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PREFACE
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IN the course of the preparation of a series of articles for
“Surveying and the Civil Engineer,” dealing with the nu-
merous and varied types of appliances used in connection
with Sewage Disposal Works, it occurred to the Author
that it might be useful to many Engineers, and especially

. to Students, to have the whole series published in a per-
manent form for reference. At the same time, it appeared
to afford an excellent opportunity to include full details
of all the various methods of design and construction in
general use, and thus provide a complete work dealing
with the whole subject. The result is the present volume,
which, it is hoped, will prove of value to those engaged
in this branch of engineering. In any future editions that
may be required, it will be the endeavour of the Author
to omit any details which may have become obsolete, and
to include particulars of any new methods of construction,
systems or appliances, which may be brought into use from
time to time, and he will therefore be glad to receive
particulars of new appliances and systems as they are
introduced.

W. C. EASDALE.
28 VICTORIA STREET,
WESTMINSTER, S.W.
1910.
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SEWAGE DISPOSAL WORKS

THEIR DESIGN AND CONSTRUCTION

INTRODUCTION.

IN approaching a subject upon which so much has already
been written, it may be desirable to point out that the
improvements which have taken place in recent years in
connection with sewage disposal are so extensive and
varied, and have developed at such a comparatively rapid
rate, that most treatises now in existence are in many
respects more or less out of date. It is true that further
developments may be anticipated in the future, but these
will probably be concerned more with additions and im-
provements in matters of detail than of principles, which
are now to a great extent agreed upon. , The time would
thus appear to have arrived when it is desirable to describe
in detail the various methods of construction now generally
adopted in the design of present-day sewage disposal
works.

In order to avoid a repetition of the usual preliminary
details to be found in all the existing literature devoted to
this subject, it is assumed that readers are acquainted with
the nature of the problem to be solved in the design of
sewage disposal works, with the varying characteristics of
the different liquids included under the term “sewage,” and
with the engineering formule and requirements involved

B
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2 Sewage Disposal Works

in the design of tanks, filters, and similar constructional
works. The present volume will thus consist exclusively
of descriptions, illustrated with drawings and photographs,
of the various tanks, chambers, filters, beds, and other
details of sewage works, including the numerous types of
appliances required in connection therewith.

In other works dealing with this subject it has been
customary to use as illustrations, drawings of works actually
carried out by their authors or other engineers. While
these are interesting and valuable to a certain extent, their
application under other conditions is limited, and their use-
fulness is thus much reduced. In the present volume the
illustrations of the various details of construction do not,
as a rule, represent actual working drawings adapted to any
particular set of conditions, but are shown in diagrammatic
form for the purpose of serving as suggestions to engineers
in search of ideas which they can adapt to meet the require-
ments of any particular scheme upon which they may be
engaged. It will follow that the engineer must in all cases
rely upon his own practical experience and judgment in
deciding to adopt any of the various methods of design and
construction illustrated and described in the following
pages ; and it may be found that a combination of several
types, or even a combination of several details of different
types, combined with practical experience and mature

judgment, will frequently produce the most suitable and
efficient scheme,.



SCREENS.

ON arrival at the disposal works, the first stage of the
process through which the sewage passes is generally that
of screening for the purpose of arresting the grosser solids
in suspension. In a number of cases where the sewage is
delivered by gravitation, there are no screens of any kind
in use, reliance being placed upon the detritus chambers to
perform the duty of arresting the floating solids, as well as
the grit and other mineral matters, of such a specific gravity
that they are readily deposited by simply reducing the
velocity of the flow. Where the levels involve the use of
pumping plant, screens are a necessity, and, as the Royal
Commission on Sewage Disposal have expressed the
opinion that @// sewage should be screened, it will appa-
rently be necessary to provide screensin all future schemes.

Simple Screens.—The simplest type of screen is in the
form of a grating, consisting of vertical iron bars in a stout
iron frame, arranged to fit into grooves cut in the side walls
of the screen-chamber, or in channel-iron guides attached
to the sides of the chamber. As a general rule the vertical
bars are round in section, but some engineers prefer to use
flat bars with their longer side parallel to the line of flow,
while others even go so far as to use wedge-shaped bars
with the thick end facing the flow of sewage. In thelatter
case, the idea is to facilitate the passage through the screen
of those matters which are too small to be arrested on the
JSront of the bars, but large enough to be caught berweern
the bars, and thus possibly choke the intervening spaces.
As all simple fixed screens must of necessity be cleaned by

B 2



4 Sewage Disposal Works

hand, they are usually arranged at an angle of about 6o
degrees to the floor of the chamber, in order that the

N\ NN 2L v S
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F1G. 1.—SIMPLE SCREEN.




* Screens : 5

matters arrested may be more easily drawn up by a hand
rake to the top of the screen. Fig. 1 shows a screen of
this type in plan and section, with a large scale detail of
the round, flat and wedge-shaped bars previously described.
It will be noticed that a narrow platform of boards is shown
across the chamber, at the top of the screen, to receive the
screenings, which are then thrown into a barrow for removal
to their final destination. One important point to be re-
membered in the design of the chamber for screens of this
type is, that the bottom of the screen should be placed in
a sump some 12 inches or so below the invert of the in-
coming sewer, so as to provide space for the accumulation of
a certain amount of sludge and screenings without choking
the screen. This sump should be provided with a washout
valve. It is ‘advisable to have all screen-chambers in
duplicate, so that one of them may be in use while the
other is being cleaned. The spaces between the bars
vary in width with the character of the sewage, but the
distance most generally adopted is half an inch. The
important point to be considered is, that while the screen
should arrest all the larger suspended matters it is intended
to intercept, it should allow a free passage to all others
without becoming rapidly choked. Another important
factor in the efficiency of a fixed screen is its width. The
greater the width, the less will be the liability to choke, and
consequently it will not require raking so frequently to
keep it in proper order.

Rotary Screens.—Where the flow of sewage is sufficient
for the purpose, and it is desired to reduce the necessary
attention to the minimum, the self-cleansing rotary screen,
manufactured by Messrs. John Smith and Co., may be
adopted. This is illustrated in Fig. 2, from which it
will be seen that it consists of a revolving wire screen,
extended between two rollers, one below and the other
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F1G6. 2.—ROTARY SCREEN.



Screens 7

above the sewage level. The upper roller is rotated
by means of a water wheel driven by the sewage. A
rotary brush is fitted to the shaft and drivenin the opposite
direction, to the screen roller, so that it brushes off the
screenings into a trough, from which they are removed by
hand.

Screens for Deep Sewers—In cases where the depth of
the sewer makes it inconvenient to adopt a fixed screen,
the double lifting screen, manufactured by Messrs. Adams
‘Hydraulics Ltd., may be used, as shown in Fig. 3. This
consists of duplicate screens, arranged to slide up and
down in cast-iron guides attached to the walls of the
chamber. These screens are raised and lowered by a chain,
which passes over a drum revolved by hand. The main
screen is in the form of a basket, with a hinged front, which
falls to the floor of the chamber when this screen is lowered
into position. When it is desired to clean out this basket
screen, the other plain guard screen is lowered into position
in front of the basket-screen, and the latter is then raised.
As the chain by which the basket-screen is raised is attached
to the top of the hinged front, the action of raising this
screen first draws up the hinged front and this prevents the
screenings falling out. After this screen has been emptied,
itis again lowered into position, and the guard-screen raised
to permit the sewage to flow direct into the basket-screen.

Mechanical Screens—In larger schemes, where power is
available for the purpose, mechanically operated screens are
frequently adopted, as they are not only self-cleansing but
the screenings are delivered automatically at or above the
ground level, and thus very little labour is involved in
removing these matters. Figures 4, 5, 6, 7 illustrate four
examples of this type of screen, manufactured respectively
by Messrs. Ham, Baker and Co., Ltd.,, Messrs. J. Blake-
borough and Son, Ltd., Messrs. S. S. Stott and Co., and
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F1G. 5.—MECHANICAL SCREEN.
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12 Sewage Disposal Works

Messrs. J. Wolstenholme and Co. The general features of
these screens are an inclined screen or strainer, fixed in the
channel or catchpit through which the sewage flows to the
tanks or to the pumps, and a raking apparatus with special

F1G6. 6A.—RAKE CLEANING GEAR FOR FIG, 6.

shaped prongs, which travel in the spaces between the bars
forming the screen and remove the refuse. The Stott
screen includes a rake cleaning gear, consisting of a re-
volving steel comb, by means of which the screenings are
rethoved from the prongs of the rake while they are in
motion,



.
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14 Sewage Disposal Works

In the case of the screen, manufactured by Messrs.
Whitehead and Poole, illustrated in Fig. 8, the bars are of
tapered steel, and are so arranged that they can be removed
and replaced if necessary. The special friction drive with
which this machine is fitted, prevents the breaking of the
chain should the rake prongs become caught in the screen.
The rake-cleaning gear consists of two swing levers, which
.carry a cleaning comb and a balance weight to hold it in
position over the dirt tray. As the rakes bring up the
'screenings and reach the delivery position, they pass through
the cleaning comb, which is, at the same time, forced down
by a catch on the chain engaging with flanged rollers on
the end of the swing levers. In this way the rakes are
effectively cleaned, and it is impossible for the rake prongs
.and the comb to foul each other.

In addition to the screens already described, mention
‘may be made of the special drum-shaped screen invented
by Mr. Baldwin Latham and the numerous types of me-
-chanically-operated screens in use in Germany, all more or
less elaborate in character. Further details of these are
probably unnecessary, as the aim of the engineer engaged
in the design of sewage disposal works should be to adopt
‘those appliances which are of the simplest possible form
-consistent with the requirements of the case with which he
is called upon to deal. Some engineers prefer to use
.screens specially designed by themselves to meet the re-
-quirements of each particular scheme, and while this method
provides scope for the exercise of a considerable amount of
ingenuity, it is liable to involve greater expense than would
be incurred by the adoption and possible adaptation of one
-of the various types already on the market.
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16 Sewage Disposal Works

STORM-WATER OVERFLOW WEIRS.

THE proper design of weirs for diverting the excess
volume of sewage in times of storm has not in the past
always received sufficient consideration. Too frequently
it has been dealt with by rule of thumb. In the first place
the position for the weir has not always been well chosen ;
but, as a result of the recommendations of the Royal
Commission on Sewage Disposal, it will be necessary in the
future to construct these weirs, in all cases which require the
approval of the Local Government Board, affer the screen.
This is a wise precaution, as it prevents the possibility of a
stormwater overflow coming into action as a result of want
of attention to the screen. In this position the factor which
has the greatest influence upon the proper working of such
weirs is the rate of flow into the detritus tanks, i.e. the
area of the inlets to these tanks. It is true that these may
be regulated by the use of valves, but unless these valves,
when once adjusted to the correct height, can be per-
manently locked in that position, it leaves them at the
mercy of an unscrupulous workman, who may, if he wishes,
close them entirely, and thus cause the entire flow of sewage
to pass over the storm overflow weir in order to save him-
self the trouble of attending to the tanks and filters. It is
probably with the intention of preventing the possibility of
such mismanagement that the Local Government Board
object to valves on the inlets to the detritus tanks. One
method of preventing trouble is to use simple hand-stops,
and provide the frames in both inlets but only one door, so
that it is impossible for the man to close both inlets at the
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same time. The Local Government Board are also usually
averse to the use of any type of movable weir, and prefer
the simple fixed weir.

Diverting Plate—Many ingenious devices have been
adopted in the past for the purpose of ensuring the diver-
sion of all the excess volume above a certain fixed quantity.
One of these is shown in Fig. 9, where it is assumed that all
* in excess of the volume which is taken by the sewer flowing
four-fifths full is to be discharged over the overflow. In
order to facilitate this result, an iron plate is fixed at the
level of the weir (say four-fifths of the diameter of the
sewer), over the whole of the outlet end of the chamber or
man-hole, with a sharp edge on the side facing the flow, so
that when the sewage in the chamber rises above this level,
the excess volume above that flowing at a depth of four-fifths
of the diameter of the sewer, is automatically diverted by
the plate and caused to pass away over the weir. The
invert of the chamber must naturally correspond with the
diameter of the sewer.

Fixved Weirs.—Even this ingenious method of diversion
is, however, not accurate, as no provision is made to counter-
act the effect of the increased head on the outlet from the
chamber, due to the backing up of the sewage in passing
over the weir. Where a fixed weir is alone permissible, the
only really satisfactory method of securing the desired
result, is to increase the width of the overflow weir to such
an extent that the maximum depth of storm-water, which
may possibly flow over the weir, is reduced to the minimum,
say one inch, and thus the effect of this head on the normal
outlet from this chamber (i.e. on the inlet to the detritus
or sedimentation tanks)is also reduced to the minimum.
This will necessitate careful consideration, and a special set
of calculations in each case. Where it is found that the
execution of the above suggestion involves the construction

C



18 Sewage Disposal Works

of a weir of abnormal and unpractical width, it will be
found convenient to arrange the normal dry-weather outlet

SECTION

Divert:ng

Plate

PLAN
Fi1G6. 9.

from this chamber in the form of a narrow vertical slot
which can be most easily provided in a simple door or stop
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in a grooved frame, fixed in the outlet from this chamber.
Fig. 10 shows an example of this slotted door, and when the
correct width of the slot has been ascertained by actual
experiment, the door should be bolted to the frame, so that

Slotted DoorlP'
[ ——

Storm
Overflow
wesr

PLAN

F16. 10.

it cannot be removed or altered by any unauthorised person.

From the drawing it will be seen that it is not difficult to

calculate the dimensions of the slot orifice, so that with the

head due to the height of the storm overflow weir it shall
C 2
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Storm- Water Overflow Weirs 21

discharge the desired volume (say three times the dry-
weather flow), and if the width of the overflow weir is then
calculated to take the excess volume with a depth of one
inch of water over the weir, this extra one inch of head will
have very little effect on the discharge through the slot
outlet. :

Movable Weirs.—If, however, it is desired to provide
for an absolutely correct diversion of the storm-water, this
can only be done by the use of a movable weir. There
are two types of this form of weir on the market at present,
both manufactured by Messrs. Adams Hydraulics, Ltd.

F1G. 12.—SWINGING SIPHON,

Fig. 11 shows a floating weir, circular in form, arranged
by means of floats to rise and fall freely with the level
of the sewage in the chamber. The joint between the
fixed and moving portions of the apparatus consists of an
air-lock, and is thus frictionless. The floats are adjusted to
bring the lip of the weir at such a depth below the top
water level, that the volume which can pass over the weir
without raising it is the maximum volume which it is de-
sired to pass to the tanks and filters. As soon as the flow
of sewage exceeds this volume, it naturally causes the floats
to raise the lip of the weir, and in this way the volume pass-
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ing to the tanks and filters can never exceed the pre-deter-
mined fixed volume, and all in excess must pass over the
overflow weir. Fig. 12 shows a swinging syphon, which has
the same effect as the floating weir. In this case the
syphon has both legs trapped, so that it acts as a continuous
syphon, and it is pivotéd on the top of the division wall to
swing freely. To the inlet leg, on the sewer side of the
division wall, is attached an adjustable float, of sufficient
buoyancy to raise this leg of the syphon (and with it the
outlet leg as well) as the sewage rises in the chamber. It
will be seen that the difference in level between the lip of
the inlet leg and the buoyancy point of the float, represents
the head which controls the maximum rate of flow through
the syphon, and that immediately this is exceeded the float
rises, and with it the syphon leg, so that all the excess
volume of sewage, above the fixed maximum rate of flow
through the syphon, must of necessity pass over the storm-
water overflow weir.
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DETRITUS TANKS OR GRIT CHAMBERS.

THE function of these tanks is to arrest all mineral
matter, such as stbnes, sand, road-grit, and similar sub-
stances which cannot be decomposed in the subsequent
stages of treatment, and would thus choke the tanks and
filters. The essential factor in their operation is a reduction
of the rate of flow of the sewage, so that all matters of a
greater specific gravity than the water and the organic
matters in suspension may be deposited by subsidence. At
the same time the velocity should not be reduced to such
an extent as to allow the organic matters in suspension to
settle out, as these can be more suitably dealt with in the
subsequent tanks provided for that purpose. From this it
will be seen that considerable care is needed in designing
these tanks if they are to have the desired effect. Further,
it is very essential that every facility shall be provided for

removing the matters which are deposited with as little
trouble as possible.

-Capacity of Detritus Tanks—Too frequently there is
very little evidence of design in these tanks, especially in
the provision of suitable sludge outlets. Before all, there
should be at least two detritus tanks in every case, so that
one may remain in work while the other is being cleaned
out, and, if the recommendations of the Royal Commission
on Sewage Disposal are followed, each should haveacapacity
of not less than one-hundredth of the daily dry-weather
flow. A simple form of detritus tank is shown in Fig. 13.
The essential features are, a floor with a sharp fall towards
the inlet end of the tank and a sludge outlet at its lowest
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PLAN

F1G6. 13.—DETRITUS TANKS.
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point. In this case a sludge plug valve is shown. This is
suitable for all cases where the sludge can be discharged to
the sludge bed by gravitation. Where the levels do not
permit of this, and it becomes necessary to raise the sludge,
a chain-pump may be fixed in the detritus tank itself. As,
however, this would involve a separate chain-pump for each
detritus tank, as well as for each of the other subsequent
tanks, it is usually found more convenient in such cases to
construct a separate sludge-well provided with a chain-
pump, and arranged at such a depth that the sludge from
all the tanks will reach it by gravitation. This arrange-
ment will be shown later in connection with the sedimenta-
tion tanks. The inlets to detritus tanks must be provided
with valves, so that the flow of sewage may be shut off when
it becomes necessary to empty the tanks. In order to pre-
vent any misuse of these valves either in error, or wilfully,
by closing both simultaneously and thus causing the whole
of the sewage to pass over the storm-water overflow weir, the
inlet valves should consist of grooved frames with oz¢ inter-
changeable door. By this means it is impossible for anyone
to close both inlets at the same time.

Dortmund Type of Tank.—Where the volume of sewage
is fairly large, and it would be convenient to have the sludge
outlet at 2 feet to 3 feet below the level of the invert of the
outfall sewer, the advantages of designing the detritus tanks
on the lines of the Dortmund tank may be considered. An
example of this kind of tank is shown in Fig. 14. Tanks
of this type have the following special features :—Great
depth—from 16 feet to 20 feet below water level—and the
bottom in the form of an inverted cone, with an outlet at
its apex connected to a cast-iron sludge delivery-pipe, which
may be carried up either outside the tank, as shown in solid
lines, or on the inside of the tank, as shown in dotted lines.
In either case this pipe should be continued vertically up
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Detritus Tanks or Grit Chambers 27

to, and finish with, an open end at the level of the top of
the wall of the tank, so as to form a means for inspection
and rodding in case the pipe should become choked. From
. this vertical pipe a right-angled branch is arranged at about
2 feet delow the top-water level in the tank, and provided
with a sluice-valve. Ordinarily this valve isclosed. When.
it is desired to remove the sludge deposited in the cone-
shaped bottom of the tank, the sluice-valve on the sludge
outlet is opened and the sludge is forced up by the head of

F16. 15.—SLUDGE SCRAPER IN DETRITUsS TANK.

water, due to the difference in level between the top-water
level in the tank and the invert of the sludge-outlet. It has
been stated that this method of sludge removal is subject to
difficulties, due to the consolidation of the sludge in the
cone, to such an extent that it becomes of too thick a con-
sistence to flow up the vertical pipe. Insome cases a special
mechanical contrivance is adopted, by means of which the
sludge may be stirred up at the apex of the cone-shaped
bottom while the sludge-valve is open. Again, in a special
form of tank which has been brought into use in Germany,
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the sludge is stirred up by means of jets of water, under
pressure from the main, forced through a ring-shaped per-
forated pipe laid near the apex of the cone. In both cases it
is evidently assumed that the sludge will only be removed
at long intervals, and in the author’s opinion the difficulties
referred to above may be avoided by the application of the
motto “ Little and often,” as described in his book on the
management of Sewage Disposal Works.

Special Apparatus for Sludge Removal.—A further type
of detritus tank is illustrated in Fig. 15, in which the tank
is circular in form but has a flat bottom. The sludge is
discharged by the same means as that shown in Fig. 14,
but a special scraping machine operated by hand is used to
facilitate the removal of the sludge by drawing it towards
the inlet to the sludge pipe, which is situated at the centre
of the floor. The scraper, which is manufactured by Messrs.
Ham, Baker and Co,, is helical in form, and is attached to
and rigidly supported by a framework mounted on the
central shaft, which is rotated 'by suitable gearing fixed at
the side of the tank over the sludge discharge inspection
chamber, so that the operator may be able to regulate the
rate of the sludge delivery. It will be noticed that the out-
let from this tank is by means of cross-channels, described
in detail later in connection with sedimentation tanks.
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TANKS.

