 267, 270 ; description of, 270 ;

analysis of, 270, 271 ; cultivation of,

271 ; on sewage farm at Saltley

(Birmingham district), 2S7, 290,

291.

Salford, sewage disposal and treat-

ment at, 43, 45 ; trial of persul-

phate of iron at, S6 ; sludge-burning

at, 112; steamship carriage of

sludge at, 113 ; sewage works at,

217-226.

Salicine, 273.

Salicylic acid, a preventive of nitri-

fication in soil, 132.

Salisbury, sewage disposal at, 43, 45.

Salix, see Willow.

Saltley," district of, 2S0 ; outfall works

.at, 2S2, 2S3 ; sewers for, 2S3

;

sewage farm at, 285.
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Sanitary condition generally bad in

the early part of Queen Victoria's

reign, 1 ;
amongst the working

classes, 2 ; remedies proposed by
Poor Law Commissioners, 2 ; of

sewage farms, 142-145 ; Dr. Car-

penter's report on sewage farms

and, 143-145 ; of sewage farm near

Doncaster, 16S ; Beddiugton, near

Croydon, 172 ; Bedford, 183
;

Hitchin, 18S ; of sewage works at

Bradford, 234 ; of Ilford and Chad-
well wards, 253 ; of sewage farm

at Wimbledon, 275; of the Bir-

mingham district, 277, 288 ; of

sewage farms near Berlin, 324.

Scott-MoncriefF process, 199.

Settling tanks, 59-67
; primary object

of, 59 ; continuous v. absolute rest

system, 59 ;
cleansing of, 59, 60

;

form of, 60, 61
;

capacity of, 61

;

valves and filters, 61 ; the Knie-

biihler tank, 62, 63 ; the Essen

tanks, 63, 64, 66 ; Houghton's weir,

65-67; at Chiswick, 209, 210; at

Kingston-on-Thames, 213, 215, 216
;

at Eriern Barnet, 244; at Acton,

247 ;
Coventry, 255, 256 ; Wimble-

don, 260, 261.

Sewage, nature of, 7, 8 ;
average

composition of town, 13, 14, 15

;

variable rate of flow of, at Wim-
bledon, 14 ; hourly and daily rate

of flow of, 31-35 ; from houses, 31,

32 ;
factories, 32 ;' hourly variation

of composition of, 35 ; composition

of, 35, 36 ; value of, per ton and

per person, 36 ;
daily flow of large

towns, 42, 43 ; separation of rain-

water from, 47-5S ; objections to

the separate system of drainage,

52-55
;
separate system more econo-

mical for suburban districts, 55

;

chemical processes for clarifying,

67-104; aeration of, 70, 72; experi-

ments by the Massachusetts State

Board of Health on chemical treat-

ment of, 89-93 ;
experiments on

London, 93-97 ;
experiments on

Tottenham, 97; purifying action
of soils and peat on, 128-139

; daily
flow of, at Doncaster, 163 ; at

Croydon, 169
; purifying action of

soil at Dewsbury, 187 ; daily flow
at Merton, 191 ; and at Ealing, 204;
analyses of, at Ealing, 204

; daily

flow at Chiswick, 208 ; at Salford,

219, 225
; Bradford, 226

; composi-
tion of, at Bradford, 227; daily

flow at Friem Barnet, 245 ; at

Coventry, 255; Wimbledon, 259;
composition of, at Wimbledon, 269

;

daily flow for the Birmingham dis-

trict, 284; action of sea water on,

303; as food for sea fishes, 303;
daily flow at Margate, 307 ;

rapid

discharge of, at Portsmouth, 318
;

nature of that at Berlin, .324 ;

treatment of, by electrolysis,

329-338 ; characteristics of town,

330.

Sewage disposal, definition of, 16

;

modes of, 16 ; conclusions of the

Royal Sewage Commissioners, 1865,

16, 17 ; of the Committee of the

Local Government Board appointed
in 1875, 19, 20 ; of the Town Health
Committee of the Society of Arts
appointed in 1876, 20-22 ; of the

Glasgow Sewage Disposal Com-
mittee appointed in 18S0, 23-25

;

methods adopted at various large

towns, 42-45; for London, 159-162;

at Rochester, 198 ; at Swanwick,
200-202; at Chiswick, 209-212;

Saltley, 285-287 ; at Margate, 297-

301, 307, 308; Portsmouth, 318-

319.

