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' VICTORIA R.

S v : | B . Victoria, by the Grace of God, of the Uﬁited Kingdom of Great Britain -
L : = .  and Ireland Queen, Defender of the Faith: To Our Right Trusty and Right Well-

 Peloved Cousin, Walter Stafford, Barl of Iddesleigh, Companion of Our Most Honour-

~ahle Order of the Bath; Our Trusty and Well-beloved Sir Richard Thorne Thorne, -
).—-». ) . ~ Knight Commander of Our Most Honourable Order of the Bath, Medical Officer of the
'(O\ff'\ ¥/ ' ' ' ’ ~ Local Government Board; Our Trusty and Well-beloved Constantine Phipps Carey,
“ o L - Bsquire, Lieutenant-Colonel and Honorary Major-greneral on the Retired List of Our
Army ; Our Trusty and Well-beloved Charles Philip Cotton, Esquire ; Our Trusty and
Woll-beloved Michael Foster, Esquire, Master of Arts, Professor of Physiology in Our

NQ% * 5 \ o | ‘ University of Cambridge; Our Trusty and Well-beloved Thomas Walter Harding,

Esquire, Retired Lieutenant-Colonel of Our Auxiliary Forces, with Honorary Rank of

" Colonel; Our Trusty and Well-beloved Thomas William Killick, Esquire ; Our Trusty

* and Well-beloved William Ramsay, Esquire, Professor of Chemistry, University College,

Tondon; and Our Trusty and Well-beloved James Burn Russell, Esquire, Doctor of
 Medicine, Master of Surgery : Greeting! )

TAbhereas we have deemed it expedient that a Commission should forthwith
issue to inquire and report : A ~

1. (1) What method or methods of treating and disposing of sewage (including

. any liquid from any factory, or manufacturing process) may properly .be
adopted, consistently with due regard for the requirements of the existing law,
for the protection of the public health, and for the economical and efficient
discharge of the duties of local authorities ; and

~(2). If more than one method may be so adopted, by what rules, in relation
to the nature or voldime of sewage, or the population to be served, or other
varying circumstances or requirements, should the particular method of treat-
ment and disposal to be.adopted be determined ; and - '

2. To make any recommendations which may be deemed. desirable with
reference to the treatment and disposal of sewage ; - ‘

O MOW RNOW V€, that We, reposing great trust and confidence in your kno®-
. ledge and ability, have authorised and appointed, and do by these Presents authorise
. and appoint, you, the said Walter Stafford, Earl of Iddesleigh, Sir Richard Thorne
Thorne, Constantine Phipps Carey, Charles Philip Cotton, Michael Foster, Thomas
Walter Harding, Thomas William Killick, William Ramsay, and James Burn Russell to

be Our Commissioners for the purposes of the said Inguiry. ’

FANO, for the better effecting the purposes of this, Our Commission, We du by
these Pr?sents.give and grant unto you, or any three or more of you, 801 powee to calls
~Defore you such persons as you shall judge likely to afford you any ‘infamation upon
- the subject of this Our Commission ; and also to call for, have access to, and exatiiue’
~all such books, documents, registers, and records as may afford you the fullest informa-
_ tion on the subject, and to inquire of and concerning the premises by all other lawful
~ways and means whatsoever. . =~ o ‘ '

I ELNnd we do by these Presents autho_rise’and efnpower you, or any three or more
~of you, to visit and personally inspect such places as you may deem it expedient so to
inspect for the more effectual carrying out of the purposes aforesaid.
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Hnod We do farther by these Presents will and ordain that this Our Commission

shall continue in full force and virtue, and that you, Our said Commissioners, or any

three or more of you, may from time to time proceed in-the execution thereof, and of

every matter and thing therein contained, although the same be not COntmued from .

time to time by adgournment

Enb We do further ordam that you, or-any three or more of you, have l1berty to
teport your -proceedings under this Our Oomnnsslon from time to time, if you shall
judge it expedient so to do. : :

. ElnO our further lel and Pleasure is that you do, with as little delay as poss1ble |

: report to Us, under your hands and seals, or under the hands and seals of any three or
Tore of you, your opmlon upon the matters herein submitted for your consmlemmon

Hnb for the purpose of aiding you in such ‘matters, We hereby appoint Our

o Ty usty and Well-beloved I‘xedemck James Willis, Esquire, to be Secretary to this Our .

Commission.

’ Givenvat Om Court at St. James’s, the Seventh day

of May, One thousand eight hundred and nmety—elght :

S S  in the Sixty-first Year of Our Reign.

By Her Majesty’s Command, e
(Signed) =~ M. W. RipLgy.

WitLiam Henry POWER Esq., rr.s,,
o be a Member of the Royal Commission on Sewacre Dlsposal

‘VIOTORIA R.

lDICtOI'Ia, by the Grace of God, of the United Kingdom of Great Britain and |

Ireland Queen, Defender of the Faith: To_Qur Right Trusty and Well-beloved William
Henry Power, Esquire, Fellow of the Royal Soclety, Medical Officer of the Local
- -Government Boald Gxeetmg' ; ,

@

Thereas we did, by Warrant under Our Royal Sign Manual, bearing date the

-"Seventh day of May, One thousand eight hundred and ninety-eight, appoint Our Right

Trusty and Right Well-heloved cousin Walter Stafford, Earl of Iddesleigh, Companion

_~of Our Most Honourable Order of the Bath, together with the several Gentlemen therein
mentioned, or any three or more of them, to inquire into the tr eatment and disposal of
-sewage.. ‘ :

5 Elnb Wbel‘eas One of the Commissioners so appomted namely, Sir Richard
,”Thome Therne, has since deceased.

;-. Wi !' 4

OV H)e, that We, reposing great confidence" in you, do by these
; eppeem \fou, the said Wllham Henry Power, to be one of Our Commlssmnerq
3’01‘ _ue ‘purpose ‘aforesaid, in the room of the said Sir Richard Thorne Thorne, deceased,

addition to, and ton"ether Wlth the other Oommlssmners whom we have already

,appomted

Mg

day of February, One thousand nine hundred, in the
Sixty-third Year of Our Reign.

By Her \Ia)esty s Command,
; (Slgned) VI W. RIDLEY

| ED WARD R

Ebwal’b ﬂ)e Seventh by the Glaee of God, “of the United Klngdom of o

| Great Britain and Ireland King, Defender of the Faith, to all to whom these Presents

.mlssmns of, Inqmry for various pur poses therein spemﬁed

e

Given at our Court at Saint James's, the Seventh

Cooxi

v R SO ' A Wlutehall March 18th, 1901.

: Y[anual to the followmg effect :—.

shall come, Greeting !

mhet‘eaﬁ it pleased Her late Magesty from time to time to issue Royal Oom»

LR

Hnb Whel‘eas in the case of certain of these Oommlssmns, namely those

: known as—

- The Historical ’\Ianusempts Commlsswn
* + The Horse Breeding Commission ;
The Local Taxation Commission ; -
The Port of London Commission ;
The Salmon Fisheries Commission ; and
**The Sewage Disposal Commission ;

. the Comrmsswners appointed by Her late Majesty, or such of them as were then acting
- as Commissioners, were, at the late demise of the Crown, still engaged upon the:
‘ busmess entrusted to them :

S ENnd ‘Wbereas “We deem it expedient that the said Commissioners should

: contmue their labours in connection with the said enquiries notmthstandmg the hte-
i demxse of the Crown : ‘

'IHOW Rnow lJ)e, that We reposing great trust and confidence in the zeal,.

~ discretion, and ablhty’of the present members of each of the said Commissions, do by
_these Presents authorise them to continue their labours, and do hereby in every essen--
tial particular'ratify, and confirm the terms of the said several Commissions.

-

ﬂnb We do further ordain that the said Commlssxons do report to Us under their-

hands and seals, or-under the hands and seals of such of their number as may be speci—

fied in the said Commissions respectively, their opinion upon the matters presented for
their consideration; and that -any proceedings which they or any of them may have
“taken under and in pursuance of the said Commissions since the late demise of the-
‘Crown, and before the issue of these Presents shall be deemed and ad]udged to have-

been taken under and in virtue of thls Our Commission.

-

leen at Qur Court at Samt James’s, the fourth )

rt"THE Kina has been pleased to issue a Oom)ms;lon under His Magestys Royal Smrx

day of March, One thousand nine hundred and one,

in the First lear of Our Reign.

By His Majesty’s Command P ;
(Signed) Cruss. T. RITOHIE.
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C ~ THouAs JoSEPH STAFFORD, F.R.C.S.L.,

" To be a Member of the Royal Commission on Sewage Disposal.

EDWARD R

£ EOward the Seventb, by the Grace of God, of the United Kingdom of
Great Britain and Ireland and of the British Dominions beyond the Seas King,
Defender of the Faith, To Our Trusty and Well-beloved Thomas Joseph Stafford.

Esquire, Fellow of the Royal College of Surgeons of Ireland, Medical Commissioner of
the Local Government Board for Ireland : Greeting !

-

-

UWhereas Her late Majesty Queen Victoria did by Warrant under the Royal
Sign Manual bearing date the Seventh Day of May One thousand eight hundred and
ninety-eight, appoint Our Right Trusty and Right Well-beloved Cousin, Walter Stafford,
Earl of Iddesleigh, Companion of Our Most Honourable Order of the Bath, together

with the several Gentlemen therein mentioned, to he Commissioners to inquire into the
treatment and disposal of Sewage.

Hnb Wbereas one of the Commissioners so appointed, namely, Our Trusty
and Well-beloved Charles Philip Cotton, Esquire, hath humbly tendered unto Us his
resignation of his appointment as one of the said Commissioners :

Tow Rnow ]De, that We, reposing great confidence in you, do by these
Presents appoint you, the said Thomas Joseph Stafford, to be one of Our Commissioners
for the purpose aforesaid, in the room of the said Charles Philip Cotton, resigned, in
addition to and together with the present Members of the Commission.

Given at Our Court at Saint James's, the Seventh
day of May, One thousand nine hundred and two, in
the Second Year of Our Reign.

By His Majesty’s Command.
(Signed)  Cuas. T. Ritcuie.

REGINALD ArTHUR TATTON, ESQUIRE,
To be a Member of the Royal Commission on Sewage Disposal.
EDWARD R & 1.

Edward the Seventh, by the Grace of God, of the United Kingdom of

Great. Britain and Ireland and of the British Dominions beyond the Seas King,
Defender of the Faith, To Our Trusty and Well-Deloved Reginald Arthur Tatton,
Esquire, Greeting !

T hereas Her lategajesty Queen Victoria did by Warrant under the Royal
Sign Manual bearing date ff#Seventh Day of May, One thousand eight hundred and

ninety-eight, appoint Commyjssioners to inquire into the treatment and disposal of
Sewage.

End whereas a vétcancy has been caused in the body of the Commissioners
appointed as aforesaid by the death of Major-General Constantine Phipps Carey, C.B.

Tow know lL)e, thtat We, reposing great confidence in you, do by these
Presents appoint you, the said Reginald Arthur Tatton, to be one of Our Commissioners
for the purpose aforesaid, in the room of the said Constantine Phipps Carey, deceased,
in addition to and together with the present Members of the Commission.

Given at Our Court at Saint James’s, the Seventl
day of January, One thousand nine hundred and
seven, in the Sixth Year of Our Reign.

By His Majesty's Command.
(Signed) M. J. GraDsTONE.

-

REPORT.

To Tue King’s Most EXCELLENT MAJESTY :
We, the Commissioners appointed to inquire and report :—

I—(1) What method or methods of treafting and dispos;ng of sewa%e
i ing any liquids from any factory or manufacturing process) may properly
g)lgc;figg;%d Zongistently with due regard for the requirements of the existing
law, for the protection of public health, and for the economical and efficient
diséharge of the duties of local authorities ; and :

9) If more than one method may be so adopted, by what rules, in relation
to th(e )nature or volume of sewage, or the population to be served, or other
varying circumstances or requirements, the particular method of treatment and
disposal to be adopted be determined ; and

IL.—To make any recommendations which may be deemed desirable with
reference to the treatment and disposal of sewage,

humbly report as follows :—

INTRODUCTION.

* 1. In this our fifth Report, we propose chieﬂy to fieal with the relative merits of
the various methods which are available for the purification of sewage of towns. In a
subsequent report we shall deal with the various methods which are available for the

purification of trade effluents, when not mixed with sewage.

9. The subject of sewage disposal has been inquired into by the following
Committees and Commissions :-—

1857. Commission to inquire into the best mode of distributing the
sewage of towns and applying it to beneficial and profitable uses.

1862. Select Committee of the House of Commons to inquire into 'the
best means of utilising the sewage of cities and towns of England, with a
view to the reduction of local taxation and the benefit of agriculture. . o

' y . . .
1864. Select Committee of the House of Commons to inquire into any
plans for dealing with the sewage of th8 Metropolis and other large towns,
with a view to its utilisation for agricultural puI‘es.

1865. First Royal Commission to inquirg'“ into the best means’ of
preventing the pollution of rivers.

1868. Second Royal Commission to inquire into the best means of |
preventing the pollution of rivers. , ‘

1869. Royal Commission to inquire into and report upon the operation
and administration of the sanitary laws outside the Metropolis.

1875. Committee appointed by the President of the Local Government
Board to inquire into the several modes of treating town sewage.

1882. Royal Commission to inquire into and report upon the system
under which szwa'ge is discharged into the Thames by the Metropolitan Board
of Works, whether any evil effects result therefrom, and in that case what'
remedies can be applied for remedying or preventing the same.

-
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3. The- getjeral conclusion of these bodies has been thdt sewage could only be
pesly p by land treatment ; gnd, as a consequence, it has been usual to require
-suthtrities to adopt land treatment.® * = ¢

During recent years, however, certain methods differing from those which were
considered by the earlier Commissions have been evolved, and, in view of the difficulty—
or even impossibility-—which many local authorities experience in obtaining adequate -
.areas of suitable land at reasonable cost, it was considered desirable that these
xéewer.mpthods should bé carefully investigated. This led to the appointment of our

ommission.

4. One of the first: steps taken by us after our appointment was to seek
examples of these newer methods. We visited several places which were suggested to
us, but in no case was the whole of the sewage of a town being dealt with; in most of
the cases no more than a small and a constant quantity of sewage was being treated by
the particular process. Moreover, the number of places in which experiments on any-
thing approaching a practical scale were being carried on was very limited. We learnt,
however, that for several towns it was proposed to adopt one or other of these newer
processes, and we therefore decided to postpone experimental investigation into their
merits until the field for observation was more extended. '

5. One of our earliest witnesses, the late Mr. Santo Orimp, an- engineer of wide
experience, pointed out the danger of basing final conclusions as to i process on, the
results obtained with experimental plant, and there can be no doubt that inferencea so
founded must be drawn with caution, especially so when the amount of sewage being
dealt with is a fixed quantity each day, and when the experiment does not adequately
reproduce the many varying conditions which occur in practice.

%

‘Moreover, the weak points in a method of sewage disposal may sometimes only ho

disclosed after long experience covering a wide range of conditions.

Further, the character of the sewage of different towns varies to so great an. extent
that it would be unsafe to formulate definite conclusions as to the relative merits of.

" different processes until experience had been gained of their sustained application to”

different types of sewage.

6. In our first Report we pointed out that at the time of the investigations of the
earliér Gummissions, the seience of bacteriology was in its infancy ; those Commissions,
indeed, confined themselves almost entirely to a chemical examination of sewage
effluents. Since the earlier Commissions reported, a large amount of exact
knowledge has been gained concerning the part played by bacteria in various processes
of nature and under conditions contrived by man, and it became our duty to study the

~various questions connected with setvage disposal, not only from a chemical, but also
from a bacteriological point *view. This has largely increased our labours.

We have had to initiate #hd carry out various bacteriological investigations, and
apprehending that the work done by earlier Commissions in regard to land treatment
did not suffice for our purposes, we have found it necessary to include in our work a
systematic and detailed investigation, bacteriological and chemical, of the treatment of
sewage on land of various kinds.

... Mr. F. Scudder, F.I.C,, F.CS8.-
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PLAN OF WORK.

7. Our investigation has been carried on in the following manner :—-

(I) We have held 144 meetings and called before us the following witnesses:—

- \ Name.

Qualification.

Mr. Alfred D. Adrian, C.B.- - - -

Mr. A. Murray - - - .
Mr. L E. H.Deane - - -

Mr. R. A. Tatton, M.Inst.C.E.

Mr.W.H. Wilson + - - -
Mr. W. Naylor, A.M.Inst.C.E,, F.C8.

-+ Mr. Trevor Edwards R

Mr. H. Maclean Wilson, M.D., B.Se.
Mr. Theodore Thomson, M.D.- -

Mr. W. Santo Crimp, M.Inst.C.E., F.8.1

Mr. W. 8. Curphey, F.LC,, F.COS. -

Mr. Donald Cameron - - -
Mr. W. J. Dibdin, F.I.C,, F.C.8.

Colonel Ducat - - - . -

Mr. W. E, Adeney, D.So., F.IC.

Mr. H. Marshall Ward, F.R.S., D.S¢.
Dr. G. Sims Woodhead - - .

Sir Edward Frankland, K.C.B. -

Mr. W. D. Scott Moncrieff, M.I. M.E.
Mr. J. Garfield, A M.Inst.C.E.- -

-

Sir Henry Roscoe, F.R.8, D.C.L, LLD-

Mr. Sidney Barwise, M.D. (Lond.), D.P.H.

(Camb.) |
Mr. S. Rideal, D.Se,, F1C. - -

Mr. Baldwin Latham, M.Inst.C.E,, eteo.

Mr. C. J. Whittaker - - -

Mr. T. Cosham - - - .
Mr. A, P. Hope, FC8. - - -
Mr. H. B. Jugger - - - -

Mr. ¥. Wallis Stoddart, F.L.C., F.C.8

Mr, W, Brown . - . -

Mr. W.C.SiMar - - -« -
Mr. Douglas Archibald '
Mr. H. Wollheim - - - -
Mr. W. H. Harrison, M.Se. - -

" Mr. W. Eason - - . .

Mr. F. Bagshaw - - - -
Mr. Gilbert J. Fowler, D.8¢c., F.L.C. .

Assistant Secretary to the Local Government Board
‘(En(g)land and Wales). ' s L
Chief Clerk to the Local Government Board (Scotland). -
En?neering Inspector to the Local Government Board
{Ireland). .

| Chief Inspector to the Mersey and Irwell Joint Committes

(1898). AR SR

Actit:ig Chemist to the Mersey.and Irwell Joint Committee
under the supervision of Sir ff:Iemis)'I Roscoe, F.R.8.

Deputy Clerk and Solicitar to the Mersey and Irwell and

ibble Joint Committees, ‘
Chief Inspector of the Ribble Joint Committee (1898).
Clgk agd Solicitor to the West Riding of Yorkshire Rivers
oard. ~
Cbli;)fa I(rllspector of the West Riding of Yorkshire Rivers
rd. :

Medical Inspector under the Local Government Board.

Civil Engineer. -‘

HM. Ins;i)ecﬁor for Scotland under the Alkali Actsand the
Rivers Pollution Prevention Acts.

City Surveyor of Exeter.

Chemist.

Inventor of the * Ducat” filter. oo

Curator and ex-Examiner in Chemistry in the Royal
University, Dublin.

Professor of Botany, University of Cambridge.

Director of the Research Laboratories of the Conjoint
Board of the Royal College of Physicians (Lond.) and the

Rogal College of Surgeons (Eng.),

Member of the Commission appointed in 1868 to inquire
into the best means of preventing the pollution of rivers.

Engineer.

Engineer in Charge of Sewage Disposal Works at Wolver-
hampton.

Professor of Chemistry in the Owen’s College, Victoris
University, Manchester, and Scientific Adviser to the
Mersey and Irwell Joint Committee. .

County Medical Officer of Derbyshire.

Chemist.
Civil Engineer. :
Chairman of the Acciligton and Church Outfall Sewage

Works.
Representing the Natutal Purification Company.

Representing the “ Bacillite ™ Sewage Purification process,

Representing the Carbonised Rofuse 'Systém of Sewage
urification. : ,
City Analyst for Bristol. o

Representing the Reeves Chemical Sanitation Company’s
rocess, .
Re%resenting the “ A.B.C.” process. ‘

Representing the “ A.B.C.” process,
Representing the “ Amines ” process.
Chemist to the Leeds Sewage Committee.
City Surveyor of Ripon.

Borough Surveyor of Harrogate, .

Superintendent and Chemist of the qughentor,Corporﬂtion
wage Works. T
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- Mr. W. Hopkinson - . . .

Name.

Qualification. i

Mr. W, J. Newton, A.M.Inst.C.E. - . -

" Mr.J.Barnes- - . . . . .
Dr. A.C.Houston - - . . . .
Dr. G. McGowan - . . . .
Mr. G. Chatterton, M. Inst.CE. - - -
Mr. D. Balfour, M.Inst.C.E. - . . .

Mr. W. H. Prescott - - - . .
Mr. Frank Candy - . . . . .

Colonel Harding - . . . . .
“Mr. G. R Strachsn, MInst.CE. - - -
Mr. Alderman H. F. Hibbert - -+

Mr. E. G. Mawbsyy, M.InstCE - - -
Prof E. A. Letts, D.S¢., F.IC,PRD. - -
Pl‘Of- W- A. He'dman, D.SO., FoRcSo e b

The Hon. T. H. W. Pelham - - -
Mr. J. C. Thresh, M.D., D.8¢., D.Ph,, FI.C
Mr. T. E. Hil, M.D. - . - . .

Mr. G. V. Poore, M.D.,, FROP. - . .
Mr. E. E. Klein, M.D., FR.S.- - -

Mr. W. Williams, M.A,, M.D,, D.Ph. (Oxon),
M.R.C8., F.CS,, etec.
Dr.P.F. Frankland, FRS. - . .- .

Dr. J. A. Voelcker - - . . . .
Mr. A. F. Firth
Mr. H. Beaumont - . ‘ - . .
Mr. J. Crowther S

Mr. G. C. Hirst
Mr. J. Bruce - - - . . . .
Mr. E. Butterworth - . . . .
Mr. H. A, Foater

.

Mr. G. Sheard - . - .
Mr. W, E. Walker - . . . . .
Mr. Harvey - . . . . .
Mr. J. 8tanning - - . . .
Mr. Ross Gemmell - . . . .
Mr. A.J. King - . . . .

Mr.JH Mills - . .77 .

Mr. Alderman J. T. Simpson - . .
Mr.J.Lord - . .

- Mr. Keighley Walten . - . _ .

Mr. J. Jones - . . . .

Mr.J. E. Sharpe - . . .
Mr. B. Powell - . . . .
Mr. A. E. Fletcher, F1C. . .

Mr. T. Carter Beeley, JP, . .
Mr. 8. S, Platt, M.Inst.C.E. . .
Mr. T. Stenhouse, F.I.C,F.CS. . .
Mr. E. Ll Morgan, AM.Inst.C.E . . .
Mr. J. Ashton, F.OS,FI8E. . . .

)

Engineering Adviser to the A and Church Out-
S all SewgeBoard © the Accrington e
uperintendent Chemist in Charge of the Accrington snd
hurch Outfall Sewage Wo:krug

Bacteriologist to Commission.

Chemist to Commiasion.

Civil Engineer.

Civil Engineer.

Borough Engineer of Reigate.

Burveyor and Sanitary Engineer of the Inumhoml Puri-
fication Syndicate. :

Member of the C mmission aud Obairman of the Leeds

Sewerage Committee.
Civil Engineer.

Obairman of the Chorley Sewage Works and membcr of
. .the Ribble Joint Committee,

Borough Engineer of Leicester.
Professor of Chemistry at Queen’s College, Belfast.

University College, Liverpool, and Honorary Director of
Boientific Work to the Lancashire and” Western Sea
Fisheries Committee.

Amistant Secretary to the Board of Trade.

Medieal Officer of Health of the MW
County Medical Officer, Durham, - e
Professor of Medicine at University College, i.ondon
Chemist and Bacteriologist.

Medical Officer of Health to the Glamorgan County Council.

Professor of Chemistry in the University of Birmingham.
Consulting Chemist to the Roysl Agricultural Society.
Managing Director of Messrs. T. F. Firth and Sons.
Fulling Miller and Finisher.

Chairman of the West Riding of Yorkshire Millowners’ and
Ocoupiers’ Association.
Woollen Manufscturer.

Manager of Tanneries and Currying Works.
Flannel Manufacturer.

Managing Director of Alpaca and Mohair Spinning Works
and Manufactories.

Woollen Manufaoturer.
Tanner.
Tanner.

&mmﬁm the Calic: Printers’ Auoehtion Ltd aml
eachers’ Association, Ltd.

Clerk and Surveyor to the Crompton Urban District.

Council.
Chairman of the Halifax Sewage Committec.

Engineer to the Halifax Sewage Committee,
Town Clerk of Halifax.

Borough Surveyor of Pudssy.

Borough Surveyor of Keighley.

Engineer and Surveyor of Ot'ey.

Engineer and Surveyor of Handswor:h.
Inspector under the Alkali Acts.

Mayor of Hydoe.

Borough Engineer of Roch lale.

Public Analyst of Rochdale.

Borough Engineer of Bolton.

Chemist and Manager of tho Bolton Bewage Works.

Name.

Qual'iﬁoation.v

Mr. B. Jobneon - - . - - .
Mr. E. A. Brotherton, M. P - - . .

Mr. D. Howard, FIC.,FCS- - -
Mr. C. A. Davis -~ - S
Mr. W. F. Reid, CG.E, F.CS,, FIb - -
Mr H. Marshal - - - - -
Mr. C. W. Crossley - S

Mr. P. G. Baldwin - . e e .
Mr.J. Smith - - - - - -
Sir Charles A. Cameron, M.D.
Mr. 8. Harty, CE. - - - - - -
Mr. M. F. Purcell, M.Inst.C.E. . - .
Mr. Forbes Watson - - - . .
Mr. J. C. Bretland, MInatCE - e .
Dr. Lorrain Smith - - - « .« -
Mr. George Giles, M.Inst.CE.- - - - -
Dr. W. 8. Squire - - - <+ - -
Mr. Alderman Ellis- - - - - -
Mr. Thorp Whitaker - - - - -
Alderman’ Sir Bosdin T. Leech
Councillor C.- Dreyfue - - - - -
Mr. J. I Watson, M.Inst. C.E. .

L]
[}
L]
L]
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Mr, C. F. Wike, M.Inst.C.E. -
Mr. J. Haworth, FC8, - - . - -
Mr. T. Howson, M.Inst.C.E. -
Mr. J. Garfield, A.M.Inst.C.E. -
Mr. G. H. Pickles, A.M.Inst.C.E.
Mr. Raymond Ross, F.I.C., F.C.8.
Mr, J. Corbett c = e = .

Mr. J. Carter Bell, E.C.8. - e e -

Mr. J. Arnold- - - - - -
Mr. James B, Wilkinson, M.D. (Edm ) D.P.H,

Mf X.SH. Valentine, M.Se. - - - -
Mr. H. T. Bulstrode, M.A, MD. - - -
Mr. Phillips - - - - -~ - -
Mr,H.H Waller - - - - - -

Mr.R. B. Emsley - - - - - -
Mr. W. B. Pindar - - - . .

Mr. J. 8. Martin - - .- . -
Captsin Anderson - - - - - .-
Mr. Charles Petrie - . - . . .
Mr.J. WrenchTowse - - - - -

Mr. R. A. Dawson - . - . - . .

‘Mr, H. Donnison - - - " . .
Mr. H. W. Gibson - . - S
Mr. J, Cole - e e e e .
Mr. A. L. Scott .

Mr. A, Bragier - - . - . . .
-“Mp, 5. Kepnett - .- - - . .
Sir William Pink - - - - - }
Mr, St Birbe. - - - - =
Mr. G. H, Baxter - - .

Mr. J.T. C. Nush, MD(Edin), DPH.. -

Chairman of the Sewage Committee of Bradford. -
Manager Director of Manufacturing Works. o
Chemical Manufacturer, ‘

Owner of Dyeworks.

Vice-President of the Society of Chemiecal Industry

Representing the Halifax Traders’ Committee.

Public Officer of Health in the City of Dublin.
Engineer to the Dublin Corporation.

Civil Engineer.

Chemiet to Messrs. Guinness, brewers,

City Surveyor of Belfast. ,
Professor of Pathology at Queen’s College, Belfast _
Chief Engineer to  Belfast Harbour Commissioners. .
Representing the Society of Chemical Industry.
Tanner.

Representing the Bradford Dyers’ Assocmuon
Chairman of the Manchester Rivers Committee.
Deputy Chairman of the Manchester Rivers Committos.

Engineer and General Manager to the Birmingham, Tame,
and Rea District Drainage Board.

City Surveyor and Engineer of the Sheffield Sewage Works.
Chemist of the Sheffield Sewage Works. ‘
City Engineer of Leeds.

'| Engineer of the Bradford Sewage Works.

Borough Surveyor, Burnley.

Borough Analyst, Burnley.

Engineer of the Salford Sewage Works.
Public Analyst. *

Manager of the Salford Sewage Works.
Medical Officer of Health, Oldham.

Analytical Chemist, Oldham.
Medical Inspector of the Local Government Board -

Master of the Brewers' Company.

Vice-President of the West Riding Urban u.nd Rural Du-
trict Councils’ Association. ’ R

Solicitor to the West Riding Urban and Rural Dutnct
Councils’ Association.

Secretary to the West Riding Urban and Rural Dmtmct.
Councils' Association.
H.M. Inspector of Mines.

Chairman of the Whitstable Oyster Fishery Company
Alderman of the City of Liverpool. .
Clerk of the Fishmongers’ Company.

Reprmntmg the Lancashire and Western Sea Fuhonea
Committee..

| Representing the Eastern Sea Fisheries Committee.

Representing the Kent and Essex Sea Fisherids C‘ommltwe.
Oyster Merchant, Poole.
Oyster Merchant, Pople,
Oyster Merchant, Southwick.
Opyster Merchant, Emsworth.

Representing the Southem Sea Fuhenee Commxﬁtm N
Represefiting the Cha.mbor of Fnhaml. e L ;;;.‘" B ‘

ok

Medioal Officer of Health, Sonthondumw
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Name.

Qualification. -

Mr. W.J. Bean - - - - - -
Mr. James Blamey, M.R.C.S. - - - .
Mr. Arthur Newsholme M.D., F.R.C.P. (Lond.)
Mr. James Niven, M.B. - - - -

Mr. J. H. Barber - - - - - .

Mr. William G. Savage, M.D., B.Sc., D.P.H.
Mr. M. Fitzmaurice, C.M.G. - - - -
Prof. Frank Clowes, D.Sc., F.1.C. - - -
Mr. H. Williams, MD. - . . - .
Sir Shirley Forster Murphy, MR.C8. - -

Mr. C. C. Hutchinson - - - - -
Mr. Geo. Corble - - . . - -
Mesers. Clapham and Fitck - - - .
Mr.C,N.Tween - - - . . .
Mr. W.C. Young - - . . . .
Mr. R. B. Croft - . - . - -
Mr. E. B. Barnard - - - - - .
Mr.H Niebd - - - . . . .
Mr. R. Phillipgn - - . . . .
Mr. F. A, W, Drummond < e e .
Mr. C. E. Groves - . B
Dr. T, J. Browne - - - .

Prof. E. J. McWeeney, M.A., M.D.,, D.Ph. -
Mr. E. W. L. Holt

1
1]
[
b

-

Dr. Cowie - - . B, - .

Mr. Allan - N - - - .

Mr. Thorne - - - - . -

Mr. Hopkins - . . . . .

Mr. J. Robertson - . ;> - .
Mr. Doig T T }
Mr. Grant Glen Grant - “ - -

Mr. Fergusson - e e .

Mr. Brown - - - - - .
Mr. Mustard - . - . . N
‘The Duke of Richmond and Gordon -
_Mr. J. R. Findlay - . . . . l
Mr. W. 8, Menzies - - . - .
Mr.J. H. W. Grant - Lo - J
Mr. Herbert Hughes, C.M.G. - . - . .
Mr, J. Selwyn Rawson - - . . .
Mr. A. F. Somerville - - . . .
Mr. E. Halliwell - . . - - .

Mr. George Reid, M.D., D.P.H. - - .
Mr. J. Bolton L T,

Mr. J. H. Kershaw, F.CS. - . . .

Mr. K. F. Campbell, M.Inst.C.E. - - .
Mr. O.J. Kitby - . . . . ..
‘Mr. J. P. Wilkinson, M.Inst.CE. - . .
Mr. F. R, O’'Shaughnessy, A R.C.8e, F.1C. .

Mr. Geo. Watson, M.Inat.M.E., A M.Inst.C.E.
Mr, W. I, Goodrich, A.M.Inst.M.E. - .
Mr. J. E. Willcox, M.InstC.E. . . .

Oyster Merchant, West Mersea.
Medical Officer of Health, Penryn.
Medical Officer of Health, Brighton.
Medicel Oficer of Health, Manchester.

Seeretaty of the Chamber of Fisheries and the.London
Fish Trade Association. :

Medical Officer of Health, Colchester.

Chief Engineer of the London County Council.
Chemist of the London County Couneil.

Medical Officer of Health, Port of London. .
Medical Officer of Health, London County Council.
Counsel to the Lee Conservancy.

Clerk to the Lee Conservancy.

Bolicitors to the Lee Conservancy,

Engineer to the Lee Conservancy.

Chemist to the Lee Conservancy.

Chairman of the l.ee Conservanay.

Member of the Lee Conservancy.

Member of the Lee Conservancy.

Secretary to the Thames Conservanoy.

Chief Inspector to the Thames Conservanay., . .
Analytical Chemist to the Thames Conservanoy. .,
Medical Inspector, Local Government Board, Ifeland.

Bacteriologist to the Local Government Board for
Ireland.

Scientific Adviser to Department of Aériculturq, Ireland.

Rapresenting the South, East, West, and North of Scotland
falt Distillers’ Association. a

Representing Riparian Owners in Scotland.

.Clerk of the Millowners' Association,

Millowner.

Chairman of the Sanitary Committee of the Somerset
County Cpunil. _

Chief Inspector of the Ribble Joint Committee.
Medical Officer of Health of the Staffordshire County Couneil.

Manager of the Heywood Borough Sewage Purification
Workas.

Chemist and Managor of the Corporation Sewage Works,
Rotherham.

Borough Engineer of Huddersfield.
Borough Engineer of Batley.
Kngineer of the Manchester Sewage Works,

Chemist to the Birmingham, Tame, and Rea Distriot
Drainage Board. '

Managing Director of the Horsfall Destructor Co.
London Manager, Messrs, Meldrum Bros., Ltd.
Civil Engineer.

» .

Name. '

Qualification. -

Mr. H. P, Raikes, A M.Inst.C.E. -
Mr. J. Hunter, F.LC, F.CS. - -
Mr. J. B, Readman, D.Sec., F.R.S. (Edin.)

Mr. R. R. Tatlotk, F.R'S. (Edin.), F.L.C., F.C.S.

Mr. J. H. Fullarton, M.A, D.Se.

Mr. Jas. Hendrick, B.Se., F.IC. -
Mr. Stevenson Macadam, F.1.C., F.C8. -

- | Civil Engineer. L

- - | Consulting Chemist.

- | Consulting Chemist.
Consulting Chemist. ,
- | Formerly Scientific Adviser to the Fishery Board for

Scotland. '
Public Analyst for the Counties of Aberdeen, Banff and
Nairn. NS

Analytical and Consuiting Chemist.

(II) We have, by means of circular letters, obtained a large amount of assistance
from many scientific men who have had special experience in regard to the sub-

ject of sewage disposal.

(III) A number of local authorities have carried out experimental investigations
in association with the Commission, and have been good enough to furnish us with

. Burnley.
Heywood.
Huddersfield.

- monthly records of the results of theit xperiments. These towns are as follows :—
Birmingham. - - I .-

civ o Leeds. . . Rotherham.
. Manchester. Salford. =~
Sheﬁ‘ield‘. o

Oldham.

The reports furnished by these authorities are printed with the evidence. In
each case the officers responsible for the local investigations were called before us

to give evidence.

tewr (TV) Wehave put-under the systematie observation of our own officers a number

of sewage farins and sewage works of different types. v

The officers’ reports-on their observations of artificial processes are issued with
this report as Appendix III. Their reports on the sewage farms were issued as an
Appendix to our Fourth Report. |

(V) We have carried out the following special investigations :— ‘_

Place at which the experiment
was carried out.

Accrington - - - - - -

Dorking - - - - -

Exeter (Belle Isle) - - -~

Guildford - - - - -

Hemdon . - - - - . -

nfod - - - - - -

Object of experiment.

Y o

(a) For the purpose of assertaining the' relative diffioulty of
treating the same tank liquor, diluted and undiluted, on contact-
beds and on percolating filters, '

* (5) To compare the purification effected in each instance by
these two types of fllter, under similar conditions in the one and.
in the other case.- .

++ (a) Por the purposs mainly of comparing septis tank liquor,
precipibgtion liquor, and settled sewage demsved from the same
sewage, a8 to their amenability to su bse«}uent oxidation by filtration.

(L) To compare the reduction of suspended matter in the

. | same sewage effected by the different processes of tank treatment,
| and to ascertain the quantities of sludge produced in each case.

(c) Removal of suspended matter from percolating filter

effluenta. : ‘

- " (d) Reduetion im number of intestinal organisms in filtrates

| by means of lterililindg agents, and comfa,riaon of the results ob-

tained by this miethod with the effect of filtration through sand.
};ZdOompamtive values of deep and shallow filters. [See
also Tiford.] .
" Digeation of sludge in septic tank, ' [Ses also Ilford.]
For the purpose of ascertaining whether, by the addition of

| “oxychloride ” solution, to septic tank liquors, the unpleasant

smell actually developed by such liquor may be destroyed without
impairing the ability of the filter, subsequently dealing with the
liguor 80 treated, to effect the requisite purification. -
Bterilisation of effluente. o
(1) Digestion of sludge in septic teuk. . - .. -
(8) Comparative values of desp and shaltow: Altets. )
. e i { ‘-‘4\“ ,‘Jg,. st

o
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At some of these places channels have been provided along which the effluent
has been allowed to flow, the main object being to ascertain whether effluents
liable to bring about undesirable changes in the condition of a stream into which

they are discharged can be clearly distinguished by chemical test from thosze
which do not. '

(VI) We have i)ersonally visited a large number of sewage works.

8. We wish to express our great indebtedness to the several local authorities, and

to the many gentlemen from whom we have received assistance. Their names are far
too numerous to mention.

APPENDICES TO REPORT.

9. The following volumes are presented as appendices to this report :-—
(I) The Evidence of Witnesses.
(II) A Summary of the Evidence.

In preparing this report we found it necessary to make a summary of the evidence.

The plan which was followed was to divide the subject up into chapters such as
‘sewage, storm-waters, sedimentation tanks, septic tanks, standards, and so on, and then
to sub-divide each chapter.

The evidence given on questions of primary importance was thus very briefly
summarised and brought together.

~ We think that this summary may possibly be of general utility and we have
“therefore decided to publish it, but of course the evidence itself should be consulted
by anyone wishing to make a complete study of the subject.

(ITI) Reports on the observations of artificial processes at the following

places :—
Accrington. Halton. Maidstone.
Andover. Hampton. Newton le Willows,
Calverley. Hartley Wintney. Normanton.
Caterham. Hendon. Oswestry.
Chorley. Hendon (Ducat filter). © Prestolee.
Clifton. Horfield. ' Rochdale.
Exeter (Main Works). Kingston-upon-Thames. Slaithwaite,
Exeter (St. Leonard’s). Knowle. Withnell.
Guildford. Little Drayton. York.

(IV) Reports on the special investigations, mentioned on page 7, at
‘Accrington, Dorking, Exeter, Guildford, Hendon, and Ilford. )

Memorandum by Mr. Frye upon experiments carried out at Oldbury
on the treatment of the sewage of that town.

Memorandum by Dr. McGowan as to measuring strength of sewage.

Report by Dr. McGowan and Mr. Frye on the cstimation of the work
done by filters which have been under the observation of the Commission, )

_ Report by Dr. Houston on laboratory experiments on the biological
purification of sewage.

Report by Dr. Houston on the biological character of B. coli in sewage
and sewage effluents.

Reports by Dr. Houston on the results of the bacteriological examination

of sewage and effluents from the sewage works at Bradford, Leeds, Manchester,
and Ilford.

. Report by Dr. Houston and Dr. McGowan on the sterilisation of the
Lincoln water.

(V) Reports by Mr. Baldwin Latham, M.lest.C;E., and Mr. R. A. Tatton,
M.Inst.C.E., upon the effect of rainfall on the flow of sewage.

9: °

(VI) A report by Professor Letts and Dr. Adeney on the pollution of estuaries and
tidal waters. In regard to thi$ we may refer to paragraph 116 of our fourth
Report, which was as follows :—

“ Tn connection with the question of standards as regards offensive putre-
faction and injury to fish, we may state that much work has already been done,
both in this country and abroad. We have therefore thought it desirable that
the results of this work should be collected and collated. Mr. E. A. Letts,
D.Sec., F.1.C., Ph.D., Professor of Chemistry at Queen’s College, Belfast, and
Mr. W. E. Adeney, D.Sc., Vice-President of the Institute of Chemistry, Curator
and Examiner in Chemistry in the Royal University, Dublin, have kindly
arranged to do this and to report to us on the question how far these results
may suffice to show the conditiony under which tidal rivers would become,
(@) a nuisance in consequence of offensive putrefaction or (b) injurious to fish,
either in consequence of the diminution of oxygen or the presence of poisons.
The resultsso collected will, we hope, be of considerable use in enabling each
Rivers Board to deal with waters under its jurisdiction.”

To this report is appended a Paper by Mr. Gilbert J. Fowler, D.Sc., F.I.C., on the
effects of discharge of septic tank sludge into a tidal estuary. - .

(VII) A copy of a-circular letter on the question of ‘standards for sewago
effluents, and of the replies which were sent to us by chemists and others.

(VIID) Reports by Mr. W. Somerville, D.Sc., Mr. T. H. Middleton, M:A., M.Sc.,
and Dr. J. A. Voelcker upon experiments on the manurial value of sewage sludge.

TERMS OF REFERENCE.

10. The first paragraph of the Terms of Reference requires us to state how (a)
sewage, (b) sewage and trade effluents, and (c) trade effluents alone, may be properly
treated or disposed of having regard to the requirements of

1.—The existing law.
II.—Public health. _
1II.—Economy and efficiency.

The second paragraph requires us to report by what rules, in relation to varying
circumstances orp{:'equirements, should the particular method to be adopted be

determined.

These terms open up a wide field of inquiry, and the §écond paragraph involves
Shtimate study of various methods of treatment, many of which are new, under a very
large number of different conditions. o

GENERAL CONCLUSION.

11. Before dealihg in detail with the numerous questions involved in our inquiry,
we think it will be convenient that we should at once state our general conclusion on
the question contained in the first paragraph of our Terms of Reference.

We are satisfied that it is practicable to .Qu_rify the sewage of towns to any degx:ee
required, either by land treatment or by artificial filters, and that there is no essential
difference between the two procésses, for in each case the purification, so far as it is
not mechanical, is chiefly effected by means of micro-organisms. The two main
questions, therefore, to be considered in_the case of a town proposing to adopt a system

of sewage purification are, first, what degree of purification is required in the circum-

dtances of -that town and of theriver or stréam into which its liquid refuse is to be

discharged; and, second, how the degree of purification required can, in the particular

case, be most economically ohtained.

The choice of a scheme must depend on a number of considerations which will be
discussed later, but we may here state that we know of no case where the admixture of
trade refuse with the sewage-makes it impracticable to purify the sewage either upon
land or by means of artificial processes, although in certain extreme cases special

* processes of preliminary treatment may be necessary. -
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'PART . PRELIMINARY TREATMENT OF SEWAGE.

INTRODUCTORY REMARKS.

' 13. Sewagegenerally may besaid to consistof a mixture cf saline matter in solution
and nitrogenous and carbonaceous organic matter in solution and suspg;ngu_,n- together with
a certain amount of grit and mineral matter. The objects to be aimed .at in its
purification are the removal of the suspended matters and the oxidation of the remaining

organio matter and ammonia. |

There is a considerable amount of evidence to show that the oxidation of the organic
matter during its passage through filters or land is chiefly a biological process, but as to
the exact nature of the action which takes place very: little is known, U

/' One of our chemists, Mr. Colin--Frye, carried out a * series of experimenfs dtliaeods,
in which he showed that, although a mature filter could not appreciably oxidise sewage
sterilised with corrosive sublimate, it could oxigdise séwage which had been sterilised ‘with

 gteam. Further, that a sterile filter could not appreaiably oxidise sterile sewage.

We may also refer to some experiments which Dr. Houston, our bacter'iolbg‘ist,hi‘mde
during the" yedr 1908. (Report by Dr. Houston on laboratory experiments on th
‘biological purification of sewage: contained in Appendix IV.) ‘

These experiments seem to suggest that the presence of such non-sporing baocteria as
B. coli, B. proteus, etc., are not essential to purification, and that the work may be
performed by other micro-organisms. e

" * They dlso show that, although a filter may contain initially an enormous number of B.
coli, if the liquid passing on to the filter contains none of these mioro-organisms, this
‘microbe rapidly disappears from the efiuent, although the filter may still be able to:support
the life of many other bacteria. It is therefore to'be inferred that sewage filters, when
working properly, are not likely to provide suitable breeding grounds for pathogenic bac-
teria, afb ough they allow a certain number of such bacteria to pass through them,

. 14. Asregardsthe férmentative changes which ocour in th%iuriﬁoationpf sewage;" Dr.
Adeney has made a large number of valuable experiments. results have been pub.

. lished from time to time in the Transactions of the Royal Dublin Society, and in the pro-

oeedings of the Royal Irish Academy, and a connected account of the work is inoluded
in the T Beport, which he and Dr. Letts have presented to the Commission on the,ll’onut(ion

of Estuaries and Tidal waters.

Dr. Adeney founds the following general conclusions on his work ;- - ;.4 i

- GENERAL SuMMRY, . L ,,J:‘_

“ In the foregoing pages the chemical changes, which occur in:a polluted water during so-called self-puri-
‘fication under aerobic conditions, and the laws underlying them; have been traced and established ; -and, this
has ndssitated the discussion in minute detail of a large amount of experimental evidence of a. varied chaz-
‘acter, A brief summary of the results arrived s, apart from experimental details, may therefore jptove of
‘some convenience to those interested in the subject. : . e

“ The most important change which occurs in an unpollutg&' watar, when it is mixed with sewage or other
‘water-borne refuse matters, is the more or less rapid absorption of its dissolved oxygen.

t:+ * The absorption may be effected in three different.ways :—(1) The polluted water, from its own state
‘of tota] or comparative de-aeragion, reduces the aepation of the unpolluted water by simple dilution; (2)
sthe polluted water may contain directly and easily oxidisable substances, which on becoming mixed wish the
unpolluted water will cause 8 more or less rapid loss of its dissolved oxygen ; (3) the organic constituents of
the sewage, which are not directly oxidisable (and they usually form the greater portion of the organic sub-
_stances in it), and the ammonium compounds, are exidised through-the agency of water bacteria, and thus
Jndirectly cause s loss of dissolved oxygen, - - e , o G R

“ These possible causes of de-aeration are enumerated in the order in,which they would in all probability

" _take effect under natural conditions. The first is obvious, although its importance has not been sufficiently

“recognised. ' Its effect can easily be differentiated from the other two, if the amount of dissolved axygen, or
as it is generally termed, the degree of acration of the polluted water, be first determined; and shis-canide
done without dificulty either by a gasometrie or volumetric method. i Lot g pr W

o’ ~ *For g description of these oxperiments.aes our.Second ' PYRTTIYIYYT
-+ Ses Appendix VI Bepors, 3430091
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“ The second cause of de-aeration is equally obvious, although its i
¢ : : ) gh its impcrtance has also not b
ﬁﬁnﬂ)" (;jeahzedl - Such experiments as those recorded in Tables 34, 35, %M, 36, and 37 pro(:re .tﬁz:
a y oxidisable bodies, from the rapidity with which they absorb oxygen, constitute a greater danger to
e aeration of the water with which they become mixed than do indirectly oxidisable substances, Hence

it 3 . ot
lsn lx)sstzg?::ary to know the rate of absorpt?lon of oxygen caused by them as well as by indirectly oxidisable

“It is impossible to foretell the influence of these two i i i
. . 1 causes of de-aeration from a f t
g::la‘t?:xiemf;:?oghz I(:adzﬁzrf); :net!mds of ch;mxcall):.nalysis. It is, however, possible to do so bl;'ymlm‘; 1‘;(1)11;
1 , egoing pages : inti
the experimental investiga.tiong upgnpwﬁch' ‘:: ?s b::xe:;rgely devoted to a description of that method, and of

“ A study of indirect oxidation by this method has shown iti iologi
3 ; that 1t is a physiological process analogous to
the respiratory process of higher vegetable systems ; but that it is only one, althoug;h thl; principal ogg, ofa

numbe iologi . 't 18 O]
con ditifmz.f physiological processes concerned in the self-purification of a polluted water under aerobic

* It is unnecessary to discuss these in detail. It is sufficient for the study of polluted w i
/18 1 88 th . aters to recognise
;‘1:: cgl?:zlbﬂ.xty o}fl processes of digestion (by enzymes), and to regard the rema};ndelz3 a8 together exercisingg?)lne
tunction, v:;., t «L synthesis of the constructive materials required for the growth and multiplication of the
b rofi" and at the same time to remember that there must result from these synthetical processes waste or
¥y-products, which may be regarded as excretory substances.
]

* The chemical changes which are produced b i
tatéve chanyes for woges whic referell:ce. ced by the above processes may collectively be termed fermen-

“Bxperiments with sampl ol ipti ‘

) ples of sewage and of polluted waters, of various descriptions, have been made,

:}l:g llitnl:iat: b;e? f(;}md that when they were severally mixed with unpolluted water in sl:n&ll roportions, within

the i ‘:;te ou ﬁmg, the fermentative changes which follow exhibit a definite and regular sequence. The
ganic ma drs rst suffer complete fermentation, the products of change being carbonic acid, water

ammonia, and organic substances possessing the chemical and physical properties of the humus of cultivated

::;lfs;;r:l of the organic substances to be found in all unpolluted natural waters, especially in those from upland

* A second stage of change subse i i
, ! quently ensues, in which these humus matters and the ammonium .com-
pounds are further fermented, the resulting products being carbonic acid, nitric acid and water. ¢

The inorganic products of the first stage of fermentation result from the action of the respiratory pro-

cess, and i . .
pmcés;:ss. possibly also of enzymes; and the humus-like substances are waste products from the synthetical

“It is & point of interest to note that free nitro
15 8 p ! 4 gen has not been observed amongst the products of the
:ﬁ:;st:t;gz oio catgatmc fsubst,smce:; In water under aerobic conditions, although it d%ses undgubtedly ocour
rohget he iapa' ue : of fermentation in percolating filters even when the conditions therein are wholly
ol ad o question, no doubt, of intensity of oxidation. The filter presents conditions for an extremely
nse oxidation ; while water in large bulk, owing to the sparing solubility of oxygen in it, can

only allow a sluggish oxidation to proceed in it.

* Experiments with distilled water soluti i i
R A ‘ v ons of simple organic substances of known compositi
ztglw?emat th%;es 1ratory process is one of simple oxidation, a%nd that the organic matters aﬁem ll(:; itz::
co cgmpleyte o:;e ps% . 1:::;1: su;(l)lreg?:xc pr:(itl}cts, carbogsic acid, ammonia and water. The oxidation may either
; : rmentation proceeds, or only partial at first but i
to the chemical properties of the substances undergoing ferm);nl;:ti:);.a ret but finlly complete, acoording

“In the simple solutions employed in these experi i i » iti
) 4 1 periments, it was evident from the composition of the
;)tl;gz;xg slu:)st?nce dissolved in each and from the ratio of the carbon dioxide formed to oxygeg absorbed, on
e o g xo erierm(::tai::on, that the oxygen was almost, if not entirely, taken up by the respiratory process.
ditions “Pt:’) t’ﬁlen » however, have shown that it is quite possible under certain exceptional con-
oo an & e composition of the fermenting substances, for the synthetic processes to take up tively
i erable quantities of oxygen. Whether oxygen is or is not taken up by these processes appears to be a
quﬁs tl::ll of composition of the fermenting substance, as might be expected. In ordinary cases, however, of
})o uted waters, the composition of the polluting substances generally appears to be such that during their
ermentation the absorption of oxygen is practically confined to the respiratory process.

“ Enzymic action is intimately associated with the respi i i

. ) > piratory process in the fermentation of man
organic suﬁsta:}ces.. The chemical changes induced by them are principally hydrolytic, and the product{
are generally simplifications of the original body; and these undergo further fermentative change. Only

leldﬂﬁncn?::xi :f ures do they bring about a complete change to the ultimate products, carbon dioxide

“ Sometimes engymic changes occur with almo i i i
. \ C r st explosive velocity; e.g., asparagin, when present
:::iflh:n??r:;t::iga ::tt'%re’ :18 hydrolysed with ex:reme rapidity, the whole of it being converted into agpartic
) ery commencement of t i ic ac
andergoing complete formeriation. ent of the fermentation, the hydrolysed product, aspartic acxd_, then

t‘;tl'n °tl}11°1' cases, hqnzymic change may proceed extremely slowly, very much more so than the other fer-
msntative changes which may be going on in the same water. Urea when present in some polluted waters
is an example of this, -

* There are some other substances which may occur in i i
s . . polluted waters, e.g., native albumins and fats
which require to undergo enzymic change before they can be readily fermented gy water bacteria. "
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“ The chemical changes which are brought about by the respiratory process and by enzymes may be
regarded as yielding a continual supply of energy to the bacteria. They effect the complete oxidation of
70 to 80 per cent. of the organic substances originally ptesent in the polluted water.

“ The new material resulting from the synthetical proceg accounts probably for about 5 per cent., or
even less, and the waste products for the remaining 15 to 25 per cent.

“ As regards possible relationships between the volume of carbon dioxide.formed to oxygen absorbed
in a polluted water, it is obvious there can be no very definite one, especially when the water contains directly
and easily oxidisable substances, e.g., sulphides, etc., in addition to indirectly oxidisable ones. As a matter
of fact, however, in the case of most waters polluted by fresh sewage, a fairly constant relationship has been
observed, the ratio of carbon dioxide to oxygen being approximately as 1: 1. If the sewage be putrefactive
and contain sulphides, the ratio may be much less, e.g., the ratio for the septic tank liquor employed for the
experiments recoxded in Table 39 is as 1:1°3.

“ After the completion of the fermentation of the organic matters, a second stage of change, as already
noted, sets in, and during it the products of the first stage, that is, the ammonium compounds and the humus
matters, undergo further fermentation. As a result the former are completely oxidised to nitric acid and
the latter more or less completely to carbon dioxide and nitric acid. The point of interest and importance
in this stage of fermentative changes is the influence of the humus matters on the oxidation of the amnionium

compounds.
« Laboratory experiments have shown that they not only accelerate the fermentative changes, but that

their presence is necessary for the oxidation of the ammonium compounds to nitric acid. When they are
entirely absent, the oxidation is not carried under ordinary conditions beyond nitrous acid.

“ When the ammonium compounés are present in slight excess of the humus matters, toth may be com-
pletely fermented, the inorganic products being carbon dioxide, water and nitric acid. .

“ The changes which humus matters may undergo when in excess of the ammonium compound appears
to be very variable. For example, when fresh, a portion of their carbon is readily oxidised to carbon dioxide,
and then, if unassociated with compounds of ammonia, they cease to undergo much further change.

“ The volume of oxygen actually absorbed in the second stage of fermentation does not bear a constant
ratio to the oxygen theoretically equivalent to the nitrous and nitric oxides formed. The volume may be
greater than the theoretical, in the proportion of 10 : 8- 14 (Table 19, Experiment 1 and 1a), if humus matters
are wholly absent ; or less, e.g., 10 : 13-8 (Table 19, Experiment 2), if these are present in large quantities
and are freshly formed.

“ Where, as in ordinary cases of polluted tidal waters, humus matters are unlikely to be present in any
but small proportions, the volume of oxygen required for the oxidation of the ammonia to nitric acid can be

calculated with sufficient accuracy from the equation :— . .
2 NH,+4 0,=N,0,43H,0. ‘

“* On comparing together the changes which progressively occur in the two stages of fermentation which
have been described, it beocomes evident that the oxig:tion of ammoniacal nitrogen to nitrous and nitric acids
constitutes the central feature of the second stage, just as the oxidation of organic carbon to carbon dioxide
constitutes the central feature of the first stage. It may be concluded, therefore, that the products nitrous
and nitric acids of the one stage are the analogues of tie product carbon dioxide of the other stage. The
first stage of fermentation may consequently be termed the carbon-oxidation stage, and the second the
nitrogen-oxidation stage. These terms have the advantage of emphasising & fact which it is necessary to
keep in mind in dealing with the subject of water pollution ; it is that the sequence of the chemical changes,
which occur during self-purification under aerobic conditions, takes place in accordance with thermo-
chemical principles.

“ A classification of the substances which may occur in polluted waters may be made, based on their
behaviour towards the dissolved oxygen of the water, as follows :—

(1) Directly oxidisable substances.
, (2) Indirectly oxidisable substances.

“ Phege latter may be further sub-divided, according to their fermentative properties into—

(a) Carbor oxidisable substances, that is, most known organic substances except antiseptics,
(b) Nitrogen fermentable substances, that is, the waste products from a first stage fermentation,
and ammonium compounds.

“ Not only do the fermentative changes in a polluted water follow & definite and regular sequence, but
the relationship between the oxygen absorbed and the products formed, and between both of these and the ~
quantities of polluting matters originally present, are quantitative according to the following law :—The
quantities of oxygen absorbed, and of products formed, on the completion of each stage of aerobic fermenta-
tion, is constant for similar volumes of the same polluted water, provided that the dissolved oxygen is in
excess of the fermenting matters. :

“ Tt must be granted from the above brief description of the fermentative changes which occur in & water
during self-purification under aerobic conditions, that the significance of the presence of indirectly oxidisable
substances in water depends not upon their exact quantity and chemical composition, but upon their fer-
mentative properties and on the rate at which they will absorb oxygen from the waters with which they are
mixed The same remark applies with equal force to directly oxidisable substances.”

“ Tt must also be granted that the methods which are at present employed for the analysis of sewage and
of sewage effluents, which were originally worked out for the analysis of potable waters, do not afford
information of this kind. The aeration method has consecglently been Qroposed for the p . As may
be gathered from the perusal of pp. 67-9] it is possible to determine by its means the rate of absorption as
well as the total absorption, of oxygen which a sewage or sewage effluent is capable of setting up when mixed
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in small proportions with unpolluted river or tidal water, during direct oxidation as well as during both stages
of indirect oxidation. From the description of the method given on p. 96, it will be seen that several modi-
fications in working can be adopted according to the object in view, that is to say, whether it be desired to
study the fermentative changes step by step in their entirety, or simply to determine the rate of, or total,
" absorption of oxygen during them, The mo£lcations required for the latter purpose can be so simply operated
that untraived persons can be taught to carry them out without difficulty.

* Another phase of the subject of the self-purification of slightly polluted waters, and a scarcely less
important one, is the rate at which the dissolved oxygen in such is replenished from the atmosphere under
natural conditions, when it is being absorbed by polluting matters. It is obvious that definite information
is required eon this question before it will be possible to formulate standards of impurity for the protection
of river and tidal waters from over-pollution,

* Experiments have been described which afford some fairly trustworthy information on this subject.
The results of these experiments were quite unexpected, since they show that the slow rate of re-aeration of
large volumes of de-aerated tidal water under calm weather conditions is not due to the slow process of mixing
by thermal current or of diffusion of the dissolved gas after it has been taken up in solution by the surface
layers of the waters exposed to the air. On the contrary, it has been shown that the slowness of re-aeration
is due to retardation of the process of solution at the water's surface, and that when oxygen has become
dissolved at the surface from the atmosphere, it.is drawn with comparative speed through the water, ap-
parently by some unexplained process of gravitational streaming. It has also been shown that long columns
(6 feet) of de-aerated fresh or sea water enclosed in narrow glass tubes of small bore are comparatively quickly
ro-aerated when the surfaces of the columns were kept continuously broken, either by a mechanical stirrer
or by a slow current of air delivered by an inlet tube dipping a little below the surface.

“It has, furthermore, been found from these experiments that the aeration of the sea water columns
was effected much more rapidly than that of the fresh water columns, and that the dissolved gases showed
practically no tendency to accumulate in the surface layers of the sea water columns, but passed almost as
quickly through them as they were dissolved, with the result that the degree of aeration of the water is found
to be nearly uniform throui}ix]out the length of the column, if it be tested at different depths at any time during

the process of aeration ; while in the case of the fresh water columns the dissolved gases did show & tendency
to accumulate in the upper layers, and did not pass so rapidly to the lower layers.”

16. Dr. Fowler, Professor Frankland, Mr, Harrison, Dr. Letts, Dr. Reid, Mr. Stoddart,
Dr, W. Owen Travis and many others have also carried out numerous experiments with
8 view of elucidating some of the scientific questions involved in the purification of sewage,
but notwithstanding the fact that a considerable amount of exact knowledge has been
gained as the result of the experimental investiiations which have been already made,

there are many questions in regard to which our nowledge is exceedingly limited.

As rggards the actual disposal of sewage on a practical scale, Colonel Hardi
and Mr. W, H. Harrison, at Leeds; Dr. Fowler, at Manchester; Mr. J. D. Watson
and Mr. F. R. O’Shau%hnessy, st Birmingham; Messrs. Willoox and Raikes, and
Dr. George Reid at Hanley, Newcastle-under-L e, and elsewhere; Mr. A, H,
Valentine and Dr. J. B. Wilkinson, at Oldham ; Messrs. Raymond Ross and G. H.
Pickles, st Burnley ; Mr, Joshua Bolton, at He ood ; Mr. J, H, Kershaw, at Rother.
ham; Mr. K. F. Campbell, at Huddersfield ; M?r..w.]'. Carter Bell, at Salford ; Mr. €, .
Wike and Mr. J. Haworth, at Sheffield, and others have carried out many valuable
experiments in regard to certain methods of purifying sewage. These gentlemen have

placed before us all their results, and have been most liberal in assisting us in every
possible way. :

16. As regards our own work we have, in an earlier paragraph, explained the
general scope of our investigations. .

Throughout our inquiry we have endeavoured to gain such knowledge as would
enable us to pass from the stage of broad qualitative observation to ome of exact
quantitative statement, but in regard to many matters this transition is not at present
practicable, and, therefore, we can only comply in general terms with the terms of
reference which directed us to state “by what rules, in relation to the nature or volume
of sewage, or the population to be served, or other varying circumstanoes or requirements
should the particular method of treatment and disposal to be adopted be determined.”

_ The circumstances of different places are of endless variety and there are many
varieties of treatment, any one of which will be sucoessful, if properly carried out. The

main question to be determined in each case is which of these methods will be cheapest,
having regard to the local circumstances,

We propose to discuss various methods of disposal in some detail, and then to in-

dicate, in broad terms, the considerations whoh should be borne in mind in the selection
of a method of treatment for any particular cage.
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STRENGTH, OF SEWAGE  AS AFFECTING PURIFICATION.

ition of di : i xtent, and itis important to

composition of different sewages varies to alargee ,
s'lgér {2;0:trelx)1gth of sewage, ad affecting purification, may be measured. The amount
z?nﬁlltration necessary to produce an efftuent of any given standard of purity varies, to

a wide extent, with different sewages.

iations i the sewage of different towns depend chiefly on the

Tl;e vséngzlé)lrrz-ltilf ig:nvgvgtle: isupply; the extent to which the houses are provided

ax:nc}:un atlelar. closets ; - whether a separate system of sewers is provided for storm

by Ya d what trade efffuents (if any) are admitted into the sewers. Dr. quler_

i tag, t that a fairly accurate idea of the strength of sewage, as aﬁ_ectlns purifica- 22735.
e Do ebmi.;,rrived at by measuring the number of gallons of sewage per head per day

o _mayt :he outfall and making allowance for the other factors, while other witnesses
zl;.r;:ll;ggaéested that the usual tests, such as *‘ oxygen absorbed ”, are sufficient.

18. Where, however, a more exact measure of strength is needed, we are inclined to 25578,
. ’

- h 3 t

i tioal grounds, but also as the result of experience, that thiscana
think ?%zs?g 2%1;1;};:2301) asggrta'iniz’xg the amount of dissolved oxygen taken uﬁ> during
t}izsggmplete or practically complete, oxidation of the organic and ammoniacal matter
? .

in the sewage.

' i ion of sewage is to a large extent a process of indirect oxidation
throu'g}lxet}r:eu ?gggct:;?gf bacteridg, and one of the chief things required to bsla tcnovypdagout
any particular sewage is how much oxygen is required for flts comfp ote (;); ation.
The rate at which the sewage will take up oxygen is also a factor of importance, in
that it furnishes information as to the character of the organic matters.

i test is & biological process, and it differs from the ordinary
testﬂ:uccllzls:: })‘;?ge(?zgsgrbzz from permanganate—in that it tgkes account of practically
the whole of the organic matter, and not merely that of a particular kind.

unt of oxygen which a sewage can take up is, however, only an
a r'g:}:i(;naz?zneasure, iory %urpose‘s of puriﬁca.t%on, of its stren th, as some constituents
o?psewage are oxidized by filters or land more readily than others, and the proportion
which they bear to the total organic matter varies largely in different cases.

i i ires for its oxidation, a

9. To determine the amount of oxygen which a sewage requires .
deﬁn}te quantity of the sewage is allowed to remain in contact with-a_known excess of
oxygen until it is completely oxidised, and the oxygen remaining over is then measured.

This can be done either: .
" (a) By diluting the gewage largely with good tap water, estimating :ohe
oxygt(an) inysolutiongin a portion of the mixture, and allowing the remaining

ortion to stand in a bottle which is filled completely and shut off from all
zIx)ccess of air. At least two months must be allowed for this, after which the
oxygen remaining in solution is determined. The difference represents the

oxygen used up.

. (b) By keeping the sewage, without diluting or diluting only very slightly,
continuously aerated in a bottle containing a measured excess of air. Dr. Adeney,
who has suggested this plan, has found it to be very much more rapid than

the first.

i isadvantage in the use of the dissolved oxygen test as & measure of the
str ggh gfsesrel:vzsgglgs ':hat ig requires, even with the mcre rapid method suggested by
Dr‘.mﬁdeney, 8 com%xratively long time to oxidize the organic matter completely by

4 i the results of a considerable number of laboratory experiments
:vivlizsi‘:l;ﬁh%fiy(g:f we tlf;ﬁght that a period of about two months might be: genewslly taken
assufficing for the oxidation of nearly all the Omdlsq.le matter, excluding 06 some extent,

, Os
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at least) cellulose and fat. Later results, however, appear to show that this may be too
short a time under ordinary conditions of experiment. Though we have not made
enough observations on the point to speak definitely, we are satisfied that the oxidation
of cellulose and fat in diluted sewage, under the aerobic conditions of our experiments
and at ordinary temperature, is slow®. In practice, however, there are but few
instances of the treatment of crude sewage on biological filters, and the amounts of
cellulose and (probably) of fat which are present in the liquids usually treated (settled
sewage, septic tank liquor, and precipitation liquor) are relatively small.

By method (b) and by making use of a mechanical shaker attached to a suitable
gas apparatus, Dr. Adeneyt succeeded in oxidizing strong septic tank liquor by means of
atmospheric oxygen, without any dilution with water, while he followed the course of
the reaction by determining at different intervals of time the quantity of oxygen required
by known volumes of the liquor. In this way he reached the nitrification stage of the

process in twelve days. The method is thus a great advance, as regards time required,
upon the dilution method.

Recently Dr. Adeney has invented an ingenious apparatus for carrying out the
dissolved oxygen absorption test, by which the rate of absorption of oxygen as well as

the total amount of oxygen taken up can be readily measured. It is described on p. 438
of Appendix VI.

21. With a view to ascertaining whether the dissolved oxygen absorption test bears

any more or less constant ratio to other and more rapid tests, Dr. MoGowan, our chemist,
has made a number of observations.

He gives figures to show that the amount of dissolved oxygen which a sewage would
take up during oxidation can be arrived at, with a fair degree of accuracy, by a caloula-

tion based on the “ oxvgen absorbed *” figure and the figures of analysis of the ammoniacal
and organic nitrogen.

A cogy of Dr. McGowan’s Memorandum is printed in Appendix IV.: the following
extract shows the formulee which he suggests :—

. “By agglying the results given in Table A it would appear that the relative ‘strength’ of a sewage
liquor can be arrived at rapidly, with a fair degree of acouracy, by estimating the ammoniacal and organio
nitrogen and the ‘oxygen absorbed” from strong acid permanganate af once mﬁ in 4 hours at 27°C, (80°F.),
and afterwards making use of one of the following alternative formule :—

@)
For Sewages. (Ammon, + Organic N.) x 4°5+(Oxygen abs. in 4 hrs. x 6),
- Column 9. { For Septic Tank Liquors.

” ”» ”» +( ” » X 65).
For Precipitation Liquors. " " T " x 6:0).

@) ‘ | .
For Sewages. (Ammon.4-Orgsnic N.) x 8:04-(Oxygen absorbed in 4 hrs, x 8:0).
Column 10. { For Septic Tank Liguors. " " w  +( » » ” x 8:0).
For Precipitation Liquors. » ” w +( » » " x 7:5).

&)

f For Sewages, (Ammon. N. +4-5) ++ (Oxygen absorbed in 4 hrs. x 8-0).
Column 8. { For Septic Tank Liquors. » n  +( » ” " x 7:5).
1 For Precipitation Liquors. - " +{( o " - x T:B).

*The variations in the individual ratios given by the same kind of sewage liquor in Table A are too
great to allow of this method of arriving at their *strengths’ being more thay approximate. Probably the
variations would have been less marked if all the long aerations had been carried out in mercurzjomted

bottles, and if the small quantities of gases evolved been allowed for. Further experiments will, how-
ever, settle the point.”

* One part of cellulose, by weight, requires only 1-2 g‘am of oxygen for its complete oxidation ;
one part of fat requires nearly 6 parts of oxygen. ri-palmitin  C,H, (OC,H,,0), is taken here
to represent fats generally.
t The Pollution of Estuaries and Tidal Waters. Report to the Royal Commission on Bewage
Disposal, by Professor Letts and Dr. Adeney, p. 101 f seg. See Appendix VI. :

. McGowan’s suggestion, we consider that until the method of calcula-
tion e:h;‘:}%aligsp?; oses has beenugcgmpared with the results of direct experiment on
a larger number of different sewages, no statement can be made as to its precise accufua(g.
We bave, however, found it convenient to use the method in the preparation of this
Report in order to bring results at different places into line.

ions we shall frequently define the strength of a sewage or sewage
it uoIrn blatc;r ?1‘133%2:. This numl()ler is }i'ntended to represent the number of parts,
bq weigh};i of dissolved oxygen which 100,000 parts of the liquid would take up during
t}{e oxidaéion of the oxidizable matter contained in such liquid. It will not, however,
have been arrived at by direct experiment, but by a calculation, according to the first
of the formule suggested by Dr. MoGowan, and i1t must therefore only be regarded

as approximately representing what it is intended to represent.

92. As bearing on the question of stren%th of sewage as affecting purification, we
may refer to our experiments at Accrington.

nt filled with rather fine and graded material was provided
in duAlgg:tg e c&rlltggt; 22'(01 o%l?:ontact beds, septic tank liquor was treated at the rate of
80 Il)lons I;er cube yard per day ; on the other set, the same septic tank liquor diluted
wit%aan equal volume of tap water was treated at double the rate. The percentage
purification was slightly greater in the case of the contact beds treating the weaker

liquor.

Two exactly similar percolating filters, 9 feet deep, filled with coarse material,
were also provided.

. . * d
filter, septic tank liquor was trpated at §he rate.of 100 gallons per cube yar
per dqa;rl ; I(l); the (’)theli' filter, the same septic tank liquor-diluted with an equal volume
of tap water was treated at double the rate. In this case the percentage purification
was slightly greater with the filter treating the stronger liquor.

i in the percentage purification were, howe\{er,z in both plants 80 small
that ;I;lgi}(llilfﬁrﬁ;n;e:y be talgen broaglypthat, within ordinary limits of concentration and
volumes treated, it is the amount and nature of the organic impurity present which
mainly determine in practice the ease or difficulty of purification ; in other words,.t%a.t,
within practical limits, mere dilution does not affect the size of the filtering plant Wl{lillc is
necessary. Of course if the dilution is so great as to cause water-logging of the Idtel‘s,
their purifying power would be geriously diminished, and this statement would not

hold good. ’

The Accrington experiments are dealt with more fully on pages 110 to 117 of
this Report.

t See Appendix IV. for a full account of these experiments.
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PRELIMINARY PROCESSES FOR THE REMOVAL OF SUSPENDED MATTEﬁS.

GEXNERAL OBSERVATIONS.

23. The evidence w'hioh we have received and our own exﬁerience show that it is
generally more economical to remove from the sewage, by a preliminary process, a ocon-

siderable proportion of the grit and suspended matter, before attempting to oxidize the
organic matters on land or in filters.

It is true that at Leeds, Sutton, Hampton, Hendon (the Ducat filter), Market Drayton
(the Ducat filter), and elsewhere, crude sewage has been satisfactorily purified in filters
with almost complete absence of nuisance, but at most of those places, this plan has been
abandoned because of the rapid choking of the filters.

As regards the treatment of crude sewage on filters, we have ourselves made detailed
observations at the following places :— :

Hampton. Maidstone. -
, e Hendon. Newton-le-Willows.
! P Little Drayton. Withnell.

Reports on these observations are published in Appendix III.

~ There are also many cases in which crude sewage has been passed over land, but the
evidence shows that land treatment of crude sewage is liable to give rise to nuisance by
the accumulation of solids on the surface of the land. Moreover, in some cases these solids
are:apt'to form an impervious layer which interferes with the aeration of the soil, and so
impairs the efficiency of the treAtment.

SCREENING.

24. On arriving at the works the sewage is usually passed t:hrouis coarse screens

for the purpose of removing the grosser suspended matters, such as sticks, cloths, paper,
corks, etc.

The remoyzil of such suspended matters is almost essential where the sewage has to be
pumped, and in other cases 1t is usually considered an advaatage.

Although the amount of suspended matter which is removed by coarse screens bears
only & small proportion to the total suspended matter, the screenings have some

manurial value, and there is usually no difficulty in getting farmers and others to take them
' away.

The screens in use are of various kinds, and some are provided with, automatio
apparatus for clearing them.

Experiments with fine screens were carried out at Leeds,* with a view to ascertainin

:‘lrl}}etber it was practicable to remove a large proportion of the total suspended solids in
- this way.

With a screen of a mesh of 30 to the inch, however, rather less than 10 per cent. of
the total of the suspended matters was removed.

The use of fine screens is alw:{ls attended with difficulty as they choke readily, and
the experience of Leeds seems to show that where tank treatment is provided as & pre-
liminary process, the cost of fine screens would not be justified.

In the circumstances obtaining at Birmingham, Mr. Watson prefers not to screen
- tho sewage, but to allow the wholc of the suspended matter to flow, with the sewage, to

the first sludge tanks. The sludge itself 1s screened, to remove the grosser solids,
before it is disposed of on land.

* Report on experiments in Sewage Disposal, June, 1905, by Col. T. W. Harding and Mr. Harrison.
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. : GriT or DETRITUS TANKS. .

25. Most of the witnesses whom we have examined favour the removal of the heavy
suspended matters, such as grit or road detritus, as & first operation, and our own observa-
tions have shown that in most circumstances it is desirable to provide tanks for this purpose.

These tanks are usually designed so that the speed of flow will allow the mineral
matters to settle out of the sewage, while the bulk of the organic suspended matters are
carried forward.

The extent to which the heavy matters need be settled out of the sewage as a first
operation depends in some measure on the subsequent treatment which is to be adopted. §

Where septic tanks are to be used which will only be cleaned out at long intervals
of time, fairly thorough preliminary settlement of grit is generally desirable. Theremoval
of the :iludge which ias accumulated over a long period in a septic tank is, as a rule, a

. matter of difficulty, as the sludge is often so thick that it cannot be pumped unless sewage

or water is mixed with it. Much mineral detritus in the sludge increases this difficulty.

We also consider that in the case of septic tanks from which a portion of the sludge
will be removed periodically, preliminary settlement of the mineral detritus is,
gs & rule, desirable. Tanks to be used in this way are generally provided with
sludge channels formed in the concrete floor. If the sludge to be drawn off contains much
mineral detritus, it will not flow to the channels but will remain in heaps at the side.

In the case of a very small works (flow of sewage up to, say, 10,000 to 15,000 gallons
per 24 hours) where septic tanks are used for the preliminary prooess, the provision of
it or detritus tanks which require constant sludging may necessitate more.labour than
would otherwise be the case, and in such _circumstances 1t ma{ be more eoonomlgal to
allow everything to go forward into the se(alptlc tank. Althgugh the presence of the mineral
detritus ia the general tank sludge would make the sludging of the tank a more difficult
operation, the saving of labour between the intervals of sludging would probably mere
than balance the extra cost of removing the sludge. : -

Where precipitation or sedimentation tanks are to be used, and especially if the
district is sewered on the combined system, it will, we think, geaerally be found better
to settle out a considerable proportion of the mineral detritus before allowing the sewage
to pass into the tanks, The necessity of giving thorough. preliminary settlement of the grit
is not, however, in these cases of so great importance, for the presence of grit in sludge:
renders the latter more amenable to pressing and drying.

SepiMENTATION TANKS. K

. 96. All tanks are sedimentation tanks, but it is convenient to limit the expression:

to tanks in.which the sewage is allowed to settle, without the aid of chemioals, ar;d from .
which the sludge is frequently removed. 3 :

In some cases the tanks are allowed to stand ful}, and the supernatant liquid is drawn.
off bynzoﬂoating arm. In other cases the sewage is allowed to flow through the tanks
slowly, but continuously.

Qutescent Sedimentation.

27. Experiments which were carried out at Leeds and Sheffield showed that, with the
sewages of those cities, quiescent settlement for two to three hours was sufficient to remove
a large proportion of t&xe suspended solids entering the tanks, and to produce a fairly
good tank liquor.

- No precise rule, however, can be laid down as to the period of quiescence which is
required to effect a given reduction of the suspended solids. :

Certain kinds of sewage contain more solids which settle very slowly, than other
kinds, _
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For exampie, a large proportion of the solids in sewages which contain brewery or
tannery waste, or wool scouring liquor, are difficult to settle.

To maintain this form of settlement in a highly efficient condition, the deposit in the
tank must be removed after every first or second filling

Continuous Flow Sedimentatson.

28. We have had eﬁerience of this method of sedimentation at Clifton, Halton,

Oswestry, and Dorking. The following table shows the settlement effected at these places:—
. Rate of flow | Solids (in parts
. . , Time allowed . .
Place. Shape of Tank.| Dimensions of Tank. minute in r 100,000)
Pe m for settlement, perin ches. Ir):duced’ from
Clifton - .| Rectangular 39 x b x 4. 53 hours. 1- 7" 49 to 24,
Halton - - » 2 x 1% x @, 155 ,, 066" 177 to 107
Oswostry - . . 0 x 15 x 4 6" 41 340" 32:0t0 158
Dorking -~ - " 186" x 46" x 49| 119 , 031" 208 t0 10°1

The amount of settlement does not depend alone on the period of flow, but also on
various other factors, such as the shape of the tank, the nature of the suspended matter
in the sewage, and the length of time during which the tank is used without being cleaned.

If the tank is not cleaned out frequently, the deposited sludge begins to ferment and -

the gas produced carries suspended matter with it, as it rises to the surface of the liquid.

As a general rule, if the filters to be used are constructed of fine material, on which it
would be undesirable to put a large amount of suspended matter, we consider that the

period of flow should be from 10 to 15 hours, and that the tanks should be cleaned out at
least once a week. '

Before either kind of sedimentation is adopted, the nature of the suspended matter

in the sewage which is to be dealt with, and the rate at which it sett es, should be
considered.

Should Sedimentation Tanks be used in serses or in parallel 7

.29, It would usually be more advantageous to use continuous flow sedimentation
tanks in parallel than in series, for the following reasons :— ‘

With tanks of ordinary dimensions, the minimum rate of flow is obtained
where the tanks are used in parallel.

As a rule, after a certain percentage of the suspended solids has settled
out of a sewage, little further vantage is gained by continuing the same tank
treatment, the suspended solids remaining in the supernatant liquid being of
low epecific gravity, and depositing very slowly unless quiescent settlement
is given. In practice, therefore, 8o soon as this maximum quantity of solids is
settled out as a result of continuous flow settlement, little advantage is obtained
by passing the liquid through another tank at a similar rate,

1f sedimentation tanks are used in series, there is a aatural tendency to
allow the last tank in the series to run too long without being cleaned out. The
result in such a case is that the sludge, lying at the bottom of this tank, even
though small in amount, begins to ferment with the formation of gas bubbles,
which carry suspended matter up into the liquid.

21
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There is rather more difficulty in cleaning tanks which are used in series
than those used in parallel, owing to the fact that the first tank in a series is
usually found to contain very thick sludge, which may, in some cases, have to
be mixed with sewage before it can be got to flow into the sludge main ; while
in the last tank the sludge is ver} thin and watery. Ata large works, however,
where there are special facilities for removing and dealing with dense sludge, such
as would accumulate in the first tank, this difficulty would not be serious.

Our experience with continuous flow settlement tanks used, in series has been obtained
chiefly at Halton, and, with continuous flow settlement tanks used in para}lgl, at Oswestry
and Shipley. As the same arguments apply to the septlement pf precipitated sewage,
however, we may also adduce the results of our observations at Kingston, Maidstone, and
Hendon, fer the use of tanks in series, and at Horfield, for the use of tanks in parallel,

is desirable to use quiescent settlement tanks in parallel, in order that the period
of aclttuﬁ q?:iescent settlelgent (¢.e., apart from filling or drawing off) s_hould be as long

as possible,
Nussance.

. Settlement of sewage by sedimentation does not give rise to serious smell during
the t?lge tl?e tanks are actually at work. When the tanks are sludged, there is considerable
smell, and since tanks used for quiescent settlement havq to ‘pe sludged more ofpen thg,n
those in which there is a continuous flow, there is more liability to recurring nuisance in
the former case.

In the case of tanks used for settling domestic sewage, there 13 qnly slight local .smell
during the process of settlement. We have had practically no experience of the sedimen-
tation of sewage containing brewery or tannery refuse in quantity, but in such cases the
smell would, no doubt, be markedly increased. )

SEPTIC TANKS

81. The notion that the solid matter of sewage would be digested by passing the
sewage through a sealed tank is by no means novel, but it does not appear to have
had any extensive practical application until Mr. Cameron, who held the office of
City Surveyor of Exeter, proposed the aduption of the “septic tank treatment” for
that city. A

At that time it was claimed that the septic tank possessed the following, among
other, advantages :—

That it solved the sludge difficulty, inasmuch as practically all the
organic solid matter was digested in the tank.

That it destroyed any pathogenic organisms which there might be in
the sewage.

That sewage which had passed through a septic tank was more
easily oxidized t%nan sewage from which the solids had been allowed to settle,
either with or without the aid of chemicals, in tanks which were frequently
cleaned out. : .

32. As regards the first of these claims, it is now clearly established that, in practice,
all the organic solids are not dig,estec} by septic tanks, and that the a,ctua:l amount
of digestion varies to some extent with the character of the sewags, the size of the
tanks relative to the volume treated, and the frequency of cleansing,

Huddersfield, Mr. Campbell estimated that about 38 per cent. of the solids
werelttt)nv:rte?lrinto gas or digested ; at Leeds, Mr. Harrison put the figure at about

30 per cent.; at Manchester, Dr. Fowler says that possibly, though not certainly, 22923

cent. of the total suspended matter is digested or converted into gas; at
gll)lz%ei? pl\%‘r. Ei—IIls,worth uts the digestion at 32'9 per cent., while at Birmingham,
Mossrs. Watson and O’Shaughnessy: say that the figures available indicated a digestion
of not mere than 10 per cent. of the suspended matter entering the tanks,

6225—1. . . D



L

. published in Appendix IV.
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2 From careful observations, extending over two years, which we made at Exeter

and-THord, "wé found “that, without' dllowing “a”correction for colloiilal ‘matters, the -

digestion at"Exéter’wis dbout 25 per ceiit!,"and at Tiford abqut’30 per cent.

-, The séwages ‘of both places were domestic'in character:-the Tlford sewage was of
average strength ;- and the Exeter sewage about-two-thirds- as strong.’ In each case
the tank was sufficient to enable it to hold a day’s (24 hours) flow, and no sludge
was removed from either -tank -during the experiment: :: A-detailed report of ‘the
experiment is contained in Appendix IV: ,

L 33As i"égards‘ the J”s‘é(_‘;oh;d'f claim, we find as ‘a resultof a very large’ iii}kr‘xi:bér" of
observations ‘thatthe seWage: isstiing fron “septic -tanks’is, baéteriologically, almost
as impure as the sewage entering the tanks. ‘

34, As regards the third claim, the evidence which we received was conflicting.
Some witnesses stated that septic tank liquor was more easily treated than sewage
from which the solids had been settled, either with or without the aid of a precipitant,
while others expressed a contrary view.

o The'point;*is-one of great importance in the purification of ,sréwage,' and we fhe’refore_

thought it desirable toinvestigate it somewhat exactly. "

 After. visiting several places, the Dorking sewage was selected as a suitable
domestic sewage with which to experiment, and the Dorking Urban District Council
were good enough to grant us the requisite facilities for making the experiment at their

works. .o

For the purpose of the experiment, three identical percolating filters were con-
structed. = One was fed with settled sewage, one with sewage which had been

subjected to chemical precipitation, and one with septic tank liquor.

¢ 3

© . 85. The experiment, which was wjiller the’supervision of our own resident chemist,
Mr. Eric Hi Richards, and 'rWaS*carri]é'lg on for over a year, conclusivély proved that in
the case of an ordinary domestic sewage, such as'that at Dorking, septictank'liquor is
not more easily oxidized on its passage through filters than the other liquids. * '

" The experiment is fully reported on by Mr. Richards in his Report, which is
" V' .

©

Mr. Platt, at Leeds by Mr. Harrison, at Huddersfield by Mr. Campbell, and at

- Sheftield by Messrs. Wike and Haworth, at all of which places the sewage contains

trade cffluents from' manufacturing processes, agree with our Dorking results,

- 36. It must; therefore, be said ‘that some of the more important claims which were
originally advanced in favour of septic tank treatment have not stood the test of
experience. At the same time, we think that in certain circumstances the adoption of
this method of treatment, as a preliminary process, is efficient and economical.

R

Suspended Solids‘éssm'ﬂy Jrom Septic Tanks.

37, The settlement

. contains on the average from 15 to 20 parts of suspended solids per 100,000.

3
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» Tt must also be observed that it is generally impracticable to maintain the amount
~of suspended solids issuing from a septic tank at -an approximately uniform level for
.any length of time ; and, that the amount has a tendency to increase seriously as time
- goes-on.- L ' , -

For example, at Burnley it was found that the suspended matter varied from 15

parts per 100,000, after a few weeks’ working, to 85 parts per 100,000 at the end of six

- months ; at Huddersfield the amounts were 66 parts per 100,000 at the commence-

ment and 23°3 parts per 100,000 at the end of eleven months ; at Leeds, from January

to June, 1903, starting with a perfectly clean tank, the suspended solids averaged
122 parts per 100:000, and from July to December, 1904, the average was 24'1.

-« The variation in the amount of the suspended solids in the tank liquor increases
the difficulty of maintaining the effluent from the filters at a constant level of purity,
‘and the amount of tank liquor which can be properly dealt with on the filters tends
to decrease as the amount of the suspended solids in the tank liquor increases.

Cleansing of Septic Tanks. v .

38. There is no doubt that the longer a tank is run without cleaning, the less volume
of sludge there will be per million gallons of sewage treated. Digestion, of course,
plays sorie part in this, but only a small part compared with the settling together

.

25 .

e

{'Agai*n, the successful working of some fbrms of fine percolating filter (e.g., that at
Friern Barnet), depends upon the time allowed for the drying of the sludge on the

surface of the material between two applications of tank liquor. - A tank liquor

~ containing, say, 10 parts of suspended matter per 100,000, might be conveniently

treated on a filter of this kind, if the delivery were made once every three days;

but if it were made once every day, the sludge caught on the surface of the filter

would probably not have dried sufficiently to allow of its being scraped off before
the next delivery was made. B

40. Although the point is not one inregard to which any general rules of a precise
character can be laid down, we are inclined to think that in the case of small sewage
works, constructed to serve populations of, say, 100 to*10,000, it would be best
that septic tanks should be allowed to run, without being cleaned out, so long as-
the suspended matter in the tank liquor showed no signs of affecting the filters
detrimentally, provided that the tanks were never allowed to become more than

one-third full of sludge.