UNDER this heading are included a large number of
tanks of various types and systems, for each of which some
particular advantage is claimed in ordinary circumstances,
or some peculiar suitability for special conditions. All are,
however, ostensibly designed for the purpose of arresting
the organic matters in suspension, in order to prepare the
sewage for the subsequent stage of oxidation in contact
beds, on percolating filters or on land.

Types and Capacities of Ordinary Tanks.—In addition
to detritus tanks described in the preceding chapter, the
Royal Commission on Sewage Disposal, in its fifth Report,
has dealt with five different methods of tank treatment in
detail. These are:—

I. Septic tanks, having a total capacity of about 24
hours’ dry-weather flow.

2. Continuous-flow settlement tanks without chemicals,
having a total capacity of about 15 hours’ dry-weather flow.

3. Continuous-flow settlement tanks with chemicals,
having a total capacity of about 8 hours’ dry-weather flow.

4. Quiescent settlement tanks without chemicals.

5. Quiescent settlement tanks with chemicals.’

The two last-mentioned have each a total capaeity of
about 24 hours’ dry-weather flow.

In all these five types of tanks the method of construc-
tion is very similar, generally rectangular in plan and of a
moderate depth. As a rule they are connected by means
of a supply channel to the preceding detritus tanks, and the
total capacity is divided up into a number of units varying
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with the size of the scheme. The Royal Commission
suggest the following divisions :—

1. Septic tanks: 5 tanks, with an additional spare tank.

2. Continuous-flow settlement without chemicals: 6
tanks, with 2 additional spare tanks.

3. Continuous-flow settlement with chemicals: 6 tanks,
with 2 additional spare tanks.

4. Quiescent-settlement without chemicals: 8 tanks,
with 2 additional spare tanks.

5. Quiescent settlement with chemicals: 8 tanks, with
2 additional spare tanks.

The general features of construction are :—

Substantial walls in brickwork, concrete, plain or re-
inforced, and of a suitable thickness to withstand with safety
the pressures they are required to resist; sloping floors
provided with suitable outlets for both liquid and solid con-
tents at the bottom, and specially arranged inlets and out-
lets at the top. In connection with the floors, sufficient
care has not always been devoted in the past to the con-
sideration of the most convenient method to adopt, in view
of the necessity of removing the sludge. In some cases,
the floors have been laid with a slope towards the outlet
end, and, as the greatest accumulation of deposit takes
place at the inlet end, great difficulties have been expe-
rienced in removing the sludge. There is very little doubt
that if suitable arrangements are made, by means of which
the accumulation of solids deposited at the inlet ends of
tanks can be removed without drawing off the total con-
tents of the tank, much labour will be saved. With this
end in view, the design illustrated in Fig. 16 is suggested as
a model which may be adopted exactly as shown, or, with
some modifications, adapted to meet the special require-
ments of particular cases. It will be noticed that a sub-
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merged weir wall is introduced at some distance (which
will vary with the method upon which the tank is operated
and with the character of the sewage) from the inlet end of
the tank, so as to retain the larger portion of the solids in
this separate compartment. The floor of this section is
laid with a comparatively steep gradient leading to the
sludge outlet. A separate outlet, fitted with a floating arm,
may be provided for drawing off the top water down to the
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level of the top of the weir wall. Below this level, in ordi-
nary circumstances, only the contents of the separate com-
partment at the inlet end of the tank will be drawn off in
removing the sludge. A valve is provided at the bottom
of the weir wall, so that the entire contents of the tank may
be drawn off should it be found necessary at long intervals.
An alternative to the submerged weir wall.is shown in
Fig. 17, in the form of a division wall carried up to the top
D
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of the tank, with orifices below the top water level through
which the sewage passes when the tank is in use. These
apertures are provided with valves, so that they may be
closed when the solids in the compartment at the inlet end
of the tank are drawn off, and thus obviate the necessity for
emptying the whole of the tank.

From observations which have been made in various
places, it has been found that although the actual capacity
of the tanks corresponded to anything from 12 up to 24
hours of the daily dry weather flow, the period during
which the sewage remained in the tank, or rather the
time taken for the sewage to pass through the tank, was
much less than it was anticipated would be the case. In
one instance, it was noticed that the sewage passed through
a tank of a capacity equal to 15 hours’ dry weather flow in
4 hours, and, although it is obvious that the same efficiency
of sedimentation could not be secured by passing the
sewage at the same rate through a tank of a capacity of
4 hours’ flow, it would seem that the full effect of the larger
tank was not brought into play. A possible explanation
" is that the form of the tank and the arrangement of the
inlet and outlet were such that the flow of sewage through
the tank was more or less in a direct line from the inlet to
the outlet, and this, if correct, would lead to the conclusion
that there is room for improvement in the design of the
tank, in order to cause the sewage in its passage to be
spread out over the whole area of the tank. With this
end in view the author has specially designed the arrange-
ment illustrated, Fig. 18, as a suitable method of preventing
the sewage passing direct from the inlet to the outlet. It
will be noticed that the sewage enters the first compart-
ment about 3 feet below the top water level, and by means
of three cross walls is made to flow down to within a short
distance of the floor in one compartment, and up to within
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a short distance of the top water level in the next, and
that this occurs twice in the total length of the tank. By
sloping the floor from the centre both ways, i.e. to the inlet
and outlet ends, and providing sludge outlets at the lowest
points in each case, every facility is made for removing the
deposit and for emptying each half of the tank whenever
it may be found necessary. Further, by arranging the
sludge outlets in pockets or sumps, situated below the
level of the lowest point of the floor itself, it is possible to
draw off the sludge in small quantities at frequent intervals
without emptying the tank itself. The chief factors in
causing the sewage to be uniformly spread out over the
whole area of the tank are, however, the valves or penstocks
on the inlet and outlet pipes, and on the pipes in the central
cross wall. By suitable adjustment of these penstocks,
partially closing those through which the sewage has a
tendency to flow most freely and opening the others, there
should be no difficulty in securing a uniform distribution
of the sewage. In any case the actual direction of the flow
of the sewage is, by means of these penstocks, entirely
under control. The inlets to the tank being submerged
below the water level in the supply channel, will secure a
more uniform rate of flow through all the inlet pipes than
if they were placed at the top water level, and the valves
on these pipes provide facilities for any further regulation
that may be required. The most important point to be
observed, however, is that the rate of flow from the outlets
of the tank should be uniform. In order that this may be
secured, these pipes are submerged on the inside of the
tank, but have their outlets set at the top water level, so
that the actual discharge may be visible, and thus render
it possible to regulate the rate of flow from each pipe by
means of the penstocks provided for the purpose. Further,
the openings in the middle cross wall may be adjusted to
D2
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control the direction of the flow through the tank by means
of the penstocks, which also serve to shut off either half of

the tank when the other is emptied.

r

M

] Detritus
L] '
: : '
=1 ! e ® : >
[ [}
) Tanks g '
e P 3 L oy
& RUIRE
< - b = IR
[] ] Q
: — —1 1+ | ©
s Yo
i '
(] ) ]
(] ' |
I~ ' :
DS
RN P 4
\\\ i ! &
o N -+t
% N ~ vt (
SN ~
CAL S ~ ...t
er ~N
C‘é\\ ~
PSR
bopn ~ 1~d Sludge
"\_ We//
PLAN
Fi1G. 19,

Another method of ensuring uniformity of flow over the
whole area of a tank, is to arrange it in the form of a
wedge, with the inlet at the narrow end and the outlet in
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the form of a weir at the wide end. This form of tank is
shown, Fig. 134, page 183, for settling out the humus in
filter effluents. The same tauk, with a greater depth, would
be equally suitable as an ordinary sedimentation tank for
sewage, and several could be arranged in such a way that
three or four would form a half-circle, i.e. the angle between
the two side walls of each tank would be 60 degrees or
45 degrees.

The principles embodied in the preceding suggestions
can be applied to most types of rectangular tanks.

Sludge Well—In connection with the actual method of
conducting the sludge from these tanks to the sludge
disposal area, the remarks made under the heading of
detritus tanks will apply. A convenient arrangement for
a sludge well, where a number of tanks are involved, is
shown in Fig. 19, which is self explanatory. For small
schemes a chain-pump operated by hand may be used to
raise the sludge from the well. In larger schemes where
power is available, sludge elevators of the bucket type, as
shown in Figs. 20, 21 and 21A, are very convenient.

Roofs over Tanks—With regard to the question of roofs
over tanks, it is now generally admitted that these have
very little, if any, effect upon the working of the tank, and
they may therefore be dismissed in a few words. Under
certain circumstances it may be desirable for sentimental
reasons to cover sewage tanks, and in such cases the general
practice is to form concrete arches covered with earth and
sown with grass. Reinforced concrete construction may
sometimes be found very suitable, while, in other cases,
galvanized corrugated-iron roofs, supported on an iron
framework carried on the walls of the tanks, are preferred.
In very small installations, 1}-inch or 2-inch creosotea
deal boards, laid loose, but fitting close together with their
ends supported in a rebate in the top of the wall, make a
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very good cover, as they are ea:sily removed whenever it

becomes necessary to inspect or gain access to the tank.
Details of Inlets and Outlets—Among the most impor-

tant points to be considered in designing sewage tanks is

FI1G. 20,—SLUDGE ELEVATOR.

the arrangement of the inlets and outlets, as upon these de-
pends to a very great extent the efficiency of the process.
In order to afford a means of selecting the most suitable
arrangement for any particular case a number of different
methods are illustrated.

Fig. 22 shows the simplest form of trapped inlet and
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outlet, consisting of cast-iron Tee junction pipes, the junc-
tion being built into the wall of the tank and fitted with a
valve or penstock. The lower end of the trapped pipe is
generally about 3 feet below the top water level, but in
special cases may be much deeper. The upper end of this
pipe terminates at some distance (e.g. about twice the

F16. 21A.—SLUDGE ELEVATOR.

diameter of the inlet junction) above the top water level,
and the top is left open or fitted with a blank flange for
purposes of inspection. Where a roof is provided over the
tank, it is desirable to continue this pipe up and through
the roof, so that it may still be available for inspection. In
large tanks, or any tanks having a width of more than
6 feet, several of these inlet and outlet pipes should be
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provided, one for about every 6 feet of width, in order to
spread the sewage as much as possible over the whole area

L 1]

-

of the tank. A valve should be provided on the inlet
pipe. This is essential in order that the flow of sewage
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to the tank may be shut off ‘whenever it needs attention or
has to be emptied. Where there are several tanks with
their outlets discharging into a common channel, it will
be found desirable to have valves on the outlets as well as
on the inlets. A slight fall should always be allowed from
the invert of the inlet to the invert of the outlet pipe, and
again from the latter to the tank effluent channel or pipe
leading to the filters.

In Fig. 23 a somewhat similar arrangement is shown,
but instead of Tee junctions the inlets and outlets are
formed of easy bends, which may be in cast iron or glazed
stone ware as indicated. The observations made above in
connection with Fig. 22 apply generally to Fig. 23.

Fig. 24 is a plan of Fig. 23, to show a number of inlets
and outlets to one tank.

In Fig. 25 the trapped inlet and outlet is formed by
means of a cross wall carried up to the top of the tank with
openings at the floor level in the form of arches. It is con-
sidered by some engineers that this method is a more sub-
stantial form of construction, and that it assists to a great
extent in spreading the flow of the sewage over the whole
area of the tank.

In Fig. 26 both the inlet and outlet is in the form of a
weir, running the full width of the tank, and it is probable
that this is the most efficient means of ensuring that the
flow of sewage shall spread over the whole area of the tank.
The trapping of the inlet and outlet in this case is obtained
by the use of scum boards or plates, as shown. When
more than one tank of this type is required, it becomes
necessary to provide a separate feed channel or carrier in
addition to the channel immediately in front of the inlet
weir, in order to arrange means for shutting one or more
tanks out of work when required. _

The method of arranging the inlets and outlets shown
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in Fig. 27, consists of constructing extra deep sewage
carriers and tank effluent channels, and making the con-
nections from these to the tank at the desired depth below
the top water level in the tank. It is true that these deep
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channels always stand full of sewage or tank efluent while
the tank is in operation, but it is assumed that the passage
into the tank of all solid matters in suspension is facilitated,
especially during the minimum flow of sewage. It is
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essential that both channels should be well dished towards
the tank on either side, so as to avoid all corners where

FiG. 26.

FiGc. 27.

solids may lodge, and render it easy to clean out the
channels when the tank is emptied.

The various types of inlets and outlets described above
are more particularly suitable for tanks which come under
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the terms “septic” and “continuous-flow sedimentation
without chemicals.” It is not necessary that the inlets and
outlets should both be of the same type. Various com-
binations may be adopted, according to the requirements
of each case and the judgment of the engineer. Similar
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methods may be utilised for “ continuous-flow sedimenta-
tion tanks with chemicals,” but they need the addition of
floating arms for the purpose of drawing off the top water
before the sludge is removed. The type of inlet and out-
let more generally in use for chemical precipitation pro-
cesses is shown in Fig. 28, as in these cases there is no
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need to preserve a scum on the surface. The connection
between the sewage carrier and the tank is usually in the
form of a sluice gate, and simple wooden boxes are pro-
vided round the inlet and outlet in order to divert the flow
towards the bottom of the tank. It is also found desirable
in some cases to provide scum-boards for the purpose of
arresting the grease, which naturally rises to the surface,
and must not be allowed to pass away with the effluent.
The floating arm outlet is essential, particularly for tanks

Fi16. 29.—TYPE OF FLOATING ARM.

which are designed for “quiescent sedimentation with or
without chemicals,” and the usual form of outlet into a
channel a few inches only below the inlet level is not
needed, as tanks of this type are filled and allowed to
stand full for a certain period, and the contents are then
drawn off through the floating arm. The function of this
appliance is to draw off the whole of the clear liquid con-
tents, from a point a few inches below the surface, at a slow
rate, and without disturbing the sludge at the bottom.
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A type of floating arm is shown in detail in Fig.29. In
order to prevent any possibility of these arms drawing off
sludge by an oversight, when approaching the floor of the
tank, the chain attached to the
float should be arranged to check
the fall of the arm at a point
which will be above the level
of the sludge, or, if there is any
possibility of the chain being
tampered with by unauthorised
persons, the fall of the arm may
be arrested with certainty by
means of a bracket, built into
and projecting from the wall of
the tank, or by means of a short"
pier of brickwork and concrete,
built up on the floor of the tank
under the arm to the required
level. Another method of draw-
ing off the top water from tanks
has been introduced by Messrs.
Willcox and Raikes, Civil Engi-
neers, and is manufactured by
Messrs. Adams Hydraulics, Ltd.
As will be seen from the illus-
tration, Fig. 30, it consists of a
cast-iron stand-pipe, in sections,
.each of which makes a tight joint
with the one below it. A spindle,
working in a screwed nut in a
bracket or pillar at the top, passes through crossbar guides
inside the stand-pipe sections. This spindle has projections
at irregular intervals, arranged in such a manner that as
the spindle is screwed up it lifts the top section first, then
E

FI1G. 30.—DECANTING VALVE,
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the second, and lastly the third, and thus makes it possible
to draw off the supernatant water in three layers, each of
which may if desired be discharged in different directions.
Finally, the sludge may be drawn off through the same
outlet to the sludge-disposal area.

As the distance which the sewage travels in “con-
tinuous flow settlement tanks with chemicals” is fre-
quently an important factor in securing the maximum
efficiency, it may be found economical to arrange the tanks
in the form shown in Fig. 31, where each tank has a division

FiG. 31.

wall, carried through from the inlet end to within a few
feet of the opposite end, so that the sewage travels a dis-
tance equal to twice the length of the tank before passing
to the outlet. This arrangement requires only one carrier,
but this must be provided with suitable sluice-gates opposite
to each tank, in addition to similar gates on the inlet and
outlet from each tank.

The Dortmund type of tank, described under the head-
ing of detritus tanks, may also be adapted for sedimentation
tanks, but the outlet should be arranged in such a manner
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as to reduce the velocity of the flow at this point to the
minimum. This is usually secured in by causing the liquid
to flow over a weir formed by the circular wall of the tank,
or by a number of weirs consisting of cast-iron channels
laid transversely across the top of the tank. ' In either case
it becomes necessary to form a circular effluent channel
round the top of the tank, to receive the effluent after it
has passed over the weirs. These two arrangements are
illustrated in Figs. 32 and 33, the former showing the
circular weir wall, and the latter the transverse cast-iron
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channels. Both edges of each of these channels act as
weirs, so that the total effective length of weir is thus
greatly increased. The inlets, conical bottoms, and sludge
outlets for these two tanks, would be similar to those shown
in connection with this form of detritus tank (Fig. 14).
Mr. S. R. Lowcock, M.Inst. C.E,, has stated that in his
experience an excellent effluent can be obtained by draw-
ing off the liquid at one point, and at about two feet below
the top water level. A method of accomplishing this is
shown in dotted lines on Fig. 32.

Special Types of Tanks—One of the troubles which

E 2
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frequently arises in the operation of all types of natural
sedimentation or septic tanks is a nuisance from smell, due
to offensive gases given off by the effluent. These are the
result of the decomposition under anaerobic conditions of
the organic matter deposited in the tanks. It is possible
to arrange them in such a way, that the conditions which
cause the trouble may to a great extent be avoided even
in the ordinary types of tanks.

FiG. 33.

Hydrolytic Tank—There are, however, several types
specially designed to eliminate these troubles altogether,
by separating the flow of sewage through the tank from
that section in which the composition of the sludge takes
place. Among these is the hydrolytic tank. This tank
is already well known to most engineers, in the original
form designed by Dr. W. Owen Travis, and adopted at
Hampton-on-Thames, but a new and improved method of
construction has recently been brought out. The principle
of this tank may be described as the deposition and collec-
tion of the impurities in sewage by a process of physical
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de-solution, the matters being separated in the order of
their grossness and specific gravity, namely () the removal
of the grosser solids by means of screens ; (&) the settling of
the heavy inorganic solids in a detritus chamber; and (¢)
the separation of the lighter solids in suspension and in a
colloidal state. Finally, means are provided whereby the
deposit in the various chambers may be collected and
removed with facility. It is impossible in the space avail-
able to describe in full the reasons for the various details of
construction which have been adopted, but the accompanying
illustrations, Figs. 34 to 42, which have been kindly furnished
by Messrs. Shone and Ault, Civil Engineers, illustrate an
example of the latest type of the tank., Fig. 34 is a plan
section of the tank, and Figs. 35 to 42 are vertical sections
on the lines indicated. The tank is by preference circular, as
shown. The sewage is delivered from the pipe S through a
screening chamber, in which the gross matters, such as rags
and vegetable debris are retained on the screen A, and are
from time to time removed by hand or mechanically. The
sewage passes over the weir  into the first section B, which
occupies about one-eighth of the circumference and is divided
into two parts by the diaphragm 4, Fig. 35. The flow of
the sewage through this first section B may, by the weirs 5
and 4% be so appointed that two-thirds of it flows from the
outer compartment over 4 and one-third over #* from the
inner compartment, the only entrance to which is by the
opening &% Fig. 35, in the bottom of the diaphragm &; so
that the deposition of the solids by gravity is accelerated
by the flow of the one-third of the sewage into the inner
part of the compartment B. The solids collect in the
conical bottom part &, Fig. 35. The overflows from the
weirs &' and #? are, by the channels #° and 2%, directed to
the downtake ¢, Figs. 34, 35, 38 and 39, which delivers
the sewage near the bottom of the outer compartment C,
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which latter, with the inner compartment D, forms the second
section of the tank. These two compartments are divided
by the diaphragm ¢!, Fig. 39, having openings ¢* in the
lower edge. In the drawing the second section of the tank
is shown divided in two parts by the wall and weirs ¢?, Figs.
34 and 40, and they occupy together about seven-eighths of
the circumference of the tanks. The weirs % are so pro-
portioned that 85 per cent. of the liquid passes directly
through the outer compartment, and 15 per cent. indirectly
through the inner compartment of the first portion of the
second section of the tank, into the respective compartments
of the second portion of that section. It should be noted
that the only passages for the flow of liquids into the inner
compartment are the openings ¢?, Figs. 34 and 39 ; and con-
sequently the deposition of solids is accelerated by this
flow, so that they collect in the lower part, ¢*, Fig. 33, of the
inner compartment B. The flow through the second por-
tion of this second section of the tank is governed by the
weirs ¢° and ¢, Figs. 34 and 36, which weirs are shown of
such proportion as to cause 70 per cent. of the liquid to
flow directly through the outer compartment, and 30 per )
cent. indirectly through the inner compartment.” The
colloiders ¢®, Figs. 34 and 35, are fixed vertically in -the
outer compartments to attract and absorb the solids in
pseudo solution. It will thus be clear that 70 per cent. of
the sewage flows in a direct manner through the outer com-
partment, and in doing so deposits practically the whole of
its permanent and a considerable portion of its convertible
solids. The effluent from the inner compartment D of the
second section of the tank is, by the submerged channel &2,
Fig. 36, passed into the supplementary section E, which is
fitted with colloiders, &', Figs. 34, 35, and 41. This effluent,
which has become fouled by the disturbance caused by the
evolution of gases in the inner compartment of the second
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section, is thus submitted to a further de-solution action by
absorption and other processes. Finally the outflow from
the outer compartment C, of the second section over the
weir &5, Figs. 34 and 36, and the outflow from the supple-
mentary section E, over the weir ¢, are passed away from
the tank by a common channel, ¢*, Figs. 34 and 37, whence
the effluent may, for further treatment, be led to filters or
on the land. The overflows from the two weirs may, how-
ever, be led away from the tank by independent channels
for separate treatment. The solids, collected in the form of
sludge in the lower parts of the sections, can be drawn off
periodically through the pipes ¢, Figs. 34, 35, 41, and 42,
governed by valves into the central chamber F, Figs. 34 and
35, from which it may be led by the pipe f to adjoining land,
or elsewhere for further treatment. The lighter solids, that
collect in the form of scum on the surface of the liquid in
the tank, may be skimmed off or drawn into the channels g,
Figs. 34, 38, and 40, and conducted to the central chamber
F, and disposed of similarly to the sludge. The tank is, or
may be, constructed of concrete, which may be reinforced as
required according as it is wholly or partly above the ground.
Its shape may be greatly varied according to local require-
ments and other considerations.