Sewage farms, cropping of, 141, 142
;

commercial aspects of, 142; sanitary

aspects of, 142-145 ; ta,ble of details

of management of, opposite p. 145 ;

at Doncaster, 164-16S ; at Bedding-

ton for Croydon, 169-173 ; at Bed-

ford, 173-186 ; at Dewsbury, 188-

190; at Swanwick, 200-202; at

Wimbledon, 257-270 ;
Saltley, 2S2-

292 ; and near Berlin, 320-324.
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Sewage fungus (Beggiatoa alba) in

drains of cracked clay land, 125 ;

at Merton, 195, 196 ; at Wimble-

don, 2G8.

Sewage-sludge, disposal of, 24, 25,

105-124; kind of sludge here in-

tended, 105 ;
weight of, 105, 106 ;

moisture in, 105-107 ;
daily amount

of per 1,000 persons in some large

towns, 10S ;
sludge-pressing and

sludge-cake yield, 108-110; dis-

posal of, as manure, 110, 111;

nianurial value of, 111 ; offensive

character of, 111 j
disposal of, as

clinkers, 112; as cement, 112; by

digging into land, 112; by steam-

ship carriage, 112-115; filter-press-

ing of, 115-124 ; cost of producing

sludge-cake, 118; composition of,

119-121
;
disposal of, at Dewsbury,

187; at Hitchin, 1S9; at Merton,

193 ; at Ealing, 203, 207, 208

;

Chiswick, 211, 212
;
Kingston-on-

Thames, 216, 217; Salford, 219,

222, 225, 226 ; at Bradford, 233 ;

'at New Maiden, 23S ; at Friern

Barnet, 243, 245, 246; at Acton,

250 ; analysis of, at the Hendon
sewage works, 251 ; manurial value

of the Hendon, 251
; disposal of,

at Ilford, 254 ; Coventry, 256

;

Wimbledon, 263-265
; Birmingham,

276, 2S6, 288 ; Dortmund, 327, 328.

Sewage-sludge liquid, disposal of, 121-

124; composition of, 122; disposal

of, at Merton, 196 ; at Bradford,

232.

Sewerage, definition of term, 16.

Sewers at Salford, 218-223
; Bradford,

227, 228 : Friern Barnet, 241, 242
;

at Wimbledon', 258, 259 ; at Bir-

mingham, 278 ; at Margate, 303-

306, 309-313, 315.

Sheffield, sewage-disposal and treat-

ment at, 43, 45 ; sewage-purifica-

tion works for, 236.

Smethwick, district of, 280, 289;
sewer for, 282, 283.

Soil, purifying action of, on sewage,

12S-139 ;
water-absorbing power of,

at Bedford, 174.

Solihull, district of, 280.

Southampton, sewage disposal and

treatment at, 43, 45.

Spencer's system of clarifying sewage,

S4.

Storm-water, disposal of, 19, 51-54
;

at Croydon, 169 ; at Swanwick,

200 ; at Chiswick, 209
;
Kingston-

on-Thames, 214; Bradford, 227,

228 ; Wimbledon, 259 ; Portsmouth,

316.

Strawberries on sewage farm at

Hitchin, 189.

Street drainage, as a source of river

pollution, 8-10.

Subsoil drainage, 125-127 ; at Bed-

dington sewage farm, near Croydon,

170 ; at Bedford, 176 ; at Hitchin,

189
;
Merton, 194 ; Swanwick, 200,

201 ; Wimbledon, 266, 267 ; and

Saltley, 284.

Sulphate of alumina as a purifier of

sewage, 22, 71, 73, 79, 91, 92, 95.

Sulphur compounds in river-water,

IS.

Sutton Coldfield, 280, 289 ; sewer for,

283.

Swanwick, sewage works of, 199-202.

Swedes on sewage farm near Don-
caster, 165 ; at Bedford, 177, 178,

182
; Saltley (Birmingham district),

2S7.