,Ixi’ the case of a sewage works constructed to serve populations from 10,000
upwards, we think it would probably be advisable partially to clean-out septic tanks
at short intervals of time, care being taken as far as possible to remove only the best

digested portion of the sludge.

of the finely divided septic sludge Iying at the bottom of the tank. The sludge
from a septic tank which is cleaned out at short intervals of time may contain
something like 90 to 95 per cent. of water, while, if the tank is allowed to run for,
- say, two years, the water in the sludge may be only 80 to 85 per cent., or even less.
It is obvious that this makes a great difference in the volume of the sludge to be
dealt with, provided that it can be removed from the tank in the semi-solid form
o anld without having to be mixed with sewage or water to make it run through the
~valves. ' : :

41, Withregard to the question whether it is advisable entirely to remove the sludge Cameron,
from septic tanks when these are cleaned out, the evidence and our own observations %1902_; .
seem to show that this is not advisable. Experiments at Leeds, Rochdale and Dorking :;11;%%1111,
have shown that the changes which sewage liquor undergoes in a septic tank are yientine;

of minor importance as regards subsequent filtration, but-the following considerations Wilkinson;

: . . L i Raymond,
must be borne in mmd : ‘ Ross and
: ‘ : sl . . o ' v, , . Pickles ;
In a septic tank which is to be cleaned out there is always a consider- V\If(;tsgi;

able amount of sludge which has had little time to undergo digestion. If Harding;

There is also evidence to show that sludge which has remained in a tank for a
long period, say, a year or more, is in some cases less offensive than sludge which bas
been there for only two or three months. At Birmingham, Leeds, Exeter, and other
places this was found to be the case, though, on the other hand, at Guildford, where
there is a considerable amount of*brewery waste in the sewage, the septic sludge had

~a very offensive smell when removed from a tank which had been in operation for a
period of twelve months, ‘ < ‘

39. From the point of view of sludge disposal alone, it would be generally
advisable to allow septic tanks to run for considerable periods of time before cleaning
out, either wholly or partially. There are, however, two other important considerations
to be taken into account, viz. :— ' ‘ :

~The amount of suspended matter issuing in the tank liquor, which greatly
increases as time goes on, and

The fact that at a large sewage works it would usually be less easy to
deal with very large quantities of sludge at long intervals of time than with
smaller quantities at short intervals.

. Constant conditions as regards the amount of suspended solids in the liquor
~ Iissuing from the tank should be aimed at, and from this point of view frequent
~partial removal of the ‘solids would usually be desirable ; but our experience points
to the conclusion that there can be no definite rules as to how Jong a septic tank
- should be run without cleaning, and that it must be left to the manager of each works
- to see that the suspended solids issuing from the tank do not increase to such an
~ extent as to have an injurious effect upon the filters or upon the quality of the filtrate.
. ;The point at which injury to the filters or deterioration of the filtrate will occur will
~ largely depend upon the nature and strength of the sewage, the kind of filter used,
~ the size of the material in the filter, and the rate of filtration. At Accrington, for
- 1nstance, something like fifteen parts of suspended matter in the septic tank liquor
v,“can,bekput; .upon the coarse percolating filters, without any danger of clogging,
Whgrgqs) at Manchester and Burnley, this would be too much for the contact beds,

©

possible, therefore, this part of the sludge should be left in the tank. ~ Fowler. .

One of the main uses of a septic tank is that it has the eftect of
equalising the sewage as regards strength, and of keeping the character of
~the liquor uniform. '

If a septic tank is cleaned out completely, some weeks may pass
before the fermentation of the sludge is in full progress again. = It was
found, at Birmingham, that, if some of the sludge is left in a septic
tank at the time of cleaning, fermentation is hastened when the tank is
re-started. At Rochdale, Mr. S. S. Platt has shown that the same effect
can be produced by filling a clean and empty tank with septic liquor
(from another tank) before any fresh sewage is allowed to pass into it.

Where sludge is removed from septic tanks at long.intervals of time, and
especially where it is disposed of by burial in the ground, it is of great importance
to carry out the operation in dry weather. The success of the plan of disposing
of the sludge by burial in the ground depends very largely upon the rapidity with
which the sludge can be covered over in the trenches, and this is governed by the.

state of the ground and the atmospheric conditions prevailing at the time.

" Rate of Flow tkrough‘ Segotic’i Tanks. g

-

49. For the reasons which we have already given we consider that the main objects in-

 passing sewage through septic tanks must be looked upon as being :—

The settlement of the suspended matter in the sewage ;
The digestion. of as much sludge as possible ; and

The equalisatidri of the sewage as regards strength.
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43. The most advantageous rate of flow, therefore, is that which gives the maximum
settlement and the maximum digestion of sludge, without producing any serious nuisance
from smell. It is impossible, however, to lay down any given rate or rates of flow through
septic tanks for all sewages, for the following reasons :~ T el

v

R ,The,suspexided' matter in sewage differs as regards, ease of settlement and
,rate of fermentability at different places, The: suspended matter in a strong
slopwater sewage; for instance, settles more easily and, takes longer to putrefy

than the suspenjed matter in a strong domestic sewage derived from water--

closets. ., | . o

s o _;-.The degree of settlement depends also.upon the form of tank adopted.
. 1, The passing of a sewage through a Dortmund:tank, for.instance, . would no doubt
... .give.better settlement than would be the case.if.a plain rectangular tank were

-, used,. but there would probably be less digestion of the sludge. -

The qualities necessary in the septic tank liquor may vary at different |

places. At one place where septic liguor was to be treated upon percolating

filters of coarse material, a larger quantity of suspended matter might be allowed

“to pass away in the liquor, without danger to the filters, than at another place

where the liquor was to be treated upon fine-grained filters. Again, where it

was of the utmost importance to have as little sludge to deal with as possible, and

.. - where the filters could be washed and re-made cheaply, the digestion of the

~ +..:... sludge would be of greater importance. than. the settlement of the suspended
... .matter; whereas, at another place where ample facilities.for dealing wita
. ..sludge existed and where filtering material could only be obtained at high cost,

*the teverse would be the case.

. The question of smell arising from the septic liquor during its distribution
would also assume greater or lesser importance at different places. Generally
‘speaking,very slow passage through the *ank tends to increase the risk of nuisance
from smell. : ' ‘ o

- In.a number of caseggowing fo long. sewers or to the use 'Qf .the sewers
for storage, the sewage is “gheady in' what is called a “septic ”’ condition when
it reaches the sewage works. :

44, The rate of flow through a septic tank is consequently a matter in which the needs

of each place require to be taken into account: but from general experience and a

consideration of the evidence, we think it may safely be said that ot few places should

othe sewage remain more than 24 or less than 12 hours in a septic tank. We think
therefore, that the total tank capacity, excluding the stand-by * tanks for storm watec,

should be equal to the total daily dry weather flow. In designing a sewage works where

septic tanks were to be adopted, never less than two tanks should be provided, and these

should be so constructed that one tank alone could be used at a time. If better settle-
ment became necessary, it might be found that this could be effected by using the
tanks in series and adding small quantities of some precipitant to the liquid as it passed
into the second tank. - ' ' 8 :

45. Colonel T. W. Harding and Mr. W, H. Harrison carried out a series of experi-
‘ments at Leeds, in which flows sufficient to fill the septic tanks in 12, 24, 48, and 72
hours were compared. The results showed that at that place, and using simple
rectangular tanks, a rate of flow sufficient to fill the tank once in 24 hours was the best
economic rate. Rates of flow slower than this gave only slightly better results as regards
_suspended matter in the tank liquor, and greater rates of flow brought out more suspended .
matter than it was thought desirable to send on to the filters. The experiments showed
ralso that; if the flow was increased to a rate which filled the tank in 12 hours, the tank

-* As to “Stand-by ” tanks seo section dealing with treatment of storm water sewage, p. 204.

T ; S S

City of Leeds, June, 1905, p. 66, as follows :—

*
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 beoame choked with.sludge before septis action wasinduced. 'The figures of analysis for

the different rates of flow are given in the Report, on ,.Esper-im,e.ntg in SewageDlqusal,
Average Analyses referring to the ‘effect * of “different ratés of flow 'throvg}i “open
Septic Tanks. e : . ~

12 hours’ flow. 94 hours’ flow. | 48 hours’ flow. | 72 hours' flow.*
e O [ER R N Y S B T S R S el ,
‘ - ‘ Per- Per- ‘ Per-
 Grains per ga“fm- o 'celr)ni;ge Averas cenizge Average | centage . Average| contage
L LAY e reduction) vr;r:;gi;e reduction| - SI"8% reduction dm}ysigs‘reduébiox}
analysis. {on crude | P lon erude | Y8181 on crude { “ Y fon erude
sewage. sewage. © | sewage. sewage.
Total solids - - - -] 8TT |- — "] 782 L 786 | —. 1 739 boo—
Suspended Solids - - -4 192 1 52 114 71 109 . 73 9-9 76
Free‘Ammonia% S . 156 22 151 24 | 162 19 179 | - 37
Albuminoid Ammonia - - 0-54 50 © 045 58 0-38 64 034 | - 52
Oxygen absorbed in 4 hours | 521 | 45 484 | 49 430 | 55 359 | 55
at 80° F.

* Experiment at later date with weaker sewage.’

< .46. Dr. (}J ; Fowler,in his evidence relating to Manchester (May 12th, 1905 ;. answer
to Question 22773);:says:— .

“The most advantageous rate of flow is largely a matter of circumstances. It may

" be roughly taken from available experience that, with sewage of a strength of 40 gallons

per head, about 24 hours’ flow is desirable ;-with a greater flow per head (the organic
matter remaining the same) the rate may be gorrespopdmgly quicker and, with a less
flow, less. Our knowledge on this subject is very imperfect. One may say, at any
rate, that time must be given for settlement of the grosser solids and hydrolysis of the
lighter - suspended: matter. - Much, of course, depends on the length of travel in. the
sewer; with a-long-travel the vSlmp.le...herolytlc -changes will: already,betzalmos‘a
complete, whereas, on the other hand, in. latrine sewage the matter entering the ‘tank
may be practically in its original condition. There can be little-doubt that the -chief
activity of the septic tank resides in the sludge and this needs to remain in the tank a

very long time for thorough diges‘;ion to take place.” -

In answer to a further question (22979), Dr. Fowler stated that 24 hours stay in
the tank is the longest time he would allow. : .

Messrs. Watson and O’Shaughnessy, in their evidence relating to Birmingham
(May 18th, 1905 ;- answer to Question 24983), say :— : _

“ The actual mean rate of flow through the first set of tanks is "87 feet per
minute, and through- the second set of tanks '32 feet per minute. This rate of flow is
sufficient to-set up most vigorous fermentation, and results in the destruction of very
considerable .quantities of organic matter, as-evidenced by‘ the copious fw?l}monof; gas
from the tanks,and by the increase in the amount of ‘free ammonia’ 10 the tank
liquor. A quicker rate of flow is detmmen_tal to the septic action. The action is
continued in the large conduit, the liquor taking something like 6 hours to traverse it.
At the end of the conduit is a Dortmund tank installation, and here we have been able
to make some interesting observations on the behaviour of this already highly septic
liquor. -We consider that septic treatment of Birmingham scwage for a period of at
least 24 hours to- be. distinctly advantageous. At the present tine this'is:as niuch as -
we can say definitely. The observed effect of additional septic treatment at the end of
the conduit, in the Dortmund tank, is a great increase in the number of micro-organisms
in the tank liquor. . We consider that the rate of flow should depend very largely on
the strength and on the chazacter ’of-thepa.rtlcular‘sewage to be-dealt, w:xth—«a st;onger:
sewage requiring a.longer time, and certain constituents of sewage being more easily |
broken down than others.” ' ,

Ed
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47. As regards the question whether it is possible to “ over septicise ” a sewage,
several witnesses have stated that if sewage be kept too long in the tank, the amount
of sulphuretted hydrogen produced is considerably increased, and some witnesses have
expressed the view that too long a stay tends to impair the subsequent oxidation of
the sewage during its passage through the filters.

Should Septic Tanks be closed or open ?

48. We are not aware that any comparative observations have been made of the

~relative merits of closed and open tanks in the case of a domestic sewage, but

comparative experiments have been carried out at Birmingham, Burnley, Leeds, and
Manchester, which show that, as regards digestion of sludge and quality of tank
liquor, the closed tank possess®s no advantages over the open tank.

~ 49. In cases, however, where it is important to avoid nuisance from smell, our
experience shows that the closed tank is generally preferable.

At Exeter, Yeovil, Andover, Hartley Wintney, and Prestolee, where the tanks are
covered in, the smell from the tanks themselves is almost entirely done away with.

At Accrington, Leeds, Rochdale, and Burnley, where the tanks are uncovered,
there is, as a rule, appreciable local smell.

At Sheffield, the nuisance arising from the open (experimental) septic tank was so
pronounced, that the men on the works raised strong objections.

At Gosport, a very serious nuisance arose from open septic tanks, which was almost
entirely done away with by completely roofing over the whole ofthe tanks and channels
at the works. .

At Guildford and Carshalton it was found necessary to put a rough covering
over the tanks. In both cases the smell was largely diminished as the result.

At Ilford, a substantial roof is now being provided, to diminish thé smell.

On the other hand, at Birmingham and Manchester, very little smell arises from
the open septic tanks. This is no doubt accounted for by the fact that the sewages
contain manufacturing waste, iron salts in the case of Birmingham, and iron salts and
tarry matter in the case of Manchester.

50. Asregards closed tanks, we may observe that a roof somewhat hampers sludgin
operations, and further, that care is necessary to avoid explosion of the gas whic

accumulates under the roof. Serious accidents have been caused by the explosion of
the gas in closed septic tanks. :

L]

Arrangements for removing Suspended Solids from Septic Tank Liguor before it
: 18 delvvered to the Filters.

51. So far as we know, none of the attempts to screen septic tank liquor by passing
it through a short depth of material have been successful. At Leeds a layer of fairly
fine material was suspended in a small septic tank in such a way as to cause the
liquor to pass through it before leaving the tank. The sludge lying at the bottom of
the tank, in rising to the surface as a result of the evolution of gas completely
clogged the bottom of this material and rendered it worse than useless for screening
purposes.

At Ilford and Guildford layers of coarse material have been placed at the outlet
sills of the tanks, but it appeared to us that this arrangement was indfective.

At Chester a plan similar to that tried at Leeds was followed, but after a short
time the straining material became seriously choked with the suspended matter rising
from the bottom of the tank. The tank liquor consequently forcing its way to the
surface through special channels, bringing a great deal of suspended lﬁ’atter with it.
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9. At Salford, precipitation liguor is forced by 1_1ead of water (5’ 6”) through
a la}?ezr of medium ,tg coali'se gravel (3 to 1} inches diameter), three feet in depth,,,
laid at the bottom of some specially constructed tanks, called “ Roughing filters.
This plan undoubtedly removes a very considerable quantity of th’(’a. suspended
matter from the precipitation liquor. The area of these ““ Roughing filters ” is, however,
so small compared to the volume of precipitation liquor to be passed through them,
that they can only deal with two-thirds of the flow, the gravel being almost always
more or less clogged. About 8,000,000 gallons”of precipitation liquor are, on the
average, forced through the Roughing filters” per day, and as the total area of
filtering material in the tanks is only 2,040 square yards, the average rate of ﬁltl.'atlo.n
is roughly 4,000 gallons per square or per cube yard per day. The mya,tgmzl in
the “ Roughing filters " ot Salford is washed by upward flow once in every six aljzys"
each filter working for five days and resting for one. Omee a year the gravel is taken
out and thoroughly washed. The average analysis of the Salford precipitation liquor,
after it had passe(i'

follows :—

4.
1.9 03 and 190 Parts per 100,000.
47

Oxygen absorbed from permanganate in four hours -

Alkalinity as calcium oxide - - - - - ?85
Free and saline Ammonia - - - - -

Albuminoid Ammonia - - - - - - - :45
Nitrogen as Nitrates and Nitrites - - - - - .17 2
Chlorine - - - - - - . - . 14.1
Suspended solids - - - - - - . - 29

Mr. Carter Bell stated that it has been found practicable at Salford to remove 23226

about 75 per cent. of the suspended matter of the precipitation liquor by means of
the roughing filters.  *

53. At Friern Barnet the precipitated sewage is given a two hours’ contact in
contact beds, called roughing filters, before it passes to the low level percolating filters.
These roughing filters consist of medium-sized clinkers, four feet nine inches in
depth. They remove a considerable portion of the suspended matter from the
precipitation liquor, and may be looked upon as primary contact beds.

Straining tanks of a somewhat similar kind have been in use at Wimbledon for
a number of years. In these, however, the filtering material (three feet in depth) rests
on a false bottom, some distance from the bottom of the tank, and the sewage entering
at the bottom of the tank flows upward through the material, a large portion of the
suspended matter settling upon the floor of the tank .underneath the material. The
tanks are cleaned at short intervals of time. We believe the plan has been found to

work well.

54. At Birmingham Mr. J. D. Watson interposes modified Dortmund tanks Watson,
between the septic tanks and the continuous filters. He states that the average of 25001.

nearly a year’s observations shows that the Dortmund tanks removed 75 per cent. of the
suspended matter from the Birmingham septic tank liquor. It must be remembered,
however, in regard to this, that the Birmingham septic tank liquor contained a large
quantity of suspended madtter, the average amount for the year 1904 being 19'5 parts
per 100,000, If Dortmund tanks were used for the settlement of tank liquors
containing only small quantities of suspended matter (say five parts per 100,000), they
would, we think, é)robably not be as efficient as some straining method such as that
adopted at Salford. '

55. A special tank has been designed by Dr. Owen Travis for the further
removal of suspended and colloidal matter from the septic tank liquor at Hampton.
We have not, ourselves, been able to make any observations on this tank.

[ 4
Limé Precipitation following Septic Tank Treatment.

56. From some experiments which we have carried out at Dorking, we find that,
by passing septic tank liquor through tanks of a size sufficient to hold about one
quarter of the 24 hours flow, with the addition of from 2 to 8 grains of lime per gallon

6225—1I. E

through the roughing filters, is given by Mr. J. Carter Bell, as Bell, 23207.
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to the liquof, the suspended solids are reduced from 8 to 5 parts per 100,000, a

considerably larger quantity of the liquor can’ be purified per cube yard of filter,«
and the offensive character of the septic ‘tank liquor is largely -destroyed. * 'The';{

solids which are chiefly reduced are those which are volatile.

In many cases we think that this combination of septic tank trea,tmenpand,‘

precipitation will be found to be useful. .

We have, however, had no experience of this arrangement on a large scale: -

- A small quantity of lime (dbout 1 grain per gallon) has been added to the septic:
for some years with a view to aiding subsequent nitrification -

tank liquor at Blackburn
on the filters. '

. , {CHEMICAL PRECIPITATION. . . . .

* 57. There has been a tendency on the part of certain authorities to regard-the
Our -

" chemical precipitation of sewage as an obsolete form of preliminary treatment. :
experience in no way justifies this view, and while we are not able to lay down any
precise rules as to the particular cases in which chemical precipitation should be
adopted, nor as to the relative cost and efficiency of the various precipitants which are
available, we think it may be useful to state generally the results of our observations.

In the case of some,sewages, whichi contain trade waste, it is almost essential to
subject the sewage to some form of chemical treatment before attempting-to oxidise
the orgajic matter contained in it, and in the case. of domestic sewages, chemical

precipitation materially aids the deposition of the suspended solids, and facilitates
subsequent filtration. _ . '

seww o B8, The actual amount of suspended solids remaining'in the sewage after chemical

precipitation varies according.to-a number of factors, but in the.case of a-domestic .

sewage, which is allowed to stand and settle for about 2 hours, it 1s practicable to pro-
duce a tank liquor containing from 1 to 4 parts per 100,000. Where the settlement
is effected by continuous flow through. the tank, at an 8-hour rate, the suspended
solids:may be brought down to from 3 to 6 parts. per 100,000. .. . : ; s

59. Excepting for ‘the results relating'to’ the Dorking sewage, which are given -
below,; we have: ourselves: made  no comparative experiments with regard to the-
relative cost and efficiency of the various substances used ‘for the precipitation of -
sewage. We have, however, had some -experience of the following precipitants, at
works which have been under ouobservation :— R ‘ :

Lime. R

Lime used in conjunction with Copperas (Ferrous Sulphate).

Lime used in conjunction with Alumino-ferric:- ’

Alumino-ferric. : Lo

Alumino-ferric used in conjunction with blood, charcoal and clay (A.B.C.
process).

Ferrozone.

Ferric Sulphate.

Sulphuric Acid.

At most of the works where domestic sewage has been treated, alumino-ferric has
been the precipitant used. - At some of the works, this precipitant has displaced
ferrozone on the 'score of economy, and at Chorley, a considerable saving in cost

(about £1 per million gallons) was effected by the manufacture of alumino-ferric upon
the works. ‘ o

- At Dorking, although we did not experiment with equal aggregate quantities, the
results of a series of experiments led us to the conclusion that a better result was
obtained from a mixture of lime and alumino-ferric than from alumino-ferric alone.

“The same conclusion, we believe, resulted from experiments made by Mr.
Creer, the City Engineer of York, with the sewage of that city. Owing to its low
solubility in water, lime requires automatic machinery for erushing and mixing before

it can be effectively added to the sewage, and for very small sewage works its use
would not be economical. ‘

60. The following table gives a list of places where domestic sewage alone; or

‘ miqu_with small quaqtities of trade refuse (as a rule brewery or tannery waste), is -
precipitated, the quantity of precipitant used, the dry weather flow of sewage, and
the cost of the precipitant :— : o

PRSI
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' ... TABLE L .
! | Q"m?ti:y (f | DK | * Cost of Precipiltant
recipitant | weather il Hlons..
Pa a deI()i (in | flowof If"r million gallon
. grains per | sewage -| Character Year
Place. Precipitant, gallon). |(treated by of Based on | Based on .
Based on the Sewage. dry- average
‘ 32»3&3; Pm&l&ma ’ weather %aily
flow. process). flow. ow.
~ ' Gallons. £ s d| £ s d ‘1'903
Withnell - | Alumino-ferric - 15-7 10,000 |Very strong, 5 6 0 : ‘ -
) 215 0| 1902, 1903,
Radcliffe - | Alumino-ferric - 8-0 800,000- 1904 & 1905.
T - B ] , *
Calverley Alumino-ferric - 175 12,000 |Verystrong 210 0} 1904.
ino-forri - . 17 6
Heywood ~ -.| Alumino-ferric - 80 | 630,000 | Average
o Ferrozone - - 80 | 630,000 | strength. 1 6 6
. ; - -
Guildford - | Alumino-ferric - | 8-0 | 300,000 Verystrong; 2 20 'l 4 5 1905.
Horfield + | Aluminoerric - 50 40,000 | Average | 110 0| 017 6 1905.
: ' strength.
!
Normanton - | Alumino-ferric - 6:7 | 175,000 |Very strong' 1 . 5 0 1902 to 1905,
Hendon g| Aluminoferric - 55 | 950,000 Rather 013 3 1906.
‘ « " strong.
Chorley - | -Alumino-ferric - 90" |: 900,000 | Average- 012 10 1902.
: strength.
" Rogton - | Aluminoferric - | © 222 | 367,500 o 6 73 1906
Buxt Natural Iron- e
i water - - 6-7} 12 to| 750,000 0 4 6 1906, -
Milk of Lime - {6 13 .
I . 15 8 11902,1903 &
i - | Lime - .-15%6 ) Averagg . 0 )
I?orkmg Allrtxllmino-ferric -39 } 911 200,000 strength. 1904.
FriornBarnet| Lime - - 404 .0 Lime 5/1
ror e e snoforcic - |2:0 | 00 330,000 Alumino- |0 12 8%
ferric 7/7%
- York - - | Lime .- - 57T }10.0 3,750,000 | Average 1010 7 1904-1905.
Alumino-ferric - |43 strength, or ;
. perbaps
under
average.
Willesden - | Lime - 13851 aiaylaa. Lime 1/5°38 o
! i Alumino-ferric - 5'46} 9311 1,930,950 Alumino- 0 10 0
L 1 ferric 8/6'5
i i . o : ‘ o | Three years
Ealing - | Lime f— S ég} 60| 1,000,000 06 9| o ding
; , Aloming-ferric - R o Morch. 1006
Leyton - | Lime - 150 ‘ o
Hanson’s 990! 3,000,000 311 0 1905-1906.
Sulphurous - T g
Powder - - 701}
~ Kingst - | Alumino-ferric, - .
mgs o bloltl)d, charco:’i],- 500 9.750.000 Average 3 4 0 19021,9%&03&
and clay (A.B.C. : R strength. .
process) - - - .
Rochdale - | Alumino-ferric - (7'3 9. ‘ v t'. . 1 8 7| 1904-1905.
Sulphurie Acid - |47 } 12:0| 2,000,000 |Very strong

Nore.—It will be observed in the above table that at nearly all
however, it must be st

precipitant the cost is relatively low. In regard to this,

refer to the lime alone and do not include any charges wi

the places where lime is used as a

th respect to the mixing.. T

think, from 2/- to 10/~ per million gallons, aceording to circumstances.

6225—I.

ated that the figures'of cost
his might add, we

“E2



32

( 61. In Table II. some of the places where we have made special observations are

- arranged in the order of percentage reduction in suspended matters. The figures for

Withnell and Calverley are not included, the flow of sewage at those places being too
small for proper comparison with the others.

TABLE II
1 @« :
s%  AESywyd Strength of | g ook
'g'gé §J'§ oné ‘g’ gg‘i"‘ Cost of precipitant pretl:;p‘llt::xon of crude
o g B|™EAE|S a.‘:§- alone per million oalcu?ate don | ®eVege
Place.  [Precipitant. Fs § 2 "5:§ dg 53 3 3 gallgns, based on the basis sug- lct:lgu.-
S ZIET S g the average ated in
g% SEERREEEE5E iy fow, fosted by Dr. | " imilar
E§8 B8 _5' g ;.9. cGowan, ses manner.
A3 <§% 4.32&0 p. 16.
£ s d
Kingston - | Alumino- 95 500 15 3 40 51 94
_ ferrie,
blood, | *
charcoal, ’
and clay
(A.B.C.
process) .
Horfield - - | Alumino- 93 50 25 17 6 (approx.)| 36 88
ferric
Chorley - - A}um_ino- 9 90 29 1 0 2* 60 106
erric
®
Heywood - A}umjno- 82 80 50 176 42 (approx.)
erric
)
Dorking - - |Lime - | 82 | 90 70 15 8 (approx.)| about 60 95
Hendon - - | Alumino- 80 ’ 55 55 13 3 58 110
ferric i
| |
i
Rochdale- - | Alumino- 79 12:0 78 1 87 77 203
ferric and
sulphuric
aci i
Guildford - | Alumino- | 75 65 146 1 45 171 194
ferric '
Normanton - | Alumino- 87 67 180 1 50 112 235
ferric
York - - |Lime and| 64 100 77 10 6 63 115
alumino-
ferric

62. In comparing the costs in Table II., the influence which the suspended matter
left in the liquor has upon the life of the filter-beds, used subsequently, must be
specially borne in mind. For instance, according to their calculated strengths, she

ingston and Chorley precipitation liquors would require about equal filter areas,
but the Kingston liquor only contains 1-5 parts per 100,000 of suspended solids
against 29 parts in the Chorley liquor, and on the assumption that the
rate of clogging is broadly in proportion to the amount of suspended matter in
the liquor treated, if the two liquids were treated upon equal areas of contact beds,
the filtering material would require washing twice as often at Chorley as at Kingston.
The amount of colloidal matter is not great in either liquor.

The A.B.C. process is, undoubtedly, a very efficient form of chemical precipitation,
and the dried sludge produced at Kingston is sold by the company.

In regard to all tank processes, it may be remarked that the greater the amount

of suspended matter in the orisinal sewage, the easier it is to obtain a good
percentage reduction of the suspended solids.

* This figure applies to the year 1900, when the alumino-forrio was bought. At the present time

(190(;)6dwhen the alumino-ferric is made on the works, the cost of precipitation per million gallons is
12:. 10d.
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peri :od out under the Massachusetts State Board of Health,
M .2?1 InI-;hg:: ﬁ&?ﬁ?gg cl?rﬁ;?dli?ne and ferrous sulphate, ferric sulphate and alu-
i anl }?ate as used in various quantities upon the St. Lawrence sewage during
tlsllllmu'rgars u1889 Report of experiments upon the chemical precipitation (1){f sewage.
St:tcya Board of %ealth, Massachusetts, 1890). The sewage was a very weak one.

The following are quotations from the summaries given in the Report by Mr.
Hazen on these experiments :—

The Comparative Advantages of the Different Precipitants.

«Tt does not seem to me that the slight colour given by the use of iron

Sy R TS . ifferent
¢ i objection in judging the merits of the di
O COIISlge‘I“Sg ?:3 ré]membered that when alum is used, a small
L processes. it Sh0 i i fluent, but being white, it
“ pox'tion of the alumina is really present in the effluent, bu g ,

«{s not noticed as is a corresponding arhount of iron. -

i i ing to the large amount
¢ i ess has little to recommend it. Owing to th :
¢ of l" Th?;!t:g Fer(q)ﬁired and the difficulty of accurately adjusting the lime tg
“ 0h s e, very close supervision would be required to obtain a gcl)lo
“ :'e:mzew:tlgd’ even then, the result is inferior to that obtained in other
b ]

“ ways. . . -
. ou s station by copperas is also somewl}at co.mphcat_:ed, owing
“the Eggggg:;uoofn geg;ingpt e riiht amount of lime mu;ed Wllth' thebstz‘i;aﬁ)
«before adding the copperas. When this is done, a good resuht is t(l)x ined.
«The amount of iron left in the effluent is much grea@gr than the

« gulphate owing to the great solubility of ferrous hydroxide.

i lum have the advantage over both lime and
u ; Figrlilfﬁlp?::?r a:(li(}iitgon in concentrated solution can be accurateﬁy
ucoPEGrlle’d and the success of the operation does not depem'i upon 1;1 e
“con !:f;te a’djustment of lime or any chemical to the sewage. l‘l;le reiu ts
“ac.‘é‘l‘l ferric sulphate have beenyon the whole, more satisfactory t.dg.:x . 9:;
“ w!th alum ’1Phis seems to be due in part to the greater mplh:; y fwtlhe
“ W]lnich reéipitation takes place and in part to the greatgrhwelg. hof the
uw ol i&te It is probable, from the .greater ease w;t Y&;hlc e ¢
. Pr? hI;te is precipitated, that it would give a good result, wi I: .sewa%
“ iﬁ It); was not sufficiently alkaline, to precipitate alum at om:f. lts quite
“« . ible that the same process would not give equglly good lres;u 8 upo'r:
« pﬁsi(lin ds of sewage. gpecial sewages Imay Tequire s.pecua,f ttﬁ'eatnsu’z;la.l
« %‘or this reason, and also on account of changes in the prices of the se

¢ chemicals, it is impossible to say that one precipitant is universally better
Rt T .
¢« than another.

clusions. . . .

Con « Using equal values [i.e., as regards price] of the dlﬂ‘ﬁrent pre&plta,ntsé
« gpplied under the most favourable conditions for eac; },‘%ponN e ;ls‘?u;s
Mt £ the best results were obtained with ferric sulphate. Nearly

sewage, : btained with copperas and lime used together, while
“good results were 0 inferior effluents. The range of these
«Eme and alum each gave somewhat interior S B O il
‘ 1melts was. however, comparatively narrow ; and lis.ma,{1 e tha vvf h e
“rei:}a o of a different character, or with variations in Pt }? rices o ho
w lsflemlca,ls it would be advantageous to use COPPGIilaSI.Wl 1 f}tm_e, orl et"’on
“cl W’hen lime is used, there is always so muc 1!}1? eft 1n 8o lltl.
u :hl;?'it is doubtful if its use would ever be found satisfactory except in

. "
« cage of acid sewage.

i i i g with precipitants have been made at a

O s tc:vr?xga:‘:g‘;?ti?a:%grtrlﬁznéountry ;pfog' ilzlstance,‘gt Glasgow, amongst

e eriments« f the same kind, Mr. Thomas Melvin has e.xgelemented with sulphate

of ‘stamm emme(tll t?e(l)'ric sulphate, both used in conjunction with lime. Tllll'? Sulﬁ)ht’i‘te of

::).1f alpmm&.aérg/ A1, (SO4), ), which was. bought, cost 33s. per tim’ w 11 eftt, lfe tﬁﬁﬁ
s&llgll;z:e( (9% (ii‘e), ‘made upon the works, cost 11s. 3d. per ton. In eacho

(which extended over long periods) 8 grains per gallon of the precipitant were used in

conjunction with 4 grains per gallon of lime.

We understand that ferric sulphate and
lime always gave the better result. .
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Fowler, 22758.

Watson 24968.

" Harrison, 21979.
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.~ 8ir Thomas Wardle (“Sewage Treatment and Disposal”) also obtained good

-] l'eci .mt. s s s . . .
ghiefpixngr::ﬁe;?ults by the use of a mixture containing basic ferric sulphate as its

In his evidence relating to Manchester Dr. G. J. Fowler stated:— -

ot “ I have had experience with various chemicals, viz., lime and capperas,
“ferric salts and alumino-ferric, but have not gone very exhaustively into
. their various merits. Iime and copperas give a precipitate which readily
j settles, and lime is ugeful where flushes of acid have to be neutralised. On
‘ the other hand, their use requires constant and skilled supervision, and
“is therefore less suitable for small works than alumino-ferric, where a given
. quantity can te added. from time to time and be left to dissolve in the
'* incoming sewage. Ferric salts I have not found to give so rapid pre-
“ cipitation as either the. lime and copperas or the alumino-ferric. The
“preclpltatp appears more finely divided than either of the others. More-
“ol‘;er, ferric salts, unless made on the works, are not readily obtained in
y the quickly soluble and, at the same time, transportable condition. The

following are prices per ton delivered at or near Davyhulmne, showing that

“for equal weights, lim d
« almigo-fen-ic E_ ) e and copperas are undoubtedly cheaper .than

“Lime ... . ew 11s. 6d.
“ Copperas ... 21s. 6d.
“ Alumino-ferric ... 40s. 0d.
¢ Ferric sulphate ... we - 23s. 6d.

“These prices will, of course, -vary in different parts of the country.”

Binn?rilghi.m ]?s ;V;:&sgll and Mr. F. R. O’Shaughnessy, in their cvidence relating to

) “Milk of lime added to the crude sewage was used as a chemical
“%'eC}pltant for many years, and was totally discontinued in February, 1901.
uring the last twelve months of this process the tank capacity at the out-

“ fall works consisted of two installations of tanks, which were worked in

“geries. The mean period of sedimentation in the preliminary tanks was
:: 33 .hours, gnd in the secondary installation of tan}zs the m:yan period of
¢ sedimentation amounted to .5} hours, giving a total mean period of
" sedimentation for the limed crude sewage of 9 hours. The flow of sewage
o forlthe last twelve months of the process was estimated at twenty million
“ %1 gas;hge;e rd;.gil()!;l‘li; pro;;?lrtlon of llime added to the crude sewage was
$ , bein e i 5
« dry Timo e aily. g equivalent to a quantity of 15 tons 6 cwts.

“The following analysis will indi .« ge s
‘“upon the crude se%vage )-,— ill indicate the effect of this liming process

Parts per 100,000,
Year 1900,
Dissolved Solids. Suspended Solids,
dee Sewage S L 1291 - 676
Preliminary Tank Liquor . . . 138 16-3
Final Tenk Liquor - - - . - . 1332 4:2*

Mr. Harrison, in his evidence relating to Leeds, stated :—

*“ Several precipitants have been tried u
A r : pon the Leeds sewage i r
“to obtain their relative values, but the question of cost ﬁfse r:gt obrg:n

‘# Ty must be borne in mind that the Birmingh \tains i : . \
so these good results cann t bo ascribed to the ix:x!: :ﬁ)v;:'ge contains iron salta in considerable quaatity,

~ brewery waste in the sewage, very large quantities of lime have to
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. wconsidered. ; The most effective precipitant was a mixture of fernic salt and

. . “lime, closely followed in merit by aluminum sulphate and, lime. These two
“ precipitants were almost equally effective, and were followed-in order of
“merit by alum and lime, ferrous. sulphate and lime, ferric salts, alum and
«ferrous sulphate. The last was practically valueless.” : C

M. Carter Bell in his evidence relating to Salford, stated -

« We have tried many systems of sewage purification and combinations
« of chemicals. The best and most economical results have been obtained by

# the use of lime followed by salts of iron.”

Mr. Bolton, in his evidence relating to Heywood, stated :—

«T have tried various chemicals. - Iron and alumina compounds have
«“been used under such trade names as alumite, kremnolite, ferrozone,
« glumino-ferric, etc. Alumino-ferric is the best precipitant tried at
“ Heywood. With an addition of 8 grains per gallon, a purification of -
“ 62 per cent. is brought about. This equals £1 7s. 6d. per million gallons.
« Ferrozone under the same conditions brought about a purification of 57
« per cent., equal to a cost of £1 6s. 6d. per millioa gallons. Thus, for 36

“ ger cent. reduction in price 8 per cent. less purification was obtained
““ by ferrozone.”

. 65; Where the sewage, by reason of the discharge of large quantities of trade
refuse, is of a special character, special ‘precipitants have, of course, to be used. -

At Bradford, where there is avery large proportion of wool-scouring refuse in
the sewage, sulphuricacid is used as the recipitant, in order to separate the fat,
which is afterwards extracted from the-s udge. : '

“ .

At Rochdale, where on several days of the week, owing to the discharge of
wool-scouring refuse, the sewage resembles that of Bradford, sulphuric acid is
used to neutralise the alkali in the wool-scouring refuse after the precipitation of

the sewage with alumino-ferric,

At Burton-on-Trent, where there is a largely reponderatin% quantity of
e

added.

Ways of adding chemicals.

6. Chemicals are most effective in precipitating a sewage when they are added in
the form of a solution. : :

In practice, however, the addition of a solution of precipitant to a sewage is not
always so economical or offective as the use of the precipitant in a solid form, owing
to the fact that it is advisable to vary the quantity of the solution with the varying
strength of the incoming sewage—a matter of some difficulty at a small works.

At a large works, where the addition of the chemicals can be properly supervised, we
should think that, with the exception of lime, all chemicals should be added in the
form of a solution. Lime is best added in the form of milk of lime, as it is not
very soluble in water, and its addition in solution, involves the use of large quantities

of water or sewage.

At medium-sized or small works it is usually found best, for economy of labour,
to add such precipitants as alumino-ferric or ferrozone in the form of a_solid block,
placing the bﬁ)ck in the sewage channel so that the top of it projects above the level -
of the sewage. In this way the largest ?uantities of precipitant are dissolved at
those times of the day when the flow of sewage. is. greatest. :

-

 Bell, 23218,

Bolton, 21107.
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67. At- Horfield and Hendon we found a simple and effective way of adding
alumino-ferric in the form of a solution. The quantity of precipitant required for about
24 hours was, each morning, put into a box with a false bottom, and the alumino-ferric
was dissolved by allowing water to drip on to it. During the daytime, when the box
was full of precipitant, and when the sewage was strongest, a larger amount of the
alumino-ferric was delivered to the sewage, owing to the solution being then stronger

than it was at night, when almost all the precipitant had dissolved away. Moreover,
the dose could be varied at will by increasing the flow of water.

This plan appeared to us to be rather more effective than the method of placing

blocks of the precipitant in the sewage channels, though that method is also in the main
satisfactory.

We have had no experience of copperas used alone ; in the cases that have been
brought to our notice, it has been used along with milk of lime. In these cases it
has usually been found best to add it after the lime.

Immediately after the addition of any chemicals the sewage should be churned

up 80 as to produce a thorough mixture. This can be done effectively by some
mechanical apparatus or by baffling boards.

SoME OBSERVATIONS AS TO THE RELATIVE CosT OF VARIOUS
PRELIMINARY PROCESSES,

68. Local conditions and circumstances must always be the first consideration in the
selection of a process for the preliminary settlement of the sewage of any particular
place, and it is not possible to give figures of cost which would apply generally.

We think, however, it will be useful to compare the various processes in common
use in a hypothetical case in which we assume :—

That ample fall is available ;

That the sewage is of a normal domestic character and of average strength ;
That the flow_of sewage is 1,000,000 gallons per day in dry weather ;
That all tanks are of simple construction, and rectangular in shape.

The processes which we propose to compare are :—
Septic tanks ; :
Continuous flow settlement without chemicals ;
Quiescent settlement without chemioals ;
Continuous flow settlement with chemiocals ;
Quiescent settlement with chemicals,

Comparative Capacities of Tanks.

69. From our general expeiie_nce and from a consideration of the evidence we think
the various lengths of time required for settlement and the number of tanks may, for
the purpose of this comparison, be those shewn in the foll

owing table:—
) *Total Capaocity
Pre_limmary Process ) Stay Nurﬁxobt’::' of N;usmbe;r of Tan
(arranged in order of tank capacity). in Tanks. Tanks. °T ° required
. Anks. Anks. (gallons).
‘Continuous flow settlement with chemicals 8 hours 8 2 444,440
Coutinuous flow settloment without chemicals - | 15 hours 8 2 833,333
Quiescent settlement with chemicals - 2 houra 10 2 1,041,660
Quiescent sottlenfnt without chemicals - 2 hours 10 2 1,041,660
Septic tanke - - . . . 24 hours 6 1 1,200,000

* The tanks would be sufficiently large to deal with 3,000,000 gallons per day in times of aiorm.

o
Initial Cost of Tanks.

' i iti G. B. Kershaw, our
stimates of the total tank capacities, Mr. G. ] ,
Engizggrmhzr: p:g;::eg drawings for each preliminary process, from which he has taken
out comf)le'te quantities, and prepared the following estimates :—

Constructional Cost of
Preliminary Process Tanks.

(arranged in order of cost).

Continuous flow settlement with chemicals - - - ‘- - - :2,:;}:
Continuous flow settlement without chemicals - - - - £5,98;
Quiescent settlement with chemical - - .. - . ‘£5,987
Quiescent settlement without chemicals - - - - - - _ £6:891
Septic tanks (open) - S d

Cost of Chemicals.

i ! ipitation of sewage,
' t substances are used in practice for the precipi _sewa
d 7(11‘613? ‘;?)rg(l)rileﬁ:;ignt on the kind of sewage to be dealt with. For the I;recéﬁltanox;
? I()l.erznest;ic sewage of about average strength, however, alumino-ferric is by Taif e ;?:se .
gom(x)non and we have adopted this precipitant 1g o*:rlgypo!‘:llllsia1:1<;:::lgca:ﬁls(:al.1 o 1e4 .a;rpargts
i ipitant used may be put at about 10 gral 43 J
A e 1 1 ies at different places; but taking it at
. The cost of alumino-ferric varie

£;r5zo%g1? (i;)on, the cost of chemicals work out at £523 15s. per year or £1 8s. 8d. per
million gallons of sewage (dry weather flow).

Production of Sludge.

i ins about
ink it mav be taken that, on the average, domestic sewage contains a

35 71%8 ‘Z)‘;estxl;glei(ﬁd mz;tter per 100,000 in dr weather, ‘9:nd that 1,:)00,;);)0 g:llgx;sd;)f
part: age would, in dry weather, produce approximately 1 ton 11 cw ot ¢ Y
e SZ?u(ig ) contai’ning no moisture. Where the quantity of alumino-ferric a eh is
e Igactically the whole of its alumina is thrown out of solution, and snllce there
g excp(;;sw%lg evidence to show that small quantities of dissolved or colloida sew}?gte
m ct(:nm :Zaalso precipitated, we may assume for the purposes of this arglilfentl.ic{ aé

i ;5'3’ n to the 35 parts of suspended matter In the sewage, somet 111; lfe
hy : 1f]g.d.ditiona,l solid matter® must be taken into account. We assuzne, ! %% %1(';36
E}?;tsoﬁr hypothetical sewage, with its precipitant, contains 35-1‘;) 5 =(-1 4((; p:.;ds E}?e 100,000
f suspended matter as it enters the tanks. From this must be deduc | e amoun
Of i ded matter issuing in the tank liquor, and, from a large geperaf exp rience,
. sus;;gn te that the addition of 10 grains per gallon of alumino-ferric Ob‘ u
hy eilgml gewage would produce a tank liquor containing on the a.verageda. tod
hy'P ° etlca er 100g 000 of suspended matter if quiescent settlement werde aOOpti 1,
and p%r st 2‘5 arts per 100,000 if continuous flow settlement were adopted. On this
?)ggisat}f: dry sglid matter left in the settling tanks as the result of these.two pre-

liminary processes would be as follows :— Parts per 100,000.

ipitati i ttlement - - - 36+6-2'5=37"5
‘hemical precipitation followed by quiescent se - “25-ds
gﬁgﬁggl Ig'l;cilﬁtation followed by continuous flow settlement 35+5-4'5=3

13. With settlement of sewage without chemioals, we estimate that the quantity of sus-

. 3 N

The dry solid matter left in the tanks, therefore, would be :—

. Parts per 100,000,
0 : 15 - - - - - - 35— 7 =28
i t settlement, without chemicals - L 10
8::12?;?1%us flow settlement? without chemicals - 36 ) 10=25

: i . eight of Al;(8O,);. If the whole of the alumina

* Aluming-farne i(;lntm:;: o: g1h41¥35g£:: ;2?10%},’030 gf aluminog-gerric would thus give app?nmaﬁel{h2

were procipitated by d . zl Og To.the alumina must be added the colloidal matter ?hrow;a own by the

parts per 100,000 of dr; ric’ uﬂ'o 1 the sewage, and we have estimated this at & proxtx’matt; y 3l parts per
?(c)?)l?)x(l)Od 'tl‘hl:e ?lltl;l:n f?étffe has,phowever, been obtained from a comparatively small number of analyses.

F
6226—1I. - ,
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7%1 In the case of septic tanks the digestion of sludge must be taken into account,

3§ well as the amount of suspended matter carried away in the tank liquor. The
xg:?,h(;n of sludge from a domestic sewage may be put approximately at 30 per
i:ien - of the total suspended matter entering the septic tank, and on the average the
b }%:Oll).a;si:m:}%e f;;n(l) ut;x: sfeptlncd tanlk would contain 10 parts of suspended matter. On
s o of sludge left in the septic tank would be 35-10-10'56=14'5

75. The production of sludge in our five prelimi
would, therefore, be represente dg by the iollown:; glglll::e?: l).rocesses of settlement

‘Sludge left in Tanks

Preliminary Process. (in parts 100,000)
In parts per ) .

— -
Quiescent settlement with chemicals - - - - - . - . 376
Continuous flow settlement with chemicals - - - - . - . 355
Quiescent settlement without chemicals e - e e . - 28:0
Continuous flow settlement without chemicals - . - - - - 250
Septic tapks - - . . . B 145

.k g

g e e R T T SO

“ Taking ‘the average percentage of water in the sludges generally at 90, we obtain

. N . T, N ’ l
the: following’ figures for'the produdtion of wet sludgd by - each’ preliminary ’pro Cass per
1,000,000 gallons :— ' h‘ S '

" Wet sludge (90 per cent. -
water) produced
per million ga'llons of sewage
(dry weather flow).

Pre§minary Process.

Quiescent settlement with chemicals - - . - - - - 17 tons

Contiauous flow sottlement with chomicals - . . - 16 ,,

Quiescent settlement without chemicals - . -~ . .-~ . . . 12

Continuous flow settlement without chemicals - - . - . . 11 :

Septic tanks - - - . . . . . . - 65 ,,
Cost of Labour.

(«) Disposal of Sludge.

*76. The various methods of disposing of sludge are not in cvery case suited to each kind

of sludge. Septic tank sludge, for instance, is rather difficult to press, being usually greasy..

f‘}g; ﬁl:tﬁgap;)ssefs of con;l_)arlison we have sel?fted the plan of shallow burial in the soil, as
or practical purposes e 1l suit i
fronm oach praliminsy pemeas é) P qually well smted for the disposal of the sludge

For the burial of 1,000 tons a yeur of wet slud i
1,000 ge (90 per cent. water), we estimate
that one acre of land with soil of good or medium quality is necessary. On) this basis the

followi . , . o
p(; Océ;:g;gs ?i:as would be required for the burial of the sludge {rom the various preliminary

o Quantity of wet sludge (90
Prehm‘mary Process. per cent. {vutor) produgod( por Area of Land
] annum. required.
e = e . i . e s At o 4 o ot e i m e+ mies e hd
Quiescent settlement with chemicals - . . . 6,205 tons | 6:20 acres
3 ! . r
Continuous flow settloment with chemicals - . - 5810 581
) » *
Quiescent settlement without chemicals - - . . 4,380 438 !
1 n
Continuous flow settlement without chemicals - - 4,015 , 401 )
' ) »”
Septic tanks - - - - - - - - 2,372 ,, 237 -

3)

L]
" The trenching of this land and tha covering of the sludge would probably require
the whole time of two men inthe case of the two chemical precipitation processes and the
quiescent settlement process, and one man in the case of the continuous flow settlement

process. _

In the case of the septic tank process additional labour-would .only be required
when the tanks came to be cleaned out, say, twice a year. On the assumption that the
services of some six men would be required for a fortnight on these occasions, Wwe
estimate that this would involve a labour expenditure of about £30 per annum.

Taking labourer’s time at 21s. a week, and includiﬁg one-third of the manager’s time
at a salary of £130 per annum, the labour cost in connection with. the;sludge trenching
would be as follows :—

Py

Cost of labour and Supervision in connection with
the Disposal of Sludge on the Land.
Preliminary Process.
Per million gallons of -

Per annum. sewage (dry weather flow).
£ 5. d
Quiescent settlement with chemicals 152 8 4
Continuous flow settlement with chemicals - 152 8 4
Quiescent settlement without chemicals 152 8 4
Continuous flow settlement without chemicals . 98 5 4
Septic tanks R - L 73 4 0

e

(b) Working and Sludging of Tanks. .

and sludging of the tanks we estimate that the services of three men

would be required in the case of the two chemical precipitation processes and in that of
quicscent settlement, and of two men in the case of the continuous flow settlement process

and the septic tank process. | .

Taking labourers’ time at 21s. & week, and idcluling one-third of’ the - managet’s
time, at the salary of £130 per annum, we obtain the following figures :—

77. For the workin%

Labour and Supervision in connection . 9
with Tanks,

Preliminary Process.
: Per million gallons of
Per annum. gy, 06 (dry weather flow).

£ 8. d.
Quiescent settlement with chemicals - - - 208 11 5
Continuous flow settlement with chemicals - - - 208 11 5
Quiescent settlement without chemicals - 208 11 5
Continuous flow settlement without chemicals - . - - 152 8 4
. - . 152 . 8 4

Septic tanks - s

Loan Chargss.

- i i land at £100 per acre, and assuming that the loan is raised at
T e P onntan o ual an%ual instalments in thirty

3} per cent interest per annwm and is repayable in e »
ygags, the annual loal.)n charges in respect of the 11}11;13 cost of tanks and of the land on
’ F 2

6226.—1.
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«

which the tank : : . .
the follow’ j;‘ t:t?l?: fnsbructed and in which the sludge is buried would be as shown in

Toan Charges.
Preliminary Process.
Per annum. Per million gallons of
sewage (dry weather flow).
Quiescent settlement with chemicals - - - - - 3-?74 86 g f ?)' g .
Continuous flow settlement with chemicals - - -1 251 4 11 0 13 9
Quiescent settlement without chemicals - - . . 364 7 9 0 19 11
Continuous flow settlement without chemicals - - - ! 314 12 0 17 3
Septic tanks - . . . . . . . | 404 4 11 1 2 2

Total Cost of the Preliminary Processes.

79. Arranged in the order of their tot i i inci
and interest on loans, the five processes aa;'leaar,lsn }15110(;3:1;,_1_ncludmg repeyment of principal

Continuous flow settlement without chemicals - - - 5§4 1;‘ g .
Septic tanks (open tanks) . - - . . . . 620 411
Quiescent settlement without chemicals - - - - 724 709
Continuous flow settlement with chemicals - - . - 1,134 19 11
) ’
Quiescent settlement with chemicals - - - - -1,258 0 9
’~
The details are:—
Per Annwm.
Prelimi P 8 ’ : LﬂbOl;l'm d [ . ‘ ) . N
nary Process Chemicals. Supervi;l:)n. Loan Charges. Total.
. £ 8 d. £ £
Quiescent settl 6 wi i- % % 2 . 4
scen settlement with chemi- | 523 15 0 360 374 b 9 1,268 0 9
Continuous flow settl i 59
inuous f ement with | 533 15 0 360 a5l 4 11 L134 19 11
Quiescent  settlement without —_
oy ithou 360 68 7T 9 724 7T 9
Continuous flow settl t with- ‘ 5
ious fow ement with — 250 314 12 8 564 12 8
Septi - . -
ptic tanks - — 225 40t 4 11 629 4 11
Per Million Gallons of Sewage (dry weather flow).
Preliminary Process. Chemi | Labourand | |
‘ emicals. | Supervision. Loan Charges. Total
o :l_ ——— ‘-l. —i I
Quiescent settlement with chemi- ) 5 9 £ & g Lo o
soen with chemi 1 8 8 19 9 ! 1 0 6 3 & 11
Continuous flow settlement with
e e wi 1 8 8 19 9 0o 13 9 3 2 3
Quiescent  settloment  without —_
chemicals. 199 o 19 n 119 8
Continuous flow settlement with- —
out chemicals. B8 01 3 11on
Septio tanks - - - . —_ 12 4 1 2 2 1 14 6
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In so far, therefore, as the preliminary tank process by itself is concerned, it will
be seen that, on the basis of the above calculations, settlement either by continuous flow
or in open septic tanks is only half as costly as chemical precipitation. It will be
noted that quiescent settlement, as compared with continuous flow settlement, does
not add greatly to the total annual cost, while it gives distinctly better results.

Filtration of Tank Liquor.

80. Inmost cases sewage must not only be settled, but must also be filtered, and it is
therefore desirable to consider the cost of the preliminary process ¢n conjunction with
the final or filtration process.

«“ Strength *’ of the Liquors Produced.

From the data obtained at Dorking, Leeds, and Huddersfield, where ~chemical
precipitation (continuous flow), settlement without chemicals (continuous flow) and
septic tank treatment, have been compared on the same sewage, and from our
general experience, we estimate the strengths* of the five tank liquors which would
be produced from our hypothetical domestic sewage, and the approximate amount of
suspended matter which would be contained in each, as follows :—

* *
Strength of Average Amount
Preliminary Process. ‘ Strength of Tank of Suspended Matter
Sewage. : : A
Liquor in Tank Liquor.
Quiescent settlement with chemicals- - - - 100 50 1 to 4 parts
Continuous flow settlement with chemicals - - 100 60 3,6 ,
Quiescent settlement without chemicals - - _ - 100 70 5,8 ,
Continuous flow settlement without chemicals - - 100 80 10 ,, 15 ,,
Septic tanks - - - - 100 80 10, 15,

Final Purification of the Tank Liguors.

81. On the grounds set out in a later section of this report, we consider that the
amount of tank liquor which can be treated on a filter depends upon the strength
of the liquor and the amount of suspended matter which it contains, and further, that some.
flters are more suitable for the filtration of certain kinds of tank liquor than others.
For the purpose of our present comparison we have selected percolating filters com-
posed of rather coarse material, say, 1 to 3 inches in diameter. The rate of filtration
at which such filters could be used with each of the five preliminary processes, 80 a8 to

yield satisfactory effluents, is shown in the following table :—

- o o o Cubie
Content of
Amount of Rate of Filtering
Suspended | Filtration per | Material
- Strength of | Matter in |cube yard per | required to
Preliminary Process, Tank Liquor. | Tank Liquor ay |treatlmillion
(parts per | (dry weather | gallons per
. 100,000). flow). day
(dry weather
flow).
: gallons. cubic yards.
Quiescent sottlement with chemicals - - - 50 1to 4 175 5,714
Continuous flow settlement with chemicals - 60 8, 6 150 6,666
Quiescent settlement without chemicals - - 70 5,8 100-125 . 8,928.
Continuous flow settlement without chemicals - 80 10 ,, 15 76-100 11,494
Septic tanks - - - - ° . 80 10 ,, 16 75-100 11,494

.

* The strength is calculated on the basis of the formula suggested by Dr. McGowan, sce page 16.

.
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The total annual cost of fivesets of percolating filters of coarse material, we have

ealculated to be as follows* :—

.. Total Cost of Filtration, including loan
. charges.
Preliminary Process.
: Per million gallons
Per annur. (dry weather flow).
) £ . d

.Qlulescent settlement with chemicals - - . . . 572 139“ 7 .*1: ls';l-’ g '
Continuous flow settlement with chemicals - - - 661 11 3 1 16 3
Quiescent settlement without chemicals - - . . 66 9 2 2 111
. Continuous flow settlement without chemicals ; -.. - . - 960 8.5 -3 12 8
Septictanks - . . .. oo L 960 8 b 2 12 8

- -~ The total cost of the com

lete treatment i :
therefore be 8s follows 5 . : .en in each case (loan charges included) would

Per Annum,

Tot&] C t f 2
Preliminary Process. Prelimi(:?ar; . T olm'l Cost of Tmlngg:g o
Treatment. Filtration Procoss. Treatment.

] ) . £ 8. d. £ . d, X
Quiescent settlement with chemicals .- -1.1,268 .0 9 [ 572 12) (7 1,8%1 ’0 4d .
Continuous flow settlement with chemicals - -1 1,134 19 11 661 11 3 1,796 11 2
Quiescent settlement without chemicals - - 724 7T 9 |, 766 9 2 1,490 - 16. 11

, Continuous flow settlement without chemicals .- | 564 13 8 960 8. .5. | 1,525 1 1

Septic tanks - . - - - - - 629 4 11 960 8 b 1,589 13 4
Per Million Gallons (dry weather flow.)
! Total Cost of
Preliminary Process. | Prelimi(r’lsar; ‘_Tota} Cost of | Total Cost of com-
' Treatment. Filtration Procoss.| plete Treatment.
| »
. e b

) . . P £ 8 d £ a8 d £ 2 .
Qmes.cent settlement with chemicals 3 8 11 1 11 5 5 (') i
%:or.stmuom flow eettlenfent with chemicals - | 3 2 2 1 16 . 8 4 18 B

ulefcent settlement without chemicals v : 1 19 8 2 1 11 4 1 .7
C‘ontfnuoua ﬂqw settlement without chemicals - i 1 10 11 2 12 8 4 3 17
Septic tanks : R S f 1 14 6 2 12 8 4§ 7 2

* See page 105.
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Arranged in the order of cost the five complete processes are as follows :—

Total Cost per
— . | Total Cost per | xfillion Gallons.
. | unum-. (dry weather flow).
N £ s d. £ s d
Quiescent settlement without chemicals - - - - 1,490 16 11 4 7
Continuous flow settlement without chemicals - - - 1,525 1 1 4 3 7
| - 4 2
Septic tanks (open) - - - - 1,580 13 zt oo
Continuous flow settlement with chemicals - - - 1,796 11 2 4 4
Quiescent settlement with chomicals - - - - 1,831 0 4 5 0

Conclusions.

82. The above figures have been arrived at by making a number of assumptions, but -
they are based upon a large mass of evidence and experience. .

We have not had an opportunity of making compatative observations, as regards
all the processes, at one place.

ros show that there is little difference as regards annual cost between the
procc':l;ggsﬁgfuquiescent and continuous flow settlement of sewage and septic tankf settle-
ment, when these arc adopted in conjunction with percolation through filters o }foarse
material, the maximum difference being only 6 per cent. On th'e other halnd, the tvirlo
rocesses of chemical precipitation are from 20 to 25 per cent. ‘more cost y, than ttbe
cheapest of the simple sett{)ement processes. - As regards this point, however, 1t .musl e
remarkod that sewage which has undergone .chemlcal precipitation corioams :gs
suspended and colloidal matter than sewage which has been passed t;hrougf 8 g:p ic
tank, or than sewage which has been gettled without chemicals, and the;e 011;<_a i ca(.ln
be treated on a filter of finer material, and in that case & smaller number of cu 1cf: ya.r.ts
of material than we have allowed for in this comparison would suffice for 1ts

purification.

i ion, i i here sewage is freed, as far as
In this connection, it may also be pointed out that, where ¢
possible, from suspendéd matter, a large extra quantity may, in ilmes of storms, be passed
through coarse percolating filters, without injury to the filters.

ial cirou 1 icular plan, it would
bsence of special circumstances favouring a partic an,
appei? :lllla?t a:shere is ver}? little difference in annual cost between the various metho}c}s
of tank treatment followed by filtration through percolating filters, assuming lthat t 12
kind of filter adopted in each case is that which is best adapted to the particular tan

treatment provided.

SoME (OBSERVATIONS ON THE Cgo1cE oF TANK TREATMENT.

i i i hould
. m of preliminary treatment which should be adopted at a given place s
depegg n’fal;;lf; uponpthe meansy at hand for the disposal of sludge, and upi)n the cla;lss gz
filter to be used in the subsequent filtration of the tank liquor. If fine fi tltlarsbare (1)1
used for the oxidation of the tank liquor, the tank treatment should generally be such as
will eliminate a large proportion of the suspended and colloidal matter.

i i tion in the section
hall make some further observations on this aspect of the question 1 _
deali:?;ev:iti flters. With a tank liquor of given strength, and containing a given quantlt}t';
of suspended and colloidal matter, 1t is of little consequence, as regards the sx}bsequen
filtration, by what method of preliminary treatment this liquor has been obtained.

"‘ See Loeds Report 1905, pp. 114, 115. 5

%
+ From tho result of the experiments at present in progress at Dorking, the above statement may have

i isati of the' septic liquor and the
: dified. ‘The neutrdlisation of the sulphuretted hydrogen | quo
:i)ig:il;oi?:x::::l 1:Lll(imlinit:y given by the lime appear to allow of a very considerable increase Li the volume

whi‘h may ba filtered per eube yard, greater than would follow from the mere reduction in Su?pcnded solids
offected by this precipitation. '

2
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‘ The nature of the sewage to be treated should, however, be considered in selecting
the tank treatment to be adopted.

Domestic sewages may be divided into three classes, viz. : —
(1) Domestic sewages which are very strong ;

(2) Domestic sewages of about average strength ; and

(3) Weak domestic sewages.

Domestic Sewages which are very Strong.

84. Very strong sewages, derived from towns where the water-closet system is in vogue,
contain more suspended and colloidal matter than weak sewages, Our analyses, so far
as they go, have shown that the actual proportion of colloidal to suspended matter in
sewage is not great; but since the amount of colloidal matter is frequently somewhat
larger in a septic tank liquor than in its corresponding sewage, the proportion of colloidal
to suspended matter in a strong septic tank liquor may be considerable. Such a liquor
would exercise a greater clogging effect upon s filter of fine or medium-sized material than
its figure for ““ suspended solids ”” would lead one to expect. Moreover, the septic liquor
and sludge produced from such a sewage would almost certainly give rise to considerable

smell, and if the sewage contained much brewery or tannery waste the smell would be
still more pronounced.

Where sewage has to be pumped its character may be abnormal. It may remain
for a considerable time in the main sewer or sewers, and become septic ”’ in character
before it reaches the outfall. Morcover, in such cases, surface water is often rigorously

excluded so as to diminish the cost of pumping, and the strength of the sewage is thus
increased.

In the majority of cases we think it would probably be better to adopt chemical
precipitation rather than septic tanks as the preliminary process for very strong water-
closet domestic sewages, and especially would this be the case if the sewage contained an
appreciable quantity of brewery or tannery waste.* Precipitation with chemicals has the
effect of throwing down, as sludge, a considerable proportion of the colloidal matter pre.
sent, and some precipitants have the power of retarding for a short time the putrefaction
of the sludge, so that precipitation sludge, if removed from the tanks at short intervals
of time, can usually be disposed of with less danger of nuisance than septic tank sludge.

1t may also be remarked that the addition of lime to a putrid domestic sewage is followed
by a great diminution of the smell.

Morcover, chemically precipitated sludge is, volume for volume. usually much less
costly to press than septic tank sludge, especially if it is derived from a strong domestic
sewage of the kind indicated above ; indeed the quantity of lime which has to be adced
to some septic tank sludges makes the cost of pressing almost prohibitive.

Simple sedimentation of a sewage of this class would also be less advantageous than

chemical precipitation. Little colloidal matter would be removed from the sewage, and

there would be more danger of nuisance from smell during the sludging of the tanks und
the sludge disposal operations.

85. Asregards very strong domestic sewages consisting for the most part of slop-wz.ter
there 1s, apart from the quest; '

ion of cost, little to choose between the various methods of
settlement. The bulk of the suspended matter in such a sewage settles fairly rapidly,
leaving a soapy liquid containing a considerable quantity of greasy suspended matter.
Such sewages are, however, usually to be found at small places where labour for frequent
sludging would not be available, and in these circumstances septic tanks would usually
be more economical than sedimentation or chemical precipitation tanks, and they would
produce a tank liquor which would be suitable for filtration through coarse filters.

* The success which has attended the treatment of the Dorking septic tank liquor with a small
quantity of lime makes it aprenr possible that in some casos the combination of the two processes—i.e., septic
i

tank treatment followed by lime precipitation—would be preferable to precipitation alone (v.f. paragraph 66
and noto on p. 43).
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nities for observing the treatment of sewages of this kind by
We ha:}f ggi?gg&ﬁg;t, including sep%ic tanks (Hemsworth), settling tanks usgd
various metho us flow plan (Clifton, Lancashire), and cheml_cal precipitation followed by
on the contl;ﬁmment (Withnell). The two examples of chemical pre‘clpltatlon followed by
Quiesoen seﬂ N ttlement which we have had under observation—Calverley and Norman-
contmuoush_OW sed.id not give very good results as regards settlement, the suspended
ton (qukshlri)‘;k liquor being above 12 parts per 100,000 in both cases. The reaso§s
Attt I tl?a.t th% sewage varied greatly in strength throughout the day, and the
i)(;f) ;ilrlsagsil‘éon of the precipitant was a matter of much difficulty ; and, as is common

at some places, the tanks were allowed to run too long without cleaning.

Domestic Sewages of about Average Strength.

i e strength, whether of the slop-water or water-

oty d(;lmeﬁlq:: vg?%flzogrz})i?;i::;r;%ocess sl%?)u’ld depend upon local clrcumstagcesi
closet fype, - Ei{? (;.)lof filters to be adopted. With sucl} sewages eclua.lly gopd: na
o t;heb o btained either from septic, sedimentation, or chemical p1_'e01p1taf,‘:;llon
esults e deb0 tificial filters, though the size of the material to be used in the tez
tanks, followed 5y 9‘fne extent, on which tank treatment was adopted. The.lea,s’o amoun
o depend,; . S(c)l by the sei)tic tank and the greatest amount by the chemical prec;pﬂ;a-
O‘f sudge 1s Pro 1{.0: er };rea of filter is required for the treatment of the septic tank 1%&or
thot tank,}}mz " :mgent of the precipitation tank liquor. Approximately the _saﬁne er
than .for e r;aior the filtration of sewage from sedimentation fcanlgs used with a cﬁn-
e s flow & for septic tank liquor. 1f quiescent sedimentation1s adopted, a sfmatﬁr
o o 8‘E%lloasn1fli§)e Excepting at very small places, where the labour czsts orm e
area of ﬁlterd“-’} of the: tanks would be disproportionately high, or 1n cases Y ere p: rg;
.Consmnt slu gmg'red uiescent sedimentation gives considerably better results as reos:’
s wggljdb;;igg thz;.r(l1 continuous flow sedimentation, at practically the same cost.
suspe .

*  Weak Domestic Sewage.

ly difficult to throw down
ts of suspended matter are extremely :
T 1a§tii02}?epazzrase of I1veak sewages the difference between tgle v:i'lo\sxg
:s lfl:sliiz’mg:ts as regards suspended matter in the resulting liquors, 18 not nearly
ank )

great as it is in the case of strong sewage.

his reason, the advantage as regards amount of sludge producid a(tlli ::géxugo:lr;

cost gfo f:hterilsicrals which the preliminary proces_se: of sqptn; ti?&?ﬁ;ﬁgﬁ azge continuous
i 1 1 ion, is 0

o se(.limentatlon }::: ee: Vel;‘rilée:;;cgi I:;;?lipi)traé)cess woult%, we think, generaillg be n'll?}?;
e or & we kgse\.avage if land were available for the burial of the sludge. he
coonomion fOI'd& W(ilald not have & very offensive smell, and might indeed fm st?}inebci s
sludge procue® 1 w? ee from smell. If, however, no land were available 'Ofl (f ::1 lal
bf t(:}:)nlgzaig;vetge ;xtra cost of pressing septic tank sludge would materially dim
of the s ,

the advantage of septic tank treatment.

: Summary for Domestic Sewage.

i chemical precipitation is more suitable
o e g:: :zzig}gezv?iliggfult(}) ;ia\z; g;ztto nuissa.nce,p while septic tank trlc;atmeng ?(1:
Lo tion o 1d usually hold the advantage in the case of weak sewage. For sew &0
e ver wout noth there is probably-little difference between the three paqcesse.l,
e dlesticn, s{ :ﬁeg rocess would depend chiefly upon the facilities for sludged isposal,
2111& ;1;;;0(1;02{0 Itlhcc)a worl?s as regards houses, and the kind of filters to be adopted.
1e

are other eonsideratiouﬁwlﬁcl} mey
e may be liable to great varlations
ch the septic tank has on such a

ust be rememberegl, however,
af’fec:ttl?cle question. A particular sewage, for exa.rréple},Ii
in strength and character, and the equalising effect w

i i i importance.
sewage is & point of conmderable‘ P

13
6225—1I.



46

Moreover, it is by no means to be thought that finality has been reached in the pre-
liminary treatment of sewage. New combinations of tanks or of processes may lead to
much improvement ; a cheap deodorant for sludge may be found, etc. In this connection,
we may refer to the results of our experiments at Dorking upon the treatment of sewage
by septic tanks, followed by precipitation with lime, which are mentioned on p. 29.

Sewage from large Cities.

89. The presence of trade waste in large or preponderating quantity has an important
bearing upon the preliminary treatment of the sewage from a large city. ~ Where the sewage
contained much brewery waste, lime would probably have to be added for the purpose
of neutralisation, as at Burton-on-Trent; where it was strongly alkaline, or very greasy,
acid might have to be used as the precipitant, as at Bradford ; where it contained much
tarry matter or matter which had an inhibitory effect upon the activity of purifying
organisms, septic tanks might be preferable, by reason of the longer stay which they give
to the sewage.. Manchester may be cited as an example of this last case. For these
reasons it is impossible to make any but the broadest generalisations with regard to the
preliminary treatment of the sewage from large cities, whether it be weak or strong.

Where very large areas of filters have to be put down, it is of considerable importance
to protect them against clogging, and we think that it will usually be found best in the
case of a large city to adopt effective means for the removal of most of the suspended
matter before filtration. In the majority of cases this would involve the adoption of
chemical precipitation, though not necessarily in all, for Mr. Watson, of Birmingham, has
shown that a well clarified tank liquor can be obtained by interposing Dortmund tanks
between the septic tanks and the filters. The Birmingham septic liquor contains on the
average about 20 parts of suspended matter before entering the Dortmund tanks, but
only about 6 parts when it leaves them. This liquor from the Dortmund tanks has now
been treated for some years on percolating filters without serious clogging. It must
be pointed out as regards Birmingham, however, that at that place there is a very large
area of land available for the disposal of sludge. If it wefe not for this, sludge pressing
might have been necessary, and having regard to the difficulty of pressing septic tank
sludge, it might have been desirable to adopt chemical precipitation.
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PART I‘IY.-PURIFICA‘TION‘_OF SEWAGE BY ARTIFICIAL FILTERS.

INTRODUCTORY REMARKS. .

90. Sewage filters may b

e divided into $wo broad classes .—contact beds and pgrcola-
ting filters. : ;

' i filtering medium. In this type of filter,
ot e e i W'lthh::lglz:l ;he gbed, after it is emptied, is allowed

i ivi filling. The length of time
1 tv for some time before receiving the next g, .
fl?lrriflrgtiizl?ghz s:;age is allowed to stand in the bed is spoken jof as the period of

contact.

In percolating filters the sewage is not held ﬁp, but is allowed to percolate through
the filter. - : "
] i ion i be oxidise
doubt that the organic matter in solution in sewage can
by ei'{;‘ll:::etgg 2? ;ill%er(,n;)rovided the filter is properly constructed and properly worked,

but the question of the relative merits of the two types is one of some difficulty, as very
few strictly comparative experiments on & large scale have been made, . =~ .
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SOME OBSERVATIONS AS TO THE EXTENT TO WHICH THE
SUSPENDED SOLIDS SHOULD BE REMOVED FROM SEWAGE
BEFORE IT IS FILTERED.

9. No rule can be laid down as to the extent to which the suspended solids
should be removed from sewage before it is filtered, but, speaking gencrally, if

it is proposed to use filters of fine material, we think it will be found most

economical to adopt some form of tank treatment which will yield a tank liquor

fairly free from suspended solids ; whereas, if coarse filtering material is to be
used, this is not so essential.

If much suspended matter is put on fine filters, they are likely to choke very
rapidly unless the rate of filtration is very slow.

Under the heading “ Some observations on the choice of & method of sewage treat-
ment,” page 202, a number of points are mentioned which should be taken into account
in determining what method of treatment should be adopted in any particular place,
and in this section we only propose to give the results of our general experience
as to the amounts of sus endeé) matter, which, having due regard to the life of the filter

and to the quality of effluent, may be allowed with certain kinds of filters, worked
at certain rates.

The figures relate to domestic sewage, or sewage containing only small amounts
of trade refuse, of average strength.

The rates of filtration which we give could generally be doubled in wet
weather. Thus, assuming it was desired to provide enough filtering material to
filter in storm times up to three times the dry weather flow of sewage, the amount,
of material required would be 50 per cent. more than the amount which would
be required for the dry weather flow, calculated on our figures.

1.—Conracr Beps.
Coarse Material (3 sns. diameter and upwards).

92. Grit-settled sewage containing 20 to 30 parts of suspended matter could be
treated at the rate of 1 to 1} fillings per day (about 30 to 40 gallons  per
cube yard® per day for double contact) upon material of this size in contact beds;
. if the sewage contained 30 to 50 parts of suspended matter per 100,000, the rate of

treatment should not exceed 1 filling per day (about 30 gallons per cube yard per
day for double contact). In both cases provision would have to be made for
thoroughly washing the material in the beds about once every 18 months or 2 years.

Secondary beds of medium-sized material, used subsequently, would probably have
to be washed every 4 or 6 years.

Medium-sized Material (4 in. to 1 in. diameter).

93. Tank liquors containing 10 to 15 parts of suspended matter per 100,000 could be
trcated upon material of this size at the rate of about 2 fillings per day (50 gallons
per cube yard* of filtering material per day for double contact, or 100 gallons per
cube yard for single contact), hut the material would have to be thoroughly washed
or renewed every 3 to 5 years. If the tank liquor contained from 4 to 7 parts
of suspended matter per 100,000, the rate of treatment might be 3 (about 80 gallons
per cube yard ® per day for double contact, or 160 gallons per cube yard for single
contact) or, at times, 4 fillings per day, and the beds would probably have to be
washed every 4 or 5 years. In both these cases the material in the secondary beds
would probably not require to be washed for 7 or 8 years.

* See footnote on next page.
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If the liquor contained from 1 to 4 parts of suspended matter pér 100,000 it
could prl(;aba{)(}yl be treated at a rate of 4 to 6 1 fillings per 24 hours (about 100 to 160
gallons per cube yard * per day, for double contact), and the material might not need
washing for 6 to 8 years, or possibly even longer. Secondary beds, in this case,
would probably last for 12 or 15 years.

Fine Material (4 in. deameler).

be inadvisable, we think, to attempt to treat tank hquors containing
moreg‘ti,l'mlnt Zo<l::d5 parts of suspended matter per 100,000, on material of thlS] s1Te.
A good tank liquor, containing from 1 to 4 parts of suspended matter could, px'o1 ())a(x)b Y,
be well filtered at the rate of from 4 to 6* fillings per gay (elleout ﬁo
160 gallons per cube yard } per day for double contact or 200 to 320 gallons p%r ((1:\1f e
yard for single contact), and the material would, probably, not have to be was eh or
t or 8 years. The upper part of the material in secondary beds would, probably, have

" to be washed every 12 of 15 years.

I1.-—PERCOLATING FILTERS.

Coarse Material (3 in. diameter and upwards).

i : ated on a percolating filter com-

95. Grit-settled and screened sewage could be treate ‘
posed 5of nll‘tltterial of this size even if it contained as much as 30 parts of sus%ended
im;tt,er per 100,000, provided such suspended matter was not largely made up ofblbro]l)ls
material, hops, etc. If the sewage was of zlt)verugezl strer(ligth, 1&‘ ﬁgulﬁ,p elir(l))gz:t gf,thg

u

ltered at a rate of about 50 gallons per cube yard per day. per

ﬂégiial would, we think, have to be removed and replaced about every 2 years, and
the lower part flushed through with water or clarified sewage.

Tank lAiquors containing, say, IIOfto 120 parts (zif sufspte_e::lc}be%q {glratieg tIz)erl ;0&}%2),
ig eated upon this material for long periods of ti say,
wiltgﬂltockz(;mti:)nal reniawal of the top foot of material. If the tank 11(!111{31' was oli:: agggg
average strength, it could be filtered at a rate of about 100 gallons pe

yard per day.

A tank liquor of about average strength, containing from 4 to 7 parts t(if' suspen(i«lal(;
matter per 100,000, could similarly be treated on coarse material, (ll)ut 1121 his case
rate of filtration might be about 100 to 150 gallons per cube yard per day.

A tank liquor, containing from 1 to 4 parts of suspended .1.nlat'te1;l p’?itlgg’zgog%
could be filtered for even longer periods of time on coarse materl.} ,b(m , ld R
ahout average strength, at a rate of 150 or possibly 200 gallons per cube yard p .

ati i .asionally be alfected by fungoid
all these cases the filtration might occasiona : Y
gmw{ﬁs on the surfaces of the filters. .Pl‘i)Vl?l()Itl‘ \ivoul(t} ga?:r:éi{lef?e\lg (t>(1) tﬁg
ade in the first three cases, and possibly in the last also, for § ,
grl:i?li:é ttﬂl1(rough fine material, of the filter effluent, in order to reduce the suspended
, th

matter contained in it,
Medium-sized Material (§ in. to 1 in. diameter),

d upon
it-settled and thoroughly screened sewage could generally be treate
mateg?zil G:)rfltthis size, even tho&ghy it contained as much as 30 pargs 2o5f mhssssdzi
matter per 100,000. The rate of filtration, however, should not exqetla lga bagl
cube yard per day, and even in that case the upper part of the matena Wgu pro 1ica{
require to be washed every 2 or 8 years. The plan would, we think, not be economical,

except at very small places.

i acity of a primary contact bed during its
* d grounds for putting the average water capacity ot a prim
work‘nTl‘;?: (:1: ?bggg 33g p r cent, ofI;ts original empty tank capacity. These estxmgt(eis are cc:‘,x}llsee i‘;::igx); lc))t;sieg
upon tl%at assurnoption. o estimate that the average capacity of a secondary bec unll;gt,his lifetime of Tt
comyp'ementary primary bed, is about 40 per oe:int. of its c‘:”x:lgmtalI en;;r)rt:z"t;ngh :;p:ﬁ;by. ity o the ratos
.e., if the secondary beds are made proportionately ! mar,
:(f:cf(i,l‘:::’ti;r: ’pelr cube yard peryday will.be rather greater in each of the cases given above.

t With largo beds such a high rate of working would, probably, be only practicable for short periods
of time,
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Tank liquors containing from 10 to 15
¢ r 5 parts of suspended matter per 100,000
cou'lc} gyer;glﬁlly be treated on this material at a rate of about 50 gallons pei‘ cube &ard
per day, 1e upper part of the material were washed or renewed once in 3 or 4 years,

A tank liquor containing from 4 to 7
) . ‘ gf o 7 parts of suspended matter per 100,000 could
?i?f?fut)l I)e ﬁlte{'fz(l at a rate of 75 to 100 gallons per cube yard per day. The upper
i 1e material would probably require washing or renewal once in 3 to § years.

A very good tank liquor containing from 1 to 4 parts of suspended m:
%l(latneral'ly be filtered at a rate of 150 to 200 gallons per c!ube yard pgr da():} Il)]:g%eci.eg():}lxg
fl ﬁ‘ev; ere carefully rested when necessary, and also that the liquor was not of a kird
Withouto wg;:}?i rlseé torfungmd growths. The material in this case would probably last
» ng for 5 or 6 years, or possibly even longer, though it might be advisable
to wash or renew the uppermost few inches every 1 or 2 years.

In the first three mentioned cases sibly 1 isi
s ed cases, and possibly in the last also, provision would
:};\11361‘1]:; have to be made for the reduction of the suspended ma’t&r in the filter

Fine Material (} n. diameter).

97. It would be inadvisable, we think, to attempt to filter tank li ini
n}xlgre than 6 or 7 parts of suspended matter pgr 100,000 on mlt:gel;(i):f‘ ggnh&;gu:g
this. Crude sewage, for instance, would clog the surface of such material in a very
short time, unless the rate of filtration were exceedingly slow, and even then the sur-
face of the material would have to be constantly scraped and cleancd. k

Tank liquors containing from 4 to 7

‘onte g parts of suspended matter per 100,000 coul
gen:ra%l)tr}be filtered at a rate of 75 to 100 gallons per cube yard per Izlay. The sg;e(:
part of the material would require washing or rerewal about once in 4 or 5 ycars.

A tank liquor containing from 1 to 4
. parts of suspended matter per 100 :
Ko&aéblgrpgz Ifilt;erctad z;ttal,l ragl:tof 150 tlo 200 gallons per cu[;c yard per day p:t‘:xd thé)ogatgll':l;{
. part of the filter would probably require washi ' .
The higher rate could only be maintained, if thz ﬁlt%rs were sqhz:ﬁﬁ\\('?nce n & oo yeus

Very fine Material (§ in. diameter and smaller).

08 YWl oo et .
it .;8;"‘}'} iﬁ: (i: ;n::e;'flal, sgch als sand, is used I(.)x: a filter, or whete the filter is protected
with a sur ﬁltrat'y of sand, only very well clarified tank liquors can be treated, unless
he rate of ion i3 very slow and the surfaces of the beds are scraped or washed at
short intervals.  Such filters must necessarily be used intermittently. ‘

For tank liquors containing from 4 t
‘ tank $ aining o 7 parts of suspended matter per 100,000, the
;ﬁge;l)xfrf::}g:g?ltlllzl}iol:ld probla({)l};y not exceed 50 gallons per cube yar]d per <’lav,’an‘<‘l
3 ers would have to be scraped after every one or two applicati
) : { TY ONe cations of
mg lll"?'::am;;f glftg:tei (ﬁlnemr?ga}tl(tmal a!c}))xlle ;verc 1‘ell(l_‘(l upon for the distributionp(gf the liqu i:i.
¢ ; possibly have to be slower. If very fine-grained filte
were arranged in the shallow form and were washed b ) Cavery ono or
two weeks, it would be possible to treat SIS TR A
! PeKS, sible a very good tank liquor from a sewage of
2?0;}3@;» S,?%fo ritrgggt]t], %%xz)tami?g, say, 1 to 4 parts of susp(m({od matter per 16(%008
at ( 0 gallons per cube yard per 24 hours. The liquor ould
have to be delivered intermittentl istributi [ et
y, and the distribution must of ¢
‘ \ ' : \ ) ourse be ellicient.
}‘\t .(jh.orle.y, Whexe‘such a tank liquor is delivered on to filters of this kind, the 1';10 luf
filtration 19 1.1pwa1ds of 350 gallons per cube yard per day. Iere, the tank liguor
is deln.'ered in large flushes which cover the whole surface of cach bed to a depth of
2 or 3 inches, and the surface of the beds is frequently washed. A !

o1

CONTACT BEDS.

99. Our knowledge of the action of a contact bed is very incomplete, and little is
known as to the manner in which the organic substarces of sewage are broken down during
the first stages of fermentation into carbon dioxide, ammonia, etc. The purifying agents
seem to be not only bacteria, but also worms, larvee, insects, etc., and we can offer no
opinion as to the respective amount of work done by each set of agents. It probably
differs to some extent according to the nature of the sewage. It has been observed that
at some places large numbers of worms are present, while at others there are comparatively
few. Little is known of the kind of bacteria essential for purification, or as to their mode
of action, and we are not able to state whether they act chiefly during the period of
contact or during the period of rest, or aeration, after “he filter 13 emptied. There are,
however, grounds for thinking that the resting period 1s the more important phase of the

cycle.

The generally accepted theory as regards nitrogenous matter seems to be that the

ammonia is extracted from the liquid during the period of contact, and oxidized
during the period of rest, and that the resulting nitrate and nitrite are diffused through
the liquid of a subsequent filling. All the ammoniacal nitrogen, however, does not appear
in the effluent in the oxidized state, for there is always loss of nitrogen, as nitrogen gas,
during the process.

The withdrawal of suspended and colloidal matter from the sewage during its passage
through the bed appears not to be a simple mechanical effect of the material, for a matured
contact bed, not clogged, will withdraw more suspended matter from the sewage than

another bed similar in all other respects, but not matured. As regards the _
takes place in a contact bed, we may also refer to the evidence of Mr. Dibdin, Dr. Rideal,

Mr. Harrison, Mr. Valentine and Dr. Fowler.

CONSTRUCTION OF CONTACT BEDs.

100. In some cases contact beds have been made by simple excavation, but our
experience and the evidence which we have received show that in the majority of cases it
is desirable that the beds should be constructed of building materials.

When contact beds are constructed by simple excavation in clay soil, there is risk
of the clay sooner or later, according to the character of the stratum, working up into
the filtering material. Moreover, the lines of underdrains are apt to become distorted,

as the result of unequal settlement.

At Heywood an experimental bed was constructed, without concrete, in clay soil,
and it was found that the clay worked up into the bed and formed an impervious mass

round the drain pipes.

Again, there is danger of Jeakage unless the soil is of a very dense nature and the
embankments are of considerable width, This leakage may ocour as a result of unequal
settlement, or through rats or moles burrowing into the embankment, or through the
cracking of the clay during periods of rest or frost. 'The result of leakage may be detri-
mental to the working of the bed. Two instances which have come under our own

observation may be mentioned.

At Halton it was found necessary to fill two of the primary contact beds simul-
taneously, as the liquid percolated from one bed to the other through the intermediate

embankment.
At Oswestry, where double contact beds were constructed in fairly stiff clay soil,
some of the retaining banks became sodden with liquid after three or four years” work

and sank considerably in consequence.

Even in the most impervious kind of soil the outlet chambers of contact beds must
be constructed of building materials, and, unless this work is most carefully carried out,
there is danger of leakage at the juncture of the chamber and the embankment. It may
also be remarked that the embankments required, where no building materials are used,

take up more space than properly built walls.

s the action which Dibdin, 2176,

3902-5.

Rideal, 4133,
4207-8.

Harrison, 22(
Valentine, 22
Fowler, 2281

Wilkinson, 24
Wike, 23588
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On the other hand, where the site for the works consists of a dense clay, experience
shows that the construction of contact beds by simple excavation may be satisfactory.

As examples, we may refer to the beds at Burnley and Oldham.

At Burnley twenty-four acres of double contact beds have been constructed by simple

excavation in loam and heavy clay soil. The oldest of the Burnley beds was brought
into use about ten years ago.

At Oldham, where the soil is chiefly clay, with pockets of sand in places, five acres
of single contact beds have been constructed by simple excavation, the sides being
puddled where necessary and boarded up with 3-inch planking.

In both these cases the construction has been fairly satisfactory.

101. The construction of the bottom of a contact bed should be such asto allow of

the treated liquid being drawn off quickly, but quietly, in order to give the material
tl:e longest possible rest and aeration.

The liquid which, at the commencement of the filling, finds its way into the drains
of a contact bed is not purified to the same degree as the bulk of the liquid throughout
the filtering material, and, for this reason, the drains of a contact bed should not be
larger than is necessary to allow of the thorough draining of the bed.*

It has been suggested that this difficulty of unequal purification might, to some extent,
be overcome by constructing the drains so that they would remain full of filter efluent
after the bed had been run off. We are not aware that this course has been actuall
tried, but if it were adopted, great care would have to be taken to construct the drains
below the level of the material, and to place the outlet valve in such a position as to pre-
clude the possibility of effluent standing amongst the lower layers of the material during
the resting period. - 'Whether the aeration of the bed, during the “ rest,” would be affected
we are unable to say. In any case it would be inadvisable to attempt this plan of
draining where the bottom was not constructed of concrete or some such material.