Imhof Tank—A somewhat similar tank has been
introduced in Germany, and is known as the Imhof tank ;
but in this case the whole of the sewage is passed through
direct to the outlet, and none is allowed to flow through
the portion in which the decomposition of the sludge
takes place. These tanks are known in Germany as
“ Emscherbrunnen,” from the district in which they were
first introduced. The present type has been designed by
Dr. Imhof, the engineer to the Emschergenossenschaft at
Essen, in Germany, and is shown, Fig. 43. It should be
noted that the arrangements may be varied in special
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cases. Where the daily flow is considerable, at least two
such tanks are recommended, and the inlets and outlets are
so arranged that the direction of the flow may be reversed
at regular intervals, in order that both tanks may receive
an equal proportion of the solid matters. The method of
removal of the sludge is usually arranged on the same
lines as that previously described in connection with the
Dortmund type of detritus tank. It is, however, evident
that difficulties are occasionally experienced in drawing
off the sludge when it has been allowed to remain in the
tanks for long periods untouched, as it is suggested that a
connection from the water supply service may be carried
down to the bottom of these tanks, to permit of a jet of
water under pressure being directed upon the sludge in
order to stir it up and thus facilitate its withdrawal.
Skegness Tank—With the same end in view—the
separation of the process of sludge liquefaction from the
bulk of the sewage flow—Messrs. Elliott and Brown, Civil
Engineers, devised an ingenious arrangement of tanks
for the scheme of sewage disposal which they carried
out at Skegness. In this installation the sewage first
enters a settling tank on the Dortmund principle, from
which it overflows at the top into a dosing tank which
gives intermittent discharges to the filters, The usual
sludge delivering pipe from the settling tank is connected
into the bdottom of a separate sludge liquefying tank,
the floor of which is some four or five feet below the top
water-level of the settling tank. The upper part of the sludge
liquefying tank is also connected to the dosing tank in such
a way, that when the latter discharges it draws off several
inches depth of the supernatant water from the top of the
sludge liquefying tank at each discharge. The result of
this operation is, that each time the dosing tank is dis-
charged an artificial difference in level is created between
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the top water levels in the settling tank and the sludge
liquefying tank—the latter being the lower of the two—
and as they are in direct communication through the sludge
pipe, the extra head in the settling tank causes a movement
to take place through the sludge pipe, and thus forces some
sludge up into the sludge liquefying tank, where it remains
for any desired period for liquefaction without unduly fouling
the tank liquor delivered to the filters.

Candy- Whilleker
Rlant Baclerial &uﬁa. ﬂ-rsz:ufwn Tank

F1G. 44.

Candy- Whittaker Bacterial Tank.—Somewhat similar
in form to some of the previously described tanks, the
Candy-Whittaker bacterial tank is circular in plan and
provided with a deep inner cone, which divides it into two
compartments as shown, Fig. 44. The sewage enters the
outer compartment through a pipe, by means of which it
is evenly distributed. The outlet is through submerged
effluent troughs situated inside the cone, so that the sewage
must flow down to within a short distance of the bottom
of the tank in order to pass under the bottom of the cone
and reach the outlet troughs. In consequence of this
method of construction, the bulk of the solids in suspension
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are deposited in a circular V-shaped gutter or sump, from
which the sludge is removed by the pressure due to the
head of water forcing it up a sludge pipe similar to that .
previously described in connection with the Dortmund type
of tank. In the Candy tank, however, the inlet end of the
sludge pipe has a returned end with a swivel joint, which
is rotated by means of a vertical spindle operated by a
crank handle at the side of the tank, working through suitable
gearing. It is claimed that any scum which may be formed
on the surface by floating solids, or by sludge freed from
the bottom of the tank by gases produced by fermentation,
is retained in the outer compartment, and thus prevented .
from passing away at the outlet with the clarified sewage.

Non-septic Cylinder —The troubles due to foul-smelling
gases arising from the over-septicisation of sewage in tanks,
are very liable to occur in small installations for country
houses, where the daily volume varies periodically, and may
drop to a mere dribble when the family is away and only
one or two servants are left in the house. To meet the
requirements of these cases, an arrangement has been
designed by Messrs. Adamsez, Ltd., which consists of a
deep glazed fireclay cylinder, provided with special inlet
and outlet pipes. In consequence of the small diameter
of the cylinder, the sewage passes direct through to the
outlet in a very short space of time, but leaves the solids
in suspension in the cylinder, where they undergo decom-
position without affecting to any great extent the character
of the fresh sewage on its way to the filter. This tank is
shown in connection with a small filter and special distri-
buting apparatus in Fig. 45, and is known as the “ Non-
septic” cylinder. The sewage, as it leaves this cylinder,
is well suited for further oxidation in properly constructed
filters, or on suitable land without any possibility of causing
a nuisance from smell.
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“ Kessel”—In addition to those already described, other
ingenious devices have been designed with the same
end in view, viz. the prevention of nuisance from smell.
Two of these, introduced by the Septic Tank Co:, are
based upon the theory that it is desirable to separate

ELEVATION.

PLaAN

|F1G. 45.—*‘ NON-SEPTIC” CYLINDER WITH SMALL FILTER.

the solids in sewage from the liquid at the earliest possible
moment after they enter the sewer. These are illustrated
in Figs. 46 and 47. The former shows what is known as
the “ Kessel,” its name in Germany, where it was first used.
Briefly described, it consists of a vacuum chamber, in
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which the sewage rises, by reason of the pressure of the
atmosphere, to a height of about 25 feet, and then flows
down again through a vertical tube, emerging from the

Fi1G. 46.—‘KESSeL” TANK.

apparatus at a level a few inches below the level of the in-
vert of the incoming sewer. It is claimed that the deposi-
tion of the solids in suspension, due to their specific gravity
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being slightly greater than that of the liquid sewage, is
greatly assisted by taking place in vacuum, and that a high
percentage of the suspended solids is removed. The
bottom of the “ Kessel” is in the form of an inverted cone,
to the apex of which a sludge pipe is connected, with its
outlet end delivering into a scparate sludge well. The de-
posit which takes place in the “ Kessel ” is drawn off at fre-

FI1G. 47.—‘‘ SEPARATOR ” TANK.

quent intervals, before it has had time to become foul, and
the capacity of the “Kessel” is so small by comparison
with the daily flow of sewage, that the latter passes out very
slightly altered in character from the state in which it
entered. The apparatus is provided with various arrange-
‘ments, for ensuring its continuity of action, for producing
the necessary vacuum, and for facilitating the removal of
the sludge. Other advantages claimed for the system are
that it is constructed above the level of the sewer, so that
costly construction below ground is avoided, and that only
a few inches of fall are lost between the inlet and the outlet.
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“ Separator.”—The second apparatus shown in Fig. 47 .
is of an entirely different character, and is aptly designated
by the term “ Separator.” It consists of a number of com- |
paratively shallow settling tanks, each provided at the top
with a metal grating, the separate bars of which are in the
form of narrow channels, with’open ends discharging into a
common effluent carrier. The edges of these channels are
accurately planed to form weirs, over which the liquid por-
tion of the sewage flows in an extremely thin film. These
channels are provided with adjusting set-screws, so that
they may all be set at exactly the same level, and thus en-
sure a uniform depth of flow over the edges of the whole of
the channels in each tank. The combined length of the
channels in each tank form a weir of comparatively enor-
mous width, so that the velocity with which the sewage
approaches the edges of the channels is extremely low, with
the result that a high percentage of the matters in suspen-
sion are arrested in the tank and are slowly deposited to
form sludge. The bottom of each separate compartment
of these tanks is in the form of a sump provided with a
sludge valve connected to a common sludge delivery pipe,
leading to the sludge disposal area by gravity if the latter
is at a lower level or to a sludge well if the tanksare below
ground. In order to prevent the decomposition of the
sludge from proceeding so far as to cause a nuisance from
smell, the deposit in the tanks is drawn off at frequent
intervals.

The “ Fieldhouse” Tank—This is illustrated in Fig. 48
(from a drawing supplied by the patentee, Mr. J. Field-
house) from which it will be seen that the sewage enters
the central chamber A! by the inlet pipe M, the end of
which is turned down to deliver the sewage immediately
over the inverted cone C. Between the inverted cone C
and the side of this chamber an annular space E is

F



66 Sewage Disposal Works

provided, so that the solids which are deposited may
_find their way into the cone-shaped sludge chamber below,
from which they are drawn off by means of valve D

F16.748.—THE “FIELDHOUSE” TANK.

and sludge pipe F. The liquid passes from the central
chamber A?! through the walls on all sides into the outer
tank B!, by way of the oblique passages H, by which the
liquid is deflected in a downward direction, and eventu-
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ally flows over the outer circular weir K into the effluent
channel L. The outer tank B! is divided into sections, each
of which is provided with a sludge sump and sludge valve
N. Scum-boards are provided both radially T, and in
front of the weir J, and the latter may be lowered when it
is desired to draw off the scum. This operation is per-
formed by closing slides S,, so as to cause the sewage to
head up in the tank, and the scum of any section may
then be drawn off by lowering the particular end board J
next to the weir K, and allowing the scum to overflow into
the effluent channel L and thence to the sludge bed. The
special features of this tank are:—(z) the cone-shaped
bottom of each section, to facilitate the withdrawal of the
sludge without discharging the liquid contents; () the
oblique passages H in the wall between the inner and outer
tanks, for the purpose of deflecting the flow of the sewage in
a downward direction, and thus assisting the deposition of
the matters in suspension ; (¢) the removable scum boards in
the outer tank, to allow of the removal of the scum; (4) the
general design by which the éewage enters at the centre,
and thence spreads in all directions until it flows in a thin
film over a weir of comparatively enormous length, thereby
causing a gradually increasing reduction in the velocity of
the flow, and thus providing every facility for the deposition
of a very large percentage of the matters in suspension.
Slate Beds.—From the foregoing it will be gathered that
there is a growing tendency to. reduce the process of putre-
faction in tanks under anaerobic conditions to the minirflum,
consistent with the removal of solids. If this theory is
carried to its logical conclusion, it would appear to point
to the elimination of all anaerobic conditions. That this is
not generally done is probably due to the fact that a pre-
liminary process of putrefaction to some extent, is, by many,
considered essential in the removal of solids in sewage. On
F 2
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the other hand, there are some who are not of this opinion.
Mr. W. J. Dibdin has always contended that putrefaction
is not necessary, and his system of slate beds is designed as

F1G. 49.—SLATE BEDs IN COURSE OF CONSTRUCTION.

a preliminary process in which the conditions are purely
‘aerobic. Fig. 49 shows details of this systemn, from which
it will be seen that it consists essentially of a water-tight
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tank filled with superimposed layers of plates, usually about
2 inches apart. In order to prevent any misunderstand-
ings, it should be noted that the description “slate beds”
has arisen through the adoption of thin slate slabs, with
distance pieces of slate blocks, as the most economical
method of construction. No special value is ascribed to the
slate itself, beyond its cheapness in the particular form
required and its durability, it being practically everlasting.
The essence of the system is the use of horizontal plates to
receive and retain the deposit of solid matters in suspension
in the sewage, so that they are decomposed or digested, after
the settled liquid has been drawn off, by aerobic bacteria
and other higher forms of life, including worms, all of which
thrive only in the presence of air. The beds are filled
with the raw sewage, which is then allowed to remain for a
period of about two hours for quiescent settlement, after
which the liquid is slowly drawn off. It is true that during
the period of standing full the solids in the sewage are not
actually in the presence of air, but it is claimed that a
certain amount of air is retained on the under side of the
plates, and the oxygen thus available, in addition to the
oxygen present in the raw sewage, is sufficient to prevent the
setting up of putrefaction during the comparatively short
period of standing full. As the liquid is drawn off, air enters
freely between all the layers, so that the deposited solids are
then immediately brought into close contact with air, from
which the aerobic bacteria and other organisms can draw
the oxygen they need for their life functions. The result
is that the ultimate residue of solids is of quite a different
character from sludge of the ordinary type. It is of a
granular nature, which rapidly dries on a properly con-
structed draining bed, and, when dry, resembles ordinary
peaty mould. Independent information as to the actual
amount of ultimate solid residue resulting from this system
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is not yet available, but it is generally admitted that,
when properly operated, putrefaction does not occur at
any stage of the process, and that there is an entire absence
of nuisance from smell throughout the works. When new,
these slate beds have a liquid capacity of over 8o per cent.
of the gross capacity of the beds, but it is usual, in calcu-
lating the size of the beds required for a particular volume
of sewage, to allow for a normal working capacity of 66 per
cent. of the gross capacity, and to provide for one filling
per day in dry weather. These beds are generally con-
structed with a working depth of 3—4 feet, but they may
be as little as 1 foot in depth where it is necessary to re-
duce the total fall required for the works to the minimum.
The residue of the solids after treatment in these beds
passes out in the effluent, and it is understood that it has
not been found necessary to wash out the beds or remove
the deposit on the slates themselves, even after several
years of operation with strong sewage. In designing beds
for this system, the chief points to be borne in mind are
that the constructional work shall be absolutely water-tight,
and that the fall on the floor shall be sufficient to allow
the solid residue to pass freely to the outlet with the
effluent. The beds may be operated by hand by means of
penstocks on the inlets and outlets, or automatically by
means of special apparatus of the type which will be de-
scribed later in connection with contact-beds. It is, how-
ever, important that the liquid shall not be discharged from
the beds at too rapid a rate.



71

SLUDGE DISPOSAL.

Sludge Removal—In connection with the discharge of
sludge from tanks of any kind, there are several appliances
adapted to meet the requirements of particular cases.
Where the sludge-disposal area is at a lower level than the
bottom of the tank, a simple sludge-plug or penstock on
the inlet to the sludge-pipe may be used, or a sluice valve
may be inserted on the sludge-pipe after it leaves the tanks.
Where the sludge-disposal area is 2 feet or more below the
level of the surface of the sewage in the tank, and the floor
of the latter is provided with a suitable sump in which the
sludge may accumulate, the method of withdrawing the
sludge by utilising the pressure of the head of liquid in
the tank, as described in connection with the Dortmund
type of detritus tank, may be adopted with advantage.

In cases where it is necessary to raise the sludge to the
disposal area, a hand-operated chain-pump may be used
for small schemes, or for large volumes, and where power
is available, sludge elevators of the bucket type, as shown
on pages 40 to 42, and manufactured by Messrs. S. S.
Stott and Co., Messrs. Ham, Baker and Co., Ltd., and
Messrs. Adams Hydraulics, Ltd., will be found convenient.
These appliances are usually erected in special sludge wells,
to which the sludge is delivered by gravity. In the case
of long tanks, in which the floors are comparatively flat,
and especially where the sludge is allowed to accumulate
until it has become consolidated to a great extent, diffi-
culties are experienced in causing the sludge to flow to
the outlet by gravity. This usually involves the employ-
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ment of men to descend into the tank and force the sludge
towards the outlet by means of squeegees, a slow and
laborious process.

Chemical Mixers—The methods adopted for adding
the necessary chemicals to sewage for chemical precipita-
tion are various. Where alumina-ferric is used, the simplest
method is to place blocks of the precipitant in wire cages

F1G. 50.—CHEMICAL MIXER.

placed in the inlet channel so that the flow of the sewage
itself dissolves the block as required. It has been found
that this method is not economical in some cases, and the
precipitant is dissolved beforehand in a suitable mixer in
order that it may be added to the sewage in the form of a
solution. This applies specially to the lime process, and
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several forms of these mixing machines are shown in
Figs. 50, 51 and 52, made by Messrs. Goddard, Massey
and Warner, Messrs. Manlove, Alliott and Co. Ltd,
and Messrs. S. H. Johnson and Co., Ltd. These may be
driven by power or by the flow of the sewage itself, but
the most important point which requires attention is that
the strength of the solution shall vary with the strength
of the sewage, either by varying the rate of flow of a solu-
tion of uniform strength, or by varying the strength of a
solution flowing at a uniform rate.

Fi1G6. 51.—CHEMICAL MIXER.

Sewage Mixvers—Even after the chemical solution has
been added to the sewage, it is necessary to make sure that
it is thoroughly mixed with the sewage. The simplest
method of doing this is by means of baffle-plates fixed in
the channel leading to the tanks. Other methods are by
paddle-wheels driven by the sewage itself; by allowing
the sewage to drop in a chamber on to a projecting pier or
stone ; by using power to drive (¢) a plunger moving up
and down in a sump, (4) a vertical shaft to which horizon-
tal paddles are attached to rotate in the sewage channel,
(¢) to operate a device similar to the well-known mechani-
cal egg-whisk, (#) or to force compressed air through a
perforated pipe laid in the sewage channel. Indeed, there is
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F1G6. 52.—PNEUMATIC CHEMICAL MIXER,
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no end to the various mechanical devices which are used
for this purpose.

Sludge Presses—When it'is desired to reduce the
liquid content of the sludge as far as possible, the general

FI1G6. §3.—SLUDGE PREss.

F1G. 54.—SLUDGE PRESS.

practice is to make use of sludge presses for this purpose.
Several types are illustrated in Figs. 53, 54 and 55, manu-
factured by Messrs. Manlove, Alliott and Co., Ltd., Messrs.
Goddard, Massey and Warner, and Messrs, S. H. Johnson
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I

F1G. 55.,—SLUDGE PRESSs.
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and Co.,, Ltd. All are based upon the principle of com-
pressing the liquid sludge under high-pressure between iron
plates which support cloth or other filtering material, through
which the liquid passes into grooves on the faces of the
plates, and thence by way of conduits in the plates them-
selves to the floor below. The several makes have different
methods of opening and closing the plates, and the presses
are made of various sizes for operation by hand or by
power. Fig. 56 shows a complete sludge-pressing plant as
designed by Messrs. S. H. Johnson and Co., Ltd. The
description of the details of this plant is as follows.