Tanks used at various large towns,

44 ; for straining at Merton, 193

;

for storage at Swanwick, 201 ; for

deposition at Ealing, 203, 205, 206,

207 ; at Chiswick, 209, 210; at

Salford, 219, 220, 222 ; at Bradford,

229, 230, 231 ; for filtering at Brad-
ford, 231 ; for clarification at New
Maiden, 237 ; for flushing at Friern

Barnet, 241 ; for straining at

Wimbledon, 260 ; for storage at

Portsmouth, 317, 31S ; at Dort-
mund, 325, 326.

Thames, influence of sewage on the
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water of the, 26-28 ; volume of

sewage in the lower valley of the,

57.

Thames Val ley main sewerage schemes,

25-30.

Tidal observations at Margate, 301-

303.

Tottenham, lime and black-ash waste
used at, 78 ; cessation of works at,

78, 79 ; cost of filtering sewage at,

24S.

Tunbridge Wells, treatment of sewage
at, 45 ; irrigation method at, 127.

Turnips at sewage farm near Don-
caster, 165.

Underdrainage of land for sewage

purification, 125.

Vats for mixing chemicals at Friern

Barnet sewage works, 243, 244.

Vegetable marrows on sewage farm at

Bedford, 178.

Vegetable organic matter in river-

water, 11.

Walsall, 288.

Wardle's process, S5, 86.

Water, zymotic diseases due to pol-

luted, 5 ; characters of, in its

polluted and unpolluted states, 10,

11 ; solid matters in polluted river-,

11, 12; character and analyses of

effluent, 96-100; amount of oxygen

dissolved in, 101-103
;

river-, as an

oxygenant of organic matter, 102;

analysis of effluent, at Hitchin, 189,

190; at Forfar, 190, 191; at Ealing,

204; at Bradford, 231, 232; at

Acton, 250; at Wimbledon, 269;

action of sea-, on sewage, 303

;

effluent, at Crossness electrolytic

experimental station, 335, 336.

Water-closets, recommended, 22 ; dis-

couraged for public buildings and

small houses, 24 ; in London and

large towns, 37, 38, 42, 43, 46;

relative cost of the pail system as

compared with, 40, 41, 46 ; at Don-

caster, 163 ; Croydon, 168 ; Dews-

bury, 186 ; at Hitchin, 188 ; at

Merton, 191 ; Swanwick, 199 ; at

Chiswick, 208; Bradford, 227; at

Wimbledon, 259; Portsmouth, 316;
at Berlin, 320.

Webster process of sewage treatment

by electrolysis, 329-338.

Wednesbury, 288.

Wellington College, the A. B. C.

process adopted at, 80.

West Bromwich, district of, 280, 288,

289.

West Ham, composition of sewage-

sludge at, 120.

Wheat on sewage farm near Don-
caster, 165 ; at Beddington, near

Croydon, 171 ; Bedford, 177, 178,

182 ; and Swanwick, 202.

Wigan, sewage disposal and treatment

at, 43, 45.

Willow, uses and cultivation of, 272-

274; the "new kind" and "golden"

varieties, 273, 274.

Wimbledon, variation in rate of sew-

age flow at, 14, 34; sewage disposal

and treatment at, 43, 45 ; volume

of sewage per head of population

per day, 56 ; Hille process tried at,

71 ; use of "ozo" at Wimbledon,

77 ; trial of lime and black-ash

waste at, 78 ; trial of the ferozone

and polarite process at, Sl-83 ; of

Amines process at, S4, 85 ; amount
of sewage-sludge per 1,000 persons

produced daily at, 108
;

sludge

pressing at, 109 ; use of sludge as

manure at, 111 ; in making clinkers

at, 112 ;
composition of sewage-

sludge at, 120 ; of sewage-sludge

liquid at, 122 ; mode of disposal of

the liquid at, 123, 124
;
cracking of

clay soil at, 125, 126
;

irrigation

method used at, 127, 128 ; sanitary

condition of the sewage farm at,

144, 145 ; sewage farm at, 257-276.

Wind, observations on, at Margate,

300.

Windsor, composition ofsewage-sludge

at, 119.
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Witton, sewer for, 282.

Wolverhampton, sewage disposal and

treatment at, 43, 45.

Worthington sewagepumping engines,

154-156.

349

Zinc, effect of, on Aspergillus, 104.

Zymotic diseases caused by insanitary

conditions, 1 ; and bad drinking-

water, 6, 16, 52.

THE END.
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