In order that the withdrawal of the liquid may be

; the li gentle, as well as rapid, it is desir-
able to provide several drains, especially in a large bed

102. Two points of detail may be mentipned here which are of some importance :—

The outlet valve of a contact bed should be fixed in such a position that a proper
sample of the filter efluent can be collected from it. In a number of cases we have found
it very difficult to draw proper samples of effluent from contact beds, owing to the
outlet valves being placed low down in the channel along which efluents from other beds

were flowing, and in these cases it has not been easy to ascertain the efficiency of the
individual beds.

The feed channels to the secondary beds should be constructed so
reasonable facilities for measuring the capacity of the beds. These beds
so constructed that accurate measurements of capacity cannot be made,

as to provide
are frequently

DeptH oF CoNTAcT BEDS.

103. The evidence shows that, w_ithin ordinary limits, the'depth of a contact bed makes,
practically, no difference to its efficiency per cube yard.

At Leeds, experiments were made with three contact beds of different depths, filled
with similar material, and treating the same tank liquor. These beds were, respectively,
5 feet deep, 4 feet deep, and 3 feet 6 inches deep.

The bed 5 feet in depth received septic tank liquor at the rate of two fillings per day,
with one week’s rest in every four. During th? period from July, 1901, to March, 1905,
‘the efluent showed, according to Mr. Harrison’s .analyses, an average reduction of 786
per cent. in oxygen absorbed from permanganate in four hours,

* Vot . —The actual size of the drains would depend to some extent upon th size of the 'm;};él;iul,

would occupy about 6 inches of depth.
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i i i f one filling per 24 hours,
ceived septic tank liquor at the rate o )
fromT}&lg }fs% %7%1? ii;g{)’ ];:) J anua.ryl') 11th, 1905. The effluent §howed an average reduc-
tion in o:gtygen absorbed from permanganate in four hours of 80°3 per cent,

i ceived septic tank liquor for fourteen months, at a
rate rﬁl ih};‘(:tie 2‘11{?116236p1£:cg§§7:1 Z;I()i rgzawe an a\?erage reduction in oxygen absorbed from

permanganate in four hours of 74 per cent.

i i i ' t difference inthe

ing i the differences in working, therg was no grea .
ulTakll)ng' mgo. ai?i:ﬁiperiment, and so far as we could judge from a careful c_%n:lp:n:zn
f)efsthzsr:sgé: Zt t;lllw time the experiments were made, none which could be ascribed to the

depth of the filters.

i ion wi iments which he carried
i s in connection with some experimen . ‘
out ;11‘:%1: ?:;tlegﬁeé:vaag:. v?iglvz: was in agreement with that of the Leeds experiments.

i i be made to the evidence of Mr.
ils on this question reference may . of Mr.
Harr?%];] f“;;gg; ,detﬁ:-, Valentine, 22450 ; Dr. Fowler, 212)79?I ; BM\I);}il‘{{Viﬂf:L 223253493, Mr
Wilki;so;l 24283’- Mr. Campbell, 21652 and 21883 ; and Dr. J. B. , )
¢ H .

. . "
wn i f contact beds, we think that it would be generally
inadé?si:tﬂfrt%?:o(:lﬁ;mt :ﬁg 1:)3? :.eg(;‘ezgenr depth than 8 feet or of a less depth than 2 feet

6 inches.

i erly, it is necessary to have a few inches

In order t'ha.t 3 c%ntaﬁ(}t :)i)di ltrlllaelayb(ilc‘lan;x}g (isll)lis ?naterial, with t.:he drains thqmselves,

of large material on the 190 ’ The sewage which remains among this coarse

ial. or in the drain spaces, during the time when the 'beq is full, is not so 1\:ve? tll)lurii‘:ld

material, or in hich is standing amongst the finer material in the upper Pﬁr 1o : d,

as the liquor gtic t the first flush from a contact bed, which comes ffﬁ'om t © lowest part

and it is foun ?1 considerably worse than the main bulk of the effiuent. fi 1:: g‘:nd ol
of the bed, is usuf;l Zh ¢ it would be wise to allow this less efficient portion (131 ?1 ed t

;(1)1:'9, e do:}lo:nv(vmz ﬁ?th of the whole depth, and for this reason we suggest that the mini-

m more -

mum depth should usually be not less than 2 feet 6 inches.

As regards the maximum depth of contact beds we may observe :—

th puts a greater weight upon the filtering material

(a) That an increase in dep bed, and may cause disintegration.

in the lower part of the

. ioo d handling the material, when washing_ is
(b) That the d‘.ﬂicul?;e? fw(iitllglgézgpzlllmn with sh%llow beds, and that the operation
ne(fﬁisarzy ’ulii eg:, greater amount of labour and would result in more breakiag

Wo

down of the material during the process.

. es from the deepest of the Leeds beds, 6 feet
d B ﬁx mggztzi:ﬁ;: t:;e (glaiﬁgn, 1 foot 6 inches deep, th% ert.hs of the
cgﬁf;c?b?fﬁ ztath%wvarious places which we have had under observation being :—

. - From 6 feet to 3 feet.

Leeds - - T
- - - - bfeet. ,

f{xet;er (St. Leonards) T L. . steet gpbout)

endon - ° ‘

. . - - - bieet.

Slf.lthw‘“te ) . . -« <« - Btfeetand 3 feet 6 inches.
f)thhn;all -7 .. . - . 4feet6inches.

swestry - o _ i . 4 feet 6 inches.

. Exeter (Main works .. . . 4fost 4inches and 3 feet 3 inches.
Maidstone - - . - . 4feet 3inches and 3 feet 3 inches.
Halton - - =~ ‘

' : . . - 4 feet.
Hartley Wintney. - ] _ _ - 4 feet.

Andover - x -
6225—1.
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‘ Hampton .- =~ '~ - - N e -'\4"féet.v : e
‘Newton-le;Willo'ws - P -  ‘-7 -3 feetGinches. ,~
Calverley - = - - . - . - 3 feet.
Guildford - © - - (= sy .so .- 2feet Ginches, . oo

Oldham . & -+ wwiit o = = .. - 1foot6inches.
i Fruring aNp EMprYING OF CoNTACT BEDS.

'106: The evidence shows that two hours’ contact and fout hours’ rest have generally
been “found to give the best results in practical working; where the beds are filled three
times a day, but no rule can be laid down which is of universal application. ’

~ "As régards this question Dr. Fowler stated in reference to his Manchester experience
that the periods depend almost “entirely on the age of the bed and the dilution ofthe
“sewage. In the initial stages of working, long contacts (e.g., twenty-four hours) have been
“found advantageous, their éffect being to facilitate the formation of a slimy layer of col-
¢«Joidal. matter on the medium, in which the real biological ‘dction begins.~ As this layer
“incredses, the ¢ absorptive " effect increases also, arid Tess time of contact is required. - More-
“gver, a greater quantity of water is held up in a bed, and the quantity of ‘draining’ in-
“greases, till with a.bed in long-use a wery short contact, say, a quarter of an hour, is all

“that is required. With increase in dilution of the tank effluent, due, e.g., to storm water,

“the period of contact may be reduced to a minimum. In general, after the bed is once
“ ‘mature,” the period of rest is more important than the period of contact, and the total
“time occupied in twenty-four -hoursin filling, standing full, and eniptying “should not
“exceed the total of the period of rest.  Thus, with frequent fillings, the time of contact

«should be shortened. If the bed takes long to fill, thé extra time in filling should be taken .

“from the time of contact. The aboye also applies to secondary beds, it being understood
“that, as they deal with an effluent containing less impurity, they can be worked more
“rapidly than primary beds.” , - L T

A ~.Calverle’y] thé period OGGu‘piedv;,by: ﬁiling and standiﬁg "full"~Vafiéd from

six to tweaty-four hours, the.beds being filled, 6n an average, less . than once

Hsrding, 7051.
ot seq.
- Ross and Pickles,
2071.
“Harrison, Fowler,
22799,
Wike, 23565.
Wilkinson, 24920..
[ 2

a day. A good percentage purification on a strong precipitation liquor was obtained by
single contact, but the liquor was too stronggo allow of single contact producing a satis-

factory effluent. “The beds retained their capacity well. A long contact apparently

helps to break down the suspended solids and to allow of their passing out of the beds
in very comsiderable quantity. -~ - o T T e

107. Unless the. circumstances are exceptional, we think that, in designing & contact
bed scheme, & contact of two hours™ duration should be provided for, leaving subsequent
expetidrce to show whethier ‘this could ‘not be shortened to’some extent.” The period of

contact should be fairly regular, as suddeni variations may, we think, have a disturbing effect .

upon the agents of purification. We-have iibticed, for instance, in'beds generally giving two
hours’ contact, that if the sewage is occasionally held up for a much lqngeg t.ime,jsayr,tﬁve or

sikx ‘hours; great numbers of Worms are driven-to the surface.” * =

Tt ‘is 'aléo desirable that the- fillings’should be as far apart from one another as
practicable, (e.g., to give three fillings in three cycles of eight hours each, rather than three
fillings in twelve hours followed by a twelve hours’ rest), so that the maximum period for

drainage and aeration between the fillings may be obtained. '

108. The operations of filling -and emptying should be carried out as rapidly as
possible, but -care must be taken to avoid disturbance of the filtering material, as this
may cause disintegration. ' uul ‘ . : SRRSO

TFurther, the evidence shows that the li(iuid, should be passed on to the filter fairly
evenly over its whole surface, so that the suspended solids may, as'far as practicable, be
spread over:the whole:surface 4nd prevented from entering the bed, . =~ "7 ™

"°109, With & view o avoiding nuisance, the feed channels have, in some few cases,
been placed slightly below the surface of the material, and no doubt: the smell from the
beds has been thereby lessened.  But beds fed in this way would, we think, require
more frequent attention to prevent clogging. - : ,

: . ke
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~In one or two cases upward filling of contact beds has been suggested for a similar
reason. ;. This method of filling would, no doubt, lessen the.risk of nuisance, but the
difficulty. of maintaining the capacity of beds worked in this way would be serious.

sl et e dac sy e e
"~ AvuroMATic GEAR. A

110. We have had many opportunities of studying the use of automatic apparatus for

filling and emptying contact beds, and we have received evidence from several witnesses

who have had considerable’experience of these devices, * ~ -

Our own observations and the experience of others show that it is ﬁot_ possible to rely
entirely on automatic apparatus for sewage works, although within cettain limits it may
be advantageously used with considerable saving of labour.

In the case of large sewage disposal works, where men are always available, we consider
that it would usually be inexpedient to provide automatic plant. It is liable to get
out of order, it does not adapt itself to variations in volume and strength of sewage,
state of beds, etc., and generally it is preferable to work the beds by marual labour, where
such labour is at hand. LI ' A - :

At Manchester, automatic gear was given a careful trial, with a view to its ultimate
adoption, if successful. I¢ had, however, to. be -abandoned, and in reference -to this

Dr. G. J. Fowler stated :— « o

“ T have had considerable experience of these devices, both on the experi- Fowler, 22800}

. “ mental and working scale at the Davyhulme works, and also at the Withington
. “works. My experience leads me. to think that in large works, where skilled
“ supervision must be provided in any case, there is no advantage in their use.

.. .= . “In small works I think some simple mechanism is-useful; chiefly on
% goonomic - grounds, but it should not be left-without some- attention, if pos-
... “gible, at least once a day.- In small works, with the filtering area divided into
. “few units, great fluctuations may occur in the cycle unless some arrangement

“ of dosing tank is provided, or storage in the main tank (septic or other). - These

“ fluctuations may be harmful by causing the time of filling to be too prolonged,

- “ with consequent curtailment of the resting period... The chief difficulty, how-
“gver, is the constant variation in the water-holding capacity of the beds and
““in the permeability of the surface, causing pondage and irregular working.”

* " 'We may also refer to the evidence of Messrs. Raymond Ross and Pickles in regard to ?&;;Sand Pickles

to the Burnley works. They stated :— ’

“We have not used any automatic apparatus for filling or discharging.
““ The reasons which have led to the exclusion of automatic apparatus are as

“ follows :—

(1) “ They are very liable to get out of order, and consequently it is necessary
- %40 have a man always on the watch to see that they are working properly.
"« Ag the attendance off one man is all that is required at our works

“to control the valves, no saving of wages would be’effected, but there
“ would be considerable increase in capital outlay, as all the appliances
“ are expensive to instal, and, we think, costly to maintain. =~ .

(2) ¢ Automatic apparatus takes no notice of the condition of the bed, which,

' “in our opinion, is a matber of considerable importance. c

e (8) “ Where the flow of sewage varies, it is desirable to be able to bring the

o ~““larger beds ‘into use during the time of the greatest flow, so that their

S - <period of filliig may approximately equal that of the smaller beds. This,
7 - - ¢ e consider; id best accomplished by hand control.” - v oo

- e gl e
N e g UoTR X s

" Qimilar evidence was given by other witnesses. = . I0E U Lo
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In the case of small sewage works, however, where labour would not always be avail-
able, automatic gear for filling and emptying the beds would often effect considerable
saving. Where automatic gear is provided, proper arrangements should be made for
the treatment of storm water or sewage overflow arising from a breakdown in the gear.
In no case can personal attention be dispensed with entirely.

Loss or Caracrry or ContacT BEDS.

111. The loss of capacity of contact beds is undoubtedly a serious drawback to their
eﬁimency. . The evidence shows that the loss chiefly depends upon the following factors :—

(1) Disintegration of the filtering material.

(2) Consolidation of the filtering material.

(8) Deposition of colloidal ‘matter.

(4) Growth of organisms.

(5) The volume of liquid passed on to the bed.

(6) Insufficient rest.

(7) Inefficient drainage. .

(8) The amount of suspended matter in the liquid passed on to the bed.

- (1) Disintegration of the Filtering Material.

112. In the e_xbe;i’ments made by Colonel T. W. Harding and Me. W. H. Harrison at
Leeds, the material in nearly all the contact beds was found to have disintegrated
considerably. :

One of the first of these experiments related to the treatment of crude sew
contact beds, filled with particles of coke over 8 inches in diameter. This expe:?rge?lré
las:tedv from October 2nd, 1897, to September 8th, 1898, and the coke, in both the
primary and secondary beds, suffered considerable disintegration. When the experiment
was completed, the material in the primary beds was taken out and only that coke
replaced which could not pass through a 1} inch mesh. Colonel Harding and Mr. Harrison
computed the volume of coke rejected in this way at 45°25 per cent. They concluded
that if a material could have been used which was not liable to degradation, probabl
one-third of the loss of capacity would have been avoided. ’ Y

In the clinker beds, crude sewage, chelﬁically precipitated sewage, and septic tank -

liiluor were treated, and in the case of these beds, also, considerable disintegration took
place. : : : -

At Hartley Wintney, where soft furnace clinker was “used, we observed that the

- material had disiuvegrated considerably after five years’ work, and we came to the con-

cllusion that this was one of the chief causes of loss of capacity of contact beds at that
place. = :

- At Burnley, where a large area of contact beds has been in use for some years, it has
been found that the disintegration of the material has caused a considerable loss of capacity.
The experience of Burnley, however, has shown that much of the material which has

. broken down in primary beds may be used with advantage in secondary beds, and that

beds which are filled with old material, after it has been washed and re-screened, do not
lose capacity so rapidly as beds constructed of new material.

The experience of Manchester in regard to the disintegration of material is also o-f
value. The following data have been given to us as representing a typical case :—

Cpntact BE}E‘-NO. 10 was first brought into use on May 2nd, 1902, the bulk of the
material of Wh;m.h it was composed consisting of dry screened boiler clinker and cinders
rejected by a i3 inch mesh. There was also large clinker over the line of drains. = After
having received 2,578 fillings the bed was stopped, and the whole of the material was
washed against a } inch megh sieve. As a result of this screening, 241 per cent. of the
material was found to be too small to go back into the bed. About two-thirds of this
was % to  inch in size, and was available for the surface of the secondary beds. The

- actual loss of material, after allowing for the re-use of the material on secondary beds,

was estimated by Dr. Fowler at about 8 per cent, to 10 per cent. of the original material.

- ”
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At Newton-le-Willows, the méterial (furhace clinker) in all the contact’ beds at the
central works was taken out and re-screened after six years’ use. In June, 1900, when
the beds were first brought into operation, the material consisted of particles from § inch
to 2 inches diameter. As a result of the re-screening, which took place between March

- and September, 1906, Mr. Arthur Bowes, the Surveyor to the Newton-in-Makerfield
 Urban District Council, estimated that about 25 per cent. was too small to be used again.

At Andover, a bed which was under observation by Mr. R. W. Knapp, was first
brought into use on August 13th, 1901, the bulk of the material (hard furnace clinker)

‘being, at that time, from § inch to § inch diameter. In August, 1905, the bed was stopped

and the material taken out and riddled, with the result that only 75 per cent. was found
to be still § inch to 4 inch in diameter. The remainder had become too small to go back
into the bed. " : '

At Oswestry, where ordinary house cinders were used in the primary beds, consider-
able disintegration took place after about six years’ working. .

These, and other experiments, leave no room for doubt that a considerable propor-
tion of the loss of capacity of contact beds is due to the disintegration of the material of
which the bed is formed. ' _

. (2) Consolidation of the Filtering Material.

113. Consolidation of the material usually accompanies its disintegration, the small
broken pieces becoming washed into the interspaces of the bed.  The same thing takes
place where the separate fragments of material in a bed are of unequal size.

In the Leeds experiments it was found that contact bed No. 8, treating septic
tank liquor, bad its capacity reduced within six months from 29,500 gallons to 10,700
gallons, and this notwithstanding that the material below the upper 2 inches was still
comparatively clean. : .

The bed was rested for six weeks, and the material turned over, with the result that
on restarting the chpacity was found to be 26,900 gallons. The material in this bed was

furnace clinker of } inch to § inch diameter.

Much the same Tesult was noticed during the filtration of lime-precipitated liquor
at Leeds in a contact bed. The original water capacity of this bed, on March 24th,
1899, was 55,700 gallons ; on October 20th, 1899, after rather over seven months’ working
at three fillings per 24 hours, it had fallen to 21,600 gallons. Here again the material
(clinker of £ inch to I inch diameter) below the upper few inches was found to be fairly
clean, though much consolidated. :

Tt was concluded that the loss of capacity in both cases was due very largely to con-
solidation of fine material of uneven size, and our own observations of these beds bear

this out.

In another case—Hampton—where very much finer material was used, the same
thing was observed. Tertiary bed No. 2, composed of boiler furnace clinker under %inch -
diameter, including dust, after being in use for five years, became so consolidated that
much difficulty was experienced in getting the secondary bed effluent into it. The bed

- was then simply turned over, and a considerable increase of capacity resulted. From

the appearance of the material befors it was turned over (which although clean, was
closely bound together), it was evident that the greater part of the loss of capacity was
due to the consolidation of the material rather than to clogging from suspended matter.

" Beds of very fine material, as in this case, are undoubtedly more liable to consolidation
than beds of medium sized or large material. Insome beds of the same kind at Devizes, we
observed that the fine material (which also included dust), although fairly clean, was so
closely bound together that the liquid of one filling had not time to run dway before the .

next filling was due, with the result that putrefaction set up in the body of the bed.
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‘. (3) Deposition of Colloidal. Matter. - e
**'114. The extent to which'colloidal mdtter affects the capacity of filter beds hasnot been®
fully investigated, but we are satisfied that-in some cases it is sérioiis.” Dr. Fowler was;’
we believe, one of the first to investigate the matter in this country, and it has recently been’

the subject of investigation by Dr. Owen Travis at Hampton, and Messrs. 0'Shaugknessy"
- and Kinnersley at Birmingham. LT I L ST T T

-

&) Growih of Organioms:- .

. 115, I a plece of clean filtering material is taken out of the interior of a matuted contact
bed and scraped, its surface will be found to be covered with a jelly-like material, which,
under the microscope, is seen to contain enormous numbers of bacteria. =~ This material
possesses the power of absorbing oxygen rapidly and liberating carbon dioxide.” It is’
probable that it is the living matter bound up in this jelly which gives the bed power
to break down and oxidise the organic matter of impure liquids, but little is known about
its precise nature and manner of action. - e R

-1+ ‘Beveral witnesses have expressed the view that the gtow{ah of organisms is one of the

causes of loss of capacity in a contact bed.

In regard to this point Dr. Fowler stated :—

“ This (growth of organisms) is at once the cause of increased efficiency in
“ the bed, and of loss of capacity. On examining the material of a contact bed
« “in active condition, every piece is seen to be coated over with a slimy growth.
arece w0 1 'this is removed it soon dries to a stiff jelly, which can be cut with a knife.
ot o Under the microscope masses of bacteria and zoogleea:will be -found tobe
“ present. ' If placed in a tube containing air, and connected with a manometer,

“ the jelly will rapidly absorb all the oxygen and produce carbon dioxide.

s w0 Thig action will sometimes produce a vacuum of several inches of mercury:
s:ie oo % There is little need, therefore, to force air into a bed, as the natural interchange
“ of gases which takes place is sufficient for adequate aeration. - As-a matter
“ of fact, there is always a large amount of oxygen to be found at the bottom of
““ a bed in good condition. - The behaviour of the bacterial jelly appears to afford
- * the clue to the successful working o bacteria beds. By working them at a high
' ¢ speed—.e., filling them frequently in the day, without long periods of rest—
“ the effluent may remain good, but the bacterial growth so rapidly increases
““ that the bed becomes too spongy, and will not allow the water to drain away.
- ““ Here, too, is the explanation of the fact that, within certain limits, decrease of
- “ capacity is accompanied by increase of efficiency. e -
“ This decrease of capacity may, however, become so great as to outweigh
“ the advantage of increased efficiency. A long period, say one or two weeks’
“ rest, must then be given to the bed. - -

“ These rests should not exceed a fortnight at most, as the bed then tends to '
“ dry up, and the activity of the organisms diminishes. .

. “Tt is therefore important that the decrease of capacity should not be
~ ““allowed to become excessive before resting, or it may not be possible to com-

“ pletely recover the loss during the time of rest.” ¢

5

_(5) The Volume -of Lz’gm’ilv passed on to the Bed. | (6) Insufficient rest.
' T (7) Inefficient drainage. S PR SR S RTEAE T

. 116, It 18 éviﬁdeht‘ that, for physical reasQns alone, the workihg capacity of a contact bed
must be influenced to some extent by the actual volume of liquid treated. If, for instance,

- two exactly similar contact beds, filled with unmatured material of the.same size,; are fed

_ with pure: ‘water, one.being given eight.fillings and the other two fillings per day, the

former, although' not losing capacity in the absolute sensé, will take ratherless water

- at each filling than the latter, owing to the less:time allowed for drainage-between the

 fillings,”

- [ .

the capacity' of contact beds.”~A
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‘0 We do not sugge’éﬁ that the watet held it & cl'éagi.'ari(_i’ unmatuted bed by ”;(:apiua?;y
attraction, after the bed is emptied, has a‘serious practical effect upon' the -working' capa-

city of a bed; but with a matured contact “bed cqntaining‘jelly;11ke -,rr’la.sse? of ’fba’gter»l_‘a
as well as sewage suspended matteriina very spongy state; the'tite allowed for draimage
becomes a question of importance, and the volumie of liquid déalt With, in practice, affects
: ' rather larger quantity of filtering ‘méterial would, for
instance, be advisable at a sewage works, where two -volumes of weak sewage were to-be
greated in contact beds, than at another where one volume of sewage, of twice the strength,

had to be dealt with. . o

117. The value of Test to & contact bed in helping it to inaintain its water capacity is-
well known. We may cite two cases ; one relating to the treatment of a manufacturing -
sewage (Lieeds), and the otherto the treatment of a purely domestic sewage (Hampton).

Leeds.—During the experiments upon the.filtration of Leeds crude sewage,-.

~ the primary bed, which started on October. 2nd, 1897, with a water capacity -

. of 83,000 gallons, had been reduced by February 2nd, 1898, to 45,000 gallons -
-.capacity. After a fortnight’s rest its capacity was agam measured, and found
to be 56,000 gallons, or an increase of 11,000 gallons. ~

.. - A similar increase of capacity followed sﬁbsequent rests.

Hampton. At Hamptoun, No. 2 primary bed started in the early part . |
. 0f 1899 with an estimated water capacity of approximately 43,500 gallons, and
was found on February 3rd, 1903, to have a capacity of only 8,637 gallons. On .
September 23rd, 1904, after a fortnight’s rest, 1ts ‘capacity had risen to 12,965 -
gallons; o oo -, e NI e
A gain of capacity in contact beds, by giving them rest, has been commonly noticed”
ever since they were first brought into use by Mr. Dihdin. - For some time the cause of
the gain was assigned to the biological digestion of the suspended matter caught in the-
-material of the filter.. A part of the gain in’capacity which takes place during rest is no-
-doubt due directly to this cause ;- but we think that much is due inditectly to the digestion
tending to make ;the organic' matter-in-the bed of-a more® granilar ‘and less spongy-
character.  The ultimate gain in capacity is-due to the water being able to drain away.
It was shown, by Colonel Harding and Mr. Harrison at Leeds, that the depositin a primary
contact bed which had caused that bed to lose capacity contained something like 90 per

"~ cent. of water. .

. It must be remembered, however, that the gain in capacity. which results from the
‘resting of a clogged bed is generally only of a temporary character, a short rest of, say, a
fortnight, serving for little more than to shrivel up the spongy and.gelatinous. matter |
in the interspaces of the bed. In many cases it has been observed that such matter returns
to its.original spongy state-soon-after the bed-has-beenrestarteds --If a-bed-eould-be-rested
for a very long: time, the sewage matter would become permanently granular through
oxidation ; but;this is not practicable on a large scale, and as it would possibly result
in the bed losing its maturity, it is important not to allow a contact bed to become so
seriously clogged as:to necessitate a prolonged rest. :

As we have; already intimated, it is important that the drainage should be efficient.
Unless a bed is so constructed as.to allow of proper drainage it will'inevitably suffer: rapid
loss of capacity., Moreover its oxidising power will be impaired. . . . -

gt

(S)““Suspe‘nded Matter in Liquid.

- 118,- Where the greater part of the suspended matter inthedncoming ligiid is-allowed
to find. its, way. into, the.body - of the material, the loss of capacity tendsto-vary-in direct

_ proportion ;to,the amount of suspendedsolids in the sewage oz tank liquor which:is being

treated. If very fine material is used in a bed, or if a bed of medium sized material is
coated with a layer of very fine inaterial, a large proportion of the suspended matter is

caught upon the surface. :
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There 1s a large amount, of experience showing that primary contact beds lose
. capacity at a greater rate than secondary beds, and we think there can be no doubt that
this is largely due to the fact that the primary bed usually receives considerably more
suspended matter. At the same time the facts that the suspended matter in a primary
bed effluent is of a somewhat different character to the suspended matter in a tank liquor
or a crude sewage,.and that there is less colloidal matter in a primary bed effluent
would, to a lesser extent, account for the difference. A - -

o~

119. The following table shows the loss of cap;),city, per million gallons of liguor
t.rea.ted, at places Which‘ have been under our own observation, Whgere septic Eank
liquor was treated on premary contact beds of medium sized material :—

Suspended A
matter in ver{:ge
the liquor numper : \
treated. | Age of of Estimate of Loss of | Rate of loss
Place. (Hourly | bedsin | times | total number capacity in of capacity
samples | months. beds ~ of gallons gallons, | PeT million
tuken in were treated. ’ galions..
dry filled
weather.) per day.
Guildford - - . 159 | 46 ’ 20 2238 millions 108,794 486 gallons
Exeter (Main Works) | 125 37 162 | 2,056 millions | 750,750 |365 gallons
Andover - - - . 1111 38 12 - 96 millions 79,600 | 828 galluns
, Exeter (Old Works) - 82 109 164 | 1962 millions 39,670 | 202 gallons
. Slaithwaite - - 7l 8¢ | 20 2262 millions 38,755 | 149 gallons

With the exception of Andover, the loss of capacity per million gallons was, approxi-
mately, in proportion to the amount of suspended matter put npon the beds. The high
rate of loss of capacity at Andover is accounted for by the fact that the material in the
beds disintegrated to such an extent as to caie the surface level to sink considerably.

120. In connection with this matter we may refer to our Accrington * experimeht. In
that experiment two pairs of contact beds were run side by side for rather more than a

year, one pair receiving two fillings per-day of septic tank liquor, and the other pair ,

receiving four fillings per day of the same tank liquor diluted with an equal volume of
water. Both beds, therefore, received equal aggregate amounts of suspended matter.
The capacity measurements throughout this time were as follows :—

Primary Secondary Primary Secondary

bed treating | bed treating | bed treating | bed treating

septic tank | septic tank | septic tank | septic tank
liquor figuor liquor liquor.
undiluted. | undiluted. diluted. diluted.
, Gallons. Gallons. Gallons, |- Gallons.
May 3rd, 1905 (before starting)- = - 1,170 . 1,035 1,185 1,070
October 25th, 1905 - - 810 1,080 770 940
. June 6th, 1906% - - . . 735 - 1,030 780 950

,Du‘.ring this period, therefore, the two primary beds (of coarse material) lost capacity at,
approximately, thesamerate, theloss (435 gallons) in the primary bed treating the one volume
of undiluted tank liquor being slightly greater than the loss (405 gallons) in the primary

P

. g '

* See pp. 110-117 and also Appendix IV.
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bed treating thetwo:volumes of diluted tank liquor: ~Even' this small difference
is explained by the fact that rather more than the proper proportion:of suspended
matter was, on the average, washed out of this bed, as the primary bed treating diluted
tank liquor was emptied twice as frequently as the other. The average suspended matter
in the efluent from the primary bedl treating the one volume of undiluted tank liquor
during the period was 63, and in the effluent from the primary bed treating the two
volumes of diluted tank liquor 36 parts per 100,000. As the two primary effluents were
discharged on to the two secondary beds (of fine material), the effect of the suspended
solids was shown in these also, the difference inrate of loss of capacity being still further
accentuated there by the fact that the secondary bed treating diluted tank liquor,
unlike the primary bed, retainel rather more than its proper proportion of
suspende matter. The suspended matter in the effluent from the secondary bed treating
undiluted tank liquor averaged 4°2, and in the effluent from the secondary bed treating
diluted tank liquor 1°7 parts per 100,000. It is obvious, therefore, that, at any rate,
the greater part of the disproportionate loss of capacity in the secondary bed treating
the two volumes of diluted tank liquor was due to the fact that this bed received rather
more suspended matter than the other secondary bed, and also held rather more back.

In June, 1906, the method of working the beds was altered. One set of beds then
received two fillings per day of septic tank liquor undiluted, and the other set two fillings
per day of septic tank liquor diluted with an equal volume of town’s water. The first
pair therefore received twice as much organic impurity, including twice as much suspended
matter, as the second. . ‘ " B .

* As will be seen from the following capacity measurements, the primary beds receiving
the undiluted tank liquor soon began to lose capacity. : '

Primary
bed treating
septic tank
liquor undi-
lated.

Secondary
bed treating
septic tank
liquor undi-
luted.

. Primary
bed treating
septic tank

. Secondary
bed treating
" sgeptic tank .

liquor diluted. | liquor diluted.

June 6th, 1908 - . -

February 18th, 1907 -

Gallons.
735

640

Gallons.

1,030
970

Gallons. i
780

750

g Gallons.
950

890"

R During this second' period of working;the primary bed receiving ‘one volume of un-
diluted tank liquor lost 95 gallons of capacity, while the primary ‘bed receiving one volume
The average quantities of suspended matter

of diluted tank liguor lost only 30 gallons.
entering and leaving the two primary beds for the period were as follows :—

}'ﬁ»si 4

Y

Primary bed Primary bed

: receiving one receiving one
——— A - volume of volume of
septic tank liquor |  septic tank

undiluted. liquor diluted

| Parts per 100,000. | Paxts per 100,000.
Average quantity of suspended matter going on to bed - 1411 o 73

Average quantity of suspended matter coming out of bed 71 37

Tt might have been expected that the loss of capacity in the secondary bed treating the
diluted tank liquor would have been only half the loss of capacity in the secondary bed
treating the undiluted tank liquor. It will be seen, however, that the loss of capacity
in the secondary beds was the same in each case. The suspended solids in the effluent
from the secondary bed treating the undiluted tank liquor averaged 5°0 parts per 100,000,

[0 1234 T . I
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liquor, so far as we could judge from the centrifuge figures (which, however, can only be
taken as approximate), were about one-third of this, the actual figures being as follows :—

Secondary bed | Secondary bed

receiving one receiving one
—_ : : volume of volume of
septic tank liquor |se, tic tank liquor
undiluted. diluted.

Parts per 100,000. | Parts per 100,000,
‘Average quantity of suspended matter going on to bed - 77 37

Average quantify of suspended matter coming out of bed 50 1-7 approx.

~In both periods of working (May 3rd, 1905, to June 6£h, 1906, and June 6th, 1906,
* to February 18th, 1907), the loss of capacity in every one of the four beds (primary and
secondary) ran concurrently with the amount of suspended matter held back by the bed.

I3

upbell, 21665. © 121, A contact beé. loses capacity rapidly at first, and subse imini
3 i > ] , quently at a diminished
fﬁﬁi‘fﬁfﬁgigg rate. Hvidence in regard to this was given by Mr. Campbell, of Huddersfield, Mr.

ike, 23571,  Harrison, of Leeds, Mr. Valentine, of Oldham, and Mr. Wike, of Sheffield, and others.

At Huddersfield the period of rapid loss in the case of the primary bed was within the

~ first five months, and in the case of the secondary bed within the first twelve months.

" At Leeds it seems to have been within the first nine or twelve months ; at Oldham within

the first twelve months; at Sheffield, for the primary contact bed, within the first six
months, and for the secondary bed, within the first twelve months.

- We may also refer to the experimental Roscoe beds at Manchester which, after
losing capacity for some time, eventually reached an equilibrium, and from then onwards
maintained a constant water capacity so long ag the suspended matter accumulating on
the surface was periodically removed. These beﬁ§§ were filled with chemically precipitated
sewage, which usually contains less colloidal matter than settled sewage or septic tank

liquor.

o

It does not a‘ppegr that any rule can be deduced as to the length of the period
during which capacity is lost rapidly. It would, no doubt, partly depend both upon the
rate of filtration and upon the amount of suspended matter reaching the bed. : '

€
How To Diminise THE RATE oF Loss or CAPACITY.

122. The éapacity of a contact bed is best maintained by :—

Prevgnging as far as possible the access of suspended or colloidal matter to the
ed ; '

Using materials which are not liable to disintegrate ;

Using for the body of the filter material of even size, and in the form of cubes
' or spheres rather than flakes.
Allowing ¢} grOUgh and efficient drainage ;

Not over-working the bed ;

. Giving periodical rests ; _ ‘
- Filling and emptying the bed in such a way as not to disturb the material,

‘ 'The access of suspended matter to a contact bed is, in most cases, the chief cause
| of loss of capacity, and no doubt the rate of loss can be greatly lessened by carefully
, eliminating the suspended solids from the sewage before filtration,

&

- L @

o

but the suépended solids in the effluent from the secondary bed treating the diluted tank

quantity of sludge to be dealt with.
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Some small experimental filters at Kingston, fed with precipitation liquor, which
had been produced by the “A.B.C.”” process, maintained their capacity in a remarkable
manner. By this process a tank liquor is obtained containing a very small amount of
suspended solids. : : ;

FEven the best known means for removing the suspended ‘matter by preliminary

treatment does not get rid of it entirely, and it is generally advisable to provide a layer

of fine material in the upper few inches of the bed, so as to prevent, as far as possible,
the suspended matter from gaining access to the body of the bed. o

Experience may show that it is economical to adopt some intermediate method of
removing suspended matter from tank liquors. At Birmingham, Dortmund tanks are
used for this purpose, and at Leeds, Chester, Ilford, and Guildford, mechanical straining
has been tried. The latter method, however—as carried out at those places—has not
been satisfactory. :

The question whether it is more economical frequently to wash or renew the material
in contact beds, or to remove the greater portion of the suspended matters from the
liquor before it is treated, and to wash the beds less frequently, depends primarily on

loeal circumstances.

Of the preliminary processes for removing suspended matter from sewage, chemical
precipitation followed by either quiescent or continuous. flow settlement is undoubtedly
the most efficient of those at present known ; but it involves a larger annual cost in
most cases than settlement by means of settling or septic tanks, and there is a larger

v

WasHING OF FILTERING MATERIAL.

123, The evidence shows that in many cases it is practicable and economical to wash
filtering material which has become clogged. The cost varies according to local cir-
cumstances, and the following instances may be cited.

»

At Burnley, the material of several clogged beds was washed by means of an inclined

tank effluent : and the power was supplied by a portable engine.

The cost of these operations was at-the rate of 1s. per cube yard of material, which
covered excavating, packing troughs, wheeling, and screening and washing not only the
material excavated but also the additional material required to take the place of the old
material rejected (about 10 per cent.) and filling it into the bed.

At Leedé, Mr. Harﬁson, the chemist to the Corporation, washed 1,020 cubic yards Harrison,
of material, by hand labour with screens and a heavy flow of water, at a cost of 2s. 5d. 22017.

per cube yard.

At Manchester, the washing of filtering material has been done on a very large scale,
and is carried on continuously. -The method employed is to pass the material from a
sump to a jigging screen of }-inch mesh, over which are fixed a series of horizontal water
sprayers. The material rejected by this screen is further graded by passing over a fixed
2-inch mesh screen. The material which passes through the }-inch screen falls on to an
inclined fixed screen of }-inch mesh. All material above }-inch is replaced in the primary
filters ; that between }-inch and $-inch will be used for the surface of the secondary con-
tact beds, when these are constructed. Settled sewage is the liquid used in the washing,.

The total cost of removing, washing, screening and replacing in beds and making
up to original level with new material at Manchester, is 1s. 6d. per cube yard.” This does -

not include cost of washing machinery. :

o

6225.~I. | ) . 1 9.

rotary screen, 10 feet by 4 feet, fixed at a suitable elevation and so constructed as to be g&%lé?b and Ross

_ easily capable of removal from bed to bed as required. The arrangement admitted of
washing, grading, and screening the material (clinker) : the washing was effected by the



“Cam pbell,

.21852.
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At Birmingham, 20,000, cubic yards of: material -were dealt with in the following
manner : the material was dug out of the beds by manual labour and conveyed in -tip
wagons. to a high platform by an electrically-driven winch ; it was then passed through
revolving screens and simultaneously washed with sewage.

* The cost of removing, washing, screening and. replacing material in the beds was

‘at the rate of 11d. per cube yard. With the additional material required to make up

to original level of bed, the total cost was 2s. 23d.. per cube yard. Thls does not in-
clude the cost of the washmg plant

At the Beddmgton and South Norwood sewage works of the Corporation of Croydon,
filtering material has been washed on a large scale. The work was done by hand labour,
and the cost of washing and replacing the material in the beds was apprommately 1s. 23d.
per cube yard at Beddington, and 1s. 6d. per cube yard at South Norwood.

At Andover, the cost of washing and replacing inaterial by hand labour with a special
apparatus devised by Mr. R. W. Knapp, the surveyor, was about 2s. 4d. per cube yard.
This covered the initial cost of the washmg apparatus. .

At H amptoﬂ, washing is effected by means of & machine driven by compressed air.
The cost of removing old material, screening, washing and replacing in bed, and providing
new material to make up deficiency (25 per cent.), is 1s. 94d. per cube yard.

At Huddersfield, the borough engineer found. that the cost of washing materia;l was

_not less than 4s. 6d. per cube yard. Noinformation was given as to the method employed.

124, The cost of washing, etc., at the several places mentioned (except Huddersfield)
18 | summarised in the following tables

e e

- MACHINERY.

MATERIAL WASHED BY
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Tt should be added that washed material has an enhanced value for filtration purposes,

due in great measure to the fact that the softer and more friable portions of the original
material, which have become broken down, are eliminated in process of washing.

125, We may mention here that other plans for restoring contact beds which have
become clogged have come under our observation at Hartley Wintney, Hendon, and
Oswestry. . ' ; : .

At Hartley -Wintney the contact bed material (gas works clinker) was simply turned
over. The amount dealt with was 679 cube yards; one man was employed ; and the
cost amounted to only 53d. per cube yard., \ o

The beds had been in use about four and a half years when the material was turned
over. . ‘ :

The increase in capacity due to'this process was, however, quickly lost again.

At Hendonm, the ballast on the percolating beds was reburned. The cost amounted
to 3s. 6d. per cube yard ; but this covered the sifting out of the small material, wheeling

“out the fine stuff and spreading it, and relaying drains, etc. The beds had been in use
~ for sixteen years. - : R ' :

- At Oswestry, the old material of the beds was so disintegrated as to render washing

. impracticable, and there was sufficient new, material (screened cinders) lying on the site.

The old material (cinders) was therefore discarded and the beds filled with new material.

~ The quantity dealt with was 1,550 cube yards, and cost of removing and renewal amounted

to 2s. 74d. per cube yard. The beds had been in use for about four years.

FiLTERING MATERIAL IN ConTACT BEDS.

126. The materials in general use for contact beds are clinker and coke, and
experience of other materials is not very great. : o
With percolating filters, however, many different materials have been used, and

although the actual working of percolating filters is different from that of contact beds, the

results are, to a large extent, applicable. At York, a quantitative experiment with septic
tank liquor was made by us on a circular percolating filter 7 feet 8 inches deep and con-

structed in four segments—one of clinker, one of coke, one of slag, and one of broken -
‘brick—the material in each case being broken and riddled as nearly as possible to the

same size; the bulk of the clinker was, howgever, distinctly smaller than the other three

materials. ‘The results showed that the best effluent was obtained from the clinker seg-
ment, that the coke and slag segments gave very similar effluents, but not quite so good

as the effluent from the clinker segment, and that the effluent from the broken brick seg-
ment was lowest in the scale of purity. All four effluents were of good quality.

At Hendon the late Colonel Ducat obtained a better effluent from clinker in a per-
colating filter 8 feet deep than from pebbles in the same bed. At Birmingham Mr. J.
D. Watson found that for percolating filters gravel has too smooth a surface. Dr. George
Reid also stated in evidéence that * any hard, non-friable material of irregular shapeand

not too smooth a surface, and one which is not liable to disintegrate 1s satisfactory as a

filtering medium for percolating filters.” -
The experience at Manchester, with regard to contact beds, has been that hard furnace
clinker is the best material, being vesicular and yet permanent. Dr. Fowler, however,

" expressed the opinion that broken Staffordshire bricks, saggars and gravel, if properly

sized, should do equally well. , :
It will be seen from the evidence that many witnesses have stated that substances

like gravel, flints, or broken granite, are suitable as a filtering medium, but that, in most

cases, they have expressed a decided preference for the use of those materials which present
the roughest and most irregular surfaces, such as clinker, coke, and saggars.

So far as vur own experience goes, we should prefer, as a general rule, to use coke -

or good clinker in a contact bed in preference to other materials.® It istruethat thereis
some evidence to the effect that rather better effluents can be obtained from contact beds
of coke than from contact beds of clinker, but we think that this advantage is balanced
by the tendency of the lighter material, coke, to shift slightly every time the bed is filled,
and therefore to be more liable to disintegration. . : :

* Broken “ saggars” might be equally good, but we have had no experience .of this material in .
. -contact beds. ( ) ;

o

In the choice of a filtering medium local circumstances must, of course, be taken into
account. For example, there may be places at which a somewhat inferior material may
be obtained at a very low price, and where it would be cheaper to renew the beds more
frequently, or to provide a larger area of beds, than to pay the higher price for better

" material.

Probably most materials will purify sewage, but a Iarger quantity of smooth than
of vesicular material would be required to produce equal purification.

127. Mr. W.J.Dibdin has lately advocated the use of large slabs of slate in primary
contact beds, the horizontal layers of slate being separated from one another by cross pieces.
He claims that crude sewage can be purified to a considerable extent in such beds, and
that the sludge which accumulates in them can be periodically flushed out with-water.
Up to the present time we have had no experience of primary contact beds constructed
in this way, beyond a single visit to Devizes where such beds were In use for the treatment
of screened sewage. As a result of our inspection of the beds at Devizes, we came to the
tentative conclusion that primary beds containing large slabs of slate must be regarded
more as preliminary settling or septic tanks than as contact beds. As to the feasibility
of washing such beds out, or as to the amount of digestion of sludge which takes place
in them, we are unable to express an opinion. - ‘ :

Size of Material.

128. The smaller the size of material used in a contact bed the greater is the
internal surface area exposed, and consequently the more intimate is the contact of the
liquid with the material, the greater the purification, and the more efficient the arrest of
the suspended and colloidal matter.* :

_ The efficiency of a contact bed, however, depends very largely upon the admission of
air to all parts of the filter during the time the bed is resting empty. Thorough and
rapid drainage is therefore of the utmost importance. .

For this reason, it is important that the material in a contact bed should not be. too
small, especially if the liquid to be treated contains an appreciable quantity of suspeaded
matter, as some of this suspended matter will undoubtedly find its way into the inter-
stitial spaces and prevent proper drainage of the bed. This was found to be the case
with the fine beds at Devizes and Hampton. '

At Devizes the contact beds were composed of very fine clinker broken to a diameter
from }-inch downwards and including dust. Shortly after the beds were brought into
operation, working at a rate of three fillings per day, it was found, on digging down into
them, that the liquid of one filling had not drained away from the beds when the time
for the next filling arrived. On examination it appeared that, although there was not
actually a large quantity of sewage solids admixed with the filtering material, enough

~was present to bind the whole together, so that the bed drained away very slowly. -

At Hampton the tertiary contact beds were composed of furnace clinker of }-inch

or less, including dust, and after five years’ work the material had settled into an

almost solid mass, and the beds could only be filled with difficulty. The material, when
turned out, presented a very similar appearance to that at Devizes, being closely bound
together, althongh mixed with only a small proportion of sewage suspended matter. *

129. If the liquid to be treated contained no suspended or colloidal matter, material -
as fine as medium sand would probably give the best results ; butif crudesewage were to
be put upon this sand, the surface would become so clogged with sewage sludge in two
or three fillings that the bed would be practically useless.. The top layer would then
have to be removed, or the bed would have to be rested until the sludge upon the surface .
had dried sufficiently to be raked off. Even if the top sand were constantly removed
and replaced, it would be found, as at Hampton and Devizes, that some particles of .
suspended matter would penetrate into the interior of the bed, and that eventually the
drainage of the bed would become defective. : : ,

* Norg.~—See Biltz and Krohnke, Berichte, vol. xxxvii., p. 1745 ; Fowler and Ardern, J. Soc. Chem.
Ind., vol. xxiv., p. 483 (1905); Jones and Travis, Proc. Inst. C.E,, vol. elxiv., paper 3599, p. 32 (Jan. 1906) ;
(’Shaughnessy and Kinnersley, J. Soc. Chem. Ind., vol. xxv. (April, 1906); Johnston, J. Roy. San. Inst.,
vol. xxvit, p. 10 (1906). s , _
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oo iIn deéidin’gc upon-the size of the material:to be.used; the amountof suspended matter
in the liquid to be treated, must: be considered: ‘As a general rule, the greater the amount
of suspended matter in the liquid the larger the material should be. : R

With a crude sewage containing 40 parts per 100,000 of suspended matter, the material
-will probably have to be from 3 inches upwards in diameter, and even then sludge will
- accumulate on the top.. , ‘ : ‘ ’

_ With a septic tank liquor containing 8 to 10 parts per 100,000 of suspended matter,
material of a diameter from § to § of an inch may probably be used effectively ; * while
with. a good precipitation liquor containing from 1 to 3 parts of suspended matter, th

best results will probably be obtained from material as fine as }-inch diameter. -

.- -130. It is, however, impossible’ to.make any but the most general statement as to the
most suitable size of material for contact beds, as, in some cases, there may be special
circumstances which -afiect the question; such as the character of the suspended matters;

- or the smoothness of the filtering material. . The sizes we have suggested are based on the

evidence which we have received and also on our experience of contact beds at the places
named in the following statement :— ;

Suspeqded matter in . Size of the material in
the liquor treated - Nature of material. th tact beds
. (approximate figures). : @ conta )
Crude Sewnge. :. - e Parts per 100,000, _
Hampton -~ - - - 485 ‘ Clinker. Above 4” diameter.
Leeds - - S S IR R VR | Clinker and coke. Above 3* diameter.
Newtonle-Willows -~ - - 300 Clinker. Top 18"—31” to 1* .
. _ ; : e diameter.
Body of filter, 2" to
‘ v ; 14" diameter.
Withnell - - .- - - 2070 “o i Clinker, - 17 to 11~ diameter.
\. » ;
Maidstone I 1408 Clinker. Above 3" diameter.
- Seltled S‘ewage.
Oswestry -~ ~ - - -0 _About 80. - House coke. 117 to L” diameter.
Halton - < - - -\ . . 110. Clinker and pebbles. | 17 to 27 dismeter.
Septic Tank Liquor.
‘Leeds = - - . - - 18:0 : Clinker. $” to §” diameter.
Guildford - - .- - - 16-0. Burnt ballast. 3" to 3" diameter.
Hartley Wintney ~ - - - ¢ ~..150 ~ Clinker. 3 to 3" diameter.
Exeter (Main) = - .. . - . * About 14. : Clinker. 1" to 17 diameter.
Andover - - . - - -} 120 Clinker. 3" to 4" diameter.
Exeter (St.-Leonards). - ' 85 Clinker and coke. 1” diameter.
. Slitbwaite ¢ . .. . .| 80 | . Clinker Top foot—3§” to 3
, ; I diameter.
, , . - Body of filter, $" to .
Precipitation Liquor. . 1”7 diameter,
Calverley - -~ .roeo ool 021240140 o |-+ “Clinker. - 3 to 1 diameter.
. Kingston (experimental beds) -+ - ~20.-" Clinker and coke. Coke Bed, Ytol”
T ) i ¢ B diameter. )
Clinker bed, 1" to
4 diameter,
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Grading of Material,

131. From our own observations, and from the evidence, we are of opinion that, as
regards the bulk of the material in the bed, grading is not necessary, and that much labour
and expense have sometimes been incurred, to very little purpose, in toogreata refinement
of grading. A certain amount of grading is, however, always necessary. Over the drains
of the beds; for instance, material of fairly large size must be laid in order to prevent chok-
ing. Again, in order to preserve the life of a contact bed, it is advisable to retain as much
as possible of the suspended matter upon the surface of the material, and this seems to
be best effected by using fine material for the top 6 inches or so.

We may refer particularly to the evidence on this question which was given by

‘Mr. D. Cameron (2091); Mr. Baldwin Latham (4505); Colonel Harding (7165-6) ;

Dr. P. F. Frankland (9985-6) ; Mr. Bolton (21145) ; Mr. J. Kershaw (21464); Mr. Camplbell
(21655) ; Mr. Harrison (22008) ; Dr. Fowler (22795) ; Mr. Wike (23652) ; Mr. Wilkinson
(24286) ; Messrs. Willcox and Raikes (26182).

hY
AMOUNT OF SEWAGE WRICH CAN BE TREATED oN CoNTAcT BEDS.

132. The amount of sewage which can be treated on contact beds chiefly depends
on the strength of the sewage, on the quality of effluent which it is required to produce,

" on the amount of suspended solids in the sewage, and on the size of the filtering

material. The question is dealt with in the section headed ““ General Conclusions as to
the Working Power of Different Types of Filter,” p. 117.
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PERCOLATING FILTERS.

DeprH oF PErCOLATING FILTERS.

133. The question of the-depth of percolating filters is one of far greater complexity
than at first sight appears. At most places the depth has usually been determined
by the levels. If plenty of fall has been available, deep filters have been constructed,
while at places with little fall, the material has usually been laid out in the form of a
shallow filter. In other words percolating filters have usually been constructed
as deep as levels would allow. In some cases the advantage of deep filters over
shallow filters has even been considered sufficient to justify the adoption of pumping.

It has thus been generally accepted that, in the case of percolating filters, the deeper
the material the better the result obtained. That there were good grounds for this
conclusion will be seen from the following evidence.

At Accrington, in 1897, Mr. C. J. Whittaker, experimenting upon the depth ‘of
filtering material necessary for the purification of open septic tank liquor by means of
the Whittaker and Bryant percolating filters, compared the results obtained from
~ filters 6 feet and 9 feet deep, both constructed of the same coarse material and both

receiving the same quantity of tank liquor per square yard. Mr. Whittaker found that
‘the 9 foot bed gave better purification and higher nitrification than the 6 foot bed.

At Leeds, in the year 1900, Colonel T. W. Harding and Mr. W. H. Harrison, in
their experiments upon the continuous filtration of crude sewage, touched upon the
same point. In one of these experiments, which lasted for six months, Leeds crude
sewage was allowed to trickle continuously through three filters one after another, one
. object of the experiments being to ascertain the purifying effect of each separate filter.

The filters were 3" 67, 2' 6” and 2’ 6” deep respectively, so that the total depth of the
material, which consisted of coarse coke, was 8 6”. The average analyses of the
effluents from each filter, from March to June, 1900, were as follows :—

Grains per gallon.

o Crude Screened irst Filter. Second Filter Third Filter
, : Sewage. ,}gg" deep. 2' 6" deep. 2" 6" deep.
- Free Ammonia - - -| 236 - ] 158 115 0-83
Albuminoid Ammonia - - - | 104 059 043 029
Oxygon absorbed from perman- 890 | 4-37 278 1'93
ganate in 4 hours. ‘ :
Nitrogen as nitrates: - = - — — — 014
Total solids - - - - 1232 876 740 717
‘Suspended solids - - - | = 449 o199 79 T
\

Another experiment was made by Mr, Carter Bell, at Salford, HQuring the years
1900 and 1901, on the depth of medium-sized material necessary for the purification of
-Salford precipitation liquor. = In this experiment three percolating filters 8 feet, 5 feet,
and 3 feet deep, all constructed of medium-sized clinker, received precipitation liquor
at the same rate per square yard. Typical analyses of the effluent are given by Mr.
Carter Bell as follows :— _, '

¢ Grains per gallon.
Wi Shallow filter Medium filter | Deep filter 8 feet
3 feet deep. 5 feet deep. deep.
Free Ammonia - S s - - - 2:6 : 24 2:2
Albuminoid Ammonia - - - T 020 0-18 014
Oxygen absorbed from permanganate in 4 hours - 11 08 05
Nitrogen as nitrates -~ - - - - - 0-84 1-10 : 1-30
- Totalsolids - - - - o . 650 660  © 6500
~ Koch's gelatine and incubation test - - - \Fairly satisfactory.| ~ Satisfactory. | Very satisfactory.

K
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At Forfield, Mr. F. W. Stoddart, experimenting with two filters of coarse clinker,
one 7' 6” deep and the other 3" deep, came to the conclusion that with an equal flow
per square yard the deep filter gave the better results. ‘ ,

~ 134. There were no doubt many other experiments of the same kind, showing that,
when treating the same amount of sewage per square yard, the deeper the filter the
greater is the purification effected. These experiments, however, do not show whether

1t is better to arrange a given quantity of material in the form of a deep or of a shallow

percolating filter, and so far as we are aware no systematic experiments on the treat-
ment of sewage or sewage liquor upon filters of different depths at equal rates per
cube yard, instead of per square yard, were carried out until our observations were
begun at Horfield and Ilford. , g

Horfield Experiments.

135. At Horfield, experiments were made in the years 1904-5, upon two filters
of coarse clinker, one 7 57 deep and the other 3’ deep, upon each of which quantities
of Horfield precipitation liquor were treated at approximately the same rate per
cube yard per day for ten months. Both filters were fed by means of Stoddart trays.
The deep filter had a cubic content of 284 cube yards and the shallow filter of 27-56

cube yards.

. The results showed that there was little to choose between the two effinents,
though on the whole the effluent from the deep filter was slightly the better. At the
same time, though the experiments showed that a coarse shallow filter (8 feet in depth)
can quite well be made to give satisfactory results in the treatment of a precipitation

" liquor like that at Horfield, they also indicated that with coarse material, where the

levels allow of it, a deep filter is on the whole preferable to a shallow one, especially
where a strong liquor is being dealt with, since faults of distribution are toned down more.

IYford Experiments.

- 136. At Ilford, a similar experiment with two very small percolating filters fed by
means of Stoddart trays was made in 1903~4. The filters had the following dimensions -

- Deep filter 12 feet by 9 feet and 6 feet deep.
Shallow. filter 12 feet by 9 feet and 3 feet deep.

The material used was coke, from 11" to 3” in diameter. Both filters were fed
with septic tank liquor at the rate of 125 gallons per cube yard per day.. The effluents
obtained from both filters were usually non-putrescible, though not of high quality,,
the deep filter effluent being rather the better of the two.

7Z-Tn order to improve the distribution, the filters were to some extent remodelled in
the early part of 1907 ; that is to say,. the distributors were levelled and the upper
layers of coarse coke were replaced by finer coke (3" to 3” diameter) to the depth of six
inches on the deep filter and 3 inches on the shallow filter. Immediately below these
fine layers, there were four inches in the deep filter, and two inches in the shallow filter,

of medium sized coke.

From April 15th to Juné-28th, 1907, the filters were brought to maturity with
gradually increasing quantities of septic tank liquor. During the time of the- actual
experiment, which lasted from June 1st, 1907 to January 20th, 1908, the quantities of
septic tank liquor treated were as follows :— S

On the deep filter (12" x 9 %6 )—3,000 gallons, or 125 gallons per cube yard
' per 24 hours. ' :

On‘the shallow filter (12'x9'><v3').~—1,500' gallons, or 125 gallons per cube
: yard per 24 hours. ‘

6225—1. K2
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Between these dates, ten corresponding samples of septic tank liquor and of both
filter effluents were drawn. The average figures for the analysis of the septic tank
liquor were as follows :—

Septic Tank Liquor.
Parts per 100,000.

T m%fl?gﬂlrflilg?lﬁgs. Average figures. gb?rlg:gzg:.
Total nitrogen - - - - -~ - - -l 495-840 675 10
‘Oxygen absorbed from permanganate at once 117 ~ 4-39 3-34 10
0xygén absorbed from permanganate in four hours 554 — 864 743 10
Suspended solids- - - - - - 53 -92 69 - 10
Volatile matter in suspended solids - - - 42 -69 54 10

The calculated strength* of this liquor is 78°7, or after allowing for the abnormal
" ratio of the figure for oxygen absorbed at once to the figure for oxygen absorbed in
four hours, 67°6. ? ‘ '

The following table shows the average figures of the analysis of both effluents, with
and without suspended matter :—

Effluents.
Parts per 100,000.
Analysis of sample containing |  Analysis of sample after
- suspended solids. filtration through paper.
: : Deep filter . | Shallow filter | Deep filter Shallow filter
T ' effluent.. efftuent. effluent. effluent,
Number of samples included in the A : .
average : 10 wi& 10 7 7
Ammoniacal Nitrogen - - - - 2-92 355 2-93 354
Albuminoid Nitrogen - - - - 0-47 0-47 . 025 028
Total Organic Nitrogen - - N 079 084 — —
Nitrous Nitrogen - - - - - 013 0-15 013 015
* Nisric Nitrogen - - - - - + 194 1-35 1-94 1-35
Total Nitrogen - - - tool - b6 | - B64 ' — —
Oxygen absorbed at once - .o 0-86: 0-86 .0-49 0-58
Oxygen absorbed in 4 hours - L 312 309 171 211
Incubator test (Scudder) - - - | All passed. |8 passed, 2failed — —
Incubator test (by smell) - - - | All passed. |9 passed,1failed -

Dissolved Oxygen taken up in 48 hours | = 205 174 065 079
Dissolved Oxygen taken up in 5 days - 662 6:49 1-49 : 1-90
Solids in suspension - - - - 640 510 —_ 1 —_
Volatile matter in solids - - Sl T 460 3-80 — —
Solids by Centrifuge (é{gils) - - 730 602 — —

- Apart from suspended solids, both efliuents were of moderate quality, that from
the deep filter being slightly better than that from the shallow filter as regards
ammoniacal nitrogen and nitric nitrogen, the figures otherwise being very much alike.

* Strength means the number of parts by weight of oxygen required to oxidise 100,000 parts, arrived
at on the basis of the formule suggested by Dr. McGowan—see p. 16 of this Report, and Dr. McGowan’s
Memorandum in Appendix IV.
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The following table showing the percentage pﬁriﬁoation obtained on thé tank liquor,
calculated in-various ways, brings out the similarity :—

4
—

R P
2

Deep filter. Shallow filter.

To fcwe page 73.

vt

{
Weiter &Graham LM Litho Longon

Calculated percentage purification on atmospheric oxygen used up ’
(strength of septic tank liquor taken at 8. - - 746 71-8
7,339 7,063

*Units of purification on this basis (including suspended solids)

i

v

. DIAGRAM /.

- 5,949 5,678

Calculated percentage purification on atmospheric oxygen used up ’
(strength of septic tank liquor taken at 67-6) 704 67-2

*Dnits of purification on this basis (including suspended solids)

10

Caleulated percentage purification, leaving out suspended solids

(strength of septic tank liquor 78'7) - -

Calculated percentage purification, leaving out suspended solids
~ (strength of septic tank liquor 67°6) - - - 840 784

863 814

A littlé more work, ¢.e., oxidation, was thus obtained from the deep filter per cube

yard than from the shallow filter, but the difference was only slight, such as might be
accounted for by the fact that imperfect distribution is more liable to affect the

B

137. For practical purposes we think the conclusion is justified that, within somewhat
wide limits of depth, and given ample aeration and good distribution, the same amount of
work can be got out of a cube yard of coarse material whether 1t is arranged in the form of a
deep or of a shallow percolating filter. ' ,

Rate of flow through Ilford filters.

[P S

138. With a view to ascertaining the relative rates of flow through the two filters

the following experiment was made.

1908, a strong solution of common salt was added to the septic
on to the two filters, samples of the effluent being taken at
d through the filters, a period in this

- On January 9th,

tank liquor as it passed
short intervals until almost all the salt had worke

Shallow Friter — g,

1:Deep /"/'/tar‘

e

case of about 19 hours.
The quantity of chlorine was then estimated in each sample.

It cannot be taken for granted that the passage of a solution of common salt
through a filter is exactly similar to the passage of sewage impurity which is partly in

-

true solution, partly colloidal, and partly in suspension. As sewage impurity passes
through a filter it undergoes change, whereas the passage of a solution of common salt
may be regarded for practical purposes as merely physical ; farther, one may reasonably

) assume that sewage impurities are held up in the filter for a longer period of time.
o The figures for the two filters were nearly alike throughout the experiment, but
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HOURS AFTER ?ALT’ SOLUTION WAS ALDED.

Oy

QUANTITIVELY WITH A SOLUTION OF SALT.
(EACH SMALL GIRCLE REPRESENTS A CHLORINE EST/M/;TIONJ

during the first hour a rather greater proportion of salt came through the deep filter,
although, at the very beginning, the salt issued more quickly from the shallow filter.
The figures are plotted out on Diagram L

® - These experiments suggest that, given good distribution and ample aeration
the extent of the purification effected by a percolating filter depends upon the

-G =
e e

,.
&
4

e

. length of time during which the liquor is in gontact with the material, or, perhaps
more correctly, upon the proportion of highly -purified sewage in the effluent
(i.c., sewage which has taken hours to pass through the filter) to the proportion of
sewage which has passed through more rapidly by following a much less circuitous

CURVES SHEWING THE RATES OF FILTRATION ’fHROUGH TWO COARSE

PERCOLATING FILTERS QF DIFFERENT DEPTHS AT ILFORD,AS TESTED

2HOURS

route.
The three important factors which govern the rate of percolation are :—
(1) The kind of material, é.e., whether the surface is rough or smooth ;

(2) The size of the material ;.and
(3) The state of the filter astegards the bacteria and growths attached to

IHOUR.

 JANUARY 9TH 1908,

the material, and also as regards worms, larve, etc.

* As to the meaning of the term “ units of purification” se¢ p. 107 of this Report.
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Influence of the Nature of the Filtering Material.

139. We may réfer to three experiments relating to the purification effected on
the same sewage liquor by different filtering materials, all graded to be as nearly as
possible of the same size. ‘ '

In 1903, a circular filter, consisting of four kinds of material arranged in
“segments entirely cut off from each other by partition walls, was constructed by
Mr. A. Creer at the York Sewage Works., The particulars of this filter, which was
started on April 29th, 1903, were as follows :—

Diameter - - - - - - 100 feet.
Depth of material - - - - T feet 8 inches.
Materials. ‘
First Segment - - - - - 1,492 cube yards.
Clinker - - - - - - 11 ins. to 3% ins. diameter.
Second Segment - - - - 312 cube yards.
: Broken brick = - - - - 1} ins. to 3% ins. diameter.
Third Segment - - - - 189 cube yards.
Blast furnace slag - . - 11 ins. to 3} ins. diameter.
Fourth Segment - - - - 189 cube yards.
Gat coke- - - - - 1} ins. to 3} ins. diameter.

The filter was fed with septic tank liquor by a continuously revolving sprinkler,

working automatically, and the rate of filtration on all four sections was approximately .

360 gallons per square yard, or 140 gallons per cube yard, per day.

In June, 1904, we drew hourly samples of the effluent from each of the four seg-

~ ments over three complete days, the twenty-four samples from each segment being
in each instance made up into a single sample for each complete day. As the three
twenty-four hours’ samples from each segment were very near to one another in chemical
composition, only the average figures for each complete set of three days need be given

here :—

Parts per 100,000. . Cl\;\nker. Coke. Slag. ]%)rr(;}:{l?n

Ammoaiacal Nitrogen - - - - - - 2)(\)1 006 0-05 | 0-21
Albuminoid Nitrogen - - - - - 010 0-10 0-12 0-15
Oxidized Nitrogen - - - - .- 290 2:47 2:32 248
Total Nitrogen - - - - - - -| 318 e e -2:88
“Oxygen absorbed ” at 27°C. (80°F.) - af once. 0-38 0-49 063 063

» - ) ’ - in 4 hours. 1-46 1-27 148 2:23
Dissolved Oxygen taken up in 24 hours at about . (

18°C.. - - - - - - - - 009 019 0.24 0-37

Dissolved Oxygen, in c.c. per litre - - - 065 1-32 172 257
Solids in suspension - - - - - - 215 1-22 173 ©2:00
Solids by Centrifuge (Vols) - = - -| 339 244 20°5 300
Ratio of Solids in suspension to Centrifuge solids- | 1:156 1:204 1:17-3 1:150
Incubator Test (Scudder) - - - - - | Al passed. | All passed. | All passed. | All passed.

» ,» (by smell) - = - - -~ - | All passed. | Al passed. | All passed. | All passed.
Smell when analysed - - <« - -=. -| All good. All good. All good. All good.

- All these efffubnts were very good. It will be seen, however, that if we differentiate
between them, the following is the order of merit for the different materials :—
(1) Clinker. * o | ‘
(2) Coke.-
3) Slag. ;
4) Broken brick. ‘
~ Between Nos. 2 and 3, the coke and the slag filter effluents, there is -really no
difference. . ' ‘
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- The foregoingv experiment was made between June 27th and $0th, 1904, aid
we thought it well to test shortly afterwards—on July 19th—the comparative rates at
which liquid coloured by fluorescine came through the different segments.  The filtrates

- showed :—
— (@) . 0]
: 1 Weak colour. Strong colour.
Minutes. Minutes.

1. Clinker - . - - - - - - - 6 12
2. Coke - . - - - . - . - - . ‘ 5 8
3. Slag* - - - - - - - - - - . - 8 9
4 - 2 23

. Broken brick - - - - , - - .

The order of the rate of percolation, as measured in this way, was thus the same
as that of the purity of the effluent. Although the different filtering materials were all
broken to be of the same size, the clinker was in reality somewhat smaller than the

other three.

These experiments tend to confirm the view that the extent of the purification
effected by a percolating filter depends upon the length of time taken by the sewage to
pass through the filtering material, assuming always that the filter is properly aerated.
Having regard to the vesicular nature of the clinker we shounld expect it to retard the
passage of the sewage more than the broken brick, and hence to give a better effluent. -
The analytical results show that this was the case. : ;

In his experiments at Hendon upon the filtration of crude sewage through
medium-sized material, the late Colonel Ducat compared the results obtained from filters
constructed of small pebbles and of clinker, both material being of the same size.
The length of time taken by the sewage in passing through the clinker was, no doubt, °

reater than that taken by its passage through the pebbles, and the analytical results
showed that better purification was obtained from the filter which was made of

clinker.

In a laboratory experiment which was made by us at Leeds in the year 1900,
we found that, using large smooth water-washed stones as the material in a filter five feet
deep and one foot in diameter, and treating Leeds septic tank liquor at an approximate
rate of about 70 gallons per cube yard per day, only traces of oxidised nitrogen
appeared in the effluent after three or four months’ working: Nitric nitrogen appeared
ih the effluents from the Whittaker filters at Leeds in a_much shorter time than this.
These latter filters were constructed of coarse coke or clinker and were fed with septic
tank liquor at about the same rate, i.e., 70 gallons per cube yard per day.

140. The resnlts of these experiments may be summarised as follows :—
(1) Better results can be obtained per unit volume from a material with
a rough surface than from a material with a smooth surface ; and o,
(2) The extent of the purification effected by a percolating filter varies
with the average length of time taken by the sewage to pass through the
filtering material, assuming that proper aeration of the filter is maintained.

Influence of the Size of the Material.

141. Although the experiments which we carried out at Tlford and Horfield showed
that, with filters of coarse material, and given good distribution and ample aeration, a
cube yard of filtering material will produce very similar results whether it is arranged
in the form of a deep or of a shallow filter, it does not follow that this conclusion would

apply to filters of medium-sized and fine material. - _

There are in reality three distinct classes of percolating filter in use for the purifi-
cation of sewage or sewage liquors, viz. :—

(1). Percolating filters constructed of material coarse enough (say, over 24"
in diameter) not only to give free access of air to its interior but also to allow
the suspended matter in the liquid free passage through the whole depth of the
filter. This is the class of filter to which the Ilford and Horfield experiments

related.

as very small, owing to a strong wind on that

* The amount of eflluent coming from the slag segment w
ss value than would otherwise have been

side of the filter, The result for this section may therefore be of le

" the case.
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_(2) Percolating filters constructed of medium-sized material (say, 3~ in
diameter), which temporarily retards the passage of suspended matter through
the filter, while allowing free access of air to the interior.

(3) Percolating filters constructed of very fine material.

, Percolating Filters Constructed of Medium-Sized M ateriol.
142. In filters constructed of medium-sized material the suspended solids are

arrested and held for some time in the upper layers of the material, and this part of the -

filter therefore receives a larger proportion of oxidizable suspended matter than the middle
or lower parts. 'Where much suspended matter has to be dealt with, such filters tend to
become choked in the uppermost few inches of the material, and to prevent the proper
distribution of the liquid over the bed. In a filter of this kind, air is probably carried
into the interior from the top downwards by the fall of the sewage liquor upon the
material. There are many examples of filters of this class where the material is held in
position by solid walls and where air conld only gain access to the filter either through
the outlet valves connecting to the drains or through the surface of the material. Colonel
Harding and Mr. Harrison, at Leeds, showed clearly that after serious ponding took place
on the surface of a filter of medinm-sized material, although provided with perfor-
ated walls which would allow of side aeration, oxidized nitrogen almost entirely

144, In qrder to gain some idea as to how long it would be possible to work one of
these filters without resting, the following experiments were made :— o

SRR &

~ rest than.the usual two days. The first samples of effluent from the bed were drawn

thirty minutes after the start, at which time the effluent had begun to flow out at a fair

rate, and others were taken out from time to time, as shown in the tablé below.

The

experiment lasted until January 9th, at 4.20 p.m., <., for fully five days, the weather for

the greater part of this time
-the normal.

drawn, viz:—

During the course of the

On January dth-at 2.30 p.m.

On January 5th at 10.45 a.m.
On January 6th at 9.45 a.m.
On January 9th at 4.0 p.m.

‘being showery, but the flow of sewage never much above

experiment, four samples of septic tank liquor were

These samples were very much alike in composition, and the figures of analysis are

therefore averaged in the table, and placed in one column.

that the liquor is very weak, but this is quite normal for Prestolee.

Incidentally they show

disappeared from the effluent, and the effluent then became putrescible. This experi- ;&f\;eg;gef
- ment, however, does noet conclusively show that aeration does not also take place through - tioTank Effluents.
-the sides of a filter with perforated walls, as the deterioration of the efffuent might have Liquors.
been due to the unequal passage of the sewage liquor through the bed owing to im- e - . '
paired distribution, and so far as we are aware no experiments have been made which Drawn |- - Jap. dth, ) Jan, 4th, | Jon. Stb, Ji‘)‘,‘]‘% Db Ji‘:‘,’é Db, Jz}‘},‘li‘: th
i . . : . . sy s 50 min- $ hours | 20% houryy 275 hours 213 .
sho;w conclusively how the interior of a percolating filter of medium-sized material is atesafter| after| atter | after| after| after
. rep enished with air. starting | starting |  starting | starting.| starting.| starting.
_ On general grounds, we should think it bettdr to arrange a given volume of medium- flter ﬁi?;f’a?:ae g&tcf;::;hc?f : ?gii(;? Euirf;aec_e :ulr% ; z;
sized material in the form of a shallow rather than of a deep percolating filter. In this of which | which was| complete-] tenths| thencom-
way better aeration would be maintained throughout the filter and the suspended solids _ was then | then four; Iyponded| ponded. | pletely
in the liquor treated would be spread over a greater quantity of the filtering material. throo | fifths ponded.
' quafibe&'s ponded. .
S . - . .y ponded. .
Percolating Filters Uonstructed of Very Fine Material. Analysed: | - - | Jan. 5th. | Jan. 6th. | Jan. Gth. | Jan.9th. | Jan. 9th. | Jan. 10th,
- 143. In filters constructed of very fine material, the material not only retains ‘
suspended matter on the surface, but alsgiprevents the free access of air to the Parts per 109,000 | '
interior. When sewage liquor is applied to such a filter, almost the whole of the sus- Ammoniacal Nitrogen * 075 () *  0:04 019 0-28 0-26 0-32 0-60
pended matter is retained on the surface of the material, with the result that after a time Albuminoid Nitrogen - 022 (4| 007 0-06 0-05 0-07 0-07 007
the surface becgmesi completely ohqked, The filter has‘then either to be washed by Oxidized Nitrogen - — 090 0-44 0-40 032 0-27 000
upward flow, with simultaneous raking of the top few inches of the fine material, or "« Oxygen absorbed " at ' ' ’
. . ! . . . xygen absorbo a . .
it must be rested until the suspended matter on the surface is sufficiently dry to once at27°C - - 076 (4)] 014 023 017 0-29 0-35 0-31
be raked off. €A y » ‘
. , Oxygen sbsorbed ” in 4 , )
o In the majority of cases, these filters are fed from a flushing tank, or the fine hours -~ - -3 036 091 047 0Tt o8t 065
material itself is wholly relied upon for aiding uniform distribution. As showing that Dissolved oxygen taken . } ) :
in the latter case (and presumably in the former also) a filter depends chiefly upon upin 3¢ hoursat 18°0- 1 120 (1)) 0°48 062 085 098 068 099
periods of rest for the access of air to the interior, we may quote the following Incubator test (Scudder) - — Passed. | Passed. Passed. | Passed. | Passed. Failed.
experiment .— - . , " ,» (by smell) - — Passed. | Passed. | Passed. | Passed. | -Passed. Failed.
At Prestolee, in Lancashire, there are three small filters which have a surface layer ' Smell whendrawn- - | — |Faintsoapy. Good. Good, - Good. Good. Strong
of very fine clinker: the material at the bottom of the filter is about one inch in ' . . T ' : - Sewage.
diameter. The filters are entirely closed in at the sides, and at the bottom con- Smell when analysed -} — sofhg};ﬁ,d S;;g};t (rood. sof”gﬁﬁd food u;? ‘i%l‘:;ﬁt
nect with the air through a single outlet valve only. The method of working the ‘ ’ : ezg'{hy. o ealx)'%rhy- ’ '
filters is simply to allpw the septic tank liguor to flow on to the surface of one of them Chlorine, - - - |2:93(4) — — — .- ~= -
by means of half pipes, and then-to percolate through to the outlet drains. The Solids in suspension - | 6-42 (2) - — — o _— e
suspended matter in the tank liquor, being caught on the surface, soon chokes the fine Solids by eentrifuge (vols.)| 17-4 (3) 0-0 00 00 00 00 00
‘material near thé*half pipes, and the liquor then gradually spreads over the whole - SONEhy e ' :
surfacp of tl}f} ﬁ}ter. ‘When the surface is about two-thirds or four-fifths ponded, the Oxygen in solution (when ’
tank liquor is diverted to the second filter and the first is allowed to rest and dry off, analysed) - - - — 56 42 51 00 10 07
after which the suspended matter is carefully removed with a spade. | c.. per litre 1

* The figures in brackets indicate the number of estimations in each case.

i In comparing the figures for dissolved oxygen found on the day of analysis, it is important to note that

these estimations were made at different intervals of time after the samples were drawn. Those which could
not be-examined at-onee were kept in ice, but-the second sampleof-January 5th was at atmospheric tempera-
ture for two days after being drawn ; this no doubt accounts for its oxygen being exhausted.

. | | 65521 - L

~_On Wednesday, January 4th, 1905,7at 2.30 p.m., sepéic tank liquor-was turned on
~ to Bed No. 1, which had previously been rested for 294 hours, i.e., a shorter period of

- #

»
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) ,".At 6% hours afte.r the start, the bed had hecome ponded over three-fourths of its
surface and the ponding gradually increased, but with fluctuations, until the bed was
completely under water. :

- Concurrently with this, the figures for ammoniacal nitrogen and for nitric nitrogen
(no nitrite being present in any sample on the day of analysis) show that the oxidation
gradually decreased as the experiment proceeded. The figures both for “ oxygen ab-
sorbed ” from permanganate and for dissolved oxygen absorption are less regular, but
this is no doubt partly due to the fact that all the effluents could not be examined at

equal intervals of time after they were drawn. After five days the effluent even from-

this very weak tank liquor became putrescible.

145. It is clear, therefore, that percolating filters of very fine material can only be
Worlged for a certain limited time without being rested, and, in order to obtain the
maximum amount of work out of a given quantity of fine material, it would seem better
to arrange it in the form of a shallow rather than in the form of a deep filter, provided the
distribution is efficient.

Derra oF FINE PrrcorLATING FILTERS.

146. The question of the most suitable depth for fine filters was specially brought
go (t)furdnl?tlce by Dr. George Reid, the Medical Officer of Health for the County of
taffordshire. '

In connection with his investigation of the fine grain filters at Hanley, Dr. Reid
collected samples at the following depths from the surface of the filters, viz. :—1 foot,
2 feet, 3 feet, and (the bottom) 4 feet 6 inches.

The analyses of these samﬁles, and also of the septic tank liquor, the detritus tank
liquor, and the original sewage, are given in the following table :—

Parts per 100,000,

Detritus | Septic Filter 1 | Filter 2 | Filter 3 | Filer

- | Sewage. | 'llank. Tank. | foot feet feet | 4°5 feet
No. of Records - - - - - 18 T_*\91 16 16 16 16 16
Total Solids - - - - -| 1709 1181 107.8 101-5 101-1 101-8 1035
Solids in Suspension - - - -| 635 | 170 6 0-25 0-09 0-14 C—
Solids in Suspension (Organic)-- . - | 285 68 3.8 0-16 0-05 0-06 —
Solids in Suspension (Mineral) - -1 349 10°1 38 0-08 0-03 0-08 —_
Chlorine - - - - - - 11-0 10-0 99 94 9-b 9-4 95
Free Ammonia - - - - - -| 2154 | 1643 | 17716 | 0036 | 0020 | 0009 | 0-043
Albuminoid Ammonia - - - | 0972 | 0486 | 0-340 | 0052 | 0-037 | 0:031 | 0027

*Oxygen absorbed in 4 hours at 80°F.- | 5019 12726 | 2184 | 0-328 | 0286 | 0244 | 0-250

*Oxygen absorbed in 3 minutes before | 1-862 | 0-975 | 0-836 | 0-083 | 0-077 | 0060 | 0-070
incubation - - - - - \ .
Oxygen absorbed in 3 minutes after | 2:176 | 1095 | 1571 {0-0677 | 0-060 | 0-052 | 0-039
incubation (3 days) - - -
Nitric Nitrogen on day of collection - | 0-02 002 Nil 1-64 1-82 | 1.75 1-70

Nitric Nitrogen day after collection - | 010 0-09 0-09 2-07 1-99 ‘185 1-99
Nitrous Nitrogen on day of collection 0029 0014 Nil 0-003 0:011 0-005 0-005
Nitrous Nitrogen day after tollection 0-029 | 0-022 ~ Nil 0003 | 0007 | 0008 | 0002

Column necessaxy.,

. lines (inches) ™ - -

~From these experiments Dr. Reid had drawn the inference that, in the case of the
Hanley sewage “the lower two or three feet of filter medium is absolutely unnecessary,
and so far as the cost of construction of the filters is concerned, the expenditure might
be reduced by about one.half.”

. .
2 I £

* From weak permanganate.

- L

&

oW

. to obscure test L0510 16 15 {Over 24 | Over 24 | Over 24 { Over 24
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He also suggested that a much better result would be obtained from a given Reid, 27145,

quantity of jfine filtering material if it were arranged in the form of a shallow filter,
than if it were arranged in the form of a filter 6 feet deep ; and, further, that to estimate
the amount of filter required for a given flow of sewage, in cubic yards, without refer-
ence to the depth of the filter, was open to objection, inasmuch as the lower layers of a
fine filter were less efficient than the top one or two feet. .

The points raised by Dr. Reid are of considerable importance, and we considered

-it desirable to make further experimental investigations in regard to them, especially

as the results obtained at Hanley in respect of finé filters differed so materially from the
results which we had obtained elsewhere with coarse filters.

Dorking experiments as to depth of filters.

147. Our experiments were carried out at Dorking, under the charge of Mr. E. H.
Richards, our resident chemist. ¥or the purpose of the experiments, we constructed two
filters 4 feet 10 inches deep, one filled with fine material and the other with coarse
material, and two filters 2 feet & inches deep, one filled with fine material and the other
with coarse material. ' :

" For convenience the two deep filters were constructed in the form of one circular

- filter with a dividing partition between the coarse and fine material. The shallow

filters were also constructed in a similar manner. The distribution was by means of
revolving sprinklers, fed intermittently from small tipping troughs. At the suggestion
of Dr. Reid, who very kindly gave every possible help in the planning of the experiment,

- the distribution was carefully tested before the experiment started and was found to

be as perfect as could reasonably be expected. The flush of tank liquor (5 gallons) on
to the filters took place as follows :— '

During Experiment I. - - once every 7 minutes.

During Experiment II. - - once every 3% minutes. .

*
*

The following table gives particulars of the four filters :—

Dorking Experimental Filfers.

—_— Material, Depth of Material.| Size of Material. | Contents of filter.
Cube yards.
Coarse Shallow Filter - - Clinker, 25 1” to 4” through- 51t
: _ out.
Coarse Deep Filter- - - Clinker. 4 10" 1"to0 4" throuéh- 10-28
out. .
Fine Shallow Filter - - Clinker, - 25 Top 1’ 24" of " 5:14
to 1" diam.
Bottom 1’ 24" of
: , 1’ to 3" diam.
Fine Deep Filter - - - Clinker. 4 107 Top 2" 5" of §” 10-28
= ‘ to }” diam, '
Bottom 2" 5” of
¥ to 1" diam.

The sewage treated in the experiments was drawn, by means of a bypass, from the .
Dorking-outfall at a constant flow. It may be described as almost entirely domestic
sewage of about average strength.

Table 1. shows the figures of> analysis given by 21 sets of average samples of the
sewage taken from November, 1905, to November, 1904.

6552—1. ; , L2
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The sign + means that the sample did not putrefy on incubation.
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Figvires for Scieened Sewage. R o - ‘ :
. 24-hours samples, . . : o ‘(S9mlTIOA) o = © % g
‘ ' ' eSnyrguey bt « o Z
- , — No. of
Parts per 100,000. A‘ erage. estimations. :—?A .:?/'\ S~
ESECT = e B ECIEE I
Ammoniacal Nitrogen (263 to 5:69)- - . - - 465 21 ‘nopsuedsng P é 3 g i:‘g‘ |
Albuminoid Nitrogen (056 to 1-66) - -~ - - - - - 1-00 20 o SpHOs s o3 o=
Total Organio Nitrogen (1170 511) = - - - - | - 192 20 | Ea E8 58 -
Oxidized Nitrogen (000 to 076) - - - - - - - - 011 21
‘Total Nitrogen (451 to 5:88) - - - - - - - 672 20 T
Oxygen absorbed at once at 27°C. (1-20 to 3-41) - - - 2-38 21 (rews) I > b
) . . , _ 1891 Jotequouf Ca
Oxygen absorbed in 4 hours (6 37 to 14-77) - - - 10-01 21 “
Solids in suspension (117 t0 32:8) - - - - - - - 2160 21 S, s = =
. . . s * 7e el - =]
Calculated strength* 96 - - - - - - - - -~ - E’ EN -1 shep gox;?E{n uo®) 5% %g oo §§ =
T : 3 g weS£X0 Pasjossi() mC&z S°&= °
= = . :
* Strength expressed in terms of the number of parts by weight of oxygen required to oxidize 100,000 -3 § 5 )
parts of sewage, arrived at on th: basis of the formule suggested by Dr. McGowan—see p. 16 of this S -3 = 0 .81 3® smoy = s =+
- ) : : g S - g% ur dn weyes i Al @ 2
Report, and Dr. McGowan’s Memorandum in Appendix IV. 3 3 ran & S & &
X Y g, 8 S uedAX0 PoAJOSSI(] :
. . . A . . . . . & g i 3 :
- The sewage, before filtration, was precipitated with ten grains of alumino-ferric and L~ = & X 2 ‘02 ¢ waEF ~08F = o
five grains of lime per gallon, and was then allowed to pass through a tank of sufficient & R < = S q® SOy § Ul * Dok o BE 9w
R N N . < . i © <3 3 Kx 1 ~— 8 oo&g o o
capacity to give ten hours continuous flow settlement. The tank was cleaned once a g2 1" 8 Y 3 N peqiosqe uesAx( = =
week, as a rule, but twice a week in hot weather. ‘ ' R - - Y S ~ e
Y g = G 0 .15 AR 2 & =
e 3 - ) s | 8 N 9% SeynuUIW ¢ Uy = ¥ °° I
: : s ~ & poqIosqe ueSAx() - ° < ©
Experiment 1. (June 17th, 1907, to October 17th, 1907.) 8 S .
. g 3
, : | g % w0y 2 = 3 8. =3
| ~ o LR oHIN R
148. On June 17th, 1907, the four filters were started working at the rate of Ty N -
seventy-five gallons per square yard per day for each filter. This was equivalent to a § = -weSonnT o 0 « g
rate of ninety-three gallons per cube yard for each shallow filter and 465 gallons for < snoiuﬁ\ g 3 S g £
each deep filter. This small dose was intentional, the idea being to work the filters o -~
with gradually increasing volumes of liquor and to note the order in which the effluents . : '
-deteriorated in quality.- The above rate of working continued without . cessation : ‘uefo1yIN 5= 3 > 3
until  October 17th, 1907. The surface material of the coarse filters was soon R ' . plowIngry ° e < - °
covered with a green growth as is usual at Dorking at that time of the year. The S : ' -
growth was thin and had no apparent effect upon the aeration of the filters or upon BRI ‘wefonIN T 8 = 2 3
the passage of the tank liquor through the material. : : , [EoRIUOWW § * 5 & 5 S
. . T ' . . ,;m T ! H
The materjal in the two fine filters was comparatively free from growth, and at no &
time during this experiment did any ponding of the surface occur. The upper layers = ' ' ' :
of the ﬁne'matzg;gal swarmed with small red worms, ' I E S
, . ) " = b s
; @ H ] 8w
o e L . E : g € 8
- .During the four months all the effluents and the precipitation liquor were examined 2, 5 08 - v &
by sets of average samples drawn hourly for eight hours every eight days. . % &= g 2 5
; - - ‘ s R - 3 . .-; g = L= §
: - SRR ' . £ 2 Z g g @
_ The figures given in Table II. are therefore representative of the working of the & £ - £ 2
- filters under all conditions. ’ R . ' g 2 g & 5 8
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The precipitation liquor treated was fairly strong. It had a caloulated strength *
of about sixty-one. : , ~

The effluents from the two coarse filters were both very good, but the liguid
portion of effluent from the deep filter contained only about two-thirds as much

oxidizable matter as that from the shallow filter, "as judged by the oxygen

absorbed test. The difference is shewn by the following figures :—

Effluent from the | Effluent from the
— coarse shallow coarse deep
filter. filter.
Ammoniacal nitrogen - - - - . . - - 066 0-14
Nitric nitrogen * - - . . . . . . 314 4:03
Oxygen absotbed in 4 hours by paper-filtered efluent - - - 112 - 0-76
Dissolved oxygen taken up in 5 days by paper-fltered efluent - - 0-48 0-32

~ The effluents from the two fine filters were, for practical purposeé, alike, the oxida-
tion having been carried very far in each case, as is shown by the following figures :—

- Effluent from fine | Effiuent from fine deep
T -shallow filter. filter.
Ammoniacal nitrogen - " - - - S N 0-08 ' 0-03
Nitric nitrogen - .- - - - - - - - 4-00 426
Oxygen absorbed from permahganate in 4 hours - - 0-57 ‘ 0-51
Dissolved oxygen taken up in five days - - 012 015

- All four effluents may be classed as good to very good, and all the filters were

sufficiently, or more than sufficiently, deep, for the volume and the strength of the
liquid treated. ' -

The results from the deep and shallow fine filters are in agreement with those
obtained by Dr. Reid at Hanley.. They show that, with the amount of sewage liquor
being treated, the extra depth in the deep filter was not required ; or, in other words,
that passage through the first half of the ‘deep filter was sufficient to oxidize almost
the whole of the oxidizable matter in the liffhor put on the filter.