The sewage enters the works by the channel A, and
passes first through the bar screen B. The screening is
necessary to remove anything that would tend to produce
obstruction in the inlets to the press chambers and be liable
to cause breakage of the press plates. The sewage next
meets with the milk of lime from the lime mixer C, with
which it is mixed by flowing along the gravitation mixer D.
The pneumatic lime mixer produces lime milk of a constant
strength, and the flow is adjusted in proportion to the
requirements of the sewage. Should it be necessary to
add sulphate of alumina to the sewage, this is produced by
the pneumatic alumina mixer E, and is added to the sewage
after the latter has been thoroughly mixed with lime. Air
for working the pneumatic lime and alumina mixers is
provided by the blowing engine R. The treated sewage
then passes further along the zigzag channel into the pre-
cipitating tanks F, the ends of two of which are shown
in the drawing. It is advisable to have two or more tanks,
so as to allow sufficient time for precipitation. The usual
capacity of the precipitation tanks is equal to 6 hours’ flow
of the sewage, and they may continue running, overflowing
continuously, for a considerable time, but not so long as
will produce putrefactive decomposition and thereby cause
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a nuisance. The precipitation tanks, which are cleared out
alternately, are provided with hinged flap valves G and
underground stoneware pipes to convey the sludge into the

FI1G. 56,—COMPLETE SLUDGE-PRESSING PLANT.
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liming sump H, the top water being first decanted off.
In the liming sump the sludge is limed with milk of lime
from the lime mixer I, which is also worked by the blowing
engine R above referred to. From the liming sump the
sludge passes into the sludge tank J, by means of the pair
of automatic rams K. The automatic rams work alter-
nately, one filling by means of vacuum, whilst the other is
being discharged by means of compressed air. As soon as
the one is emptied and the other filled, the action is re-
versed, and so on, each filling and emptying alternately,
thereby keeping up a continuous discharge. By being
drawn into the rams, and thence forced into the sludge
tank, the sludge becomes thoroughly mixed with the lime.
This liming of sludge causes a considerable further depo-
sition and concentration of the sludge, and after standing
all night the supernatant water is decanted off by the
skimmer L. The sludge, now ready for pressing, is allowed
to run by gravitation into the automatic rams K previously
referred to, and thence discharged into the sludge presses
M by means of compressed air, the compressed air being
supplied by the air-compressor N, which also acts as a
vacuum pump for drawing the sludge from the sludge pump
into the automatic rams. The solid portion of the sludge
is retained in the chambers of the sludge presses by the
filter cloths, the effluent being discharged into the trough
at the side of each press, and thence by down pipes and
gullies into the effluent channel O, being treated again in
the gravitation mixer, and finally flowing away with the
effluent from the precipitating tanks. The press chambers
are known to be filled with solid sludge cakes, when effluent
ceases to flow from the outlets of the chambers. The
presses are then opened and the cakes discharged into a
tipping truck Q, by which they are removed to the final
disposal site.
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PLAN

FIG. §57.—SLUDGE-DRYING APPARATUS.
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| Hydro-extractor for Sludge—An entirely different
method has been adopted in the special apparatus in use
at Hanover and other towns in Germany, the Schaefer-ter
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Mer centrifugal sludge de-hydrating apparatus manufac-

tured by the Hanoversche-Maschinenbau A. — G,, vormals

Georg Egestorff, and illustrated in Fig. 57. In this
G
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apparatus the centrifugal force resulting from the rapid
rotation of the drum into which the liquid sludge is
fed, is utilised to throw out the solid matters from the
centre towards the circumference, where they are caught
in the outer part of the drum of the machine. The
drum revolves continuously, but at regular intervals it is
opened automatically in sections for a brief period, so that
the dry sludge is thrown outwards against the fixed casing
and thus becomes broken up and falls to the bottom, and
thence to an endless-band transporter by which it is dis-
charged outside the building. At the moment when the
sections of the outer casing of the drum of the machine are
opened to allow the dry sludge to be thrown out, the wet
sludge is prevented from passing into these sections by the
automatic closing of the inner slide door, which is opened
as soon as the outer slide is closed. The water extracted
falls into an annular channel below, from which it flows,
by way of a pipe, back to the settling tanks to be treated
again. The result of a series of special tests of this appa-
ratus showed that the liquid contents of the sludge was
reduced from 92 per cent. to 50 per cent. The installation
at Hanover has now been in operation since June 1908,
dealing with a daily volume of 66 million gallons of sewage
from a population of 280,000. From particulars supplied
by the town authorities, it appears that the total cost of
operating the complete plant, including the settling tanks
and the sludge treatment apparatus, amounts to about 8s. per
million gallons of sewage treated, or about 0°84. per head
of population per annum.

Messrs. Manlove, Alliott and Co., Ltd., have now
entered into an arrangement with the above-mentioned firm
to take up the control of the patents and the sole manu-
facture and sale of the Schaefer-ter-Mer Sludge-Drying
Apparatus in Great Britain and the Colonies.
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Siudge Draining Beds.—Although the methods of dis-
posal of sludge must vary in different localities according
to the means available for the purpose, and most of them
involve very little, if any, constructional work, it may be
desirable to describe the various points which should be
taken into consideration in the construction of suitable
draining beds, as these should be included in the original
design of any scheme in which they are to be used. Their
chief function is to provide means for removing the maxi-
mum amount of the liquid contents of the sludge in the
minimum of time, and it is obvious that this desideratum
can only be secured by spreading out the liquid sludge in
thin layers upon material through which the liquid may
readily pass without carrying with it any of the sludge.

FI1G. 58.--SLUDGE-DRAINING BED,

The first of these requirements necessitates the provision
of an ample area of draining surface, and the second in-
volves the use of a suitably graded material provided with
ample means of drainage. The beds themselves may be
simple excavations in the ground, as shown in Fig. 58, or
may be constructed of brickwork or concrete, but in either
case it is absolutely essential that the floor should be
covered with tiles, or other means of subdrainage, leading
to a free outlet, which should be connected to the screen
chamber, detritus tanks, pump well, or some other point at
the inlet to the works, so that it may be treated over again
with the crude sewage. Whatever material is used for
filling the bed, the lower portion which is placed on the
floor and over the drainage tiles should be of large size,
G 2
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2 inches to 3 inches in diameter. The next layer should
be 1} inches to % inch in diameter, and the top layer
6 inches to g inches in depth, should be fine material
1 inch to } inch in diameter. In the author’s opinion,
coke-breeze will probably be found to be the best material
for the top layer, and it would be a good precaution to
provide beforehand a quantity of this material in reserve
to replace what is lost in removing the dried sludge from
the surface of the beds.

It will be found advisable in operating these beds to
discharge the sludge from the tanks in small quantities at
frequent intervals, rather than in large quantities at long
intervals, and it is very important that each layer of dried
sludge should be removed before the next layer is delivered
to the bed. It cannot be too strongly urged that sludge
disposal needs as much care and attention as any other
stage of the process of sewage disposal, and if this is avail-
able, and ample area of draining beds is provided, there
should be no difficulty in solving this usually troublesome
problem,
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PERCOLATING FILTERS.

In approaching the subject of the design of filters for
the purpose of oxidising the organic matters—in solution
and in suspension—contained in the liquid which leaves
the preliminary process in tanks, the first consideration is
the question of site. Where the slope of the ground per-
mits of the construction of the filters on or above the ground
level, much expense for excavation may be avoided, so long
as the base of the filter can be laid on solid ground. In
cases where the site of the works is comparatively flat, it is
impossible to avoid excavation, and other means must be .
adopted to keep the actual cost as low as possible con-
sistent with efficiency.

General Design.—Taking the latter case first, it should
be observed that some engineers consider it desirable to
construct retaining walls under all circumstances, but the
author does not agree with this idea. In the first place
the walls do not, of themselves, have any influence on the
efficiency of the filters in producing a satisfactory effluent,
and if a filter can be constructed without them there is no
reason why they should not be omitted. This applies
especially where the filters have to be constructed entirely
below the surface of the ground. The chief point to be
considered is that the effluent shall have a free outlet, with
facilities for inspection. In the case of all filters, the best
method of securing a free outlet for the effluent is to pro-
vide the floor with a suitable slope from the centre to all
sides. When.the floor is at some depth below ground this
requirement necessitates an effluent channel on all sides of
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the filter. Two methods of carrying this into effect are
illustrated, Figs. 59 and 60. Fig. 59 shows one retaining
wall for the filter and an additional retaining wall for the
surrounding earth, carried up to the surface with the effluent
channel between the two walls. In Fig. 60 the arrange-
ment is similar, but the outer wall is a dwarf wall to form
the effluent-channel, and the surrounding earth is cut back
to a slope of natural repose, the earth bank usually being
sown with grass or covered with turf. It is essential that
the outer wall shall be carried up above the toe of the
earth bank, in order to prevent soil being washed down
into the effluent-channel, but a surface-water drain should
be laid to take any water that may accumulate at the back
of this wall.

These methods of construction would, however, only be
adopted by those who consider it essential to provide means
for lateral aeration to the filter by constructing the retaining
wall for the filter itself of pigeon-hole brickwork. In the
author’s opinion, however, lateral aeration on these lines is
altogether ineffective. It can only affect the filter material
for a distance of a foot or two from the wall. It is true
that in some cases horizontal perforated ventilating pipes
have been provided, radiating from the centre of the filter
to the outer wall and terminating with open ends on the
outside. The effect of these is, however, dependent almost
entirely upon the temperature of the atmosphere and the
direction of the wind, and even if they do induce air currents
into the body of the filter the air wili pass along the line of
least resistance, and therefore find its way through those
interstices whch are open and not through those which are
choked in any way and thus most in need of aeration. The
author believes that the aeration of a filter ‘is most effec-
tively secured by the action of the sewage itself, as it falls
from the surface to the floor drawing in the air from the
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top, and that if this is not effective, no amount of lateral

openings will produce the desired result.

If this contention
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is correct, there is no need to incur the additional expense
involved in the construction of retaining walls, and the
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filters may be designed on the lines indicated in Fig. 61,
where the filtering material fills the whole of the natural
excavation, and no walls are required. It is true that this
method involves an increase in the amount of filtering
material beyond what is actually in use,and the cost of this
must be set against the cost of the wall in the alternative
method shown in Fig. 62, as the cost of the excavation in
either case is about the same. Much will depend upon the
cost of the filtering material in different localities.

In both these methods it will be noticed that there is no
outer cffluent channel, and that the floor slopes from the
circumference to the centre, where an effluent receiving
chamber is constructed, from which an effluent discharge
pipe leads to the next stage in the process. This is not
quite so satisfactory as the arrangement shown in Figs. 59
and 60, but it is the most convenient under the circumstances.

When it is possible to place the filter floor on or within
2 feet of the surface of the ground, the method illustrated
in Fig. 60 is the design most commonly adopted. Some-
times the arrangement of the floor shown in Figs. 61 and
62 is preferred. There is, however, still another type of
floor which is applicable to this case. This is illustrated in
Fig. 63, from which it will be seen that the whole of the
floor slopes in one direction, and the effluent is thus dis-
-charged over one-half of the circumference of the filter, with
the result that the effluent channel is only one-half the
length of that required in the case of Fig. 60.

Floors of Filters—In all cases the floors for percolating
filters should be of a substantial character. They are
usually constructed of cement concrete. The thickness of
the concrete will depend upon the nature of the subsoil, but
in any case it should be increased at the centre in order to
provide a safe foundation for the revolving sprinkler. The
surface of the floor should be smooth, so as to facilitate the
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flow of the effluent, and any suspended solids it may contain,
to the outlet. From the preceding illustrations it will be

SECTION

FiG. 63.

noted that the slope of the floor may be in three directions :
(a) from the centre to the circumference, (6) from the cir-
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cumference to the centre, or (¢) from one side of the filter
to the other, a uniform slope in one direction along the
diameter of the filter. It has been suggested by some that
the floor should consist of a series of alternate V-shaped
ridges and furrows, with slopes at right angles to the general
slope of the floor, but this has the disadvantage that it
causes difficulties in arranging the floor tiles and placing
the filtering material in position, and further it increases
the cost of construction without providing any real com-
pensating advantages.

Sub-drainage—It has been recommended that the
floors should be laid with a gradient of about 1 in 100, but
the author believes that it would tend to assist the free dis-
charge of the suspended solids in the effluent if this gradient
were increased to I in 7§, or even I in 50, and that if this
were done, there would be no need to make any special
pi-ovision for access to the under drains for cleaning pur-
poses. Another important factor in securing a free dis-
charge of the suspended solids, is the use of proper floor
tiles or sub-drains. The old idea of laying rows of agricul-
tural pipes with open joints, or even of perforated pipes, on
the floor has been proved to be useless. In some cases it
is considered sufficient to have rows of floor tiles, laid at any
distance apart up to 10 feet at the circumference. There
is, however, very little doubt that the only correct method
is to support the whole of the filtering material on a complete
false floor, so that the suspended solids which are carried -
down with the effluent, and thus reach the bottom of the filter
at all points of its area, may fall freely into an open space,
from which they will be carried away with the least possible
obstruction by the flow of the liquid. It is certain that
these suspended solids have a great tendency to adhere to
any object with which they may come in contact, and that
this can only be avoided by providing a free space imme-
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diately above the floor and over its whole area. The
nearest approach to this acme of perfection is a complete
false floor, with openings too small to allow the filtering
material to pass through, but large enough to give a free
passage to the suspended solids. One of the simplest
methods is to form the false floor of bricks, laid flat on
rows of bricks on edge. There are, however, several floor

F1G6. 64.—FLOOR TILE.

tiles on the market specially designed for this work. A
number of these are illustrated in the accompanying figures.
The Ames-Crosta tile, Fig. 64, has a simple flat top with
corrugated edges supported on four short legs. When
placed close together, the corrugations form apertures
through which the liquid passes, and the flat tops form a
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F1G6. 65.—* NEWHAM ” FLOOR TILE.

table which provides every facility for placing the filtering
material in position. A somewhat similar floor tile is the
“ Newham ” shown in Fig. 65. In this case, however, each
tile has only two legs, and thus there is less obstruction to
the flow of the effluent. The “Stiff” floor tile, Fig. 66, is
of much the same type as the two last described. Another
material which has been adapted for this purpose isa single
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layer of the “Dibdin” type of slate slabs and blocks, as
shown previously in connection with the preliminary treat-
ment of sewage in tanks, Fig. 49. This method also pro-
vides a complete flat false floor, and has the additional ad-
vantage of occupying the least possible space. The slabs
themselves may be split to any suitable thickness, and the
supporting blocks may be cut to any size, as little as 1 inch

F16. 66.—‘ STIFF” FLOOR TILE.

in thickness if desired. The slabs vary in shape and size,
but may be secured of larger area than tiles, so that the
necessary supporting blocks are less in number than the
feet of the tiles, and thus offer less obstruction to the efflu-
ent. The apertures for the passage of the liquid are pro-
vided by the holes formed by the irregular edges of the
slabs, where they abut on one another.
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There are, howéver, floor tiles of other shapes, such as the
Candy tile, Fig. 67, for which it is claimed that the effective
depth of the filter may be calculated from the floor, and
that the height of the V-shaped opening under the tile
provides greater drainage and ventilation openings than

F1G, 67.—CANDY FLOOR TILE.

other tiles, Other drainage tiles are semicircular in section.
The Naylor tile, Fig. 68, and the Albion floor tile, Fig. 69,
designed and used by Mr. E. E. Ryder, Surveyor to the
Bushey Urban District Council, both have openings at the
floor level. The “Mansfield ” floor tile, Fig. 70, is the type

F1G6. 68.—NAYLOR FLOOR TILE.

adopted for the extensive filters at the Birmingham Tame
and Rea district sewage farm by Mr. J. D. Watson, Engi-
neer to the Drainage Board.

In some cases, instead of providing a free space above
the floor, drainage channels have been formed in the floor,
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with rebates in the sides to receive flat perforated tiles,
as Fig. 71. This method of drainage certainly leaves the
floor clear to receive the filtering material, but it has the

F16. 69.—FLOOR TILE.

disadvantage that it does not provide a free space under
the whole of the material; and as the suspended solids in the
effluent must of necessity travel some distance before they

F1G. 70.—‘* MANSFIELD "’ FLOOR TILE.

reach a channel, they are, to a great extent, arrested by the
material which comes immediately on the floor, however

large the separate pieces may be, and thus tend to choke
the interstices.
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Whatever method of sub-drainage may be adopted, it is
advisable to continue the tiles, or channels, right through
to the effluent channel or thamber in straight lines, so that
the effluent may have a clear way throughout its course
under the filter, until it reaches the open effluent channel
or pipe.

Walls of Filters—The great diversity of methods
adopted to retain in position the material of filters con-
structed above the level of the ground, must be extremely
perplexing to anyone who investigates the subject. They
vary from walls of such thickness and substantial material
that they would be quite suitable for resisting the pressure

of a head of water equal to the depth of the filter, down
to no walls at all. In many cases walls 9 inches thick
throughout and 6 feet in height are found to be quite satis-
factory, while in a large number of cases the material itself,
when it consists of clinker, is found standing in an almost
vertical position with perfect success. The question
naturally arises, if it is possible to construct filters satis-
factorily without any retaining walls, why incur unnecessary
expense in providing walls? The answer is that clinker
is not universally adopted as a filtering material, and that
the strength of circular walls is not sufficiently taken into
consideration. The thickness of the wall will naturally
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depend upon its height, but assuming this to be 6 feet, and
that the wall is in all cases carried down to a solid founda-
tion, the extreme thickness that would be needed is
probably 18 inches at the bottom and g inches at the top,
as Fig. 72. As a general rule, however, it will probably be
found quite sufficient to construct the wall of brickwork in
cement, with the lower half 14 inches and the upper half
9 inches in thickness. In a large number of the most
recently constructed filters, the walls have been omitted
altogether when clinker has been used for the filter. Large

pieces of this material have been selected, and carefully
packed in the form of a dry rubble wall with perfect success,
even when laid with a batter on the outside of as little as
1in6 orevenI in 8 It is obvious that this method of
construction needs special care and supervision, especially
in providing a rough kind of bond between the different
layers, if it is to be successful. A rough idea of this
method is given in Fig. 73. As a kind of happy medium
between this system and a wall to the full height of the
filter, a dwarf wall has been adopted in a number of cases,
and notably by Messrs. Willcox and Raikes, Civil Engi-
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neers, who have also designed a special form of coping,
made in fire-clay or terra-cotta, as shown in Fig. 74
Again, in several places where suitable local stone,- or
stones and bricks resulting from the demolition of old
houses or walls, was available at a cheap rate, these materials
have been utilised to form dry rubble walls, similar in con-
struction to the clinker walls illustrated in Fig. 73.
Occasionally the walls of filters are carried up several
feet above the surface of the filter with the idea of forming a

screen to protect the revolving sprinklers from the influence
of wind. It is, however, obvious that these measures can
only have an effect upon the outer ends of the revolving
arms, and, as the action of the revolving sprinklers is only
affected by wind when the head of sewage by which they
are driven is at its minimum and the force of the wind is
simultaneously at its maximum, the necessity for wind-
screens seldom arises. In actual practice, with an average
head of sewage, no real difficulty is caused by wind.

H
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So far, it has been assumed that the walls and floors of
the filters can be constructed upon solid ground. Unfor-
tunately this is not always possible. If the subsoil is of
an unsubstantial nature it is advisable to lay the floor of
a suitable thickness and diameter, so that the wall may be
built upon the floor itself, and thus distribute the load over
as large an area as possible. In some cases the levels
necessitate the raising of the filter floor above the surface
of the surrounding ground. Under these circumstances
the footings of the walls should be carried down to solid
ground, and no reliance whatever should be placed upon
made-up ground even to carry the floor alone. The outer
edge of the floor should be supported by the footings of
the wall, and the remainder carried upon piers or cross-
walls of brickwork, concrete or masonry, extended down to
solid ground. The piers or cross-walls should be sufficient
in number to support the floor with safety. A smaller
number may be used if steel joists are provided between
them to take the weight of the floor and filter, or the whole
floor may be of a properly designed reinforced cencrete
construction, supported at the circumference on the footings
of the outer wall and at the centre on a substantial pier of
concrete carried down to solid ground, with intermediate
piers if the diameter of the filter is excessive.

Planning of Filters—The preceding notes with regard
to floors, sub-drainage and walls, apply generally to all
filters, whether they are for revolving or travelling distri-
butors or for sprays or fixed troughs, The most suitable
plan for travelling distributors is naturally rectangular, but
where more than one such filter is required it will be found
economical to arrange them in pairs, with a central supply
channel feeding two distributors, one on each side. This
applies equally to other types of fixed distributors, but
care should be taken to divide the total area into reasonable



Percolating Filters 99

units. In all except the smallest schemes (which should
consist of not less than two units) it will be found that
three, or multiples of three, units form a very convenient
method of arrangement. This suggestion with regard to
the subdivision of the total area applies to filters for re-
volving distributors, so far as their number is concerned,
but there are several methods of arranging the area of the
filters themselves. When the filters are separated from one
another they may be placed in regular order of one kind
or another if the site is uniformly flat, or irregularly to suit
the contour of the ground if the site is uneven. It has
been considered an objection to the use of circular filters
that even if they are placed close together a considerable
amount of space is rendered useless. There may be some
justification for this objection in cases where the area of
the site is limited. On the other hand, the objection has
been overcome by arranging the total filter area on one
common floor, fixing the revolving distributors so that the
circumferences of the areas they cover meet where possible,
and leaving the spaces not covered by the distributors free
of material to provide some lateral aeration for whatever
it is worth, or as an alternative to provide a convenient
position for chambers to receive the effluent from the con-
tiguous filters. This arrangement is illustrated in Fig, 75.
If other arrangements are made for the discharge of the
effluent, then the spaces in question may be filled with
material and utilised as filters by fixing smaller suitable
distributors, as Fig. 77. This has been done at Kingston-
on-Thames in converting existing rectangular contact beds
into percolating filters, while at Darwen, Lancs, the inter-
mediate spaces not covered by the revol¥ing distributors
are utilised as filters and the distribution effected by means
of fixed sprays.

In other cases the filters for revolving distributors have

H 2
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been constructed octagonal in plan instead of circular, as
shown in Fig. 76. By constructing suitable retaining walls
the whole scheme presents a very good appearance, and
the intervening spaces can be utilised for effluent chambers
or as filters with smaller distributors, as previously described,
and practically the whole area is thus utilised.