Salt Experiment I, :
149. At the conclusion of this first experiment an attempt was made, as at Ilford,

- to find the approximate average time taken by the precipitation liquor to pass through

each filter,

About 28 1bs. of common salt were dissolved in water, and half the solution

was poured into the tipping-trough supplying each pair of filters, in such a way as
to interfere as little as possible with the natural working of the distributors.

,Approximately 7 1bs of salt were thus flushed on to each filter.

Samples of the four effluents were taken first at one minute intervals, and sub-

sequently at longer intervals over a period of 56 hours, until the salt had apparently
all passed through the filters, ' : '

The chlorine in these samples plotted against time of drawing is shewn in
Diagram 2. '

These curves suggest the conclusion that a sample of effluent drawn at a given -

time is composed of a mixture of liquid which has been in contact with the filtering

material for timis varying (in all four cases) from about thirty minutes or less, to

- something like sixty kowrs or more.

The proportion of liquid which has been in contact with the filtering material for
- a short time to the proportion of liquid which has been in contact for a long time

" would largely depend upon’the depth of the filter, and upon the pature and size
of the material of which the filter is composed. ' ‘

E B

* See section of this Report on Strength of Bewage, p, 15.
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CURVES SHEWING THE RATES OF FILTRATI

To face page 82.

ON THROUGH THE TWO "COARSE
AS TESTED QUANTITIVELY. WITH A

SOLUTION OF SALT.

AND THE TWO FINE FILTERS AT DORKING,

Rate of filtration on all four filters =75 gallons per square yard per 24 hours.

DIAGRAM 2.

OCTOBER 9TH {807.
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To draw any exact conclusions as to the average time of contact in each of the
four filters appears to be almost impossible. We may, however, give the following

ratios, ete :—

83

(]

Total quantity of | Time taken for ‘Hour line upon
salt washed half the average | which the centre gl(():};:; e??:‘
. out of filter in quantity of salt | of gravity of the | ., 0 o e v o
30 bours, to wash out. curve figure falls, gure-
Weight | Propor- . Hour -
in tion to | Hours. ;I;It?e Hours line iCu}E);c Al;gg,
1bs. 7 lbs , o- ratio. nehes, | ratio.
Coarse shallow filter - 436 062 30 10 5-33 100 129 1.00
Coarse deep filter - 459 065 55 18 9-0 1-63 130 101
Fine shallow filter , - 498 071 70 2:3 90 163 14-0 1-08
Fine deep filter - - -} 542 077 145 4.8 | 170 310 14-0 1-08
- (39 hrs))
Average - - - 483 — — - —  [Average| 135 —

As judged by the time taken for half the average weight @?lbs) of salt to issue

in the effluent, the time of contact in the coarse deep filter was nearly double that
given in the coarse shallow filter, and rather less than the time of contact given in the
fine shallow filter. In the fine deep filter it was almost exactly double the time given
in the fine shallow filter. ,

Upon this basis of calculation, the fine deep filter ought to give the best effluent,
the fine shallow filter the next, the coarse deep filter the next, and the coarse shallow
the worst. The quantities of oxidizable matter treated were not sufficient to give any
true idea of the relative oxidizing power of each filter, but it will be seen that the
figures of analysis do arrange the effluents in this order.

Ezperiment I1. (October 18th, 1907, to January 12th, 1908.)

150. On Octaber 18th, 1907, the rate of working was increased to 150 gallons per
square yard per day for each filter. This was equivalent to a rate of 186 gallons per cabe
yard for each of the two shallow filters and 93 gallons for each of the two deep filters.
. This rate of working continued until December 22nd, when all the filters were given a

“week’s rest in cold dry weather. On December 29th they were started again at the
same rate, and from this time they worked without cessation until January 28th, when
the experiment stopped. i 3

The increased rate of working and the low atmospheric temperature showed their
effects on the nitrification, the ammonia rising and the nitrate falling in all the effluents,
Moreover, a grey growth (Cladothriz dichotoma, Cohn) made its appearance and
began to flourish on the surface of the two coarse filters towards the end of October,
gradually increasing in thickness during the two following months.

The same growth appeared on the surface of the two fine filters; this also
increased, but never to anything like the same extent as on the coarse filters. On
November 20th local ponding began on both fine filters, being rather worse on the
shallow filter than on the deep. On December 2nd both the fine filters were raked
over for the first time, and as this was done afterwards whenever necessary, neither
the growth nor the suspended matter caught in the top few inches of the fine clinker
had very much effect upon the working of these filters. There is no doubt that the
effect of the growth was much more marked in the case of the two coarse filters.

The severe frosts in January killed off the growths on the fine filters, and to a
certain extent on the coarse filters also, but with the return of the milder weather the
growth re-asserted itself. Although the filters were at times completely frozen over
between the jets of the sprinklers, none of the effluents deteriorated seriously. The
coarse deep filter suffered most in this way from its exposed position.

The averages of the figures of analysis are given in Table ITL
They were obtained from samples drawn in an exactly similar way to those in
Experiment 1. ‘ : .
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Octoler 22nd, 1907, to
January 12th, 1908

pitation Liquor

Fine deep filter effiuent - -

Coarse. sha.llow filter efHuent‘
Coarse deep filter effluent
Finevshallow filter efﬂuenf

Preci

4 feet 10 inches deep, was
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In this second experiment; the precipitation liquor treated was distinctly weaker
was only fifty-four as

than it was in the first experiment. Its calculated strength
against sixty-one. This was no doubt owing to the heavy rainfall in the last months of

the year.
Comparing the effluents from the the two coarse filters, we have the following .
figures :(— ‘ , L
N ' Effluent from the | Effuent from the
— "1 coarse shallow coarse deep

= filter. - filter.
Ammoniacal Nitrogen - - - - - - - - - © 099 055
Nitric Nitrogen - - S - - - - - - 223 2-69
Oxygen absorbed in 4 hours by paper-filtered effluent -~ - - - T 087 079
Dissolved Oxygen taken up by paper-filtered effluent in 5 days - - 052 R 042 -

It would have been expected that with the greater flow per cube yard the differ-
ence between the effluents from the two coarse filters would have become accentuated, -
but in actual fact it is, if anything, rather less than it was in Experiment I, though at
the same time neither efffuent was of quite such good quality. The explanation of
this result is, we think, to be found in the development of growths upon the surface of
the coarse material and some way down into it which took place during the experi-
ment. This undoubtedly interfered with the normal working and, as will be shown
Jater, altered the times of contact given. With regard to the effluents from the
fine filters (which, it will be remembered, were in the first experiment practically
identical), these showed a greater difference than before as is evident from the follow-

ing figures :— .
I ‘ %ﬁ:es%i]flg%vm' Effluent from
. , flbor. fine deep filter.
Ammioniacal Nitrogen - - - - - - - - - 0-86 k - 036
Nitric Nitrogen - - - - - - - - - - 2-80 3-25
Oxygen absorbed in 4 hours by paper-filtered effluent - - - 090 - - 060
Dissolved Oxygen taken up in 5 days - = - L i e - - 108 . 049

Some growth occurred on the fine filters, but it had much less effect upon the
working of them than the growth had upon the working of the coarse filters, mainly

because of the surface raking adopted.

Qo far as the coarse filters in Experiment 1I are concerned, the value of the
comparison of the results was vitiated by the growth. . ~

o fine filter effluents, while both are good, that from the deep filter

As regards th 1
t half the residual oxidizable matter as that from the shallow

~ contained only abou
filter.

total amount of matter which was oxidized by the fine filter,
little more than the total amount which was oxidized by the

fine filter of half the depth.

. At the same time, the

As in Experiment L, all the filters continued sufficiently (or more than sufficiently)
deep for the volume and strength of the liquor treated. :
6225—L. SR M
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o e b Salt: Bxperiment 20 e Leces
151, At the conclusion of Experiment IT another salt test was made in Qrdér “to
compare the curves obtained at this rate of flow (150 gallons per square yard) with those
in Experiment I when the rate was 75 gallons per square yard.

The result is shewn in Diagram 3. Exactly the same amount of salt was used-as
before, viz. 7lbs. for each of the four filters, but as the flow of liquid was now doubled,
the. chlorine figures are correspondingly lower in each case.

Intei:preting the curves in the same way as those of Diagram 2, we obtain the
following figures :— S :

) T - Time taken for | Hour line upon - e

anlt wadhod st of | B tho averago | which the contro | ML
filter in 23 hours, | 9Uantity of salt | of gravity of the the curve figure ’

- R T to wash out, curve figure falls. ’

font L Weighit [P Propor- | cooir b s Dol o b oHour [ gyt 6

in s potion to |+ Hours. | Tm_le’ - Hours, line .Cublc - Arqa .

1bs. 7 lbs, . U ratio 1atio, | inches. | ratio.
Coarse shallow: filter .+~ +.iv+| 1 42 2 | 060, - 227+ <) -100--| - 38 . | -1:00 .. ~6:98:14, 100,
Coarse deep filter:: -+ i) 4-87. 1069 |+ 3:00 [+1:32:}56 5 R A G LETES SR 0 T

Fine shallow filter * """~ /" 417 | 060" | 370 { 163" 58 ©153 628 | 090

Fine deep filter - - - | 4:36 | 062 | 630 | 277 | 94 248" | 698 | 100
‘Average - . - -] 440 —_ — — %— Average.| 705 - |- — .~
‘ | :

- “Ttwill'now be'Sed thet in the two coarse filters, especially in the shallow one, the * -
time “taken 'for half the: average quantity of salt to wash out was distinctly more

- than-half what it was in Experiment I. & R

The effect of this is to bring the ratio figures for avérage time of contact in. the
two coarse filters much nearer together, viz., 1:0: 132 as against 10 : 1'8 in
Experiment I. - : : ,

- “The same thing isvseen but to a lesser extent with the fine filters, where the ratio
. figures are 1'63 : 277 as against 23 : 4'8. :

The figures of analysis run parallel with this, thkereA beiné less® difference between
the two coarse filter effluents than in Experiment I.  Further; the rate of filtration is
now sufficient to-bring about a difference in the- figures of analysis for the fine filter

eftluents. - : : ’

. Salt Experiment 3.

152." The appearance: of the filters at this time led us to surmise that the difference
between the ratio figures of Salt Experiment 1 and those of Salt Experiment 2 was to be
ascribed: to the:{d&velopment of: Cladothriz dichotoma on the filtering material, especially
on the coarse material. . : . SR ’ | ‘

e - S

‘In order to satisfy ourselves as to this, we cut down the flow on to the filters to

the original rate of 75 gallons.per square yard immediately after the conclusion of Salt

- Experiment 2, and proceeded to make a third Salt Experiment.. Apart, therefore, from
the difference in the state of the filters, the conditions of this Experiment were precisely
the same as in Salt Experiment 1. ' T

To face p@e 86.

DIAGRAM 3. .

CURVES SHOWING THE RATES OF FILTRATION THROUGH THE TWO DEEP AND THE TWO
SHALLOW FILTERS AT DORKING,AS TESTED QUANTITIVELY WITH A SOLUTION OF SALT.
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-+ The result of SaltExperintent 3 is shewn on’ Diagram 4, (= - -5
' Again interpreting the curves as-before we obtain the following figures :—

Total quantity of | Time taken for | Hour line upon
salt washed out . | - half the average | which the centre
* of filter in 46 | quantity of salt | of gravity of the

Total area
.~ enclosed by
the curve figure.

hours. " “to wash out. curve figure falls.
Weight | Propor- ) Hour .
in- | tion to { Hours. Time 1 Hours, line c UEIC Area
Ibs. 7 1bs. S ratio, | ratio. inches. | ratio.
Coarse shallow filter - 697 | 099 | 63 | 100 | &8 | 100 | 2226 | 100
Coarse deep filter - 602 | 086 91 144 | 110 1:95 | 1580 | 070
Pine shallow filter =~ - -{ 6:87 *| - 098 .| 102 | .-162 189 | ;158 .| 1820 |- 082
~ Fine deep filter - - 629 | ~090 |* 169 | 268 | 106 | 222 | 1628 | 073 -
‘Average o - 6'54 —_ R — — —_— 18-13 R

. The ratio figures for the time taken for half the average quantity of salt to wash
out in' this experiment were thus practically the same: as in'Salt Experiment 2; viz., 10:
1:32 and 10 : 144 for the two coarse filters and 163 277 and- 1:62:- 2:68 for the
two fine filters.

In other words, given/a ilter in the same state, the time. of contact is inversely
" proportional to the rate of flow.
)““Wh‘ile,' therefore, the growth interfered with- the -progress of the: experiment as
originally outlined, it has helped in a striking way to shew how close is the relationship
between the time of contact and the quality of the effluent. e Seientoco

GENERAL .CoNCLUSIONS AS To DEPTH OF PERCOLATING FILTERS.

153.. Our Dorking experiments are not completed, and some points are not yet settled,

but we think that the results obtained by other workers, together with those arrived at
by us, bring out the following points fairly clearly :— : o

(1) That the deeper the filter the better the effluent. This holds both
for fine and coarse material, assuming good distribution and aeration.

(2) For practical purposes and assuming good distribution, the same puri-
fication will be obtained from a given quantity of coarse material, whether it
is arranged in the form of a deep or of a shallow percolating filter, if the volume
of sewage liquor treated per cube yard be the same in each case.

Thus, a filter, 3 feet deep, worked at the rate of z gallons per square yard
per day, would give similar results to a filter 6 feet deep, worked at the rate
of 2 z gallons per square yard. ) .

In the absence of clogging, the balance would be slightly in favour of the
deep filter, because the greater the depth the more the errors of distribution
would be neutralised: There must always be a limit of shallowness (say 3 feet),
beyond which it would be unwise to go, for however good the distribution might
be, if a coarse filter were constructed very shallow, a considerable proportion
of the sewage would pass through by “ short cuts.” h

(3) With regard to filters of fine material, if the liquid to be purified were
absolutely free from suspended and colloidal solids, and if thorough aeration
could be maintained, the statement just made for filters of coarse material
might possibly hold good for filters of fine material also. In practice, however,
these conditions can scarcely be maintained with large rates of flow, and we
think that the greatest efficiency can be got out of a given quantity of fine
material by arranging it in the form of a shallow filter rather than of a deep filter.
But we are not in a position to mdke an exact quantitative statement as to
the difference in efficiency of the two forms.

62251 o M2
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It is probable that for the treatment of a strong sewage liquor, the filter

should not be quite so shallow as for a weak liquor, but the point has not been
fully worked out.

(4) The extent of the purification effected by a percolating filter varies
with the average length of time taken by the sewage liguor to pass through the
filtering matérial, assuming that proper aeration of the filter is maintained.

S1ZE OF MATERIAL.

154. The size of the filtering material should depend, very largely, upon the amount and
character of the suspended matter in the liquid to be filtered. Fine or medium-sized
material undoubtedly produces the best efffuents, so long as it is kept free from water-
logging ; but, unless the rate of filtration is slow, such filters soon clog if much suspended
matter is contained in the liquid which is being filtered.

- At Leeds, screened crude sewage, containing about 50 parts of suspended matter
per 100,000, was treated upon filters of coarse material (over 4 inches in diameter) for at
least eight or nine months ; but it was found that when the same sewage was treated
on a Ducat filter constructed of fine to medium clinker (¢-inch to §-inch diameter), even
at a slower rate, the filter became clogged in a month. The rates of filtration were as
follows i—

52 gallons per cube yard per day.
45 gallons per cube yard per day.

Through the coarse filter (1131 feet deep) -
Through the fine filter (10 feet deep) -

In considering the qﬁestion of size of filtering material, the character of the suspended
matters in the sewage to be treated must also be taken into account.

No doubt the amount of fibre in the sewage was the chief cause of the very rapid
choking of the fine Ducat filter at the Leeds works. As we have already mentioned, this
filter became clogged within a month when screened sewage was put upon it, and with
septic tank liquor, containing about 18 parts of suspended matter per 100,000, it com-
pletely choked after about two and a hali years. The rate of filtration during the experi-
ment with septic tank liquor was about 57 gallons per cube yard per day.

155. The following tables give pé,rtic-ule{ s as to the size of filtering material in use
at a number of places which we have had uhfler observation. ’
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uors are only to be taken as approximate and this more especially in the case of the sewages, ete., from Birmin

~and Leeds ; at those places the 4 hours “oxygen absorbed * figure is obtained with weak permanganate and we have only been able to make an average allowance for this.
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s ” of the above sewage li

NOTE.~The calculated “strength

-

91

» : : \

.+ o' MzrHODS of FEEDING PERCOLATING FILTERS.

156. The main object to be aimed at in feeding a percolating filter is to deliver the
liquid uniformly over the whole area in such a way that each particle of material
receives-an equal quantity of liquor. AR SRR ' ‘

?

" A distributor. should comply with the follquing requiretﬁents-:——-
.. It-should distribute the liquid uniformly ove‘rkthewhole filtering area ;

Its working should not be affected by atmospheric conditions, such as
wind, frost, etc. ; ‘ _ : ‘

It should be capable of adjusting itself to large variations in the flow,
i.e., it should deliver equally well the small flow of night sewage and
the increased flow during storms. :

.+ The v-distributioﬁ .,shoul(vi h;)t be liable to.be affected. by the étoppage of
.. small holes by the suspended matter of the sewuge or ,tanlg liquor;

It should be easy to clean;

. The points at which ‘the. moving parts of the :distributor-are in contact

with -the . stationary parts, or with -the parts which have a different

., motion, should, as far as possible, be separated from the liquid which is
being distributed. T : S .

In selecting a distributor, it would be néeessary to consider the head of water, or

other power required to work it, and, of course, the question of cost..

..+ ,157..At.the places which we:have had under observation we have had experience

of six forms; of distribution... We have made no comparative tests of the various forms;
and we therefore only propose to offer certain general observations in regard to them.

- The forms of which we have had experience may be classified as follows ;—

BN ¢Y A sprinkler which moves, either automatically or by applied power, dropping
or spraying the liquid as it rotates or travels backwards and forwards over an area of
filtering material ; ‘ e : S e

- () ‘A stationary form of distributor,” in which the liquid to be distributed is
carried over the filter area by means of pipes, and forced under head of water through
a large number of small orifices, so that it is broken up into fine jets; S

(3) A form of distribution in which definite volumés of liquid are automatically
delivered in flushes ; ' ‘ o

.

. (4) Distribution by means of a very fine material laid on the surface of the
lter, the liquid being by this means spread over the whole, or the greater part, of

- the filtering area ; = ,

(5) Dripping trays, a 'S_t&ti'onary::fi)rm -of distributor, invented- by,Mi'. F.-Wallis
Stoddart, by which the sewage liquid is carried over a filtering area in
perforated trays of corrugated iron, from which it falls upon the filtering mater_ia_l ina

succession of drips ; , . ‘ .

~ (8) Tipping troughs. A stationary form of distributor, consisting of troughs
balanced on pivots in such a way that, when filled with liquid, they tip and then
return to their original position. s . .

- v
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Zype No. 1.—As regards moving sprinklers we may make the following
observations :— .

(o) Unless driven by applied power, which must obviously increase the cost
of distribution considerably, they are seriously affected in their distribu-
tion by wind, and by severe frost and snow. In the case of light

revolving sprinklers, they are not infrequently brought to a standstill by

the wind.  Where the filter is a small one, this disadvantage may to a
considerable extent be overcome by building wind screens round the filter
or by raising the retaining walls, but on a large works we should think
that this would be impracticable, and with large filters not very effective.

(b) Automatic revolving sprinklers, when used intermittently (7., when fed
from a flushing tank), are capable of adjusting themselves to large varia-
tions of flow, but when used continuously, without a flushing tank, their
rates of working can only be varied within somewhat narrow limits.

- (¢) The forms of sprinkler in which the tank liquor is delivered to the bed
‘through a number of small holes need a considerable amount of attention.
The arms require to be brushed out at least once a day, unless the tank
liquor ‘happens to be exceptionally free from suspended matter, or not
likely to.produce fungoid growths. ' ' o

- Type No. 2.—Distribution by means of perforated pipes or nozzles laid over a
filtering area’ is almost always rather unequal, and this would be a disadvantage,
except in the case of fairly deep beds constructed of fine or medium material, or deep
beds (say, eight feet or more) of coarse material. This method of distribution, moreover,
needs a considerable head of liquid for proper working, and also requires constant
attention to keep the pipes and distributing holes clean and free. :
- At Birmingham, where the nozzle form of distributor is in use on a large scale,
for each acre and a half of filter one man is constantly employed night and day in
cleaning the nozzles. The constant walking over the surface of a filter is a distinct
drawback, but assuming that the occupation is not dangerous to the workman, we
think that this method of distribution will, 1\11 many cases, be found efficient and cheap,

Mr. Watson, of Birmingham, has maaza\a careful comparison of various methods

of distribution, and it will be seen from his evidence that, on account of cost, he -

prefers the system of spraying nozzles to other forms of distribution.

Type No. 3.~—This method of distribution would only be suitable in a limited
number of cases. Where the distribution is by means of flushes, the upper part of the
bed should be made of very fine material, such as sand. With this type of filter
the surface has to be constantly washed and cleaned, and it is therefore important that
the tank liquor should be comparatively free from suspended matter. Owing to the
difficulty of obtaining from a strong sewage & tank liquor. containing only a small
quantity of suspended and colloidal matter, this type of distribution is not well
- adapted for cases in which strong sewage has to be treated.

Type No. 4.—The distribution obtained by spreading the liquid to be treated over
a filtering area covered with a layer of very fine material, such as soil, sand, or clinker

dust, etc., does well either for strong or weak sewages; but unless the fine material

on the surface of the bed is kept closely packed, there is danger, when the bed is
first brought. into use, of the liquid passing too rapidly to the drains. It would seem

advisable, therefore, where this method of distribution is adopted, that the filter should -

~ be constructed throughout of fine to medium material, except round the drains.

‘& Types Nos. 5 and 6.—Tipping troughs and dripping trays are, in our opinion, more
suitablé for small than for large installations. They can adapt themselves to large
variations of flow, and .in -the case of small or medium-sized works, where constant
. supervision is not available, this is a great advantage. We may add that these trays
are better suited for the distribution.of a large volume of weak liquid than a small
volume of strong liquid. . - S
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The distribution is seldom perfect by either of these forms of distributor, and
consequently it is advisable to have deep beds where they are adopted. Further,
owing to the fact that the delivery of liquid in both cases is more or less constant,
medium-sized or coarse material should be used, to prevent ponding.

A certain amount of supervision is neceéssary as a tray may become blocked
or a trough may fail to tip. The trays would require to be looked at about once a
day, we think, and tipping troughs about twice a day ; but, beyond this, little attention
is required. The distribution in both these forms is divided up into a number of
units, and it is very unlikely that more than one or two units would get out of order
at a time and that the distribution would be bad over a whole filtering area.

That tipping troughs are liable to be completely put out of action by severe frost
we have seen exemplified at Little Drayton, and although we have had no experience
of the same kind with regard to the trays, we should think that these were
also liable to be affected by severe frost, though in their case distribution would never
cease altogether.

Risk of Nuisance.

158. All forms of distribution on percolating filters are liable to give rise to
nuisance from smell, if a strongly smelling liquor has to be dealt with. = In the case of
trays or tipping troughs the smell is confined more or less to the immediate vicinity of
the filter, and it may be largely done away with at small works by providing an
inexpensive form of cover for the filter. The nozzle form of distributor is naturally
the most liable to give rise to smell, but moving sprinklers are almost equally bad in
this respect. ’

SoME OBSERVATIONS ON THE MosT CONVENIENT SUPERFICIAL AREA FOR A
"PercorATING FILTER.

159. So long as due regard is had for economy, the main consideration in laying
out an area of percolating filters is to arrange the area so that portions of it may be put
out of work without interfering with the general working of the plant.

If, for instance, at a small sewage works the whole of the sewage was treated
upon one percolating filter fed by one sprinkler, any stoppage of that sprinkler would,
unless land or some other means of disposal were available, result in the
temporary discharge of a large quantity of unpurified sewage into the watercourse.

Experience has not shown that it is *necessary for purposes of aeration to expose
the sides of a percolating filter to the atmosphere, in order to obtain good resuits,
and there would seem to be noreason, beyond engineering considerations, such
as configuration of site, etc., for splitting up an area of percolating filter into units,
provided that any part of that area could be cut out and rested, when necessary,
without interfering with the general purification. - The particular arrangement of the
works would therefore depend very largely upon the form of distributor employed.

The size of a revolving distributor, for instance, has economic limits, and if th'isk
method of distribution were adopted the filter area would bave to be split up into
units corresponding with these limits.

The method of distribution by flushing fixed quantities of sewage liquid
over percolating filters, constructed with a surface layer of very fine material,
necessitates that the filter units should be small. Otherwise the flush of liquor
cannot be made to spread evenly over the whole surface of the filter. This kind
of filter has also to be washed or scraped at short intervals of time, and allowance
miist consequently be made for this. ' ‘

Distribution by a power-driven distributor moving over a rectangular bed also
has its limits, for, although the working of such a distributor can be regulated so as

" to rest the ends of a rectangular bed,. it would appear to be difficult to feed the

* Some experiments which we carried out at Hendon, with the Ducat filter, indicated that open sides
may be of advantage for the treatment of crude-screened domestic sewago, on a rather fine perolating filter
Other work has prevented us from completing these experiments, L
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ends ‘while resting the middle portion of theiarea:! Further;'if the bed 'were very
long, ‘large- quantities of liquor would have to be fed on to ‘each portion: of: filter:at
long intervals of time; instead of small‘quantities at short intervals. -~ . - .7

, With stationary distribution By means of nozzles, perforated pipes, dripping trays
or tipping troughs, there would appear in principle to be no limit of size, for portions

of a large area fed by such means could be cut out or brought in at will, without inter-

. fering with the general purification.

" 'Where moving sprinklers are used, it would be cheaper to limit - the number-of ‘units
to a minimum, but the whole filtering area should comprise not less than three units so as
to allow of cleaning and resting.-- .. - . . . o R

 In the arrangement of a percolating filter area at a very large works, other

considerations would have to be taken into.account, such, for example, as the size of
feed pipes, and the distance which the workmen would have to walk upon the material
in order to get at different parts of the filter. ' ; '

In regard to this ’question we may refer, particularly, to the evidence of Dr. Fowler,
23020, Mr.-Watson, 25015, Dr. Reid, 24432 (131), and Messrs. Willcox and Raikes, 26114,

oA

CONSTRUCTION OF 'THE: Bast oF PERCOLATING FILTERS:: (70 700

.75 160. In a percolating filter of coarsé. material; large quantities of ‘suspended

P

matter quickly work -their way through the filter. .. If this suspended matter is not
allowed to come away with the effluent, the bottom layers of the filter will become
. choked, and this will interfere with the working of the filter, not only for mechanical
~reasons, but also by preventing aeration. In such a filter, therefore, it is necessary
. to make provision for the free passage. of suspended matter through the material and
* into the effluent drains, so that it can be completely carried away from the bed and
~dealt with subsequently. - e AT '

: ';,_", In a pefdolatiﬁg filter of medium or fine material, where the bulk of the suspended
matter is caught and held in the upper part of ‘the filter, the free base would not seem

to be an absolute necessity. If, however, the suspended matter is-not removed from -

the upper part of the filter by washing or riddling, 1t will eventually find its way to the
bottom of the filter.. . .. . I S - : o

_ In any case the working of -a percolating filter depends primarily upon the free
passage of air through the bed, and, for this reason, we should say, in general, that it
18 advisable: to construct the lower portions.of all percolating filter, fine as well as coarse,
as open as possible. .. e o : ;
“. If in a filter constructed of medium or:fine material, a- bottom layer of large
pieces is relied upon wholly for the aeration.of the bed :and for the free:passage of
liquid to the drains, it is obvious that great care must be taken in selecting this coarse
material. - Any . serious disintegration.at -the bottom of the filter would result in
~ parts of the filter becoming water-logged.

CrHORING OF PERCOLATING FILTERS.

“161. - Unless the material is coarse enough to allow .the free passage of suspended
matter, percolating filters are liable to become choked.. 'Within ordinary practical limits,

. the rate of choking would depend upon the.actual quantity of suspended matter delivered -

to the surface of the bed.: ' At Leeds, for instance, it was found that carefully screened sew-

age, containing 80, parts of suspended matter per 100,000, when put upon a percolating filter

composed of clinker § inch to £ inch diameter, ten feet deep, kad the effect of completely

~ choking the surface within a month, notwithstanding the fact that the rate of filtration '
never exceeded 25 gallons per-cube yard per day. ,When, however; septic'tank liquor .
containing only about 18 parts of suspended matter per 100,000 was substituted for the .
gere.ned sewage, the same filter-gave good results without clogging for two years; though the -

rate of filtration-was doubled. "At the end of that time it was necessary. to rest the bed
and fork the surface, and after three years, owing to.internal clogging, it became necessary
. to stop the experiment, - . o 0 i T B
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 Tf a clogged filter of medium or fairly coarse material is rested, the suspended matter
which causes the choking becomes. granular, and can eventually be washéd out of the
filter. To some extent this applies also to a filter composed of very fine material, but
in that case by far the greater proportion of the suspended matter remains on or near
tho surface and can only be got rid of by removing the clogged material and washing 1t,
or exposing it for some time to the air, and eventually riddling it dry. When coarse
material is used in a percolating filter there is apparently little danger of the filter becom-
ing clogged, unless the sewage contains much fibre or:is liable to give rise to fungoid
growths, or unless serious disintegration of the material takes place. We have had no

“experience: of such afilter becoming clogged with.suspended: matter ‘when dealing -with

domestic sewage.. At Accrington, coarse .percolating filters: have been in use for the
treatment of septic tank liquor for eight years, and have not clogged: At Horfield, a
coarse percolating filter treating precipitation liquor and fed by means of dripping trays
ran uninterruptedly until it was dismantled after five years’ work. --At York, coarse
flters have been in use for the treatment of septic tank liquor, ‘without interruption,
for four years. There are, in fact, a number of such instances. This kind of filter, how-
ever, seemns to be liable to choke as the result of surface growths (see page 97). Where
there is much fibre in the liquid to be treated (and the same thing would no doubt apply
to grease and hops, etc.), percolating filters of even very coarse material may choke up.
At Leeds, a percolating bed which was constructed of coarse coke, showed signs of becom-
ing choked after having received septic tank liquor for eight and a half months. The
primary cause of the choking was, we think, the fibrous character of the suspended matter, -
but there was a considerable development of growth on the surface of this bed at the

same time.

The choking of a percolating filter constructed of medium-sized material (say } inch
to $-inch diameter) takes place at or near the surface, the material below this remaining
fairly clean. We have seen examples of this at Salford, Hanley, Chesterfield, Bir-
mingham, and Hendon, though at none of these places was the choking serious. A
Market Drayton and Leeds, however, the upper portions of the filters had to be washed
or renewed after about three years’ work. The following table shows the amount of
suspended matter, the rate of filtration, and the condition of the filters at the abow

places :— . ‘ ;

Rate of
filtration in
gallons,

: Condition of
Per | Per filters.
square| cube
yard | yard
per 24 | per 24
hours. | hours.

Nature of Size of

Place. material, material.

- Amount of suspended
Parts per 100,000,

matter in tank liquor treated.

Leeds - S Clinker |[Zip.to§in. 80 83 i 25 | Clogged after 1 month,

Market Drayton - |  Granite |2 , %, 25 | 50 20 | Upper part of material
, : ' ‘ required washing after
about 4 years’ work.

Hemion . - Clinker {} ,, %, 201125 40 | Good after 8 years.

Leeds - - - s - E A A 18 | 200 57 | Bed - seriously clogged .
) : after 2% years.
Chesterfield - s . 2., 12 90% | '40* | Good after 6 years.
Birmingham . - {Broken brick{{ ,, 3,1 8 | 155 77 .| Good after.3 or 4 years, .
and granite ' . . : -
Hanley - . Saggars ~ 11 ,, 45| 51206 | 124 | Upper part of. material
FE ’ ; V ; would probably require
: washing every.-4 or §
. . o : , years. -
Salford - - | OClinker |3 , %, 3 | 318 | 151 | Good after 5 years. Top

foot of material  rte-
-newed on 10 per cent
of area after '3 or 4
years, and rest of area
dug over.

s Dry-weather rates of flow. In storni times these filters take four times the dry-weather flow.
6225—I. : 9 . : N9
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1168, So far as we are aware, such growths have not been made the subject of system-
atic'study in connection with’'sewage disposal; and little appears to be known as to:the
conditions under 'which ‘they ' flourish.:" As :will ~be seenfrom: Table I:; however;ia
pylobolus growth appeared npon the surfacetof -a:percolating filter treating isepticotink
liquor at the Leeds sewage works. In their Report on Experiments in Sewage Disposal,

~ City of Leeds, 1905, p. 140, Colonel Harding and Mr. Harrison make the following
remarks on the subject :— e | -

“A few words must be added in regard to the difficulty of the fungoid
“ growths which arise. in dealing with Leeds sewage on ‘percolating filters; and
“ which, with any but very coarse material, soon -choke the air spaces, and cause
“ the sewage to pond on the surface. The growths were less with partly settled
“ sewage than with the crude sewage and as in other cases they did not spread far
“Jdown into the filter, not more than from 6 to 12 inches at the most, it would
“seem that light is required for their development.”

“ On the other hand, the holes in the sprinkler tubes were constantly choked

% with these growths; 'so ‘that: they required -to' be daily cleansed ;but it is more
“ likely that this was"due ‘to ‘the fungus which ‘forms in the-open channels leading
“ to the sprinkler being washed forward into the tubes thanto:the growths arising
“in the tubes themselves: It is quite possible that.sewage thoroughly well settled

“ may giverise to fungoid growths, the detritus fronr which ‘may cause- suspended

“ matters to appear in a filtrate.” BT '

. “The question‘ of these growths and the circumstances which favour their
- % devolopment is ome that should be further.investigated.” S

164. As the use of percolating filters is likely to spread. in the future, we are im-
pressed with the need for practical experiments which have for their object either the
prevention or the destruction of the growths on the surfaces of such filters.

That growths of this kind can be destroyed is shown by an.experiment (suggested
by Dr. Houston and Mr. Colin Frye) recently ¢arried out on a small scale upon the suriace
of one of our experimental filters at Dorking. .In March, 1907, the surface of this filter
(which at that time treated septic tank liquor) was covered with a ‘considerable layer of
gelatinous growsth, sufficient to cause local ponding in the tracks. of the sprinkler jets.

"On March 16th the filter was rested for twenty-four hours in dry weather, and at the

end of that time the surface was divided up into eight equal segments (1.6 square yards
each), and seven of these were treated with the following reagents, the eighth segment

being left untouched i— o - : SR

(1) Powdered quicklime.

(2) Bleaching powder. )

(3) A 20 per cent. solution of ** Chloros.”:

(4) A 20 per cent. solution of copper sulphate =
(5) A 20 per cent. solution of ferrous sulphate.

(6) A 20 per cent. solution of caustic soda.

(7) A 20 per cent. solution of sulphuric acid.

In the case of (1) and (2), sufficient of the dry solid was used to cover the surface with a fine™
layer of powder, while in the case of the other five segments one litre of eachsolution was-
applied to the material with ‘a brush, the filter being then left resting for -a further
period of twenty-four hours: - ' o , ; Lo

- At the end of this time, the segment which had been treated with caustic soda had -
undergone a distinct change in appearance, the clinker being perfectly clean on the
upper side, though the under side was still covered with a slimy layer of half-dissolved.
growth. Of the other six segments, none showed any marked destruction of the growth,.
but the copper and ironsulphates had stained their segments green and rusty brown
respectively.  The filter was started again at 3 p.m. on the same day. = A very large
quantity of coarse brown solid matter (20 to 30 parts per 100,000) came away in.
the filter effluent during the first hour, but the quantity gradually decreased to about 6
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upon incubation, this being no doubt chiefly due to the outflush of solids, but otherwise
the. working of the filter was not seriously upset, though the nitric nitrogen in the

effluent fell from 2 parts to 1 part per 100,000 for some days, eventually rising again

to 2 parts on March 25th.

On April 22nd there were again signs of local ponding on the surface of the filter, but
- the growth on that segment which had heen treated with caustic soda was considerably
less than on the other segments. It was therefore thought desirable to try the
application of a 20 per cent. solution of caustic soda to the whole surface of the filter.
This was accordingly done, two gallons of the solution being used for the purpose. The
procedure otherwise, i.e., as regards the resting of the filter, was exactly the same as
in the first experiment. - :

~ On the following morning the surface of the clinker was covered with a white deposit
of sodium carbonate, and, on re-starting the filters shortly afterwards, a great quantity of
dark brown solid matter came away in the effluent. Samples of efluent drawn for the
first two hours readily putrified upon incubation. After twenty-four hours the effluent

when freed from solid matter was normal, but a large quantity of suspended solids con-

tinued to come away ‘with the effluent for about a week.

As in the case of the first experiment, the working of the filter, apart from the
flush-out of solids, was not seriously upset, and after the first two hours from the restart
there was no fall in the figure for oxidised nitrogen, -

The exposed surface of the clinker was completely cleaned by this application
of caustic soda solution, though a considerable amount of growth still adhered to the
under side of the larger pieces of material. All ponding, however, disappeared, and no
further growth of any consequence made its appearance for some months. The cost
of the treatment, including labour, was 23d.\per square yard, but this would no doubt
be materially reduced when carried out on aMarge scale. ‘ ‘

- Probably three such applications of 20 per cent. caustic soda would be necessary
to keep the growth down during the winter or early spring months on the filter at
Dorking. -

165.  Generally speaking growths do not appear to flourish on the surface of perco-
lating filters constructed of fine material, but whether this is due to the size of the material
or to the fact that filters of fine material are usually fed intermittently, we cannot say.
Colonel Harding and Mr. Harrison, in an experiment at Leeds, found that JShey could

.a continuous one.

keep down growth on a coarse-grained filter by substituting an intermittent sprinkler for

- .. Our experiments seem to indicate that growths flourish most on filters treating pre-
wcipitation liquor. This suggests that the use of chemicals (especially soluble sulphates)

may influence. their development, but, on the other hand, Frecipitation liquor usually
iquors, and a larger volume

contains considerably less suspended matter than other tank
of 1t is for this redson generally treated per cube yard. ,

<As regards the growths in channels along which effluents flow, they seem to require,
for their development, an aerated but still unpurified sewage liquid, and it is possibly for
this reason that they are generally more abundant in channels conveying dilute sewage
liquids than in channels conveying strong sewage liquids, especially if the suspended
matter is removed. L o ' e t

e s
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parts pér 100,000 after 24 hours. The samples taken during the first hour went putrid
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SOME OBSERVATIONS AS TO THE RELATIVE CosT OF Conrtacr BEps anD

FIiLTERS.

166. On pages 36-43 of this Report we have made some observations on the relative
cost and efficiency of preliminary processes for the removal of suspended matters from
sewage, and we propose here to make a similar comparison between the two types of arti-

. ficial filter usually adopted for the further purification of the sewage, and commonly
known as “ contact beds ” and “ percolating filters.” As in the case of the preliminary
- processes, the cost of filters necessarily varies with local conditions, and no figures can be

given which would be generally applicable. Following the plan adopted in the case of
the preliminary processes, however, we propose to compare the two types of filters in a
hypothetical case in which we assume ;— S o

That ample fall is available ;
, That the sewage is of a normal domestic character and of average strength ;
[ i.e., & sewage which would require about 100 parts of oxygen,* by weight, for
the oxidation of the organic matter contained in 100,000 parts of sewage ;

That the flow of sewage is 1,000,000 gallons per day in dry weather ;

_ That in times of storm bwice the dry weather flow is passed through the
filters. ’

For the purpose of this comparison, we assume that the sewage has been subjected
to preliminary tank treatment for the removal of suspended matter, and that in each
case a satisfactory final effluent is to be produced. e

We have not considered it neéessary to compare the costs of all the modifications

of percolating filters and contact beds of which there are examples, but have confined

our comparion to percolating filters of coarse material, nine feet deep, and contact beds
composed, for the most part, of medium-sized material, but having rather coarse
material round the drains and a layer of fine material on the surface.

»

- Mr. G.B. Kershaw, our Engineer, has prepared detailed drawings of the two kinds of
filter, when used in conjunction with each of five different tank treatments, and, from
these drawings has taken out quantities. The filters are all assumed to have been con-
structed on the same basis. The concrete flooring for the percolating filters, for example,
has been assumed to be practically the same thickness as the concrete flooring for the
contact beds, and the cost of concrete has been taken at a fixed price throughout. .
The class of work has been taken to be of the best kind, the walls and the floors of the
contact beds, for instance, being made thoroughly water-tight by rendering with cement.
It is due mainly to this fact that our estimates for the cost of contact beds are high.
At some places a cheaper form of construction than we have assumed has been
adopted. “At Burnley, for instance, no concrete was used, and the beds, which are 3 feet .
in depth, cost approximately £1,300 per acre. At Manchester, where concrete was
used, but where no rendering was done, the cost amounted to between £2,500 and
£3,000 per acre for beds of the same depth. In Mr. Kershaw’s estimates, the cost is
about £5,700 per acre. . :

167. The working capacities of both contact beds and percolating filters depend to
a large extent upon the strength of the liquor passed-on to them and the amount of sus-
pended matter contained in such liquor. In the following table, the strength of the tank
liquor which is produced from our hypothetical sewage by each of the five preliminary
processes, the amount of suspended matter in the liquor in each case, and the rate of
filiration in each type of filter, are given :—

* This would generally be equivalent to about 10 or 12 parts KO0,000 of “oxygen aﬁorbed ” in

four hours from strong permanganate. oS
£l WOE
- s Bl ) )

62251 | - : \o o

R



o ’ Strength of * *Contact Beds, - *Percolating Filters;
R Tank Liquor, o , :
w stated in Cubie Cubic
parts by A -4 Content 5 Content of
1 weight of éf;ognnﬁe(g, - _of Filtering | Rate of Fil- | Filtering
 Preliminary Process. " _oxygen per Maxb)ter in Rate of Fil-| *Material* | tration per | Material
. 100,000 i1 Taouoy| tration per required to | cube yard | required to
required for ~(parts qer cube yard - treat one [per day (dry| treat one
the oxidation 1%0 OOI())) -| per day million weather million
of the : * (dry weather| gallons per flow). ‘gallons
organic “flow). * | day (dry per day.
matter, _ ~ | weather . |(dry weather
flow). ) - flow).
: o . Gallons. | Cubic yards. Gallons. | Cubic yards. -
Quiescent settlement, with 50 1to4 140 7,143 175 5,714
chemicals.} - ' -
Continuous flow settlement, | - 60 ‘3106 - 85 11,765 =150 6,666
with chemicals. : X
Quiescent settlement, with- |-~ 70 5 to 8 55 ‘18,182 | 100-125 8,928
out chemicals. : : -
Continuous flow settlement, 80 | 10to15 |- 40 | - 25,000 - 75-100 11,494
~ without chemicals. . .
Septic tanks - - -4 80 | '10to 15 - 40 ©.25,000  t 0 75-100 11,494

o Initial Cost of Contact Beds and Percolating Filters.

168. The following table gives Mr. Kershaw’s estimates of the constructional cost of
percolating filters and. contact beds required to treat a dry weather flow of 1,000,000
gallons per day of our hypothetical sewage on the above basis. The estimates include
the sum of 15 per cent. for engineering and contingencies.

Preliminary Process. Contact Beds. Percolating Filters.
. -£ £
Quiescent settlement, with chemicals =~ - el 8,527 ’ 7,376
Continuous flow éetnlement, with chemicals - - ) 14,898 k 8,836 ’
Quiescent scttlement, wfbl?dut chemicals - - - V\;g 22,080 ‘ 10,596
Continuous flow settlement, without chemicals - 26,846 . 13,824
Septictanks - - 3 - s . . . .| 96846 13,824

The principal items in the estimates for both kinds of filters are : filtering medium,
concrete in walls and floors and rendering ; and excavation in the case of the contact beds.
- The figures for these items are given in the following tables :—

v - ’ - " Contact Beds.
‘ "1 Cost of
‘Preliminary Process. F({lzzticr)lf | Concrete in Cost of © . Cost of
y © : : TIng Floors and | Rendering. Excavation.
.| "Medium, Walls o
, . . £ £ £ L
Quiescent Settlement, with chemicals - - - 3,717 - 2,545 675 Single set of
) g beds; very listle
, ] excavation. }
Continuous flow settlement, with chemicals - 3,545 3,882 1,350 ' 885
Quiescent settlement, without chemicals - 3 5,431 5,461 1,650 1,204
Continuous flow settiement, without chiemicals, 7,231 7,038 - 2,171 1,722
Septic tanks SR L0 . ] 7,931 7,038 2,171 1,722

% The quality of the effluents produced by the ten plants would, of necessity, not be identical.  The
average quality as expressed in termis of oxidizability of effiuent (see paragraphs 178 and 179) would be
something like +2 for the double contact effluents and—2 for the percolation effluents. . :

+ In the case of quiescent settlement with chemicals, we have allowed for single contact only ; in the

other cases, for double contact. -~ : _ .
 We have assumed in our hypothetical case that the primary beds are practically out of ground,
and that excavation is required only in the case of the secondary beds. ‘

&
£ .
.
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DPercoluting Filters.

o ‘ , Cost of Cost of
) - /08U O Concrete in Cost of
Preliminary Process. Filtering Floors and | Rendering.
. Medium. Walls :
T o £ Cg £
Quiescent settlement, with chemicals - - - - 1,951 2,617 269
Continuous flow settlement, -with chemical - - - - 2,431 . 3,271 - 336
Quiescent settlement, without chemicals - - - - - - 43876 | 53889 605
Continuous flow settlement, without chemicals - - - 5,833 7,851 806
Y + .
‘Septictanks - . - o~ - .- - e e e 5,833 7,851 806
Effluent Seitling Tank. S S

169. In our hypothetical case, a tank is provided for the settlement of the effluent
from the contact beds, as well as from the percolating filters. Some means are needed in
the case of coarse percolating filters for the settlement of the effluent solids ; and in the
case of the contach beds we have assumed that a tank was required for the purpose of
rendering the. discharged liquid. uniform in quality, and thus preventing the possible
discharge of a putrescible effluent during the first flush, and, more especially, of
putrescible solids. The effluent tank is of the Dortmund type, having a capacity of
about 84,000 gallons, g0 as to provide for a stay in the tank of about two hours in each
case. The total Gost of this tank is caleulated to be £682. ~

Loan Charges.

170. The following table gives the area and the assumed cost of the land occupied ~
by the installations. - .

We _}Lave taken the price of land throughout at £100 per acre,,

i Contact Beds. Percolating Filters.
-Preliminary Process. ‘
Land  Cost of Land Cost of
required Land required Land
(acres). . © (acres). ;

. . ' £ _ £ s 4
Quiescent settlement, with chemicals - - 1-26 196 073 - 73 0 0
Conﬁnuous flow settlement, with chemicals -1 203 . 203 . 091 91 0 0
Quiescent settlement, without chemicals- - 3-21 321 1-095 109 10 0
Continuous flow settlement, withcut chemicals. - |-+ 418~ T 418 1-46 - 146--0 0
Septic tanks © e e e .ocel 418 S48 | 146 146 0 0

£225—1. ' > .0 2
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T - - Percolating Filters.

'

173. So far as our experience of percolating filbers of coarse material has gone, we think
it may be taken that the material of these filters will last for a very long period of time,
if a few inches on the top of the filter are removed and renewed occasionally. At Accring-
ton, Rochdale, and York, beds of this kind, constructed both of coke and clinker, have
been in constant use for eight years. At Horfield a clinker bed, dismantled after five
years’ use, was found to be in almost the same condition as when it was started. We
do not propose, therefore, to add anything to the cost of our percolating filter installations .
for washing and renewal of material.

Plant special to Percoldtz'ng Filters.

Assuming that the loan is raised at 31 ' i is '

. h ) 2 Per cent. interest per annum, and is repayable
n equal annual instalments over a period of thirty years, th : on
complete installations would be as follows :— 7 06T, the annual losn chaxges'on the

Contact Beds, Percolating Filters.

. Loan charges in respeet of
Loan charges in 1espect of|Percolating FilterInstallation

Contact Bed Installation. |including charges in respect
. of sprinklers.

Preliminary Process.

four years for washing and renewal, or about £96 per annum ; and one acre of the secondary

i

~ beds, £383 every ten years, or £38 6s. per annum, - .

~ P
3 .

* Single contact assumed in this case.

Por Per million | Per Per million ' . . ‘\ : 3
annum, Wgaltlgns f(idl‘y annum, | S2llons (dry 174. We have assumed that the life of rotary sprinklers treating domestic sewage is
eather flow). weather flow). ten vears, and have therefore calculated the loan charges on this period.
years, g p
) £ s d| £s0d | £ s d]| £ s 4 At Accrington the annual cost of repairs to an automatic rotary sprinkler, taken
) . ‘ cering : P Y Sspr
Quiescent settlement, with chemicals < -] BOT 3 9] 1 7 10 {47019 7 1 510 over a period of three years, was found to average 18s. 4d. In our calculations, we have
Continuous flow settlement, with chemicals - | 858 4 0| 2 7 0 |5811 8 | 110 7 taken the cost of repairs at £1 per sprinkler per annum.
Quiescent settlement, without chemicals- -- -71,255 2° 9| 3 8 9 682 § 2 116 3 The following table shpws our estimates of the cost of washing contact bed material,
Cont.inuous flow settlement, without chemicals ~ - | 1,519 6 3| 4 3 3 | 854 8§ 5 5 610 and, in rega'r.d to percolating filters, the sums required for repairs and loan charges in'
Septic tanks - - . . . . .11519 6 3| 4 3 3 |854 8 5 | 2 6§ 10 respect of sprinklers :— ‘
¥ : ' * Contact Beds. l Percolating Filters.
Labour and Supervision. . . Annual ng?ltligzr Annual Loan Loan Charges Cost of
L T , ) : ; Prolimin Pr Chargeﬁs 1? gallons in Charges 1;1 mS regp}i;}t of Annual gep_axlls to
. For the contact bed installations, we assume that the services of two men roltminary. Lrooess W chiny | Tespect of “S‘-’eﬁ? ; D illion | Cost of ol
(one for the day and one for the night) would be required, and for the percolating filter ? f{ng Washing %Pm& o e ﬁa 1" | Repairs to peﬁ - :10“
installations, the services of one ’ P g and 26 | 1nd Re- ased ona | gallons =~ g inklers, (8% ons (dry
o ! s man. » = newal of newal of ten year |(dry weather weather
. .. ' = Beds. Beds period. flow). flow).
_ Taking the labourer’s time at 21s. a week, and including one-third of the manager’s — - .
time at a salary of £130 per annum (say, £43), the cost of labour and supervision in con- ’ :
~ nection with the installations would be as follows :— £ s d| s d £ s d 5. d £ d
- Quiescent settlement, with {141 2 5| 7 9 28 17 2 17 4 9t
./ Contact Beds. Percolating Filters.. chemicals. '
Prehmmary Process. N T Per million Por mﬂlion Conbinuqus flow .setblemenb, 169 8 6| 9 3 36 1 6 2 0 o 31
- Per“#qnum. gallons (dry | Per annum, | gallons (dry with cheicals. : ‘
weather flow). weather flow), Quiescent settlement, with- {266 10 1| 14 7 43 5 9 2 4% 6 33
_ out chemicals. : .
Quiescent settlement, with chemicals - i RS g, d4 9£8 g. 4(3% Continuous flow setiglement, 360 18 4] 19 9 57 14 5 3 2 8 5}
Continuous flow settlement, with chemicals - - 152 - 8 4 98 5 41 . ' . }‘“"‘ho“t' chemieals 71 5- 2 8 5
. Quiescent settlement, without chemicals - - 152 8 4 98 5 43 Beptic tanks ) ’ -|%60 18 4} 19 ‘9 57 14 ) 3 i
Continuous flow settlement, without chemical - ' . A . . -
, Septic tanks  RIOTh Shomia izz 5 4 98 5 4 Total :Cost for Filtration alone. ‘
< T 8§ 4 98 5 4 . 175. The total cost of the contact bed and percolating filter installations, including
loan charges, labour and supervision, etc., according to the foregoing calculations, would
b : llg P g going
: e as follows :— '
OOSt of washing and renewing F Wtering Medium, Contact Beds. Percolating Filters.
: / 3 . Preliminary Process. Per Million Per Million
Lo Contact Beds. ) Per Annum, | Gullons (dry | Per Annum. Gall}?ns (dry
. . v g . ey weather flow). weather flow).
172, According to the evidence, which is dealt with in another part of this Report, ) ‘ )
we find that the average cost of removing, washing, replacing, and making good the £ s d £ s d £ s 4 £ 8 d
gzzez}aivgih?nco%tactt b‘ed, by machinery, is about 1s. 64d. per cube yard, exclusive of Quiescent settlement, with chemicals - | 800 16 27 | - 2 3 11* 572 19 7 111 5
- <plant, D el ] )
gsp‘; , Continuous flow settlement, with chemi- { 1,179 12 6 3 47 661 11 3 116 3
. s
In the present calculations we assume that the cost b i : oan. : A
. S W ] per cube yard of washing, ete. I i : : 2
is 1s.:7d., and that the material in the primary beds would require washing eveg; fou; Quiescent sottloment, without Chexfmals 1,678 12 10 4118 66 9 2 21
years, and that in the secondary beds every ten years, ‘ ) CO““““‘S‘S .ﬁol“’ settlement, without | 2,032 4 7 511 4 | 960 8.5 212 8
, ) - . : ‘ chemicals, . :
. On these assumptions, one acre of primary beds, 3 feet deep, would cost £383 every> Septic tanks - - - - -} 2082 4 7 511 4 90 8 5 212 8
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g " Total Cost of Complete Treatment.

176. The total cost of each of the preliminary processes has been shown in another
part of this Report. Adding this to each .of the filtration processes,. we arrive at the
following figures for the total cost of the complete treatment of a dry. weather flow of

1,000,000 gallons of sewage per day. . n
000,000°¢ g, P L y _ Per Annum.

' Contact Bed§, -~ /7 o ! 'P;ercolatitng Filters.~

Preliminary Process. Total Cost of | Total Cost | Total Cost Total Cost of Tot.aﬂ Cost wTotal‘ C ost
Preliminary | of Filtration | of Complete | Preliminary | of Filtration |'of Comp’ete
Treatment. | Process. | Treatment. | Treatment. | Process. | Treatment.

£ s dl. £ s dls ‘e al £ s-d| £ s-dl £ s 4

_Quiescent settlement, with (1,268 0 9] 800 16 2%2,053 16 111,258 0 9 572 19 71,831 0 ¢
chemicals. ‘ :
Continnous flow settlement, 1,134 19:111,179 12::6:12,314 12 - 51,134 19:11]:661-11 =3 1,796"11 2

with chemicals, : ; :
Quiescent, settlement, with- | 724 7 911,673 12 102,398 0O 7} 724 7 9| 766 9 21,490 16 1T
out chemicals. k ‘ - ‘
Continuous flow settlement, { 564 12 8{2,032 4 72,596 17 3| 564 12 8| 960 8 51,525 1 1
without chemicals. .~} _ ,
- Septic tanks - - -1 629 4'11]2,032 4 72,661 9 6| 629 411 ,‘960 8 51,589 13 4

Por Million Gallons (dry weather flow).

Contact Beds. = - -+ Percolating Filters.

. Preliminary Process. Total Cost of | Total Cost | Total Cost Total Cost of To‘gal Cqsb Total cost
Preliminary | of Filtration | of Complete| Preliminary | of Filtration | of Complete
Treatment. Process. Treatment. | Treatment. Process. | Treatment,

£sd | £s & e d |l £s d | £sd | s 4

£
\7&‘ . | )
Quiescent settlement, with |3 8 11 2 3 11* 'ﬁ 12 10 ‘3 8 11 111 5 50 4
chemicals. : , - . . ‘
Continuous flow settlement, | 3 2 2 | 3 4 7 6 6 9 3 2 2 1163 418 5
with chemicals. SR :
Quiescent flow settlement, | 1 19 8 | 411 8 61 4 | 119 8 | 3 111 | 4 1 7
without chemcals, . . .
Continuous flow settlement, | 1-10 11. 511 4 7
- without chemicals. . . :
Septic tanks . - - 114 6 { 511 4 7 510 114 6 212 -8 4 7 2

(353

3 111011 | 212 8 | 43 7

177. On the basis which we have adopted, purification of sewage (after preliminary

treatment) by means of percolating filters costs only about two-thirds as much as .

i ion by double contact beds.. : . .
purl%%agg;)e’ h};wever, the sewage has first been subjected to quiescent settlement, with
chemicals, and single contact is sufficient to produce a satisiactory effluent, the cost
becomes more nearly equal, though percolating filters are, even in that case, slightly
cheathi; cost depends, of course, very largely on the kind of constructlon—'adqpted.v.

Our estimates for the cost of double cgntact‘begls per acre, 3 feet deep, 1qclud1ng
filtering materiak=goncrete, rendering, drains, distribution channels, engineering and

contingencies, etc., amount approximately to £5,700 per acre. Ii the beds were built -

by simple excavation and banking, as is permissible in heavy clay soil, the cost would be
* very considerably reduced.

. We have taken the price of filtering material at 6s. per cube yard, placed in

ition 1 i 2y b 1 ir’ idence shows
osition in the beds, which muy be considered a fair average, though evi
Ehe price has in some cases been much lower. Since this item alone amounts to
- about £1,396 per acre, 3 feet deep, it is atonce apparent how largely the price of filtering
. material influences the cost of treatment. ‘

* Single contact gssumed ig this. dase.
: s

think the figure may generally be neglected.
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RELATIVE EFFICIENCY OF CONTACT BEDS-AND PERCOLATING
= ‘ " FTLTERS. :

PN

178, Sewages vary in composition, not only in regard to the degree of dilution to
which they are naturally subjected, but also in regard ‘to the proportion in which different
kinds of organic matter are present in them, and we are not aware of any really accurate
method by which the work done by different filters, treating different sewages, can' be.
compared. : ‘ .

We liave, however, found it convenient to adopt, for the purpose of comparing the-
results obtained at different places, a unit of purification, which is based on the oxidiz-.
ability of the sewage and the oxidizability of the filtrate, after giving credit for the oxygen
contained in the efffuent in the form of nitrate. . ~

This basis for a unit was suggestf;d by Dr. McGowan.

- The unit of time we have taken as 24 hours, the unit of quantity as 1 gallon, and the-
unit-of filtering material as 1 cubic yard.

. Thus, to express the number of units of purification effected by a filter, we have
deducted the number of parts by weight of oxygen taken up by 100,000 parts of the
effluent from the filter, from the number of parts by weight of oxygen taken up by 100,000 -
parts of the liquor going on to the filter. The figure so obtained has been multiplied

by the number of gallons of liguor, per ctbe yard, passing through the filter in 24 hours,

© 179. Inhis Memorandum* on the measurement of the strength of sewage, Dr. McGowan
has set out reasons for adopting a formula, by which the figure vepresenting the
number of parts of oxygen which the sewage will take up can be calculated, with a fair

- ‘degree of acouracy.

_ For the purpose of ascertaining the number of parts of oxygen which an effluent
will take up, Dr. McGowan has also suggested that, in lieu of carrying out the actual

- experiment of keeping an effluent until it has become completely oxidized, and

actually measuring the amount of oxygen taken up, the amount may be approxi-
mately arrived at by a caleulation based on other figures of analysis. The formula
which: he suggests is : o

2

(Ammoniacal &. + Organic N.) x 454 Volatile matter of suspended solids x 2 - Nitric Nitrogen x 3,

As regards this formula, it is well known that the better an effluent is oxidized.
the less change will it undergo on keeping. The work of D, Aleney and others hasg
shown that; in the case of good effluents, the figure for organic nitrogen would repre--
sent, {10r the most part, organic matter which had undergone fermentation, and in con-- -
sidering the quality of such effuents, e.g., with reference to their eflect on streams, we

- It is, however, open to question whether, in calculating ‘the work dore by a filter,

it is not better to include the figure inasmuch as the whole of tke organic nitrogen of

liquor going on to the filter has been taken into account in caloulating, by the empirical
formula given on page 16, the strength or oxidizability of that liquor.

- The point is further discussed in the report by Dr. McGowan and Mr. Colin Frye on
the estimation of work done by filters which is contained in -Appendix IV.

~ Until the calculation method has been compared with the results of direct experiment

- In a large number of cases, no precise statement as to its valuo can be made, but we have

found it convenient to adopt 1t in the preparation of this Report.

On this basis the following table has been compiled showing the units of purification
effected by the filters at the places indicated, -

* Appendix IV, -
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. ACCRINGTON EXPERIMENTS.

B ~180 ~For the: pnrpose ‘of :making an accufatd conparisén of the Workmg power of
. contact beds and percolating filters treating the same sewage- liquor, and also for com-

. paring the treatment of strong and dilute tank liquors on each form of filter, we constructed .

. an expemmen’cal plant at the Accrington Sewage Works.:

: 'The plant. consisted of two pairs of exactly similar contact beds 3 feet deep, and two
; 'exaetly similar percolating filters, of rather coarse material, each 6 feet: deep. * s

- ‘The cubic:contents:of: each percolatmg filter was equal to that ‘of each pair of contact
: beds : _ -

The details of these experlments are set out in a Memo*andum by Dr MoGowan
aad M. Colm Frye, contained'in Appendix IVim oo s memmme oo

Gl The experiments were, carried out. with great care, both on the spot and in the labora-
;’_ tory, and the results-may be regarded as quantitative comparative results, from which we
- think useful generahsatlons may be drawn. e

.. Tor the construction of the filters we are greatly mdebted to Mr W J Newton

. the Suryeyor . fo,_the Aconngton and Church Sewage. Board, while. Mr, J. Boobhman,
“the Chemist in cHafge at the outfall works, has controlled their’ daily working. The
~ delicate adjustment of the dilutions of the tank liquor, upon which the whole value of-
~the experiments depends, has been carried out by Mr. Boothman Wlth the greatest care
~ and skill, and with cons1stent success, : D R

L The hquor treated throughout ha» been the Accrmgton septic tank liquor, either-
- l)y itsell or diluted with water.

“"Our intention had been to treat at the same rate on the percolating filters and the
contact beds, but as will be seen,. it was not practicable to do this.

“181." There were five expenments in all, as follows :—

Empemment I.—Comparative treatment on percolatmg filters and contact beds of
{a) 100 gallons per cube yard -per 24 hours of septic tank liquor and. (5) 100 gallons
-.of septic tank liquor +-100 gallons of water =200 gallons of weak liquor.

The actual average- rates of filtration on the two pairs of contact beds were 72°2 and

- 148°8 gallons per cube yard per day, respectively, the beds treating strong liquor being filled

twice a day and those treating weak liquor ig times a*day. Broadly speaking, there-
- fore, the contact beds only treated.in .this expenment three-fourths of the volumes
. treated by the percolating filters. - This *was .owing partly to the. original water
. ~capacity being less than 100. gallons per cube yard, and partly to their gradual loss of
_-capacity. At the commencement of the experiment two fillings per day on the pair of
_ -contaet beds treating strong hquor were equivalent to 80 gallons per cube yard, and four -
fillings per day on the pair treating weak liquor were equivalent to 179 gallons.

= Duration of experiment :—May 5th, 1905, to June 30th, 1906.

Ea:pemment 11 —Comparative treatment on percolating ﬁlters and contaot beds
of (a) 100 gallons per cube yard per 24 hours of septic tank liquor and (b) of 50
gallons of septic tank liquor + 50 gallons of water = 100 gallons of weak hquor ‘

. The actual average rates on the contact beds were 51°6 and 57°9 gallons per cube yard
- per day, respectively, -

-Duration of éxperiment : July 2nd, 1906, to March 23rd 1907."

Ewpmment 111 ~—~Comparat1ve treatment on peroolatmg filters alone of (a) 125 gallons
' per cube yard per 24 hours of septic tank liquer and (b) 125 gallons of septw tank llquor
+ 125 gallons of water = 250 gallons of weak llquor

~Duration of expenment :—April 8th to June 7th, 1907.

Ewpemmerl?"’ IV.—Comparative treatment’ on percolating filters alone of (a) 200

gallons per cube yard per 24 hours of septic tank liquor; and (b) 200 gallons of septlc
) tank liquor-+200 gallons of water=400 gallons of weak liquor. - o

* Duration of experiment ~——June 10th to October 26’011 1907.

F:vpemment V. —~Comparat1ve treatment on percolating filters alone of (@) 250 gallons "

- per cube yard per 24 hours of septic tank liquor ; and (b) 250 gallons of septm tank llquor
4250 gallons of water =500 gallons of weak llquor ‘

Dumtlon of experlment —-October 28th 1907, to June 18th 1908

111
The main’ ob3ec‘b of ‘b‘leSe last “three expenments, beszdes the further comparxson
between the purification of the two liquors; was to see how much these filters can actually
treat, with the production of a good effluent.

The following is a- general summary of the results of these experiments :—

'182. Accrington Experiment I.—The percolating filters of coarse ‘naterial eﬁected
praotwa.lly the same amount of purification, whether they were treating 100 gallons per
cube yard of undiluted septic tank liquor, or 200 gallons per cube yard of a liquor of half
the strength, the total orgamo 1mpunty going on to the filters being the same in both
cases. . .

" The prlmary ‘contact bed ‘when the pair of beds -were trea,tmg abouﬁ 150 gallons
of weak liquor per cube yard per day, gave rather better results than the primary bed of
the ‘pair treating strong' liquor at half this rate, and the same is true, in each case, of .
the secondary beds. So long, therefore, as care is taken to avoid water-logging, .., to
give the beds sufficient time to drain and aerate, it is rather easier to treat upon contact
beds two volumes of weak liquor,than one volume of strong liquor. - :

During the fourteen months over which this expenment extended, the percolating
filters treating strong liquor did one and a half times as much work as the contact beds
treating strong liquor, while the percolating filters treating weak liquor dd- one and a
third times as much work as the contact beds treating Weak hquor

The units* of purification were as follows -

Units of Purification
. per. cube yard.

. Percolating filter treating strong tank liquor - - | - = 7,310
Double contact beds treating strong tank liquor S 5,011
Percolating filter treating weak tank liguor - - 7,678
Double contact beds treatmg weak fank liquor - - |. 5,803

- As regards the quahty of the two’ strong liquor effluents, suspended solids moluded
the results were slightly in favour of the percolating filter effluent, which still requlred
12 parts‘of oxygen per 100,000 for its complete oxidation, while the contact bed effluent.

- required 16 parts. If we diminate the solids in both cases, the oxidizability of the liquid

alone would be approximately represented by 2 parts of oxygen in the case of the percolat-
ing filter efluent, and 8 parts in the case of the contact bed effluent. This superiority
of the percolatmg filter effluent, so far as lesser oxidizability is concerned, was partly due-
to the fact that it contained 24 parts of nitric (plus nitrous) nitrogen, as against 1 part in
the contact. bed eﬁluent but even apart from this, it was rather the better, the actual

oxidizable matter left in the liquid being equivalent to about 85 parts of oxygen, Whﬂo

that in the contact bed effluent was equivalent to about; 10 parts.

In the case of the two weak liquor effluents, suspended solids included, the results»
were in favour of the double contact bed effluent, which only required 4 parts of oxygen
for its complete oxidation, as against 9'5 parts for the percolating filler effluent. If
we eliminate the solids, there was practically no difference in the quality of the two eflluents,.

‘both of them being well oxidized. If both solids and nitrate are eliminated, the double

contact bed effluent is again rather the better, with an omdxzablllty figure of 4, ag against
6°5 for the percolating filter effluent. . :

“The above figures may be tabulated as follows :—

- Eftuents from Strong Effluents from Weak
Tank Liquor. Tank Liguor,
Porcolotion. &2&21; k ‘Percolation. 'éi') g‘é:éi '
] Oxxdxzabxhby of wholo -effluent, mcludmg solids Parts of ozygen per 100,000 parts | of efluent.
and giving credit for nitrate” = - 12 C 18 95 40
Oxidizability ‘of effluent, without its suspended : ' =
solids, and giving credit for nitrate - . 2 - .8 20 2-0 ap.
Oxidizability of effluent, without sohds, and giving T ‘ : 5
__no credit for mtrate . - e 85 10 & 5 40

. * The units of purification are caloulated on the basis indicated on page 107 of this Report. . -
“ f Oxidizabitity caleulated on the lormula suggested by Dr. McGowan (see paraglaph 179, page 107).

© 62251, . : P 2
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.The quality of the effiuents without thesr suspended solids, as regards taking up of
dissolved oxygen in 24 hours and incubation, is shown by the following figures :— S

Parts per 100,000.

Effluents from Strong Effluents from Weak
Tank Liguor. Tank Liquor.
Percolation. clz?;::‘ . | Percolation. g)‘:‘“&‘l}:‘.
Dissolved oxygen taken up from water in 24 hours | 030 gzz) 0-28 (21)
atabout 18°C.(66°F) - . . .| 037(13) | 061 (11) | 030 (11) | 031 (10)
Incubation (by smell) - - .« . . .| Al All All All passed
(25). 41, @1). (10).

Figures in brackets represent number of estimations,

. 183. Acorington Ezperiment I1.—In the comparative treatment, upon the percolating
filters of coarse matersal, of 100 gallons of strong and 100 gallons of weak tank liquor,
respectively, nothing was gained 1n purity of effluent by giving the filter treating the weak
liquor only half the work to do ; this filter was merely working much under its real power,

It was noteworthy that in Experiments I, and II, the
beds (treating both strong and weak tank liquor), as re
remained the same throughout. In both experiments about two-thirds o

actual efficiency of the contact
ards work done

cube yard,

the impurity

of the septic tank liquor was removed by the primary bed, whether strong or weak liquor

was being treated,

In Experiment II., which lasted for eight months, the percolating filter treating
100 gallons per cube yard of strong liquor did more than twice as much actual work 88
the double contact beds treating 51°6 gallons with two fillings per day ; the reason for this
increasing difference in work done, as compared with Experiment I., was the gradual loss

of capacity in the contact beds,

The units of purification in Experiment II. were as follows ;—

Units of Purification
per cube yurd.
Porcolating filter treating strong tank liquor» - 8,440
Double contact beds treating strong tank liquor 3,576
Percolating filtcr treating weak tank liquor - . - 4,120
Double contact beds treating weak tank liquor . . < - 2,200
The quality of the effluents was as follows :—
Effluents from Strong Tank | Effluents from Weak Tank
Liquor. Liquor.
Percolation, | Double Contact.| Percolation. | Double Contact.

Oxidizability of whole effluent including
solids, and giving credit for nitrate- - -32

Oxidizability of effluent, without ite sus- .
pended solids and giving credit for nitrate -82

Oxidizability of effluent, without solide and
giving no credit for nitrate - - - 36

140

b8

-

(i

-07

~338

24

Parts of oxygen per 100,000 paris of WM.

4+
"0

32

RS

figure against which it is placed, more than su

-

L 4

— inus sign indicates that the oxygen present, in the form of nitrate, was, to the extent of the
ot e it gg:nt to oxidize the organic matter in the effluent.
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The quality of the effluents—withous their suspended solids—as rega ds taki e
of dissalvod oxygen and incubation, 1s shown by tha ollowieg Agmes 2> K8 U

Effluents from Strong Tank | ‘Effluents from Weak Tank
Liquor., Liquor,

Percolation. (Double' Contact,| Percolation. | Double Contact,

. . Paris per 100,000,
Dissolved oxygen taken up from water in 24

hours &t about 18° C. SO0 003 (e 0134 | 00T(®) | o010
Dissolved oxygen taken up from water in 5 ' o
or6.days . - o e e.. 043(3) 1703y | 0:33(4) |- 10ap 3)

Incubation (by smell) < = - - |Allpassed (8)| -All passed (8) | All passed (8)| All passed (8)

The capacities of the contact beds were as follows :—

At beginnin Atendof |- ; \
of E g:'imen%, Experiment, Los_stof' : Pel‘::;',’;s‘
July 2nd, | February 18th, | % alll ym |
1906, 1907. ons. | water capacity,
. gallons. | gallona,

Primary bed treating strong tank liquor 735 640 % ~ 8peroent. -
8econdary bed treating strong tank liquor 1,030 970 60 - 6 ..
Primary bed treating weak tank liquor - 780 7850 s | s
Secondary bed treating weak tank liquor - 950 890 60 6

As already stated, the actual volumes of liquid treated per cube ard‘ er twenty-f
hours throughout Experiment II. were :— 4 per oube yard p | y ' our

Percolating filter treating strong tank liquor . 100 gallons,
Double contact beds treating strong tank liquor . 516 ,, -
Percolating filter treating weak tank liquor «+ 100
Double contact beds treating weak tank liquor . 57'9

The contact beds thus treated only about half as much liquor, in both cases, as the
percolating filters,

184, Accrington Ewvperiment II1.—~In this experiment, which lasted from April 8th
to June 7th, 1907, the percolating filter treating strong liquor received 125 gallons per
oube yard per day and that receiving weak liquor 250 gallons per culfe yard per day, = It
was thus similar to Experiment I, but with an increased dose in the case of both filters,
the object being to see how much the filters could actually treat with efficiency. Owing
to the wet season, however, the strength of the liquors in this last experiment was less than .
in Experiments I and II, thus :— N

-

Caleulated Strength.| Suspended Solids.

S:mg tank liquor - - - - . - . L . 739 201
Weak tank liguor - - - - - - e e 407 0 103

The suspended solids in the filter effluents were rather high, on account of the * spring
out-flush,” * ) : s
The purification obtained was as' follows :—

Unita of Purification per
cube yard, ,
Percolating filter treating strong tank liquor - - . . . . _| 8,060 T
Percolating filter treating weak tank liquor‘ - e e ... 925

® As is now well known, large quantities of suspended solids usually come out in the effluént’ from a
percolating filter of coarse material in the late epring, with the advent of the warmer weather, This Appéars
to be due to the development of worms, larvs, etc., in the interior of the Alter at this time,: The same thing
has been observed, though in lesser degree, in the case of percolating filters of fine material and also

- gontact beds. .

L]
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‘. th:QualitYL of the two effluents is shown by the following figures s~ >~ = "'

RPN : Effluents from | Effuents from"
TR T e e s e el Strong Tank Liquor.| Weak Tank Liquor, ~
‘ Parts of oxygen per 100,000 parts of
SN I e efluent.
Ozidizability of whole éffluent, inéluding solids and giving credit - 88 ; .38
T 77 Tior nitrate., . ‘ ' o
Oxidizability of efituent, without its suspended solids and giving - 22 -1
... credit for nitrate. ‘ ‘ - el
Oxidizability of effluent, without solids: and giving no eredit for | - 48 - SERIREN oy (RN
nitrate, - ' . : : , -

Thé’quality of the efffuents—ivithout their suspended solids, as regards té,kiri'g'up of

dissolved-oxygen and incubation—is shown by the following figures :—
R ) : L B Effluent from | Eﬂiuent“frbm:
: e sk Strong Tank Liquor. | Weak Tank Liquor.

Dissolved oxygen taken up from water in 5 days at 18° C. - 062 (5) .- 084 (5)
Incubation (by smell) ' -, -i .= i Sl de i Al passed (5) All passed (5)

" Both effluents were therefore .'Véyry good, and,-aparﬁ from their suspended solids, there

was practically nothing to choose between them, It will be noted that the filter treating -

weak liquor was receiving a'liquor a little more than half as strong as the other (calculated
strength-—~40°7, as against 732 for the strong liquor).

Owing to the strong liquor-being less concentrated in this experiment than in the
two preceding ones, the actual work done on the filter. treating strong liquor was only

8,050 units per cube yard per 24 hours, but in the case of the filter treating weak liquor

it was'9,225 units,

" 185. Acerington Ewperiment TV.In this”experiment, which lasted from June 10th .

to October 26th, 1907, the percolating filter treating strong liquor received 200 gallons
per cube yard per day, and that receiving weak liquor 400 gallons per cube yard per day.
It was thus similar to Experiments I.'and IIL; but with a further increased dose in the
case of both filters. The  calculated strengths of the tank liquors.in this experiment

were almost the same al’in thé preceding one, but the suspended solids were less n

~amount, thus :—

e : -

-—‘\ Calculated Strength.| Suspended Solids.
Strong tank liquor - - - . L 1A Loy el 13s
Weak tank liquor - - - . . 0 T . Ll 306 63

o Thé“%zveék liquor flter was a,gain treating a liquor which was rather more than half
as strong as the other. ' :

¢ - “The purification obtained was as follows :—

e e A , ’ Units of Purification
‘ SR ‘ per Cube Yard.

Percolating filter treating strong tank liquor - - - - 14,300

Percolating filter treating weak tank quor - - - - 15,160

« it The 'quality of the-two efflzents is shown by thefollowing figures :—-.. -

Effluents from Effluents from -
- Strong Tank Liquor,! Weak Tank Liquor.

. ; Parts of oxygen per 100,000 parts of
. e g, . , effluent.
Oxidizability of wholo efluent, including solids and giving credit - ; . T
L. R0 S AR

for nitrate - - - - - - 26
Oxidizability of efluent, without its suspended solids and giving SR N DR
credit. for nitrate . .~ - - . T o.o. L O O - 38% .. B 1) S A
Oxidizability of effluent, without solids and giving no eredit.for { ... .. ... | .y w0
B T Iy - T IR o~

- % The tminub sigh Tidicites that' the’ oxylien presenit!in-the, form of - nitrate, was, 10 thé ‘exténtiof the'-

ﬁéufe agdinst which it'is' placed; more than sufficierit ‘to-oxidizé the organic matter in the effluent. i G ‘

L
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- The quality_ -of the éﬂlﬁents-:—'without their suéﬁeﬁded-_sdlids; aé rqgaf(is taking up of .
dissolved oxygen and inc}lbatiqn—-»is%'shownfby-the following figures :— " - L

Effluent from Strong | Efluent from Weak

Tank Liquor. Tank Liquor.

Dissolved oxygen taken up from water in five days ab 18°C. .- | .. 056, (9): [ . 049 (9) i
Incubation (by gmell) - -oo - oo - o - All passed (9) All passed (9): .

 Here, again, both effluents were well oxidized and good, and there was little to-choose
“between them, If anything, they were rather better oxidized than the corresponding
effluents in Experiment IIL, (notwithstanding the lesser volumes treated in that case),
-as judged by the dissolved oxygen taken up by the paper-filtered efluents in five days.
This was probably due to the fact that more of the warm summer months were included
in Experiment IV.; and that the spring out-flush of solids took place during
Experiment IIT. - : ~ el - - 7 T

The work done on the filter treating strong liquor was 14,300 units, and on the filter
‘treating weak liquor 15,160 units. AR : - >

186.  Accrington Ezperiment V.—In this final experiment, which lasted from October
28th, 1907, to June 18th, 1908, the percolating filter treating strong liquor received 250
gallons per cube yard per day, and that receiving weak liquor 500 gallons per cube yarc
per day. Tte calculated strengths of the liquors treated were a little less than in Experi
tent IV., though suspended solids were present in-rather larger amount, thus :— ;

} Caleulated Strength. .SuSpende’d Soli ds.{‘

Strong tank liquor - -~ -+ < ¢ T R AR 69'4‘ © 144 '
Wesak tank liquor -~ - - - -, - oo - 370 R o

As befbf'e,; the weak liquor filter was treating a liquor which was fully half as strong
as the other. ' ‘

. The purification obtained was as follows :—

Units of Purification
per cube yard. -
Percolating filter treating strong tank liquor - - - - - 12,425
. Percolating filter treating weak tank liquor - - - - - 14,600 _

- The quality of j:hé two effluents is shown by the following-fﬁgures —

Effluents from Strong| Effluents from Weak

Tank Liquor. |  Tank Liquor,
Parls of oxygen per 100,000 parts
of effluent.
Oxidizabilify. of whole. ‘eﬁiueht, including - solids  and- giving {- - ‘ L T T
credit for nitrate - - - - - - - 19-7 . 78
Oxidizability of effluent, without its suspended solids and _ :
giving credit for nitrate -~ - - - - - - - -1 22
" Oxidizability of effluent, without solids and giving no ‘credit s S TN A
© i for mitrate - - .- - - 108 T X 2
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The quality of the effluents—uwithout their suspended solids, as regards fakihg up
of dissolved oxygen and incubation—is shown by the following figures :—

Effluent from Strong | Efffuent from Weak

Tank Liquor. Tank Liguor.
Dissolved oxygen taken up from water in five days at 18°C. - 2-31 (513) 116 (13) o
Incubatlon (bysmell) - = o oL { lé Fﬁf}g (13) } All passédw((l?{)} A

The effluents in Experiment V. thus show a marked falling off in quality as com-
pared with those in Experiments IV. and III. Leaving sugpended solids out of account,
the weak liquor effluent is distinctly better, relatively, than the effuent from the strong
liquor. It will be noted, however, that even in this last experiment, after filtration
through paper, only two of the thirteen strong liquor effluents failed on incubation, while

- all thirteen weak liquor effluents passed that test. The latter efluents might be described

as fairly good, but the strong liquor effluents as rather poor. The spring outflush of

solids again took place during this experiment, which—it must be borne in mind—wag
carried out for the most part in the coldest months of the year. ' ‘

The work d_ohe on the filter treating strong liquor was 12,425 units and on the filter
treating weak liquor 14,600 units. ‘ :

*

" It was evident, from the appearance of the filters during the progress of Experiment

V., that they were being overtaxed, especially the strong li fil

) g liquor filter. The concrete
at the base of the filters gradually became blackened and c(()lvered, more or less, with
grey fungus, while at times the effluents smelt slightly of sewage. '

187. Reviewing shortly the foregoing five experiments, we think that they may be

taken to show that percolating filters of coarse material, 6 feet deep, can treat a strong septic:

tank liquor (strength 73 to 85) at a rate of 100 to 125 gallons per cube yard per day, or
a liquor of half this strength at the rate of 200 to 250 gallons, giving from 8,000 to 9,000

milgs Saf purification, and producing at the same time a good effluent (apart from suspended
solids). . S ‘

Under favourable conditions of summer weather, a strong septic tank liquor
(strength 74) can be treated at a rate up to 200 gallons per cube yard per day, or a liquor

* of half this strength at a rate up to 400 gallons per day, with from 14,000 to 15,000 units

of purification and the production of a good effluent. This, we think, is probably the
maximum work which can be expected from percolating filters of coarse material treating
ordinary septic tank liquor at a regular rate of flow.

~As regards the question whether itis easier to treat upon percolating filters of coarse
‘material one volume of strong septic liquor or two volumes of weak, the organic impurity
being the same in both cases, there is little difference either in the actual work done by
the filters or in the quality of the effluents, at rates of working up to 200 and 400 gallons
per cube yard per day. If any distinction is to be drawn, the advantage lies with the
filter treating the weaker liquor, no doubt because the natural aeration of the extra volume

of liquid rather more than counterbalances the quicker rate of flow through the filter.

%

+ .
J
i

B Apart from complications.arising from the presence of large quantities of suspended
solids (cf: PP. 48 el. seq.), we thlnlg that the above statement with regard to the purification
of strong-und weak ceptic-tank liquors may be taken to -apply also to settled sewage
and precipitation liquor. ' :

Double contact beds will, during their first year of work, at the rate of two ﬁllingé per

day, treat 70 gallons of strong or 150 gallons of weak tank liquor per cube yard per day, -

with 5,000 to 6,000 units of purification for the first year. Their working power will,
 however, gradually fall off as the beds lose capacity. Here, again, it is rather easier
to treat two volumes of weak than one volume of strong liquor. ., '

R b el
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It is clear from these experiments that, other things being equal, a greater purification
per cube yard, as measured by the actual amownt of oxygen used up, is effected when the
final product is an smperfecily oxidized effluent. The indications are that, unit for unit,
the first or carbon stage of the oxidation is, under the conditions of filtration, easier, or at

- least quicker, and therefore presumably requires less expenditure of energy than the second

or nitrification stage. We may perhaps be able to make some further experiments with
these filters, to clear up this point. S

At the end of this section (see p. 121) we print in a summarized form tables of the
results from a large number of places, most of which have been under our own observation.

GENERAL CONCLUSIONS AS T0 THE WORKING PowER oF DirrFERENT TYPES OF FILTER.

188.—T'reatment of Crude or Partially Settled Sewage upon Double Contact Beds.

The volume of sewage which can be treated by double contact, so as to give a fair
or good effluent, varies almost inversely as the “strength,” e.g., 24 gallons per cube yard
per day of sewage with a strength of 164, or 58 gallons of sewage with a strength of 60.
During the “ economic life >’ of the beds, an average of 3,000 to 4,000 units of purification
per cube yard of filter per day may be looked for in the treatment of crude or settled sewage
upon primary beds of coarse material and secondary beds of fine material, an efluent of

~fair to good quality being produced.

Treatment of Crude or Partially Settled Sewage on Percolating Filters.

Broadly speaking, the volume of sewage which can be treated upon percolating
filters, with the production of a good effluent, depends mainly upon its strength, especially
if no complications ensue through the choking of the filter and if the filter is working up
to its full power. Twenty to 25 gallons per cube yard per day of a sewage having a
strength of about 170, or 60 gallons of sewage with a strength of 60, can be successfully
dealt with upon filters of medium to coarse material, 2,500 to 3,500 units of purification
being obtained. When the sewage is well settled, about 100 to 120 gallons of such sewage
with a strength of about 80, can be filtered per cube yard per day, and 7,000 to 8,000 units
of purification, or probably even more than this,t obtained. In this case, therefore,
the process is comparable with the treatment of septic liquor upon percolation filters.

»

Treatment of Septic Tank Liquor on Single Contact Beds.

The volume of septic tank liquor which can be treated by single contact varies almost
inversely as the strength of the liquor. Single beds of medium to coarse or medium to
fine material, may be expected to give from 3,000 to 4,500 units of purification, when
dealing with either strong or weak liquors. If the tank liquor is a weak one, and if the
material of the bed is fine, this purification will be sufficient to yield a good or fairly goode
effluent, but not otherwise. A weak liguor, of strength 30 to 50, and containing up to
6 or 8 parts of suspended solids, can in this way be successfully treated at the rate of
1Q0 to 150 gallons per cube yard per day. As a rule, however, septic tank liquors are
too strong to allow of one contact being sufficient to. give a good effluent.

Treatment of Septic Tank Liquor on Double Contact Beds.

The volume of septic tank liquor which can be treated by double contact varies
almost inversely as the strength. Where the primary beds are of medium to fine material
a strong liquor of strength 90 may be treated by double contact at the rate of 50 gallons
per cube yard per day ; a liquor of strength 70 at the rate of 70 gallons; and a weak
liquor of strength 40 at the rate of 100 gallons.. From 3,500 to 4,500 units of purification
may be expected here, with the production of good effluents. .

Treatment of Septic Tank Liguor on Percolating Filters.

~ The volume of septic tank liquor which can be treated upon percolating filters varies
more or less inversely as the strength. A percolating filter of coarse or of medium to
coarse material, and from 6 to 9 feet in depth, may be expected to give from 7,000 to

+ Cf. Appendix IV., Report to the Commission on the Dorking Experimental Installation, by E. H.
Richards (1907). .

62251 | o Q
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11,000 units of purification when treating either strong or weak tank liquors, and to yield

good effluents. This would correspond to 80 gallons per cube yard of a strong liquor of

strength 113, or 150 gallons of a weak liquor of strength 58. The less coarse the

material, provided that it can allow the free passage of effluent suspended solids

through it, the greater is the relative purification per cube yard.