Filtering Material—On this subject there exists a great
diversity of opinion. Some engineers are satisfied to use
any kind of material which will not disintegrate rapidly,
while others pin their faith to one particular kind. Again,
the grading of the material is a matter upon which it is
seldom possible to find two engineers in complete agree-
ment. The opinion is frequently expressed that true
economy consists in utilising local material as far as
possible, sometimes even to the extent of adopting a local
product, even though it is admittedly not so good as some
other material which may cost slightly more for carriage
from a distance.

Undoubtedly the first consideration is to secure a
material which will not disintegrate, but this is not the
only essential qualification. The author has had many
opportunities of observing the results obtained from vari-
ous materials, and, for dealing with an average sewage, he
has never seen a better material than hard-burnt vitrified
furnace clinker. This material, of the proper kind, is
practically equal to stone or gravel in its ability to with-
stand the various influences which tend to cause disinte-
gration, but it possesses the advantage over stone and
gravel of having numerous cavities, which apparently form
the most suitable means of assisting the development of
the bacterial gelatinous growth, which appears to be the
essential factor in causing the deposition of the organic
matters in suspension and in solution in the tank effluent.
It would seem as if the smooth surfaces of gravel or broken
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stone cannot retain this growth, and that it is washed away
as soon as it begins to form. It is true that excellent
effluents are obtained from filters of gravel or stone, but, so
far as the author is aware, only by providing a larger cubic
capacity of filter than would be required if proper clinker
were used. It is thus questionable whether the lower cost
of local stone or gravel does, in fact, result in ultimate
economy, if a smaller quantity of the right kind of clinker,
at a slightly higher price per cubic yard, will secure the
same result.

It will be noticed that stress is laid upon the necessity
of using the 7ight kind of clinker. This is intentional, as
the word “clinker” appears to cover a large variety of
material. House refuse, cinders, and over-burnt bricks, as
well as the products of refuse destructors, are all considered
as “clinker,” especially in cases where a contractor finds
he has taken a very low price for filter material in making
up his tender. In the author’s opinion, the only kind of
clinker, indeed the only kind of material, which should be
used for percolating filters is the extremely hard clinker
from boiler furnaces, more or less vitrified throughout, and
not only of irregular shape, with a rough surface, but
possessing numerous cavities on all sides. Clinker of this
type is occasionally to be obtained from destructor furnaces,
but it depends upon the character of the original refuse,
and probably to some extent upon the method of stoking.
In any case it necessitates the exercise of experienced
judgment and discrimination in selection, and in some cases
destructor clinker is so soft, and so evidently certain to
undergo rapid disintegration, that it should be rejected at
all costs.

Among other materials which are used for percolating
filters in various parts of the country are coal, broken
saggars, stone of various kinds, including granite, gravel,
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broken bricks, coke, cinders, coke-breeze, and slag from
ironworks, but in the author’s opinion none of these
are so satisfactory as the right kind of clinker described
above.

Grading of Filtering Material—There is probably as
much, if not more, diversity of opinion on this point as in
the matter of the kind of material most suitable for filters.
The sizes in actual use vary from } inch to 3 inches and
even 6 inches. Some engineers stipulate for a uniform
grade throughout the filter, others prefer to have different
grades at different depths, while still others are satisfied to
allow small and large pieces to be mixed together indis-
criminately. In the author’s opinion the last mentioned
method is the least satisfactory of all. One of the essential
factors in obtaining the maximum efficiency from perco-
lating filters is a free passage for air to enter into all parts
of the filter. This can only be secured if the interstices
between the pieces of material are kept clear at all times,
but when small and large pieces are mixed together, the
small have a natural tendency to fall into the spaces
between the large pieces and thus choke them. Even if
this were not of importance, the usual methods of filling a
filter do not permit of the uniform distribution of the finer
particles among the larger, so that the usual result is that
some portions of the filter consist almost entirely of fine
and others of coarse material, and the results must of
necessity be unequal.

On the face of it, the division of a filter into layers, each
consisting of a different grade of material ranging from
coarse at the bottom to fine at the top, would appear to be
an excellent idea, but it is only those who have attempted
to put this idea into practice who appreciate the extreme
difficulty of carrying it out. With the exception of very
small filters, where constant supervision and an unlimited
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amount of labour is available, it will be found impracticable
under ordinary circumstances.

There still remains the first-mentioned alternative, viz.
to have the material as nearly as possible of a uniform
grade throughout the filter. Whether the grade should be
fine, medium or coarse, will depend upon the strength and
character of the liquid to be treated, but in either case the
best practice from all points of view is, in the opinion of
the author, to provide all of a uniform grade. In making
this statement, it is assumed that there will be a layer
about 6 inches deep of coarser material all over the floor,
as this is necessary to prevent the finer grade above it
being washed through in the effluent or choking the aper-
tures in the sub-drains. In some cases also a modification
is adopted in providing the top layer, about 6 inches to
12 inches in depth, of finer material than the bulk of the
filter, in order to arrest any suspended solids that may be
present in the tank liquor, upon the surface of the filter,
from which they can be more readily removed than if they
were allowed to enter the filter. On the other hand, some
prefer to allow these solids to enter the filter, but to provide
ample clear interstices and sub-drainage, so that these
solids after treatment in the filter may be washed out as
humus or “ converted products” in the effluent, from which
they are easily removed by settlement in suitable tanks to
be described later.

Methods of Distribution—The question of distribution
is the most important factor in the successful operation of
percolating filters. At first it was considered sufficient
simply to spread the liquid as evenly as possible over the sur-
face of the filter by any convenient method. Gradually im-
provements in methods were introduced with varying results,
and at the present time a large number of different appli-
ances are to be found in actual use, some producing jets,
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others a fine spray, and others again what is termed a
“thin film.” All of these have their advocates, and all
undoubtedly can be made to give satisfactory results.
One of the essential requirements of any method is that it
shall give even distribution per unit of superficial area of
the filter. Whether the jet or the spray or the thin film
is the most efficient in this respect is a matter of opinion.
On this question of distribution, one of the most im-
portant points to be taken into consideration in forming an
opinion as to the best method to adopt is, what happens
after the liquid is discharged on to the surface of the filter ?
What happens beneath the surface, in the body of the
filter? The generally-accepted theory is that the liquid
trickles slowly over the surface of the separate pieces of
the material, dropping from one to the other and ultimately
falling to the floor of the filter, and thence flowing to the
effluent drain. No definite investigations into this question
appear to have been made until the year 1909, when a
series of extremely interesting experiments were carried
out by Mr. W. Gavin Taylor, M. Am. Soc. C.E,, Resident
Engineer, Sewage Disposal Works, Waterbury, Conn.,
U.S.A. The results of these tests were published in the
“ Engineering Record ” of June 3, 1909, and illustrated by
excellent graphic tables, which show that, “Percolating
liquids were more equally diffused in the fine material than
in the coarse ; that the plotted curves of diffusion approxi-
mate parabolas having their apexes at the surface of the
filter material ; and that, in general, about one-half of the
total lateral movement taking place within a 6 foot depth
was effected within the uppermost foot of material.” These
observations apply to the effect produced by single drops
applied at the surface. Further tests made to ascertain
the effect of distribution on several adjacent points at the
surface of the filter demonstrated that, “ The liquid from
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each point of application spread out through the material
in the normal cone of diffusion, until its cone was intersected
by that from an adjacent point of application ; that there
the two or many liquid films united, as tributary sources,
into minute streams which interrupted, to a considerable
degree, the continuance of diffusion and tended to descend
through the remaining material at a higher velocity and
along lines of least resistance. The streaming tendency
increased rapidly as the rates of application were made
greater.” Among the final conclusions drawn from these
tests the most important is that, “ The desideratum in the
application of sewage to percolating filters is to attain
perfection in aerial distribution, and that a high efficiency
in sub-surface distribution is fostered by a slow continuous
rate of application rather than by an intermittent application
at a higher rate.” This last sentence fully confirms the
author’s own opinion with regard to the use of dosing
tanks which are dealt with later under the heading “ Methods
of Feeding Percolating Filters.”

In the following pages a number of the many appliances
which have been introduced for distributing tank effluents
upon percolating filters are illustrated and described in
detail, the various types 'being grouped under separate
headings.

Automatic Revolving Distributors.—One of the first,
if not the first, of the revolving distributors for perco-
lating filters was the “ Candy-Whittaker” sprinkler in
its original form. This is supplied by the Patent Auto-
matic Sewage Distributors, Ltd. It is now made in
three different forms: the “Open” type, the “ Enclosed ”
type, and the “Buoyant” distributor, as shown in Figs.
78, 79, and 80. The most prominent feature of these
sprinklers is the mercury seal joint, for which it is claimed
that it gives an absolutely water-tight and frictionless joint,
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that it cannot freeze, and that no renewal of the mercury
is required. It is stated that the use of the patent
“check-ring ” in combination with the mercury seal pre-
vents any loss of the mercury, no matter what the head
may be. Another feature is that the ball-bearings are
moisture-proof, due to the special methods of construction.

CANDY
WHITTAKER

Fi16. 79.—*“CLOSED ” TYPE, CANDY-WHITTAKER SPRINKLER.

In addition to the above, the makers point to the special
value of their compensating arms system, by means of
which their distributors will work continuously with a very
small volume of sewage and still be capable of dealing
with any larger volume of sewage that may be required.
The names of the “Open” and “ Enclosed” types are
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self-explanatory, but the “ Buoyant ” type is specially de-
signed to reduce the friction on the bearings. The revolv-
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ing portion is supported by a float or buoy in the form of
a cylindrical tank, which floats in a small chamber at the
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centre of the filter. The removal of all weight friction on
this distributor reduces the power required to rotate it to
the minimum.

Another make of revolving distributor is well-known
as the “Cresset.” This is manufactured by Messrs.
Adams Hydraulics, Ltd,, and is illustrated in Fig. 8I.
In this case the special feature is the joint between the
revolving and fixed portions of the apparatus. It consists
of a simple air-lock, formed by a cushion of air between
two water columns. This is clearly seen in the illustration.
It is obvious that this is an absolutely frictionless joint,
so that there is no loss of head. It also has the effect of
removing the strain to which the overhead ball-bearings
are generally subject, so that the revolving body swings
freely in the true vertical line from the cross head above.
Another point is that no expense is involved, and very
little trouble is incurred, in renewing this joint whenever it
may. be found necessary, but it has been maintained in
perfect condition without requiring renewal for very long
periods. Special means are provided for removing and
replacing the ball-bearings in the cross-head without dis-
mantling the distributor.

Another type of distributor manufactured by Messrs.
Adams Hydraulics, Ltd,, is their “ Sypho-Jet,” as shown
in Fig. 82. As its name implies, it is siphonic in action,
and combines the functions of a sprinkler and intermitting
valve in one apparatus. It may either be used in connec-
tion with a dosing tank or connected direct to the settling
tank, from which it draws off a certain depth of water every
time it fills to a certain height.

Two types of revolving sprinklers are manufactured by
Messrs. Mather and Platt, Ltd. These are illustrated in
Figs. 83 and 84. The special feature claimed for the “ Pipe
Arm ” distributor is the overflow centre, as this eliminates
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F1G. 82.—* SYPHO-JET” REVOLVING DISTRIBUTOR,

the use of joints or seals.
Another point of interest in
connectionwith this apparatus
is that there are two sets of
ball-bearings at the head, one
to take the weight of the
revolving portion, the other
to take lateral movement.
In addition there is a set of
roller-bearings at the centre,
which are arranged to prevent
lateral movement, and they
can be adjusted to take up
any wear that may occur.
The “Open-trough” type,
Fig. 84, is provided with a
special turbine arrangement
at the centre, which it is
claimed gives an immediate
motion when the sewage is
turned on. The distributing
troughs being open assist in
aerating the liquid, and as it
is possible to provide holes
in the bottom of the troughs
these are able to drain com-
pletely dry,and can also casily
be cleaned. This apparatus
is provided with ball and
roller bearings, as described in
connection with the ¢ Pipe
Arm ” type mentioned above.

Messrs. George Jennings,
Ltd., manufacture a revolving
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distributor, the special feature of which is that the sewage
is delivered from the central fixed column to the revolving
tank, to which the arms are attached, by means of a
syphon formed in the central column itself, but this
syphon is disconnected from the supply pipe by a fixed
cylinder and port-holes, which make the syphon inde-
pendent of the pressure at the inlet to the supply pipe
outside the filterbed. The pressure acting upon the syphon
is therefore the atmospheric pressure applied direct to the
surface of the liquid in the fixed cylinder, thus operating
without any loss of head. In addition to the ordinary
overhead ball-bearings, a gunmetal bearing is provided to
check any excessive lateral movement. The syphon de-
scribed above when once started remains sealed, as the
outlets are trapped by the liquid at the bottom of the
revolving cylinder, and as the top lip of the revolving
cylinder is arranged to be 6 inches above the top water
level in the tanks, any flooding at the centre of the bed
by the liquid overflowing at this point is impossible (see
Fig. 85). When required to deal with fluctuating flows
this sprinkler can be fitted with compensating arms.

Messrs. Whitehead and Poole manufacture a revolving
sprinkler, as shown in Fig. 86, in which a float is used to
carry the weight of the rotating parts, so that wear and
tear and friction are reduced to the minimum. The
chamber containing the float is completely closed, and
this is below the surface of the filtering material, so that
they are not affected by frost. In this sprinkler the joint
between the fixed and rotating parts is made by utilising a
little of the buoyancy of the float to form an upward
bearing at the neck of the float chamber. It is claimed
that this joint is perfectly watertight, with the minimum of
friction.

The revolving distributor manufactured by Messrs.
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Ham, Baker and Co., Ltd, shown in Fig. 87, consists of
a revolving trough to which the distributing pipes are
connected. The trough is supported upon ball bearings
carried upon a pillar, and the special feature of the appa-
ratus is that the incoming sewage is delivered into the

F1G. 86.—BUOYANT REVOLVING SPRINKLER.

central trough in such a way that it strikes upon blades
fixed in this trough, and it is claimed that in this way
full advantage of the initial head of sewage is obtained.
By this means also no special joint is required between
the fixed .and revolving parts. A special method of
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FI1G, 87.—REVOLVING DISTRIBUTOR.
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gaining access to the ball bearings for inspection and
cleaning is provided. In connection with this distributor
the makers supply an automatic cleaning gear for the spray
holes, Fig. 88. This consists of a rocking bar attached
to each arm of the distributor and provided with a number
of small fingers or pickers, one opposite to each hole.
An arm or a lever attached to the rocking bar, and
suspended from same to within a short distance of the
surface of the filter, comes into contact with a block of
wood or other material fixed in the filter itself at each

F1G. 88.—CLEANING GEAR FOR SPRAY-HOLES.

revolution, and thus causes a movement of the rocking bar
which actuates the finger points and causes them to pass in
and out of the spray holes in the arms. By this means
any obstruction is removed and forced out by the pressure
of water within the arm, and the holes are kept free.

The “Facile” rotary distributor shown in Fig. 89 is
manufactured by Messrs. W. E. Farrer, Ltd. The special
advantage claimed for this distributor is that it has no joint,
so that there is no friction to overcome beyond that in the
ball-race, upon which the whole weight of the revolving
portion is supported. It is provided with a syphonic attach-
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ment to the central column, and thus acts as a self-dosing
distributor, and, if desired, can‘be connected direct to the

F16. 89.—‘ FACILE” REVOLVING DISTRIBUTOR.

septic tank. A patent gauging tube is fitted, so that the
volume of the dose may be gauged whether it is fed from
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the dosing chamber in the ordinary way or direct from
the septic tank. Access is provided to all parts, and

SEcrray or Arac
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F16. 90.—THE ‘“CARLTON ROTOR ” DISTRIBUTOR.

the ball-race can be removed without dismantling the
apparatus.
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Among the later types of revolving sprinklers is the
“Carlton Rotor” distributor, Fig. 9o, manufactured by
the Carlton Engineering Company. This is specially
designed to obviate the use of a dosing tank, to work
satisfactorily with any variation of flow, and to prevent all
possibility of choking. It is claimed that these advantages
are secured by the use of a special water-wheel which
rotates round the central column on an inclined plane.
The sewage is delivered to this water-wheel by means
of a bend connected to the central column. As each
section of the water-wheel is filled, it rotates and delivers
its contents into an annular trough, to which the distri-
buting arms are attached. These are, however, not per-
forated with spray holes, but are provided with small
bends on the top of the arms, which deliver the sewage into
distributing troughs fitted with baffle plates. These baffle
plates are so arranged that the sewage is delivered on to
the surface of the filter in a thin film and at a uniform rate
over the whole surface.

A novel apparatus for the purpose of providing an
automatic method of cleaning the orifices of the arms of
revolving or travelling distributors is shown in Fig. g1.

This is supplied by the Carlton Engineering Company,
in connection with their ordinary type of revolving dis-
tributor, also shown in Fig. g2. In the distributing arm
B apertures are made in the form of elongated slots A,
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each slot having a brass cleaning blade E inserted. These
blades are carried on brackets fixed by a set-screw D, on
to a reciprocating rod or tube C, mounted on runners F.
Two bevel wheels G are strapped on to the arm, and are
connected by an eccentric rod to the reciprocating rod C.

e e ——— - — - —— -3 ¢
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F1G. 93.—¢ SIMPLEX ” REVOLVING DISTRIBUTOR.

At every revolution which the distributing arm makes,
the bevel gearing G comes in contact with the stop H,
causing a partial revolution of the gearing. This in turn
causes the backward and forward motion of the cleaning
blades in the apertures. The apertures are thus kept
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entirely free from grit or any other solid matter, and the
flow is broken up into a fine spray.

The “ Simplex ” revolving distributor is manufactured
by the Ames Crosta Sanitary Engineering Company, Ltd.,
and illustrated in Fig. 93. This sprinkler revolves on a
ball bearing which runs in a bath of solid grease, and is
protected from moisture and dust by means of special
washers. The whole of the weight is carried from the top
of the pillar, no bearing being submerged in the sewage.
The seal is arranged by means of two gun-metal rings
with special annular grooves turned in them ; the top
ring is carried from the revolving bucket by means of a
rubber or copper washer, thus the ring carries no part
of the weight of the apparatus, and is free to compensate
for any oscillation. Rollers running on ball bearings are
placed under the bucket, and these take up side move-
ment due to wind and other causes. The revolving arms
are provided with a special cap at the ends, which can
be removed by a quarter turn to enable the arms to be
cleaned. There is no head lost, as the level of water in the
bucket is equal to the head in the supply chamber or
channel. The apparatus is not affected by frost, and is
remarkably sensitive, as 2 inch head of water above the
holes in the arms will start the apparatus in motion.

Messrs. Burn Bros. manufacture a revolving sprinkler,
“Burn and Brown’s Patent,” shown in Fig. 94, which has
one or two special features. These consist of a self-
regulating apparatus for dealing with the variation of
the flow of sewage and at the same time cleaning
the orifices. A shaft carried on each of the arms, and
mounted on suitable bearings, is provided with tapered
fingers fixed in a position corresponding to the holes
in the arms. By means of a float in the circular re-
volving tank connected to a simple lever the shafts on
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the arms are given a slight movement, which causes the
fingers to enter the orifices in the arms as the flow
decreases, and to be withdrawn as the flow increases. The
result is that the orifices are enlarged or reduced as the

F1G6. 94.—REVOLVING SPRINKLER (Burn and Brown’s patent).

flow varies, and the movement of the tapered fingers tends
to make the orifices self-cleansing. It is claimed for this
distributor, that it can be made to deal with any variation
in flow of sewage up to 6 volumes, with a maximum head
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~of less than 18 inches above the surface of the material of
the filter.

A new type of automatic revolving sprinkler is the
“ Hodgson ” overflow type, manufactured by Messrs. George
Kent, Ltd. As will be seen from the illustration, Fig. 93,
the sewage passes first into a feed chamber attached to
the central column, from which it flows into the distribut-
ing chamber D, to which the arms are attached. It is
claimed that by use of the weirs W in the distributing
chamber, a uniform speed of rotation and consequently
a uniform distribution, is secured. The ball-bearing upon
which the rotating portion is carried is stated to take
both the side and end friction.

The revolving distributors previously described are all
constructed on the Barker’s Mill principle, to some extent
if not entirely. The Fiddian type of distributor, supplied
by Messrs. Birch Killon and Co., and illustrated Fig. g6,
is based upon an entirely different principle. It con-
sists of an elongated water-wheel, which revolves around
a circular filter. It is pivoted at the centre of the filter
upon the supply pipe, and the outer end of the distributor
is carried upon a rail track. In the case of large filters,
from 70 feet to 110 feet diameter, two rail tracks are
used. The liquid passes through the supply pipe and is
delivered into the buckets of the water-wheel, from which
it falls in the form of a film, so that the water-wheel not
only drives itself over the filter by means of the weight of
the liquid, but it also distributes the liquid which drives it.
A very small quantity is sufficient to start the distributor
and keep it in motion, the head required, measured from
the surface of the filter, being about 18 inches. The buckets
are provided with graduated weirs, the width of which is
proportionate to its distance from the centre of the filter.
By this means uniformity of distribution is secured. It is
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claimed that as there are no small holes to be choked, the
apparatus can be employed for all kinds of liquid with the
minimum of attention, and that it does not require any
dosing apparatus. '

FI1G. 96.—-FIDDIAN REVOLVING DISTRIBUTOR.

Power-driven Revolving Distributors.—One of the first
revolving distributors in which it was decided to adopt
power to drive it independent of the sewage, was the

K
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“ Scott-Moncrieff and Alliott” distributor, manufactured
by Messrs. Manlove, Alliott and Co., Ltd., and erected at
the Birmingham Sewage Farm for Mr. J. D. Watson.
In this case a horizontal arm is attached to and pivoted
upon the vertical standpipe in the centre of the filter
which is connected to the supply pipe. The outer end of
the horizontal arm is carried by a rail, and is fitted with
an oil engine which travels along on the outer rail on the
end of the arm. The rotating arm consists of a large
main trough or carrier into which the sewage from the
central standpipe is delivered, and on one side of the main
trough is fitted a row of small troughs, each of which is
supplied with sewage from the main carrier through a port-
hole specially proportioned to the volume of sewage to be
discharged from the trough and to its distance from the
centre of the bed. By this means uniform distribution is
secured over the whole area of the filter. From each of
the small troughs the sewage flows over the edges of the
trough, and thence, trickling down the outside of the trough,
is discharged in a row of fine rain-like columns upon the
filter. It is claimed for this distributor that absolute
uniformity of distribution is secured, that it will work
equally well with any volume, that there are no holes to
become choked, that it requires the minimum of supervision,
and that it will deal with any variation up to 3 times D.W.F.
without attention (Fig. 97).

In the “ Hartley ” circular power-driven distributor, the
apparatus (manufactured by Messrs. Hartley, Causton and
Richmond, and shown in Fig. 98), is arranged in a form
similar to that used in connection with the Barker’s mill
type of distributor, with this difference, that it is driven
by an electric motor attached to the end of one of the
arms, which is used as the distributing arm ; and the arm
on the opposite side is the balancing arm to counteract
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the dead weight of the distributing arm and act as a
balance against wind pressure. The current is brought
to the distributor by an overhead cable, connected to a
revolving contact at the top of the central standard. The
method of distribution from the distributing arm is different
from the usual type, as it takes place through a number of
sectional distributing pipes C (Fig. 99), which are connected
to the main tube H. These are arranged in echelon, so
that by opening the covers P P a cap or cleaning rod may
be passed through each tube from end to end. Each
sectional distributing tube, C, is suspended from the main
tube by an attachment D. This attachment carries a screw,
G, by which is reguléted a valve shown open at E and
closed at E,. The flow may be increased or decreased
to any extent, or stopped altogether, by this valve. Each
space between the dotted lines on the plan is covered by
~ one sectional tube, and the sewage flow can be increased
or decreased, or stopped upon each section. The spray
nozzles are of a special type, and by use of the deflection:
or spray plates M, a smaller number of spray holes or jets
are required, so that they can be made larger, and they are
thus not so easily choked. Among the advantages claimed
for this distributor are the following. That it can be regu-
lated to work with any variation in the volume, from the
smallest quantity to 2 million gallons per acre per day,
without increasing the consumption of power. Separate
sections of the filter may be removed or rested entirely
by adjusting the valves G. The distributor can work with
any head of sewage from 6 inches to 6 feet, or more if
desired. It is not affected in any way by wind pressure;
and as the balancing arm empties at the same time as the
distributing arm, it is always in balance. The horse-power
required to drive it is very little, less than half horse-power
per acre. The rate of distribution on any of the sections.
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of the filter can be varied from 50 to 400 gallons per yard
per day.

This type of distributor was first erected at the Hanley
Sewage Works in 1902, in order to comply with Messrs.
Willcox and Raikes’ specification fora power-driven distri-
butor suitable for a large circular filter, on which a Scott-
Moncrieff distributor was previously employed.

FI1G. 9g9A.—VIEW OF HARTLEY CAUSTON AND RICHMOND’S POWER-
DRIVEN REVOLVING DISTRIBUTOR IN OPERATION,

A somewhat similar type of distributor is the “ Adams-
Cutler” Fig. 100, manufactured by Messrs. Adams Hy-
draulics, Ltd. In this case the distribution is from spray
holes in the pipe arms in the same way as the ordinary
Barker’s Mill type of distributor, but instead of relying
upon the motive power due to the head of sewage, the
distributor is operated by a rope drive; and where there
are a number of distributors in one installation, each
of them is operated by a cross-drive taken from a main
drive rope, so that any one or more can be cut out of the
circuit or controlled, or the speed varied as may be required.
It is claimed that a very small amount of power is required
to operate a revolving distributor, and the ease with which
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it is carried upon a central column, are arguments in favour
of the revolving over the rectangular types where absolute
control is essential and a natural working head is not
available.

Messrs. Mather and Platt, Ltd., also manufacture an
electrically-driven revolving distributor of the Open Trough

F1G. 100.—‘“ ADAMS-CUTLER ” POWER-DRIVEN REVOLVING DISTRIBUTOR.

type, as shown in Fig. 101. This machine is of special
design, and particularly suited for large diameter beds.
The troughs are similar to those of the ordinary type
of distributor previously mentioned, but are supported on
the Warren Girder principle. There are four pipe arms,
the end of each being fitted with a special carriage running
on rails fixed outside the bed at the floor level. On one
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of the carriages an electric motor is fixed and connected to
the rail wheels by means of chain drives. The current is
transferred to the motor from the main at the top of the
central pole of the distributor by means of slip rings.
Automatic Travelling Distributors—There are several
types of these on the market at present. The first is
manufactured by Messrs. Birch Killon and Co,, Fig. 102,
and is constructed on the Fiddian water-wheel principle.
The design is similar to that described in connection
with the automatic revolving distributor, but it involves

FI1G. 102.—FIDDIAN TRAVELLING DISTRIBUTOR.

two rail tracks supported on walls or piers on each side
of the filter. The head required for this type is about
2 feet from the surface of the filter to the top water level
in the carrier, and the distributor is fitted with a syphon
which feeds it from the carrier or trough. In large schemes
the trough is placed along the centre of the filter, and sup-
plies a separate distributor on each side.

Another type is manufactured by Messrs. Ames Crosta
Sanitary Engineering Company, as shown in Fig. 103.
This sprinkler can be adapted to existing contact beds.
It is carried from the walls of the central channel in
cantilever form, no other bearing or rails being required.
On each side of the machine a hopper is carried in
which water-wheels revolve. The water in its passage from
the feed channel to the distributing arms is conveyed on
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to the water-wheels, and the power
generated there is transmitted by
means of a chain drive to the
wheels of the carriage, and thus
the whole apparatus is moved
along the beds. Whenthe machine
nears the end of the bed a revers-
ing lever comes in contact with a
buffer, and by this means the
direction of motion is changed,
and the machine travels back-
wards along the bed. Two dis-
tributing arms are carried on each
side of the apparatus, one feeding
half the bed in one direction and
the other feeding the remaining
portion of the bed in the opposite
direction, thus giving a regular
intermittent feed to the bed. A
great advantage of this class of
machine is that the whole of
the machine is supported from the
central channel, and as the wheels
are close together, the long
lengths of shafts with their risk of
twisting, retarding and wearing
are dispensed with.

Messrs. Ham, Baker and Co,,
Ltd., have for some time supplied
an automatic travelling distri-
butor. This is illustrated in Fig.
104, from which it will be seen
that it consists of a water-wheel
mounted on rollers and divided

139
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FIG. 103.—TRAVELLING DISTRIBUTOR.,
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into sections composed of a number of buckets. The
sewage is delivered through a syphon and patent reversing
valve, in such a way that alternate sections only of the
filter bed receive sewage in each direction of travel, there-
by insuring equal inter-delivery periods.

Power Driven Travelling Distributors.—The well-known
Hanley Distributor was specially designed by Messrs.
Wilcox and Raikes, Civil Engineers, for use on their
schemes at Hanley, Fenton, Ilkeston and elsewhere, as

F1G. 104.—TRAVELLING DISTRIBUTOR.

illustrated, Fig. 105.. The object of this distributor is to
ensure intermittent discharge at regular intervals, and
at a pre-determined rate, in the form of a thin film
over the surface of fine grade material, and in order to
secure these results it was decided to drive the distri-
butor by electric power rather than depend upon the
variable and limited amount of power obtainable from
the head of the sewage itself. The distributor consists
of a pipe extending across the whole width of the
bed and supported on wheels, so that it may be drawn
backwards and forwards by means of the wire rope
attached to the centre. The distributing pipe tapers
towards the end farthest from the supply trough, and the
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sewage is discharged by means of nozzle pipes attached to
the flat side of the distributor about 3 inches apart, and
connected with it near the top so that the main pipe always
remains full. The discharge of the sewage commences and
stops along the whole length of the pipe almost simul-
taneously, and any sediment lies in the bottom of the main
pipe where it cannot obstruct the outlets of the nozzles.

F1G. 105.—¢ HANLEY "’ POWER-DRIVEN TRAVELLING DISTRIBUTOR.

The nozzles are about # inches in diameter, and provision
is made for cleaning them by removing a plug in the top of
each. Inorder to secure a uniform interval of time between
each dose of sewage discharged on to any part of the filter,
the distributors are arranged to discharge when travelling
in one direction only, the valves on the outlets of the feed
syphons being automatically turned off and on by means of
a lever, which is actuated by stops fixed at each end of the
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iron trough or at any intermediate point desired. In this
way it is possible to arrange for any portion of the filter to
be thrown out of action when necessary for cleaning or re-
pairs. The speed at which the distributor travels may be
varied by adjusting the gear wheels attached to the electric
motor. At Hanley it has been found that the best results
are obtained when the distributors occupy about 7 minutes
in making one complete journey, the filters being 200 feet
long, so that when the filters are working at the normal
rate of 1,000,000 gallons per acre per day, each dose repre-

F1G. 106.—° STODDART ” DISTRIBUTOR.

sents one gallon per square yard. In other words, the film
one-fifth of an inch in thickness is applied 200 times per
day, and thus a total depth of 40 inches of sewage is dis-
tributed over every portion of the filters in operation in 24
hours. The power required to drive the distributors is about
14 B.H.P. per acre of filter. Electric motors are usually
adopted, but small oil or gas engines may be substituted
when electric current is not available. The winding drums
for the wire ropes are driven by belt gear of the usual type
with fast and loose pulleys. The reversal of the drum when
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the distributor reaches either end of the filter is accomplished
by an automatic belt striking gear, and a float in the supply
trough is used to cut out a distributor, or continue in action
at a reduced rate, when the supply of sewage becomes in-
sufficient to maintain the normal rate of distribution.
These distributors are manufactured by Messrs. Blake-
borough and Sons, and have now been in regular use since
1902 on the Hanley Sewage Disposal Works, where the
remarkably satisfactory results obtained are largely due to
the highly efficient system of distribution on the filters.
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FIG. 107.—*“ STODDART ”’ DISTRIBUTOR.

Fixed Distributors. Trays and Troughs.—One of the
best known of the fixed distributors is the “ Stoddart,” as
illustrated in Figs. 106 and 107. It will be seen that it
consists of trays of galvanized sheet iron, formed into a
number of V-shaped troughs. The ridges between the
troughs are provided with diamond-shaped perforations at
frequent intervals, and in the bottom of the troughe drip
points are inserted through holes to project on the under
side. The distributing trays are bolted to specially designed
supply channels, connected to a common channel, and the
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whole of the troughs are mounted on adjustable chairs
(F, Fig. 106) carried on tees, which are in turn supported on
concrete or brick piers. As the liquid passes into the
V-shaped troughs, it fills them and overflows through the
diamond-shaped slots in the ridges and thence trickles down
on the under side of each trough and drops off from the
drip points on the filter below in the form of rain. It is
claimed for this method of distribution that the whole of
the available fall is utilised ; that it adapts itself without
adjustment to all rates of flow, however varied, that the
sewage and storm-water may all .be treated on the same
area, and that there is a total absence of moving parts.
This distributor is supplied by the patentee, Mr. F. W.
Stoddart, of the Western Counties Laboratories, Bristol.

Another type of fixed distributor is fixed only so far as
actual distributing channels are concerned. This is manu-
“factured by Messrs. W. E. Farrer, Ltd., and illustrated in
Fig. 108. The fixed troughs or channels are laid directly
over the filter-bed, and fitted at the inlet end with concen-
trating chutes which receive the discharges from a double-
acting tipping trough, which is supported at its extreme
ends by heavy gun-metal bearings. If it is over 10 feet
in length, an additional support is provided at the centre
in the form of a specially designed rocker. The chutes
and the channels are provided at the bottom with }-inch
holes at 3-inch centres, through which the sewage is spread
on to the surface of the filter, which is below the underside
of the trough. The channels are arranged at 1-foot centres,
so as to distribute the sewage over the whole area of the
bed. By means of the double-acting tipper each half of
the filter is dosed alternately, and suitable periods of aera-
tion are thus provided. This apparatus is suitable for
a single small house with 4 or 5 inmates, and for larger
filters of 600 square feet in area and upwards.

The Ducat filter is provided with what may be termed
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a fixed distributor. It consists of a series of small tipping
troughs fixed across the filter, each of which when full
tips its contents on to the filter below. The liquid is thus
discharged at the same point each time, but intermittently
in small doses. As, however, the distributor does not move
it is included under this heading.
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F16. 108,—FIXED DISTRIBUTOR.

A different type of fixed distributor is that manufac-
tured by Messrs. J. Blakeborough .and Sons. This ap-
paratus, patented by Messrs. Haller and Machell, Civil
Engineers, is used in the triple tank system of sewage
treatment. Fig. 109 illustrates the “ Aerat” type, which
consists of cast iron channels supported on wrought-iron
joists carried upon piers. Each length has six orifices on

L
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each side, through which the sewage passes on to small
trays provided with radiating grooves on the top and
dripping points on the under side at the edge. As the
distributors may be fixed within a few inches of the surface
of the filter, very little head is required to operate them.

A very ingenious form of fixed distributor, Fig. 110, is
supplied by the Septic Tank Company, Ltd. From its

F16. 109.—FIXED DISTRIBUTOR.

name, “ Capillary Trough Distributor,” it will be observed
that during normal and minimum rates of flow, capillary
attraction is utilised to deliver the sewage on the filter in
the form of drops. The tank effluent is delivered to each
trough distributor over brass V-notches, set in the side of
the main channel, into which the tanks discharge. These
V-notches are adjustable, and are set so as to prevent their
being tampered with subsequently. The trough distributors
are of artificial stone, true from end to end, and set level.
Over both their edges copper wires are fixed, at intervals
of a few inches, each wire extending from within a short
distance of the bottom of the trough channel over the edge
and down to the under-side of the trough. On a trough
being filled the liquid overflows right along the edge, and
is attracted by and runs down the wires, so that if the flow
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is at all excessive a little stream will run down each; on
the flow subsiding to the ordinary, a drop-by-drop delivery
commences ; should the flow of sewage cease altogether for
any length of time, the wires will go on dripping until
they have drawn off the contents of the trough, almost to
the end of the wires. On a fresh supply of sewage arriv-
ing at the installation, and the troughs refilling to a higher
level, the rate of delivery from the wires will increase until
it keeps pace with the flow, thus ensuring an even distribu-
tion on the filter throughout the day. There is no loss

F1G6., 110.—CAPILLARY TROUGH DISTRIBUTOR.

of head in connection with this apparatus beyond the
depth of the distributing troughs themselves.

Spray Jets—This type of distribution is not used in
many installations in this country, but it has been adopted
in large schemes in the U.S.A. There are a number of
different types, including those in which the sewage
is forced upwards through a nozzle and falls back on the
surface of the filter, and others in which the sewage flows
through inverted nozzles, and each jet impinges upon a
fixed cup or disc of metal, or other material, and is thus
spread out on to the filter. Among the former, one of the
simplest types is that manufactured by Messrs. Adams

L 2
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Hydraulics, Ltd., Fig. 111, in which, by means of a square
baffle plate, provided with suitable grooves, the spray
is forced out in such a manner that it covers a square
area of the filter. It is claimed for this that it covers the
whole surface and no portion of the filter is wasted, as in
the case of round jets which cover circular areas. The

Fi1G. 111.—FIXED SPRAYS.

same firm also supply several other types of fixed sprays,
as shown in the illustration.

Another type is manufactured by Messrs. Ham, Baker
and Co. This is shown in Fig. 112, from which it will be
seen that it can be adapted to any existing installation,
and to standard spigot pipes. Each jet being in the form
of a stop-valve, any individual spray may be put out of
action when necessary.

Messrs. W. E. Farrer, Ltd., manufacture a type shown
in Fig. 113. The special feature of this is a loose disc
inside the nozzle, which oscillates as the sewage passes
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through, and so tends to clear away any flocculent matter
which may accumulate in the orifice of the nozzle. The
sewage itself is delivered from the nozzle in the form of

F1G6. 112.—FIXED SPRAY NOZZLE.

F16. 113.—FI1XED SPrRAY NOZZLE.

a very fine film, and it is claimed that by this means any
nuisance from smell is reduced to the minimum,

Messrs. Burn Brothers also manufacture a fixed spray,
Fig. 114, called the Burn and Brown’s Patent ¢ Whirl”
Spray. The special feature of this is that it consists of an
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inverted conical spreader, provided with vanes revolving on
a spindle. The sewage, as it leaves the nozzle, impinges
upon the face of the cone, causing it to revolve rapidly

A/ S,

F16. 114.—‘ WHIRL” SPRAY NOZZLE.

and spread the sewage in the form of fine drops. Owing
to the special construction of the serrated edges of the
cone, the sewage is well distributed over the whole area
covered by the spray.
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The “ Acme” type of fixed spray, manufactured by the
Ames Crosta Sanitary Engineering Company, is shown
in Fig. 115. The special feature
of this spray is that it has a loose ,@_23
metallic cone, which is provided ? :
with a helical groove, inside the -
nozzle. This cone rotates as the F' 115._;:;?;” Seray
sewage passes through the nozzle,
and thus gives a maximum spray with a small head.
These sprays have a free waterway, and the rotation of
the cone tends to prevent the choking of the orifice.

A simple form of fixed spray consists of perforated
pipes arranged at suitable intervals over the surface of a
filter, and provided with dosing apparatus to give inter-
mittent supply under pressure, and thus deliver the sewage

F16. 116.—FIXED SPRAY JET.

in the form of jets from the perforations in the pipes. An
improved form of this type of distribution is supplied by
the Septic Tank Company. This is illustrated in Fig. 116,
from which it will be seen that orifices in the top of the
distributing pipes are fitted with nozzles, set at an angle of
about 45 degrees to the vertical. The discharge from these
nozzles, it is claimed, gives the maximum efficiency of
distribution.
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A self-cleansing spray jet has been brought out by the
Carlton Engineering Co. From the illustration, Fig. 117,
it will be seen that a plug B is fitted into the orifice
and supported upon a spindle, which is attached at its
lower end to a lever connected to an automatic tipper
on the outside of the nozzle. The tipper is fed by the

THE CARLTON ENGINEERING Cov
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F1G6. 117.—* CARLTON ” ADJUSTABLE FIXED SPRAY.

spray from the nozzle, and as it falls alternately on one
side and on the other it raises and lowers the plug B
in the orifice, which tends to prevent any clogging, and
also varies the area of the orifice and the rate of dis-
charge, as well as the area of the filter-surface covered by

the spray.
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A simple type of fixed spray is supplied by Messrs.
George Kent, Ltd., and is shown in Fig. 118. In this case
the liquid issuing from the nozzle impinges upon a curved
surface or cone, by which it is deflected and spread out,
leaving the surface at an angle of 45 degrees to the vertical.

0" |Il z'l 3'5
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F16. 118.—FIXED SPRAY NOZZLE.

One of the advantages claimed for this type is that it has
no small holes to become clogged.

A novel form of this type of apparatus is manufactured
by Messrs. Daniel Adamson and Co. Above the orifice
in the nozzle is suspended a revolving deflecting plate
(Fig. 119). The vanes of this plate are shaped in such a
way that, as it revolves, the jet impinges against a different
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angle every instant. None of the energy is wasted in
churning or throttling, as the plate merely directs the
water in such a way that no two drops ever fall twice on
exactly the same spot. It is stated that the diameter of
the wetted area of the filter surface is more than double
the head.

There are a considerable number of other types of
nozzles used for fixed sprays. Several of these are
illustrated in Fig. 120, where A is the type in use at
Salford ; B, the type used at Birmingham ; C, a nozzle
with a double spreader in use at Waterbury, Conn.,
U.S.A.; D shows another type in use at Waterbury, with
a single spreader, but this is so arranged that it can be
adjusted to give a smaller or larger area of orifices. E
shows the type adopted at Columbus, Ohio, U.S.A.