Treatment of Precipitation Liquor on Single Contact Beds.

Our data with regard to this process are rather few, but they indicate clearly that—
as in the case of settled sewage and septic tank liquor-~single contact of precipitation
liquor from strong sewages is not sufficient to produce a good effluent. The better clarified
the liquor, the more of it can be treated. The very well clarified liquor at Kingston-
on-Thames, with a strength of about 50, was treated for over six years upon an experi-
mental coke bed of medium to coarse material, 3 feet deep, at a rate of 250 gallons per
cube yard per day (four fillings), giving 10,800 units of purification and producing a fair

- to good effluent. A more dilute tank liquor, equally well clarified, might be treated in
even larger volume than this, so far as the “ strength ” was-concerned, but it is doubtinl

whether more than four fillings per day would be practicable on a large scale for any length.

of time.

R _Treatment of Precipitation Liquor on Double Contact Beds.

~ We have had ho actual experience of this process, which would beAapplicable to pre-

-cipitation liquors from strong sewages. We should not expect, however, to obtain such
a high figure for units of purification as in the treatment of medium or weak liquor by

:single contact. Probably about 6,000 to 7,000 units would be the maximum obtainable.

This would correspond to abovt two to two and-a-half fillings per day of a-liquor of strength

100 or about three to three and-a-half fillings of a liquor of strength 75.

, Treatment of Precipitation Liqubr on Percolating Filters.
In this case it cannot be said that the volume of precipitation liquor treated per cube

+ yard of filter at the different places under observation varied inversely as the strength.
- The main reason for this is that suspended solids can be reduced in most precipitation

liquors to a very low figure, in which case very fine material may be used for the filtration

of large volumes. = At the places which wergunder observation the filtering material varied

greatly in size and the liquors contained very different quantities of suspended solids.
Nevertheless with material of a given size, strength and volume would, no doubt, bear

:an inverse relation to one another. From the results obtained with percolating filters,
‘of coarse and fine material, respectively, we have arrived at the following broad

«conclusions ;— . ol

«

- (@) The volume of precipitation liquor which can be treated upon filters of

q coarse material depends mainly upon the strength of the ligoor.

~ (b) The volume which can be treated upon filters of fine material depends
;. not merely*upon the strength, but also to a marked extent upon the degree of
i clarification of the liquor. :

Upon deep filters of coarse material, about 150 gallons of precipitation liquor of

" about average strength (strength 50 to 60) or 200 to 250 gallons of weak liquor (strength

30 to 40) can be treated per cube yard per day, yielding up to about 8,000 units of pvri-
fication, and producing a good effluent. 1In the case of very strong liquors the volume would
probably have fo be more than proportionately reduced. S

Upon shallow filters of finie material a clear liquor with a strength of 50 can be treated
at the rate of 300 to 400 gallons per cube yard per day, giving about 18,000 units of puri-
fication, and producing a very fair to good effluent. It has to be borne in mind, however,

~ that filbers of very fine material working at this rate have to be constantly washed and

scraped. -About 500 gallons per cube yard per day would probably be the largest volume
of any liquor, however weak, that could be treated on such filters regularly, day by day.

The rates of treatment which are given in the foregoing paragraphs could generally
be doubled in timeés of storm. : . .

Kl
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Summary.

[

189. The following tables gives an approzimate idea of the purification which can be

 effected by different kinds of fllter treating different liquors, so as to produce a fair to good

effluent :+— ‘ o
) Units of Purification
per cube yard :—

3,000 to 4,000

Crude or partially settled sewage treated on double contact beds - 21500 t0 3.500

i led sewage treated on percolating filters - - )
Crude or partially sett‘ ed sewage t1 oo P g T o0 5030, and
Well settled sewage treated on percolating filters - - - probably up to 11,000

Septic tank liquor treated on single contact beds - - - 3,000 to 4,500
Segt.ic tank liguor treated on double contact beds - - »3’500 to 4,500
Septic tank liquor treated on percolating filters - - - 7,000 to 11,000
Precipitation liquor treated on single contact beds - - - - Up to 11,000
Precipitation liquor treated on double contact beds - - . Probably up to 6,000 to 7,000

Precipitation liquor treated on percolating filters :—-
(o) Filters of coarse material «~ - - -
(&) Filters of fine material - - N

Up to about 8,000
TUp to about 18,000

GENERAL SUMMARY As To ConNTacr BEDS AND PERCOLATING FILTERS,

190. (1)—The amount of sewage which can be purified per cube yard of contact bed or
percolating filter varies—within practical limits—nearly inversely as the strength of the
liquor treated. This statement is based on the assumption that the size of the material
of which the filter is composed is, in each case, suitable to the character of the liquor
treated, and that the material is arranged at the proper depth to secure maximum efficiency

(see Paragraph 153, p. 87). -

(2) Taking into account the gradual loss of capacity of contact beds, a cubie yard
of material arranged in the form of a percolating filter will generally treat satisfactorily
nearly twice as much tank liquor as a cubic yard of material in a contadt bed.

(3) In the case of sewage co
the activity of micro-organisims, the s
‘may be more nearly equal. - This point, however,

ntaining substances which have an inhibitory effect upon
the working power per cube yard of filter of either type
is not clearly established. '

4) Percolating filters are better adapted to variations of flow than contact beds.

(5) The effluents from percolating filters are usually much better aerated than the
cfluents from contact beds, and apart from suspended solids, are of a more uniform.

character. On emptying a contact bed, the first flush is usually much more impure.

than the average effluent from the bed.

(6) The risk of nuisance from smell is greater with percolating filters than with con-
tact beds. '

(7) Ttis also found that with percolating filters, there is nuisance from flies,especially

" with filters constructed of coarse material. In the warmer months of the year, such
filters swarm with members of the Psychodidae, which, though appearing to breed and de-

velop in the filters, may usually be seen in Jarge numbers on the walls of houses and building

close to or on the works. At Accrington and Dorking™a small midge-like fly with a dark

body and striped wings has appeared and causes inconvenience to the men by its bite,

which gives rise to local irritation, !

6225—1.
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TABLES OF ANALYTICAL RESULTS OBTAINED: () AT THE DIFFERENT SEWAGE WORKS
WHICH HAVE BEEN UNDER OBSERVATION BY OUR OWN OFFICERS ; (b) BY THE AUTHOR-
ITIES AT THE SEWAGE WORKs OF BirmINeHAM, BurNrEY, HEYWoOD, HUDDERSFIELD,
Leeps, MANCHESTER, OLDHAM, AND SHEFFIELD. ‘

\

Prefatory Note to Tables.

191. The figures of analysis given for crude and settled sewage, septic tank liquor, and
precipitation liquor, refer to the hourly sets of samples only in the case of the works which
have been under observation by our own officers, these hourly sets representing as far as
possible the dry weather flow. For purposes of comparison, we have given the average
figures for the hourly sets of effluent samples (i.e., dry weather samples), and the average
figures for the ordinary chance samples of effluent. There were, as a rule, a fair number
of such chance effluents examined from each place, and the figures may generally be
looked upon as representing roughly the average of the effluents obtained in all weathers,
In the case of the other places (Leeds, Manchester, etc.) the figures given for the sewages,
tank liquors, and effluents are the averages of a very large number of chance samples,

“These latter figures were furnished by the authorities of the various sewage works men-
tioned, and they are printed in italics to distinguish them from our own figures.

The figures for ““ oxygen absorbed in four hours” given in italics were obtained with
weak permangangte, and therefore require to be multiplied by 1-6, in order to make them
fairly comparablé with our own four hours’ figures, which were obtained with strong
permanganate,

With regard to the bacteriological notes, wherever possible, the figures given refer
to the number of B. Coli (or Coli-like microbes) per c.c. In the few cases where this test
was not applied, or where the records were very few in number, approximate figures are
given, based upon the results obtained by the use of one or more presumptive tests for B.
Coli. The results frequently varied so much that the figures can only be taken as being
roughly approximate ; bacteriological results obtained by the decimal method of dilution
do not lend themselves readily to expression in the form of averages, Further, a good
deal of latitude has been exercised in the way of pitting high results against low results
and ignoring exceptional ones, We think, therefore, that the bacteriological figures given
in the following tables should be read in the light of the detailed tables which are incorpor-
ated in the text of the separate reports, }é{inted in Appendix III.

TABLE I—ANALYSES OF CRUDE SEWAGE.

L4
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TABLE II.—SETTLEMENT OF SEWAGE
e Analysis of Sewage.
-
Dry v Parts per 100,000.
f | weather } '
No Place. Popilation. EZ‘?:;: 2{ flow of vl\g{ture of 3
: ; ge. (S e‘ﬁ'a ge)_ ~ Bewage. £ s
gallons). = . @ «
§ g :'g' : ? = "8 )
| 25| E8 88T, o
. EFIEE e e2| B
g8 |28 rYleg| ©
<z | <da |08 | hn A~
7 | Clifton - 2,000 .| Partially 22,000 | Strong | 378 | 111 |26:07 | 491 | At least
; . separate. slop-water ‘ ’ 100,000.
B : ‘domestic.
2,000 «Combined 35,000 | Domestic | 474 |*0-85 {1183 | 177 | At least
8 | Halton - (mainly : 100,000.
slop-water).
9 | Little Drayton - |, 1,550 |  Ditto | 12,000.| Strong | 757 | 1-41 |2444 | 239 | At least
. ‘ slop water © 1100,000.
. domestic. .
10 | Leeds- - 450,000 Ditto 15,500,000 | . Trade 1-92 | 068 |11-84 | 581 | About
- - - sewage. . 100,000.
11| Oswestry - - 9,800 ~Ditto 350,000 |- Domestic | 353 | 091 [11-27 { 294 | At least
: . with brewery : 1090,600.
and tannery ’
\ \ . waste. .
- 12 Shéﬁieldk - 400,600 ‘Ditto 14,500,000 - Trade 2611 076 1708 | 502
_ : e | sewage. |
13 | Oldham - - Ditto | 2,250,000 | Rather weak | 827 | 077 | 560 | 522 | About
"\i( domestic. 100,000.

Analysﬁs- of Settled Sewage.
Rate of flow —
through Parts per 100,000.
tanks , : ' e s
(expressed o Tanks Cloaned, | M1ethed of Disposing Remarke.
in time taken 2 o of Sludge.
to fill tank ~ s ] <
in dry 8 I R y
weather). | -3 §- 8¢ = Elg- %
Sen| g &to gag 8 4 =
BE |22 | 8< |88 O
B =R 3 s #
<% |32 |38 |E8 |- &
53 hours 396 | 076 [1513 | 24:2 | 100 to | Every 5 wecks Taken by farmer.
‘ 10,000. : -
15-5 hours 472 {*0-69 | 833} 107 Every 7 weeks Lagooned, taken by
1 i farmers when dry. .
093 hours 7-54 | 1-16 |18-21 | 199 Every week Lagooned
4+0 hours 160 | 037 | 524} 128 ‘Lagooned Experimental v
average rate | 174 | 089 | 560 122 process.
80 hours | 1-90 | 041 | 584 | 1177 | :
41hours | 348 | 0-92 |10-37 | 228  Every4or5 |Mixed with house ashes %
‘ ‘ ’ weoks. and taken by farmers, o
8 hours 219 | 041 | 4231 107 Every week - Lagooned Experimental
: 4 . process.
12 hours 322 | 063 306 | 158 Pressed and taken
; by farmers.

NoTe.—The figures of analysis given in ‘ordinary type are, as a rule, averages of three sets of twenty-four hourly
a large number of chance samples drawn in all weathers. All figures for “oxygen absorbed in four hours” given
with the figures for “oxygen absorbed in four hours” given in ordinary type, the latter having been obtained with

»

samples drawn in dry weather, according to rate of flow. The figures of analysis given in italics are, as a rule, averages of
- in italics, having been obtained with “weak” permanganate, must be multiplied by 1'6 to compare approximately
“strong” permanganate.

* The figures are probably rather toc high.
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Anvalysis of Sewage. o Aunalysis of Sépﬁe tank liquor.
- Parts per 160,000, Lo ; Paxts per 100,000, ‘ |
' . weatiiar : e % Rate of flow ’ O R b
No. Place. Population. System of Aow of Nature of 2 = d shrough tanks ‘ -g L2 o : , Method of - i Sk
Sewerage. sewage Sewage. | — - g % el élpxpr:séed ltxz 2 % ic $ | Tanks Cleaned. Disposing of Remarks
= ; me taken to| = v : 1 -
{gallons). .é g1 8¢ '§ & E §,, ﬁlli t:nk in | B 2 % ilog 5. y | . Shidge.
e E¥ | 55| & 5 dry weather.)| 'E %D é §D 53 f g o
gf’:? £ 85 | b o 8 g BEE | B8 @R S
<z |22 (8= & ' EEIEE | Br B | © |
14 Accrington - | 46,300 | Combined | 1.180,0007| S - il LA BT 47 (47 (Sg @ | & [ o
: ’ i /180,000 dog:;fc 5118 | 068 | 995 1433 | At loast } - 742" hours | 0'05{ 034 | 67 194 | At least | Rvery 4to6 Tagooned and |
15 { Andover - - | 5,000 | Partially | 150,000 |Domestic,with| 7-87 | 1- 100,000. i . N 100,000. months. s0ld when dried.
o separate. ' brewery%ra;te ® 18 110:02 1165 | At least) +19'3 hours { 744 098 | 753 511’1 At least| Partial removal 4 Run into trenches
16 | Birmingham - | 865,701 Combined 22,000,000 | Tradesewage| $-67% 0-98% 20-32% 484* 100,000. | 3 " g 100,000. | at short intervals. | and covered over.|
and partially o & AT 454 R 10-12 hours | 6-12| 088 {1586 195 A — Roughing tanks {Buried in adjacent| “A” represents the:
separate. ' 667 054 \12:00 ?8’10 B. once a week. | ground. soptic tank lquor as.
- } i Septic tanks : a whole and «“B” the.
! periodically. | same lignor after it.
: 3 has passed through
. ¥ i | ‘ Dortmund tanks, but.
s also ~after it . has
| : received 3,000,000
) ! [ ‘gallons of domestic:
‘17 | Burnley - - 82,000 Ditt : . y . : ! , ’ sewage at Tyhurn.
\ e 2,000,000 vgfﬁnf::acés Fazl oo 998 — - 15 - hours :?54% 0501 683 56 — Every six months | Sludge pressed
18 ’O waste ' : - ) % | ' and sold to
aterham - - : :I ‘ ‘ farmers. : C
* (asszlﬁgg.) Separate 17,000 VSZ‘)X?HSt:?Dg 1341} 175 1799 {421 | At leass i —_— 18-48§ 1-06 {10-15 f12'6 A.l - Aboub — ! Run 02:1 Izzmgmund Only one-third of sewage
esae. 100,000. | 1809 138 | 1389 254 B, 100,000. - treated. The liquor
) " | | ~ S represented by analy-
2 ! : . sis “A” runs on to-
~ ! ! £ . . ' filter, while . that ta-
o » . e | ' presented by «“B”
19 | Exeter (St. 1,500 Partiall 70.000 Weak 2l ek : _ e ! o runs on to land.
Leor?ards)- saparatg ’ dou?:stic, 786t 4351130 {&Jofg?)%t i 178 hours i 4+12{ .0:65 | 364 i 57 ﬁ)té) 18:(1)7)1; Aftery?; a(;: mor\e Lagooned
20 ) Hwoter (Main | 38,000 | Combined | 1,300,000 {Domestic,with) 466 | 137 |19:85 372 | About "L 115 houss| 540] 001 [10:20 [12:5 | About | Partial removal | Buried in fino |
21la@ ‘ld?r 3>' ‘ e trades waste. ' 100,000, | N i 100,000. | at short intervals. | clinker screenings.| = -

: wiaord = - 16,000 Partially (400,000 | Domestie, | 739 [ 191 | 21:96 |42:1 | At least | I 867 hours | 911] 100 |11-42 259 | At least — Buried shallow in | Experimental process-
S ‘ separate. * with brewery 100,000, . ! ; 100,000. ground, - b’ixedd gualn‘ity
TS : . . 3 waste. : ) ! : ) . treated daily. o

22 | Hartley Wintney 1,600 Ditto 45,000 Ditto ~ |A.2:43] 068 |14-61 |20'1 | At least i 317 hows |A.313] 073 |1316 151 | About Partial removal | Run on to land | The samples fox,',an&lyﬂs‘
‘ : . B. 7470 179 |18-64 {3277 |100,000. | B = = =~ = 1100,000.] at short intevvals. 7 series f‘A were
. ! | , ‘ 1 drawn in January and
‘ ! o } b those for series #“B ™
Hedd e ‘ ! | } | L in August. :
23 | Huddersfield - | 100,000 | Combined | 7,000,000 |Tradesewage| 1-00 | 060 |10-40 | 400f | ~ | 21 hours | 191! 049! 616 181 [1,000t0| Every 6 months Lagooned | Experimental process.
' ‘ % (o : 10,000, | . Fixed quantity -
24 | Kunowl : | o SRR o | b treated daily.
nowle - - 1,600 lzartlaltly 41,000 { Domestic 402} 071 | 807 119-4§ ) At Jeass | i 152 hours § 346 052 ‘{ 562 84§ 1 — | R \ gpremi g}we{ri i
- : - 8 pal‘{x €. 100,000. : B ‘ : ¢ - aqjacely 1ana. } .
© 20 Leeds - - - | 45042 | Combined {16,000,000 |Tradesewage| 267 071 |11-90 [63:0C) About | 24 - hours | 102\1 0-49 | 7-80 |25 ©.110,000 to{ End of 2 years Lagoondd Experimental  process
: | » 263] 090 | 1177 | 698 P.] 100,000, ] & 105, 044 & 607 178 P1100,000., .~ | Gargoscalo) s compare
! ! : . . series ¢ ith con~
5 | | | tact offluent and series
. : i 1 i § “P” with percolating,
2' Manch ‘ . X A ’ . l ) ; Voo g filter efffueut.
26 anchester - 575,000‘ - Ditto 25,300,060 Ditto 297 051 | 1060 {350 110,000 to ! 15 hours $ 2.74': w3yt 369 108 11()’0%0 5,0 ’ — Sent to sea ‘
’ 100,000. : S 7 app. 100,000, a ~
2T | Prestoleo - - - 500 | Separate 18,000 (Very weok (dop) 042 | 015 | 357 | 54% | About | 220 hours | o~52§ 017 | 2684 | 84% [1,000t0| After 7} yoars Lagooned
£ d3:31 . A i g R *”
i : \ 1,000 i | 10,000. | - o ,
28 | Rochdale - - 52,000 Com}nnmi 1,310,000 | Domestic, | 416 | 1:29 | 2655 1367 At loast 4 i 300 hours | 374 067 11092 53 10,000 to Every b months ; Pressed and sold Engmmenwl Progess-
' . <o ) with wool 100,000. 1 ' ! P : L 100,000 » | o larmers, Fixed =quantity
29 | Sheffield Di washings. . | \ I § o N treated daily. .
effield o, - | 400,000 Ditto 14,500,000 | Tradesewage! 261 | 076 | 708 {602 — R RPN V98] 037 119  — | — | At longintervals | Lagooned Experimental procass. ~°
30 | Slaithwiate- =~ - |- ' S |94 - hours i 196 | 74 | g A g _
B . 4 i } 136 hours | 1794 .0-37 ‘ 388 © 71§ (10,000 to] No siudge re- } —_— ‘
3,000 Partially 140,000 ‘Weak 1:66 | 040 | 4°60 | 10-7§ | Usually | ' . | } | 1100,000.! moved for over | - ..
31} York 80000 | o 050,000 domestic. | . 100,000, ‘ E | : 10 yoars. | ,
o York - - - ; ombined | 4, omestic, | 2:58 | 082 [13-83 |21-2 | At least ’ | % iy : imontal .
and partially : with trades } 100,0‘6%‘ » 9%  hours | 286 | 049 | 651 53 11%3%% (;0 Aftqr 21 months Lagooned Ex g;dmex;tlfgmi}t);oee&s,
- separate, - waste. ; ] i B ( ' ) P ’ ’ ' treated daily.
Natae—The figures of ' Yvsis oi : s IR - : Al b SN SR e e e -
a large number o‘:g chance Zzgﬁi g(li‘;g:v:xn 'Ordlﬁaty tyé)e are zﬁ;mla, ?ver‘? %es of threo aots of twonty —f‘mruh ourly amples, drawn, in dry weather, according to rate of flow. 'The figures of analysis given in italics are, a8 arule, averages of ,
‘ with the figures for “oxygen absor)’ged in fm;‘;l lfour‘zsa;ifrzi in ordig:;:; t(;rz)e tgg;;rtzt:?sgﬁg mbégzro%z:irxfe dgwfzﬁ fn igﬂie's haviz;g been obbaino,d with ¢ wqak” permanganate must be m.ulsiplged by 1-6 to compare appmxi'mate!y
- represents the average quantity of suspended matter in the Huddersfield saw’age, in dry weathger. § Averag‘glof N strong”%)ermainganate. * Average analy 8.130; &?altley sowagoonly. 1 Not quite dry jweabher samples. IlTins fgure
: e me ; “ : . two samples only. - - ‘ s : , v . : B
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f , | TABLE IV.—CHEMICAL PRECIPITATION, FOLLOWED. BY . SETTLEMENT, | : >
o - . Rate of Analysis of precipitation liquor i
. Analysis of Sewage (Parts per 100,000). , flow in y(parts I1))er FO0,000). 4
Svst Popula- Dry : . , Prec‘iipibant tanks ‘ ,
. ystem tion weather ) used and oxpressed . Meth :
No. Place. ‘ of draining| flow of l\gature of } B. Coli | quantity added ( inptime g 4=} B. Coli. Tanks Dis?os?ggoif . Remarks.
b, Sewerage. to | Sewage owage. Ammo- Albu. | Qxygen | o | perc.c. in grains per | takento | .3 g €g |Omygen) g |porec. | cleaned, " Sludge. ,
l , Works.| (gallons), | niacal | minoid |2Psorbed pended gallon. fill t;nks g g;o ‘B go abs?;bed pended ‘ A
s Nitrogen. | Ni o, - In dry & 28 Solids.
J | | g Nitrogen 4 hours, | Solids. weather). 5 Z .5 P 4 hours.
32 Cgl:zerley - | Combined | 2,300 12,000 | Strong domestic | 11-82 " 1-80 29-55 | 3190 | At least Alumino-ferric | 47 hours 964 111 11-94 | 11-80 - | At least | No. 1 every | Lagooned.
T e | (mainly slop : - 1 100,000 17'5 grains ‘ ; 100,000 | month. No. 2 Taken by
‘ ‘ L water), - ’ based on dry ‘ every two farmer when
. : . _ . ‘ weatl}er flow. : months, dry.
33 | Chorley - Ditto - 27,000 900,000 Domestic 4-90 101 12:38 | 8140 At loast | ¢ Alumlng-ferric Quiescent 382 055 497 311 10,000 | Every two Pressed and
- . : : , 100.000 9-0 grains on | for 1-3 , to fillings. | sold to farmers.
. ' s S : J average flow. | hours, - 100,000 | .
34 | Guildford - | Partially | 16,000 | 400,000 | Domestic with 7.38 2:10 21-33 | 3741 At loast Alumino-ferric | 10} hours | 7-34 133 | 2004 | 146 At least | Every two | Pumped into
. : separate. . brewery waste. 100,000 80 grains on ' 100,000 days. trenches and
6 | Hendon ~Ditto | 23,500 | 650,000 | D ’ k Alumisotonis | 12 h 9 * A covered over.
naon, ! \ omestic +30 app. | +1°0 apn. . %99, umino-ferric ours | 362 04 5-50 6-1 bout Twice a ‘
High Level. PP T pp.| 1101 #2339, 1‘%306150 . b grains on ‘ 100,000 | } week to once
N 1 A ’ average flow. : a month Pumped into
. ' : : . . . according to | trenches on
35 | Hendon, Ditto~ | 23,500 300,000 | Domestic with | § 40 app.| 13 app.| 1755 [*33-4 About Alumino-ferric | 12 hours | 488 076 725 | *41 About || position of land.
| Low Level : ; laundry waste. | : 1100,000 © 6'0 grains on | 100,000 | | tank in the
, o : X wEEL average flow. ‘ series. .
36 | Heywood - | Combined | 23,500 | 630,000 | Domestic with | 3.7 0-83 789 11290 | At least Aluminoferric | 2¢ hours| 199 | 042 | 838 | 40 | Abou — Pressed and
c _trade waste. e 100,000 8:0 grains on 100,000 taken by
‘ ] , ' ! average flow, farmers.
37 | Horfield - ! Partially | 2,500 38,000 |  Domestic with 3-80 102 939 | 356 At least Alumino-ferric | 17 hours| 331 0-32 312 2:5 10,000 | Every two Pressed and
‘separate. _ laundry waste. 100.000 5°0 grains on . to days, taken by
. i . » : . . ’ average flow, | - 100,000 ; farmers.
38 Hudderg 1 Combined | 100,000 | 7,000,000 | Trade sewage. 100 060 < 1040 | 400 Lime and 6 hours| 121 033 74 70 - - Lagooned
. e : ) : ' _copperas. ' :
39 | Kingston - — 53,454 | 2,750,000 | Domestic with 3-85 0-86 1066 | 310 At loast Alumino-ferric | 6} hours| 3-64 0-44 517 15 10,000 | First tanks | Pressed, dried
: tradeé waste. ' 100.000 blood, charcoal, to every six and sold as
> and clay, 50 : 100,000 | days, second manure,
grains on ’ and third
. » . average flow. o once a ‘
40 | Toed . - . ; ‘ - ] fortnight. , :
eeds . - | Combined | 450,000 115,500,000 | Trade sewage | 184 0-60 108 | 601 G.| About Lime 3 grains | 4 hours| 768 031 461 | 111 G. — —_ Lagooned | Experimental process
' A 207 076 121 | 62 P. | 100.000 on average flow.| 13 hours| 200 032 416 638 P : Analysis G, refers to
‘ ' ’ the general precipi-*
d "| tation liguor and
; - ‘ Analysis P. is for
; ‘ comparison with per-
41| Maids ) : _ _ : _ b . colating filter effluent
v awdstone - | Partially | 34,000 { 1,500,000 | Domestic with 351 152 - 21:03 *34-8 At least . Lime.5 grains | 1} hours| 353 099 | 1071 [*14-0 -— Every two | Pressed and »
- .| separate. brewery and 100.000 . ;on average Jow. weeks, taken by
£ | Nor A . tannery waste. | . ’ : . farmers, . *
ormanton | Combined | 12,600 175,000 | Domestic (mainly | 695 1-50 29-25  *550 At least . Alamino-ferric | 141 houts| 4-90 0-68 10:32 |*140 10,000 | Every week | Lagooned and ‘
. : : slop ‘water). , 100.000 6-7 grains ’ to taken by farmers
, o S ’ on dry ‘ 100,000 when dry,
43 | Rochdal ) R ' , weather flow.
3 | Rochdale - Ditto '52,000 | 1,310,000 | Domestic with 416 1-29 2655 [*36-7 At least Alumino{erric | 141 hours | 4:20 066 1317 | *7-8 1,000 | Every three | Pressed and
. wool scouring 100.000 7-3 grains to or four “ taken by e
» A liquor. ) ’ Vitriol 47 grains 10,000 weeks. farmers. ‘
v Sh i ) ) C on average flow. - . : :
effield -| Ditto |400,000 (14,500,000 | Trade sewage. 261 076 708 | 502 C Lime Quiescent | 1-09 015 2:80 48 — —_ Lagooned -
- . ' : for .
45 Withnell % : 45 minutes. _ L
_Withnell - | Partially 1,650 | - 15,000 | Strong domestic 535 123 21419 | 339 A | At 1 Alumino-ferric | Quiescent — — — — 100 |Every oneor| Lagooned |Analysis A. is an
separate. ‘ (mainly slop ~ 1722 | 196 B+| 10 o %%St 15 grains | for several | 4-35 0-47 7-95 2:0 to two fillings. © | average analysis of
€. - water). ;000 . on dry hours,. app. B. | 1,000 Withnell sewage.
. » . : weather flow. ‘ ' ' : Analysis B, is ‘an
T ' ‘ average analysis
made on sampleg, of
® S E .| sewage drawn Ior
" : 4 comparison with the «
‘46 | York ; ~ L , ‘ ‘ ' » ; , , precipitation liguoy.
ork - - - 80,000 — .| Domestic with 258 0-82 1383 | 213 At loast : Aluminoferric | 7 hours 263 054 776 89 About | Every four | Pressed and
: B ’ trade waste. , ‘ 100 %?)SO 57 grains,. | 10,000 days. buried thick
S ‘ ' ' Lime 43 grains under layer of :
. on average flow. .. . v soil. d
] P ® : - - 3

2 NoTE.—The figures of aﬁal is i AR A : ' . o e L .
PR . YSIs given in- ordinary type are, as a rule, averages of thre samples drawn, in dry weather, according to rate of flow. The figures of analysis given in italics are, as a rule, averages of a large
fx:lxl?i)glx; r(;f”ch.ance_samgl.es drawn in all weathers. All ﬁgurgs for “oxygen absorbedgin four h;ugs ’§gsvegfintgzﬁg-%;:inh?ﬂy . obtaIi)ned with “weak” perman‘ganate, must be miltiplied by 1'6 to compare approximately with the ﬁg,ures*for “'oxygen absorbed in
‘ given in ordinary type, the latter having heen ¢btained with * strong ” permanganate. * These were r;ot quitge 35; weather samples. t These figures are inferred. | } Grit is not included in this figure.

6225 —1. : - o ' 2
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" TABLE V.—CONTACT
g
= ) , .
%o : ,
: g Average | pate of treat-
3 3 Depth of nu&?ﬁ;:i ment per cube
3 - | g ter i j ‘ . Distribution. | d per day.
No. Place. 3 Material. Size of Material. Material. istributi 11))(:‘ H?:I?; y\?\?ho?: - ds g
o beds bnly. 1nclud§d.
2
g
=
Z
SRUDE SR : B R Gallons.
CRUDE SEWAGE. . : L
1 | Hampton .- | 3 Clinker - Prlmar) ~—COATSE 1 . 4 fe. | None on pri- | About 3 43
= Secondary— * mary beds, Based on dry
mediura, i half pipes and weather fow.
Tertiary —very ’ { . grips on
- fine | | secondary and
' | tertiary beds. )
20| Leeds -~ 2 Coke Primary—coarse Primary, 5ft. None Ditto Alout 32
Secondary— Secondary, 6 ft. .
medium.
3 | Maidstone -1| 2 Clinker Primary—coarse | Primary, 3ft. 4in.}  Half pipes 0-86 237
- ' ‘ Secondary— fine Secondary, : :
4 ft. 4in.
4| Newton - 1 Ditto Medium to coarse 34t 6 in. Troughs 17 91
2 N . : - . -
5 | Withnell - Ditto Primary—rather |  Primary, 5 ft. Ditto 071 182
- : coarse. Secondary,
R Secondary—. 3 ft. 6 in.
medium.
SETTLED SEWAGE. . : (. ' ‘ i
8] IHalton .2 | Primary—coke, | Primary \rathep! Primary 4 it.3in. Ditto Abous 4 80
S . clinker and stone. | Secondary J coarse becondary, .
T Secondary-—coke. : 3 ft. 3 in.
-13 | Oldham - 1 Clinker Medxum to coarse | 3 ft. to 1 ft. 6 in. Troughs - About 100
11| Oswestry - | 2 House cinders fmedi- | All beds, 4 ft. 6 in. Ditto 4-5 514
ZSWOSE _ Pmmary wm to
’ SecondarylcoarSt e ) "
12 | Sheffield 2 ~ Clinker : ‘medi- - 8 ft. rips in :
° s : vgrlmasy . % um to material. «
‘.; econaary fine. .
Serric TANk Liquor. T
15 | Andover - | 1 " Ditto Medium to fine 4 . Half pipes 14 115
' ‘ T Based on dry
e ) weather flow.
o 17 | Burnley - - | 2 Ditto Primary—coarse - - Troughs 2 45
Secondary—fine ‘
10 j Exeter, (St. | 1 | Clinker and coke | Fine to medium 5 ft. Half pipes 3 105
7, | Leonards). L
z -
20 | Exotor (Main| 1 Clinker: - ¢ Medium ‘4 £t 6 i, " Ditto 2 .55
: works). ) ' : Based on dry
, ' Sy weather flow.
21 Guildford 2 | Burnt ballast or | Primary—rather 2 ft. 6 in. Grips in 2 227
EEA TR N : coarse, :

s

clinker.

Secondary—— rather
fine.

material.

N OTE. ——(a) All figures for oxygen absorbed in four hours” given in italics, ha\vmtT been obtained with “weak ” permanganate,
‘ ) Lhe latter having been obtained with strong per manganate
* The ﬁgures are approx1mate

(b) The figures for albuminoid
-t These‘ﬁgures are averagos of

BED FILTRATION.

Analysis of final effluents. .
Parts per 100,000,
T R ; : e
S : ' : , Dissolved . " Condition | - :
Ammoniacall Albuminoid | . Oxidised bOx;;)ggn. Inct:ls):‘ tor Suspended | oxygen . ‘of Filters. Remarks.
Nitrogen. | Nitrogen: | Nitrogen. |* z"g ed n i Solids. |takenupin|. B. Coli _ o
= ‘ . aours. (Sme ') ’ . 24 hours per c.c. : !
2l g il gl 28 28 B8 B8
cElE|E BB 2B 21215 58 22 |
e e R O I e e e mo o || || & | D
[ ] } i ! R i
- 071 - E 011 - | 264] — |13l - |12+4] - |Trace, — [0-38| About | Crude sewage
: ‘ in 12, 1,000 to clogged primary
; 100,000. | beds in one year,
i ‘and partially set-
( tled sewage in 4
: , . ‘years.
= 04l - 009} ~ 1087 - | 075 ~ - - 125 ~ - — Primary bed lost|Experimental
Co capacity ~ seri-|  process.
B ously in first 4| Largescale.
‘months, Fixed
quantity
. , : o treated daily.
~ {092{ ~ (022 - 1123 - |2b2, - (T4 ~ |18l - ~ {10,000 to | Primary bed in|Experimental
: in 8. 100,000. | good order after| process.
5 years. Fixed
, quantity
o breated dally
340 [¥0-59| — [*0-37 |Trace| 0-16| 679 | 578| 2~ | 6— | 85 [¥6:9 | — [More| About | Beds seriously
in2.lin 6 than | 100,000. | clogged on sur-
62 face after about
. 5 years.
0-89 17063 0:41[%0-12| 00 | 248 3:86| 171 3~ | 3+ | 5 About - %066 | At least | Primary beds be-\Experimental
i E in3,/in 3. 1-0 ? 100,000. coming seriously| process. -
\ ' clogged after 5| Fixed.
l years. quantity
- ; ’ _ - treated daily.
{ .
~ P*Usa] - #023| - I0-88| ~ | 252 - |24 | ~ |About| — | - | About | Primary  beds .
| f lin 5. | 30 10,000 to | clogged after 4
: f | 100,000, | years. .
~ s - (oes| - losr - 099 - | - | - |s1| - | = | — _— ‘ -
= o056 - |018] — | 116 - |176] - |8 + | - |[About{ -~ [¥0-72| About | Primary  beds
| in 10, 20 10,000, clogged up after
| i ‘ about 3 or 4 years
~ 1034 - | 006 ~ | 164 - | 060] - - - I8 -~ - — —_ Experi,
A mental
\ % w  progess.
~ . | :
4-82 | 4:10 (*0-60 {052 0-0 ;*0 43 426} 402, 3~ 11498 |96 - *¥2:77 . Abous Material had to
: ’ in 3.(in 11| 10,000 to | be washed after
| ‘ ( i 100,000. | about 4 years.
L : ; primary bed had ¢
z to be washed
? ! ‘ after 3} years.
1100] 055 ~ | 03] 1-49(%169| 085 | 108| 34 | 64 | 09 |About| ~ [¥0-62| About | Material showing
in3 {in6.| . | 06 11 100,000. | ‘signs of clogging
E after 9 -years’
' : , - work.
312 1'61 f0-4T| 0-31 *0-28 [¥1:63| 367 | 442| 3~ | T+ | 46 | 55 | ~ 169 About | Beds had lost
. in 3. |ini4] . 100,000. | nearly half their
] - . _water . capacity :
| ‘ after . about 3
. | , years. -,
~ |$108} ~ 15032} - | 122 - | 277 ~ 144 ~ lAbout) - - About  |Primary beds ha,d‘. Practically
in 7. 10 | 100,000, | lost nearly + of fixed quan- *
; ’ | chmrcapacmy after tity treatead
' ! ’ about 4 years' work|  daily.

must be multxphed by 16 to compare approximately with the figures for “oxygen absorbed in four hours given in ordinary type,
nitrogen in ordinary type may probably be rather too high in the case of some of the effluents.
i These are averages of three samples only.

two samples only.

L]



130

TABLE V.—CONTACT

‘ Average .
Number : number of | Late of treat .
: Pline of : i . Depth of 5. g 4o fillings mené per o‘:iube -
‘No. Place. contacts Material. Size of material. Material. Distribution per day. y‘z;‘;‘ho%):; I‘ea{."y. :
{ given. Primary included.
beds only.
SEPTllC TANK LIQ(‘JOR {continued). ‘ Gallons.
22 | Hartley 1 Clinker Fine 4 ft. Half pipes | 20 73
Wintney. Based on dry
; , weather flow. |
23 | Huddersfield 2 Ditto Primary—coarse | Primary, 3ft.9in.| Grits in pAi] 7
‘ : Secondary-— Secondary, material.
‘ medium 2 ft. 11 in.
250 Leedé - 2 Primary—clinker | Primary—medium| =~ Primary 5 ft. Ditto . 1-5 45
g . Secondary—coke. | Secondary— Secondary, 6 ft. '
. ; mediun.
26 | Manchester 1 Clinker Medium 3 ft. 4 in. Ditto 2t03 77
29 | Sheffield -| 2 Ditto Primary--rather 3 it. Ditto 3 About 60
EOANN , coarse. :
Secondary—rather
. - - fine. .
30 | Slaithwaite- 1 Ditto Medium: . b fe. Troughs 15 62
PRECIPITATION LIQUOR. . v T
32 | Calverley - 1 Ditto Fine to coarse 3 ft. Ditto About 07 30 |
S ! ' 3 Based on dry. |
' : & weather flow.
“6 & | Hendon - 1 Pan breeze, burnt | Fine to medium 5 ft. Half pipe 2:5 P —
35 - ballast and broken! - -
brick. ‘
36 | Heywood - 1 Sand Very fine 4 §t. 3 in. Troughs 3 174
‘ Ashes Medium :
u Coke Coarse. .
39 | Kingston - 1 Clinker or coke Medium 3 ft. Ditto 4 250
2 ) ' . N .
405 | Leeds - 1 " Clinker Mediom 3 ft. 6 in. . None 3 —
3¢ | Huddersfieldd 2 Ditto Primory—medium| 3 ft. 3 in. — 2'5 100
R Secondary—fine :
o medium,

*

G

* These figures are approximate.

Nore.—(e) All figures for “oxy

N

143

(b) The figures for albuminoid
1 These are averages

&

gen ahsbrbed in four hourz ” given in italics, ha{'ing been obtained with *weak ” -permanganate,
the latter having been obtained with strong permanganate. ]
1 These figures are averages of two samples only.

ED . FILTRATION—continwed.

'

131

‘ Sl L <1 Oxygen | Incubator
e Wioetd| Qe Labsorbad | e, | SigEendod oxygon,
,g * ! 4 hours (smell.) ’ 94 houg' "
slg s g lnld|5]s|2lslslsls]s
ElE BB E E|ElE B BB E R
H Il =" 10 o |0 "0 = O WO |10
1-16] 3-20| 027 0-38 1-22| 1-02| 3-14| 3-26| 34+ | 24+ {33 [ 72 | - [*236
in3.]in7. .
- 018 ~ | 015 - | 049} = [ 168 - | - | - 18| - | -
| |
- go-,@s ~ 1o0s} ~ 175} - |o&1) - -~ 08 - { -
, v !
| f 1
| : ! |
- | 162) ~ | 015) - 1080 - | 278 - | - | - |54 | - [§41Y
~ Loy - loor| - |ze2] - |ore| - | - | _ J’ - s
- (084 - HOLT) - OBT| - | 215| - | 24| - |Abou| - | 152
js . : inT. i 2:0 E
~ | 26T| ~ [*030| - | 033] — |357| - [44| - |88 | - (*I114
} > in13.
372y - 13016 ~ i1'22 - 1207 -~ 31| - |Trace] ~ - -
in 3.
- 12187 ~ |0218] - 046 - 096 - | - | - | - | ~ | _
.
196 | 145 (10-19| 012 1-22| 153 | 0-84| 0:96| 3+ | 7+ |AboutiAbout| — |r0-18
ind.{in7./ 10 | 1-0
}
{ {
1
- 14T~ L0219 - ooy ~- 145 - L - | - ley ] ~ ] -
* |
. ! !
- | 009] - o008 - |08 - |110] - 5 - - le1] - ; -

Parts per 100,000,

Analysis of final efuents.

Dissolved

B. Coli.
per c.c.

About
1,000 to
10,000.

About
1,000 to

10,000,

About
1,000 to

110,000,

Aboﬁt
10,000.

About
1,000 to
10,000,
About

1,000 to
10,000,

About
1,000 to
10,000.

1
1
|
¢
|
|
\f

{

Condition
of Filters, | Remarks.

Beds  seriously
clogged - after
about 5 years.

Primary bed lost| ¥xperi-
74 per cent.of its| mental
capacity after 45| process.
years.

Primary bed lost| Experi-
80 per cent.of its| mental
capacity after 4| process.
years. : :

— Experi-
D mental
process.

Surface material| Practically
badly - clogged| fixed quan-
after 4 years. tity treated

‘ daily.

Beds still in good
order’ after 10
years’ work.

Beds still in good
order: after 6
years.

Bedstill good after
10 years. Top
+inch . of sand iw
taken off once a
month - and al-
lowed to weather.

Coke bed retains
20 per cent. of
its empty tank
capacity after

nearly 8 years.|.:

Clinker bed re-|

tains 32 percent.
after nearly 4
years.

Bed lost capacity
rapidly owing to
consolidation of
‘material.

No. 10 bed lost
68 per cent. of
its capacity in 6
years.

must be multiplied by 146 to compare approximately with the figures for * oxygen absorbed in four hours”

nitrogen in ordinary type'may probably be rather too high in the case of some of the effluents.
of three samples only.

. §Percentage of dissolved oxygen taken up in forty-eight hours at 80°F.

| At 60°T,

given in ordinary typs,

.
-
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TABLE VI—PERCOLATING | FILTERS ‘
' ' Analysis of Final Effuent (Unsettled).
| 1 Dissolved
- : . ~ | . oo . 15801ve .
, , S : : Rate of Rite of Ammoniacal| Albuminoid|. Oxidised bOx%ggn. Igw:b%to? Oxygen | Suspended :
. ' C : How Liquid | filtration | o " ..} |‘Nitrogen. | Nitrogen. | Nitrogen, |? 4501: ed my tes ﬁy taken upin|  Solids. Condition of Remarks
‘Pl Material used Size of Material Depth of Distribution is delivered | per square ration per. ) R b Ours. smell). 94 hours. . Filters: Remarks. .
No. }  Place. "4 Filters. | P "1 Material. : to Filter. | yard per cube yard | ; R ' : : B. Coli. , :
IR : ’ . : ' ’ rday, ’ er C.c.
C : . day. pe i T ‘ p
‘ ’ S BlEglelg B g |5 glels|n]ls|s]s
e 212812122555 25 |8 %
‘ HIo iR |0 | 2|5 g | 8id|8 |8 8|3 |8
} - a. ! v . ‘ ‘ ‘ l' . ‘ - ‘,
"‘CRUDE SEWAGE. . . ‘Gallons. Gallons. ] _ . : . ‘
. . L . : 1-06{ 0-57:| 0-28{ 6-13| 2:37{ 351 265(-1-87 /-3 9 ~: %0624 63} 52|,  ~— No. 2 Filter (8 Experi-
6 - Hendon - - Clinker Medium 8 or IQ feet | Tipping t;oughs Continuously 125 About 40 in’:{i—. in.g: : , feet) good afcgr m entaII)Duca
‘ . o Ck , . ; ' : : 8 years, Filters.Fixe
. B i 7 , : . : ' , : quantity
| j - treated daily.
: . . : . - (019 ~ V005 - | 121 ~ | 084l - - - - - - About | Clogged after 1 | Ducat Ex-
2p | Leeds - . Ditto Ditto 10 feet Ditto Ditto 83 25 : + : 1,000. m§§th’s work. | perimental
' ) : ’ Filter. Fixed
. : ; quantit
. , i _ B ' , . , 1 £ >O y treated da)i’ly.
: ) ‘ ] . P 1 -~ 1072 ~ |1027{ - |03 - | 809 - - - -~ -~ | 210] About hoked with Experi-
2L | Leeds - | - Ditto Very coarse | 11} feet Sprinkler Intermittently| 200 52 - ‘ 3 : 16,000. growth after 21 meﬁtal
- - | ‘ ' months. *Leeds”
J Filter.
-s , N Fixed
: ’ ' ' quantity
s S treated daily.
. SEITLED SEWAGE. | - . ‘
T : ‘ : . . p : 0-80{ 095! 0-10| 020 0:82} 1-16| 1-10| 2:06 3 4154 ~ [ 093] 33, 56| 100to Sand filter good
i SRR N 0 Fine to coars 4 feet, By fine material Ditto 20-8 156 : ‘ :
T Chftqn (OJ;ngg(si B ine to coarse Y ! o Based on dry weather flow. in3.iin'7. : 10,000. after 14 years.
| and cinders | Very fine to coarse » ’ Co ] .
S ~ L ) . : - |08 ~ | 018 -~ 18| - {171 = | - | - | = | = {120] — hanged aft xperi-
10 - | Leeds . Coke - Coarse 9 ft.; 6 ins. Sprinkler Continuously 290 63 : 1 Uln;efzﬁg aster , ﬁ%&;;l
I I ERNE ‘ : ‘ : : i process,
e ' ; o ! : ! : Fized
S S : ‘ Ti( : ' ‘ , ] quanity
e " o ' e | | 078|057 093] 518 30| 451 299 ’ ‘ treated daily.
L R ' . i o ) i i : E . . . . . 2- 2:45 . " 0. . . , .
~9 | Little Granite Medium 7 ft. 6 ins. | Tipping troughs Ditto 485 . 196 - , o co f’ngf fnj 0 ?4 o9z 101 80 118,%%30 Nwzglfﬁ;;ef‘%ai‘z -
: Drayton. | . ' ‘ ‘ v : ' of material after
3 or 4 years.
SepTic TANK L1QUOR. o i vor| 135] 027 02 . : |
s ‘ . . . ~ 1 . 25| 224 160| 508 302{4 - |11 | _ I|*o- 0l & ; , .
14 | Acerington Coke or Coarse 9 ft. 3 ins. to Sprinklers Ditto 426 1« - 140 4 ’ mj— in l—li. 0 96 200 &9} Ditto (}Soc;ciazger 4 to
; = ’ ! ) clinker . . 7 feet. : N ) -
, o . e Y 286 ~ |029| - |211| ~ | 258 - I 8l - | — —
516 Birmingham | - Granite, Coarse 6 feet Nozzles, ete. ' leto 165 82-3 _ 25, - lell + 7-3 )
quartzite, | ‘ T ‘ ) :
slag, ete. , ) : - o
: \ ' , : ey ) 6771 8:88| 042|041 890 7-95| 522| 511 |4 4 | 7 0-80| *37| 38| About | Good after 10| Ty
. . X . N . . o R ! - ‘ { d
18 Catgrham -1 Coke M‘edlum to coarse| _ b feet Perforated pipes Intermlttefltly ?1 307 : o . lind linT. ” ©71,000. years. : quai?ity"
. - ‘ ; A , : treated daily,
‘ ‘ ; i . ‘ - 0231 - -0 - . — . . - . - - : , . .
23" | Huddersfield|. Clinker - Coarse 7 feet Sprinkler Continuously 258 110, | T 1009 1108 1229 - Ditto | Good after 1 year -r:E;;P?;nl-
; : - nta
‘ : : process,*
Fixell
I . - quantity
: N : ;‘ : : : . « [treated dail
N S | _ | , 319| 4-07| 0°34| 048 #090 | 0-60{ 270 411 3 — - 228|371 3 v
24 | Koowle . g Ditto Ditto 6 feet Stoddart trays Ditto 1,000 2,000 ‘ ‘ 90| 060 ;2 70 411 1_::’1 3. i5n -I-S 28| 3T 39 16%’88‘6 G:;‘ia{imr about .
. ot o g . . T R ; . K - 051 - 0-1 - . - . ~ _ '..‘ . . y EER R . ) .
25p | Leeds . | Coke Ditto 9 ft. 6 ins. Sprinkler Ditto . 200 4 63 - 4 ,1 08 1-60 - - (114 11&88\612 .Gogci ra; ’ftg, 2?1{4 pr:;;.
S Fens : . : ' - ) I 000, .| mentyl.
J T e S ' , e ' : o ‘ ' . . ed twiece| process,
: - : S : : , ‘ : flushed out with Fixed
ST 0N W e : ‘ : : S ' 4 ' town’s water. quantity’
- PRt N Ny » R : R . : ' ' treated daily.
o : ; I e - - T - ——————F" " must be multiplied by 1'6 to com imately wi s i Eara———
- ore o A s tor ory gy sl T B o i o, oo ol vl " ot | 5" EA U 101 s sppe ol i o s o sy ki s oo et iy e
st - ) the latter having been obtained with “strong” permanganate. (b) The figures for albuminoid was made after suspended solids had been settled out.  « efliuents. . "
. : R . * These figures are approximate. 1 This analysis- § . . : .
B | 1 6225—I ' ’

.
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8 TABLE VI.—PERCOLATING itsmrs—confinued.
‘ Analysis of Final Effluent (Unsettled).
Dissolved 7
Rate of . .. ‘1. Oxygen | Incubator :
: s : Rate of .. niacall Albuminoid] Oxidised y8m. ‘Oxygen | Suspended
: . How Liquid | filtration : bmmo - - absorbed in| test (by y8en, pe "
~ Material used Size of Depth of sstribution. is delivered I SqUaTe filtration per {f Nitrogen. | Nitrogen. | Nitrogen. |™" 5 - smell), taken upin|  Solids. Condition of | parosks.
No.| . Place. in Filters. Material. | Material. Distribution. | 18 0ot | Eoard por °§’§f g:;fi , ours o | "24 hours. 8. Goli Filters. emarks
, day. S £ S per c.c.
. R S8 5l 20 > 18 = olo8 5| 8 5 | 8
AETE e BT E T BT E s
S 3 2 = 2 3 3 =S 3 2 5 3 ) 2
e Sl |dig |8 |lm |0 |® |0 |8 |0 | & ]|D
] X , i1 -
Sm}nc TaNK L1QUOR (continued). : Gallons. Gallons, / _ |
37 | Prestolee - |Cindersand gravel |Fine to coarse 5 feet By fine material Inter- 927 556 -4o-13| 0-05| 0-03] 0:02| 0:33] 0-90|0:31| 041 |3 4|6 4| — [*004 None|None| 100to | Goodafter 8
mittently in 3.)in 6. ' 1,000. years. -
* :
28 | Rochdale - Coke Coarse 9 feet Sprinkler Continuously 424 141 _ loosl -~ ool - [*276| - | 286| - |54 - [F032] - 7-4| About 100| Good after 7 Fixed
in . to 1,000, | years. quantity
: : treated daily
31 | York - - |Clinker, coke, slag Ditto. |6 it. 6 ins. by Ditto. Ditto. 360 About 150 -dlp-10| 0-25{ 0-07{ 0-15| 225| 211 | 117 1-82{3 4|7 - 032! 1-80| 50 | Ditto. |Good after 4 and Ditto.
or broken brick. 7 it. 8 ins. indlin7. ' -1 6 years.
PRECIPITATION LIQUOR/ ;
33 | Chorley - | Sand, polarite, | Very fineto 3 feet By fine material Inter- 525 525 o Ai-07] 056 0-09| 011| 2:35] 3:00| 103 0:98|3 4- {12 4| ~- | 0-18|Trace Trace| About Good after 12
and gravel. coarse ~ mittently in 3.|in12. 1,000 to | years.
: : 10,000.
37 | Horfield - Clinker Coarse | 7t 5ins. | Stoddart trays |Continuously 478 190 ~\ﬁ}‘f§{l-69 996! 015! 0-23] 219 |[*1-19| 1-60| 247 |3 4+ ({124 ~ |*0:54| 3-65| 70| About Good after 5
‘ ‘ % » in 3.}in 12, 10,000, years,
40p) ‘ Leeds - Coke Ditto. 6 feet Sprinkler Inter- 100 50 . §i- |084| - o007 - | 166] ~ | 067 - - - - - 20 _ Good after 1| Experi-
: : mittently year. mental
Process.
i Fixed
quantity
i treated daily.
Filterworked
. subsequently
\ at double this
“ﬂ; s rate with
v ft. 8 By fi terial Ditt good results.
. ton- | Sand, polarite, eryfineto | 3 ft. 3 ins. y fine materia itto. —_ — ! :
42 | Normanton o gravel. c%arse ~j258 | 1-42 0-16| 010} 1-33} 3-00| 1'86} 1273 4-110+4) - *0-69 | Trace| Tracel About | Good after 10 Fixed
, . in 3. {inll. 1,000 to | years. quantity
| 10,000. treated daily. »
g i 440, Ditto. 3 feet Ditto. Ditto. - 686 | 635 ‘,5'2'71 168|018 0-08| 162 0-84| 1-65| 12913 4|3 0-49 | 028 | Trace| Trace| About 100| Good after 6 and |
® CW1§hnell Dltto e Based on dry weather flow. g in 3. ini to 1,000. | 1 5? y:ars.r an *
¢ | Hendon - | OCoke bfeeze, Fine to coarse 5 feet Ditto. Ditto. — —_— }728 ~ o09| ~ | 186 - 148 - |8 4| - _ = | Tracel - sbout | Good stber 7
and burnt ballast, and : { in 3. 1,000. years.
35 broken brick. .
- - for ““oxygen absorbed in four hours” given in italics, having been obtained with “weak” permanganatepust be multiplied by 1'6 to compare approximately with the figures for “oxygen absorbed in four hours,” given in ordinary type
Note.-—All ﬁgm‘es ‘gxe laﬁ] e%‘ ﬁaving‘be on obtained with “strong” perm;nganate. (b) The figures for albuminoid nitrogen infrdinary type, may probably be rather too high in the case of some of the effluents. * These figures are ag;proximate. y P
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PART IIL—PURIFICATION OF SEWAGE BY TREATMENT ON LAND. *

TABLE VIL—PERCOLATING FILTERS.

SUPPLEMENTARY TABLE SHOWING ANALYSIS OF Seitled EFFLUENTS.

ig g %3’ i32 gz i |4
855 = HE 2z 3% |
. Sed A3 =3 £z £5 |2
¢ iy iv% I EE AL -
E %Eg % 3 s BE8 % CF 8% |3 INTRODUOTORY REMARKS.
2 FLINE Y R R
k=1 B \ad 0 by - ad
S‘i’-‘.'ﬁ sfrx.g ggﬁ’wgms é’mg g&
. - - '* s @ o162, There can be no 'dpubt that, where the soil is suitable and the area of fand
g By é | : 2 8 l 2 §' sufficient, the organic matters in sewage can be thoroughly oxidised by land treatment.
- [=] (=] (=] g . . ) . :
-E 'E 'E- > 8 This fact is well established, not only by investigations made by earlier Commissions,
§ 25 | % L | O l | e but also by wide general experience.
fa - ia 2 P
= - . The investigations of earlier Commissions did not, however, extend to the bacterio-
o g - ° 2 | 2 o 2 P logical side of the question, and for this reason, and in order to compare the treatment
'8'3 & % 6 © P hot % <« E 2 of sewage on land with its treatment_by other methods, we considered it necessary to
§'§ = - .ggn examine the working of some sewage farms. o e
5 '5 8 © o N 'B . ’ v
@ 2 b & NS : & 8 B Prior to commencing our investigations, a large number of sewage farms igited.
§ & 5 = S §=& % and we ultimately selected, for systematic observation, the follo'wi‘n'g farms :Iere vistted,
. , g g 3 . !
BE E b = 4= +o |BEg Aldershot Camp - -
w © 5 ) - o . 58 p - - Sand.
.g E _g'. = + 8 " 3;5 Croydon (Beddington)- - - - Gravelly loam.
g ng, i b 1—“ . i-‘ ' :tn %’.E e Nottingham - - - - - Light loam.
2 . _ T .
Slg 3y I s 28 8 .2 % % |23 Combridgo - -1 e
'?f 8 %-E : & ~ S & - S - _g.g g Sm'u:h orwood - - - - . - Heavy loam and clay.
o g gu_g 2 o o B3 Leicester - - < o« - < . o v
K] ,§ E I | ® s g 1 '.D 2 : 3 . ” ” """; ,.,‘ =
'§ g =] é (-] R N et :,E %0% Altrmcham - - - - - . Peaty soil and &nd..
£ " | .
E A~ . g " — 2 e < 2 2 _§ % ' Rugby (high level farm) - - - Heavy loam.
. % é S s~ - © =~ “ g%%% Some few samples of effluent were also taken from, and some observations. made at
RS B s s @ - e Luton (ohalk), Worsley (geat and gravel), Hemsworth (clayey soil), Derby County Asyln’n; :
= g o a S5 u o 2 fé i o ?Bt;gsiﬁ z::z&)ymg red clay), Lindfield (clayey soil), Sandhurst (sandy soil), and Woking
%o B8 P . .
3 —|E55x RS - |
.7§ ) g ,E § § E | ‘g § § SBE - ~ Our investigations extended over a period of more than two years, and detailed par-
5 % 5 o E" tioulars in regard to them are contained in the Re%orts made to us by our. officers, whick -
iE _g_;. 5 - " E ; E:g) were published as supplementary volumes to our Fourth Report. ’ i '
8 . g 383 b3 4o Bk .
i g3
3 - N - § %Eb_g"g CoMPARISON OF EFFLUENTS FROM LAND AND FROM ARTIFIOIAL FILTERS.
d by ° 8 b g. ) ) . ’
,-g §° é & & & & & $ _é,g :é 193. Judged by chemical analysis, both classes of effluent possesssimilar qualities
E, 255+ .
2 E l ] 8 S ! ¥ g8 E g As regards the eight farms which we have had under observation, the O
g :% ° % © i,g é" § tion, caloulated on the atmospheric oxygen used up, and giving oredit for@tﬁrzigp;xzxgga. |
g = = b M o o g 3 % tained in the effluent in the form of nitrate, was about 98 per cent. It would hagve be o
£s %,, £t é E 5 g 2 Ef %E""g mlflh(;f higher tgaﬁl this if the suspended solids had been eliminated from those efﬂuexftz
8= ' e = e g i tained them.
§5y g 57 g..e Bl W .. |effE ek oon
£ 38 £ 8§ ©38gEf 5w 28 gsg“ . o . »
H8% =2 < 28 § 8 B o TS s g As regards seven contact bed plants, which we have examined 2 :
é"g 'g E Eg %gg g }Eg %E ‘§ gg% EE: E) tion on the same basis, but eliminating the suspended solids, was 93 4 pee:xz.ge purifica~-
3 & BO& & SEE B Ew _
g =l As regards six installations of percolati ' ~~
: ; : ; — ; : gards six installations o1 perco ating filters, our analyses sh; \
I g . ggﬁ"g purification, after eliminating the suspended solids, was 99" 4}1)er :ezz that the avera.ge e
3 ol 2 @ : e ”
'§ o <4 é g ' ] © » . s Tt
S E,. ¥ 3 | F The following tables, A and B, give the o
A : 2 5 —_ ’ D, he average figures of the ch ,
E 2 < 3 Et g % g § E Ol Memﬂiﬂﬁ“ﬁw}ﬁamm&;%l&ble C_gives certain ‘mem::mw fﬂ:%eaﬁcolf '
E g < @ E farm, - R '
. [
= & ° = E = - ] & 2
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TABLE A—TABLE OF AVERAGE FIGURES SHOWING THE CHEMICAL

NAME OF FARM. ALTRINCHAM. ALDERSHOT CAMP, CROYDON (BEDDINGTON).
Number of Samples of Sewage 4 Chance samples of sew- 9 Chance samples and * 5 to 7 Chance samples
Examined. . age and 5 of lagoon 3 seta of hourly samples. and 7 sets of hourly
liquor. samples.
Parts per 100,000 by weight. Average. Average. Average.
Total Nitrogen :—Chance samples. 2+08 to 5-01=3°68 12:45 to 24-89==178 6-82 to 1342=9'50

Houwrly samples.

Ammoniacal nitrogen : — Chance
samples.

Hourly sﬁmplel.

Total organic nitrogen :—Chance
samples.

Hourly samplen.

Albuminoid mitrogen : — Chance

ssmples.

Hourly samples.

“ Oxygen absorbed ” from perman-
ate at 287° C. (80° F.) in
}:unr hours :—Chance samples.

Hourly samples.

Chlorine :—Chance samples.

Hourly samples.

folids in Suspension (gravi-
metrically) :—Hourly samples.

-

#Cellulose ” in Solids in Suspen-
sion :—Hourly samples.

Parts per 100,000 by Volumse.

Solids in Suspension, as determined
by Centrifuge :—Chance samples.

Hourly samples.t

*Ratio of Solids in Suspension to
Centrifuge solids : —<Hourly
samples.

Ratio of “ Celluloses ” to Suspended
Solids (grav.) :—Hourly samples.

#Note.—This is a comparison of a
figure expressing weight with
one expressing volume.

+These figures express the volumes
of the muds.

069 to 3-69=9"%9

069 to 3:60=999

020 to 1142082

2:29 to0 6-08=5 %

723 to 12:88=0'48

27 to 99
2 sewages and 8
liqours.

12:51 to 14-24=13'8

826 to 16'94=12'80

760 to 8-21=787

8-39 to 9:10=5'86

425 to 6°18=5'08

2:05 to 3:08=2-T]

154 to 1'69=162

2068 to 38:47=95'04

1054 to 22:40=90'19

890 (1) t0 1398=11'38 .

1136 to 1978 =1408
32:0 to 308=388

80 to 12:68=1079

148 to 216=179

1: 39
to }=1=4'1
1: 64

1: 81
to }=1 : 97
1: 1.2

642 to 7-59=T"18
416 to 971=T7-84
418 to 5'11=480
2:03 to 4-06=§37

1:31 to 2:88=907

099 to0 2'36=1'72

059 to 1112=091
791 to 1873=18'10
785 to 1745=19 48

570 to 10°50=§15

7:86 to 9‘22=°'“

212 to 530=345

173 to 356=918

1:48

1:"39}=1 - 08

1:86

1:“4’3«2}=1 48
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COMPOSITION OF THE SEWAGES AT THE SELECTED SEWAGE FARMS.

CAMBRIDGE.

& Chance samples and

LEICESTER.

5 éhanoe samples and

NOTTINGHAM.

Rueay.

4 Chance samples and | 8 Chance samples and

Soura NoRW0OD.

4 to '7 Chance samples

1'50_to 11-52=5'04

560 to 5:80=5'T1

0'89 to 7-31 =241

877 to8-85=8'02

089 to 4°09=1"06*

173t0 1'05=1'88

0-28 to 1'52=062

080 to 0°96 =091

2:07 t0 17'81 =689

949 t0 10:68=1018

495 to 10:30=6'87

290 to 8'61=557

732 to 916=812

290 to 861=5B7

732 to 9°16=8"12

1-18 to 2-41=168*

210 to 2:53=784

066 to 1°70=1"11

097 to 1'44=1-19

777 to 16-41==1246

2028 to 24:88=928b

$:51 to1194=8'10

468 to 786=6"39

753 to 7'82=T-69

321 to 5:32=8'02

308 to 4:53=3'98

1:47 to 4-24=9-45*

2:56 to 421=8-1§

118 to 2:63=1"T1

117 to 1'09=1+4

10:07 t0 25:06=17-64

21-08 to 26'20=2§'12

968 to 2342=18'85

2-80 to 14'04=9"98

939 to 9-99=9-65

195 to 11-21=7-97

574 to 6'46=6"11

161 to 5:67=2'64

2-87 to 3-56=3"29

040 to 2:84=148

156 to 1:80=178

8:85 to 33:31=150

17:55 to 19:18=18'44

486 to 18-30=1168

f hourly - 8 sets of hourl and 7 sets of hourly
3 sets of hourly samples. 3 se:: x:; ll:;}lrly 3 seg: 3‘ ol e:. y samples, y samples.
Average. Average. Average. Average. Average.

"3+52 to 10'84=T-07

446 to 563=5"20

535 to 7-60=6'50

3150 405=8'54

2+04 to 8-24=9'56

102 to 1'90=149

098 to 1'28=107

055 to 1:04=067

674 to 2008=11'40

543 to 977=TT1

798 to 8:88=787

790 to8T4=845  [12:60t01384=13:08 (1125 to15:36=1368 | 9360 10°46 =099 708 to 8:00=T'45
28-8't0 28°6=26'6 33-6to 34'8=84"1 344 to 792=F19t | 480 to 506=473 06 50 38:2=019
’ ®
384t 508=443 | 656and 580=618 | 532 to15°08=86t | C88to 792=79 —-
146 to 176 =100 160 to 261 =198 -— 288 to 845=304 80 to 245 =189
1: 6‘0\ . 1: 4.7
1:6% 1:48 4. —_ to F=1:64" v Lut
1:‘%-5}'-'1 +69 1578 =1:68 171 e ]
‘ 1:83 1:61
1:56 1:58 to =1: to =1:0% -
l-u(;ﬂ}:‘gﬁ‘s l:t‘l’i's =1:6% 1:687 1:82 1:78
i i i i- | *This figure is proba-
iy st oty | Ton e | RIS
' {These figures are
robably higher
ghn.n the normal.
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TasLE B.—TABLE WITH

.

SOME OF THE AVERAGE FIGURES SHOWING THE CHEMICAL

CoMPOSITION OF THE FINAL AND GENERAL EFFLUENTS AT THE SELECTED SEWAGE FARMS.

» Some of the effiuents were sub-
md to more tests than others.

- NAME OF FARM, ALTRINCHAM. ALDERSHOT CAMP, CROYDON (BEDDINGTON.)
Number of samples of effluents 14t016 16 to 18 15 to 16
examined.”
. (Of the final efuents two
waere over 2 fields only).
@2 4 Pats per 100,000 by weight, ‘ Average, Average. Average.
Tatal nitrogen - e 136 to 4-09=992 390 to 8-99=80 102 to 8:49=990
Ammoniacal nitrogen - - - 065t0187=198 | ' 091to498=185 023 to 310=1"48
Albuminoid nitrogen - - - 0°07 to 0:25=0-18 012 t0 0:47=018 008 to 023=014
Total organic nitrogen - ¢ | 0'10()to 0456=028 - 0°090 to 0'55=028
Nittic + nitrous nitrogem - - 00 to 8°64=0'76 00 (1) to 597=8N 008 to 1'48=037
.
# Oxygen absorbed ” from perman- 092 to 2:65=1'T8 102 to 568=9" 090 to 2:09=1"
Tate at 267 C. (80° F.}im four m 4
rs.
‘Incubator test (as judged by smell)- 81% passed 89% passed 18% passed
(18 samples tested.) (18 samples tested.) (15 samples tested.)

SoutH NORWOOD,

CAMBRIDGE. LEICESTER. NOTTINGHAM. RUGBY.
11 effluents (total
17to 18 8 to 13 13 16 to 19 nitrogen and “ oxygen
absorbed ”') ;
6 effluents
(ammonincal and
albuminoid nitrogen).
These include three
2-field effinents.
Average. Average. Average. . Average, Average.
1:48 to 3119=209 184 to 3:64=2'63 1'41 to 3°45=997 1:39 to 296=981 0°55 to 2:83=990
022 to1:81=065 059 to 2:81=165 001 to 0:29=0"13 097 to 281=1§2 002 to 1°65=0§]
004 to 0-18=009 007 t0 0:35=090 0-01 to 0-10=003! 0+08 to 0:39=0"18 0+07 to 0°14=0"10
004 (1) t0 0:42=0"21 0°18 to 063=045 — —
125 to 329= %—g
069 to 225=1"78 00 to 1'73=081 and 124 to 1° 00 to 1:59=0'52 0:14 to 074 (=000
four later samples..
016 to 1'31 =081 1:70 to 4°47=9'50 005 to 0'37=0'19 072 to 2:16=141 097 to 1'73=1"44
§47, possed 92% passed 100% passed 6% passed 76% passed

(18 samples tested.) (18 samples tested.) (17 samples tested.) (20 samples tested.) (12 samples tested.)

TaBLE C.—TABLE SHOWING APPROXIMATELY THE PERCENTAGE CHEMICAL PURIFICA-
oN (a) ALBuMINOID NITROGEN AND (b)

TION ON THE VARIOUS SEWAGES EFFECTED AT THE SELECTED FARMS, AS CALCULATED
¢ OXYGEN ABSORBED ”.FROM PERMANGANATE.
i

CAMBRIDGE.

LEICESTER.

——

NOTTINGHAM.

Ruasy.

SouTH NORWOOD.

NAME OF FARM. ALTRINCHAM, ALDERSHOT CAMP. CROYDON (BEDDINGTON).
(s) Calculated on Albuminoid 79%" 949 on Chance samples. | 92% on Chance samples.
nitrogen. On Chance
samples of | 84%on Hourly samples. | 89% on Hourly samplee.
[ Bewages and
lagoon liquors
together.
(b) Calculated on * Oxygen ab- 871%" 90% on Chance samples. | 90% on Chance samples.
sorbed ” from permanganate at
28-7° C. (80° F.) in four Aours. §1%on Hourly samples. | 89% on Elonr}y samples.
*This calculation is very
uplproximale and of doubt.
ful vélue.

86% on Chance samples.

90% on Hourly samples.

88% on Chance samples.
899% on Hourly samples.

82% on Chance samples.

86 on Hourly samples.

0% on Chance samples.

88% on Hourly sam ples.

989 on Hourly samples.

999 on Chance samples.lz

999 on Chance samples.'m
'99% o Hourly samples.|92

9 on Chance samples.

% on Houfly samples.

9, on Chance samples.

9 on Hourly samnples,

91% on Chance samples,

86% on Hourly samples.

6226—1.

81% on Chance samples, -

§1%on Hourly ssmplen, - -
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'~ These Tables show that the strength of the several sewages varied somewhat widely,
that the average quality of the effluents from the several farms also varied, and further,
that the effluents from the same farm were by no means of uniform quality.

Nottingham was the only farm from which none of the effluents which were examined
put.efied upon incubation, and in this case the amount of sewage treated was only 10,760
gallons per acre per day, and very little storm water was treated. :

Speaking generally, the effluents which we have examined from artificial filters, as
at present constructed and used, are not equal in purity to effluents from the best land,
when treating a comparatively small quantity per acre, as at Nottingham ; but effluents
from heavy land are often of very inferior quality. Moreover, in the case of some kinds
of land, we think that the danger of some of the sewage escaping in an unpurified condi-
tion is greater than it is in the case of artificial filters, assuming equally careful manage-
ment in the two cases.

Bacteriological Character of Effluents.

194. Our investigations have not shown that there is any essential bacteriological
~ distinction between effluents from land and effluents from artificial filters, though effluents
from land usually contain fewer micro-organisms. than effluents from the artificial filters
which are at present in use. The bacteria in the filter effluents can, however, be largely
reduced, if this is necessary, by some additional process, such as sand filtration or
sterilization,* but for the reasons which are given under the section of this Report

dealing with standards, we do not consider that the further process would usually be
required.

There is, no doubt, a greater retardation in the passage of an excremental organism
through soil than through artificial filters, at the rates of working generally followed in
the two cases : this is probably a factor of importance in relation to the life and virulence
of certain pathogenic microbes.

The following table gives the average figures for the bacteriological analysis of the

fina] efuents from the eight sewage farms, the figures in brackets shewing the percentage

reduction in each case upon the original sewage treated.

Altrin- | Aldershot (%2?;;%3;_ Cam- Notting- South

cham. | Camp. ton). bridge. Leicester. | "y b Rugby. | Norwood.

Total number of | 263,400 | 183,266 |1,413,200| 711,476 | 532,777 |Frequent-| 637,133 77.8,322'

teria 999%) 999 959 949 959 ly less 979 98¢
(Gmﬁn“mo,,a) (99%) | (99%) | (95%) | (94%) | (95%) e 1500, (97%) | (98%)
' Total number of | 7,275 | 87,808 | 112,000 | 78,327 | 70,500 | g0 | 81,826 | 85,167
( A‘g’:ﬁ‘:‘:"'m, c) (99%) | (99%) | (97%) | (94%) | (95%) (97%) | (99%)
B.Coli. (8) . | At loast | At loast | At least | At lenst | As.loast At loast | At loaat

1,000, | 100, but
but less | less than
than 1,000
10,000 ! per c.c.

per c.c.

At least | At least
10, but | 10, but
less than | less than
100 per | 100 per

100, but | 1,000, | 1,000, {1,000, (1,000
less than | but less | but less | but less | but less
1,000per{t han [than{than | than

c.c. 10,000 | 10,000 | 10,000 | 10,000
per c.c. | per c.c. | per c.c. | per c.c.
B. Enteritidis | At least | At loast | At least | At least | At least l
Sporogenes test. | 1,butless | 10, but | 10, but | 10, but | 10, but |f
than 10 | lessthan | less than | lessthan | less than
per c.c. | 100 per | 100 per | 100 per | 100 per

Results variable : but usually v:‘ery

satisfactory in a relative sense.

e.c. C.0. c.C. ©.0. c.C. ¢.c.
Neutral red +°01. c.c. |+ ‘01 ¢.c. |4 001 c.c. +°001 c.c. + 01 c.c.
broth test (1). |- 001 |- -001 [~-0001 ~+001 —+0001
c.c. c.c. e.c. c.c. c.c.

* See Dr. Houston’s Report en Sterilization, Appendix IV.
(t) These averages are only approximate.
?) The effluents from the Nottin

ure bacteriologically as to resemble drinking water, but still the figures were variable. (For details, cf.

cteriological Report to the Commission by Dr. A. C. Houston, Fourth Report, Vol. IV, Part IIL.)

-
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From a bacteriological point of view, the treatment of sewage on land, may, under

'favourable conditions, reduce the bacteria to quite.a remarkable extent. This 1s shown .

in the foregoing Table, the reduction both in the total number of bacteria and in the
bacteria growing at 87° C. (blood -heat) -varying from 94 per cent. to 99 per cent. But,
notwithstanding thislarge percentage reduction, it will be seen from Dr. Houston’s detailed
Report* that the number of microbes of undesirable: sort remaining.in the efluent may

often be very great. - s

VOLUME OF SEWAGE WHICH CAN BE TREATED ON LaND.

195. The witnesses whom we examined on the question of the land treatment of
sewage were not unanimous as to the basis onwhich the extent of land required should be
caloulated. Mr. F. Scudder and Mz, Santo Crimp considered that the basis should be the
volume of sewage to be dealt with, but Mr. Baldwin Latham expressed the view that the
area of land must be determined by the population draining to the farm, as indicating
the strength of the sewage. The quality of the land itself must, of course, always be Scudder, 57(
taken into account. Another factor to which importance was attached was the nature 1573
and extent of the preliminary treatment, if any, that the sewage receives before it is put  4662-4.

on the land. 4515-16.
Generally speaking, the evidence points to a maximum rate of 30,000 gallons per g,y Crimp,

acre, or 1,000 persons per acre, with the best land, after preliminary treatment, although — 1571-2.
some witnesses put the rate as high as 60,000 gallons per acre, or 2,000 persons per acre, Strachan,

m farm stand in a class by themselves. Some of them were so

we give in the 8
volume dealt with,

pen

ded Table a statement of the nature and ext:

and a brief summary of our conclusions.

3

under similar conditions. With unsuitable land, such s clay, not more than 3,000 gallons ~ 1629-80.
per ucre can be efficiently treated, even aiter settlement of the sewage. 37'ﬁ°f,‘:°§:7 &
Mr. R. A. Tatton handed in the following Table showing the approximate areas ?;gg?g;"
required with different soils :— Tatton, 657!
i 65678.
Dt to Land. | e Prsplnion o | Alr Blition oo
T Ratio of { Acres Ratio of Acres Ratio of Acres
Population | per 1,000 Population | per 1,000 Population | per 1,000
per Acre. ! Persons. per Acre. | Persons. per Acre. | Persons,
Broad lrrigation: ‘
Gravel - - 100 ‘ 10 500 2 1,000 1
Light- Loam - 100 ; 10 500 . 2 750 1}
Heavy Loam - 75 13} 200 5 400 2%
* Chalk . - - - —~ — -,
Peat - . | Unsuitable. Unauitable. | Unsuitable. | Unsuitable. | Unsuitable.| Unsuitable.
Clay - - 50 20 100- 10 300 3}
! - : =
Intermittent Filtration ‘ Lo
Gravel - - - . 150 ; 13 500 2 1,000 1
Light Loam - -| 130 | 6 500 - 2 1,000 i
Heavy Loam - | - 75 ! 18% 300 ‘8% 500 D}
Chik - S T — — ~— - —
Peat - . o 13 200 5 400 %
Clay - - Unsuitable. i’ Unsuitable, | Unsuitable. | Unsuitable. | Unsuitable. Uhsuit.a;ble.
196. ‘With regard to the eight sewage farms which we had under our own observation,

bent, of | the land, the

6225—1.

* See Vol. IV., part IAL., presented with our Fourth Report.
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197. Tt will be seen that, at Nottingham, where the soil is well adapted for the puri-
fication of sewage, the volume of sewage treated per acre was only 10,750 gallons. The
results were exceptionally good, and there is little doubt that a larger volume could have
been efficiently purified. ~ At Cambridge, which has the same kind of soil and subsoil, the
volume treated per acre, viz., 30,400 gallons, proved rather too large to yield an effluent
of the highest class. Taking the two places together, the results may perhaps be regarded
as supporting the evidence of witnesses that sewage can be treated at the rate of 30,000

gallons per acre per day on the best soils.

where the soil is of a heavy nature and not so well ‘adapted for the

purification of sewage, the results again seem to corroborate the views of witnesses as to
the volume which can be dealt with on unsuitable soils, viz., not more than 3,000 gallons

per acre per 24 hours, if a good effluent has to be produced.

In other cases,

arm must be relatively much greater when the sewage is

The total acreage of a f
purified by surface irrigation than when the method of filtration is employed, and a larger
percentage surplus area is also desirable in the former case. We are not able to lay down

any rule as to what the ratio of surplus acreage to total acreage should be, but generally
speaking, a large surplus area is advisable.

Tt is true that the larger the total irrigable area, the greater is likely to be the working
cost. On the other hand, with good management, the larger the surplus irrigable ares,
the better is the purification likely to be and—within certain limits—the prospect of

profit.

D, E, F, have been compiled, with a view to showing in

198. The following Tables
k which was done, per unit area, at the farms

some detail, the amount of purification wor
which we had under observation.

The figures for strength of sewage, strength of effluent, and units of purification are
arrived at on the bases already explained. L N o
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TaBLE F.
@ ®) © (@) (¢) (f)
. Relative
Gallons per Relative ; s 38
. Sew. acre of land | Calculated | oxidizable Populatlo!; m::tf;?rgal\:ed
Name of Farm. tre a:eg; under treat- |strength of | matter treat- rdaouxx"edgr r head of
" | ment, per 34 | sewage. | edonunit | oL pe ulation
hot}rs + 1,000 area (b x ¢). ) sz + o).
Cambridge- - - Screeged 304 106 3,222 678 48"
an
settled.
Altrincham - -] Very well 230
settled
in lagoons.
Nottingham - .| Screened 108 182 1,966 397 50
and .o,
crude.
Beddington - - | Screened *b 111 1,055 238 44
and
settled.
. Rugby . - -| Screened 88 168 1,478 171 86
and
settled.
Aldershot Camp- - Scree;ed 83 193 1,602 166 90
an
settled.
Leicester - - - | Screened 57 168 908 146 62
and
settled.
South Norwood - - Scroedned 40 73 292 191 15
an
settled.
[ J

The figures in column ( f) for relative oxidizable matter per head shew marked divergences, but still,
if we except South Norwood, where the figure is probably below the truth, the extreme limits are only
44and 9 or 1: 2. The highest figures occur at Aldershot Camp and Rughy, where the sewages (domestic)
are very strong.

199. The following points are brought out by these Tables :—

The relative figures for population per acre irrigated, and for gallons per day,
follow one another pretty closely, excepting in the case of Nottingham.

The relative oxidizable matter per head of population varied from about 1 to 2.
It was greatest in the stronger sewages.

The relative *strength” of the sewage per gallon, t.e., oxidizable matter per

gallon, varied roughly from 1 to 2}, but it was nearly constant for the less strong
sewages, )

The volumes of sewage (screened and settled in nearly every case) treated per
24 hours at the different farms ranged between 0°83 and 6°28 gallons per square yard,
or between 4,000 and 30,400 gallons per acre.

200. The quantity of sewage which can be treated upon an unit area of land is
necessarily small, because of the fineness of the filtering medium. Apart from this it is
dependent upon a number of factors, of which the printipal are :— )

(a) Whether surface irrigation or filtration is followed.

(£) The quality and depth of the soil.and subsoil.

149

(c) Whether or not the land is cropped. _ : -
(d) The strength of the sewage or sewage liquoi.
(¢) The degree of clarification of the liquor.

We have had no opportunity of ascertaining, quantitatively, whether it is easier with
land treatment to purify one volume of strong sewage, or two volumes of a sewage of half
the" strength. We should infer, however, that the results with land would be so far
analogous to those with artificial filters that, within ordinary limits of strength of sewage,
and so long as water-logging of the land was avoided, there would be no appreciable difference
in purification in the two cases. Since, however, a fine filtering medium like soil readily
tends to become clogged on the surface, and, there.iore., becomes sodden sooner tha.n t}xe
relatively coarse medium of artificial flters, we think it would generally be found easier
to treat upon land one volume of a strong sewage rather than two volumes of a sewage
of half the strength, and that, therefore, with land treatment, the volume of liquid to be
dealt with is of greater consequence than its actual strength.

“

Physical Texture of Soils.

20‘1. A detailed account of the mechanical analyses of the soils and subsoils of the
principal farms under observation is to be found in Volume IV., Part IL, presented with

"our Fourth Report.* The results of these mechanical analyses, while too few to allow of

eral deductions being drawn, show that it is possible to say from the mechanical analysis
(g)gl; goil whether or no% it would be suitable for purifying sewage by filtration, and the
same statement holds true, though in a lesser degree, as regards suitability for surface

irrigation.
PRELIMINARY SETTLEMENT OF SEWAGE BEFORE LAND TREATMENT.

202. In the case of sewage Which is to be treated upon artificial filters, it is generally
desirable to settle out as much of the suspended solids of the sewage as possible before
fltration. This is of less moment in the case of land, but where the soil is heavy we think
that the sewage should usually be officiently screened and settled. Porous sandy soils,
worked as filtration farms, may be able to treat crude unsettled domestic sewage without

" : X o . s from the
detriment, but, even in those cases, there is the possibility of nuisance arsing
decomposi’tion of sewage solids on the surface of the soil, and such solids may cause

damage to crops.

DisPosAL OF SLUDGE AT SEWAGE FARMS.

i i ifficulty, the
203. At a sewage farm the disposal of the sludge offers no particular dx y,
land fo)rea,t;ment of segwage possessing in this respect a great natural advantage over artificial

treatment.

The question of the disposal of sludge generally is dealt with in a later section.

EVAPORATION AND ABSORPTION OF THE WATER OF SEWAGE IN LAND TREATMENT.

204. In the artificial filtration of sewage or sewafe liquor, practically all the nsewa%le1

whioh flows on to the filter appears as effluent, very ittle evaporation taking place.

ifioation, however, especially where crops are grown, the liquid is partly
:}l;z::lg:dd‘t}angh%m;l:nt and "partly evzporated, and consequently, the vo(}umg of the
resulting effluent is materially less than that of the original sewage. Indeed, in warm
weather, very little effluent passes away from surface irrigation farms treating moderate..

volumes of sewage.

Loss oF NITROGEN FROM SEWAGE DURING ITS PURIFICATION:.

i i i i ia whick is
205. The most important manurial constituent of sewage 18 the ammonia whic]
produced by the fermentation of the urea of the urine, but it also contains organic mt:oggn ‘

* Mechanical Analysis of Soils and Subsoils. By G. McGoﬁv?.n and R. 8. Finlow.

6326—1L. U
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{

compounds in smaller quantity, together with phosphates and salts of potash. In the
process of sewage purification by artificial filtration, varying quantities of the nitrogen of
the ammonia and other compounds disappear, partly, no doubt, from conversion into
gaseous nitrogen, and partly from being assimilated by vegetable growths, worms, flies,
eto. ; the remainder of the nitrogen is converted (in a well purified effluent) into nitrate.
The following average figures, obtained from our own work, may be taken as giving a fair
idea of the amounts of nitrogen which disappear during the treatment of sewage and
sewage liquors upon contact beds and percolating filters, and upon land. In.the latter
oase, much of the nitrogen which has vanished has been used up by growing erops.

. Percentage of the Nitrogen of Sewage or
—— Sewsage Liquor which disappears during
the Process of Purification.

Land Surface Irrigation of Sewage - - . . .
} About 60 (40 to 75).
Land Filtration of Sewage S
Treatment of Sewage on Percolating Filters - - - | 40 to 50.
- Septic Liquor on Contact Beds - - - { :8 z ;g %‘.’,‘fﬁ,%’:;ﬁ:‘,
” Septic Liquor on Percolating Filters - - | 30 to 40 or less.
» Precipitation Liquor on Contact Beds - - | 28 (Single Contact.)*

» Precipitation Liquor on Percolating Filters - | 40 to 50.

2086. It is in the form of nitrate that nitrogen is taken up by most plants. Much
has been written about the loss to the country arising from the non-utilisation of the
nitrogen of sewage which has been purified by artificial gltration, a loss which is certainly
to be deplored. It is, however, frequently forgotten that when water-borne sewage is
purified on land, upon which grass or other crops are grown, loss of nitrogen is, to a large
extent, unavoidable in the colder seasons of the year, since plants can only assimilate
nitrate very slowly in cold weather. As regards the production of nitrate in the soil, it
is well known that this is largely influenced by temperature, coming practically to a stand-
still when the temperature is very low, but it is probable, we think, that in this country
the temperature would very rarely be suﬁiciently}iow for a long period, to arrest nitrifica-
tion. During our observations on sewage farms, we had no experience of a very severe
" winter, but nitrification was not materially hindered by such cold as we did experience,
I$ will, of course, be remembered, in this connection, that the temperature of sewage
itself is comparatively high.

In Vol. IV., Part IV, of the Report to the Commission upon Land Treatment
(Engineering and Practical), by Mr. Kershaw, are diagrams giving the daily temperatures,
over & year, of air, sewage, and effluent at the sewage farms of Nottingham,
Aldershot Camp, South Norwood, and Beddington. On only one occasion durin% the
winter of 1900-1 did the temperature of the sewage at Nottingham fall below 50° F.,
while the lowest temperatures for sewage at other farms were 46° F. at Boddington,
42° F. at South Norwood, and 40° F. at Aldershot Camp. The diggrams also show the
equalising effect, as regards temperature of effluent, of the filtration farms, Aldershot
Camgoand Nottingham, while in the case of the surface irrigation farms of Beddington
and South Norwood, the temperature of the effluent follows that of the air pretty closely.

There s, unfortunately, no economical method of extracting the nitrate from a sewage
effluent otherwise than through the agency of plants, and, as we have stated, there must
of necessity be a considerable loss of valuable nitrogenous manure from water-borne

sewage, even in the case of land purification. In the case of artificial filtration, supposing |

* This figure is from one jnstallation only.
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the effluent to be subsequently:discharged into a stream, the loss is, of course, ml?ch
greater, all the manurial constituents of the sewage, apart from those in the sludge, being
wasted. They will, it is true, augment the vegetable growths in the stream itself, but

this is nearly always more or less objectionable.

. " Is a Sewaek FARM DANGEROUS TO HEeALTH !
+-907. No proof has yet been furnished of direct or wide-spread injury to health, in the
case 20(}7Weﬂ?£ﬂaged -s):awage farms. . It is interesting to note here that the Report for
1905 on the sewage farm of Berlin contains the following statement :—

“ We can only repeat here what we have said in previous ,Reports--that the sewage
treatment (Rieselbetrieb) has had no injurious effect upon health.
This farm covers an area of nearly 39,000 acres of sandy soil, and there was on the
ground in 1905 a resident population of 4,198 persons.
» .
WELLS IN THE NEIGHBOURHOOD OF SEWAGE FARMS.