In connection with some elaborate studies of methods
of distribution for percolating filters, which were carried
out for the Sanitary Research Laboratory and Sewage
Experiment Station of the Massachusetts Institute of
Technology, by Messrs. Winslow, Phelps, Storey and
McRae, a special series of investigations. were made into
the value of what is referred to as the “gravity method
of spraying.” This consists in supplying the sewage from
troughs or pipes supported above the filter, and discharging
it through orifices on the under side of the pipes or troughs
in the form of solid jets, which are made to impinge upon
concave discs fixed near to the surface of the filter. The
effect of this impingement is to cause the liquid to splash
upwards and outwards in the form of a fine spray, and, as
a result of a long series of tests with various forms of discs
and various heads, it was found that the best average
results were obtained with a concave metal disc 3 inches
in diameter having a curvature corresponding to a radius
of 2 inches. With a total head of 4 feet and a head of
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3 feet from disc to the pipe above, it gave the best results
obtained with that total head With a total head of
6 feet and a head of 4 feet from disc to supply pipe, it
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F16. 120.—FIXED SPRAY NOZZLES.
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gave the best results obtained by any of the forms of this
type of distribution that were tested.

A method of distribution similar to this type of gravity
disc spray is manufactured by Messrs. Glenfield and Ken-
nedy, Ltd. The details of this disc, with the methods of

orisc

FI1G, 121,—GRAVITY DIsc SPrRAY.

supporting same and the method of supplying the sewage
from an overhead pipe, are shown in Fig. 121.

In connection with sewage disposal works where chemical
precipitation has been adopted for preliminary treatment,
the tank effluent has been distributed over fine-grained
percolating filters, by means of dosing tanks discharging
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comparatively large volumes intermittently over the surface
of the filter. In such cases the aim has been to deliver the
liquid at such a rate that it would flood the entire surface
of the filter in a very short space of time, and then perco-
late through and leave the surface free to aerate for as long
a period as possible before the next discharge took place.
This process involved the use of small filters, in order that
the area to be flooded should not be too large for the liquid
to spread over it rapidly, and the use of very fine material
to prevent the liquid from passing through too quickly.
Among the difficulties encountered by this method were
the displacement of the surface layer of the material, due
to the high rate of delivery ; and the labour involved in
cleaning the surface of the filter. A further trouble which
arises when effluents from septic tanks are treated by this
process is the evolution of evil-smelling gases, which are
certain to cause a nuisance if there are any houses in the
vicinity. Efforts have been made to obviate this difficulty
by distributing the sewage through open-jointed or perfor-
ated pipes laid a few inches beneath the surface of the
filter, as described later in connection with contact beds
{page 200). Wahile this is satisfactory to a certain extent,
especially where the volume to be treated is small, and the
filter capacity is comparatively large, neither this method,
nor that of flooding the surface of the filter, can be said to
comply with “the desideratum in the application of sewage
to percolating filters,” quoted previously (page 106), nor do
they avoid the difficulties encountered in securing uniform
distribution dealt with in the following pages. The defects
of these methods of distribution may also have been aggra-
vated by the very optimistic anticipations on the part of
the designers of the schemes as to the volume of sewage
which could be satisfactorily purified under such conditions.
It is, therefore, desirable to point out that, in the event of
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either of these methods of distribution being adopted, care
should be taken to secure a very high degree of clarifica-
tion (reduction of matters in suspension) in the preliminary
tank treatment, and to provide filters of ample cubic
capacity.

Methods of Feeding Percolating Filters—Under the
heading “Methods of Distribution” (page 106), reference
is made to some experiments, from the results of which
the conclusion was drawn that “a high efficiency in sub-
surface distribution is fostered by a slow continuous rate
of application rather than by an intermittent application
at a higher rate.” This agrees in every respect with the
author’s own experience, and confirms his opinion that
intermittent discharges to percolating filters should only
be resorted to in cases where it is absolutely necessary in
order to assist in securing uniformity of distribution, or
to ensure a sufficient volume for the operation of the
appliances adopted for distribution. Among the former
may be cited fixed spray nozzles and jets from fixed pipes,
in which cases an intermittent supply is useful in causing
a regular variation of the head upon the orifices, thus
varying the distance to which the jets or sprays are thrown,
and producing greater uniformity of distribution per unit
of area covered. Examples of cases, where intermittent
supply is necessary in order to discharge the volume
required to operate the appliances adopted for distribution,
are found in connection with most types of fixed distributors
and nearly all types of automatic revolving distributors.
In the case of the latter, it is well known that a certain
minimum head is necessary to overcome the friction due to
the resistance of the air and to the weight of the apparatus
itself on its bearings. However small this friction may be,
it needs a volume of sewage slightly in excess of that
required to fill the spray-holes, which must be large enough
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to take the maximum flow of sewage when working under
the maximum head. It frequently occurs, especially in
small schemes, and in schemes where the percolating filters
are preceded by contact beds or slate beds, that the rate
of flow of the sewage is at times so low that it is not equal
to the minimum volume required to operate the distributor,
and, in the absence of any arrange:nent to overcome the
difficulty, the distributor would cease to revolve and the
sewage would trickle through the spray-holes without
proper distribution. The same difficulty arises in con-
nection with many of the fixed methods of distribution, and
it is most readily overcome by the use of a dosing tank
fitted with an automatic syphon or valve, by means of
which the sewage is held-up in the tank until it reaches a
certain predetermined level, and is then discharged at a
given rate to the filterr When the tank is empty the
discharge ceases, and the sewage is again held-up as before.

In the case of large installations, or schemes where the
whole of the sewage is pumped and the rate of flow to the
filters is thus under control, it is not necessary to use a
dosing tank for the purpose of providing the rate of dis-
charge to the filters necessary to keep the distributor in
motion. It is, however, maintained in some quarters that
intermittent supply is desirable in any case, in order to
secure alternate periods of work and rest for aeration.
There is one obvious disadvantage in this method of work-
ing. Assuming that during the maximum rate of flow of
the sewage the volume which comes down in 5 minutes is
stored in a dosing tank, and discharged to the filters in
24 minutes, it is clear that the rate of distribution is twice
as great as it would be if the distribution were continuous
over the whole period of 5 minutes. It is claimed that the
disadvantage of the higher rate of distribution is counter-
acted by the 2} minutes of rest and aeration, but on this
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point there is room for doubt, especially when the conditions
which come into play during the average and minimum
rates of flow of the sewage are taken into consideration.
Taking the average rate as equal to one-half the maximum
rate, it will be seen that the dosing tank will discharge
every 10 minutes, but the time in which its contents are
delivered to the filter will still be 2} minutes, so that under
these circumstances the rate of distribution on the filter
will be four times as much as it would be if the distribution
were continuous. During the minimum rate of flow of the
sewage the conditions are still worse, and it is difficult to
accept the theory that periods of rest for 7} minutes will
compensate for excessive rates of distribution at four times
the rate under continuous operation for periods of 24 min.
at a time.

Those who advocate intermittent supply under all cir-
cumstances would appear to have lost sight of the fact
that very ample periods of rest are already provided by
all revolving distributors. When working at the rate of
one revolution per minute, the average time taken by each
arm to pass over any one point on the surface of the filter
may be taken as o'5 second. Before the succeeding arm
reaches the same point a period of 15 seconds will have
elapsed, so that under these conditions the ratio of the
periods of work to periods of rest is as 1 to 30. In other
words, even during continuous distribution, the time
allowed for rest and aeration is thirty times as much as
that during which the sewage is actually being delivered
to the filter, and there would thus appear to be no reason
for unnecessarily adding to the periods of rest by means of
dosing tanks, especially as such a course involves a greatly
increased rate of distribution at all times when the discharge
actually takes place.

There is, of course, the possibility of adopting the happy

M
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medium, which would consist of a dosing apparatus of such
a type that it would provide a continuous supply during
the maximum flow of the sewage, and only act as an
intermitting appliance during the minimum rate of flow.
This is probably the best arrangement to adopt in all cases
where a dosing apparatus is absolutely essential.

As previously stated, however, there are many cases
where the conditions render the use of a dosing tank
absolutely necessary to prevent the stopping of the dis-
tributor, and these have brought about the introduction of
several types of automatic syphons and valves, all arranged
specially for the purpose of giving intermittent discharges
to filters, contact beds, areas of lands, and so forth. There
are various methods of constructing dosing tanks, all de-
pendent upon the arrangement of the preliminary processes
and the filters which follow them. In nearly all cases,
however, it is found necessary to reduce the fall taken up
by the dosing tank to the minimum, and the different
syphons and valves have thus been designed to work with
the least possible head. One point in the construction of
dosing tanks should not be overlooked, i.e. the provision
of a wash-out valve for use when it becomes necessary to
clean out the tank. It may be noticed here that neither
the Fiddian type of distributor, on the water-wheel principle,
nor the power-driven distributors, require any dosing tank
to keep them in motion during the periods of minimum
flow of the sewage. In the case of the Fiddian distributor
the apparatus remains standing until the buckets are filled,
and each time these discharge their contents the distributor
is moved forward a short distance. Under these conditions,
however, the disadvantage of long intervals of rest between
comparatively large discharges of sewage still remains.
Undoubtedly the most even rate of distribution under all
conditions is secured by the use of power-driven distributors,



Percolating Filters 163

whether of the rotary or travelling type, but these can only
be economically adapted for use in large installations or
where power is available at a very low cost.

Apart from the question of continuous versus intermit-
tent methods of feeding percolating filters, there still remains
the problem of deciding whether the actual connections
between the tanks and the filters shall be in the form of
channels (carriers) or pipes. For fixed sprays and revolving
distributors, which involve the use of pressure due to a
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Fi6. 121a.
T = tank. C = carrier,
P = supply pipe. F = filter.
E = effluent channel. H = humus tank.

column of liquid, the actual connection to the apparatus
must be in the form of a pipe extending at any rate to the
outside of the filter. Whether it should be continued
beyond this point in pipe form or in a channel depends en-
tirely upon local conditions, such as the slope of the ground,
the planning of the filters, and the relative cost of the two
methods. There is one thing to be said in favour of pipes,
i.e. that there is less chance of a nuisance being created by
the evolution of foul gases from the sewage than in the case
M 2
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of open channels. On the other hand, channels may be,
and frequently are, covered in. Whichever method is
adopted, care should be taken to provide a valve or penstock
on the connection to each separate filter, in order to be in a
position not only to throw any filter out of work when de-
sired, but also to regulate the rate of supply to each filter
independently of the others. Washout valves should also
be provided on the channels or pipes, in suitable positions.
Where the filters are arranged in groups, as suggested in

Fi1G. 1210,
T = tank. C = carrier.
P = main supply pipe. P, = branch supply pipe.
V = regulating valve. W = washout valve.
F = filter. E = effluent channel. H = humus tank.

Figs. 75 and 77, the intervening spaces may be used to
accommodate a simple receiving tank, or a dosing tank, to
which the sewage or tank effluent may be conveyed by an
elevated channel or by a pipe under pressure. The con-
nections to the adjacent filters may then be provided in
the form of pipes leading from this central tank direct to
the distributor at the centre of each filter. If the receiving
tank or dosing tank in such cases is built upon piers, the
floor of the tank will come above the level of the surface of
the filters, and the space below may be utilised for an efluent
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receiving chamber or even for a settling tank to arrest the
solids in suspension in the effluent. There are many ways
in which the supply to filters may be arranged, and the
preceding notes are merely intended as suggestions, which
may be elaborated as found desirable to suit conditions
which vary almost in every case.

FI1G. 121c.
T = tank. D = dosing tank.
P = supply pipe. F = filter.
E = effluent channel. H = humus tank.

Figs. 12142 and 1214 have been prepared toYshow con-
ditions under which channels and pipes respectively would
be suitable for supplying the tank effluent to the filters-
Fig. 121cis the plan of a works where a dosing tank is
used to deliver the tank effluent intermittently through
separate supply pipes to each of the filters. If the valves
on the supply pipes are properly adjusted, each filter will
receive an equal proportion of each discharge from the
dosing tank. An alternative method is to provide an
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apparatus by means of which each separate discharge from
the dosing tank is delivered in rotation to each of the
filters.

In cases where the appearance of the works must be
taken into consideration, the method of arranging the tanks
and filters suggested in Fig. 1214 may be adopted. By
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Fic. 121d.
O = outfall sewer, S = screen chamber,
D = detritus tank. T = settlement tank.
C = carrier. P = supply pipe.
F = Filter. E = effluent channel. H = humus tank.

this means the space covered by the works is utilised to
the utmost, and the tanks are of the form by which uni-
formity of distribution and the maximum reduction of
velocity is secured. On the other hand, it is probable that
the slope of the site will only rarely suit this arrangement.
Dosing Apparatus—Various methods of providing inter-
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mittent supply are in use. Among these one of the first
was a simple form of balanced valve with float. This, how-
ever, has been superseded by other types, among which
the syphons are the simplest form. One of the first of this
"~ type specially designed for the purpose in question was
the low-draught syphon, manufactured by Messrs. Adams
. Hydraulics, Ltd., and shown in Fig. 122. The special

F1G. 122.—LOW-DRAUGHT DOSING SYPHON.

feature of this apparatus is that it can be arranged for a
small depth of sewage in the dosing tank. It will work
with any depth from 6 inches upwards. These syphons can
also be arranged to work singly, in pairs, each one coming
into action alternately, or in numbers of three and upwards,
when they can be adjusted to work in sequence or simul-
taneously.

Another type of syphonic dosing apparatus is that sup-
plied by the Patent Automatic Sewage Distributors, Ltd.,
and shown in Fig. 123. In this case a syphon is combined
with a mechanical valve operated by floats, hence the name
“auto-mechanical syphon.”

A further type of syphonic dosmg apparatus is manu-
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factured by Messrs. George Jennings, Ltd., as shown
in Fig. 124. These syphons are arranged to work in
regular sequence, and are operated by means of air valves,
-which are shown mounted on a frame and connected by
means of air pipes to the syphons. The sequence is ob-
tained by means of cams, fixed in different positions on a
shaft, which is rotated by means of a float actuated by the
rise and fall of the liquid in the dosing tank.

FI1G. 123.—DOSING SYPHON.

A different type of dosing apparatus is the “ Coleman ”
valve, manufactured by The Ames Crosta Sanitary
Engineering Company, Fig. 125. This consists of a
balanced valve, suspended from a hollow lever which
contains mercury, and has a branch provided with a float
actuated by the rise and fall of the liquid in the tank. As
the sewage rises in the tank, the float overcomes the re-
sistance of the, balance weight on the lever, which is lifted,
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and the mercury falls to the lower end of the lever. The
combined action of the float and the mercury opens the
valve, and the sewage is discharged. When the tank is

emptied, the apparatus resumes its former position ready
for the next dose.

Lo fovings 12

FiG. 124.—DOSING SYPHONS.

Another type of dosing apparatus is manufactured
by Messrs. Mather and Platt, Ltd. This consists primarily
of a flap valve, counterbalanced weights, and a balance
vessel or drum, which is filled gradually with liquid,
the whole being pivoted about a horizontal axle. When
the measuring chamber and balance drum are both
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empty, the counterbalance weights raise the latter and
allow the flap valve to close, the balance drum then being
in its highest position. As the measuring chamber fills, a
portion of the sewage is allowed to pass from it into the
balance drum, which is thus gradually filled, and at a given
level its weight will suffice to overcome the counterbalance
weights and the: pressure of the sewage on the flap valve,
and will open the latter, thus allowing a measured quantity
of sewage to be discharged into the troughs or pipes for
spreading over the filter. The balance drum discharges its

F1G6. 125~ COLEMAN ” DOSING VALVE.

contents meanwhile, and thus, when the measuring chamber
is empty, the flap valve closes again by the action of the
counterweights, and the chamber is ready to receive
another quantity of sewage (Fig. 126).

Messrs. George Kent, Ltd., have introduced several dif-
ferent types of dosing apparatus, which can be arranged
to draw off less than 6 inches head of water and any
greater depth. In one case the apparatus, Fig. 127, con-
sists essentially of a seating S, through which the liquid
discharges, a valve-cap C, attached to arms which rotate
about the pin P and nearly balanced by the weights

*
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W, also by floats FF attached to a frame, also rotating
about P and carrying two adjusting weights A A. The
apparatus is actuated by the rise of the liquid, raising
the floats and lifting the cap C, which returns to its position
after the discharge has taken place. For greater depths
a different type is used, as shown in Fig. 128. In this
case the appa.rafus consists of a valve seating S, through

F16. 126,—DO0SING VALVE,

which the liquid discharges, two floats A and B, a controlled
device for giving a sudden release and for regulating the
levels at which the valve is opened or closed, and an alter-
nating gear G, which is fitted with two or more valves
placed in the chamber and operated in rotation, The
action of the apparatus is as follows : When the liquid in
the dosing chamber reaches the top level, the float A has
acquired sufficient buoyancy to cause the shoulders of the
plate K to suddenly push aside the rollers at the ends of
- the weighted levers L L of the control device. The lugs
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T T then come in contact with the collar R, and the valve-
cap C and the ﬂ at B are lifted. The tank discharges
until the floats A a ch e lost sufficient buoyancy to
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cause the bottom shoulders of the plate to push aside the
rollers and allow the valve to close.
This apparatus is applied in various ways for different
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purposes in connection with sewage works, and the same
firm also manufacture special valves for giving a measured
discharge under various heads.
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F1G6. 128.—DOSING VALVE.

The Ames Crosta Sanitary Engineering Company, Ltd,,
also supply a very ingenious method of providing inter-
mittent supply to filters, as shown in Fig. 129, which is
equally suitable for percolating filters, for contact beds,
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or for intermittent filtration on land. This machine
is arranged to give any desired timed discharge to the
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beds in rotation, or to discharge measured volumes to the
beds in rotation. By means of valves or weirs, the machine
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is arranged so that additional beds in the series are auto-
matically brought into operation as the increase in flow
demands, and the additional beds brought into action go
out of action as the flow decreases. The illustration shows
a machine for delivering timed volumes on a series of six
beds. The square chamber is divided into six divisions
by means of iron plates ; each division is connected to one
of the six beds by means of a pipe. A circular dish or
vessel is suspended over these divisions, and revolves on
ball-bearings carried on the bridge. The circular dish is
provided with a weir at its circumference, and the sewage
or tank effluent which enters the dish from the pipe in the
centre is diverted by means of the weir or outlet to one of
the divisions supplying the beds. The upright shaft from
which the revolving dish is suspended is fitted with a six-
toothed ratchet wheel, and, by the rise and fall of a float
in the liquid of the actuating tank, a pawl is moved along
until it engages with the next tooth of the ratchet'wheel.
When the pawl has caught the tooth of the ratchet wheel
the outlet valve in the actuating tank is opened, and as the
liquid flows out of the tank the float descends, and by
means of levers the pawl is moved one-sixth of a revolution ;
the pawl being engaged with the ratchet wheel, the dish is
revolved one-sixth of a revolution, and the weir is thus
" brought over the next division, and consequently the next
bed receives the flow. Extra weirs can be arranged at
various levels, so that if more sewage is coming than that
required for one bed, a portion of the liquid would flow
over one or more of the weirs, and so on, to the respective
beds. The flow to the actuating tank is taken from the feed
channel, and can be set to fill the actuating tank in any
desired period of time. The discharge from the actuating
tank can be conveyed either to a special plot of land, or
into the revolving dish. An ingenious device is arranged
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FI1G, 130.—BALANCE-VALVE DOSING APPARATUS,
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so that any bed in the series can be instantly shut out of
action should it become overworked. In an apparatus for
feeding revolving sprinklers, arrangements are made for
bringing the extra beds into operation by means of valves
controlled by the flow of sewage.

Messrs. Glenfield and Kennedy also manufacture a
balance-valve type of dosing apparatus operated by means
of floats and buckets. This is shown in Fig. 130.