208. We have examined too few samples of well water in the neighbourhood of sewage
farms to allow of our drawing any safe conclusions, on experimental grounds, as to the
admissibility of such wells.  But on general grounds, and quite apart from any scientific
data, it would seem to be unsafe to sink any shallow wells in the neighbourhood of sewage
farms, or to use water for domestic purposes from any such existing wells, unless the

evidence as to the safety of the water were of & most convincing kind.

1Is sunk through an impermeable stratum are probably safe in the majority
of in]s)giﬂev:f but wells notgprotected in this way, and sunk through fissured strata, can
not be relied on to yield a safe water supply, however deep they may be.

olls are, perhaps, the most dangerous in this respect, and a recent Report by
Dr gg;gl;l on an,oll)ltbregk of enteric fever at Fulbourn Asylum,* and a paper } read
at & recent meeting of the Epidemiological Society by Drs. Richards and Brinker, serve
%o confirm this view in a striking manner. The latter mention that & culture of a spacial
ured into a “swallow” hole at a distance of about two miles from the well,

:;%aﬁ?lz:g&(;ed from the well water after 674 hours. It is doubtful whether sewage

farms on chalk should be permitted without wide knowledge of the trend of underground
water in relation to water supplies. 1

t was made to collect an effluent on the Luton farm by digging a pit in
the @Aﬁliﬁzﬁ inwthis way & few samples were obtained. The results, so far as they
went, sha;ved that aparé-from the purification effected by the surface soil, sewage underwent
comparatively little purification in its passage through about three feet of chalk.

SewacE Farms oN PraT LAND.
. . . . : : [
being of the nature of a sponge is not suitable for sewage purification,
b ﬁgg 'ofPt'i?: diﬂiclgllty of draining it, and the consequent lack of aeration. Some observa-
1;.eca. were made at the Worsley Sewage Farm, part of which is on peat land, and the results
oll;)asined there bear out this statement. .The etails of these observations are to be found .
in Vol. IV., Parts L to IV., presented with our Fourth Report.

9

MANAGEMENT OF SEWAGE FARMS.

is in ible to lay too much stress on the importance of sewage farms being
well%}lg!'mlgte:;. " nozlsxislconneoytion it has to be borne in mind that farm managers have a
t difficult part to play, and no amount of care and attention will ever enable land,
n;o:n kind. to deal with a volume of sewage which is in excess of the effective purifying
0 f the goil. We think it would be useful that farm managers should be taught some
are alo test or %;ests to enable~them to follow the operations of the land ; that their in-
s;m% 1-,eions should include a definite order to consider the farming results as quite secondary
:, ntlhe roduction of an effluent of the required stand_ard ; that the statistics of the farm
sﬁouldpbe carefully kept ; and that, wherever possible, the flow of sewage and storm

water should be gauged throughout the year,
As a general rule, we consider that sewage farms should not be let. -

fiicer, Local Government Board, 1905-6, Appendix A., No. 6, pp. 146-169.
Water derived, from Wells in the Chalk, . .

* Report of the Medical O
t The Potential Danger of

6226—I. U3

.
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SoME OBSERVATIONS AS TO THE COST OF LAND TREATMENT OF SEWAGE.

211. The cost of land treatment, as in the case of artificial filtration, varies with
local conditions, and no figures can be given which would be generally applicable. In
Table I. we give the annual cost per 1,000,000 gallons and per head for the
eight sewage farms which we hag under our own observation for over two
years.  In each case, the cost per 1,000,000 gallons is based upon the dry weather
flow of sewage. The actual flow, however, included large volumes of storm water in
most cases.

TaBLe 1.

Farms which were under continuous observation by officers of the Commission
for over two years.

Net cost of treating Net annual cost of
Population Dryfweather_ﬂow the sewage per million | treasment per head of
Place. draining to o“sewage "2' 4 | gsllons (includingloan | population draining
: farm. & 0{:5 per charges), based on to farm, including
ours. the dry weather flow. | _ loan charges.
Gallons. £ s d s. d
South Norwood - 21,000 600,000 "5 9 7 - *3 24
Leicester - . . 197,000 7,250,000 513 8} 1 6
Croydon (Beddington) 100,000 4,000,000 b 7 5% .1 63
Cambridge - - 50,000 2,250,000 2 5 b} 09
Aldershot Camp - 20,000 - 1,000,000 t118 ¢4 t0 84
Rugby (High Level) 6,000 300,000 1 9 8} 0 6%
Altrincham - - 18,000 800,000 1 38 3§ 0 4}
Nottingham - - 258,000 7,000,000 The figures of cost cannot be given for
Nottingbam. Excluding loan charges, cost of
pumping, and rent of farm, however, there is
| usua ly a small profit on the year's working
of the farm, which covers the cost of labour
and also part of the rent.

212. With a view to making some comparison between the cost of land treatment and
the cost of treatment by * artificial ” processes, we have thought it useful to work
out the cost of treating on land a dry weather flow of 1,000,000 gallons a day, in certain

hypothetical cases, following the plan adopted in regard to filters.

It is assumed for the purpose of this comparison :—

That, in the case of surface irrigation, sufficient fall is available, and
that, in the case of filtration, the land is fairly level, admitting of its heing
used without abnormal expenditure in levelling and grading.

That the sewage to be treated is of a normal domestic character and
of average strength (i.., gives a four hours *oxygen absorbed ” figure of
10 to 12 with strong permanganate, and requires' about 100 parts by weight
of oxygen for the complete oxidation of 100,000 parts).
- That the flow of sewage is one million gallons per day in dry weather.

That the district is sewered on the combined or the partially separate
system.

That the cost of the land is £100 per acre.

*These figures include cost of pumping the effluent from the lower to the higher portions of the farm.
t No loan charges in the case of Aldershot Camp.
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The soils and subsoils which we have considered, may be divided into the follow-
ing three broad classes :—

1 i i lying
I All kinds of good soil and sulgsoﬂ, eg., sandx loam overlying
gravglfxfd sand as at Nottingham, Cambridge, and Beddington.

Class II. Heavy soil overlying clay subsoil, as at Rugby.

Class ITI. Stiff clayey soil overlying dense clay, as at Leicester and
South Norwood.

Y st i ice, both as regards the method of purification
Since variations exist in practice, ’ divided
employed and the extent of cropping, the first of these ‘three classes may be ’

into three sub-classes, as follows :—

Sub-class a. Filtration with cropping.
Class I. | Sub-class b. Filtration with little cropping.
Sub-class ¢. Surface Irrigation with cropping.

The method of purification assumed for the other classes of soil are :—

Class II. Surface Irrigation with cropping.

» . * * . . Ol and

¢ III. Surface Irrigation with cropping. With a heavy soi
) cla, gti({):‘:)il by far the greatgr art of the pur?ﬁcauon is effected b surface
irri}éation, tilough in exceptional circumstances, such as obtain at Leicester,

a good deal is also done by filtration.

”

i ification effected
i to the volume of sewage dealt with and the purification .
21?‘. Hav;;lhgi:ﬁg;ﬁe (icept under our own observation, and the evidence given by
B e we estimate that the several classes of soil and subsoil could

various witnesset, the volumes of settled sewage given in Table IL

effectively deal with

Tasre IL
| f settled sewage | Total area of land required
Class of soil and subsoil, and method Xgigin%;l be dealt wi%h to deal with a dry weather °
of working. per acre per 24 hours. | flow of one million gallons.*
Sub-class . Filtration with cropping 12,000 gallons iz acres
Class I.{ Sub class b. Filtration with little cropping 25,000 gallons e acres
. Sub-class ¢. Surfaceirrigation withcropping 7,000 gallons 2:0 acres
; i i 5,000 gallons acTes
jrri th cropping )
Class I1. Surface irrigation Wi P | 5000 galtons 534 soren

Olass II1. Surface irrigation with cropping -

Th are sufficient for the treatment in times of storm water of three times the mean dry weather
* These areas :

flow.

Preliminary Tank Treatment.

d in Table I there is no preliminary settle-
. At many of the sewage farms name 0 1. _
ment,2 I:f the sewﬁge, while at some of them the preliminary proees:i does not secure

tter.
anything like complete removal of the suspended matter.

.
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- ‘For the purpose of our comparison, however, we have assumed preliminary
settlement of the sewage in tanks of the capacities indicated in Table III:—

Tanie III,
. ] “Total Con-
Class of soil and subsoil and method Average Total - | Number of capacity of | structional
of working. sltay] n nu;x:;; of ‘upare tanks.| tanks cost of
. ) ‘ (gallons) tanks.*
Sub-class a. Filtration with cropping | 43 hours 4 1 250,000 | £2,230
Subclass b. Filtration with little .
Class 1. eropping - - - - ./ 4} hours 4 1 250,000 | £2,230
Sub-class c. Surface irrigation with
cropping - . - - - -1 4} hours 4 1 250,000 | £32,230
Class I, Surface irrigation with eropping - ( 15 hours 8 3 833,333 | £5,1132
Class III. Surface irrigation with cropping - | 15 hours 8 2, 833,333 | £5112

T

* The estimates of the constructional cost of tanks are strictly comparable with the estimates for similar

g\llatn; u?n t‘i”t)ix;:.ecﬁou with the artificial processes, and have been obtained by preparing drawings and taking

Cost of Preliminary Tank Treatment and Disposal of Sludge.

-

215. We estimate that the working of the tanks and the disposal of the shidge,
including trenching the land and covering the sludge, would require the services of
two men for each of the first three classes (43 hours sedimentation), and the services
of three men for the other two (15 hours sedimentation). -

- Taking labourers’ time at £1s. per week, and including one-third of the manager’s
‘time at a salary of £130 per annum, the following figures are obtained :—

TabLe 1V,

: Labour and supervision in connection
‘ with tanks and disposal of sludge.
Class of soil and subsoil and method of working.

Per million gallons
Per annum. of sewage
(dry weather flow).
£ s. d
Sub-class a. Filtration with cropping - - - 152 8 4
‘Class 1. { Sub-claes b. Filtration with little cropping -  -- 152 8 4
Sub-class ¢. Surface irrigation with cropping - - 152 8 4
‘Olass I1. Surface irrigation with cropping - - - - 208 1 5
Class I1I. Surface irrigation with cropping - - - - 208 11 6

_In the case of Classes IL and IIL (heavy soils and subsoils), it would generally be
advisable to eliminate the suspended solids from the sewage to a greater extent than
in the other class where the soil and subsoil are of good quality.

With an average domestic sewage, thé suspended solids after 44 hours settle-
ment (continuous flow) would be about 20 to 25 parts per 100,000, and, after a 16
hours settlement (continuous flow), from 10 to 15 parts per 100,000.

-
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ended golids into tons of wet sludge per

i se amounts of sus :
Converting. thes ge to be disposed of are approximately as

million gallons, the quantities of slu

follows :— :
TaBLE V.
L A- ‘h i + "Wﬁzglud (ggolg‘ﬁﬁz:“)" "Atea of land estimated
Class of soil :and: ‘subsoil and metho produced p 0 be required for
i Coe llons from the average | . . -
- of working. ga daily flow. disposal of the studge
Sub-class a. Filtration with eropping - - 8 to 10 tons 5 acres
iltrati ith ki ing - 8 to 10-tons .- +{. . D.acres
Class I {Sub-class b. Filtration with little cropping ' i \
v | Sub-class ¢. Surface irrigation with cropping | - 8 to.10 tous ~ : ;acres f
Olass II. Surface irrigation with cropping - - = }. - 17 40 20 tons .. | - . . .12,apres

Class IT1. Surface irrigation with cropping -

P S

-l . 17to 30 toms ... | - . 20 apves 1 ...

TETYTTYE s i

. the total areas of land required for treatment of the sewage
and %;:‘;b?isggsa?hgtw tshe sludge, and the total cost qf land and tanks.

TasLe VI N

| Total ‘ o 'hbpsu of
: areaof land |, o ¢ Total cost ing o‘lil_n | ‘ .
Class of soil and required 0 11, vequired i1 . i )-of Jand i ;a{nl{,;gﬁl;gu}gw of Tothl cost.
. w bs ﬂ treatla dry ior dil Ta“l _arqu at 3100“‘1 t m; I W‘% A by
subsoil. weather flow | * . ge ' acre. et | AR Bt
of one million NS REVERERE B9, | undetdraing, | [ T
gallons. carriers, eto,
£ £ 2 £
Sub-olass a 84 acres | b acres 89 acres 8,900 | - -6,884 - | 2230 | 17,464
Class I. {Subclass b 40 acres 5 acres 45 acres 4,500 4,589 2,280 | 11,31¢
Sub.class ¢ | 145 acres 5 acres 150 acres | 16,000 4,494 2,230 | 21,724 |
Class 11 . | 200 acres 12 acres 912 acres |- 21,000 5,770 5,112 | 82,082
- k ’ ; 48,111
Class III. - -| 834 acres 20 acr?s » 804 acres 35,‘1.0(? | .17,5994 L 5,112 AL

° - ini f land, the necessity for drains depends not®
216. With regard o the undili?: m:c:ﬁg .?md subsoil, but upon the volume of

merely upon the nature of i bsoil like that at Beddington can be
liquid dealt with per acre. A lorv?rlil:hcs)?;f} ?:d:‘: d::ilns,l when a moderate volume of

erfectly we \ _ |
n;a‘:;l: et oisanaslg)fili‘e : whe);l, however, a large volume 18 appheq(,ﬂunderdrams are
flecesgsary, in order to assist the land to ‘¢ dry-oﬂ' ” sufﬁclenﬂy rapidly.

In Sub-class a (Class L), we have assumed thaft ghe tributary drains average.
8 foet in depth and are laid 66 feet apart,

) lass 1.), where the volume of liquid applied is larger, and the
W;“rbﬁﬁiﬁlﬁf@@ ggs:s :he )tributary drains, also 6 feet deep, have been placed 50

feet apart.

urface irrigation farms (Sub-olass ¢ and Classes II. and, I1L),

sndondrainags as boen allowed for, t provide for the contingency of possiie v
sewsging of the plots ; but in the case of the heavy sollsand subsoils we have assumed

' that thedrains are only laid at & depth of 2 feet 6 inches-and that théy sre-bronght to the
gurface of the ground to admit of re-treatment of the effinent. by, surface imigetion.
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Loan Charges.

. 217. Table VIL gives the loan charges in respect of cost of land, tanks, ete., on the
basis of loans raised for thirty years, at 3} per cent. interest per annum,

TasLe VIIL
Loan charges in respect of land,
Class of soil and subsoil and method of working. tanks, laying out land,
underdrains, ete.
Per million gatlons
Per annum, of sewage.
(dry weather flow).
£ 8 d £
J Sub class a. Filtration with cropping - - - 949 12 1 212 0
Class 1. {Sub<classb. Filtration with little cropping - - 615 9 & 113 8}
1Sub-elass ¢. Surface irrigation with cropping - -| 1,181 4 10 3 4 8§
Class II. Surface irrigation with cropping - - . b L7144 9 2 4156 7
Class ITI. Surface irrigation with cropping - - - -] 2616 0ws 7 3 ¢4

Labour in connsction with the Distribution of the Sewage.

218. The number of men required in connection with the distribution of the .sewage,
etc., must of course depend largely upon the nature and contour of the lands sewaged,
and upon the nature of the crops raised, whether stock is kept, etc.

From numerous examples of land treatment, however, we find that roughly speak-
ing one man can attend to the distribution of the sewage over about 40 acres.

It has been assumed in the present comparison that the services of the men who
undertake the sludging of the tanks are available, and we estimate that in addition
to these men the number of watermen required would be as follows :

TasLe VIII
Class of soil and subsoil and method of working, Number of watermen required.
Sub class a. Filtration with cropping - - . One.
Class 1. {Subclm b. Filtration with little cropping - - One.
Sub-claes ¢. Surface irrigation with cropping - - Two.
Class I1. Surface irrigation with cropping S Three,.
Class I11. Surface irrigation with cropping S R Four

Taking labourers’ wages as before at 21s. per week, together with two-thirds the

manager’s time, the cost of labour and supervision in respect of the distribution of
sewage is as follows : —

TasLe IX.
Cost of labour and supervision
in respect of
distribution of sewage.
Class of suil and subeoil and method of working.
- Per million
Per annum. | gallona gdry
weather flow).
£ £ s d
Subolass a. Filtration with eropping - - . . . 141 -0 7 83
Class I { Sub-class b. Filtration with little cropping - - - 141 0 7 8
Sub-class c. Surface irrigation with cropping - - 196 010 9
Class I1. Surfaceirrigation with eropping - . . . . . 250 013 8
Class II1. Surface irrigation with eropping - . . . . . 305 016 8

187

219. The total cost of treatment, in.clu'ding loan charges and all other charges, is
shown in Table X.

TasLe X.
Total Gross Cost of Land Treatment.
. Per million gallons
Class of soil and subsoil and method of working. Per annum. (dry weather flow).
£ s d £ s d
Sub-class a. Filtration with cropping - - - - 1,242 12 1 3 8 03
Class 1. | Sub-class b. Filtration with little cropping - - - 908 9 5 2 99
Sub-class c. Surface irrigation with cropping 1,529 4 10 4 3 9§
Class 1I. Surface irrigation with cropping - - - -] 2202 9 2 Z 1(1) :i
Class II1. Surface irrigation with cropping - 3,129 0 8 3

Returns from Sales of Crops.

220. In the case of land treatment of sewage, a part; frequently a large part, of the
cost g? (zrealtlment is defrayed by returns from sales of crops, stock, sludge, etc. -

i i : ful stud
turns necessarily vary at different farms, but we find from a care dy
of thTehngul;es obtained at th)i’rteen sewage farms, that the net return, after deducting

i 1 working, may be put at about 30s. per acre of the tota! area of the
f?::lgl.o f\;f%ri:c:vlgutrl?erefore tagken tiis ﬁgure for our caloulations in the following Table :—

TasLe XI
Returns from sales of crops.
Class of soil and subsoil and method of working. Por annmm. }3:;7 “3},’;:{,‘6 f?ilg:l)s'
: £ s d £ 8 d
Sub class a. Filtration with cropping ' - - 126 0 0 0 6 103
Class L Sub-class b. Filtration with little cropping - 60 0 0 0 38 3%
| Sub-class ¢. Surface irrigation with cropping - 21710 0 01111
Class IL. Surface irrigation with cropping - - - 30 0 0 0 1(7; 5
Ciase T11. Surface irrigation with oroppiog - - - 501 -0 0 175 .

Total net Cost of Treatment.

i | he gross cost of treatment, we
. Deducting the returns from sales of crops from t ,
obtai?tlhe fgllowing figures for the total net cost of treatment :— |

Tasre XII.

. Net cost of treatment.
. ; king,
Class of soil and subsoil and method of working. Per annum. Per million gallons.
£ s d £ u d
Sub-olass a. Filtration with cropping - .. 1,118 12 1 312~
Class I jsub class b. Filtration with littlo cropping - -| 88 9 5 | 2 6 6
' Sub-class o. Surface irrigation with cropping - - L,311 1410 | 3811108
Class I1. Surface irrigation with cropping - = - - -] . 1902 9 2 | b &3
Class 111, Surface irrigation with cropping - - - -{. 368 08 | 7 40
L] ! ' X

6225—1. .
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-

CoMparATIVE CoST OF TREATMENT OF SEWAGE BY LAND AND BY ARTIFICIAL PROCESSES.

‘999, Table XIIL shows the comparative cost of treatment of sewage by land and by

artificial processes. '

We wish to emphasize the fact that in the preparatioﬁ of our “cost” tables, we
have made a number of assumptions, and that the relative cost of different methods
would, in practice, largely depend on local circumstances. - '

TasLe XIII.

i

*Cost per head of
Total cosb of Total cost of . population
treatment. treatment . |'. drainingto
por annum per million ~works (popula-
" ) gallons. -+ |- tion. taken -
at 30,000).
‘ Method of Treatment. | - PercovaTiNg |FILTERS. . . {
Chemical pracipitation, quiescent settlement,\l . 4 £ s d £ s d s d
followed by percolating filters. ,} 1,831 0 4 5.0 4 12
Chemiecal precipitation, continuous flow settle-
ment, followed by percolating filters. } v LT98 AL 2 4 IS 5 12
uiescent setitl i 9y
Q .?islte;ls. set emfnt;, féllowed by‘ pechlatmg} 1,440.16 11 417 0 112
Continuous flow settloment, followed by per-\| * 1so5" S EEE
colating filters. y.R } 1,525 1 1 4 87 10
. Septic. Tanks, followed by‘percola.ti;g filters - 4. 1,89 13 4, o 4 .7 2 1 0%
oh .»1 ' e : : ‘ CoNTACT | BEDS, .- } :
emical precipitation, quiescent :settlement,\ . ..:5 g58: , TR CH 2
followed by single contact beds. ' "} 2,038 16 11 o 51210 - p . 1odpie
Chemical precipitation, continuous flow settle- ' o -
ment, followed by double contact beds. } 2’314 125 6 6 9 1 64
Quiescent  settlement, followed by double Y- , : ’ .
contacy beds. ! » d } 2,398 0 7 6 u * 17
Continuous flow  settlement, followed by} 2596 17 3 7 9 3 19

double contact beds. ’*

Septic Tahks; followed by double contact beds a 2,661 9 6 7 510 1 91 l

l

LAND TREATMENT.

Class of soil and subsoil and method of

7 working.
, ‘ JSub-cIass a. Filtration with cropping “1,116 12 1 3 1 2 0 8%
Class I.{ Sub-class b. Filtration with little cropping ~ 848 9 6 2 66 0 63
~o ISub-clatssc.Surfa,ceirrigat;ionvvrit;hcroppingi 1,311 14 10. © 811 10% 0 10% ‘
Class IL. Surface irrigation with cropping - - 1,902 9 2 “5 4 3 1 3}
Class I1I. Surface irrigation with cropping ---| 2,628 0 8 740 19

*Based on a flow of 33 gallons of sewage per head per day.

Assuming that really suitable land can be purchased at £100 per acre, land treatment
of sewage is probably cheaper than artificial treatment, but where the soil is not suitable,
and on which only a comparatively small volume of sewage can be treated per acre,
the cost of land treatment would probably be greater than most of the artificial processes.

The differences in cost are, however; small, and it is evident that, in deciding
between the two methods, regard must be had to local conditions. If, for instance,

£200 per acre had ‘to be paid for land, the cost of land tréatment would materially -

exceed the_estimates given, which have been based on an assumed uniform price of

£100 per atre. - ’ }
. As a general rule an effluent from good land, prgperly worked, contains practicalljr
+no suspended solids, but this cannot be said of artificial. filters, even assuming that

’ settlement of the effluent in tanks is adopted. This might be a factor of considerable
importance in the case’of some streams, ' 1 L . -

. The figures of cost in this section have been prepared by our Enginéer,' Mr. G. B.
Kershaw. ‘ : , N o o
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PART IV.—SLUDGE.

i

DISPOSAL OF SEWAGE SLUDGE.

223, The dispasal of sewage sludge, whether it is produced by settlement after -
chemical precipitation, settlement without chemicals, or septic’ tank treatment, is one
of the chief difficulties in dealing with sewage, especially in the case of large towns or
cities. Probably it will always remain so, excepting at small sewage works, for although
sewage sludge contains small quantities of nitrogenous compounds and phosphates, and
sometimes grease in sufficient quantity to repay extraction, by far the greater part of it
consists, in addition to moisture, of mineral matters, together with some cellulose.

Conversion of Sludge into a Marketable Manure.

924, Two processes for converting sludge into a marketable manure have been under
observation by us, viz.:—the production of Native Guano” by the Native Guano
Company, Limited, at Kingston-on-Thames, and the production of * Globe Fertilizer ”
by Mr. Melvin’s process at Glasgow. ‘

KINGSTON-ON-THAMES.

At Kingston a quantity of alumino-ferric, together with blood, charcoal, and clay
is added to the sewage. This mixture acts as an extremely efficient precipitant, pro-
ducing uniformly, from a sewage of about average strength, a tank liquor containing
seldom more than two parts of suspended matter per 100,000 _The studge is removed
from the tanks, pressed, partially dried by heat and sieved, and, after further air-drying
during storage} is sold under the name of “ Native Guano.” The cost to the inhabitants
of Kingston of the precipitation of the sewage and the disposal of the sludge * is 1s. 8d.
per head per year. Thisis considerably less than it would be if a less expensive precipi-
tation process were adopted and the sludge barged to sea. Further, although there is
generally a slight peculiar odour of Native Guano upon the works, the treatment, so far
we have observed it, has been free from nuisance. .

" Tt will be seen from the manurial experiments with sewage sludges, which are referred
to later, and which were carried out for the Commission through the Board of Agriculture
and the Royal Agricultural Society, during the seasons 1905-7, that unit for unit the
nitrogen and phosphate of the Native Guano were less effective, at all events within the
limits of one season, than the same constituents applied in the form of ordinary artificial
manure. Judged solely in this light, the price of the Native Guano is in excess of its
irect manurial value. On the other hand, the books of the Company show that the
manure i sold to the same farmers year by year. The manure appears to be used td
a considerable extent for flower culture.

We doubt whether the process could be worked as a financial success if it were
adopted at a large number of places, as, apart from the considerations which have just
been mentioned, a greatly increased production of the manure would, we think, be certain

to lower the price considerably.

Tt should be added, however, thé,t the cost of the precipitation, and possibly als-,okof
other parts of the manufacture of the Native Guano, might, we think, be' materially

reduced by working on & large scale.

# This constituted the whole process at Kingston during the greater part of our obser.x}?dtions.
The figure 1s. 8d. per head refers to the precipitation and sludge disposal only. The precipitation

liquor is now (1907) treated upon filters.

t Reports upon Experiments "with various kinds of Sewage Sludges, as applied to mangolds, grass
and cereals, by Dr. W. Somerville (1906), Mr. T. H. Middleton (1907), and Dr. J. A. Voeleker (1907),

Appendix VIIL.
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{

A sample of Native Guano (A.), made up of eighty-five different fractions, was taken
on March 23rd, 1905, and examined both chemically and bacteriologically. It was in
afine state of division. In the second column are given the figures of analysis of another
sample of Native Guano (B.), examined partly in October, 1904, and partly in January,
1905. The following results were obtained :—

181
Analysie of Non-Volatile Motter.

Per cent.
Grit, etc. (s.e., matter insoluble in hydrochloric acid, after ignition) - 1075
Oxides of iron and alumina* - - - - ... L1848
Limet - . "- - - - - - 12409
Magnesia - . -

‘Potash (goluble in I;ydrochloric acic.;l) a-pprox. 0-10

LI R T R TR 1

Phosphoric acid (P, O;) - . . - 111t
Equivalent to tribasic ﬁxhosphate of lime <. 9-49
Yield of Nitrogen (total) - - . - . 130

Nitrogen evolved on boiling the sludgé for 2 hours with dilute (0*5 per
cent.) potash solution on May 22nd* - . . . . T . 0-08

(* Grey mould on surface, at this date, which was avoided in sampling).

Bacteriological Analysis.

" Glasgow, “ Globe Fertiliser.” Average of twenty samples.

A’ B.
Per cont.  Per cent.
Moisture (at about 110°C.) -, - - - . .- 2587 10-19
Matter volatile on ignition - - - . . - 3799 4508
Non-volatile matter < e« « - . . 3614 44-73
100-0 100°0 -
Analysis of Non-Volatile Matter.
Per cent. Per cent.
Grit (v.e., matter insoluble in hydrochloric acid, after
ignition) - - - - « - - 2233 28°04
Oxides of iron and alumina* . . - . - . 10°10 11-59
Limet - - - - - - < 5 830 478
Magnesia - e e e e e e e . 0-42
Potash (soluble in dilute hydrochloric acid) - approx. 0°16 —_

" Potash (soluble in water) - - - - « - 0-08 —
Phosphoric acid (P, O,) - - =« . e e 174§ 2-35§
Equivalent to tribasic phosphate of lime - - - 33 513
Yield of Nitrogen (total) e e« .« . 193] 2- 49|

Nitrogen evolved as ammonia on hoiling for 2 hours with
a dilute solution of potash (0°5 per cent. KOH) - 0°41 0°50

Allowing for the difference in moisture, the above two samples have almost the
same composition, but B. is slightly richer in nitrogen and phosphoric acid than A.

Bacteriological Analysis.—Sample A.

Kingston “Native Guano.” Average of eighty-five samples, March 23rd, 1905.
B. Coli Test.—Negative result with 1 gramme,
Neuiral Red Broth Test.—As regards fluorescence, positive with 1-1,000 ; negative

with 1-10,000 of a gramme. Growth in tube inoculated with 1-10,000,000,000 of a
gramme, indicating the survival of an enormous number of bacteria.

B. Enteritidis Sporogenes Test.—Positive result with 1-1,000; negative with
1-10,000 of a gramme.

Grascow (DALMARNOCK).

225. Mr. Melvin’s process at Glasgow for the production of the ** Globe Fertiliser *
. is somewhat similar to the process for the production of Native Guano. The sludge is
produced from the Glasgow (Dalmarnock) sewage by precipitation with lime and ferric
sulphate. After removal from the tanks it is pressed, and that part of it which is to be
converted into Globe Fertiliser is then artificially dried at a temperature of about 85° to
70° C.. and finally passed through a pan-mill. It issues from the latter as & moist brown
powder, which is given the name of ‘ Globe Fertiliser.” An average sample of this,
collected on April 6th, 1905, gave the following figures on analysis :—

Per cent.
Moisture ( at about 110°C.). . . . . < . . . 2281
Matter volatile on heating - -« - .- - - 3398
Non-volatile matter ~ - . . . . . . . . . 4351
100°0

* These oxides will contsin the phosphoric acid and possibly & very little of the lime.

t Thu lime was precipitated only once ; it will contain traces of magnesis.

§ Il The figures for phoaphoric acid and for total nitrogen are in each case the mean of two closely
agreeing estimations. _ :

™ B. Colt Test.—Negative result with 1 gramme.

Neutral Red Broth Test.—As regards fluorescence, positive result with 1-1,000;
negative with 1-10,000 of a gramme. Growth in 1~100,000 ; no growth in 1-1,000,000

of a gramme.

B. Enteritidis Sporogenes Test.—Positi

of & gramme.

ve result with 1-100 ; negative with 1-1,000

A larger portion of the sludge is converted into ‘pressed cake, without being artificially

dried. '

The following table shows the production and sale of Globe Fertiliser and pressed
oake at the Glasgow (Dalmarnook) works during the five years ending March, 1907 :—

AGGREGATE QUANTITIES OF B YEARS' WORKING.

Total amount Total amount Total amount of
Total amount Total atgouzt of of pressed cake 0 ‘Globe Fertiliser
of wet sludge Pl'*‘::; °‘:l J sold to Globe Fertiliser sold to
dealt with. P T uced. farmers. produced. Customers.
(Tons). (Tons). " (Tons). (Tons). (Tons).
1,104,297 177,566 124,883 5,702 5,708 »
(Moisture (Moisture 60 '
919, approx.). to 65%)-

Mr. Melvin gives the costs relating to these figures (excluding interest and sinking
fund), as follows :— |

Cost of pressing alone, per ton of pressed cake.—2s. 03d.

Cost of produdiion of Globe Fertilser, approxsmately.—5s. 8d. per ton, excluding

. pressing of wet sludge.

Total cost of productton of Globe Fertiliser, approzimately.—10s. per ton.

The average price obtained for the pressed cake was 8d. to 1s. per ton in bulk;

the average price for
bags. The purchaser pays

the Globe Fertiliser 8s. to 10s.
the oarriage in all cases,

per ton in bulk, or 14s. per ton in
’ *

;des will cortain the phospho
* Thees oxices ‘gitnted only once;
T P

The lime was
# The figures
agrébing estimations.

ric acid and possibly s voéy little of the lime.
it will contain traces of magnesis.

osphorio acid and for total nitrogen are in each case the mean of fwo closely
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as follows : —

'The analyses of the pressed cake and Gdobe Fertiliser are given by Mr. Melvin

Prossed Cake, Globe Fertiliser.

Per Cent. Per Cent.
(1) Organic Matter - - - - - - 13:84 3520
(2) Mineral Matter - - - - - - 1816 46-20
Moisture - S 6800 18:60

1000 1000 -
(1) Containing Nitrogen - - - . . . 52 1:34
Equal to Ammonia - - - - - 64 163
Or Sulphate of Amwonia - - - . . 2-49 6:38°
{3) Containing Phosphori¢c Acid - - - - - ‘54 . 1-39
Equal to Tribasic Phosphate of Lime - - - 1119 3-08

Analysis Value - - - . . . 6s. 11d. per ton. 17s. 84. per ton.

~voJbwill be seen, therefore, that at Dalmarnock, by careful organisation and advertising,
practically the whole of the sludge is disposed of by sale, either as pressed pake or as
‘(lobe Fertiliser, the cost of the sewage treatment being in this way materially reduced.
"The saving effected is about' 4s. per ‘1,000,000 gallons. : During the three years ending
March 31st, 1907, the whole of the pressed cake was sold to farmers. The demand. is
still increasing and the connection 1s now good enough to obviate the necessity for
.advertising,

Mr. Melvin states that it is more convenient to sell sludge as pressed cake than
a8 Globe Fertiliser, partly because less work is entailed in the former case, and partly
because ‘in -the manufacture of the Fertiliser much dust is produced, and he finds,it
difficult to get his men to wear respirators. For this reason, the Globe Fertiliser is now
made during spring and autumn only, and the quantity is diminishing year by year.

In comparing the sale of pressed cake at the Dalmatnock works with sales and
possibilities of sales elsewhere, it has to be specially noted that there is a branch line of
railway into the Dalmarnock works, and therefore no carting is required.

Disposal of Sludge by Depositing at Sea.

226. There can be little doubt that, for cities on or near the sea-board, the disposal of
sludge by taking it to sea is, in the majority of cases, the cheapest process.

Except, however, in the case of the Barrow Deep, where the London sludge
is discharged, little attention appears to have been paid to the effect of the sludge upon
the character of the water in the neighbouthood of the dumping area. In order to avoid
nuisance and possible danger to health from the pollution of shell-fish, periodical examina-
:1;;)1; t(:afd the local conditions is generally desirable wherever this method of disposal is

opted. o

LoNDpoN,

227, The plan adopted for the disposal of the London eludﬁe was fully explained to us
by Mr. M. Fitzmaurice, C.M.G.; when giving evidence on July 14th, 1903. ¥

It will be seen from the evidence that the sludge is deposited at the Barrow Deep,
over & length of from five to ten miles.

The Barrow Deep is practically ﬁh‘e Op'enf ses, bemg smla.‘wd pbout 20 miles l%elow
Southend. ‘ . & ' ‘.

The following table, which has
maurice, shows the quantity of wetvsludge,
the years 1903, 1904, 1905 and 1906 ks
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wlOounty of London.

\been more recently supplied to us by Mr. Flt'z
etc., deposited in the Barrow Deep du.yng

Total coét of
" | sénding to sea,
! o Total ‘ ton of wet
o | | per ton,
Averngo daily | TR T Chvd Averagoper: | guantity of E,-‘":";?;d‘:f .‘%ﬁﬁi;“!&:?l“’
- , quentity of . |0 Barking'and - (oemIage ol | i qoe oht to! ]? b ' steamer dues,
Year. “W"'%}e dealt with. | ™ Croaness, | . J%?l’ss%u? o | o ¢ ste{nge:s Zcﬁ:t‘; of filling
(Gallons.) (Toms.)y . -+, 0 &% 8% | (Toms) - ™ " | ships and aﬁ
' charges in-
~ cluded.t
1903 | 259,769,466 - 3,568,000% . - e 92:02% (' 2,089,000% 2863, doid
1904 250,690,204 2,580,000 | - 92:28% | 2,580,000 2,830 - | . 477
1905 | « 250,608,640 |1 2,578,000 ¢ -4 9216% 1 BFTHO0O | HHIB.. . . 440D
oos | 2628n4T | 465000 ¢ 1. 0190 | 246n000 | 2465 | 4.
| ing the Lon ing theryears 1008/to 1006
The average cost of sendlqg qhe London sludge to sea dt}rmg ;
inclusive, inclugding interest, sinking fund, cost.of filling ships, labour, fuel, repairs 311‘3%\
all chorges, was thus 4:65d, per ton of sludge containing on the average 92'1 per, gent. of
moistl;!ﬁsg«" e P L ‘\“i“«"‘ Ei?’f’_ ": “‘ v~ ' | "
928, At our request MrFitéMﬁrlg: oagne&pugosngq oat o3 ‘?:&?9“9 in the Barpow-
Deep duting spring and nes tides in September, 1 3'»,' Lhese expe I{{gﬂﬁﬁhﬁ)‘j‘fedﬁ,‘. g;
with the exception of a slight set towards the- Maplin’Sands at tide, both' the eb
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floats started at the
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Ezamination of the Sands in the Barrow Deep and the Thames Estuary.

¥ 229, In August, 1899, Dr. Clowes made a chemical and microscopical examination of
samples from the sea bottom in the part of the estuary where the sludge is deposited,
?;11(11 in parts of it which might be affected by the sludge. His conclusions are given as
ows ;—

B “ The results of these examinations of thesands and of the deposits in the
. Barrow Deep and in other channels in the estuary of the River Thames, during
. the period 2nd to 12th August, 1899, show that no sludge is carried by the tide
- beyond the limits of the Barrow Deep and the Oaze Deep in a westerly or
** up-river direction. The sludge which is carried in an easterly or seaward
. direction must meet with so great a volume of sea water that it is quickly broken
- up into innocuous bodies, and thus prevented irom travelling beyond the Barrow

Deep. Accordingly no evidence of pollution by sludge was obtained in an
“ easterly, northerly, or southerly direction.”

Clowes 18,636.

The subject of sea water in relation to bacteriological life is more complicated than
would appear at first sight, and before conclusions can be drawn with confidence as to
the effects of deposition of sludge, observations extending over a lengthened period and
under a variety of conditions would, we think, be required.

Taken in conjunction with Mr. Fitzmaurice’s float experiments, the above results
turnish grounds for the iresumption that the polluted water is for the most part carried
out to the open sea on the ebb tide ; but conclusively to prove that none of it returns
with the flood, extensive experiments covering the whole area of the Thames estuary
would be necessary.

GLasGgow.

230, There are at (fresent “51907) two outfall works at Glasgow—the Eastern or
Dalmarnock outfall and the Western or Dalmuir outfall. As has previously been
said, the whole of the sludge at Dalmarnock is pressed and disposed of to farmers,
either as pressed cake or as Globe Fertiliser. At Dalmuir, with the exception of the
grit from the catch pit and the screenings of the sewage, both of which are mostly dis-
posed of by sale to farmers at a price of about 8d. to 1s. per ton., plus railway carriage,
the whole of the sludge is taken by the s.s. * Dalmuir,” and discharged in about 80
fathoms of water some three miles below Garroch Head, a distance of about forty
miles from Glasgow.

The following figures, which have been supplied to us by Mr. Thomas Melvin,
relate to the disposal of sludge at Dalmuir for the three years subsequent to the
opening of the works in May, 1004 :—

Through the
to witness the discharge of slud
reached a position about 3 mi

and the mainland, the engines were & ]
turned so as to describe a half-circle of about

ves were open during this time (about five minutes), the whole of the
From the bridge of the steamer the sludge could be seen
lear water as a thick brown cloud. It rose to the surface
from a distance as a band of smooth water some 20 or
ds of gulls which had followed the steamer immediately

slowly, she was
All the sludge val
sludge being thus discharged.

just below the surface of the ¢
behind the steamer, appearing
30 yards wide.

settled

minutes had elapsed since the s

Many thousan

upon this. On turning and passing through the ¢
teamer first began to discharge,
and safter 15 to 20 minutes, during which another turn

band had widened considerably ;

was made, the sludge was still eas
ely in the space o
observer was that, even with the sma
very heavy so
The depth of t
straight up an
Little Cumbrae and part turn

disappears entir

lids would
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be spread over a very large
he water was about 76 fathoms. We were i
d down the Firth, part of the incoming tide flowing between Bute and
ing to the left towards Kilbrennan Sound. No analyses of

-

courtesy of the Glasgow City Corporation one of our officers was enabled
dge into the ses on November 20th, 1907. - When the steamer
les 8.8.W. of Garroch Head, between the Island of Arran
topped, and while the steamer continued to move
% of a mile in diameter.

sludge band, after about eight

.

it was seen that the

ily visible, though more disseminated. Probably it
f half-an-hour. The impression produced on the
1l tide of two knots an hour, everything but the
area before reaching the bottom.
nformed that the tides run

the water in the neighbourhood of the dumping area have been made by the Local

Authorities.

We were to

is & favourite fishing ground.

231. The sludge produced at

steamer through the Manches
North-west lightship. The lig
Rhyl and about 26 miles north-w

The following figures, relatin
past five years, have been supp

ter
htship is situated in the open sea some 12 miles north of

est of Liverpool.

M ANCHESTER.

1d that the water in the neighbourhood of the dumping area

the Manchester sewage works (Davyhulma) is taken by
Ship Canal and deposited in deep water outside the

to the disposal of the Manchester sludge during the
ied to us by the Rivers Department of the City of

AGGREGATE QUANTITIES FOR THE 3 YEARS ENDING MaARcH 31sT, 1907.

Av;;rage ‘?t of Average cost, per ‘
_ Average sending sludge to ton of wet slu 0,
Total juantity of Average ql;l;(::tt;lty _ number of s::,amclau;l:;g ':" of handlin th%
sludge produced percentage | deposited journeys made inrtgerest sludge after 1t leaves
by precipitation. | L° e e, ab’ 808, per annum by | . L. fur:; and the precipitation
(Tons). (Tors), the cost of gﬂllin ohi tanks, i.c., the cost
v 7, |88 *Dalmuir.” per ton o wetp,’ of filling the ship.*
. sludge.
' 245 d. 0y d.
915,689 86819 | 915,689 268 full, full,

The cost of sending the sludge to sea during the year 1906-7, including the cost of
filling the ships and the interest and sinking fund for the same period, was 5.—‘5:18. er ton, for

340,492 tons of sludge containing 85-54 per certt. of moisture. This includes interest
and sinking fund on a specially constructed dock, as well as upon the steamer. The
loan for the dock and the steamer is repayable, however, in equal instalments extending
over the long period of sixty years. If it were repyable in thirty years, the above cost
would be approximately 61d. per ton. '_

*This includes the cost of fuel for th i

’ cesaroerhis in uel for the electrically driven prumpe which lift the sludge into the overhead
’ .
]
}

Manchester.
&
Total Total Sea Cost :—
Total quan-| quantity Averag: Number
Y(f." tity of wet| of wet p:;zegf oi;ri%s Including interest
ending | n1oire of sludge. | sludge sludge 2>~ made by | Excluding interest . 2
March ¢ produced. | sent to mi?:sttﬁge the | and sinking fund E’nd :;r(lkl;ltg fund\
31at. (Tons). sea. steamer. | charges, and also [*15r8Co\ONAteRMEr),
(Tons) sludge. cost of filling shi but excluding
) 8 81D \oost of filling ship. ¢
‘ P [T P [
annim. | o1 doe | B0BUD. | o
1903 | Chemical preci{)i- 223,100 | 223,100 — 181 | £5,283 | b7d. | £7,273 | 7-8d.
c tation (mainly)
and septic tank
sludge -
/1904 | Chemical precipi- 157,100 | 157,100 | *85-0 129 | £4,366 | 6-6d. | £6,356 | 9-7d.
tation and septic
tank sludge
+1905 | Sedimentation snd| 148,100 | 143,800 | *85+4 | 128 | £3,094 | 67d. | £5984 | 10°0d.
g ptic tavk sludge
11906 Do. 156,800 |142,200 | 861 | 136 | £4076 | &4d. | £6,966 | 11:8d.
+1907 Do. 181,600 176,300 | 867 |- 163 | £4758 | 6. | £6.748 | 92d.
Total for b years - 842,500 Average| 6-7d. |Average{ 9-5d.

» Percentatﬁe of water in septic tank sludge only.
o

Duri se years the slud
the ft:llowms’ o addrtiona] number
includ

3 Cost of filling shi

also 1n¢

6228.—1I.

luding steam Kve

uction, engines, and interest and sinki

ge,s»teamer 8.
of journeys :

~1008, 44 ; 19086, 36 ; 1907, 25.

so ran on Lehalf of the Salford Corporation

making

ing sludge tank attendant, ejector attendant, repairs to ejector, and

fund charges :—~

rage—#£123 per annum == ('14d. per ton of wet sludge.
.

-
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SALFORD.

232. The sludge from the Salford Corporation Sewage Works at Weaste is also sent
through the Manchester Ship Canal and deposited outside the North-west lightship. The
following figures, which have been supplied to us by Mr. J. Corbett, the Borough
Surveyor, relate to the disposal of the Salford sludge for the years 1902-6 inclusive :—,

| . Total cost, per ton of wet
Total quantit :
Total quantity of ofo slu g:nplrg- A:era.ge{ per: Number of .Shid e, of stendmg tg s_eal;
Year. |sewage dealt with.| duced and sent cel;uar%eio 3::‘8' journeys made !nc}x lgg m exl'f;t an s:;) ;
(Gallons). to sea. 1 by steamer. m% \und, cana | cues, coss o
(Tons) sludge. filling ship and all other
’ charges,
1902 3,802,182,451 ‘ 129,000 80-2 215
1903 3,989,619,000 135,000 786 225
1904 | 3,335,080,548 134,900 95 199
1905 3,782,8717,000 134,900 754 184
1906 | 4,227,950,000 145,400 81-0 191
Average for the five yeara 9:46d. per ton.

Nori.—The percentage of water in the Salford sludge was exceptionally low during the years in question, owin
partly to the fact that some old air-dried sludge which had accumulated on the works was mixed with the fresh
sludge from the tanks. This had, of course, the effect of reducing the cost of sea disposal per ton.

DosLiv.

233, At Dublin the whole of the sludge produced by thz precipitation of the sewage
with hme.xs taken to sea in the ‘““s.s. Shamrock ”’ and deposited in about 90 feet of water,
some 2 miles N.E.E. of the Bailey Light on Howth. The following figures, which have
been supplied to us by Mr. Spencer Harty, show the cost of disposal : —

THE FIGURES REFER TO THE YEAR ENDING OCTOBER 22ND, 1907.

j i Cost of
| sending
i Total cost
| sludge to :
! sea, includ-{ Cost of slouf dse::,ic;':ga
: A ing all filling including
. verage Total Total charges,* | ship £ l'g
Total quantity of daily quantity: Percent- quantity | Number | excopt the | from cost, of filling
sewage treated | quantityof |ofsludge| age of 'ofsludge| of Lrips cost of | sludge ship, interest
during the year. sewage pro- | water in ! sent to (made by| filling tho| reser- and sinking
(Gallons). dealt with. | duced. | sludge. | sea. |steamer.| ship and voir. fund on
(Gallons). ! (Tons). f | (Tons). interest | (Per ton a:itealrlne:g
‘ | and sinl:]- of M:’h:rg:s ‘er
- ing fund | sludge.) '
onsteamer. § (Pfr dwn of
(Per ton of sludge.)
\ sludge.)
T
4,829,000,000 | 13,230,000 | 114,560 , 909 | 114,560 | 320 3:47d.0 | 0-049d. |  502d.
;" |(npprox).

*In the case of Dublin no harbour du ; ‘orporati i
Honse Habene es are payable; the Corporation are the owners of Pigeon

t The average interest and sinking fund on the cost of the steamer (£11,139) is given as follows :—

Average sinking fund £140
Average dividend £362
Total £508

L]

_— The loan for the steamer is included in the loan for the entire main drainage works, and is repayuble
in 39 years.

t In this figure is included an item of £196 Ga. 0d. for ropes, irommo.
bedding, etc. The vessel is & new one, and this was her first equipment. The
on this account.

vy, uniforms, lamps, clock
re 3'47d. is somewhat high

N

234. At Southampton the sludge
which is then towed by way of Spithead t
sludge is discharged. The operatio
18, 2d. per cube yard of sludge.
The capacity of the barge 18
Southampton have been suppli
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- SOUTHAMPTON.

114 cube yards.
ed by Mr. J. A. Crowther:—

n is carrie

THE FIGURES REFER TO THE YEAR ENDING MARCH, 1907.

ge from the sedimentation tanks is pumped into a barge
o & position 3 miles from land, when the
d out by contract, the Corporation paying
The contractor supplies the barge and the tug.
The following -figures relating. to

Cost of disposal, exclud-

£ Number of journeys ing cost of filling barge
Total quantity of 112::3:? ig: ttl)xe made by tug witg and interest and sinking
sludge sent to sea. sludge. barge. fund on pumping
. machinery.
] . 149 1e. 2d.1 per cube yard
lg;'szl?ofl‘zble&y;;g ) about 30 or about :g. 4-9d.* per
n.

tons.*

* These are calculated figures ; they are only approximate.

+ This is the contract price.

235. SUMMARY OF FIGURES RELATING TO COST OF SEA DISPOSAL.

A. B. C. D. E. F. G. H.
Total cost of
Total cost of | Total cost of | sea dissosal,
sea disposal, | sea disposal,| including
Average including | including (cost of filing
annual Average |cost of filling|cost of fillinglship, interest
Year or years| quantity of | percentage ship, interestiship, interest| and sinking
Placo. |to whichthe| sludge | of water in | and sinking | and sinking [fund, steamer
. figures refer.| deposited at gludge (fund,steamer{fund,steamer| dues and all| Remarks.
g sea. actua%ly dues and |dues and all| charges;
deposited. | all other other calculated
(Tons). charges. (Per|charges, (Per| as per ton of
ton of sludge| ton of dry sludge
actually | solid matter.)| containing
deposited.) 90 per cent.
of water.,
L . S .
. . 9d. 4'1d. Large
Glasgow 1906-7. 305,000 86-8 5-40d. 40°9d quan titgy of
thick sludge.
Loan
repayable in
- 60 years.
' *
. 45d. 45-0d. 4:5d. |Heavy canal
Salford 1902, 3, 4, | 136,000 | 790 9-45d n” Feny
5, and 6 thick sludge.
*
- -02d. 50-2d. 5-0d. No harbour:
Dublin .| 190067, | 114860 900 | D0 d duee and
' short
distance to
dumping
ares.
%
. 55d. 56-9d. 5-6d. Very large
London - | 1903, 4, 5, | 2,634,000 92:0 4 qunngity, %ut,
and 6. thin sludge.
*
; 860 9-64d. 68-9d. 6-9d. Heavy canal
Manchester- | 1005, 4, 5| 168500 O dues.
: - 16-9d. 169-:0d. 16'9d. | By contract.
Southampton| 1906-7. 13,950 gg.o y
ained by caleulation, on the assumption—which is probably not quite correct—

* These are figures obt
that it is as easy to deal Wit
machinery in the case of dense sludge,
of liquid sludge might
giving only an approxima

6226 —I.

mean more 8

h dense as W

teamer CApac
te idea of comparative costs.

ith liquid sludge.

ity. The figures in column (

There would probably be more wear and tear of

but on the other band the same amount of solid matter in the form
}. must therefore be taken as

Y2
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Pressing of Sludge. »
In all cases, unless otherwiso stated, the Cogady to be pumped into the presses. The

236, The plan of pressing sludge is adopted at a large number of places. Strictly oost of sludging the sedimentaliol truclks below the presses.
speaking, it is not a method of disposing of the sludge finally ; but at by far the greater g 8 | O T,
number of places where pressing is done, it has the effect of converting the sludge into a ‘
form in which it can either be sold to farmers for a return of something like 6d. per ton, or
can be tipped or buried without serious expense. For this reason 1t may generally be
considered au effective means of disposing of sludge.
Yesr to . .
. . which the| Popula:|  Kin
Very briefly, the plan is as follows :—The sludge produced by the settlement of . Place. figures | tion. , Remarks and Notes.
the sewage, with or without the addition of chemicals, is first run, or pushed by hand refer. .
labour, from the settling tanks into a sludge well or tank. In this well it is allowed to '
settle for some little time, and, after the supernatint liquor has been drawn off, the thick
sludge is mixed with from 05 to 1 per cent. of lime (or even more) in the form of milk of
lime and then forced by means of compressed air into filter presses. In this way,on the \
average, something like 30 or 35 per cent. of the water in the wet sludge (which mey | 66,000 | Septic . .
be taken at approximately 90 per cent. on the average) is removed, leaving a moist but Hanley - 1907 tritus A"mﬁ'ﬁ"};]% “,“‘;1: ;’i ehl!::c;: ;d%zdm;;g
solid cake which may contain from 50 to 65 per cent. of water. The liquid pressed from | into the sludge well. The mixture is
the sludge is run back into the settling tanks for re-treatment. It is strongly alkaline, then allowed to stand for several days
before pressing. The septic tanks are

owing tq the lime which has been added to the wet sludge. The pressed cake is scraped , \
from the press-cloths into trucks and either sold to farmers, buried, or tipped. The : : : -

cost of the process, excluding interest and sinking fund in respect of the ressing plant,
may be put at from 2s. to 5s. per ton of pressed cake produced.  As will be scen from
the appended table, however, it] varies largely at different places, depending mainly
upon :—

(a) The amount of lime added to the sludge ; S
(b) The kind of sludge pressed ;
(¢) The size of the works at which the plan is adopted.

The variation in cost, dependent upon the kind of sludge to be pressed and the
amount of lime to be added, is readily seen from the table.

As regards the variation in cost, dependent upon the kind of sludge to be pressed,
it may be pointed out that the solid matter in septic tank sludge, especially in sludge
from a tank which has been in use for a long time (say, a year) without cleaning, is general%y
{a a very fine state of division. For this reason, a large quantity of lime has usually to
he added to it, in order to prevent the press-cloths becoming clogged. At Hanley, it is
true, only a very small amount of lime is used, but the septic tanks are cleaned out at
short intervals (once every month), and there is a considerable quantity of * clay slip ”
in the sewage, which apparently helps the settlement and possibly delays the putrefaction
of the sludge in the septic tanks. It is to be noted also that the milk of lime 15 added hot
et that place.

At Nelson and at Burnley, where septic tank sludge is pressed, the quantities of lime
~dded are respectively 9°6 per cent. and 15 per cent. of the pressed cake, and the cost
of pressing, excluding interest and sinking fund, is 4s. 6°9d. and 4s. 3°4d., respectively.
At Rochdale it was found necessary to add at least twice as much lime to the septic tank
sludge as was required for the pressing of the chemical precipitation sludge, viz., 10 per
cent. as against 5 per cent., calculated on the pressed cake. At York, so much lime had
to be added to the septic tank sludge, in comparison with the amount required for the
treatment of sludge from precipitation tanks, that the process was abandoned as being
prohibitively costly.

We may refer also to the evidence given by Dr. James B. Wilkinson, who said that
at Oldham they had found great difficulty in pressing the sludge from septic tanks. |

In some cases, unusually large quantities of lime are added to precipitation sludge
before pressing, but this is where manufacturing waste qf a greasy nature finds its wayv
into the sewers, or where, as in the case of Ealing, a specially hard cake is made, in order
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that it may subsequently be burnt. Generally speaking, there is no difficulty in pressinog
the sludge from precipitation or sedimentation tanks. It may be pointed out that the
sludge from simple sedimentation requires, as a rule, the addition of more lime than the
sludge derived from sedimentation after precipitation with chemicals ; this is indicated

in the table.

Tt may be useful to add here that success in pressing, whatever kind of sludge is
being dealt with, depends very largely upon the intimate mixture of the milk of lime and
the sludge. The dissolved lime has the effect of agglomerating the solids of the sludge
while the fine particles of undissolved lime, becoming interposed between the sludgé'
particles, apparently provide small channels for the escape of the water. We may also
mention that at York, Mr. Graham, the manager of the Sewage Works, found it usefyl
to allow a small quantity of milk of lime to pass into the presses before the sludge, as
the thin coating of solid lime thus formed on the press-cloths facilitated the subsequ,ent

pressing of the sludge and the removal of the cake.

Nuisance from Smell.

properly pressed sludge when in the form of a solid cake
from smell, and if exposed to the air in dry weather,
it soon becomes entirely inoffensive. It has, however, a slight smell of fresh sewage
and if kept moist, e.g., if it is exposed to the air during wet weather, it soon becomes
putrid and gives rise to offensive odours. For this reason it should, if possible, be
stored under cover, until it can be spread over land or dug into trenches or buried. At

York, where a large quantity of pressed cake was tipped in the open, considerable

nuisance is said to have arisen until Mr. Creer, the city engineer, adopted the plan of

burying it, 5 or 6 feet thick, under a thin layer of soil and turf, when the nuisance
entirely ceased. Incidentally, an uneven field is being levelled in this way.

237. Speaking generally,
does not give rise to serious nuisance

Since there is almost always serious nuisance inside the press house, it is necessary
that the house should be properly ventilated. It should also be situated as far as possible
from any habitation, if complaint of nuisance is to be avoided.

Disposal of the Pressed Cake.

938. Pressed sludge can usually be disposed of to neighbouring farmers at about 6d. per

This, however, depends to & considerable extent upon the distriet in which the
ated. In some cases, e.g., at Bury, Ealing (Northern Works),
Wolverhampton, and Richmond, where the works are situated in densely populated
districts, or are far removed from & railway, or in the case of a large town where the
amount of sludge is greater than the neighbouring farmers require, the pressed cake has

to be given away, or & small fee has to be paid for its removal.

ton.
seyage Wworks are situ

The form of the pressed cake also affects its saleability ; e.g., at Burnley, where the
Corporation break up the pressed cake immediately after pressing, a ready market is

now obtained.
Composition of Pressed Cake.

239. The following figures of analysis give thq chief miperarl constituents and the
nitrogen in the pressed cake from Chorley (Lancashire) and ]?orklng (Su_rrey), after com-
plete drying at 110° C. These may be taken as more or less typical for domestic sewage, but
there is more than the average quantity of lime in the orking pressed cake. The
Chorley sludge is produced by the addition of about 9 grains per gallon of alumino-ferric
to a sewage which is almost entirely domestic 1n character and of about average
strength. The Chorley drainage ares 18 sewered on the combined system. The
Dorking sludge is obtained by the addition of about 5 grains per gallon of lime to

a sewage of rather over average strength, and which, except for a small quantity of »

y
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brewery waste, is also almost entirely domestic in character. Dorking is sewered
on the partially separate system.

Chorley pressed cake after | Dorking pressed cake after
drying at 110°C. Sample | drying at 110°0.- Sample
drawn in April, 1905. drawn in April, 1905.
Grit, etc. (i.., matter insoluble in hydrochloric '
acid, after ignition) - - - e 25-30 6:84
Ozxides of iron and alumina* - . . . 9-37 3-46
Lime t- - - - - - - - - 10-32 2316 .
Phosphoric acid (P, O ) ! - - - - 098 0-66
Equivalens to tribasic phosphate of lime - - 214 144
Nitrogen (total) } S 1-28 0-89
Nitrogen evolved on boiling the sludge for two
hours with dilute (05 per cent.) potash solution 0-13(May 21st.) 0-03 (May 20th.)

At Chorley the cake is sold for about 10d. to 1s. per ton, but at Dorking it is given
away.

The calculated value of those two sludges in the form of pressed cake (50 per cent.
moisture), as judged by their manurial constituents alone, is about 6s. to 7s. per ton, but,
as experience shows, the market value is less.

Cost of Pressing Sludge.

240. In the majority of the cases cited in the table it has been impossible to ascertain
the actual percentage of water in the wet sludge dealt with and in the pressed cake
produced. We think, however, that it may be taken broadly that wet sludge contains
on the average from 90 to 95 per cent. of water, and pressed cake about 55 per cent, of
water. Upon this basis, and dividing our examples into two groups, we estimate the
cost of pressing sludge as follows :—

Group 1.

In this group we include towns having a population of about 30,000 and upwards,
where the preliminary treatment consists either in chemical precipitation followed by
sedimentation or in simple sedimentation, and where the sewage does not contain
manufacturing weste of a kind likely to necessitate the addition of an unusual
quantity of lime to the sludge before pressing.

~

. If the sludge derived from precipitation or sedimentation tanks in these circu.n.
stances were to be pressed, it would require the addition of about 2 to 4 per cent.
of lime, calculated on the pressed cake produced ; and the cost of pressing, including
lime, fuel, labour, press cloths, renewals and repairs, but excluding interest and sinking
fund, would amount to from 2s. to 2s. 8d. per ton of pressed cake (55 per cent. water).
This would be equivalent to from 5-3d. to 6:6d. per ton of wet sludge, containing 90
per cent. of water.

The interest and sinking fund charges, as given in the table, vary from 44d. to
1s. 1d. per ton of pressed cake produced, or an average of 9d. per ton of pressed
cake. This would be equivalent to 2d. per ton of wet sludge containing 90 per cent.
of water. On this basis the total cost of pressing, including lime, fuel, labour, press-
cloths, renewals and repairs, and also interest and sinking fund, would amount to from
28. 9d. to 3s. 3d. per ton of pressed cake produced (55 per cent. water), or from 7-3d. to
8-66d. per ton of wet sludge, containing 90 per cent. of water.

Assuming that the pressed cake could be disposed of to farmers without further cost
at a price of 6d. per ton, the total cost of sludge disposal at such places would be
approximately from 6d. to 7-3d. per ton of wet sludge, including interest and sinking
fund charges.

* Theso oxides will contain the phosphoric acid and possibly a very little of the lime.
t The lime was only precivitated once ; it will contain traces of magnesia. . o
+ The figures for phosphorie acid and for total nitrogen are the mean of two clorely agreeing cstimations.

'ﬁzrge proportion of water,

.great cost. At small or medium-sized works, wh

o Aadd,,suﬁiﬁienit éiq;e t
" This method of disposa oculia |
Eﬁ:hl»ni: removed ﬁ%m slelftic tanks at fairly long inter
' period of dry weather co;
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. Group 11,

' 1 ' ' i 1d also places
this eroup we include towns having a population under 30,000 and also place

wherinti t:)s 2gO peI;' cent..of lime (calculated on the pressed cake) has to be added to the
sludge before pressing, either because the sewage contains much grease, or because septic

tank sludge has to be dealt with.

such places the cost of pressing, inclu}iin_g lime, fuel, labour, - press-cloths,
reneveslss:;d rIépairs, but excluding interest and sinking fund, would probably vary from
3s. to 5s. per ton of pressed cake (55 per cent. water), or from 8d. to 1s. 13d. per ton of wet

sludge containing 90 per cent. of water.

i i I iy - ; Is and

cost of pressing, including lime, fuel, labour, press-cloths, renewa
Te aivfgl ea.nd also inIt)erest g,nd sinking fund, at such places would be from 3s. 9d. to
5s?9d. ,per ton of pressed cake (55 per cent. Water), or from 10d. to 1s.34d. per ton of wet

sludge containing 90 per cent. of water.

ino that the pressed cake could be disposed of without further cost at a price
of abﬁslstugclil.n f)er :;)n, thg net cost of sludge disposal at these places would be from 8- 66d.
to 1s. 2d. per ton of wet sludge, including loan charges.

ures it will be seen that, in the case of large towns, the- cost of !;he
disp(g;?moghe:fugge by pressing is about the same as the cost of depositing
it at sea. For small towns or for places where septic tank sludge has to be disposed of,
the cost is considerably greater. In all cases the cost turns very m.uch up_qn_whether there
is a ready sale for the pressed cake, and this is dependent upon having facilities for carting
or sending by rail to outlying districts. .The pressed cake is Wor_th much more than
6d. per ton, judged by its manurial constituents ; the reason that it fetches such a low
rfcg is the’ relatively high cost of carriage upon & mixture containing of necessity a
grit, and carbonaceous matter.

Shallow Burial of Sludge in the Ground.

osal consists in mixing the wet s_ltlldge _fr}:cl)m pfreCiPit?itiOIIlé
i s rapidly and as thoroughly as possible with suriace soil.

§ettlemﬁntzao:ris:£ t::rot éﬁkéshz fol owi};lg manner : Sn%all V-shaped tr_enches, about 2 feet
ls.gsua% Zhe top and (excluding banking above the surface of the 50}1) about 1 foot deep,
Wfl , ?ﬁcient cgpacity to hold the quantity of wet sludge to be disposed of, are cut, if
o Sl'lbl a month or even two months before they are lll{ely to be required, in order to
30881 ng’ disintegrate the soil. The wet sludge is then run into the trenches and immedi-

zyla covered over by shovelling in the earth of the banks. Tht_a area thus treated is
311?)339(1 to remain untouched until it is fairly dry, after which it is ploughed and either

seb aside for cropping or used again for more sludge. .

d at present, excepting at sewage farms, but it has
cly lollowed gess by Mr. ’JI.) D. Watson, at Birmingham, Mr.
: ildford, and Dr. G. J. Fowler, at Wlthlpgton,.m conjunction with
C. G y .Mlagi)t!:rsat %;%%i:rplan the sludge is cheaply and eﬁectl_vely disposed of, but in wet
artlﬁﬁla the trenches, both empty and full, require a long time to dry, and, where an
ng:flsf:e sludge has t(’) be dealt with, local nuisance from smell may easily arise,

941. This plan of sludge disp

This plan is not widely 1
lately bleseg worked with considerable suc

nk sludge has very little smell, little or no
mous' quantities dealt with ; but at Guildford,
the sewage, there is considerable smell from the

t out, however, that strongly smelling sludge can be to a large

Zzzitezeodogsl;ia{)g (:]lale addition of a’moderatfa quant;;y (l){ftllllmte, :vl:ﬁl fgr 1{2:}8 s’reaillon,
i erience of the plan, we think that at those places where

though w5 ha\ﬁxc{l Oepll;gfltl:ﬁl ‘g:pdealt with, serlx)ous nuisance could be:svoided: without
an offensive slucg ere septic tanks are in use and -ﬁe
ix months, it appears to us that it would be quite practicable

cleaned out, say, once e\:)erg; :1 “Indge o deo%ori.se it, before conducting. it to the trenches.
I"would be peculiarly suitable for the treatment’ of: the sludge
) vals of time, for in that case a

d be selected for.the trenching operatipns, - . ... . : -

irmi ic ta

At Birmingham, where the septio
nuisance arises, notwithstanding the enor
owing to the presence of brewery waste In
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Area of Land Required. *

242. With regard to the kind of land and the area required for the annual disposal of
1,000 tons of wet sludge (90 to 95 per cent. of water), we may quote some particulars
which have been given to us.

Mr. J. D. Watson writes (April, 1907) :—

T cannot differentiate between one kind of land and another, since we have in
“ the valley of the Tame a great variety of soil. Even in one field we have
““ occasionally considerable areas of very close marl and equally great areas of
* fairly porous gravelly marl. The figure which I give, therefore, is one which
“ embraces various kinds of soil, but as it is the result of an average taken over
““ three years, I think it may be assumed to be fairly accurate as representing
“ medium quality of land.”

The following table shows the amount of wet sludge dealt with at Biriningham and
the area of land used in the form of trenches :— .

. Areaoft i
Year. Tons tohf ‘v;vet slud}«,.‘:p dealt | Areu of trencges in square yai-‘g: ;errﬁg%%(’:;::gfu:’;i
with by trenching. yards. sludge.
1903-4 208,350 7 265,870 1,276
1904-5 239,203 248,132 1,038
1905-6 109,255 74,167 680
1906-7 104,780 82,747 788

“ (limatic conditions have also a considerable bearing upon this question.
“ In dry weather more sludge can be got rid of on the same area of land than
“in wet weather. Methods of working have also a good deal to do with the
“ results obtained. For instance, where possible it is advisable to cut the trenches
“ g month or two in advance of their being required, in order to dry the land as
“ thoroughly as possible.

«“ Speaking generally, I should say that a quarter of an acre of medium quality
“land, worked under usual conditions in this country, is amply sufficient to deal
“ with 1,000 tons of wet sludge (90 per cent. to 95 per cent. water) per annum.”

. Mr. C. G. Mason writes (April, 1907) :— '

“During 1806, 18,720 tons of liquid sludge were applied to nine acres of
' “land at Guildford. In the winter months one acre is sufficient to deal with
“ approximately 2,000 tons, and in the summer months nearly twice that
“ quantity can be dealt with on the same area of land. The land available for
* gludge purposes at Guildford may be described as excellent, consisting as it does
“of a light sandy loam, overlying a bed of sand to the depth of 6 feet, With

“ the water level from 3 to 6 feet below the surface, according to season.”

Mr. Mason says that he has not had any experience in dealing with liquid sludge
upon unsuitable land, but from general experience he estimates the areas required
annually for the disposal of 1,000 tons of wet sludge to be as follows :—

Good land - - - - . - . - - - - -3} acre.
Medium land - - - - - - - - - - -1
Bad land - - - . . - - - - - - - 2 acres,

“ The plan of trenching has certainly been very successful at Guildford, and has
“ saved the Corporation a large sum yearly from its inception, but I should not care
“ to make an experiment with wet stiff clay land, an absorbent sub-soil being to
“my way of thinking an essential necessity for trenching the precipitated matter
“from sewage tanks.”

As regards the Withington Sewage Works of the Manchester City Corporation,
where the same plan of sludge disposal has been adopted, Dr. G. J. Fowler writes
(January, 1808) as follows :—

“ The soil at Withington may be described as a sandy loam with a water-logged
“gubsoil. I should certainly class it as ‘ medium’ soil. For the annual disposal

' “of 1,000 tons of wet sludge I am of opinion that two acres of such soil should
“be provided, though the more soil you have at your disposal the better. Some-
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“ thing will here depend upon the character of the sludge. The Withington sludge
«;tself contains a good proportion of sand (77 per cent. 8iO,; 1-76 per cent.
“ AL,O,); a sludge containing a larger percentage of clay, e.g., Davyhulme sludge
“ (443 per cent. Si0,; 20°85 per cent. Al,Q;), might require a greater area of
*“such land. . .

« Even with the best sandy soil I should recommend, if .p8ssible, one acre per

“1,000 tons of wet sludge, if it is to be dealt with to the best advantage.

« very doubtful whether it is possible to dispose of sludge on clay land,
“ withguzrzomz)rovision of shallow lach:ons artificially drained, e.g., by banks of
< olinker at frequent intervals.
« §ome addition of lime is advisable in all cases where this has not been added
“ip the course of chemical treatment, either to neutralise the acid produced by
“ the decomposition of fats or the sulphuric acid produced by the oxidation of
« gulphides in sludge from septic tanks.”
Allowing smple margin for contingencies, cropping and bad weather, we should
from these figures recommend the provision of the following areas of land for the yearly
disposal of 1,000 tons of wet sludge (90 to 95 per cent. water) :—

Good or fairly good soil - - - - - = 0" 1 acre.
Medium soil - - -« « . = - = -2 acres.
Stiff clay soil,—at least - - -

1d have to be taken, as Mr. Watson suggests, to prepare the trenches
befogi?nzoslt)ihat the soil might be as dry as possible, and also to remove the sludge
from septic tanks in the dry season of the year. . .
It would be important, moreover, in calculating the amount of s{ludge likely to be
roduced at a given place, to include storm water sludge, especially if * stand-by tanks
were used for the treatment of the storm water. Tanks of this kind would have to
be frequently sludged, and consequently special areas of trenches would be r.equn:ed.
At those places where continuous filtérs of coarse material were adopted, it would -
also be necessary to-provide for the disposal of the sludge settled out from the effluent.

It must not be forgotten that the disposal of sludge upon land is temporarily

interfered with by snow and frost.
i

Cost.
rds the cost of sludge disposal by burial in the ground, the following
a.rtiiﬁz.arl:srerli%?ng to Birmingham, gG‘ruild ord, and Withington have been sup{)hed to
Es In all three cases the cost is taken as beginning after the sludge has left the
gedimentation tank (i.e., the actual sludging of a tank is not included), and as ending
when the trenches are filled in with earth.

BIRMINGHAM.
® . Cost oF CONVEYING SLUDGE TO THE LAND AND DEPOSITING IT IN
Torat =0 TRENCHES CUT FOR THE PURPOSE.
[ - —
Year 1905. Yoar 1906. | Firet 11 monthe
“ £ s d £ 8 d £ s d
Working expenses of steam plant and attendance :
Engineers and Stokers - 65 16 2 70 4 6 78 8 9
0Oil, waste, valves, etc. - - - - - 100 0 O 106 0 O 92 0 0
Coal - 8316 3 89 8 9 712 6
Digrg::c e;rz:g.he.s, coverm-g sh-ldge,_ ﬁllu_lg “T -719 s 2 6dd 6 9 516 9 0
‘ Total working cost - - - 969 10 7 910 0 O 762 6 3
Interest on Capital Outlay at 5 per cent. viz,
uPump House,pSludge Main, ete. - ! ! 220 0 O 213 0 O 130 0 0O
Rentofland - - - - - - 23 0 0 22 0 O 13 0 0
" Total cost, including interest on capital - - | £1,212 10 7 £1,145 0 O £905 5 3
b'l‘ tal ‘amount of wet sludge dealt with (90 per Tons. Tons, Tons.
ooent. to 95 per cent. me e - = - 84,800 61,996 - 48,872

* See section dealing with treatment of Storm Water Sewage, page 204.

6235—L, Z

>
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At Birmingham the total cost of this method of sludge disposal, including labour,
pumping, fuel, interest and sinking fund and rent of land, was therefore approximately
4-0d. per ton of wet sludge containing from 90 to 95 per cent. of water.

GUILDFORD. s

TOTAL COST OF CONVEYING THE SLUDGE TO THE LAND AND DEPOSITING IT IN TRENCHES CUT FCR
THE PURPOSE. THE FIGURES REFER TO THE YEAR 1905-6.

£ s d

Two men employed continuously for regulating and covering in the
sludge - - - - - -+ + . . - . -101 8 0
One man 3 days per week attending to steam boiler and sludge pump - 31 4 0
Firewood for boilgr (4 loads @ £1) - - - - - . - 400
Disinfectants - - - - - - . - . - < .20 0 0
30 tons of fuel for generating steam for pumping sludge - -+ - -3 0 0
Renewals and sundries - - - - - - - < .+ . 2 80
Annual working cost - - - - - - -106 0 0
Add interest and sinking fund for 17 acres of land- - - . -25215 3
447 156 3

The total quantity of liquid sludge dealt with during the year was 18,720 tons. The
oost at Guildford was thus §°2d. per ton of wet sludge, containing from 90 to 95 per

cent. of water.
WITHINGTON.

The following statement relative to the cost of trenching at Withington has been
given to us by Dr. Fowler (January, 1908) :—

‘“ The cost of excavating a measured trench, capable of holding 1 cubic yard of
“‘sludge, has been found by the manager of the Withington Works, Mr. C. H. Ball,
“to be 1'3d. This low cost is due to the fact that the soil thrown up on either side
* of the excavation practically doubles the holding capacity.

“ Taking the average cost for the whole year per ton of wet sludge for cutting
‘“ and filling trenches, it comes to 2-4d. and the total cost for sludge disposal works
“out at about 5:5d. This is exclusive of the rent of land, which would bring the
“total up to about 7-0d., if only so much land is charged for as is absolutely
“ necegsary.” )

The population drairing to the Withington Works is approximately 59,000. The
total annual production of wet sludge is something like 14,000 tons.

[}

Lagooning or Air Drying.

244. A lagoon in connection with sludge disposal may be described as an earth
tank, from 1 to 6 feet deep, constructed by excavation and banking, or banking alone,
with a bottom layer composed of clinker or some such material, in which are laid one
or two drains. Occasionally the whole enclosure is constructed of clinker, the banking
being made with an easy slope, formed naturally by the fall of the clinker.

Lagaoning consists simply in filling such a tank with wet sludge, by gravitation or
by pumping, and allowing 1t to remain there until, partly by evaporation and partly by
draining, the sludge becomes dry enough to be removed by spade. When the sludge
reaches this state, it is usually wheeled out of the lagoon and dumped on waste land.

There is in our opinion very little to be said for the lagooning of sludge. Once in
the lagoon the sludge may take from 2 to 6 months to dry, according to the weather, and
during the greater part of this time smell may be said to arise from it. Further, when
the sludge is dry enough to be removed, it has still to be disposed of, and being usually
moist and closely bound together, it is not readily taken by farmers. The time required
by the sludge to dry, however, depends to a great extent upon the depth and the

draining of the legoon. At Darwen, where a large quantity of lime is added to the

sludge, and® where this mixture is given further settlement in special tanks, the lagoons
are only filled to a depth of about 1 foot. As‘the result of this whole procedure, the

~ or splitting the drills and a crop is taken.

. in the tank, are very far from o
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:s usually just spadeable in 2 or 8 days—a very short space of time. It is then
g:glglea:;;s to f};r]mers,pthe Corporation filling the carts free of charge. At Accrington
the lagooned sludge, when dry enough to be spadeable (this takes from 2 to 3 months
in dry weather, while in wet weather it may require about 6 months), is sent up the
steep side of the quarry in which the works are situated, by means of a truckway, and
deposited in canal barges, to be taken to the more purely agricultural districts of West
‘pay, on the average, about £2 10s. per barge load of 45

ire. The barge owners [
%():l;?as%g: barie: are I%aded by the Joint Sewerage Board, the average cost of filling a

boat from the works being about 26. -

ned sludee has gradually accumulated during the past ten years, only
a fev:r& tlﬁ)?izziagtgggeper anium hﬁing been disposed of to farmers. We are, however,
informed by Mr. G. A. Hart that, as the result of practical advertisement, arrangements
have now been made for reducing those accumulations, the sludge being sent by rail or

districts around Leeds. The loading costs the Corporation .

icultural - A
(;:n;l(l t;e:h:o; gorfwsl}udge (60 per cent. moisture), the farmers who receive it paying the
ca.rria.ge, which amounts to about 1s. 6d. per ton. During the past 7 mpnths G,QQO

. tons have been disposed of in this way.

i ible to lessen very greatly the smell from a sludge lagoon by covering the
surfa{:telcs)fp:}fesl:)lsdgoe with soil.y gThis can only be done, however, after the sludge has
long to allow of its surface drying into a cake. The

i lagoon sufficient! ; L .
:f:: l;otrl;gvelg is one which ymight result in serious danger to workmen or children,

especially if the lagoons were deep. .

Covering Land with Sludge.

congists in simply flooding an area of flat land, which has previously

245. This plan h . ;
i depth of 3 or 4inches, In a few days the liquid portion
been ploughed, with wet Bludg?::v?n epa layer of sludge which cracks and curls up as it

of the sludge drains away’f.the method that we are acquainted with are at Birmingham -

: 1 : .
;1;1;8.130&‘(1)1; on}&yt Bg?:gfi’ne;him Mr. J. D. Watson has carried out the plan with success.
In his evidence he stated :— Tivestion in séotio tanks ‘ ﬁ”1 ﬁ
L ludge has been subjected to digestion in septic tanks for a suiciently
“lon Ife:i}:l si: lgses its characteristic pungent and offensive odour. It may either
‘“ bo g pm od into trenches or even put on the surface of land and exposed to the
“ 'epglti dry, without giving rise to smell ; when thus treated it rapidly settles
Z sgwlil in bu}; and as it dries the surface cracks up. . In the course of a few
" months it assumes the appearance of a rich black soil.

At Bolton a somewhat similar plan is adopted for the disposal of part of the

YR ken sewage works. In this case the land is first
precipitation sludge from the Haéc tg spreadgover it, tho flow being equalised as much

is allowe
ploughed and the sludgo 18 & 07 t through the furrows. Another plan which is,
as posaible by means of cross gnﬁstﬁz soil (asngr mangolds) and then run the sludge

: is to dri 0 o, : R
:ﬁ)‘:lpt‘;‘lll’e zg:a)go:;lﬁeé (liiillg, When the sludge is dry, it is covered over by ploughing

The land treated in this way at Bolton is either sandy clay Joam or sandy gravel.
i f land required
Manager of the Bolton works, estimates the area o q
for tltg. aﬁ;}:xt:ln,clgl;osafl:)fgl,ooo tons of sludge containing 90 per cgnt. of water

as follows :— . -
e e
(2) Medium soil such as sant%y 108\;111 T LT g seres.

(3) Heavy soil

The plan would be quite uns
for the purpose were far remove
deodorised in the first instance by t . o othersulable aubetar

ich give ri ittle or no smell are very exceptional. The Birmingham
septighégxglis :;1111111(;1413 gilsvz;;;‘;)::alt:ive?y free from smell, but the majority of septic tank

. when they have remained for a long. period of time
sludges from domestic S6Wags, eV?ll<;url¢a:sts'. Vge have made no observations at Bolton,

i h manufacturing waste, which may possibly keep
but the sewage there contains much I ’ pich mey.

down smell. ‘ e .
6225—1I. N

uited for strongly smelling sludge, unless tl}e land used
d from houses or public roads, or unless the sludge were
he addition of lime or some other suitable substance.

Watson, 25,084
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' be noted, however, that the sludge gravitates to the. land from the
Cost. recilgt:ili?)il(};vor‘la{s at Hacken—a distance of some miles—through a conduit which is
B ﬁsed Ic);hieﬂy for the conveyance of tank liquor to the land for filtration. No portion of
IRMINQHAM' the interest and sinking fund charges on this conduit are included in the above cost for
246. Two sets of figures have been given to us by Mr. Watson, viz., the cost of dis- sludge disposal.

posing of the sludge from the Saltley septic tanks, and the cost of disposing of the slndge
from the Dortmund or silt tanks at Minworth, these latter being used for the further

settlement of the septic tank liquor before filtration. 1In the first case the sludge is pumped, Burning of Sludge.
but in the second no pumping is necessary. In both cases it is septic tank sludge that is
dealt with. .

any attempts to dispose of sewage sludge by burning it either
1 ne2 43; Eli(:‘:dhagii}}:e%l:nﬁe {efuse, I::oa.l, oil, or resin. Most. of these have failed,
TorAL CosT oF CONVEYING THE SEPTIC TANK SLUDGE FROM SALTLEY TO THE LAND AND f)'v:ing either to the heavy cost of drying the sludge before bll}f(nmg, or to tl;e fsfzct t&a;t
DEPOSITING IT. the attempt was made on wet sludge containing something li (;1 90 Iv);err (lz{en 1.‘,{[o Cw};a er.

T It is practicable, however, to burn pressed cake. At Ealing (Southern Wor 8) Mr. Char

i i d ontaining about 60 per cent. of
Working expenses of steam plant and attendance. Year 1905. Year 1906. F 1rut‘;)fl}§’:){;)nths Jones l§35 fqr some yzsérzh%l:e? ::gfkgftﬂe;izgs:(llucfﬁe(,(i}s droppe% from the II))l‘esses into
S SRR R _ - watelz') in lfhll: ;:-zyt';hen conveyed by a hydraulic lift to the destructor furnaces. There
: £ d £ s d £ 8 d trucks, waicl , fuse, in the proportion of about 1} or 2 parts of dry refuse to
Engineers and Stokers - . . . 3313 9 26 10 10 4811 8 it is mixed with dry house reiuse, ted is utilised for lime mixing, for sludge-
Oil, waste, valves, otc. - ’ ’ ) 0o 3413 4 68 13 4 1 of pressed sk, nd tf)::af;e orlgh:r:itfg:ifl glfa?\fill‘f‘geslallt);s, and for Pumping a po’rtion of the
Coal e e e 37 2 ¢ 20 5 0 4910 0 . pressing a‘xi% tﬁ;’:"lﬁzt been able to ascertg,in the cost of the_ process, but .aboEt
Distribution of sludge over land - - #1133 50 7 4 4212 1 ;e;?og:;) 3.000 tons of pressed cake have been disposed of per annum in this way during the
. - N 'y R
Total working cost- - "- - 160 9 6 140 16 6 199 7 1 years 1905, 1908, and 1907.
Interest at 5% on Capital outlay—viz, Pump also be made to the evidence given by Mr. K.. F. Campbell of Campbell
House, Sludge Main, ete- -+ -~ oo 19700 Boe g49.ﬁ§3f?;e;c;a£azo an ewperimgn.tal Plaqt. At that place a._por*i;on of .the fllu'd%e 802,
Remtof land = - - - 1300 060 900 Hudders b ans of chemical precipitation is pressed and, having been tipped into
1 including I ital obta'lned. 7 I11;191;11(5 back of the furnaces, is there mixed with 20 per cent. of coke breeze
Total cost, including Interest on Capital- _{3.23 9 m(iw £203 16 6 - £409 71 feeding bins 1? od into the furpaces. The burning plant consists of a two-cell Horsfall
Total amount of wet sludge dealt with (90% to and fed by :&h cell having a grate area of 30 square feet, with a dslz{mgshearthB?t the
95% water) - - - - . . . 50,365 t«ns 42,278 tons 71,265 tons destructor, \ laced side by side and each is fitted with a patert Silent Steam Blower.
back ; the cells zr:oparranged that all the fumes given off by the pressed hc.a,ke, in drying,
The cost of this method of disposal was thus 1:47d. per ton of wet sludge, The furnaces a;er the hottest part of the fire before they escape to the chimney.
containing from 90 to 95 per cent. of water. have to pass o ,

* . Mr. Campbell’s original intention was to burn the pressed sludge mixed with an
- Mr.

1 quantity of town refuse, but owing to the difficulty in getting the refuse to the
. equal qua

ToraL CosT oF CONVEYING BEPTIC SLUDGE FROM MINWORTH AND DEPOBITING IT ON THE LAND. o s abandoned 60 d coke breeze was substitutel. Occasionally a
1

sewage Works, d. mixed with the coke breeze, but this is not a regular
. : n used, mixe , .
Year 1905 Year 1906 First 11 months little engine 51801-{ ha’:hseeear 1967 a trial has been made with gas-worlgs chnke}' con-
. . * of 1907. ocourrence. During tion{)f coke and combustible matter. The followmgC pargcﬁlars
o » 4 01' ¢ . . :_
I talnne B e Toaxs 1001-6, inclusive, have been kindly given to us by Mr. Campbe
£ d £ s d £ s q 8
Attendance to Silt Tanks - . . . . 610 0 14 5 3 18 2 1 — ; Coal used Gasworks clinker
Distribution and digging into land - - 1616 0 3714 9 4 1 5 Year endingi— Slud%e“(g:::w;m Coke Breeze used. . used.
e Yea ' '
Total working cost - - - 23 5 0 52 0 0 62 3 6 I
—
Interest on Capital Outlay, viz., 8ilt Main - - 6710 0 5710 0 5710 0 ONS. CWT. TONS. CWT TONS. CWT. | TONS CWT.
Rentof Land - - - - .- . . 9 00 20 0 0 13 510 911 1 121 0O 101 16
— —_ 5421 14 '
| R S March, 1901 ’
Total cost, including Interest on Capital - £89 15 0 £120910 0 £132 19 4 8 i 1\9 — —
, 1902 8 |
Total amount of wet sludge dealt with (90% water) | 6,226 tons. 21,605 ton-. 36,299 tons. 1908 136 0 21 9
” — —
. . : T e L Tud N 1004 220 14 2 U
The cost of disposal in this case was therefore 1:32d. per ton of wet sludge " .8 s 17 _
containing 80 per cent.* of water. 1905 61 3
” 9 12 9 — —
BoLtoN n 1908 " - —
' ' . —_— rois 8 1,008 8 123 17 | 1001 16
247. In the case of Bolton the total cost of the plan for the yeafr end;eng Noveglb?z Total )
30th, 1907, when 25,000 tons of sludge containing 90 per cent. of water were dea
with on 26 scres, was approximately 5 04d. per ton. . . Th ortion of fuel added to the pressed cake was thus about 1 to 5. \
e e - e pro :
* The sbove figure of 90 per cent. water in the sludge was in this case actually determined. prop .
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The clinker obtained from the burnt sludge i i i

ge is rather too friable for use in sewage
ﬁltell.'s, but Mr. Campbell states that when it is ground up and mixed with cemeﬁt
or lime it forms an excellent mortar. of which much has been used in the present

re-construction of the works.

Cost.

The cost of pressing and burning varies with the rice e . ;
co of th terials (1
ke breeze, etc.). The following are the average costs forp each : materials (lime,

PrEssING.
Cost per ton of Pressed Cake Produced.
Labour - - - - - - - .- - - sl. 5d°.3
Lime (13s.3d. perton) - - - - - - - - <=~ 9'3R
Press Cloths - . . . - - - - - - . - 3-72
Total - - - -2 6-3d. :
BurNING.
‘ Cost per ton of Sludge Cake Burni.
Coke Breeze (7s. 6d. per ton) - - - - - - - - si 6d4
- Stokers - - - - - - - - - - . -~ 72
Mixers - . . - . . . . - . - -~ 53
Total - - - .« - - . - -26'04

S———

Total cost of pressing and burning (per ton) - bs. 1-2d.

¥ These figures do not include cost of power for pressing, on the one hand, b
other, no allowance has been made for fueY value or }f)or clin%(’er produced. and, but, on the

It will be seen that the above process, as carried out on a large i
: ] y 88, ex tal
at Huddersfield, is costly, but probably the whole of the final prgoducé) ecr;?%r; uti?fsaelg

and the sludge is entirely got rid of.

Extraction of Valuable Substances from Sewage SIudge.

¢

250. The chief example of the extraction of a valuable substance from i
afforded by Bradford. As is well known, the sewage there oontainssiwggz:itilﬁggll:
quantity of wool-scouring liquor and is consequently of a very greasy nature. For some
years experiments having for their object the extraction of the grease have been in progress
and Mr. J. Garfield, the City Engineer, has now been so far successful that the return from’
the sale of the products more than meets the working expenses of the tank treat ment of tl e
sewage,* leaving out of account the charges in respect of principal and interest on loans. The
dry weather flow of sewage is approximately 13,000,000 gallons per day, about half being
trade waste. Of the trade waste 20 per cent. is wool-scouring liquor, and of this about
90 per cent. is treated by manufacturers for the recovery of grease before being discbarged
from the premises. The remaining 80 per cent. of trnde waste comes from dyers, printers,
chemlca.l manufacturers, tar distillers, cloth manufacturers, waste pullers and scourers,
yarn finishers, cloth washers, carbonizers, silk manufucturcrs, tanners, oil distillers, paper
manufacturerp, size xqanufactmers, brewers and galvanizers. In all, about 274 traders
discharge their waste liquor into the sewers, ‘

3

through detritus tanks, from which about 10 cubic yards of detritus are removed per
day. It is then screened and sulphuric acid is added in such quantity that there is an
excess equal to 10 parts of acid (H,80,) per 100 000. The acid sewage is subsequently

The process of treating the sewage at the works is as follows : The sewage is passed

* The treatmont of the sewage at Bradford does not g» beyond precipitstion.

179

passed through settling tanks, used in series, the tank liquor being discharged int¢ the
Bradford Beck in & slight'y acid. condition. -The following figures give the average
chemical composition of the sewage and the tank liquor :— o

- and the process of pressing is con

‘Patent Slndge Diskilling Provess),

Parts per 100,000.
Crude sewage. " Tank liquor.
Suspended mtiatter- 84:0 160
Solids in solution - - - - - - 181:0 - 22440
«“(Oxygen absorbed ” in 4 hours -~ - 17-90 1118
Free ammonia - - - - - - - 3-00 1-87 - -
Albuminoid ammenia - - - - 2:45 1-80

settling tank into cast iron vats, where a further
the temperature of the sludge is raised by means of

exhaust steam from the boilers to about 100°C. It is then run into steel rams and forced

by means of compressed air into the filter presses. The filter presses are heated by steam,
tinued from 12 to 24 hours, hot sludge and steam being

The pressed liquor, which consists of water and fat,
f the fat, after which the fat is boiled with
bring it into a marketable condition.

The sludge is removed from the
quantity of sulphurio acid isadded and

alternately admitted to the press. ]
is run into special vessels for the separation 0

acid and black oxide of manganese, in order to

ed in a year is about 100,000 tons. It contains

The amount of wet sludge produc 0 tol .
t. of grease, which is equivalent to

about 80°15 per cent. of water and 7-43 per cen
37-7 per cent. "of grease on the dry solid matter.

The amount of pressed cake produced during the year is about 20,000 tons. This
Part.of the pressed cake is used for fuel and is

contains about 27 per cent. of water. .
g the fuel value is about 1s. 6d. per ton.

burnt in speciall constructed brick furnaces; r tor
F ' il at the works. Another portion 18

Part is sold to farmers at 3s. 6d. per ton on ra ] ; .
disintegrated and sold as manure at Bs. 6d. per ton, whilst 6s. 3d. per ton is obtained

for the driest portion of the disintegrated pressed cake.

September 30th, 1907, the total expenditure on the
nd interest on loans, amournted to £9,960 0s. 3d.

ete., to £11,726 15s.

The following table, which has been given to us by Mr. Garfield, shows the figures
ih detail. The expenditure includes the salaries of the chemical and clerical staff, and
the whole of the costs in connection _wiqh the Sewage Disposal Works, except the Chisf
Engineer’s salary, and interest and sinking fund on loans.

For the six months ending
sewage works, exclusive of principal &
and the receipts from the sale of greass,

Y

EXPENDITURE. RECEIPTS.
£ 8. d. : £ s, d.

To Sulphuric Acid, Fuel and Stores 7250 38 4 By Grease, Manurc?, ote. - 11,7296 15 -
To Salaries and Wages - 1,907 12 -4
ToGas- - - =~ - ° 161 11 3
ToWstee - - =~ - 7| 90 19 10
To Tnsursnce and Sundries - 122 13 9§
To Rent, Rates and Taxes - 427 -
To Balance - Y B W 14 9

£l11,726 18 - , o r3 ‘11,72.5-. 15 -

o distillation { Watson and Butterfield’s

o ) of sludg
951, We may also refer t0 & %ﬁﬁ?;igbrous%t to our notice by Mr. George Watson of

.
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the Horsfall Destructor Co., Ltd. The object of this process, an experimental installation
of which was inspected by one of our officers on July 6th, 1907, is to recover the nitrogen
from the sludge in the form of ammonia, and to utilise at the same time the carbonaceous
matter for the purpose of generating heat. The following description of the process has
been supplied by Mr. George Watson. It must, of course, be understood that we are not
‘responsible for the claims advanced by Mr. Watson, in regard to the process. We can
express no opinion in regard to them.

“ The treatment of the sludge as taken from the precipitation tanks involves, on this principle, three
“ geparate processes. Firstly, the removal of a portion of the water by mechanical means ; secondly,
* the removal of a further portion of the water by drying ; and thirdly, the destructive distillation of the
“ partially dried sludge.”

(1) Pressing.

“ The sludge when taken from the precipitation tanks contains about 90 per cent. of water. The
“ best method at present in use for getting rid of some of this water is filter-pressing. By this means the
* proportion of water in the sludge may be reduced to 50 or 60 per cent.’

-

t

“ Sludge containing 90 per cent. of water, when pressed until it contains 60 per cent., is reduced to
* one-fourth of its original bulk ; if pressed until it contains 50 per cent. of water, it is reduced to one-
“ fifth of its original bulk. The cost of filter-pressing is in one instance as low as 1s. 10d. per ton of
“ pressed cake, but the average cost at the present time may be put at from 2s. 3d. to 2s. 6d. per ton
* of pressed cake containing from 50 to 60 per cent. of water.”

(2) Drying.

“ After the sludge has been filter-pressed, it is necessary to dry it until it contains only 20 to 25 per
“ cent. of water, before putting it into the retort for distillation. Wherever a sufficiently large space
“ of ground is available and only a comparatively small quantity of sludge has to be treated, the drying
“ may be most economically effected by exposing sheds. Where considerations of capital are not deterrent
“ or where space is limited, the sludge may be dried by passing it through mechanically driven rotary
“ cylindrical driers, heated by the hot waste gases of combustion, which leave the flues round the distilling
“ retort after having heated the retort. .

“ The sludge as it leaves the filter-presses can be readily transported tothe driers on band-conveyors.
*“ Filter-pressed sludge containing, say, 60 Fer cend. of water, when dried until it contains 20 per cent.
“ of water, is reduced approximately to half its weight and bulk.

“ The sludge is now in the form of sufficiently dried cakes to be easily transportable mechanically
“ by conveyors or elevators to the retort, and suitable for the treatment by destructive distillation at a
* high temperature.

“ The gases from the interior of the cylindrical drier, before reaching the chimney, may be passed
“ through a scrubber which recovers any ammonia given off by the sludge during drying operations,
* thus effectually preventing any smell which may arise from this source. .

“ The cost of drying is estimated at 1s. 8d. per ton of dried sludge (containing 20 per cent. of water),
“ which is equivalent to a cost of 9d. per ton of filter-pressed sludge containing 60 per cent. of water.”

(8) Destructive Distillation.

“ The retort used for the distillation may be of firebrick, but is preferably made of cast iron, and is
* oval in section, so as to enable the heat to penetrate readily through the material in the interior.

“ The retort is set vertically and is slightly larger in section at the bottom than at the top, so as to
“ facilitate the downward movement of the sludge cake. The top of the retort is closed air-tight by a
“ cup and cone arrangement, through which the dried sludge cake is fed at regular intervals. The bottom
“ of the retort is similarly closed by a cone, which can be operated 80 as to let out the spent residue from
“ the distillation, as may be desired. The retort is placed in a brickwork setting and is heated by the
“ combustion of gas in a combustion chamber and in flues passing around and up its sides, preferably
“‘in a spiral path,

“ The volatile <lprodncts arising from the distillation are taken off towards the top of the retort through
“a pipe connected to the side, and the gases are pulled forward and outwsrd by sn exhauster which
* maintains & pressure inside the retort slightly below the atmospheric pressure.

“ After leaving the retort the volatile products of distillation are passed through a condenser and
* subsequently through a scrubber, which extracts the moisture, oil, tar and smmonis. The inflammable
* gas which now remains is passed into the combustion ohpmbet of the retort and there burnt.
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. b
 The heat obtained from the combustion of this gas is sufficient to maintain the retort at the desired
“ temperature, but an auxiliary source of heat is provided by a gas producer or furnace which is used in

* gtarting the operation.
% The lower part of the retort is maintained at a temperature of 1,500° to 1,800° F.

i i i i he hot zone in the retort
“ Steam is blown into the retort, near the bottom, an_d in passing through t .

it reasctt: on the carbonaceous material of the sludge, and in the presence of the lime, and at the high tem-
¢ perature there existing, the nitrogen in the sludge is liberated and evolved as ammonia.

“The products obtained from the distillation are: (1) 0il;~(2) ammonia ; (3) combustible gas;
“ and (4) mineral residue.”

(1) Oil. - ' _ f
“ ili from the top of the ammoniacal liquor coming from the condenser, by means of an

“ oil Tl;ia(::lilnls :::k()ﬁ 'IEI(::noil (::hug obtained has not yet been thoroughly examined, but it probably has

« zlvﬁll:e far hgigher than that of fuel oil, although this is not necessary for the economical success of the

* process.

¢ i i the method of distillation, being much greater if a comparatively cool
¢ zzon‘e'li‘:1 ;{;ﬁ]tii%iglitd :}Ix)znt?);)(g; th: retort. The yield of oil from the sewage of different localities also

“ yaries greatly.”

(2) Ammonta. ' . . |
« The ammoniacal liquor from the condenser and scrubbers is treated with sulphuric acid in the ordinary
“ way and is converted into ammonium sulphate.

a varies to some extent with the locality from which the sewage is derived. The

e e oot s y depends on the recovery of the ammonia from the

i i in this wa
“ oconomical disposal of sewage sludge in t
“ gludge in sufficient quantity to cover the cost of treatment.”

(8) Gas. o
“ The gas is burnt around the retort and provides the heat necessary for the distillation.

(4) Residue. idue from the retort is freed entirely from any trace of organic matter by its treat-
« “ The sﬁ)onttrers; Eﬁdrfs of a light friable nature and easily rgduced to a fine powder. It contains
ment in ghe o oh’s hates and is in a form very suitable for direct application to land, either alone
“ lime and some Ph° fddition of concentrated manures. On the other hand it might possibly be used
““ or enriched by tf e the sewage, along with a small proportion of fresh lime. By constantly using the
“ a8 a prec;s;ti'::{u(:) v(; again, the ’percentage of phosphate of lime in the material would be so increased
‘* same ma ’

i uch iron is not present, the residue can be used as
- % 45 to make it valuable as & manure. Where too m p ,

« a cement of fair quality.

¢ distillation is about 50 per cent. of the solid material present
containing 20 per cent. of water) as charged into the retort.
localities according to the amount of surface water run
t of mineral matter is thus swept into the sewage, which

. . e

« The quantity of residue remaininga
“in the slu?igo, or 40 per cent. of the sludge
“ The percentage of residue varies in different
“into the sewers. In some cases a large amoun

AT »
« increases tho proportion of inorganic solids in the sludge. ] 1

mounts of the different products obtained by this

to avoid confusion, the figures given are calculated
r ton of solid matter in the sludge.

The following ﬁgureIs show the :,
rocess of distillation. In every case,
ger ton of absolutely dry sludge—that 1s, pe

Locality from which . Ammonium Residue.
Date. the sludgedwas Oil. Sulphate.
obtained.
e A . 977 lbs. 429 (small sample only
October, 1906 - Bradford - - - | Not measured tosted),
B . . - | 30 gallons. 120 Ibs. 479 do.
woom R PP 124 Ibs. 47% do.
" " Y - o lee 817 1bs. 479% do.
woo» - | Southa N PYR 103 1bs. 50% do.
April, 1007 - - | Leeds - #Not measured. 1092 Ibs. | 50% (ome ton distilled
October, 1907 - " - - _in large retort).
- T . 'i‘he retort was too hot at the top to yield oil. - 9 A
62251 ’ -
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CoMPARISON oF CosT oF DIFFERENT METHODS OF DIsPosAL oF SLUDGE.

252. The cost of disposing of sludge cepends not merely upon the method adopted,
but also, and to a large extent, upon tle local circumstances of each place. This must be
carefully borne in mind in considering the following table :—

COMPARATIVE COST OF THE VARIOUS METHODS OF SLUDGE DISPOSAL, AS INSTANCED
BY THE EXAMPLES GIVEN.

Maximum and minimumn | Average cost of pro-
cost of the process, in pence,| cess, in pence, per ton
Number of | PeL.wR of sludge containing | of sludge containing
Method of sludge disposal. examples 90 per cent of water, in- | 90 per cent of water,
PieS- | cluding interest and sink- | including interest and
ing fund and all other sinking fund and
charges.* all other charges.
Covering land with sli.dge - - - 3 Minimum  1-32d. say, 2d.
M ximum 2-8d.
Sea disposal - - - - - - 6 Minimum 4'1d. say, bd.
Maximum 6:9d.
Trenching in soil - - - - - 3 Minimum 4-0d. . say, bd.
Maximum 7-0d.
Pressing. Groupl. - - - 10 Minimum  #8d. say, 6d.
Maximum 7-3d*
Pressing. Group IL. - - - - 11 Minimum 7-7d. say, 11-5d.
Maximum 12:6d.*
[ l [ 13-3d. say, 18d.1
Preasing and burning - - = 1 }(experi- I (excluding intercst
lmemal) lmul sinking fund.)

The cheapeat examples of disposing of slud%e come under the heading of *‘ covering land
with sludge.” This is, of course, what would be expected, for little labour is necessary in
connection with the plan. The success of the method depends upon having a sufficient
area of good, or fairly good, soil in flat formation. On account of smell, the plan would,
as a rule, only be suitable where the sewage works were far removed from houses and public

roads.

The two cases of an actual profit arising out of the disposal of the sludge, viz., Kingst:)n-
on-Thames and Bradford (Yorkshire) are not included in the table.

In the table no credit has been given either for the manurial value of the sludge
disposed of by covering land or trenching, or for the fuel value of the sludge and the pro-
duction of clinker in the * burning ”’ method.

With regard to the burning of sludge, if this process were so modified as to permit
of the recovery of the nitrogen of the sludge, its cost would probably be much reduced.

* Owing to the great variations in the actual figures for interest and sinking fund, mainl because of the different
dates at which the sewage works were coustructed, we have been obliged, in dealing with * Pressing,” to take an
approximate average figure for this item, viz. 9d. per ton of pressed cake containing 55 per cent. of water, or 2d.

per ton of sludge containing 90 per cent. of water.
t This figure is an estimate.
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MANURIAL VALUE OF SEWAGE SLUDGE.

253. Opinions in regard to the manurial value of sludge were of so conﬂicting‘a. char-
acter that we thought it advisable to institute some accurate experiments with various.
sewage sludges. °

Through te kindness of the Board of Agriculture and Fisheries, these experiments.
were carried out at several collegiate centres under their supervision.

The experiments took the form of three series ag follows :—
Series 1.—Experiments with mangolds and swedes at five collegiate centres,.
under the supervision of Dr. W. Somerville.
Series 2.—Experiments with grass at eight collegiate centres under the direction.
‘ of Professor Middleton, and at Woburn by Dr. J. A. Voelcker.

Series 8.—Pot-culture experiments at Woburn by Dr. J. A. Voelcker.

The reports on these experiments are given in Appendix VIIL.
1 three series of experiments the same sewage sludges were used, an_d in each
case It;?leallud;:ewas artiﬁcia.ll!;f dried before being sent to the experimental stations. Its
carriage would otherwise have presented much difficulty.

The sludges were derived as follows :— .
S1upge No. 1.—Composite precipitation sludge produced by the Native Guano
Co., Ltd., at Kingston-on- Thames :—

iq sludge consists of the precipitate deposited in continuous flow tanks,
as thrghrlessfllt ogf adding alumino-ferric, blood, charcoql an_d cla}f (together a})ogt
. 50 grains per gallon) to the Kingston sewage, which 18 mainly domestic in
chagacter but which contains a small proportion of waste liquors from breweries.

and a gas works.

Having been pressed into
of about 756° Centigrade, 1t wa

sampling.
Svuvoce No. 2.

This sludge consists of the prec
aa the result of adding lime (10 gral
per gallon) to the Dorking sewage, Wh

¢ pressed into cake and then dried by placing portions of it in thin
1ayerIst 1::;:: grgo or. A further quantity of lime, equivalent to about 120 lIbs.

per ton of presséd cake, was added previous to the pressing. )
SLupGe No. 3. — Alumino-ferric precipilation sludge from Chorley, Lancashire :—
i 1 ip] ited 1 i t settling tanks
Judge consists of the precipitate giepomtegi in quiescen: g
a8 th?;?silltl o% the addition of alumino-ferric (9 grains per gallon) to the Chorley
sewage, Which is domestic in character.

Having been pressed and Partially.
by placing it in small quantities on el
pressing & quantity of lime, equivalent to 1 ¢w

to the sludge.

Srupge No. 4.—Composite precipitation
process :—-

This sludge consists of the precipita

cake and then artificially dried at a temperature
s stored under cover for some time previous to

—Clomposite precipitation sludge from Dorking, Surrey :—

recipitate deposited in continuous flow tanks
ns per gallon) and alumino-ferric (5 grains
ich is almost entirely domestic in character.

dried under cover, it was further dried
ther side of a boiler. Previous to the
t. per ton of pressed cake, was added

sludge from Leeds, prepared by Alton’s

te deposited in a continuous flow tank

as the result of adding caleium phosphate (410 b grains per gallon) in acid solution

lime (about 1 grain per gallon) to the Leeds sewage, which

;ngatslﬁ;sﬁi ,‘Lﬁﬂzndﬁrﬁtaim o considerable proportion of waste liquors from
various manufactories. _ o
The wet sludge was first drained in s lagoon and afteljggrds dried

artificially by placing it near & boiler.
FA2

6226—1. ' .
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SLUDGE No. 5.—Septic tank sludge from Leeds :—

This sludge consists of the deposit in an open septic tank which had been
receiving Leeds sewage for a period of three years. The flow of sewage into
the tank during this time was sufficient to fill it once every twenty-four hours,
The wet sludge was first drained in a lagoon and afterwards dried artificially by
placing it near a boiler, ’

SLupee No. 8.—Settled sewage sludge from Leeds —

This sludge consists of the deposit settling in the second of a series of con-
tinuous flow subsidence tanks used at Leeds for the treatment of the main flow
of sewage. The wet sludge was first draimed in a lagoon and afterwards dried
artiﬁcia%y by placing it near a boiler.

SLupee No. 7.—Composite precipitation sludge from Glasgow (Dalmarnock),
known as  Globe Fertilizer » :—

This sludge consists of the precipitate deposited in continuous flow tanks
as the result of the addition of persulphate of iron (8 grains per gallon) and lime
(4 to 5 grains per gallon) to the (lasgow (Dalmarnock) sewage, which contains
much manufacturing waste.

‘The sludge was first pressed and then artificially dried at a temperature
of 85° to 75° Centigrade, and finally passed through a pan mill.

The chemical compositions of the sludges used in the experiments are given in the
Reports, but we may say here that No. 1 sludge contained the most nitrogen and phos-
phoric acid, and Nos. 2 and 4 the most lime.

SerIES 1.
Dr. Somerville’s Experiments with Turnips, Mangolds, and Swedes.

254. Table I. gives the names of the five experimental stations where this series of
experiments was carried out, together with the nature of the soil and the crop grown,

TaBLE L

T e i . i g et e e e

Place. Nature of Boil. Crop Grown,

Rotlamsted Experimental Station (Mr. G. D. Hall) - Stronfkﬂinby loam overlying | Mangolds.

cha
Agricultural Department, Cambridge University (Prof. | Moderate gritty loam over- | Mangolds.
Middleton). lying gaults
Agricultural Department, Leeds University (Prof. Strong drift. soil overlying | Swedes.
Seton). the coal neasures ‘
South-Eastern Agricultural  College, Wye (Prok. | Btrong linty loam overlying | Swedes.
Dunstan). chalk.
Glasgow and West of Scotland College of Agriculture Strong loam on the oarboni- | Turnipe.

(Prof. Wright),

ferous formation, »
The scheme of the experiments was as follows :—-

e P e et e o e s i, 4 Ak e 3 e < e e - o4 i e e

At each station twenty-two plots in duplicate, each .5 of an acre, were selected,

It was decided to use, as far as possible, 40 lbs. of nitrogen and 36 lbs. of phosphoric
acid per acre, and 2,072 Ibs. of sludge No. 1 were required to supply these amounts,
Since the other studges contained less nitrogen and phosphoric acid than No. 1, 2,072 lbs.
did not in their case sug ly as much as 40 lbs. nitrogen and 36 lbs. phosphoric-acid.
It was obviously impossi fe- to apply equal quantities of the manurial constituents irom

all the sludges, while it was slso inadvisable to attempt to get over this b{ the addition.

of artificial manures. On the first seven duplicate plots an amount equal to 2,072 lbs.
per acre of each of the sludges was therefore used. Plots 8a and 8b received an amount
equal to half the above quantity per acre of No. 1 sludge (i.e., 1,036 1bs. per acre), Plots
9 and 96 received no sludge, and Plots 10s and 10b received 3,108 Ibs. per acre of No. 1
sludge. The other twelve duplicate plots were used for comparative experiments with No. 1
sludge mixed with either sulphate of smmonia, superphosphate, or both, and also for exFen-
ments with sulphate of ammonin, superphosphate and fish mesl, either together ar alone.

#
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The whole pf the experimental area received an equal dressing of potash salt, supply-
ing 30 Ibs. of potash (K;0) per acre :— |

“ what abnormal in character and, on the whale, not very favourable_to the action
¢« of u;l;l:l%:::‘sor%xﬁ st%r:%ﬁdlands northwards the early part of the summer was characterised by great -

in, wi i i beck in growth.
w i f rain, with the result that seed germinated badly and young plants received a obeck in gro
“ iiﬁifﬁg t‘;ler:oot erop on the experimental area was a total failure, so that no figures are avaﬁa\ble from

# this centre. , '
* At the other centres the yields were fair, being above the average at Cambridge and below the average
“ at Masgow.” f .
‘ i ith gi ig itrogen and phosphoric acid -
5. From the results obtained with given weights of ni ohy
adde?iﬁin the form of artificial manures, Dr. Somerville determines the sensitiveness of the
goil to manurial treatment, showing :—

i ' ' hates

hat nitrogen alone (sulphate of ammonia), unsupported by phosp .
rodggeg nz prtl);if;(i’xgrz result a,t( ang' of the centres, so far as turnips and swedes are
goncerned. On the other hand, with mangolds at Rothamsted and Cambridge a

large increase was obtained.

t the use of 20 bs. of nitrogen (sulphate of ammonia) per acre, together
With(g%mo'ggzoriceacid in the form of superphosphate, produced a marked increase of

crop In every case. | ' honphte) o

hat 18 1bs. per acre of phosphoric aid (as superphosphate) alone produce
no ir(a::z'egseaof crop, I:\rhile, with the exception of Wye, 36 lbs. of phosphoric acid
per acre produced an increage at all the .centres.

Comparing the resuits obtained with sludge No. 1 alone and mixed with either-super-
phosphate or sulphate of ammonia, he shows :—

' ] in the

the phosphate of the sludge is less active than the phosphate in th
BU eﬁlix(:ggig.te, ebgcaufe the addition of a further quantity of phosphoric acid in
thg foprm of superphosphate produced a greater relative effect in the former case than

the latter.
re similar indications with regard to the nitrogen of the sludge.
Frozfz2%h§1£¥ez}ée;§zzparison of the effects of equal weights of nitrogen (20 lbsl.\Iand
40 1bs. respectively) and phosphoric acid (18 lbs. and 36 1bs.) derived from slusdge o_.ul
d fx:om sulphate of ammonia with super-phosphate and with fish raeal, Dr. Sorerville
o that the sludge-grown crop is in nearly every case considerably inferior in weight to
iﬁg ::op grown with artificial manure. In several cases the sludge-grown crop was smaller

than the crop grown on the unmanured plot (No. 9).

In comparing the results obtained with all seven sludges, he says :—

: s and the average of the seven plots that got 2,072 Ib. per scre of
o Takmgﬁtl:; :}Y::agl‘:eo;i:ili?:ri?:; at 19 tons 7 cw%. per acre, which is praotxqa.lly? i Mn"im;ﬂtlhabx;
. sludge, we‘5 n.e[d on the unmanured plot (No. 8). Or, looked at irom‘anothezi) 1pmgt, ohvxew_,tx e
0 he av}:a r:gth y‘hi hest yield of any of the sludges is that of No. 2 (Dorking) on Plot 6, where i ar;ah?ﬁuq :
“ :Zegot t?)ns ;; cf,t,, a figure that is lower than the average yield on any of the plota receiving artificia

“ manure.” o 0
1 W8 1—
ville’s general conclusion is as follo -
D“r Somer these egxpsriments go, they show that in the season of 1905 none of the sludgels exp;}-;.
“ So .f;r ay duced any consistent manurial effect on the growth of turnips, gweﬁeg, 0';‘1 Xp&;ngo ds. m
e e s + a good one for the growth of the root crops, it permitted artificial manures ¢
“ though the season was not a 8 . We would, thetefore, appoat to be justifid ia

" : ield of ’ ;
“ Sfarq & 0:;::3:;:})& xﬁmcihtpﬁr?gz“y :n% ;h osphoric acid of sindge are in a much less available form
“ drawing

i i hosphate, and fish meal.” ‘ .
s substances in sulphate of ammonia, superphosp . . |
tm}:h:n?::e;; ;he difficulty of the whole subject, it was thought desirable to continue
the experiments for another year, this time with hay as the crop to bg grown.

-

SkRIES 2.

‘ ; y Haw, under the Supervision of Mr, =
(a) Ezperiments with Sewage Slz;q«?g;{ f‘pﬁ:ﬁdd lc(:t% 7: ; » | |

. - 258, | The general scheme of this seriés of experiments ;visa ;imilar to that of Segias ‘1,'5
+ eight-oentres were chosen and the orop grown was 2ay. | o
et ot & re each (not in duplicate) were

( t an ac
At most of the centres twenty-five plots of 4 ot an
uged, but at Cambridge there were thirty-four plots.

1

B3
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The first seven plots received equal weights of the seven sludges; Plots 8, 9, and 1I
different weights of Sludge No. 1; Plots 10 and 23 were unmanured ; Plots 12, 13 and
14 received No. 1 Sludge with various artificial manures ; Plots 156 to 22 combinations of
artificial manures alone, while Plots 24 and 25 received lime alone. The artificial manures
employed in this instance were basic slag and sulphate of ammonia.

The sludges were the same as in Series 1, but made a year later : as will be seen from
the chemical analyses, their composition varies slightly. Sludge No. 1 again contained
the most nitrogen and phosphoric aid, and Nos. 2 and 4 the most lime. '

Table I1. gives the names of the centres at which the experiments were carried out
with the nature of the soil and the condition of the meadow land. .

TaBLe II.
Centre. ' Nature of Soil. Condition of Meadow Land.
(1) The North of Scotland College of Agriculture, i Poor, wet clay. Field had been in grass.
Aberdeen. ; for six or seven years,

but was ifi extremely-
poor condition.

(2) The West of Scotland College of Agriculture, \. Heavy clay. Grass in its first year.
Glasgow. "

(3) The Armstrong College, Newoastle-on-Tyne. ' Clay loam. Field had been in grass for-

: about thirty years.

(4) The University, Leeds. Medium loam, 0Old meadow land,

(5) The University College of North Wales, (ravelly soil. 0ld meadow land.
Bangor. , .

(6) The Agricultural Department, Cambridge  Medium, but sticky loam. | Pasture of fifteen to-
University. twenty years' standing.

(7) The Rothamsted Experimental Station, Heavy clay loam. Old meadow land.

Harpenden, Herts.

(8) The South-Eastern Agricultural College, Wye, ~ Somewhat atiff loam over- | Pasture of some years”
Kent. ‘ lying chalk. standing.

267. Mr. Middleton’s report should be referred to, but we may say that the broad
results show that at the northern stations, where the wet summer was favourable to
slow-acting manures, the application of sludge seems to have been useful.

In the South of England, where the hay is cut much earlier, the sludges produced no-
results whatever.

Speaking generally, the two sludges containing the most lime, viz.;, Nos. 2 and 4, gave
the best results among the sludge grown crops.

¢

¢

In a general survey of these experiments and the experiments of Series 1, Mr. Middleton
says :—

“ The figures obtained in this experiment and in the corresponding experiments made last year are not
““ of a eatisfactory character, and do not permit of any conclusions as to the relative money values of sludge-
“and artificial manures.

* The only definite conclusion which may be stated is that, for root crops and grass, the action of the

“nitroge ous and phosphatic constituents of sludge is very slow, as compared with the effect produced by
* nitrogen and phosphates supplied in ordinary artificial manures.

* For such crops as mangolds, potatoes and swedes, which have & short period of growth and require:
qlllnck acting manures, sewage sludges would not appear to be well adapted, and if they are employed they-
should be applied in tgns rather than in hundredweights per acre.

“ On the other hand, although these experiments do not supply the evidence, it seems likely that sludge-

*‘ used in proper quantities would form a good dressing for the slow growing plants of many permanent pastures
** and meadows.

L]
113

* Bludge is unlikely to give satisfaction on the very poor clay-soil pastures which are so much benefited:
“ by basio slag, but for old grass land of moderate quality it should prove useful.”

It is instructive to note the indication that sludges produced by precipitation with.
lime are probably more valuable as manures than sludges derived from precipitation with
salts of alumina or iron. As is well known, phosphate of lime is much more readily assimi~
lated by plants than phosphate of iron or alumina.

This series of experiments upon hay is being continued at some of the stations for:

« another year without any fresh application of sludge.
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b

(b) Experiments with Sewage Studge on Grass Land at Woburn, by Dr. J. A. Voelcker.

258. These experiments were on much the same lines as those carried out under Mr.

‘Middleton. bt hed been long

ts of & of an acre were marked out in a field that had beerr long in grass,
but v?lz?:l?::g)ulfdzgly be described as of moderate quality. The field is on the junction of
the Lower Greensand with the Oxford Clay, the soil partaking of the character of both

formations. . -
The first seven plots were respectively dressed with each of the seven sludges in -
uantity sufficient to supply 40 1b. of nitrogen per acre, Plots 8, 10 and 11 received ordinary
glixtures of artificial manures, and Plot 9 was left unmanured. Plots 8, 10 and 11 also
received a dressing of lime, Exactly the same sludges were used as in S'enes 2 (a). -
“ i xception of Nos. 2 and 4 (which were rather ° gticky’ in nature, and wou
< in g&iﬁ?bfﬁ%féﬁiﬁﬁﬁ :o soI;v), were in fair condition and coqld be easily mampqlated. Veztg; lgttlle1
“ P fell during the months of February and March, the recorded rainfall at Woburn being only 0 . mz4
“ ;amF bruary and 0-83 inch for March. In A ril, however, there was much more, and on April 12t} 0
« 'orh ef ixll'yfell this being the first real washing which the menurial applications received. This fact
“ mo;l 131 mbeence’ of warmth by which the season was marked no doubt militated much against the sludges
“ gnc e o any decided benefit, and it is, indeed, very probable that the resplt.s now recorded cannot fairly
“ ?ctr:;sﬁs 8 yuidef,o the real c,)r relative valuesof the aludges. In all expenmgnts conducte@ on gmis latx}xld
s 'te‘s u:fa.ir ar?d often mislesding, to take the results of a single year as conclusive, and especially 1s this the
b La;e when ,an abnormal season like that of 1907 enters into the calculation.

as cut on July 16th it was found that there was little difference in
wei xléefncfgg f}rlg;l:ny of the ﬁrstysix plots, the produce ranging from about 2 tons pex:
acrg* (Plot 1) to about 2 tons 4 cwt. per acre (Plot 4). Plot 7, receiving Sludge Noi)j'?l;
Plog 8; receiving superphospha-te, 3 cwt. per acre and lime 5 cwt. ; -and Plo1im?, Pvlv tc7 )
received no manure, gave from about 2 tons b cwt. (Plot 8) to about 2 tons 7 cwt. (Plo

-of hay.
i r i wt.) gave
10 (superphosphate 3 cwt., lime 5 owt., sulphate of ammonia { c
-abou}slgttons (8 cgvt?a.ndpPlot 11 (sulphate of ammonia 14 cwt.), 3 tons 3 cwt.

959. Summarising these results Dr. Voelcker says :—

‘ i ink, li to be said than that, for all practical purposes, the sludges did not ‘tell ’
“ g ) Th:ﬁ?'s ‘:é:q;?nl}{&k:ﬁftx:}?:; require longer time to show their influence, and that the only clear ber;ﬁﬁt
. uring bl trac;ad &o the more quickly acting (because more soluble) matenp.l, sulphate of ar‘nmon}a.. , fat
« o tgh' eincrease will. in the end, be a beneficial one, is by no means certain, for the mere flushing ’ of a
« o ﬁlfd to give an extra out for hay by no means results necessarily- in the 1mpro,x’rement of the pasture
“ %:::nsan?antly. Here, again, continuation of the experiment for other years is called for.

SERIES 3.
Pot Culture Baperiments at Woburn by Dr. J. A. Voelcker (1907).

iti i i ith grass, Dr. Voelcker also carried
. In addition to the foregoing experiments with grass, . .
out 3.2 ggtailed geries of experiments with wheat at the Woburn Pot Culture Station, experi,

ments which involved much care and trouble.
The same seven sludges were used.

iments were divided into three groups :— .

e expm(NIII)nA comparison of the manurial éffect, on the wheat crop, of one kind of

gewage sludge as against another, when these were respectively applied in
quantities calculated to supply 40 Ibs. of nitregen per acre. .

(2) A comparison of the effect of each individual sludge with that of an
artificial dressing composed of superphosphate, rape dust and lime, (;%lcnilated to
supply the same amounts of phosphoric acid, nitrogen and lime as did the corre-

ing sludge. _ N
SPOD?;?SA coxﬁparison of the cost of increase of crop obtained by the addition
of sludge and by artificial manures of known cost. In this experiment the gludge;
were used in equal weights (2 tons per acre) and compared with dressings o
artificial manures such as & farmer would be likely to use.

i carried out in triplicate, the plan being to grow the wheat in

E;r e?l"tgji? zglzl:ﬁeg ::ith soil of known composition. In ﬁ.lln}g the pot the lest fifth

pOtBhO cil was thoroughly incorporated with the sludge or artificial manure used mn the

pl r(;!:gnt The pots held 40 and 32 Ibs. of soil, Control experiments for each size
ex .

of pot were also made at the same time,



*

138

When the pots were all filled, on December 5th, 1906, they were each sown with
twelve seeds of wheat, the yonung plants being thinned out to six in each pot on April 11th,
. 1907." As regards the plants removed at the time Dr.-Voelcker says :— ‘

LV o o acomparison of the rootlets of the plants then removed showed very little difference between

“ otie sludge and another, but in each case the artificial equivalents had given the larger and stronger root
44 - ) . -
growth.” - »

“ About April 22nd the first change m appearance showed itself, the sludge grown plants being then
“ glightly in advance of the untreated (‘control’) ones, and the flag presenting a darker colour. The plants
““ of Sludge 1 and 4 were the best of the series. On April 25th the top dressing of sulphate of ammonia was
“apphed in experiment 3. ' : : : ,

“ By May 24th further differences were noticeable ; the ¢ equivalents’ were in most cases rather stronger

‘ than the corresponding sludges. Of the sludges, No. 2 alone seemed 1o better than the untreated lot, the

* pthers generally showing improvement.  Growth was rapid from now, and in each case the ° equivalents’

“ went to the front, and by June 20th Siudge No. 2, which up to then had been behind the others, now shot
“ahead and was the best of the sludges. Sludges 4 and 6 had very irregular plants. As the ripening pro-
_* ceeded, the most noticeable point was that the straw was distinctly shorter in the case of the * equivalents’
““ than with the sludges themselves; this held good in every case. The untreated lots ripened off first, then

© ““the sludges, and lastly the equivalents. Photographs and measurements of the plants were taken just before
* harvesting, this latter being done on Angust 28th, the corn being subsequently threshed out and weighed.”

261. Having set out the results in tabular form and examined the results in detail,
- Dr. Voelcker draws the following conclusions :—

* (1) That the different sewage sludges, when used in sufficient guantity. to supply 40 lbs.
“ of nitrogen pex acre, are capable of increasing the yield of both corn and straw by 10 to 12 per
“ cent. above the unmanured produce. :

“(9) That °artificial equivalents” of the different sewage sludges applied as above will give

“ rather better results, the increase in corn and straw being 16 to 17 per cent. over the unmanured
€< 2”2 B
produee, .

“ (3) That the tendency of the use of sewage sludges is to produce a greater length of straw.”

(13

(4) That as between different studges, those have done the best which contain the most
“ moisture and the most lime.” : '

*(5) That the value of the sludge does not turn mainly upon the amount of nitrogenous organic
“ matters contained, but that these may, indeed, be in a form incapable of ready assimilation and
“ requiring lime for their decomposition?;%\ : ‘
“ () That from a practical point of view none of the sewage sludges used would be worth 10s.
" **a ton on the farm for wheat-growing purposes.” , '
262. Acting on the suggestions of Mr. Middleton and Dr. Voelcker, we have decided
to continue these experiments for another year. The indications are that the manurial
-constituents of sewage sludge act much more slowly than those of ordinary artificial
manures, and for this reason the second year results may be of considerable importance,

Unit for unit the nitrogen and the phosphoric acid of sludge seem to be of less value,
‘manurially, than the nitrogen and phosphoric acid of artificial manures; at any rate so
far as the first year of application is concerned. It also appears that sewage sludge is not
a snitable .dressing for quickly growing plauts, unless it is applied in very large quantities
per acre. S .

~ The important practical ‘consideration, however, is not whether the manurial
constituents of artificial manures are, unit for unit, more valuable than the manurial

- constituents of sewage sludgé, but whether a given increase of erop can be produced
more cheg,

doubtedly a“manurial value, but the manurial constituents being of necessity mixed with

such a large proportion of grit, etc., the question of its economic use as a manure depends, .

»to & large extent, upon the cost of carriage. .

§

In the case of _seim"ge sludge, likely to contain anthrax spores, it would of course be
unwise to apply it to land. Tt would, however, be only in rare cases that such spores
- would be apt to be present. : I o ' :

‘sludge-to a tip outside the dam.

p%y with sewage sludge than with artificial manures. Sewage sludge has un-
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- .SLUDGING OF MILL DAMS. .

I

i

263, Our attention has beerr drawn to thi evils dttending thie piactics’of the sludging

of mill dams on rivers, and, although the matter is not directly within our terms of
-reference, we thought it desirable to take some evidence in regard to it, as it was alleged

that the practice frequently gave rise to sérious nuisance, -

.. Many of the rivers in this.country, particularly,in Cheshire, Lancashire, and York-
B IR 5 v R [P ECIN R P g 3 R T A R . . RO .

shive, are largely used by mannfacturers for power and other purposes, and to facilitate

In course of time, the mill dams become silted up with" solid- matters which are
brought down in suspension by the stream, and which, owing to the velocity of the
stream being reduced, settle in the mill-.dam. - It is: necessary to empty these solid
matters out of the mill dams from time to time; and the evidence shows that-when  the
accumulations are sent. down the riverin- bulk serious-pollution may take place and

" a nuisance may be caused. The liability to -nuisance is of-course -greater in the case

of rivers which, in their course above the mill dams, receive polluting -matters such -as
sewage and manufacturing effluents, but it was represented to us that .nuisance also
oceurs, though in a lesser degree; on rivers which are-not so-polluted. ++ < o -

- The witnesses whom we examined specially in:regard to these matters were :—

Mr. Herbert Hughes, C.M.G., Clerk  of the Millowners’ Association of -the
" River Don. :

PO UL ST ¢
TS ;

Mr. -J. Selwyn Rawson, Millowner; =i oo nos fnam cen s L
Mr: A: F. Somerville, Chairman-of the Sanitary' ‘Committee of the Somerset

County Council. ' e R R '
Mr. R..A. Tatton, Chief Inspector of the Mersey and Irwell Joint Committee.

. MuE ‘Halliwell, Chief- Inspector of the Ribble Joint Committée, - -+
= =i Mr H. Maclean Wilson, Chief Inspector ‘of “the West” Riding' of* Yorkshire
cemete o Rivers - Board o T anm e a8t

~ From. the evidence of these witnesses, we find that there are three prineipal
methods of removing the accumulations of solid matters, or sludge as it is termed, from
dams, namely, («) by opening the sluices and-allowing the-accumulated: water toflush
out the sludge ; () by turning-the water of the stream through the daim-and employ.

_ing men to push and carry the sludge into.the current of :water,-by whick it is washed

“the use of the water for such purposes, dams or reservoirs are constructed either in -
~the bed of the stream itself, or near thereto. ‘ : -

Somerville,
202304,
20254-5,
Tatton, 20264.
Halliwell,
20477-86..
Wilson, 23915,
23935-6.

Tatton, 20265-73.

Wilson, 23934.

ont: of the dam into-the stream ; and (c) by running - the: ‘water-‘out -and -wheeling*‘the ,

i . LS CNS

264. The main provisions of the general law affecting this matter are contained in'the
Rivers Pollution Prevention Act, 1876. There are, besides, two special Acts, namely,
the Mersey and Irwell Joint Committee Act, 1892, in force in the area under the jurisdic-

* tionof the Mersey and Irwell Joint Committee ; and thie West Riding of Yorkshire Rivers
Act, 1694, in force in the aréa under:the jirisdiction of the. West Riding "of - Y orkshire

Rivers Board. ist

b Fﬁf'Section 2-of the Rivers: Pollution” Prevention “Aet; 1876, it is provided
“ gvery person who puts or causes to. be put or to fall, or knowingly ‘pérmits to *be- put
or to fall into any stream, so as . . ... . to interfere with its due How, or to pollute its

“thilit

waters, the solid refuse of any manufactory, manufacturing process or quarry,. or any .

Tubbish or cindérs, or any other waste or any putrid solid matter, shall be deemed to have
commiitted an offence against this Act.” - By Section 17 the ‘Act is not to apply to or
affect the lawful exercise of any rights of impounding or diverting water ; and by

~The effect of these provisions upon the sltlclging out of mill dams- has been the
subject of a judgment in the Court of Appeal in the case of Ribble River Joint

" Committee ». Halliwell. The respondent owned a mill on the river Darwen, and he

had from time to time been accustomed to divert the water, which was polluted with

6225.~L. . 2B

I

‘Section 20, the term “ solid matter ” if not inconsistent with the context, does ot in-
- clude particles of matter in suspension in water. : S



atton, 20305.
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vegetable substances, into a reservoir. The water was impounded in the reservoir,
cleared, run off, and then used for condensing purposes. A large deposit was left at
the bottom of the reservoir, and from time to time sluice gates were lifted and the
deposit was discharged into the river. The matter so discharged was putrid, and it no
doubt polluted the river.

The Court of Appeal held that the lawful exercise of the right to impound and
divert water, which was protected by Section 17 of the Act of 1876, necessarily implied
a right to return the water after it had been used for the purposes for which such right
of impounding and diverting was so exercised ; and that if, g; the impounding, solid
matter which was brought gown in suspension by the stream was allowed to settle and
become putrid, the return of the water, together with such putrid matter, was not an
offence under Section 2 of the Act.

2656. In the Mersey and Irwell Joint Committee Act, 1892, the prohibition against
the putting of solid matters into a stream is extended to *“ sludge ” ; but it is provided
that no person shall be deemed to have committed an offence against the Act for
construeting in or across any “ river or stream any . . . dam . . . which but
for the passing of the Act he would have a legal right to construct,” or “ for puttin
into any such river or stream any sand or gravel or other natural deposit which shal
have flowed from or been deposited by the current of any such river or stream.”

So far as we are aware, the effect of the Mersey and Irwell Joint Committec Act
has not been determined by the High Court; but it was stated by Mr. Tatton, then
Chief Inspector of the Joint Committee, that proceedings had been taken under the
Act in seven cases against millowners on polluted streams for sludging out mill dams,
and that convictions were obtained in all these cases.

266. The West Riding of Yorkshire Rivers Act, 1894, follows closely the Mersey -

and Irwell Act, but is, if anything, somewhat stronger. For in addition to ** sludge,”
the West Riding of Yorkshire Act expressly mentions “any rubbish or any deposit in &
reservoir, mill dam, water lodge, or pond,” as amongst the solid matters which may not
be put into a river ; and, while it contains the proviso that no person shall be deemed
to have committed an offence for putting into a river or stream any sand or gravel or
other natural deposit which shall have flowed from or been deposited by the current of
the river or stream, it further provides that the sand or gravel or other natural deposit
80 put back into the stream shall not interfere with the due flow of or pollute the waters
of such river or stream.

The West Riding Act has been before the High Court in the case of West Riding
of Yorkshire Rivers Board ». Goldthorpe and anothes which was an appeal by the
Rivers Board from the decision of the 5$1arter Sessions dismissing a case in which a
millowner was proceeded against for putting solid matter into a stream. From the re-
port in The Times of June 9th, 1898, we gather that the process of the respondents was
to collect in the mill dam the water that worked the mi]? by reason of which a deposit
wag created. Periodically this deposit was shovelled out into the stream and allowed
to be washed down. Evidence was given that as much as 300 tons in one day was thus

sent down, and a sample of dark coloured water was put in in evidence. The Court held .

that the section of the Act prohibiting the putting of solids into a stream did not apply
to * cleaning out” a natural deposit of a mill dam. Day, J., stated ‘“that was a
natural deposit ordinarily associated with a mill pond when the water was torpid for a
oertain time. This was not an offence under the section, and, if it were, it would come
within the exception.”

We may also refer to another action under the West Riding of Yorkshire Rivers
Act, viz., West Riding of Yorkshire Rivers Board z. Rawsons 1903). The respondents
were the owners and occupiers of a mill situated on the bank of a river. Adjoining
the mill was a large dam fed by a goit from the river and a tributary stream and hav-
ing an outlet at the other end into & lower part of the river. The sewage from some
400 houses, besides the treated trade effluents of six mills, entered the river above the
dam. Owing to the waters being impounded in the dam, a deposit of mud and sludﬁe
had formed in the basin of the dam. The respondents, in order to get rid of the mud-

sludge and deposit, opened the sluice at the outlet of the dam and turned the whole of -

the waters of the river through the dam, while men with spades conveyed and scraped
the mud, sludge and deposit into the current so made when it was carried in suspen-
sion through the outlet, making the river muddy and unfit for any purpose.

- ghould not be a
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the respondents had committed no offence under the Act. Inthe

coursI; :)Vfaiilslr,elj‘tinggﬁer?t, Wills, J., stated, “under the Act applicable to the present
case the sludge is prohibited from being sent out, but, by reason of what has been done,
the sludge before anything has been sent out has ceased to be sludge, or has been con-
verted into a very mild decoction.” This had reference to the fact that a sample of the
ter taken at the outlet during the sludge operations was analysed and found to consist
(‘;Vfaslightly over 99} per cent. of liquids and less than half per cent. of sphds in suspen-

sion. . .
arly the intention of the two Rivers Boards, in promoting their ) :
8 oi?a(lw.Agtt;ls.wtzs ogt}:ainy ower to prevent millowners from turning into the nveg %Z':‘tg::‘gg’22&ﬁ
tEg solid matters which had been deposited in mill dams, and it was ulx;gle)a.t 20%}.8_%
bv some of the witnesses that the general law should be altered so as to Iln-o ibi go% liel,
tge scouring out of the sludge into the river, save perhaps in exceptiona, oasets(; oo
and that the manufacturer should. be required _to remove th‘e sh}dge B?n i 23018-21,
land. Mr. Maclean Wilson, representing the West Riding of Yorkshire Rll‘{r,?s? oar L 23939_13,
stated that, on the whole, this was the more common practice in the West 1d1ng, ;}1 2393943, ‘
that therefore it must be regarded as a financially ;.)ractlcable: me'thm(ii 11;2 a Ii)pl'i“ ﬁ. '}1‘13:?‘3;1?0331_,
Tatton, Chief Inspector of the Mersey and Irwell Joint Committee, and Mr. Halliwell, Halliwell

Chief Inspector of the Ribble Joint Committee, expressed a similar view.

' i illowners’ Association of the 20124.
the other hand, Mr. Hughes, representing the Mi .
Rivex(');l)on contended that the cost of removing t%e, sludge on to land would in fgci\x{ne 2018399
cases be al,)solutely prohibitive, and this view was supported by the evidence of Mr. 2 .

: 3 i ion of Rawson, 20184
Rawson, a millowner. It was further pointed out that in some cases the situation e vl

the mill dam would render it impracticable to remove the sludge on to land. . iy
'968. We are satisfied that the discharge of sludge from mill dams into t.llxe rl‘{l?frl;'?t

more or less lengthy intervals of time, in some cases g1ves Tise to serg)us e\? 8. o i tg

the river could itself deal with the suspended matters as they ﬁowh own rggn y y

da , it cannot cope with the accumulation of such matters when these are discharged

altogether over & short period. N N
‘me it must be remembered that in numerous case millowners have
AL the s el ht for many years to empty the sludge from their dams into the

joted ri mp? : A . .
:‘i%(;rth:ngntf::r;ny uncﬁxe interference with this right might seriously affect industries,
’

. . _ . . "
i 11 the circumstances, and having regard to the evidence given on beha.

£ angl{xlggsmwz do not consider that the practice of sludging mill dams by turning
the lations into the stream should be absolutely prohibited by law in every case
e e o rd to the local circumstances. We are of opinion, however, that in most
without regald be financially practicable for the millowner to remove the sludge on to
cases wo‘ilo t some other nreans of disposing of it, and in §uch cases the millowner
land or to pllowed to turn it into the stream if, by so doing, & nuisance would be

causegl. .
RECOMMENDATION.

; that in any case in which the Rivers Board should be of

: that the gllgzing?gg of a mill dam by turning the accumulated sludge into the
opinion L8 s to nuisance, and that it would be financially practicable for the
other method of cleansing the dam, the Rivers Boards should
to direct the millowner not to turn the sludge into the stream.

stream would give ris
mill owner t‘,oda(}i)opt stqgée

mpowered, by notice, . ! .
be e rf:homd ,be provided that any millowner deeming himself aggrieved by such a

direction, might, within some fixed period, aplpeal to the Central Authority. The

ion of the Central Authority should be fina
R 1d any cases arise in which it is important that the s_luﬁge should not be

Shgll %hy stream, but in which the Rivers Board are of opinion that th_e cost of
turned int ezher metl,lod of cleansing the dam would be prohibitive to the millowner,
adopting &4y 3 that the Rivers Board should be empowered to represent the case to the
we recommsl that the Central Authority should be empowered, after due

Central Authority, and due shall not be turned into the stream. If the Central
i;\ 2}112{-,1;;0 S?lg‘:{}(; gelaa;a:z?i:éuth%t the cost of adopting some other method of cleansing
Au

the millowner could be reasonably called :upon-
b e thmfll to girect that a portion of the cost should be borne‘

) ‘ re
+0 boar, they should be exlrmlg:e“gistricts would be benefited.

by the local authorities w -

6225—1.
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PART V.—GENERAL.

!
-  EFFECT OF TRADE EFFLUENTS ON SEWAGE PURIFICATION.

270. All the trade effluents of which we have had experience interfere with or retard
processes of purification to some extent, but we are not aware of any case where the
admixture of trade refuse makes it impracticable to purify the sewage either upon
land or by means of artificial processes, although in certain extreme cases special processes
of preliminary treatment may be necessary. '

In the following cases, which we have investigated more or less fully, some
modifications have had to be adopted in consequence of the presence of trade refuse.

Burton-upon-Trent—Brewery refuse.

Here the sewage consists mainly of brewery refuse, the sewage proper constitu-
ting only about one-fifth part of the whole. We are not aware whether artificial

. processes of treatment have been tried with the Burton sewage; but, for its treatment

on land, the addition of a very large quantity of lime has been found necessary
(40 to 50 grains per gallon), otherwise the decomposition of the sewage gives rise to
the production of much sulphuretted hydrogen, causing great nuisance. With
carefully regulated addition of lime, treatment on land appears to be successful in
producing a good effluent.

Bradford.—-Wool-scouring liquor.

The sewage of Bradford contains a large proportion of wool-scouring liguors,
which have the effect of making it abnormally alkaline and very greasy. A special
preliminary process of precipitation has therefore been found necessary, viz, the
“cracking” of the sewage with sulphuric acid. The fats which are thus set free are
extracted from the precipitated sludge by pressing hot, and by distillation of
this pressed sludge under reduced pressure. The precipitation liquor after the
addition of sulphuric acid can be successfully treated on percolating filters at rates
of from 50 to 100 gallons per cube yard per day, notwithstanding that it is often
distinctly. acid as it goes on to the filter. It may be added that the efluent from
the filters is usually neutral or slightly alkaline.

Rochdale.—Wool-scouring liquor, waste liquor from fellmongers, rubber-recovery
waste.

At Rochdale, as at Bradford, the sewage is often rendered ve alkaline and
greasy by the discharge of wool-scouring liquor. At such times su?i)huric acid in
addition to alumino-ferric is nsed as a precipitant ; otherwise the tank liquor obtained
is unsatisfactory and badly settled. The sewage after precipitation is successfully

treated, either upon filters, or upon land.

It is interesting to note that the strong {tlkaline sewage at Rochdale can be
successfully treated, without any neutralisation, by septic tanks, followed by
Whittaker percolating filters. ' .

Wolverhampton.—W aste liquors from galvanising works.

Owing to the discharge of the * used-out” liquors and wash water (which contain
a large quantity of ferrous iron in acid solution) from the vats at the galvanising
works in the town, the Wolverbampton sewage is often mixed with such a large
quantity of this liquor that it is then necessary t‘o increase the quaatity of lime which
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is used as a precipiiant in order to obtain good settlement in the tanks. If sufficient
lime is added, the iron in the sewage helps the precipitation. The tank liquor is
successfully treated over land, and it has also been shown, by experiment, to be
easily amenable to treatment on bacteria beds.

There are many similar cases; but those cited are, perhaps, sufficient to show
that trade effluents may render necessary modifications in the ordinary processes of

puriﬁcation‘ |

271. These cases may, we think, be regarded as more or less exceptional. Usually
we find that the amount of trade efffuent is not sufficiently large to make any
material modification of the process necessary, though of course the increase in volume
of the sewage to be treated may necessitate an enlargement of the filtering area. The

following are cases of this kind :—
Birmingham.—Various manufacturing liquors.

The Birminghain sewége, notwithstanding the considerable proportion of various -
manufacturing waste liquors which it contains, can be successfully treated upon land.
or upon artificial filters, after ordinary preliminary settlement and septic tank

treatment.

Munchester,—Various manufacturing wastes, including many tar products.

Here part of the sewage is being successfully treated on a large scale by means of
septic tanks and contact beds. , 3

Leeds.—Wool ﬁbre, dye waste, tannery and iron liquors.

The fibrous nature of the suspended matter in the Leeds sewage and the amount
of finely divided and colloidal iron compounds which it contains seem to be the main
causes which render the settlement—either by septic taak treatment or sedimentation,
or even by precipitation—more difficult, and the danger of filter clogging much more
gerious, than would be the case if these waste proc.luc.ts.\gvere absent. The trade
offluents in general also seem to have the effect of inhibiting, to some_extent, the
action of the nitrif ing organisms in the blqlogxcal oxidation processes at Leeds, for it
has been noticed that filters take an exceptionally long time to mature there.

The experiments at Leeds, however, have shown that it is possible to produce good
effluents by various processes, and that—with careful selection of the materials—
ologging can be prevented long enough to make it practicable to treat the sewage by

artificial filtration.
®
Maidstone.—Brewery and tannery waste.

The Maidstone sewage is frgquently mixed yvith large. qqantities pt‘ the waste
liquors from breweries an tanneries. At such times the liquid resulting from the
l k treatment after precipitation with lime is organically stronger and less well
tmt:‘tl ol than at other times. The trade effluents at Maidstone also appear to have
:ﬁe ;ﬁ‘ect of increasing the nuisance from the tanks, for it has been noticed that when
these liquors are present the smell is much greater. Experiments, worked partly
under our observation for this special purpose, have shown that the sewage can be
guriﬁed to the extent of 88 per cent., ca culated on the “ oxygen absorbed ” in four

ble contact filtration, without preliminary treatment in tanks for the
s;’t':fg;n},’,{t d:futhe solids, although only a small quantity (23-7 gallons) can be filtered

per cube yard per day.
Yeovil.— Waste liquors from tanneries.

ed septic tanks and double contact beds appear to be successful in

At Yeovil, clos hich is often mixed with a large proportion of tannery liquor.

treating & sewage W
Here the effect may b
possibly of the filter beds.

e to require a more frequent cleansing of the tanks and -
We have not watched the plant continuously.

2
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York.—Tannery waste and waste-waters from a confectionery works.

After septic tank treatment the York sewage can be successfully treated upon
percolating filters at a rate of something like 150 gallons per cube yard per day.

There are a number of such cases, and, indeed, the great majority of sewages from
towns with populations from 5,000 upwards are mixed with small proportions of
manufacturing wastes. Generally, therefore, we are satisfied that the character
and proportion of the trade effiuent or effluents in the sewage are not such as
seriously to affect any process of purification, though in some cases where it is

Eresent in large proportion, or is of a specially refractory character, special means
ave to be taken to counteract its influence.

At many of the places which we have visited (for example, Birmingham, Bradford,
Burton, Burnley, Huddersfield, Leeds, Manchester) the difficulties arising from the
admixture of trade effluent with the sewage have been largely overcome as the result
of experiments, which have been conducted under the supervision of skilled scientific
advisers resident upon the works.

272. Our further ex;l)erience strengthens the view which we expressed in our Third
Report, that, as a general rule, trade effluents should be allowed to enter the sewers,

but that the local authority should be given power to require that their admission
should be subject to regulation.

195 .
NUISANCE FROM SMELL AT SEWAGE WORKS,

i i i lls, and they
works are liable, at times, to give off unpleasg,np smells, ‘
shoul2cf,i7 31.;heﬁalflo::,w l;gzituated away from dwelling houses, wherevgr- this is practicable.

i - ins brewery
i i be considerably greater where the sewage contains .
T e aanti aptbfx?:, 09;1 the other h};ngd, ‘the presence of some trade effluents, such,

i ntity ; e trad 1
:?u?slﬁo?Za%;:aor ta?r;'y matters, tends to render the process of purification less offensive.
1 Add

The extent of the risk of nuisance depends, however, not only on the character of
the sewage, but also on the method of treatment adopted. S

Tank Treatment.

is li i nical precipitation
i tment is likely to be more offensive than chemical precipi
i 274{. sescfilx);g;xz::i%f eaDuring sludgizrlg operations all tanks are usually offensive :b bbli.t
g: lsgizlpt:.nkts——unlike other tanks—may give off sulphuretted hydrogen, and probably
snll)all quantities of offensive organic sulphides, at other times.

i ’ isk of nuisance
i tic tanks and the feed channels to the filters, the ris :
fro Eiecgzzgnghzme?:gs during the period of working is greatly lessened, but the ll%lﬁor
i ::n from septic tanks contains a larger amount of sulphuretted hydrogen than other
:::nk lgiquors, and its subsequent filtration may, therefore, give rise to more nuisance.

Filters.

—

. . . . . . 13 . d’yby
f a foul smelling liquid to the air is necessarily accompanied,
risk ?)?hui’]s?il:c:,nggrief cs)u:h a liquid, u% tl%a rocess of distribution, 1s divided up into
small drops or jets, it is obvious amt the smell will be greatly intensified.

For these reasons percolating filters are more likél.y to give rise to nuisance than
contact beds, if the liquid to be treated contains offensive gases.

i i ing filters without
septic tank liquor can be treated upon percolating fi
mucl{?'iglglg? ;li'iz:sﬁce,Pbut where t%e liquor is derived fro? a strplitlg d.(;xg:sti;;c :;X:E?egroz
i e containing brewery or tannery waste, and especially 1I 1
ggf:;zgc;;:: gpercolatinggﬁlters, serious smell may occur in the neighbourhood of the

works.

i i i is sprinkled upon percolating
1 laces where septic tank liquor 1s sprin .
ﬁlterﬁ tt;l;:e fi(r)sl ;mu:ﬁypa considerable smell in the proximity of the filters :—

®Accri - - Btrong domestic sewage. A
%oz:l.:ix:lgton. - - Domegstic sewage of about average strength. :
Glc:ildfogd . - Very strong domestic sewage containing brewery waste.
Dorchester . - Domestic sewage containing brewery waste.

On the other hand the same process does not give rise to any serious complaint at :—
Strong sewage containing much manufacturing waste, which

Birmingham - - ®SU t

: includes salts of iron. o _
Hudﬂersﬁeld - - Rather weak sewage contalning much manufacturing waste,

; ' including salts of iron. '
5 Leeds - - - Rather weak sewage containing much manufacturing waste,

including salts of iron, . . .
Hanley - - - Weak sewage containing a small proportion of manufacturing

waste.

- wage or fresh precipitation quﬁor is treated upon perco-
T;tiﬁygf::rs ﬁ:ﬁgrecgﬁdgﬁ leégs danger of nuisance. This is exemplified at the following

places :(— -

Crude Sewage : o

Hendon - - - Domestic sewage of average strength.

Leeds - .- . - Rather weak sewage containing muc manufacturing waste.
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<

Settled Sewage : "

~ Huddersfield - - Rather weak sewage containing much manufacturing waste.
[ Leeds - - - Rather weak sewagé containing much manufacturing waste.

Market Drayton -« Very strong slopwater sewage. - SR

Precipitation Liquor :

- Kingston- '« - Domestic sewage containing a small proportion of trade wste.
Dorking - - - Domestic sewage of about average strength.
Chorley - ~ - - Domestic sewage of about average strength.
Royton - - - Domestic sewage.
Normanton - - Very strong slopwater domestic sewage. ' -
Withnell - - - Strong domestic sewage, mainly slopwater.

- At Horfield, however (strong domestic sewage, partly derived from latrines), where
precipitation liquor was distributed by dripping trays upon percolating filters, there was
ecoasionally a very strong local smell upon the works. -

276, - Our experience leads us to the following general conclusions upon this quistion:—

That where weak sewage, purely domestic or mixed with manufacturing refuse,
is treated either iresh or after chemical precipitation, or even after passing
 through septic tanks, there is not likely to be any serious smell. If such a
i .. BEWAgE contains a small proportml} of b.rewe or tannery waste, however,
and is given preliminary treatment in septic tanks, nuisance may possibly arise

if the septic liquor is sprinkled or sprayed upon percolating filters, '

That where a strong domestic sewage is treated, either fresh or after settlement
... or chemical precipitation, by sprinkling upon percolating filters, and especially
.. v« if it'is- & slopwater sewage, there will not be much.danger of nuisancé:*  On

" .. the other hand, if such a sewage is passed through septic tanks, there will be
©.: . danger of serious nuisance, while if 1t contains brewery or‘tannery waste there
will be danger of nuisance with any form of preliminary treatment, excepting

possibly chemical precipitation. .

That with a weak sewage; cbn_t'aini,ng‘a; Fmixture' of tfédélwast;és (espéciallf if irnn
saltg are present), there will be little danger of nuisance, whatever the form of
preliminary treatment or final filtration, ' v

_.That. with a_strong sewage containing a mixture of trade wastes, there will nct be
much danger of nuisance, if it is treated by sprinkling upon percolating filters

- . in the fresh state. oz after.simple subsidence...or :ohemioaf, precipitations but
if it 1s first Passed through septic tanks,.there may in some cases be s,eriou;
danger of nuisance. This was well exemplified in the case of the experiinental

septic tank at Sheffield, even though the sewage there contained considerable
quantities of iron salts. X L ~

b risk of nuisance with percolating filters depends to a.'l"ar .é extent on the meth
of distribution adopted, unless the filter is covered in. g ethod

277. The following table shows a number of places arranged in the order of * strength”
of sewage, side by side with our observations as to nuisance arising from the distribution
of the liquid over the filters :—

* This might not hold good in the case of nighly ammcniacal sewager,

. Caterham -

_ York -

" Kingston

Prestolee

Place.

Places where
smell is appar-
-end.

Rochdale

Guildford
Accrington -

Dorking

Horfield -

Knowle -

Pl;ms where
little smell 48

apparent,
Clifton - -

Normanton -

Little Drayton

Birmingham -

Leeds - .

[ ]

S

Hendon -
Ci:orley -

I‘iofking .

T e

Salford- -

Hanley- -
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*
i - & Nature of Remarks as to smell
Nature of Sewage. "é tog | preliminary |  Distributor. arising from the
S £ .| treatment. distribution.
* =

- | Strong domestic sewage, | 203 Soptic tank. Sprinkler. Congiderb.blesmell in
mixed with large quanti- neighbourhood of
ties of wool - scouring filter.
liquor. ‘ o .

Very strong domestic | 195 Septic and | Perforated pipes, | Strong smell in filter
sewage, derived mostly “cultivation” house.
from latrines. , tank. ‘

-| Very  strong domestic| 194 | Septic tank. Sprinklers, | Strong smell in
sewage, mixed with neighbourhood of .
brewery waste. filter,

Rather strong domestic| 121 | Septic tanks.| Sprinklers, | Strong smell near
sewage. filters as a general

: rule.

-| Domestic sewage of about | 96 | Septic tanks. Sprinkler. Strong smell near
average strength. _ filters.

Domestic sewage, derived| 88 | Precipitation | Dripping trays. Occasionally  very
partly from latrines. tanks, strong smell near

\ filters.

Domestic sewage, 78 | Beptic tanks, | Dripping trays. | Occasionally  some

smell near filters.

Very strong slopwater | 247  |Settling tanks.| Fine material on | Very little smell
sewage, surface. from filters,

Very strong slopwater| 235 |Precipitation | Fine material on | Very little smell
sewage. tanks, surface. from +filters.

Very strong slopwater sew- | 205  |3ettling tanks.| Tipping troughs. Very little smell
age, containing laundry , from filters.
waste, . L

Strong trade sewage, con-| — | Septio tanka. Nozzles. Very little smell
taining salts of iron. from filters.

Trade sewage, strong as & 123 Septic, sett- Sprinklers. Very little smell
regards suspended matter, ling and pre- S from filters.
but otherwise rather cipitation . .
weak. tanks,

.| Rather weak domestic| 115 | Septic tanks. Sprinklers. Very little smell

" sewage, but containing from filters,
tannery waste, etc. _

Domestic sewage of about| 110 No prelim- | Tipping troughs. | Very little smell
average strength. inary treat- from filters.

. v ment, ‘

Domestic sewage of about | 106 | Precipitation | Flushing over fine| Practically no smell
average strength. - . tanks, |material on surface, from distribution,

Domestic sewage of about| 96 | Precipitation Sprinklers. Very little smell
average strength. and settling from filters.

. tanks,

-{ Domestic sewage of about| 94 |Precipitation Sprinkler, | Practically no smell
average strength, tanke, . from distribution.

Trade sewage of about| — |Precipitation Nozzles. Very little smell
average strength. tanks. ' from distribution.

Weak domestic sewage,| 61 |Septic tanks.| Sprinklers. | Very little smell
conta.ining s small pro- : from filters, -
portion of trade waste. ’ o )

Very weak alopwater 28 Septic tanks.| Fine material on | Very little smell
sewage. ;8w from filters.

See i> 15 of this report and the n.lemorand;m of Dr. McGowan in Appendix IV.)
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P278. In the whole of our experience with contact beds, we have only observed one case
in which any appreciable nuisance arose after the liquor to be treated was in the bed.

P ]
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. Tn that case the nuisance was, we think, due to overworking, for the smell practically
disappeared when the beds were given a short rest, -

On the other hand, there is almost always local smell from the channels or feed
troughs delivering to a contact bed, when the liquid to be treated possesses a strong smell,
and also, in some cases, when the primary bed is being discharged.

(S EYYRIE i i

At Hampton, during the last year of the treatment of crude sewage upon contact
beds, the filling of both primary and secondary beds was attended with local smell. In
She cwe of the primary beds, we think that there would have.been serious nuisance if
there had been houses in close proximity to the works. In this: case; the smell chiefl

arose from the séttling * bays ”’ constructed on the surfaces of the beds; -

I, v ! t . N A

At Guildford, Hartley Wintney, Andover, Exeter (Main Works), Ilford, Leeds, Brad-
ford, and Sheffield, we have, on a number of occasions, been aware of considerable local
“’siﬁel‘l"‘"arising from feed channels during the filling of contact beds. If steps are taken
. to obviate this, there is no doubt that contact beds are less liable to give rise to nuisance
_than any other form of filters. . . - .. .

[l A AN
:

.. « Inconnection with the smell which arises from feed channels and distribution pipes,
it is of interest to observe that at Ilford and Andover the authorities have recently adopted
the plan of covering the channels and laying a few inches of material over the distribution

- pipes. - We understand thet this has had the effect of reducing the smell to a very large
extent.

An important point which is.son}e'gimes lost sight of is that, although the sur{aéés
of contact beds are rich in insect life, it is unusual to see many flies on the beds, whereas
"pércolating filtérs of ¢oarse or medium material generally swarm with them,
Toa . : (L Coa s
- R |

Coend

Treatment on Land. ,
| VI Co e B sl e et . b e e bin ."“' .
279. Where the soil is fairly porous and the land is not overworked, land treatment of
‘sewage is nat, as a rule, offensive.. . . . L e ! :

i« In certain states of the atmosphere, howevet, we find that'the smell from sowage
farms is offerisive, and it is thergfore important that sewage farms, also, should be kept
as far away-from dwelling houses as practicable.

-
v )

{
Deodorization of Septic Tank Liquors: - -
[ . ‘)(1 i g o N ' X . PN T I 1 . TR 28
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280. The use of septic tanks followed by percolating filters, may, in some cases, be the
csnost-economical way of tredating the sewdge, but in view of the greater risk of nuisance from
such & combination, it might not be advisable to adopt it in many cases.

The question whether the offensive character of septic tank liquors might besdestroyed,

arose in the cage of Stone, in Staffordshire, where a sewgge containing brewery refusec-

had to be déalt ‘with. In that case it was proposed to overcome the difficulty by the
addition to the septic 1;a.n1';_liquo4:l of an active chlorine solution, .e., a solution of alkaline
“hypochlorite, produced by an electrical process by a company named * Oxychlorides,
Limited.” RPN 4 T o b t : ! cl ' |

The addition of this chlorine solution cléarly lessened the offensive smell of the septic

.tauk ligpor, but {.Shﬁ; question . wag raised whether , it might not also interfere with
the subsequent oxidation of the sewage by filtration. !

— L
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. For the purpose of testing this by experiment; two identical percolating filters were
provided at the Guildford sewage works, and these were kept under observation ‘for
geveral months by Mr, Carter, Assistant Chemist to the Commission. On te one of these
filters was run septic tank liquor alone; on to the other, the same tank liquor, in the .~ -
same amount, but mixed with varying quantities of the hypochlorite solution. :

The results of these experiments showed : —

1. That “ 35* per cent. to 50 per cent. treatment” with the hypochlorite solution ~ <
is sufficient to do away with the offensive sulphuretted hydrogen smell of the Guildford

septic tank liquor, leaving in its place a comparatively inoffensive odour of spent bleach
and fresh sewage.

{ 2. That the addition of this quantity of * oxychloride ” in no way interferés with
the efficiency of the filter. Indeed, it rather adds to it, by helping to keep down an
excess of grey growths on the top of the filter. - Y

=i ..8:; That a& very much larger quantity of oxychloride may be added, without any”

‘danger to the filter. In other words, there is a large margin of safety, so faras regards -

~the sccidental addition of too much oxychloride: Somewhere between ¢ 200 per cent.:
..and -500. per cent, treatment” appears to -be the limit of:the quantity of oxychloride: -

which can be added with safety. | ‘

M . 1

‘A number of baocteriological examinations were also made in connection with the’

"experiments, and we ascertained that a dose of oxychloride more than sufficient to remove "
-4 svlphuretted hydrogen smell and kill B. coli in the liquid to be treated may be used”
-without prejudice to the purifying ability of a mature percolating filter. '

A summary of the experiments is given in the a,ccompa.nying table, and a _detéiled

| Report upon them in Appendix 1V,

* As to the meaning of this term ss¢ Mr. Carter’s Repoft, Appendix IV.
6225—1I. " , : 2C2
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~iv peiis SOME, OBSERVATIONS ON. THE CHOICE OF A METHOD OF
corverc . 0 SEWAGE TREATMENT,

R .
(GENERAL.

282. The selection of a method of sewage disposal, and the settlement of details in con-

nection with apy method which it is proposed to adopt, should depend primarily on local
conditions, and we only propose to indicate in a general way what, in our opinion, should
be the guiding considerations, _ , - e

In a later part of this Report,* we have expressed the view that the degree of puri-
nicatjon. which showld be required in any particular case ‘should-depend  on local ciréum-
stances, and, the guestion which a lecal authority. would have to determine would be'in"
what way the sewage could be most economically purified to the extent necessary. If a
sufficient quantity of good land, to which the sewage can flow by gravitation, can be
purchased for about £100 an acre, land treatment would, we think, usually be the cheapest
method to adopt. Or, if the case were one in which it was necessary to obtain a high
class effluent, it might be cheaper to pay a somewhat higher price for good land, rather
than to adopt artificial treatment, because effluents obtained from the treatment of sewage
on artificial filters, as usually carried out in practice, are generally distinctly inferior to those
obtained by the treatment of sewage on good land, and some addition to the ordinary arti.
ficial plant would therefore be required. On good:land, a sewage-of average strength, from’
which, she major portion of the suspended solids-have been eliminated by tank treatment,
can be treated.at about, the rate 0f,30,000 galloms peracre per day, with-the production-of &
high class effluent. If the land available were of only medium quality, capable, say, of

treating only half this quantity, its use might still be economical, if it could be acquired
at about £50 an acre. :

t

In cases where only clay land was available, we think that it would generally be
cheaper and more satisfactory to provide artificial filters.

In considering the question whether land or artificial treatment should be adopted,
the situation and levels of the land available are, of course, important factors. And

whatever system is adopted, it is essential that the works should be so situated as to be
capable of extension.

SELECTION OF AN ARTIFICIAL PROCESS.

283. As regards the selection of an artificial

_ process, the following are the broatqi
generalisations at which we have arrived :—

Tank Treatment,
" ! It has been shown in another section of our Report that, given conditions favourable
to each proecss, there is little difference as regards cost between any of the different forms
of tank treatment when the cost of the subsequent filtration is taken into account. For

this reason, the selection of the preliminary process should cepend mainly upon local
circumstances and upon the facilities offered for the disposal of sludge.

If the circumstances were such that considerable quantities of slud
aud effectively disposed of, say, as wet sludge by sending to se
or as pressed cake by sale or gift to farmers,
adopt a preliminary process which removed a.

from the sewage. If, on the other hand, it were imperative to have as little sludge and
as few sludging operations as possible, then septic tanks or continuous flow settling tanks
might be cheaper. The size of the place and the question of smell T are also factors
of primary importance in the selection of the preliminary process.

ge could be easily
. a or by trenching in soil,
1t would probably be best and cheapest to
s much of the suspended matter as possible

* See section of this Report on Standards, p. 217.
t See preceding section, * Nuisance from Smoll,”
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Single contact beds will, generally, only yield a good effluent where the sewage to
be purified is weak, and then only after good preliminary treatment. For the purification
of partially settled weak sewage and for well as also for partially settled sewage of average

istromgth,ifthisiease.is.ones Mowhich & goéd efuctivistequired, double. contact is necessary,
while; :ib. a:-strong:sewage- hus . to ibe. purified, ‘ triple: contact’ is necessary unless the
preliminary treatment is exceptionally good. UL R

In nearly every case a greater rate of filtration can b adopted if the material is
‘arfatiged it the.form’ of"h“pé%éﬁlﬁﬁ_hg filter tHanif it is used in contact beds. The rate
of filtration pér cube yatd in the case vf percofiting filtets miy, generally, be double or
nearly double that which'Ys périniésibié'th the case’of contatt beds.

- _.As,xegards, percolating filters,;where the liquor to bg freated is weak, and the pre-
lig;}jn?,ry“ 'treé,ﬁ’gent) Bas ,'g%eci;i'gtelly‘ removed the; greater. pagt:of.the suspended- matter,
it 18 "pro%abTy yest, in most cases, to use fine material arranged in the form of shallow
filters. ' '

J f%&rétﬁe‘iéqwagé‘f&fbg ﬁfe‘:atéci"’is"ét;dq“ ;and "és:ﬁeéfrﬂll}; if the preliminary treatment
leavés a’condidferable Hudfitity of shispended’ atter in thé tank liguor, it is best to use deep
filters’of coarse ‘matéral,: o o P o b n TR

PEAA/ S RS SO £ } SEADHEIRAS LT iR [EOCR NS § A GR T3 NEL SR ALY SUR ORI £ A WU LI

Where the liquor to be treated contains much suspended mattér, it is usually advisable
to construct percolating filters of coarse material, whatever the strength of the original sewage.

G s LA T LN 0N A Sh o B o e S .

. For,sewages of-abaut| average, strength, £r0m which, most 10f the suspended matter
- has been remayed jn the preliminery treatment,either cosrse-or fine material may be used.
I T T TN (T TEERRY BN SO W PR s VIO B LY ST R R R r '

It may be added that, with very well clarified weak sewage, filters with a top layer
of very fine material, such as sand, can be made to give good results with a rate of filtration
ot 400’ or' even §00“’éhllo&1§“ﬂér ube' yhrd: 'gef‘-day." In'this case, however, the materi: |
-must bewashed (¢lg., ’b}l'r “[ow’:’ﬂ ’ﬂov'v;pf" Yan ']i’tfgbr)’ dt short if’ltervals of, say, a week.

IR AREE 0 S UL SRR SRR B SR Y 7§ CORNRCTL INI SRR Y DS . )
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284. The three appended tables have been prepared to show the kind of results which
may. be gxpgptednhymrga@menb,-i-m‘va.rioumtwaye,mi strong, medium, and weak sewages.
The figuresyinidhe msjority of -omses; are aversges -fromssdair number of samples, and

mwhete they are mot bas¢don actual observatioms,they have been arrived at from general

expexience. - . .1 .1 §' L 0ot it Joua o
Cneroroed gy e e e e Dt
It has been assumed that the sewage doe
stance in sufficient quantity to inhibit the action of the micro-organisms, that the works
Jaré efficiently manafed, dnd tHat the'filtéring material used in the filters has a rough and
Ves}Oﬂlﬁi‘jS_fH‘f%CG. R O A s S 0 | ) H LR .'l... )

| S \"r:" ST Coiror

for the dry weather flow, but except in tl_lg cases noted on the tables, they are rates which

can be doubled during storm times.”

The actual size of plaht, or area of land, 'which would be requiréd in any case would
depend on' the extra amount of ‘sewage which, in the particular case, had to be treated
on land or on filters in wet weather.

~ As we shall subsequently explain,* we think that local conditions should determine
what this extra amount should pe.

EORRNE

The question of comparative cost of land treatment and artificial treatment has been -

dealt with in an earlier sectiom:of.this: Report, and also sonsiderations srising out of the
risk of nuisance from the different methods of treatment. .
[ TN e, el b 4, N L

* Sve pp: 209 and 210,

8 not contain trade waste or any other sub-

-~The rates of treaﬁm&hﬁ per‘c':ﬁbe $ard of filtér] 'dr'ﬁéi- abte of land, which are given are
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TREATMENT OF STORM-WATER SEWAGE.

285. The proportion of rain-water from a drainage area which reaches the sewers
and is conveyed to the outfall depends very largely on local circumstances, and conse-
quently differs at different places.

Where, for example, the greater part of the drainage area consists of roofs and
paved roads, the proportion of rain flowing off by the sewers will be greater than
where the area chiefly consists of a more or less pervious soil.

Further, the amount of rain reaching the outfall will depend, to some extent, on
whether the district is flat or hilly, the gradient of the main and tributory sewers,
and what storm overflows are provided.

 The system of sewerage will also make a considerable difference to the volume of
liquid arriving at the outfall. Where a completely separate system of sewers for surface
water exists, there will be only a small increase in volume due to rain ; with the partially
separate system, there will be a considerable increase ; and with the combined system,
a still greater increase.

.~ 7 286. At Hampton, which is provided with a separate system of sewers for surface
water, we estimated the dry weather flow during the years 1902 and 1903 to be approxi-
mately 150,000 gallons per day, and the actual daily flow in all weathers to be about
165,000 gallons on the average—an increase due to rain of 10 per cent. only.

At Horfield, where the drainage arca is sewered upon the partially separate
system, but where there are no storm-overflows, gaugings over four months (April,
May, June and July, 19053 showed the average daily flow to be approximately
62,350 gallons. As the dry weather flow was approximately 38,000 gallons
per day, this represented an increase of 64 per cent. on the dry weather flow.

At Little Drayton, where the sewerage is on the combined system, and where
there are two storm-overflows, one of which was temporarily dammed for the
purposes of our observations, gaugings over three months (January, February

and March, 1905) showed that the average daily flow was 15,350 gallons, or

about 30 per cent. above the dry weather flow of 12,000 gallons.
(4

At Rhyl, where the sewerage of the area is upon the combined system,
.and where there were no storm-overflows, gaugings made by Mr. Baldwin Latham
for two entire years (1900-1901) gave the following figures. (Report* by Mr.
Baldwin Latham to the Commission, June 29th, 1903, pp. 3 and 17):—

Number : .
of days Dry weather . H(Ei;li]:fugﬁ
Rainfall. | °° which | Total flow | sewage flow, Water ' (ie ingroaso Rainfall and
" | 00linch | in sewers. including supply. ') How due | tbsoil water.’
or more subsoil water. to rai
rain fell. o rain).
Inches. Gallons. Gallons. Gallons. | Gallons, Gallons.
1900 ;
26:62 168 165,683,520 | 123,281,634 | 91,438,652 ' 42,401,986 74,244,868
1901 i
2046 139 159,161,870 | 121,825,485 | 97,385,727 37,336,385 61,776,143

* Appendix V.
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The increase of volume in this case, therefore, amounted to an average of
32'5 per cent. on the dry weather low over the two years.

In his report, Mr. Baldwin Latham gives the following figures for Deal
which was also sewered on the combined system and had no storm-overflows :—

September, 1901, to February, 1903, inclusive.

Number of
days on :

Rainfall. which Total flow in | Dry weather Rainfall Water supply
0-01 inch sewers, flow, . flowing off. . to district.
or more
rain fell.

Inches. Gallons. Gallons. Gallons. Gallons.
33-525 250 183,996,063 152,883,153 31,112,910 136,059,22

; In this case, therefore, the increase was 2035 per cent. on the dry weaiher
ow.

At Rochdale, which is sewered upon the combined system, where the
greater part of the area is paved or roofed, but where some thirteen storum-
overflows exist, Mr. S. 8. Platt, the Borough Surveyor, by gaugings extending

over the year 1904, showed that the increase was roughly 52 per cent. of the
mean dry weather flow.

At Oswestry, where the combined system is in use, but where the main storm-
overflow is set rather low, Mr. G. W. Lacey, the Borough Surveyor, has found
the increase to be about 21 per cent. of the mean dry weather flow. In this case
a large quantity of subsoil water gains access to the sewers. '

At C!lorlev, where the combined system is in use, where the main storm-
overflow is set at about three times the mean dry weather flow, and where
there are two local storm-overflows, the increase is about 45 per cent. In this
case a small stream finds its way into the sewers.

In his report already mentioned, Mr. Baldwin Latham gives gaugings of the sew-
age flow at Croydon for the years 1880 to 1886 inclusive. The figures are summarised
in Table 14, p. 28 of the report. From these figures, it will be seen that the increag:
of flow at that town due to rainfall was only 11'6 per cent. on the dry weather flow in
the sewer, as calculated from the water supply. But it should be specially noted that
in this case subsoil water is present in the sewers in the proportion of about 15 volumes

" to 1 of sewage, the consequence being that all variations of flow in the sewersare con-

siderably levelled down. .

Croydon is sewered upon the partially separate system, and there are no storm-
overflows on the system. '

287. While it is obvious from these few examples that the circumstances of
different places vary considerably, the data available in regard to the effect of storms
on the flow of sewage are exceedingly scanty.

In some few places records have been kept for a considerable period of the variation
in flow in the outfall sewer and of the volume of sewage treated, but, so far as we are
aware, thereislittle or no information available showing the volumes of liquid which have
passed over storm overflows during the same period. It is, however, in some cases enough
to do considerable damage to the river.

6225—1I. . . 2D
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- In the present state of knowledge, we consider that any regulations in regard to
the amount of storm sewage to be treated and the method of treatment should be
of a tentative character, and that, as regards storm overflows, each place must, to a
great extent, be dealt with according to local circumstances. The general principle
which should be followed is, we consider, that each local authority should so arrange
its sewerage system as to prevent unpurified sewage from passing into the river or
stream to an extent likely to cause nuisance.

288. As regards the effect of storms on the character of the sewage, the evidence
which we have received, and also our own observations, show that, for the first hour
or more, the effect of a storm is to increase the amount of organic matter in solution
in the sewage as it arrives at the works, and also very largely to increase the
suspended solids.

In our experience, the first flush of storm water contains a very large quantity
of suspended matter washed out of the sewers, and is organically very impure. ~ This
flush, moreover, usually occurs at the time when the rainfall flowing off the area
causes the maximum flow in the sewer, the consequence being that an ordinary storm-
overflow on the sewers often has the effect of diverting to a water.course the worst
part of the storm-water, while allowing the less.foul storm sewage which arrives
later to pass to the tanks or filters.

289, As a general rule, the difficulty of dealing with storm-water lies, not
so much in the actual quantity flowing off an area as the result of rain, as
in the rate at which it flows off. This is, of course, much more marked at some
places than at others, the flow-off of rain-water being much more rapid when the
greater part of the drainage area is more or less impervious, where the district is
hilly, or where the sewers are laid upon a steep gradient. For instance :—

At Calverley—population 2,300—where the district is hilly, the main sewer
steep, the scwerage system combined, and with rock immediately underlying the
soil, as the result of a rainfall of 046" falling in five showers on June 9th, 1902, the
flow of sewage showed five sudden rises bringing the rates of flow up to 13, 32,
26, 29 and 30 times the mean dry weather flow. The total flow of sewage for
the day, however, was only increased from the mean dry weather flow of 12,000
gallons to 43,700 gallons, or 3-64 times.

o

If a storm overflow had been set at Calverley to come into operation when
the rate of flow was six times the mean dry weather flow, a large quantity of storm-

vater would have been discharged, untreated, on this day; whereas if a reserve

empty tank, with a holding capacity of about 12,000 gallons, had been provided,
and the overflow had been from this tank, the whole of the sewage and storm-water
would have been treated ; the beds receiving 3'64 times the normil quantity of
sewage. ‘

This is not an unusual occurrence at Calverley, and it has, moreover, been
often observed there and at other places that the storm sewage is usually most foul
when the storm flow is at its maximum rate.

On the other hand, if the district is flat, and especially if there is much leakage
of subsoil water into the sewers, the flow of sewage will increase less rapidly as the
result of rain, but continue swollen for some hours, or possibly some days. Halton,
Oswestry, and Newton-le-Willows may be cited as illustrations.
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290, In our opinion, the difficulties of dealing with the increase in flow, due to storms,
can best be met by the provision of stand-by tanks to receive the storm sewage in excess
of that which can be passed through the ordinary tanks. The main overflow at the works
should be ffom the stand-by tanks, and not from the outfall sewer, so that no sewage
may escape without some settlement.

The stand-by tanks should, of course, be kept empty as far as possible, so as to be
at once available when a storm comes on.

We have not sufficient experience to enable us to-suggest by what rules the capacity
of the stand-by tanks should be determined, but we should think that tanks capable
of holding a tquarter (six hours’ flow) of the mean daily dry weather flow would usually
be sufficient.

Local circumstances would, however, have to be considered in settling the capacity
required for any particular place. '

291. Ag illustrating the effect of stand-by tanks of the capacity suggested, we may
give some figures taken from the report of Mr. Baldwin Latham, to which we have already
referred. '

At Friern Barnet sewsge works, during nineteen wet days (average rainfall at the
sewage works, 0°281” per day), in August, September and October, 1887, instead of a
total dry weather flow of sewage of 232,009 cubic feet, 515,793 cubic feet were found to
arrive, 283,784 cubic feet being therefore due to rain. Of the total (515,793 cubic feet),
125,679 cubic feet, or 2437 per cent., arrived at a rate in excess of three times the mean
dry weather flow ; 89,558 cubic feet, or 17°36 per cent., in excess of four times the mean
dry weather flow; 67,412 cubic feet, or 13'07 per cent., in excess of five times the mean
dry weather flow, and 50,015 cubic feet, or 9*7 per cent., in excess of six times the mean
dry weather flow. -

Assuming that all sewage up to three times the mean dry weather flow had beer
taken through the ordinary precipitation tanks, and that all flows in excess of this were
directed into stand-by tanks of capacity 3,050 cubic feet (the dry weather flow at Friern
Barnet was 12,211 cubic feet per day), then, out of a total of 515,793 cubic feet, 300,114
cubic feet (75°6 per cent.) would have been filtered in the ordinary way, and 125,679
cubic feet, or 24°37 per cent., would have received, before discharge into the water-course,.
the settlement shown in the following table :—

T ———— e 1 iy

} Stand-by tanks are, we believe, giving excellent results at Colne, Lancashire, and nllo at ch;n'lpy. ;W;

* understand the stand-by capacity at Colne is equal to about one-half the daily dry weather flow, and at

Chorley to about one-third of the dry weather flow. ’
6225—1. ~ ' 2D 2
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Number of hours | Volume of
the flow exceeded | sewage in
Date. %:;m::a?{:;ngg"; eé:’::: :’}f: Settlement given in stand-by tanks.
(which was 12,211 mean dry
cubie feet per day).| weather flow.
1887, - - - Cubic feet.
Ang. 16 - - . 5 hours 9,588 1 to 6 hours' continnous flow setilement
, after filling,
5 17 - - - 1 hour 634 Quiescent settlement.
» 20 - - - 1 hour 118o Quiescent settlement.
s 26 - - - 3 hours 3,485 Mostly éuiescent settlement.
w 28 - - 2 hours 1,243 Quiescent zettloment.
» 29 - - - 1 hour 1,492 Quicscent settiement.
, 30 - . - 10 hours 16,620 1 to 6 hours’ continuous flow settlement.
, 31 - . - 8 hours . 32,564 1 to 6 hours' continuous flow settlement.
Sept. 1 - - - 12 hours 11,909 1 to 6 hours’ continuous flow settlement.
w 2 - - - | 3 hours 1,150 Quiescent settloment.
n 3 - - - 6 hours 4,583 Quiescent settlement
s 4 - . - 1 hour 118 Quiescent settlement.
, 6 - - o 3 hours 6,341 1 to 6 hours’ continuous flow settlement.
o T - - - 9 hours 5,238 1 to 6 hours’ continuous flow settloment.
» 16 - - 4 hours 5,246 1 to 6 hours’ continuous flow settlement.
» 17 - - 9 hours 17,431 1 to 6 hours’ continuous flow settlement
- 2(‘: - 3 hours 2,246 Quiescent settlement.
w 36 - - - 3 hours L175 | Quiescent sottlement.
Oct. 10 - - a 5 hours 4,506 1 to 6 hours’ continuous flow settlement,

The results obtained by Mr. Baldwin Latham at Croydon throughout the years 1860
to 1886 show that in a total number of 139 days upon which heavy rain fell (average rainfall
per day 0°488”), out of a total of 73,768,898 cubic feet of sewage and rain-water flowing
* in the sewer, 12,201,773 cubic feet (or 16°2 per cent.) arrived at a rate in excess of three
times the mean dry weather flow.

Taking the dry weather flow at Croydon o be 321,000 cubic feet, stand-by tanks
of the capacity suggested would, in this case, have held 80,000 cubic feet, and, if the whole
of the sewage and storm-water up to three times the dry weather flow had been passed
through the ordinary tanks and plant, then 16°2 per cent. (12,201,773 cubic feet) of the
total flow would have been sent into the stand-by tanks. Of the 139 wet days during
the period stated, the total flow in excess of three times the dry weather flow only exceeded
80,000 cubic feet, or the assumed capacity of the stand-by tanks, on fifty-two days. In
this case, of the total flow of 12,201,773 cubic feet, in excess of three times the dry
weather flow, 7,606,935 cubic feet would have received quiescent settlement in the
stand-by tanks and 4,504,838 cubic feet from one to six hours’ continucus flow settle-
ment, before discharge into the water course.

Mr. Latham’s gaugings of the South Norwood sewage flow show that on fourteen
wet days between January 13th and August 11th, 1866 (average rainfall per day 0°35"),
out of a total flow of sewage and storm-water of 1,617,594 cubic feet, of which not less
than 1,268,217 cubic feet were due to rain, 881,453 cubic feet (or 54'49 per cent.) arrived
at & rate in excess of three times the dry weather flow, '
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In this case, the provision of stand-by tanks of the capacity suggested (six hours’
flow) would have given quiescent settlement to 59,083 cubic feet out of the total flow
of 881,453 cubic feet in excess of three times the dry weather flow, and one to six hours’
continuous flow settlement to 822,370 cubic feet before discharge into the water-course.

It is to be observed from Mr. Baldwin Latham’s report ‘that there were no
storm-overflows in connection with the South Norwood sewers at the time the gaug-
ings were made, and that, the district being of a more or less impermeable character,
the volume of rain entering the sewers is very considerable, having regard to the
extent of the district and the population draining to the sewers.”

We are greatly indebted to Mr. Baldwin Latham for the Report which he kindly
made to us on the subject of the increase in the flow of sewers caused by storms. This
Report is published in Appendix V.

Storm Water Filters.

202. Speaking generally, wé are not in favour of special storm-water filters, for
although, if well constructed and scientifically managed (e.g., as at Manchester), they can
be made to give good results, our experience has led us to the conclusion that—as generally
constructed and used—they do not effect a purification in proportion to their cost.

If storm-water filters are not regularly used, their oxidising efficiency may, in
times of dry weather, become impaired. If, therefore, they are to be used in dry
weather, in order that they may be kept mature, it appears to us that they should be as
well and as carefully constructed as the ordinary filters. It seems also false economy to
have some part of the filtering area out of use for any length of time when the additional
area, if used, would be of advantage in giving regular periods of rest to sections of the
normal filtering area.

Amount to be filtered.

293. We think it may be taken that it is practicable to filter three times the mean
dry weather flow, and while there are few or no data to show that this is the right
amount for which filtration is required, we doubt whether, as a general rule, the
filtration of any larger amount will be found to be necessary to prevent nuisance.

Assuming, that three times the dry weather flow had to be filtered, we consider
that it would only be necessary to provide at a works 14 times the area of filter which
would be necessary if only the dry weather flow had to be treated ; this area would, in
our opinion, allow of the filtration of three times the mean dry weather flow, as the
filters can be worked at an increased rate during storms, N

RECOMMENDATION.

(a) Overflows on Branch Sewers. \

294. It is probably impracticable to dispense altogether with storm overflows on
branch sewers, but in our opinion these should be used sparingly, and should usually be * *
get 80 as not to come into operation until the flow in the branch sewer is several times
the maximum normal dry weather flow in the sewer.

No general rule can be laid down as to the increase in flow which should occur in the
branch sewers before sewage is allowed to pass away by the overflow untreated. The
Rivers Board, or in districts where there is no Rivers Board, the County Council, should
have power to require the local authority to alter any storm overflows which, in their
opinion, permit of an excessive amount of unpurified sewage to flow over them. The
local authority should have the right to appeal to the Central Authority in any case in
which they consider that the requirement of the Rivers Board is unreasonable or im-
practicable of fulfilment.

The general principle should be to prevent such an amount of unpurified sewage *
from passing over the overflow as would cause nuisance.
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(b) Treatment of Storm Water Sewage at the Works. ’

- 205. The usual requirements of the Local Government Board in regard to the treat-
ment of storm sewage are that any increase in flow up to three times the normal dry
weather rate should be fully dealt with by the ordinary complete plant, and that a
certain number of additional dilutions—up to a total of six—should be treated on

special storm filters. These requirements should, we think, be modified : they are,

1n our opinion, not sufficiently elastic ; and, moreover, experience has shown that special
storm filters, which are kept as stand-by filters, are not efficient. We find that the
injury done to rivers: by the discharge into them of large volumes of storm sewage
chiefly arises from the excessive amount of suspended solids which such sewage contains,
and that these solids can be very rapidly removed by settlement, We therefore recom-
mend, as a general rule— :

(1) That special stand-by tanks (two or more), should be provided at the works
and kept empty for the purpose of receiving the excess of storm water which
cannot properly be passed through the ordinary tanks. As regards the amount
which may be properly passed through the ordinary tanks, our experience shows
‘that in storm times the rate of flow through these tanks may usually be increased

up to about three times the normal dry weather rate without serious disadvan-

tage ;

(2) That any overflow at the works should only be made from these special tanks,
and that this overflow should be arranged so that it will not come into
operation until the tanks are full;

(3) That no special storm filters should be provided, but that the ordinary filters

should be enlarged to the extent necessary to provide for the filtration of the
whole of the sewage, which, according to the circumstances of the particular
place, requires treatment by filters.

(4) As regards the overflow from the outfall sewer to the stand-by tanks, the size
of the stand-by tanks, the amount of storm sewage which should be filtered,
and the arrangements generally’ for dealing with storm sewage at the outfall
works, the Rivers Board, or the County Council in areas in which no Rivers
Boards have been established, should have similar power to that which we
have proposed in regard to overflows on branch sewers, and the Local Authority
should have a similar right of appeal to the Central Authority. :

SEPARATE AND COMBINED SYSTEMS OF SEWERS.

296. Inrecent years there has been a tendency to favour the adoption of separate
sewers to carry what is called surface water, and some local authorities have obtained,
by means of local acts, special powers enabling them to call upon frontagers in private
streets to lay down two sewers instead of one. , :

In the Public Health Bill of last session (1907) a .claixse, dealing with this
subject, was originally included, but it was omitted during the passage of the

Bill through Parliament.

In our opinion the cases in ‘which the provision of a separate system can
properly be justified are rare, and it appears to us that the relative merits of the
separate and combined systems have not always been sufficiently considered. .

Tt is obvious that the provision of two systems of sewers and two sets of house
drains would very largely increase the initial outlay on drainage works, the exact
amount of the increase depending on local circumstances.

It seems generally to have been assumed by advocates of the separate system
that the liquid brought down by surface water sewers is sufficiently pure to need no
purification, and further, that by excluding this water from th(? ordinary sewers a
much smaller area of land or filters, as the case may be, will suffice for the purifica-

tion of the sewage. : o
Neither of these assumptions is altogether justified.

297. Asregards the quality of the liquids‘whi.ch are discharged from surface-water
sewers, we may refer to the following analyses which we have made :—
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CHEMICAL ANALYSES.

RucBy. | ALDERSHOT CanPp. Sours Norwoob.
No. of Sample. 231 n 314 174 179 182 1874
Street Street Street Street Surface Street Street
washings | washings | washings. | water. street | washings |water after
takenfrom | from water, after | 004" rain.
a surface | surface running 2
water drain.|  ditch. hours.
Btreet very
clean from Incubated | Incubated
beavy before before
showers. analysis. | analysis.
Monday, | Tuesday, |Wednesday|Wednesday|¥Watnesday Wednesday| Saturday,
March 4th, | July 2nd, | July 3rd, | November | November | November | December
1901, 1901, 1901, ~ |14th, 1900, 21st, 1900, | 28th, 1900, | 1st, 1900,
10a.m. |12.45 noon,| 1145 am. | 2156 p.m. | 1.0 p.m. |12.45 noon.| 11.15 a.m.
Ammoniacal Nitrogen 0-09 0-49 1-70 0-19 126 047 0-52
Albuminoid Nitrogen - 010 049 0-34 0-06 014 0-42 0-08
Total Organic Nitrogen 0-23 1-05 0-64 — — 0-65 _—
Nitrous Nitrogen - 0-01 trace. 0-0 trace.
} 024 — } 010
Nitric Nitrogen - - 0-05 0-12 0-02 0-42
Oxygen absorbed at
once - - - 0-66 2:76 0-81 0-39 — 276 023
Oxygen absorbed in 4
hours - - - 1-83 893 3:46 — -— 979 —
Incubator test - .| Sweet. Black Black | No smell. | Putrid Strongly | Clean.
Sulphides. | Sulphides. black putrid.
. Sulphides.
Suspended solids by
(Jg?xtrifuge (vols.) -
910 | Toogritty.| 65 - — — -
Not much | Turbid and | Turbidand | Liquid | No smell. Very Dark
trafficon |brown,but| brown. |hadaslight turbid. | coloured
this stroet. | the liquid | Consider- | brown Filtered | flocculens
Thesample | had only a able tinge. liquid sediment.
was brown| slight | suspended |Much sand. brown but
and turbid, |browntinge| matter | Very pure fairly clear.
withalarge! when with grit | (chemi- Much grit.
amount of | filtered. | at bottom { cally). No smell.
ritty | Much sand | of bottle.
sediment. | and also | Very slight
brownish put,ri(f
susponded | smell,
matter,
Clean smell.
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BACTERIOLOGICAL ANALYSES,

I Total number of Bacteria
| per ¢.¢. . Number of Spores of
iption of Number of B. Coli (or | g yneritidis sporogenes
Desgrlptllzn closely allied forms per c.c.). per c.c.
ampe | -Gelatine at Agar at
20°C. 37°C.
| ‘1, - At least
. ; 0 (Indol + 0001 c.c.) | + -1, — Ol c.c.

96a. Rupy. Street | 15,900,000 94,000 ]10,_?_0.0(1 ’n— ?001 OO e 18 but loss C A
water from separate | in gelatine shake culture.
system,

J{me 20/00.* } . N
! Indol + ‘001 c.c)| + °01, — 001 cec.

B Voo Bireet 930,000 12,400 \1’01(\32g9$tive result with ‘1 least 100 but less than
Wby cc. “gas” in gelatine| 1,000. .
March 4/01.5 shake culture.

+ *01, — ‘001 c.c. Neutral
t red broth test. )
+ ‘01, - 001 c.c. Litmus
milk test.
LA i ‘ -0001, — -00001 c.c. Neu- | - 1, - *01 c.c. At least

N ALI?FRSH%’I" CA%(’P. 7,000,000 640,000 ‘l ¥ t?gl red broth test. 10 but less than 100,
Street g |+ +001, - 0001 c.c. Litmus
July 2/01- milk test. N

|+ (001, - ‘0001 c.c. “gas
] in gelatine shake cultures.
Do 1 c.e. Neutral red! 1+ 01, - 001 cec. At

U ALI?F{(\?H%’li‘nC?'ER 22,800,000 200,000 + b?gt?l?te;:t? ’ L least 100 but less than
Tasjor, e + 0001, — 00001 c.¢. Lit-|  1,000.

July 301 | mus milk test. ,
} + 001, — 0001 c.c. “gas
in gelatine shake cultures, |
| | _
3 3 }Ab least 10 (Indol + °1| 4+ 01, — -001 ce. At

17?’; \k N()Iz:‘gzggi.ents 1410000 8000 ) c.c.).S ( S lleaeg;OlOO but less than

st:'(;zt, “ Washings ). + 'l,l t_ 'Olhcifé o fﬁresm ,000.
14/11/00. gelatine sha . |
N 2 10,000 not 100,000 P41, - 01 ee. At least

s ¥ N)m:(i'onf'rom 340,000 203000 (Indol + -OOOO,I c.c.). | " 10 but loss than 100.
T;Zfe':ﬁo i + 01 ce. gwls’ in gela- |
S " 1 iy ]

201/11/00. tino shake cultures, }\ .
. 54,000 | 10,000, + 01, - 001 cc. At

18:;; .Sb. N?v?:t‘;(:onz;.fter 13,700,000 154,0 | (Indol + 0001 c.c) lle%%tOlOO ot L
otree ‘
running 2 hours. ,

28/11/00.
: 1,000 (Indol + -001 c.c.)| + 01, — -001 c.e. At
188b. . ?{m;w%(‘m. » $,900,000 30,0001 % + -1,( — 0l ¢.c. “gas”in | least 100 but less than
b;::: t;unni\nvgai ﬁgﬁis | gelatino shake cultures. 1,000,
a \ [
1/12/00.1

i i ‘e.c. (a) and 2 cc. (b) of sample
inea- a and b) were subeutancousty inoculated with 1 c.c. (a) an . '
964 (:t;’l;‘z’t? “g;;l}lll:::tgg)lg " ﬁoth showed a strong lozal reaztion ; (a) guinea-pig recovered, but (b) guinea-pig
suffered from ulceration of the abdominal wall and died on the fourth day.

i ig heutaneously inoculated with 1 c.c. (a) and 2 c.c. (b) of sample 188" ;
) Ili;ll‘;:(-)pibglg:ﬁ: olszd(:,b}i% ggg‘;li;ug)ca‘; the siteyof the inoculation, but eventually recovered completely ;
((g) guinea-pig died on the second day.

§uinow lig was subcutaneously inoculated with 4 c.c. of sample 231 (street washings). It died on
¢

o, { f the injection
the second day, doubtless from the effacts ot the wjoction.



The chemical analyses of these samples may Le shortly summarised as follows :—

No. 231, street “ washings ” taken from a surface-water drain at Rugby on
March 4th, 1901, at a time when the street was very clean after heavy showers,
was turbid and brown with a large amount « f gritty sediment, but comparatively
pure as regards organic matter ; it withstood incubation.

No. 311, street ‘““ washings” from a surface-water ditch at Aldershot, was
drawn on the 2nd July, 1901, after two days’ heavy rainfall ; at the time of
drawing, the water in this ditch was flowing at about the rate of ten million
gallons per 24 hours. The above sample was brown and turhid (though it had
only a slight brown tinge when filtered), and it contained a great deal of sand and
also brownish suspended matter. The analyses gave the high figure of 0°49
parts Albuminoid Nitrogen, 1'05 Total Organic Nitrogen, and 893 “Oxygen
absorbed ” in four hours. Though this had a clean smell when analysed, it

. became black and putrid on incubation.

No. 314, street “ washings” and roof water from Aldershot Camp., d
July 3rd, 1901, after three days’ rain, was muddy from a considerable I()1’ua,ll‘]al‘:‘i‘t(;'
of suspended solids with grit in addition. Though the aggregate organic matter
was less than in sample No. 311 (the figures being 0:34 Albuminoid Nitrogen,

064 Total Organic Nitrogen, and 3-46 “ Oxygen absorbed ") it was smelling

slightly when analysed and became black and putrid on incubation. ‘

No. 174, drawn November 14th, 1900, was a sample of surface water from
streets and front roofs drawn at South Norwood during sharp showers, the
weather having been showery on the day previous. It contained a (roo(i’dén]
of sand, but was comparatively pure as regards organic matter and I?ept goé)d
upon incubation.

No. 179, drawn November 21st, 1900, was another sample § .
from the South Norwood streets, after moderate showers, thepstrgft: lllxl;&lﬁ? “lr;sst(fxll
previously washed fairly clean by rain. This did not contain much sed%ment
but, was organically more impure than the preceding sample ; it had no smell
when received, but became putrid upon incubation, ’

No. 182 was drawn on November 28th, 1900, at South N
surface drain_had been running for three hours. It was very :J:Y{)?((l)ds’x:gt ﬁl}o%
and contained much grit. Organically, it might be classed as a dilute sewage. "

No. 187a, South Norwood street water, drawn December 1st, 1900, after a

slight rainfall, was comparatively pure as regards organic matt i
. , er. Th
showed a good deal of flocculent sediment, it kept sweet upon incuba,t:ion.ough “;

Three out of these seven samples were thercfore non-putrescible;; but the other
four were undoubtedly polluting liquids.

Bacteriologically, all the samples may be classed ‘as bad.

Although the above samples were few in number, they show (1) that even
when a street water is comparatively pure organically, it requires settlement for grit
(Nos. 174 and 231); and (2) that even after long-continued rain, street surface
waters may be very impure (Nos. 182, 311 and 314).

298. The witnesses who have given evidence on this question have agreed that the first
flush of water from a surface-water system during a storm is of such a foul nature that
it ought to be purified, if practicable, especially if the system brings water from paved
. open spaces such as markets, squares, etc. ‘

Messrs. G. H. Pickles and Raymond Ross gave thef-followiﬁg analysis of a typical
sample of surface water from 4 surface-water drain at Barnley, taken during the early
period of a storm :— :

Parts per

100,000.
Free Ammonia - - - - - - . . . 8
Albuminoid Ammonia - - - - - - - . 9
Chlorine - - - . - - . - . . - 40
Oxygen absorbed - - - - - - - _ - 53
Total solids - - - - - - - - - - 712
Suspended matter - - < - - . - - . - 440

. They stated, also, that this sample contained about 800,000 bacteria per ‘c.c. as
shown by gelatine plate cultivation at 23°C. = - B - '

Mr. Bolton, in his evidence relating to Heywood, gives the following analysis of a

sample of road water, taken in the principal streets during the first rushes of storm 21096.

surface water ;—

Parts per
: L 100,000.
Ammoniacal Nitrogep+ - - - - - - - - 1'l1
Albuminoid Nitrogen. - -+ - . - - - - 49
-Oxygen absorbed in 3 minutes- - - - - - - 195
Oxygen absorbed in 4 hours - - - - - - - 199
Chlorine - - - - - - - - - - - 8T
Solids in suspension’ - - - - - - - - 84 { :’lgil %?)l. 59
Solids in solation - - - - - - - . .7 { Kgii ‘ff) L st
Total solidls - - - - - - - - - - 157

299. Experience also shews that with two sets of drains to each house there is
danger of the sewage drain being conneci:,ed with the surface-water sewer, and in
densely populated areas, slops-and other filthy liquids are often emptied into street
gullies, and pass directly into the surface-water sewer,

There can be no doubt, therefore, that the liquid brought down by surface-water
sewers is frequently of a polluting nature, and that, in many cases, it might be necessary

to provide for its treatment. .

N\

300. As to the other assumption, that by keeping surface water out of the sewers
the srea of filters or land necessarﬁr for purl_ﬁcatlon may be_matema}ly reduced, we
may refer to the experiments which we carried out at Accrington, in regard to the
filtration of diluted and undiluted septic tank liquor (see pages 16 and 110 et seq.).

Thesc experiments shewed that, within ordinary li.mit.s of poncentration and .
volumes treated, the amount and nature of the organic impurity present mainly
determine, in practice, the ease or difficulty of purification; in other words, that,
within limits, mere dilution does not affect the size of the ﬁltermg plant which is
necessary. Of course, if the dilution is so great as to cause water-logging of the filters,
their purifying power would be seriously diminished, and this statement would not

hold good.
We may also observe that the flushing of sewers by rain water, which occurs

with the combined system, is in itself useful, and that there is some evidence to show
that filters work better when storm sewage, from which the solids have been settled,

is oncasionally passed through them.
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301. As regards the cases in which the adoption of a separate system for surface
water may be allowed, we may refer to the evidence of Dr. ¥owler, Mr. Watson, and
Mr. Wilkinson. These gentlemen have had considerable experience, and the
expressed the view that in large towns the separate system is impracticable, that in
urban districts a combined system is justified on sanitary and economical grounds,
and that only in villages, country districts, and suburban areas, where there is little
traffic and where the surface water will not be very foul, may the separate system
sometimes be adopted with advantage.

With these views we generally concur, and we think it would be unwise to
confer on all local authorities power to enforce the adoption of the separate system of
sewerage, and the provision of two sets of drains in every house.

In our opinion this power should not be conferred on any local authority

until the local circumstances have been carefully considered by some independent
tribunal.

RECOMMENDATION.

302. We recommend that in any case in which a local authority wishes to
adopt the separate system of drainage for the whole or any part of their district, they
should be required to apply to the Central Authority, and that the Central Authority

should be empowered to confer on the local authority, by order, such powers as
may be deemed necessary.

As regards the powers which may be necessary, we may observe that the pro-
visions which are generally contained in local Acts in regard to this matter seem to be
defective. If separate sewers are provided, the local authority should have a clear
power to enforce the provision of separate drains, but the local Acts to which our
attention has been drawn do not modify the powers of the local authority under the
general law in regard to bye-laws as to the drainage of houses.

Moreover, the dpowerss of the local authority in this connection should not
necessarily be limited to new streets and new houses.

As a general rule, the expense of altering existing drains should fall on the local
authprity, and there may be some instances in which it would be equitable that they

should bear some portion of the additional cost even in the case of drains being con-
structed for the first time.

The Central Authority should therefore have power to include in their Order

such provisions for the allocation of the cost as they consider equitable, having regard
<o the local circumstances.

L4
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PART VIL—-STANDARDS FOR SEWAGE EFFLUENTS.

303. A number of chemists and others were kind enough to furnish us with their
views on the question of standards, in response to a circular letter which we issued
in May, 1903. This letter and the replies are printed in Appendix VII.

We have also examined several witnesses on this subject, and have ourselves
made some experimental investigations. 3

The harm.caused by allowing unpurified, or imperfectly purified, sewage to flow
into rivers and streams may be placed under one or more of the following headings :—
The de-aeration of the water of the river, and consequent injury to fish; the putrefac-
tion of organic matter in the river to such an extent as to cause nuisance ; the produc-
tion of sewage fungus and other objectionable growths; the deposition of suspended
matter, and its accumulation in the river bed or behind weirs; the discharge into the
river of substances, in solution or suspension, which are poisonous to fish or to live stock
drinking from the stream ; the discoloration of the river; and the discharge into the
river of micro-organisms of intestinal derivation, some of which are of a kind liable,
under certain circumstances, to give rise to disease.

304. We observe that previous Commissions have reported that, of all the pro-
cesses which were proposed for the purification of sewage, or of water polluted by
excrementitious matter, there is not one which is sufficiently effective to warrant tl}e
use, for dietetic purposes, of water which l.las been_ 80 contamlpated, and the 1868
Commission stated that, in their opinion, “rivers which had received sewage, even if
that sewage had been purified before its discharge, were not safe sources of potable
water.” We, therefore, conclude that the framers of the Rivers Pollution Prevention
Act, 1876, did not contemplate that local authorities should be required so to deal
with their sewage that the rivers into which the purified sewage flowed might be
regarded as safe sources of water supply, in cases in which the water was not to be
filtered before distribution.

305. In our opinion much the same position must be taken up to-day. Although
the methods available for the purification pf sewage are more numerous than when the
1868 Commission reported, our examinatlpn of a very large number of effluents from
sewage farms, and from artificial filters of various kinds, shows that, although such
cfluents may be very good as judged Dy chemical and physical tests, they are
generally liable to contain large numbers of micro-organisms of intestinal derivation,
and that if such organisms are to be destroyed, or eliminated, the effluents must be
spbjected to some treatment additional to that which is ordinarily employed. .

We have carried out some experiments for the purpose of ascertaining the prac-
ticability of certain of the methods Whlcl‘l have been suggested for the removal or
destruetion of these micro-organisms. These experlments,_wh}ch are described in
Dr. Houston’s Report, Appendix 1V., have show.u thf;tt, while it would be practic- |
able to render sewage effluents faiyly pure, bacteriologically, the cost of the necessary
additional treatment would be serious.

306. Moreover, a false sense of security would be obtained by the adoption of -
such further treatment unless, at the same time, storm overflows on sewers were
abolished.

In the great majority of towns, sewers are providec_l with storm overﬂo_ws, by
which, in times of storm, large quantities of sewage are discharged into the river or
stream untreated. Such discharges, we find, are frequently more impure, bacterio-
logically, than the normal crude sewage.

In the opinion of some engineering witnesses whom we have called before us, it
would generally be impracticable to dispense with storm .overﬂows,‘ but assuming, as
an engineering possibility, that they could generally be dispensed with, it is quite clear
that the necessary enlargement of the sewers would involve a very large outlay. In
some towns, if there were no storn overflows, the effect of a storm would be to
cause the floy in the sewers to be very many times the normal rate for a short period.
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307. By constructing a separate system of sewers for storm water the effect of
storms on the other sewers would no doubt be greatly lessened, but if bacterial purity
is to be required in the case of all discharges from sewers, it would be necessary to
provide a second plant for the treatment of the liquids flowing in the storm water
sewers, as these liquids are often exceedingly impure. :

The amount of liquid which would be brought down by such separate sewers
would vary, according to local conditions, but during the course of a year it would
probably be at least half as much as the volume carried by the other set of sewers.

308, Inour opinion, the cost of reconstructing the sewers so as to allow of the
abolition of storm overflows, together with the cost of providing and maintaining
purification plant which could be relied on at all times to render the total refuse
waters of a town both chemically and bacteriologically pure, would in most cases
be practically prohibitive; and further, even if this additional burden were placed on
local authorities, the water of rivers would generally still require to be treated before
it could be safely distributed for drinking purposes.

309. We are satisfied that rivers generally, those traversing agricultural as well
as those draining manufacturing or urban areas, are necessarily exposed to other
pollutions besides sewage, and it appears to us, therefore, that any authority taking
water from such rivers for the purpose of water supply must be held to be aware of
the risks to which the water is exposed, and that it should be regarded as part of

the duty of that authority, systematically and thor g {
distributing it to their customers. d ughly to purify the water beforo

. 310. Apart from the question of drinking waters, we find no evidence to show
ghat the mere presence of organisms of a noxious character in a river constitutes a
t }flmg(;,_r to public health or destroys the amenities of the river. Generally speaking,

erefore, we do not consider that in the present state of knowledge, we should be

Justified in recommending that it should he the dut i i
) { , of a local uutl 8
sewage so that it should be bacteriologically pure, ! uihorly fo froat B

311. The evidence adduced before us and ti i igati
: re us § 1e results of our own investigations show
:}liat the extent to which the purification of a sewage nced be curri%d in order
at none of the other injuries wentioned in paragraph 303 shall be done to the river

The statute la 3y i .
effluents. w, however, recognises no graduated standards of purity for sewage

Under the Rivers Pollution Preventi i :

. lut; rention Act, 1876, in the case of sewage entering
E.onitxdall wat.iars,l the duty is imposed on the local authority of adopting th% best f)rac{;-
ical and available means to render the sewage harmless before it enters the river, and

no local circumstances may b i phe A ;
be considered. y be taken into account. The etiuent by itself is alone to

o 3(11%1 W& fully x"eallse that from the point of view of administration it is simpler to

R'gjal' Bu, ed uent alone, and ulso that it has not been usual for County Councils

I ‘1fvexs oards, or others, to press the provisions of the Act of 1876 unduly. Our terms of

Ot,f ilrlzngi tri(é(gu;lf"el (1)108, lhowteivel:,t to ha,ve1 regard to the * economical and efficient ’ discharge
al authorities, and in view of the importan iri

. ( of loc ; ce of not recuiring a local

authority to incur any further expenditurc on sewage disposal than the (I:ircuxgstanccs

of its areu require, we feel strongly that the law sh 3
| ould be
circumstances to be taken into account. ( be altered so as to allow locul

Suspended Solids in Effluents.

313. One point in regard towhich we think that strict regulations wi
) . s will usually be found
necessary is the reduction of the suspended solids of an egi‘uent to a low ﬁgui’o,ebz?o%

that effluent is allowed to escape into a watercourse. As is well known, these suspended
(
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solids are always—or practically always—putrescible. Indeed, we cannot recall any
instance in our own experience in which such solids, when examined apart from the
liquid portion of the effluent, were non-putrescible.

Our observations show that the volatile matter of the suspended solids in effluents
from artificial filtration may be taken, on a rough average, as constituting about two-
thirds of the whole, the remaining one-third being mineral matter. Although it is not
strictly correct to say that this “volatile” matter is all organic, we think that it may
be considered so for practical purposes.

A description, by Messrs. O’Shaughnessy and Kinnersley, of the suspended solids:
washed out in the effluent from one of the Birmingham percolating filters is to be
found in the Journal of the Society of Chemical Industry for 1906. They found them
to consist of a very complex mixture of structureless matter, dead organisms undergoing
disintegration, zooglea, mineral matter, etc.

A large number of specific instances are given, in the *reports on the various
sewage works which have been under observation for the Commission, of the rates at
which such solids take up dissolved oxygen from water.

The results show that the suspended solids from biologicak sewage filters,
whether contact beds or percolating filters, are in themselves putrescible, and that they
are capable of taking up oxygen from water comparatively rapidly. So long as such
solids are kept moving in oxygenated water, or in water containing nitrate in solution,
they will not give rise to nuisance from smell, but if allowed to accumulate in the
sluggish reaches of a stream, they will ultimately form black and putrid mud, which
will draw upon the oxygen in the supernatant water ; if present in very large quantity,
they will, in those circumstances, give rise to objectionable conditions.

314. Our own experience, and also the evidence which we have received, leads us
to attach much importance to the prevention of a large amount of suspended solids-
heing discharged into most rivers and streams, and our observations show that it is
quite practicable to produce effluents fairly free from suspended solids.

The following places, among others, where various systems of treatment are
followed, may be cited as giving a general effluent containing at most 3. parts of
suspended matter per 100,000 :-— ‘

Birmingham., Friern Barnet. Royton.
Burnley. Guildford. Salford.
Carshalton. Hampton. Salisbury.
Caterham. Hendon. Staines,

° Chesterfield. Heywood. St. Albans,
Chorley. Kingston. Shipley.
Clifton. Newcastle-under-Lymae, Wednesbury.
Darwen. Oswestry. Withington.
Dorking. Prestolee. Withnell.
Exeter Radcliffe. ' |

As ageneral rule, we consider that the harm due to suspended solids would not be
serious, if the effluents contained not more than 3 parts of suspended solidst per 100,000,
and it is shown by experience that this would not be an unreasonable figure to
demand in the majority of cases. There are, of course, cases where a larger quantity
of solids might be safely allowed in an effluent, while in some others even 3 parts
might be too much.

Other Qualities of Effluents.

315. We shall discuss in the next section of this report various tests for sewage
effluents, but we may at once state that we doubt whether the figures obtained in the
laboratory have, in the past, been sufficiently considered in connection with observed con-
ditions of the stream to justify positive inferences being drawn from such figures as to the
effect of effluents on streams.

* See Appendix IIL 1 Thisis equivalent, as abrule, to about 2 parts of organic matter in suspension.
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_ In connection with an investigation which we are making in regard to the disposal
of distillery waste liquids, we have constructed a number of artificial streams. We
find that effluents which are derived from strong original liquids may often contain
large amounts of organic matter in solution, and yet not take up dissolved oxygen
1apidly from water, or cause injury to streams into which they are discharged. If
these observations had not been made such effluents, judged by the empirical tests in
common use, might have been regarded as polluting liquids.

These observations, together with other experiments and the work dome by
others, show that the effect of an effluent on a stream does not generally depend on the
absolute amount of organic matter contained in it, but rather on the nature and con-
dition of that organic matter, and that the important thing to ascertain in examining

an effluent, is the extent to which the original organic matter has undergone
fermentation.

We are extending this method of observation to a variety of streams and effluents,
and in our final report we hope to be able to indicate, by reference to figures obtained
in the laboratory, a range of standards of varying degrees of stringency.

RECOMMENDATION.

. :

316. We recommend that the Central Authority should determine the nature of the
tests which are to be applied for the purpoge of standards, and that it should be made the
duty of the Rivers Board, or of the County Council, in areas not under the jurisdiction

of a Rivers Board, to determine from time to time, subject t
Authority, what standards should be adopted. » aubjoct 0 appesl 0 the Contrs!

317. In the first instance it would be convenient that the Central Authority should
prescribe one standard for all non-tidal waters, in place of the existing statutory
provisions. It would then rest with the Rivers Board or County Council to fix,
subject to appeal to the Central Authority, a higher or lower standard, in any case in

which they were of opinion that the circumsta ‘ st :
‘\ o ‘ Y,
standard. p ces required or justified a different

318. We further recommend that no action should be allowed to be brought in res-
pect of damagc;ie alleged to be due to the discharge of an effluent which complie% x:'ith the
standard fixed for the water into which it is discharged, but that in such cases
complaint should be made to the Central Authority, and, if a prima facie case is made
out, that Authority should ascertain whether the complaint is well founded and should
he empowered to fix a different standard if the circumstances are shown to require it.

In cases where it is alleged that the effluent does not comply with the statutory

‘standard, and that damage is caused by the dischan i i
; $ § § ¢ of such e s
be brought in the ordinary courts. d ¥ wuch offnont, action shold

But any questions arising as to whether the effluent complies w"it
standard or as to whether the damage has been caused by the fl)i:-;cha,rgti1 ;}lihztigag;{
in respect of which complaint is made, should be referred by the Court to the Central
Authority for determination. The costs of such determination should be borne by the
parties to the action in such proportions as the Court may determine.

319. Power should be conferred on the Central Authorit i
_ _ ! y to suspend from time to
time the operation of any standard, to allow time for the constructig)n of works, or for
any other reason which, in their opinion, justified such suspension. ’
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TESTS FOR SEWAGE EFFLUENTS IN RELATION TO STANDARDS.

320. The experiments which we have already made show that the mere estimation
of the amount of organic matter in an effluent does not, by itself, afford a sufficiently reliable
index as to the effect which that effluent will have on any stream into which it may be
discharged.

Effluents which are derived from strong sewages may contain comparatively large
amounts of organic matters, and yet not take up oxygen rapidly from water or cause
any serious growth of sewage fungi in streams, while effluents derived from weak sewages,
although containing smaller amounts of organic matters, may take up oxygen com-
paratively rapidly and foul a stream into which they are discharged.

The primary object of applying tests to a sewage effluent should be to ascertain whether
the effluent may be discharged into a stream without giving rise to effects such as these,
and we are extending our observations on streams with a view to ascertaining the value
of various tests from this point of view.

Until these observations are cox&yleted we do not propose to report finally on the
question of tests and standards. e can, however, at once state that any figures of
analysis, unless they bear a direct relation to the state of the effluent as regards
fermentative change, may be misleading.

321, According to our present knowledge, an effluent can best be judged by ascer-
taining, first, the amount of suspended solids which it contains, and, second, the rate
at which the effluent, after the removal of the suspended solids, takes up oxygen from
water.

In applying this test it is important that the suspended solids should be removed, and
estimated separately.

Small variations in the amount of suspended solids in effluents may seriously affect
the rate at which the effluents take up oxygen, and unless these solids are first removed,
the dissolved oxygen absorption test might give a misleading figure as to the character of
the effluent.

322, For the guidance of local authorities we may provisionally state that an
efluent would generally be satisfactory if it complied with the following conditions :—

(1) That it should not contain more than 3 parts per 100,000 of suspended
matter ; and
° '9) That, after being filtered through filter paper, it should not absorp’
more than:
(a) 0'5 part by weight per 100,000 of dissolved or atmospheric oxygen
in 24 hours;
(b) 10 part by weight per 100,000 of dissolved or atmospheric oxygen
in 48 hours; or ' .
(c) 1'5 parts by weight per 100,000 of dissolved or atmospheric oxygen
in 5 days.

At many sewage works which we have had under observation effluents of this class
are uniformly produced. ' :

As regards the carrying out of the dissolved oxygen test, or aeration test as it is some-
times called, we may refer to page 15 of this Report, which deals with the test in relation
to sewage, and also to pages 96 and 438 of Appendix VI

\

Growths sn Streams.

323. The question of growths in streams is one of some importance and difficulty.

Even the best efluents contain a certain amount of plant food in solution and there-
fore tend to promote vegetable growths. In the case of a stream receiving well purified
and nitrated effluents, these growths are green. If, however, green growths form in quan-
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tity, and become detached and washed down into stagnant pools, they must ultimately
undergo decomposition and may possibly give rise to nuisance.

This aspect of the question is being further studied ; bt we may remark that it does
not seem practicable to purify sewage thoroughly without the production of nitrates which
remain in the effluent, and tend to promote growths.

_ In the case of a stream receiving imperfectly purified effluents; grey growsha (lep-

tomitus, sphaerotilus, etc.) may be fostered. These not only.give & stream an unpleasant
appearance, and tend to choke its hed, but when. washed down and allowed:to accumulate,
may become very offensive, especially in warm weather. 8o far as our observations have
gone, such growths flourish best in a mixture consisting partly of unpurified sewage liquor
and partly of oxygenated and nitrated water or effluent. o ,
. This is illustrated by some channel experiments -at. Chorley, - which ‘we began
towards the end of February, 1907. One of the channels carried & mixtute of 75 volumies
of filter efffuent and 25 volumes of well-clarified precipitationi tank liquor...The mixture
gave the following average figures of analysis:— . .. - . SR

Pacts per 100,000, Average. | Sumber of -
Ammoniacal nitrogen (1-34 to 36) - - - - - - - 22 4
Albuminoid nitrogén (014t 0:20) © " -~ - - - - oL T 06T 3
Oxidized nitrogen (176 t0 232) - - - - - - - 1 © 8
“QOxygen absorbed ” in 4 hours (0-81 to 2-21) - - - . 14 - - ‘8
Dissolved oxygen taken up from water in & lo 8 days (085 to 2:81) | - 14 6
Dissolved oxygen taken up from water in 24 hours (0°18 to 1:16) 08 3
Incubator test (by smell) e e e e e . .All passed. 6

In spite of these comparatively good figures, and the fact of the liquid being non-
putrescent upon incubation, the channel was, in June, 1907, filled from end to end with
a thick grey fungoid growth. ’ ,

Another channel, conveying purified filter effluent, had only a green growth, coated
to some extent with effluent solids, while a third channel which carried filter effluent plus
a proportion of storm water equivalent, on the average, to 30 per cent. of the total volume
of liquid delivered to the channel, became full of black putrescent mud, but had little
or no sewage fungus. :

We are not at present in a position to state with certainty, by reference to figures of
analysis, what: effluents: Wwill, and -what effiluents: will not;6ausel objectionable growths in
streams. o ' oy

Nitrates tn Eflluents. T
324, Although a well nitrated effluent usually takes up dissolved oxygen' from water

slowly, this is not always the case. The following effluent (from a strongly ammoniacal
sewage) is an instance of this variation :~ : g i

o

N
5, e

- Parts per 100,000,

' Ammoniscal nitrogen - - - - = - . == s Tt e e - 1502
Albuminoid Ditrogen - .- - e b s e mo v e e e 048
Nitrous nitrogen e 026
Nitrionitrogen .- .« - - - o s et e s e 470
Solids in suspension - - - - - - -+ .. ... - Trace.
“Oxygen absorbed ” at 27° C. (80° Fyatonee - - . .« - - - - - 1-98
“(Oxygen absorbed ” at 27° C. (80° F.)in4hours . - . . - . . -} 562
Dissolved oxy%:m taken up from water at 18°C. (65°F.) ]

{a) in 2 hours - - - - - - o ... e 0-89
() in48bhours - - - - - - ... e e e 216 7/
Incubator test (by smell). - - - .- - . . .. ... - Passed.

i

Here, although there are about five parts of oxidised nitrogen present in the liquid,
there still remains a considerable quantity of readily oxidizable organic matter.” Con-
versely, instances might be given of effluents; poor in nitrate, whick took up' very little
dissolved oxygen from water. oLt . 4 |

923
Chemical Poisons n Effluents,

325. We have not yet studied this point in much detail, but we thi
efluents in which the organic matter llzad been well oxidized, would lg(l){ngg Zﬁ:&fgﬁ
oisons in guantity sufficient to do harm to fish life, and that the heavy metals would
¢ brought down in the sludge. When the Leeds sewage was knowa t> contain a con-
siderablf quantity of arsenic, the efluents from its biological filtration showed only minute
traces of it.

Cases may occur where. chlorine c.:dmpounas,ﬂ acids, or aikaiies mi‘glyxt”be' ’re‘sent in an
efﬂuegt. : W'e'h’ave heard, for instance, of the addition of lime, f:)r the purg))ose‘of tem-
porarily sterilizing a poor effluent ; such effiuents would of course be detrimental to fish, -

The Relation of certain Tests to One Another

326. Dr. McGowan has made a careful comparison of the figures of analysis of 163
effluents of varying degrees of purity and obtained by various artificial processes. In
most of the cases a determination was made of the dissolved oxygen taken up by the
effluent from water in twenty-four hours, as well as of the “oxygen absorbed” from
permanganate, etc.

As a result of this comparison we find that :—

(1) The figures for albuminoid nitrogen and for *“oxygen absorbed *
from (strong) permanganate in four hours show a close parallelism, but
bear no constant ratio to one another. In well, or fairly well, purified effluents,
comparatively free from suspended solids, the ratio will usually be something

~ like one part of albuminoid nitrogen to ten parts of ““ oxygen absorbed ” in four
hours at 27° C. (80° F.). e

(2) The ratio of albuminoid to total organio nitrogen-in an efluent is usually
from 1: 2 to 1: 3, though it may in certain cases be either below or above those
figures. When an effluent contains a large quantity of suspended solids, the
ratio tends to be high.

(8) There is nothing like a definite ratio between the figures for albuminoid
(or total organio) nitrogen and ammoniacal nitrogen in an effluent. The actual
quantity of free ammonia left in an effluent, especially if it be compared with that
in the original sewage or tank liquor, furnishes, however, a very valuable
indication of the extent to which oxidation has been promoted by the filter.

" (4) The ratio of *‘ oxygen absorbed ” at once from (strong) permanganate
to' *‘ oxygen ‘absorbed * in four hours is usually fairly constant at about 1: 3 to
'1: 4, though there are a good many exceptions.

The main object of the test—* oxygen absorbed » at once (or in three
minutes)—is to show whether there is an abnormal quantity of quickly oxidisable
matter, whether organic or inorganic, in a sewage liquid. It cannot be regarded
as a substitute for the four hours test. ‘

(5) The ratio of dissolved oxygen taken up from water in twenty-four hours
at 18° C. (85° F.) to “‘ oxygen abgorbed ” from permanganate in four hours at
27° C. (80° ¥.) shows very wide variations, and the figures cannot be said to bear
much relation to one another, except in a very general way. When the ratio
is low, the effluent is more often than not of poor quality. With a high ratio
—say, over 1 : 5—the effluent is almost always a good one.

(6) The ratio of dissolved oxygen taken up in twenty-four hours to * oxygen
absorbed » from permanganate af once varies very much also ; as a general rule
the better effluents show the higher ratios.

The Relation between the Incubator or Non-putrescibility Test and the taking up of
Dissolved Ozxygen from Water. .

397. There is no certain correspondence between the results of these two tests.
An artificial efluent, made by adding excess of nitrate to a diluted sewage, takes up
dissolved oxygen at a rapid rate, but the nitrate prevents it from putrefying upon
incubation. . '
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At the same time we find that when an effluent is pretty well purified, there is
fairly definite relationship between the two tests.

Of the 163 effluents of varying degrees of purity which were examined by Dr. McGowan,
107 did not putrefy on incubation ; forty-nine putrified ; and seven were doubtful.

Of the 107 efluents which did not putrefy on incubation, ninety-eight were tested
for dissolved oxygen absorption, and were found to take up an average of 057 part per
100,000 in 24 hours. The figures ranged from 0°0 to 3°2 parts per 100,000, and in most
of the cases where a high figure was obtained, there was much suspended solid in the
efluent. There were thirty-five effluents which contained over 3 parts of suspended
solids per 100,000 (the average being 7°1 parts), and these took up an average of 0°85
part of dissolved oxygen in 24 hours. The remaining sixty-three effluents, which contained
3 parts or less of suspended solids per 100,000, took up an average of 0° 41 parts of dissolved
oxygen. Again, of nineteen of the effluents which did not putrefy on incubation, but
which seemed of somewhat indifferent quality as judged by the figures of analysis, only
five took up more than 1 part of dissolved oxygen.

Of the forty-nine effluents which putrefied on incubation, thirty-three were tested
for dissolved oxygen absorption, and were found to take up from 0°57 to 7°0 parts (or an
average of 2'3 parts) of oxygen from water in 24 hours.

"We may summarise the position as follows :—

(1) Ttis very rare indeed for an effluent which (apart from suspended solids)
takes up little dissolved oxygen from water to fail upon incubation.

(2) It is comparatively infrequent for an effluent (apart from suspended
solids) which withstands incubation to take uvp dissolved oxygen from water
at a rapid rate.

(3) In the great majority of cases an effluent which fails to withstand the
incubator test will also take up much dissolved oxygen from water ; and

(4) An effluent which takes up much dissolved oxygen from water will
also usually fail upon incubation.

Both these tests depend upon the fermentative changes which may take place in
an effluent, on keeping, but a standard based upon a low figure of dissolved oxygen
absorption would, in some cases, be more stringent than a standard of non-putrescibility
alone. '

328, It is, we think, probable that an effluent which does not take up dissolved oxygen
from the water of a stream more rapidly than that water can naturally re-aerate itself
from the air, would neither give rise to unpleasantness nor—assuming the absence of
chemical poisons—injure fish life, but this is a point on which we shall be able to speak
* thore definitely after the conclusion of our observations on streams, ‘

* Condition of Effluent as regards Aeration.

329. In some circumstances the question of the amount of dissolved oxygen con-
tained in the efluent would be of importance. If the effluent were almost completely
de-aerated, as many contact bed effluents are, and were to be discharged into a stream,
the volume of which was small as compared with the volume of efluent. the mere
admixture of stream and efftuent would, at all events near the point of ’dischar e,
produce a liquid in which the amount of dissolved oxygen would be far helow the
saturation point.

It should be added that it would probably not be difficult to aerate a contact bed
effluent previous to its discharge into the stream.

Effluents from percolating filters are usually well aerated.

* See also Report by Dr, Letts and Dr. Adeney. Appendix VI,
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PART VIL—POLLUTION OF ESTUARIES AND TIDAL WATERS.

330. In our fourth report we dealt with the question of the pollutio i
with special reference to contamination of shell-fish. P o of tld»al waters,

As regards the standard of effluent that can be permitted for tidal waters, havin
regard to the reasonable protection of salmon fisheries and the avoidance of n’uisanceg
we stated that we did not think it practicable to lay down any fixed rules, as the necessities
of each case would depend on a variety of considerations. We were, however, of opinion
thzit in certain circumstances sewage should be purified before it is discharge:i into tidal
waters.

We therefore proposed that the Rivers Board should be empowered, subi
appeal‘ to t}m (?entral Authority, to call upon a local authority to I:a,dopt s’or::; ggzh(fg
of purification in cases where purification was necessary. -

. 331, .Professor.Letts and Dr. A@eney kindly agreed to collect and collate the results of
1n:es?g?wns b«(eiar.m.g on th;ei %uest:fnhof standards for tidal waters, as regards offensive
putretaction, and injury to fish, and they have presented to us a report i j

which is contained in Appendix VI. F Bort on this subject

Their report contains the results of much original work as well as th i
they have brought together, of the work done by gther observers, ® the results, which

Professor Letts and Dr. Adeney have devoted a large amount of time to th
and we are greatly indebted to them for their report, which is a document of consfd:;g{)lf;

value.
[ ]

The report affords further proof that any provisions which may b
dealing with the pollution of tidal waters must be of an elastic clfarac};er.e enacted for

As an appendix to the report, Dr. Gilbert Fowler has supplied a memorand
the results of some observations which he made as to the disgl?arge of septiza;nlllznzliiltz
into an estuary near Ipswich. 8
(U




226

PART VIIL.-SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS.
(I) PREVIOUS - REPORTS.

InTERIM REPORT. CpD. 685 [1901].

332. Our first Report was of an interim character and contained the following con-
clusions :—

(1) No land is entirely useless for purification of sewage, “ bat in the case of stiff clay aad p3at lands
¢ thie power to purify sewage seem3 to dsp>nd on the depth of the top soil.”

“ There are, of course, numerous gradations in the depths of top soil which are met with in nature, and
“it i3 not easy to draw the line between lands which contain a suffizieat depth to justify their use, and lands
* which do not.”

“Wo are, however, forced to conclude that peat and stiff clay lands are generally unsuitable for the
« purification of sewage, that their use for this purposs is always attended with difficulty, and that where
“the depth of top soil is very small, say 6 inches or less, the area of such lands which would be required
“ for efficient purification would in certain cases be 80 great as to render land treatment impracticable.”

(2) “. . . we are satisfied that it is practicable to produce by artificial processes alons either from sewage,
“ or from certain mixtures of sewage and trade refuse, such, for exanple, as are met with at Leeds and Man-
“ chester, effluents which will not putrefy, which would be classed as good according to ordinary chemical
“ standards, and which might be discharged into a stream without fear of creating a nuisance.”

“ We think, therefore, that there are cases in which the Loacal Government Board would be justified
“ in modifying, under proper safeguards, the present rule as regards the application of sewage to lan !

(3) “. .. 83 a result of a large number of examinations of efluents from sewage farms and from artificial
“ processes we find that while in the case of effiuents from land of a kind suitable for the purification of sewage
“ there are fewer micro-organisms than in the effluents from most artificial processes, yet both classes of
« offluents usually contain large numbers of organisms, many of which appear to be of intestinal derivation,
‘“and some of which are of & iind-liable, under certain circumstances at least, to give rise to disease.”

“ We are of opinion, therefore, that such effiuents must be regarded as potentially dangerous, and we'
“ are considering whether means are available and practicable for eliminating or destroying such organisms,
“ or, at least, those giving rise to infectious diseases.”

(4) “ Tt is of the utmost importance that the simplest possible means should be provided for adequately
“ protecting all our rivers,” . . . and * it will be desirable, probably for'some time to come, that scientific
“ gxperiments should be carried on in order to aicertain all the real dangers gf pollution, against which they
“ghould be protected.”

“ In the present state of knowledge, and especially of bacteriology, it is difficult to estimate theze dangers
“ with any accuracy, and.it seems quite possible that they should be either exaggerated or under-valued
« according to the pre-disposition of those who have to deal with them. An authority, guided by medical
« considerations, might not unnaturally be inclined to insist on a degree of purity which may ultimately
“ srove in certain cases to be uncalled for, while another authority, with its mind fixed upon econoiny,
“ might shrink from taking essential precautions.” - ‘

... “the general protection of our rivers is a matter of such grave concern as to demand the
“ creation of a separate Commission, or a new department of the Local Goverament Board, which shall be
“ g Supreme Rivers Authority, dealing with matters relating to rivers and their purification, and which,
“(when appesl is made to them, shall have power to take action in cases where the local authorities have
“ failed to do so.”

Seconp Reprort. Cp. 1178 [1902].

333. Our second Report was a formal document covering certain scientific papers
" which were presented as an appendix t) that Report.

Tairp RerorT. Cp. 1486 [1903).

334. In our third Report we dealt with the relations between local authorities and
manufacturers in regard to the disposal of manufacturing effluents. We found that the
present state of the law was most unsatisfactory, that the attitude of local authorities
towards manufacturers had differed widely, and that many manufacturers were seriously
handicapped. Our investigations showed that purification of trade effluents by the
local authority is in the great majority of cases practicable ; purification by the manu-
facturer is in some cases difficult, if not impracticable ; while purification by the
manufacturer would generally be more costly than purification by the local authority.

It also appeared that the local authorities, as well as the manufacturers, were of
opinion that there should be laid on the local authority a distinct obligation to receive

trade effluents. (‘
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335. Our recommendations on this point were as follows :—

o “We are, therefore, of opinion that the law should be altered so as to make it the duty of the local

. authority to provide such sewers as are necessary to carry trade effluents as well as domestic sewage, and

. that the manufacturer should be given the right, subject to the observance of certain safeguards, to dis-
charge trade effluents into the sewers of the local authority if he wishes to do so.” ’

*“We do not think it possible to provide, by direct enactment, what these safeguards should be. In

. each distriot it would probably be desirable that the local authority should frame regulations which-should

. be subject to confirmation by a Central Auuthority. Inmost cases however, these regulations could provide

definite standards for the different manufacturers as regards preliminary treatment, and it appears from
“ the evidence that manufacturers would much prefer to have standards to work to.”

* Power to vary the standards or to dispense with them altogether in special cases would be necessary.”

“ Although the duty of receiving trade effluents should, we think, be imposed on the local authority
* cases may arise in which they should be wholly or partially relieved of it.” ’

B “ For example, we find that in some instances the effluent discharged from the manufactory is of‘a .€OINn
posite character, the greater part of which might with advantage be easily dealt with by the manufacturer
*“1f it were kept separate. In such cases we think the manufacturer would generally be willing to adopt

:: this course, but provision is necessary for those cases in which the local authority and-manufacturer could
not agree.”

* Further, although we have received no conclusive evidence to show that there are trade effluents which
*“ oould not. be purified by the local authority, we do not deny the possibility of such cases arising.”

* And it is possible that in some cases, a8, for example, of a large manufactory being newly. established.in
“ a small distaict, it might be necessary to relieve the authority of the obligation to treat the trade effluent
*“ or to enable them to exact some special contribution from the manufacturer, not only for.the cost of treat-
“ ment, but also towards capital expenditure.” '

“ It is obvious, therefore, that some tribunal will be required for settling differences between the local’
*“ authority and the manufacturer, and for relieving the local authority in exceptional cases, either wholly
“or partially, of their obligation to provide sewers and disposal works of sufficient capacity for trade efluents
‘“ a8 well as ordinary sewage.” :

- * We are of opinion that generally no special charge should be made on the manufacturer in those cases
‘“in which the regulations as to preliminary treatment are complied with.” . ‘
“ As we have already stated, it is desirable that, wherever practicable, some’ preliminary treatment

“ should be carried out by the manufacturer.” : L

“ But where the manufactuver is. unable to comply with these regulations we consider that the looa
“ authority should be empowered to make a special charge.”

“ Power should also be granted to make a special charge, even when preliminary treatment is adopted,
“ where there are exceptional circunstances as regards volume, qusality or otherwise.” i

.

Settlement of Differences Betwsen Looal Autharities and Manufacturerss.. . - . .-
338 :'l‘he;c’:hl;e‘f‘queﬂtionﬂ: u,pon, which we considered thatdifferences ﬁnigﬂtaﬁsé'were 3—

(1) The refusal of a local auhority to allow a particular trade effluent to enter their sewers.

(2) The refusal of a local authority to construct or enlarge sewers for the purpose of a particular
o manufactory. ' N

(8) The question of varying general regulations as to preliminary treatment by the manu-
facturer. :

.{4) The amount of the special charge to be imposed on the manufacturer. . .. .
(6) The removal of sludge.

The balance of opinion we found to be strongly in favour of the view that for the
settlement of these questions it is necessary to constitute a. Central Board. possessing
adequate technical knowledge, such as the Supreme Rivers Authority which we recom-
mended in our Interim Report. : _— o A

As regards this matter we reported as follows :—

“ We have been struck by the large sums which have been expended in appeals to Courts, but apart
“ from the question of expense we are strongly of opinion that the ordinary Courts are not suitable for the
“* determination of these questions, and we venture to think that the judgment of the Master of the Rolls
* in the case of Attorney-General v. Whitmore, to which we have already referred, clearly supports this view.
* His comment.that ‘ the evidence was very complicated, the expert witnesses who were called not only giving
“ evidence quite inconsistent with one another, hut some of them giving evidence in crass-examination, whjch
“ was quite inconsistent with what they said in examination in chief,’ might apply to many similar cases.”

. “ The scientific questions to be solved would in most instances be capable of actual determimation. by
““ & properly-aqui Central Authority, and;there can be little-doubt that such divect proof: would be:far
'\:.“: less ngtlyl:t&ht;nm process of endeavouring :o ar1ive atitha: trush through the evidence of axpert witnesses
‘in a Court of Law. : T
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* Moreover, the matters to be determined include, not only scientific questions on which witnesses may
‘“be expected to differ, but also considerations of an administrative character which should more properly
*“ be dealt with by a Government Department.”

“ Further, we find that a Central Authority possessing adequate technical knowledge, would command
*“ the confidence of local authorities and manufacturers.”

“In our opinion a properly equipped central authority is essential, and we unhesitatingly recommend
‘“ the creation of such an authority.”

‘ In the interests of river purification as well as of the trade of the country we consider it is of the highest
* importance that the changes in the law which we have recommended should be made. But these changes
“ would not in our opinion, be of much use apart from the creation of a Central Authority for the determination
“ of differences between the local authority and the manufacturer.”

“If the settlement of these differences be left to the ordinary Courts, differential treatment of manu-
“facturers, with all the objections to it, will be certain to continue.” .

We also recommended that, for the due protection of rivers, River Boards should
be formed for other parts of the country, similar to the three which already exist in
Lancashire and Yorkshire, and that these boards should be empowered to determine,

subject to appeal to the Central Authority, certain of the differences between local authori- |

ties and manufacturers.

We further advised that it should be the duty of Rivers Boards to inspect public
water supplies and to report to the Central Authority any cases of dangerous pollution
of such supplies which they may detect; and that the Central Authority sheuld be em-
powered, after due inquiry, to order the purveyors of the water to adopt such means as,
In the opinion of the Central Authority, were reasonable and necessary for removing
or diminishing the danger.

We also recommended that the Central Authority might, with the aid of the Rivers
Boards, very properly collect such information as is available throughout the country
In regard to waste of water by pumping from mines, and in regard to the abstraction of
water from one district, for the supply of another district, to the detriment of the water
supply of the district from which the water was taken. We consider that the collection
of such information should precede the consideration of the question whether legislative
mnterference in regard to these matters is desirable.

Fourre REporT. Cp. 1883 [1904).

337. In our fourth Report, we dealt with the pollution of tidal waters, with special
reference to the contamination of shell-fish. We stated that :—

w_ Alter carefully considering the whole of the evidence on this point, we are satisfied that a considerable

., humber of cases of enteric fever and other illness are caused by the consumption of shell-fish which have

. been exposed to sewage contamination ; but in the present state of knowledge, we do not think it possible
to make en accurate numerical statement, at any rate as regards the whole country.”

* There can, however, be no doubt that the evil is sufficiently grave to demand a remedy.”

. Our main recommendation for dealing with the evil was stated in the followihg
erms :—

..  After caref}llly _cc_msxdering the whole of the evidence, together with the results of our own investiga-
N tions aqd lqcal Inquiries, we are strongly of opinion that the only way in which this evil can be effectively
N dealt with is by placing tidal waters under the jurisdiction of a8 competent authority, and conferring on
. that authority power to prevent the taking of shell-fish for human consumption from any position in which

they are liable to risk of dangerous contamination, and to enforce restrictions as regards pollution, and

:: as regards waters, foreshores, pits, ponds, beds and layings in which shell-fish are fattoned or stored, as and
when required.”

« * For this purpose the powers of the authority must be elastic. The case of each river and estuary is 8
« problem by itself, and it would not be Practicable to fix by enactment any standard or standards which would
be generally suitable to the widely different conditions of different cases. Moreover, as the conditions are

:i ffr‘fgg&i“ character, it is necessary to provide some permanent machinery by which restrictions can be

After considering various alternative suggestions as to the Controlling Authority,
we stated that:— .

-« We entirely agree with the view Which has been pressed upon us by a large number of witnesses that
“ Rivers Boards would be the most suitable bodies in whom to vest the local control which we are now dis-
““ cussing. Their control over inland waters is of a similar eharacter to the control which is required over
“ tidal waters (estuarial and other), and it is desirable and fitting that their jurisdiction should be extended
“to tidal waters for public health purposes. There are indeed no other local bodies possessing the
“ nocessary qualifications, and the only practicable alternative to giving them jurisdiction would seem to
“ be to place the whole control in the hands of & Central Depa:tment.”
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We recommended therefore : —

“ That the necessary power of control over the pollution of tidal waters, and over waters, foreshores,
* pits, ponds, beds, and layings where shell-fish are grown, fattened or stored, should be vested in the Rivers
“ Boards, subject to appeal to a central authority.”

In the Report we set forth, in detail, the procedure which the Rivers Boards and
Central Authority should follow. We also dealt with the question of the means which
should be adopted for avoiding danger from the consumption of foreign shell-fish,

As regards other evils, besides the contamination of shell-fish, which had to be guarded
against in the case of discharge of sewage into tidal waters, we made recommendations
dealing with these matters.

SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS.

(2) PRESENT REPORT. o

GENERAL CONCLUSION.

338. It is practicable to purify the sewage of towns to any degree required, either by
land treatment or by artificial filters, and there is no essential difference between thé
two processes.

The main questions, therefore, to be considered in the case of. a town .propos.ing to
adopt a system of sewage purification are, first, what degree of purification is required in
the circumstances of that town, and of the river or stream into which its liquid refuse
is to be discharged ; and, secondly, how the degree of purification required can, in the
particular case, be most economically obtained.

Removal of Suspended Matters.

We find that it is generally desirable to remove from the sewage, by a preliminary
process, a considerable proportion of the grit and suspended matters, before attempting
to purify the sewage on land or filters.

Sedimentation Tanks.

339, Quiescent Sedimentation.—Two to three hours quiescence is usually sufficient
to produce & tank liquor fairly free from suspended solids, but owing to the fact that
somesewages contain a larger proportion than others of solids that settle ver y slowly,
no general rule can be laid down as to the necessary period of quiescence. With this
form of treatment the deposit in the tanks should be frequently removed.

Continuous Flow Sedimentation.—The amount of settlement effected does not depend
alone upon the period of flow, but upon & number of other factors. If the tank liquor
is"to be treated upon filters of fine material, the period of flow should generally be from
10 to 15 hours. The tanks should be cleaned out at least once a week.

Septic Tanks.

340. All the organic solids present in sewage are not digested by septic tanks, the
actual amount of digestion varying with the character of the sewage, t_he size of the
tanks relative to the volume treated, and the frequency of cleansing. With a domestic
sewage, and tanks worked at a 24-hours rate, the digestion is about 23 per cent.

The liquor issuing from septic tanks is bacteriologically almost as impure as the

sewage entering the tanks.

tic sewage which has been passed through a septic tank is not more easily
oxidge(:imi;s i':,s passagge through filters than domestic sewage which has been subjected to
* chemical precipitation or simple sedimentation. o
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No definite rules can be laid down as to how long a septic tank should be run without
cleaning. In the cage of small sewage works (serving populations of say 100 to. 10,000
persons), the tanks should generally be allqwed to run, without cleaning; so long asthe
suspended matter in the tank liquor shows no signs of affecting the filters injuriously.
For larger works it would generally be advisable to run off small quantities of sludge at
short intervals of time. - ' ‘

The rate of flow through a septic tank is a matter in which the needs of each place
require special consideration, but at few places should the sewage be allowed to take
longer than 24 or less than 12 hours to flow through the tank. In no case should less
than two tanks be provided, and they should be arranged so that, if necessary, one tank
can be used alone.

As regards digestion of sludge and quality of tank liquor, a closed tank possesses
no advantages over an open tank. There is less risk of nuisance if the tank and the feed
channels to the filters are covered in.

By passing. septic tank liquor through tanks of .a: size sufficient to-hold about one
quarter of the day’s flow, with the addition of from 2 to 3 grains of lime per gallon to the
liquor, the suspended solids in the liquor are materially reduced, a considerably larger

quantity of the liquor can be treated per cube yard of filter, and the offensive character
of the liquor is largely destroyed.

Chemical Precipitation.

341. In the case of sewages which contain certain:trade waste, and strong sewages

- from water-closet towns, it is generally desirable to subject the sewage to some form of

chemical treatment,_ before attempting to oxidise the organic matter contained in it.
In' most cases careful chemical precipitation materially aids the deposition of the sus-
pended solids; and facilitates subsequent filtration. :

- .No general rule can be stated with regard to the capacity of precipitation tanks.

With continuous flow, an eight hours rate is usually. sufficient to produce a fairly good.

tank liquor from a domestic sewage of average strength.

If sewage is allowed to remain quiescent in the tank, two hours settlement would
usually suffice.

- Relative Cost of Different Tank Treatments.

342. In the absence of special circumstances fuvouring a particular plan, it would
appear that there is very little difference in annual cost between the various methods of
tank treatment when taken .in . conjunction with. the cost of subsequent filtration

through percolating filters, assuming that the kind of filter adopted in each case is that .
. which is best adapted to the particular tank treatment provided. '

Filters,

343. Within ordinary limits, the depth of a contact bed makes, practically, no
difference to its efficiency per cube yard. '

We think that it would be generally inadvisable to construct contact beds of a
greater depth than 6 fect or of u'less depth than 2 feet 6 inches.

For practical purposes and assuming good distribution, the same purification will be
obtained from a given quantity of coarse material, whether it is arranged in the form of
a deep or of a shallow percolating filter, if the volume of sewage liquor treated per cube
yard be the same in each case.

With regard to percclating filters of fine material, if the liquid to be purified were
absolutely free from suspended and colloidal solids, and if thorough aeration could be
maintained, the statement just made for.filters of coarse material might: possibly hold
good for filters of fine material also. In practice, however, these conditions can scarcely
be maintained with large rates of flow, and we think that the greatest efficiency can be got
out of a given quantity of fine material by arranging it in the form of a shallow filter
rather than of a deep filter. But we are not in a position to make an exact quantitative
statement as to the difference in efficiency of the two forms. . -

1

" nuisance, and that it wou
" other method of cleansing the dam,

*_directi ight, wit _
'gg;g?cl)%n:)f%lli Central Authority should be final.
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. " nt of sewage which ean be purified per-cube. yard- of contact bed or of
percosl::ing Igaltszll-mv)1;;ries'——wit;hign practical limits—nearly inversely as the strength of the

liquor treated. This statement is based on the assumption that the size of the material

of which the filter is composed is, in each case, suitable to el r
treated. and that the material is arranged at the proper depth to secure maximum
’

efficiency.

Detailed particulars as to the amounts which can be treated per cube yard of filter
are given on page 117. S : : |
Taking into account the gradual loss of capacity of contact beds, a cubic yard of

material arranged in the form of a percolating filter will generally treat about twice as
much tank liquor as a cubic yard of material in a contact bed.

ini i inhibitory effect upon
se of sewage containing substances which have an in f
the :(?tifr}il:y c(?f micro-org%nisms, the working power per cube yard of filter of either type
may be more nearly equal. This point, however, 1s.not clearly established..

Percolating filters are better adapted to variations of flow than contact beds.

i tter aerated than effluents

. F from ' percolating filters are usually much be erated than
fro chf)l:llt?:(:t: bggs aﬁd, apart gfrom suspended solids, are of a more uniform character.
5nn;mptying a contact bed, the first flush is usually much more impure than the average

effluent from the be 1.

The risk of nuisance from smell is greater with percolating filters than with contact

P i lating filters there is apt to be nuisance from flies, especially: with - filters

:V ltilege;fc charség filtoring material. In the warmer month.s of the year, such filters

ovarm 5 ith members of the Psychodidae, which, though appearing to breed and d%rglo;p

?;v aﬁ: Xlters may usually be seen in large numbers on the walls of houses, or bm ings
, ! . K N .

close to or on the works.
H

Treatment of Sewage on Land.

345. There is no essential distinction between effluents from land and gﬁiuer‘}t?s from

. artificially constructed filters.

‘ ils which are particularly well adapted for the purification of
e xfrgrlﬁyt};‘ofrzrs}?lsl:n:ll 1:;uemtitl})r of unoxidised organic matter, and are usually

sewage contal al filters as at present constructed and-used.

of a higher class than effluents from artifici |
o Effluents from soils which are not well adapted for the purification of sewage may 'y
often be very impure.

Sludging of Mill Dams,

hich the Rivers Board should be of opinion that the sludging
the accumulated sludge into the stream would give rise to a
1d be financially practicable for the mill owner to adopt some
the Rivers Board should be empowered, by notice,
the sludge into the stream.,

346. In any case in W
of a mill dam by turning

to direct the mill owner not to turn

ovided that any mill owner deeming himself aggrieved by such a

It should bo pt hin some fixed period, appeal to the Central Authority, The

ise. i ich it is important that the sludge should not be turned
; he str %8(:: ?:%Lﬁntgf I%ivers Boaﬂd are of opinion that the cost of adopting
P st‘ean:},l d of cleansing the dam would be prohibitive to the millowxer, we
any othel‘dm‘ﬁ tothe Rivers Board should be empowered to represent the case to the
regommen ; ait and that the Central Authority should be empowered. after due
Sl:zzli.:;’ 1:: tdi(;le‘soz ‘that the sludge shall not be turned into the stream. If the Central
H h
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Authority should be satisfied that the cost of adopting some other method of cleansing the
dam would be greater than the millowner could be reasonably called upon to bear, they

should be empowered to direct that a portion of the cost should be borne by the local
authorities whose districts would be benefited.

Effect of Trade Effluents on Sewage Purification.

347. All the trade effluents of which we have had experience interfere with or retard
processes of purification to some extent, but we are not aware of any case where the ad-
mixture of trade refuse makes it impracticable to purify the sewage upon land or by means

of artificial processes, although in certain extreme cases special processes of preliminary
treatment may be necessary.

Nuisance from Smell.

348. All sewage works are liable, at times, to give off unpleasant smells ; they should,
therefore, be situated away from dwelling houses, wherever this is practicable.

The nuisance is apt to be considerably greater where the sewage contains brewery
refuse in any quantity ; but, on the other hand, the presence of some trade effluents, such,
e.g., a8 iron salts or tarry matters, tends to render the process of purification less offensive,

The extent of the risk of nuisance depends, however, not only on the character of
the sewage, but also on the method of treatment adopted.

General Observations bearing on Choice of a Method of Sewage Treatmeni.

349. The selection of a method of sewsa

ge disposal should depend primarily on local
conditions.

If a sufficient quantity of
chased for about £100 an acre
adopt.

good land, to which the sewage can gravitate, can be pur-
» land treatment would usually be the cheapest method to

In cases where only clay land is available, it would generally be cheaper and more
satisfactory to provide artificial filters,

350. Given conditions favourable to each process,
cost between any of the different forms of tank trea
along with the cost of subsequent filtration.

there is little difference as regards
tment when these are considered

Single contact will, generally, only yield a good effluent where the sewage to be
treated i1s weak, and then only aft

‘ er good preliminary treatment. For the purification
of partially settled weak rewage,

. and for well, as also for partially, settle sewage of
average strength, if the case is one in which a good effluent is required, double contact
18 necessary, while if a strong sewage has to be treated, triple contact is necessary, unless
the preliminary treatment is exceptionally good.

In nearly every case a greater rate of filtration per cube yard can be adopted if the

material is arranged in the form of a percolating filter, than if 1t is used in contact beds.
In many cases the rate of filtration through percolating filters may be double or nearly
double what 1t could be with contact beds.

. Where the liquor to be treated contains much suspended matter, it is usually ad-
visable to construct filters, whether contact or perco

uct lating, with coarse filtering material.
ere the preliminary treatment has effectively

\na ; removed the greater part of the
suspended matter, it is best to use fine material in the filters,

Storm Overflows on Branch Sewers,

351. Storm overflows on branch sewers should be uged sparingly, and should usually .
be set 80 a8 not to come into operation until the flow

. ] in the branch sewer is several times
the maximum normal dry weather flow in the sower,

; : - No general rule can be-laid down’
a3 to the increase in flow which should occur in the branch sewers before sewage is allowed

[
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untreated. The Rivers Board, or in districts where there: 18
I:l(()) IE?:eiZagOZZdt}ﬁ: Vgggon;vy (Ijlouncil, should have power to require the local authority
to alter any storm-overflows which, in their opinion, permit of an ezcessive amount o‘i'
unpurified sewage to flow over them. The local authority should have the right to appeaf
to I;he Central Authority in any case in which they consider that the requirement o
the Rivers Board is unreasonable or impracticable of fulfilment. _

The general principle should be to prevent such an amount of unpurified sewage
from passing over the overflow as would cause nuisance.

Treatment of Storm Water Sewage at the Works.

e, special stand-by tanks (two or more) should be provided at
the v?gfl.{sA:naél glf:;: a;elnf;)ltl;y foI; the purpose of receiving the excess of siilorm Wate: W}}?Clﬁ
cannot pr:)perly be passed through the ordinary tanks. As regards }I; e aé?lozri vzﬁolr(;n

be properly passed through the ordinary tanks, our experience shows ah n st
1131'1 a}(’as fhg ral‘)ce of flow through these tanks may usually be increased to about three times
ti::: normal dry weather rate without serious disadvantage.

) ial tanks, and should
t the works should be made from these specia ,
be aggggzge;gogxaz it will not come into operation until the tanks are full.

Special filters which are only used in times of storm are not usually efficient, and
should not be provided.

ivi i i be filtered
ity of sewage arriving at the works in storms, which has to ,
shoul{\in{eeﬁgt%?ggtzhz ?)i‘difary ﬁltergsr&. which should be made sufficiently large for

the purpose.

i stand-by tanks, the amount of storm water sewage to be

As reggrs}?et{::r:lggeﬁ:r}:; gteneralﬁr for dealing with the storm sewage at the outfa&ll
ltere ’ﬁn Rivers Board or the County Council in areas in w:hlch no Rivers Boar.s
g o lt:ra,bliashed should have similar power to that which we have propoged.lm
ltaézgdb:gnogirﬁows on branch gewers, and the local authority should have a similar

right of appeal to the Central Authority.

I - f holding
it wi bably suffice to provide stand-by tanks capable of h
Iltlxgrlt(;):: g?s:;eltdzvilll)lr %I:;r :vea?;her' flow, zfnd it will not be necessary to provide for
;(‘)i?t:rz%ay more than three times the normal dry weather flow.

Under the arrangements which we recommend no storm sewage arriving at the
outfal]l works would be discharged without some settlement.
? Separate Systems of Sewers.
i ity wi te system of
in which a local authority wishes to adopt the separate sy ‘
s % . %r}lx); cv:}sl?ﬂ:anov: afny part of their district, they should apply to the Central
il\.ftl}rllgﬁ:y o;nd that Authority should be empowered to confer on the local authority, by
ordez, such powers as are required.

uired, the provisions which are generally con-

. As.relgal‘ﬁs 1:(1;153 u?v:':;;ez}éagf atli?isrilatter geem %o be defective. If separate sewers

tained lI}d 0(; the local authority should have a clear power to enforce the provision of

Sor prov1de ins, but the local Acts to which our attention has been drawn do not modify

et mlfn the local authority under the general law in regard to bye-laws as to the

gge.pov?l;)sf 0houlws Moreover, the powers of the local authority should not necessarily
bealliligigted to new streets and new houses.

i isti ins should fall on the local
he expense of altering existing drains s :
As ta geggr:}lezzleﬁl:yebexsome instances in which it would be equitable that they
:ﬁgﬁffb);’a :‘ some portion of the additional cost even in the case of new roa'ds..

The Central Authority should, therefore, have power to include in their Order such

Fl‘ovisions Jor the allocation of the cost as they consider equitable, having regard to the

ocal circumstances. ' N

)
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~ Standards for Sewage. Effluents.

"' 384, Our-terms of reference require us to have regard to the “ economical. and
effidient ” discharge of the duties of local authorities, and in view of the importance
of mot r>quiring a local authority to incur any further expenditure on sewage disposal
than the circumstances of its area require, we feel strongly that the law should be
altered so as to allow local circumstances to be taken into account.

We recommend that the Central Authority should determine the nature of the_ tests
which are to be applied for the purpose of standards, and that it should be made the duty
of the Rivers Board, or of the County Council in areas not under the jurisdiction of a
Rivers Board, to determine, from time to time, subject to appeal to the Central Authority,
what standards should be adopted.

" In the first instance it would be convenient that the Central Authority should
prescribe one standard for all non-tidal waters, in place of the existing statutory provisions.

It would then rest with the Rivers Board or County Council to fix, subject.to appeal to -

the Central Authority, a higker or lower standard in any case in which ‘they were .of
opinion that the circumstances required or justified a different standard.

We further recommend that no action should be allowed to be. brought in respect
of damage alleged to be due to the discharge of an effluent which complies with the
standard fixed for the water into which it is discharged, but that in such cases complaint
should be made to the Central Authority, and, if a prima facie case is made out, that
Authority should ascertain whether the complaint is well founded, and should be em-
powered to fix a different standard if the circumstances are-shown to require it..

In cases where it is alleged that the effluent does not comply with the statutory:
standard, and that damage is caused by the discharge of such efluent, action should
be brought in the ordinary Courts. : .

But any questions arising as to whether the effluent complies with the statutory
standard, or as to whether the damage has been caused by the discharge of the effluent
in ‘respect of which complaint-is made, should be referred by the Court to the Centyal
Authority for determination. The costs of such determination should be borne by the
parties to the action in such proportions as the Court may determine. ‘

Power should be conferred on the Central Authority. to suspend, from time to time,
the operation of any mandard, to allow time for the construction of works, or for any
other reason which, in their opinion, justified such suspension.

Tests for Sewage Effluents in Relation to Standards.

855. According to our present knowledge, an effluent can best be judged by arcer-

’ tainin_g, first, the amount of suspended solids which it contains, and, second, the rate
at which the efluent, after the removal of the suspended solids, takes up oxygen from.

water.

In applying this test it is important-that the suspended solids should be removed,
and estimated separately.

For the guidance of local authorities we may provisionally state that an efluent would
generally be satisfactory if it complied with the following conditions:— '

(1) That it should not contain more than 3 parts per 100,000 of suspended
matter ; and

than:

. 24( (;1)0 1(1)1-: part by weight per 100,000 of dissolved or atmospheric oxygen

. 48(1;1)01:,.-2 ;pe(t;‘t by weight per 100,000 of dissolved or atmospheric oxygen

o, (&c) 1'5 parts by weight per 100,000 of dissolved or atmospheric oxygen
in 5 days. .. .

v

(2) That, after being filtered through filter paper, it should not absorb more.
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. Tug CENTRAL AUTHORITY.

356. To secure the economical and efficierit discharge of the duties of local authorities,
and others, in regard to'pollution, and adequately-to protect the public-health and the
anienities of rivers, the statutory provisions in regard to thdse matters must be of an
elastic character.

_ The conditions of different cases vary to such an extent that. the necessary control
cannot, in our opinion, be provided.by any direct.enactment which, could be enforeed by
the ordinary Courts.

Throughout our Reports, this fact has been fully recognised, and we have proposed,
in regard to many matters, that ultimate control should be vested in an adequately
equipped Central Administrative Authority, and that, as far as practicable, the local
Rivers Board.should, in accordance with regulations framed bv the Central Department,

act as a first tribunal.

Among the more impertant guestions which have to be dealt with under the new
conditions of administration which we are contemplating, are the following :—

(i) DisputAes, between local authorities and manufacturers ‘a8 to the
terms.and conditiens on which trade efluents shall be admitted into sewers -

(ii.) The control of shell-fish layings so as to prevent the taking of shell-
fish for human consumption from positions in which they are liable to risk of

dangerous contaminatipn.
(iii.) The protection of water supplies from pollution.

(iv.) The collection of information as to the water supplies available i
various parts of the eountry.

(v.) The collection of information as to the need of Water‘in various parts
of the country.

(vi.) The settlement of standards for different reaches of water.

il i ities, in suitable cases, to provide
) Conferring powers on local authorities, in sut , t0 pI
separfx‘f:: )systems ofgsgwers for surface water and to emiigrce the provision of

teparate drains.

i tra amount of sewage which
i.) The settlement of questions as to the ex
2 locgumzthority should be required to treat during storms.

ns in regard to the purification of polluting liquids
have still to be worked out, and 1t is essential that
ly equipped for undertaking such special investi-
find necessary, and for collecting and collating

Thete are also numerous questio
which, in the interests of the public,
the Central Authority should be proper
gations as they may from time to time
the work done by others.

ntment considerable developments have taken place in
and there is every reason to think that further changes

Since the date of our appoi
regard to the disposal of sewage,
wi?l oceur in the future.

. t keep in close touch with all such changes, and from
~ Unless the Ce':fg :ltlll)eegali":lieﬁot PoIs)Sible for local authorities throughout the country
E:ﬁ; ::) Sﬁ?szeﬁo; results of valuable work which is being done at many places, and hence,

to perform their duties in the most economical as well as efficient manrer.

Tug PoOSITION OF OUR INQUIRY.

i 1t with the main question of what methods of sewage
\di 'c?ss’{.nfgyﬂ}l)l:ollrr ;rﬁew:dlz;vt:; .?bi;r lgvclal authorities. ’Il‘lhe rentl;aml‘det'l of .211111- work will
b ohio ' i i t xed with s .
‘be I:;hieﬁy ‘concerned with the disposal of ‘trade effluents when not mixed ewage



We have already investigated the disposal of distillery effluents, and shall issue a

separate Report on this subject very shortly.

Concurrently with our investigation of the methods available for disposing of other
trade effluents we shall continue our observations on the eflect of discharging effluents of
known composition into streams, with a view to reporting more fully on the question of

standards and tests.

' Page 188, We are continuing, for another season, the experiments on the manurial value
of sewage sludge, and are also making some observations on a few other points.

F. J. WILLIS,
Secretary,

7th August, 1908,

IDDESLEIGH (Chasrman),
T. WALTER HARDING,
WILLIAM RAMSAY,

W. H. POWER,

T. J. STAFFORD,
REGINALD A, TATTON,
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Effluents,
T o . Y
Percolating Percolating
Double filters of coarse  filters of fine
contact raaterial material
beds. (deep)- (ehallow).
Rate of fltration per cube 65 galls. 150 calls. 100 galls.
yard. (21 hllings)
| y 2:0to 30
Ammoniacal nitrogen - . 20 ) 20
' 2 30
Nitric nitrogen - 1'5 0
N 2-:"’
Oxygen absorbed in 4 hours - 30 30 3
2:0 4:0 to 50 20 to 30

Suspended solids - -

Variable efllu-
ents, some-
times putres-

cible.

Good lamd
(Filtration with little
cropping).

25,000 to 30,000 galls.
per acre per day. (O
to 6 galls. persq. yd.).

025 0
1°5
03to0S °

Possible traces of
rowth, washed out
rom drains.

Typical Analysis of Sewage from & water;
closet town with a water supply of 25 to 30

gallons a head, Separate system of sewers.

Ammoniacal nitrogen - -

Oxygen absorbed in 4 hours - 170

Suspended solids - - - 400
Strength 160 to 170.

Chemical precipitation and quiescent continuous fow settlement.

settlement for 2 hours.
| ) | | I
o . VUL : 10T
Precipitation Liquor. Precipitation Liq
"~ 4 - . . - 7,0 .
Ammoniacal mtrogen - - 70 Ammoniacal nitrogen
Oxygen absorbed in 4 hours S0 Oxygen absorbed in 4 hours
‘ ) l“ by - 1’ ]., - - -
Suspended solids - - . 2 to 5 Suspended so 1th
Strength 90 Strength 95 to 100.
M
.
Effluents. _
T T T T Pereolating
Percolating ?ﬁiérs ofg Goodland e
Doub'e filters of coarse medium (Filtration with little
contact material material cropying).
bheds. (deel).) (shallow.) ) . e
70 ¢ 27 8, per ¢
Rate of filtration per cube ({;{} {.,;:;1113.) 100 galls. 75 walls. }igz?alﬁf o &lsq. gy,
w nunygs
yard per day. = 5 |
‘5 25 bos 025
Ammoniacal nitrogen - 20 25 . r
¢ 15 2+0 . 2:0to 30 15
Nitric nitrogen
o g : 3-0 25 0:3to 05
Oxygen absorbed in 4 hours - 30
b 6-0 50 Possible traces of
Suspended solids - =~ 20 srowth, washed out

rom dralns.

Variable eftlu-
ents, some-
times putres-
cible,

| . B ‘aue Te t approximately the parts b we'
v \ rs piven for “strength”®of Sewage represeill € o7° C. (80° F.) fr
| 1\IO'I“ES'“((}’)) :l‘l(aex:};é?lbgbﬂso%bed in 4 houis” means OXygen a orted in 4 hours at i (80 IY )

: :q witl dilute snlphuric acid.
(3-94 grms. per litre), rendered gci vy ,
(3) All figures of analysis are stated m partasptf?é‘e éogﬁd howards in depth; by a Jallow

- b b f 5 to . . o ~
By 3 feéiteq Ibﬁxl::r]f;r;%;%)?yoﬁleeigadi'isable at the present time to build sewage lﬂter? °

Chemical precipitation and 8 bour

CLASS I

Strong or Very Strong Sewage.

Ammoniacal

Suepended

T'ypical Analysis of Sewage from a slop- -
water town, baving few water-closets, where
the wa'er supply is about 10 to 15 gallons
a head, and where the sewers are on)the

partially separate systein.

‘Oxygen absorbed Ammoniacal nitrogen - . 60
nttrogen. in 4 hours. solids.
Oxygen absorbed in 4 hours - 250
7' 20 40 o
Suspended solids - - - 40+0
Strength 175 to 200, Strength 200 to 230.
Q11iescen2t ls]e:t;t;lemwmt for Continuous flow settlement for Septic tanks,
ours, 15 hours. - 24 hours’ continuous flow.
r I
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