The “ Uniform” automatic distributor, manufactured
by Messrs. Whitehead and Poole, is designed for the
automatic distribution of measured volumes of liquid to

F1G. 131.—DISTRIBUTING AND MEASURING APPARATUS.

filters or other areas in regular rotation. This is shown
in Fig. 131, and the principles on which it is constructed
involve rotating arms carried on a float operated in a closed
central chamber. The arms are rotated by the reaction of
the discharge of the liquid, but are locked so as to remain
stationary in one position, continuing to feed one filter
until the head of liquid actuating a regulating cock and
tipper releases the locking device and permits the rotation
of the arms to the next bed, where the process is repeated,

and so on to all the filters in rotation.
N
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The “ Ponding or Intermitting Valve,” supplied by the
Septic Tank Co, is shown in Fig. 132. The essential
features of this apparatus are two cylindrical vessels
of cast iron or other suitable material, approximately of
the same shape, weight and displacement. One vessel
is used as a bucket and the other as a bell. They are
suspended from two equal arms of a pivoted lever at
approximately the same distance from the standard
carrying the lever. On the same end of the lever to
which the bell is hung, an ordinary lift-up valve is
attached, the seat of which is at or below the low-water
level in the ponding chamber. This valve is connected
with the lever by means of a linked rod, chain, or other
suitable arrangement. The cubical content of the bell and
bucket is sufficient to ensure the displacement of the liquid,
in excess of that required to lift the valve from its seat,
by rocking the lever to which it is attached. In the bottom
of the bucket a draw-off valve is provided for the purpose
of emptying same. This valve is constructed so as to
prevent the liquid passing through it into the bucket as it
rises in the chamber, and to open and allow the contents.
of the bucket to escape when the water in the ponding
chamber has almost been discharged. The operation of
the apparatus is as follows. The ponding valve being
" closed, and the supply of liquid being turned into the pond-
ing chamber, the liquid will rise. On reaching the small
ball in the bottom of the valve of the bucket, the ball
will float and close this bucket valve, so as, to prevent
the entrance of the liquid through and into the bucket.
The liquid continuing to rise, will gradually and simul-
taneously submerge the bell and the bucket. The upper
edge of the bucket is fixed at the predetermined height to
which the liquid is to rise in the ponding chamber. The
bell and bucket being of the same size and weight, and
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being hung so that the one is level with the other, the
displacement of both will be equal up to the time the
liquid reaches the upper edge of the bucket, and conse-
quently no movement of the lever will take place. On the
liquid rising above the top edge of and filling the bucket,
it will cause the displacement of the bucket to be reduced
to much less than the displacement of the bell, and this
difference is sufficient to lift the valve from its seat, and

FI1G, 133.—AUTO-MECHANICAL DOSING SYPHON.

discharge the contents of the ponding chamber. As the
liquid in the chamber recedes, the bucket and the bell will
both be gradually left suspended in the air. Until the
liquid in the chamber drops below the bottom of the bucket,
the latter will remain full; on the water continuing to fall,
the ball in the small valve at the bottom of the bucket
will drop, allowing the contents of the bucket to escape.
On the bucket being emptied of its contents, the weight of
the bell, together with the valve and chain or rod, will
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overcome that of the bucket, the valve will close, and the
liquid commence to pond in the chamber again.

The special syphons manufactured by Messrs. Burn
Bros., described under contact bed apparatus, are also suit-
able for use as dosing syphons, and work singly or in
sequence, and give intermittent discharge to filters or to
land (see Fig. 145, page 218).

An auto-mechanical type of syphon for dosing tanks is

supplied by the Carlton Engineering Co., and is illustrated
in Fig. 133.
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EFFLUENT SETTLING TANKS OR
HUMUS PITS.

REFERENCE has already been made, under the heading
“ Grading of Filtering Material,” to the advisability of using
coarse material, for the reason that the converted organic
matter will in that case readily pass away in the effluent,
and thus prevent the choking of the filter., Even with
finer material, a certain amount of solids in suspension
will be found in the effluent, and, in order to produce a
final effluent suitable for discharge into any stream or
watercourse, it is necessary to arrest and remove these:
suspended solids. This fact has been recognised by the
Royal Commission on Sewage Disposal, who recommend
the adoption of effluent settling tanks with a capacity equal
to two hours’ flow of the sewage, and provided with means
for removing the deposit.

The solids in effluents from percolating filters are rather
difficult to arrest, as they are in the form of very finely
divided matters in suspension. Many methods have been
tried in various places, but in the author’s experience he
has found that the chief factor in securing a satisfactory
settlement of these solids, is the reduction to the minimum
of the velocity of the effluent in its passage through the
settling tank. If this principle is adopted, the simplest
form of tank is similar in construction to that suggested
for detritus tanks, so long as the outlet end is constructed
in the form of a weir of the greatest possible length under
the circumstances. Such a tank is illustrated in Fig. 134.
By this means the rate of flow over the weir may be
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reduced to the minimum ; and if, in addition to this, the
outlet at the bottom of the tank is arranged in the form of

F1G, 134.—EFFLUENT SETTLING TANK.

a plug valve fixed in a pocket below the lowest point of
the floor proper, near to the inlet end, and the floor is laid
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with a sharp slope towards this outlet, it will be found
possible, as a rule, to draw off the deposit without dis-
charging the entire contents of the tank, as long as it is
done at frequent intervals. As there is a tendency for a
scum to form on the surface of the liquid in these tanks,
it is desirable to provide a scum-plate of wood, slate, or
other material, as shown in the illustration, and in all cases,
except the smallest schemes, these tanks should be con-
structed in duplicate. It may be mentioned here that the
hydrolytic tank, Fig. 34, page 52, and the separator of
the Septic Tank Co., Ltd., Fig. 47, page 65, have both
been adopted for use as effluent settling tanks.

The deposit from effluent settling tanks, as a rule, rapidly
dries without creating a nuisance when it is spread out in
a thin layer upon a suitable draining bed similar to that
suggested for dealing with sludge from settling tanks
(Fig. 58, page 83). Under favourable conditions as to fall,
the draining bed can be constructed below the level of the
sludge outlet from the effluent settling tank, and the deposit
can then be drawn off by gravitation. There is, however,
still the problem of disposing of the liquid flowing from
the bed, and as this should have a free outlet, it usually
happens that the levels do not permit of the discharge of
the deposit by gravitation. Under these circumstances
the outlet should still be arranged as shown, Fig. 58, but
it should be connected to a sludge well fitted with a chain-
pump, or other means of raising the deposit to the
draining bed, which may thus possibly be situated at
the same level as the similar beds for the sludge from the
settling tanks. When dry, this deposit may be spread
out on the land, or used in gardens and on farms as a
manure.



SAND FILTERS.

IT would probably be more correct to use the term
“fine-grain filters” to describe the alternative methods
occasionally adopted to deal with the effluents from per-
colating filters, as they do not always consist of sand. Fine
clinker, ashes, broken saggars, and similar material, is
equally suitable so long as it is of a gritty nature and not
wholly dust. The term “sand-filters” is, however, used
here, as it is well known in connection with the filtration of
drinking water, and the method of construction is practi-
cally the same.

Although primarily designed for the purpose of arresting
the suspended solids in final effluents, and thus required to
act simply as mechanical strainers, sand filters have the
additional advantage of increasing the degree of purification,
especially from a bacterial point of view. The most im-
portant factor to be considered in constructing these filters
is the grading of the material. It must not be too fine or
contain too great a proportion of dust, or it will rapidly
become clogged and involve much labour and expense in
cleaning the surface layer. The nearest approach to per-
fection in material for this purpose is the coarse Leighton
Buzzard filter sand. As in the case of the best material
for the percolating filters themselves, it may cost a little
more than other less satisfactory kinds, but it will generally
be found to be the cheapest in the end.

In constructing filters of this type, whether composed
of sand or other material, it is essential that the bottom
layer should be of a coarser grade, in order to provide free
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drainage. In a general way it will be found satisfactory
to have a series of 2-inch agricultural drain pipes laid on
the floor and converging towards the outlet. Over the
whole floor should then be laid a layer 6 inches deep of
gravel, broken bricks or stones of the size of walnuts, upon
this a layer 3 inches deep of pea gravel, and at the top a
layer not less than g inches deep of suitable sand or other
fine grade material. The surface of the filter should be
well below the level of the inlet, in order to allow the liquid
to pond up on the surface 6 inches to g inches in depth
without backing up to the level of the floor of the perco-
lating filter. One of the difficulties encountered in operating
filters of this type is to secure even distribution over the
whole area, The means to be adopted for this purpose
should be simple and easily cleaned, and it is usual to find
troughs of wood or iron, glazed ware channel-pipes and
similar arrangements in use. Unfortunately these do not
effectively cover the whole area until the sand has been
saturated and the surface slightly coated, thus preventing
the liquid from passing through as fast as it comes in.
When this occurs, however, the time for cleaning the surface
is not far distant, and when the filter is brought into use
again the whole preliminary process has to be repeated.
The best way of avoiding these difficulties would appear
to be to arrange the filter in such a way that the liquid
must cover the whole area from the very beginning. This g
can be accomplished by fixing the normal outlet above the
level of the surface of the filter as suggested, Fig. 135, where
the final effluent discharge is normally from the end of the
swivel-jointed pipe when in its vertical position. When
it becomes necessary to clean the filter and drain it for
purposes of aeration, the swivel-jointed pipe is simply
lowered to the floor of the outlet-chamber, as shown in plan,
and raised again when the filter is brought into operation.
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Filters of this type should never be less than two in
number, so that one may be in work while the other is
being cleaned. It would probably be advisable to have
even three or four filters for schemes of moderate size, so
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Fi1G6. 135.—SAND FILTER.

as to provide longer or more frequent intervals of rest for
aeration. It will be obvious from the preceding observations
that these filters must be substantially constructed and
made absolutely water-tight. When dealing with a good
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effluent from percolating filters or contact beds, these final
sand filters may be provided at the rate of 1 square yard for
every 500 gallons of the daily dry weather flow.

Where ample fall is available, careful consideration
should be given to the advisability of operating these sand
filters in the same manner as percolating filters, ie. by
using revolving sprinklers for the purpose of distribution
without submerging the filtering material. This applies
particularly in cases where it is desirable to secure a very
high degree of bacterial purification. Recent investigations
have shown that sand filters for drinking-water, when
operated in this manner, are highly efficient and involve
less expense for maintenance. In addition to this they
require less cleaning, so that a much smaller area is thrown
out of work during cleaning operations, and a smaller total
area of filter surface is needed than in the case of similar
filters operated on the submerged system. The additional
fall required for the revolving sprinklers will usually be a
serious difficulty in the case of sewage disposal works, but
where it is available, and the extra cost entailed is not of
great importance, the idea deserves consideration. Filters
of this type should be preceded by an effluent settling tank
as previously described.



CONTACT BEDS.

THE almost universal adoption at the present time
of biological methods of sewage purification by means
of artificial filters, is due entirely to the original experi-
mental work of Mr. W. J. Dibdin, at the Barking Outfall
Works of the London County Council. These experi-
ments were carried out with a contact bed, and during the
subsequent ten years an enormous number of works were
constructed upon this principle. At the present time,
however, it is a somewhat rare occurrence to find contact
beds proposed for sewage disposal schemes of any size. It
has been stated that the principle upon which they are
operated is unscientific, that they rapidly become clogged
and useless, and that, in any case, they are not capable
of dealing with sewage at the same rate as percolating
filters, or of producing such a high degree of purification.
With regard to the first point it would be futile to
endeavour to explain what is and what is not scientific.
This must be left to the scientists. That contact beds
have in many cases become clogged and useless cannot be
denied, but there is also very little doubt that this unsatis-
factory result has been due to one or more of the following
causes : (@) overwork, (4) improper methods of operation,
(¢) the use of unsuitable material for filling the beds,
(@) insufficient sub-drainage. It was most unfortunate
that for some years the general idea of a contact bed was
that it consisted of.a simple excavation in the ground,
filled with coke or similar material, into which the sewage
was discharged, held up for two hours, and then drawn off ;
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a very simple but crude affair altogether. It is now
known that contact beds, like other systems, can only deal
with limited volumes of sewage, the actual amount_ de-
pending upon the character of the sewage and other
factors ; that there is a proper method of operating the
beds, and that it must be strictly adhered to if the best
results are to be produced ; that unsatisfactory material
is worse than useless, and that very ample means of sub-
drainage are absolutely essential to the continued efficiency
of the beds. It is probable that if these essential factors
had been properly understood and acted upon from the
outset, there would have been very few failures to record.

It has been stated that contact beds are obsolete, but
there are engineers who even now recommend this system,
and consider it satisfactory under some, if not under all
conditions. In the opinion of the author contact beds are
not obsolete, and there are cases where the conditions
preclude the adoption of any other method of purification,
Under these circumstances, it is considered desirable to
describe in the following pages the details of design and
construction which have been found by experience to be
necessary to ensure satisfactory results.

General Principles of Design.—The first point to be
decided before commencing the design of a scheme of
contact beds is whether single, double, or triple contact is
necessary to produce the desired degree of purification,
and this will depend upon the strength of the sewage and
the destination of the final effluent. Single contact alone
will not be sufficient, except in a very few cases where the
sewage is weak (highly diluted), and even then it will
necessitate the use of fine-grade material for filling the beds,
and consequently a tank effluent of exceptional quality as
regards the matters in suspension in order that the fine
material may not be rapidly choked. Where a sufficient
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area of land of a suitable character can be procured at a
convenient level for treating the effluent from the beds, single
contact may be adopted with material of medium-grade, but
even in this case special attention must be devoted to the
preliminary process in tanks, so as to reduce the amount of
solids in suspension in the tank effluent to the minimum.
As a rule it will be found safer to adopt double contact, as
the primary beds may then be filled- with coarse grade
material, which will be less liable to choke, and it will not
be necessary to rely so much upon the land or any other
final process that may have been provided. In special
cases, and particularly where the sewage is strong, or an
exceptionally high degree of purification is essential, triple
contact should be adopted, but the tertiary beds may
consist of a set of sand filters similar in construction to
those described on pages 185 to 188. In some quarters
the question of the grading of the material is considered of
slight importance, and very little difference has been made
in the size of the material for the primary and secondary
beds, but in the author’s opinion it is absolutely essential
that each series of beds should be filled with finer material
than the preceding series, and the material in the final
stage of treatment should be as fine as possible, so long as
it does not contain any dust. In making these statements,
it is assumed that the question of sub-drainage will be
dealt with on the lines recommended later under that
heading.

Another factor which has an important bearing upon
the general design of a scheme of contact beds, is the
method of operation which is to be adopted. It is gene-
rally assumed that all contact beds are worked in what
is known as eight-hour cycles: viz. 1 hour filling, 2 hours
standing full, 1 hour emptying, and 4 hours standing
empty for rest and aeration. There has, however, been a
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tendency in the past to overlook the fact that the periods
of standing full, and of emptying the beds, are the only
sections of the cycle which are, as a rule, under absolute
control. Unless special provision is made for the purpose,
the time taken to fill each bed depends entirely upon the
rate of flow of the sewage to the works, and the period of
rest empty also depends upon the frequency with which
the beds are filled, and thus indirectly upon the rate of flow
of the sewage. For example, a set of four beds designed
to receive each three fillings per day in wet weather, should
not receive more than one filling per day in dry weather.
Assuming that one-half the total flow comes down in six
hours, it will be found that it takes six hours to fill two
beds in the middle of the day, or three hours to fill one bed.
During the remaining eighteen hours the other two beds
are filled, one of them in say six hours and the other in
twelve hours. The times taken to fill the four beds in this
scheme would therefore be—No. 1, three hours; No. 2,
three hours ; No. 3, six hours ; and No. 4, 12 hours. Ineach
case the period of filling is thus much in excess of the one
hour prescribed under the eight hours cycle. The obvious
remedy is to subdivide the total area into a larger number
of smaller beds, but if this is carried to its logical conclusion
it will be seen that there must be 24 beds if the time taken
to fill any one bed is not to exceed one hour. While it
is very desirable to arrange this subdivision in order to se
cure the proper cycle of operations, the number of schemes
where it is economically practicable are few, and recourse
must be had to some other method of reaching the same
end. This has already been recognised by most engineers,
and provision is now usually made for a tank known under
various names, such as dosing tank, collecting tank, equalis-
ing tank or holding-up tank, in which the tank effluent is
stored until the volume accumulated is equal to the capacity
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of one contact bed, and the latter is then filled within the
regulation time of one hour. If the necessity for making
provision on these lines to ensure the proper working cycle
had been recognised in the early days of contact beds, it
would doubtless have prevented the troubles which have
arisen in many places.

From the preceding observations, it will be seen that it
is very necessary to come to a decision as to the method
of operation to be adopted, before designing any scheme of
contact beds. If the method of sub-division into a large
number of small beds is preferred, the planning of the
separate series, and the probable cost of the additional work
involved, must be taken into consideration. On the other

FiG. 136.

hand, if a smaller number of larger beds with a suitable
dosing tank are preferred, the extra fall required for the
latter must be provided for, even if it involves the reduction
of the depth which would otherwise be available for the
beds themselves.

There is still another matter which has a considerable
influence upon the general design of a scheme of contact
beds, viz. the slope of the ground upon which they are
to be constructed. If it has a fairly rapid and even slope,
the tanks and beds may be arranged close together, as
shown in Fig. 136. The only part that needs special care
in this case is the cross-wall between the primary and
secondary beds, which will need strengthening, especially

o
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in its lower half, in order to resist the
extra pressure it is required to take.

Where the slope is not so great, a
saving in the cost of excavation may be
effected by arranging the separate tiers
of beds at some distance apart, as indi-
cated in Fig. 137, and connecting one
with the other by pipes. The aim to
be attained in arranging the beds under
these conditions is to have the entire
area of the floors on solid soil, with
the walls half in and half out of the
ground.

Another set of conditions occasion-
ally met with, is where the site of the
works is perfectly flat and the position
of the outlet for the final effluent involves
the construction of the secondary beds
either wholly or partly below the surface.
In such cases the primary beds will
come above ground, and it will then be
found economical to arrange each set
of beds in two rows end to end, with
a central combined supply channel and
effluent carrier, the latter being formed
in the space between the walls which
support the former, as shown, Fig. 138.
If there is not sufficient head to allow
of the supply channel being made deep
enough to serve as the dosing tank,
the latter may be constructed across
the ends of the settling tanks, as sug-
gested in Fig. 139, or in any other
convenient position. A dosing tank
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in this position lends itself to the method of feeding
the beds by means of closed pipes instead of by open
channels, whether in sets of four, with a central chamber
for the inlets and outlets illustrated in Fig. 139, or in series
as Figs. 136 and 137.

There are doubtless other alternatives, or combinations
of methods, which may be adapted to meet the exigencies
of peculiar conditions of site and fall, but the foregoing
details will probably suffice to suggest ideas to those in
need of them in designing gchemes of contact beds.

General Construction.—The most important point to be
borne in mind in constructing contact beds is, that they
must be absolutely watertight. Should they leak in any
way, the sewage may pass away untreated; or it may find
its way into adjacent beds, and thus prevent these from
being properly aerated during the periods of rest when
empty. Itis therefore evident that they should be con-
structed in a substantial manner. The floors are usually
of concrete, and the thickness of the floor will depend upon
the nature of the subsoil. If for any reason the floors have
to be laid upon made-up ground, provision should be made
by means of piers or cross-walls, carried down to the solid
subsoil to support the floor, independent of the made-up
ground which is, in all cases, absolutely untrustworthy.
The walls of the beds may be constructed either of concrete
throughout or of brickwork in cement, and they should be
of such a thickness that they will withstand the pressure
of the head of water which would result if the beds were
filled to the top of the walls.

It will not be found satisfactory to place reliance either
upon brickwork or upon concrete alone to form a watertight
bed, and in both cases the whole of the floors, as well as
the walls, should be rendered with cement mortar in the
proportion of 2 parts of sharp clean sand to 1 part of
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Portland cement. No rendering should be done during frosty
weather or during excessive heat, as in both cases it will
usually be found defective, and it is better to stop the work
altogether for a time than have to patch it up afterwards.

One safeguard which can be adopted to prevent diffi-
culties later on, is to insist upon testing all such beds
with water to the full height before any of the filtering
material is placed in position. Any slight defects which
may appear can be made good then at very little expense.
If the defects are not discovered until after the beds are
filled with the filtering material, they can only be properly
rectified by removing the material, and this involves a
considerable outlay. In order that these tests may be
carried out without friction, it is necessary to stipulate
clearly in the specification for the work that each bed is to
be tested with water to the full depth before any material
is placed in the bed, and that the contractor must take
full responsibility for making the beds absolutely water-
tight. It is, of course, understood that the method of con-
struction adopted by the engineer is such that, if properly
executed, the beds will be absolutely watertight; and, in
order to prevent any misunderstanding, an item should be
included in the quantities for the contractor to provide what-
ever sum he may consider necessary to allow for making
these tests. It may be thought sufficient to state simply
that the contractor should make all absolutely watertight,
and to leave it to him to provide the means for doing so.
It will, however, be found more satisfactory to all concerned
to provide all means both in specification and in the quan-
tities for attaining the desired results. It is not sufficient
even to use the word “watertight” alone in this connection,
as the interpretation of this word may be subject to
differences of opinion which are obviated by the addition
of the word “absolutely.”



Contact Beds 199

The foregoing observations refer not only to contact
beds but to the tanks and other portions of the work which
are required to hold water.

Methods of Distribution.—Much diversity of opinion
exists with reference to the question of distribution in
filling contact beds. The many methods which have been
tried in various places, may be arranged under four head-
ings, viz. (a) above the surface of the material; (4) at the
surface level ; (¢) just below the surface ; (4) at the bottom
of the bed. Some engineers hold the opinion that distri-
bution over a large area of the material has no value, and
that it matters little how the bed is filled so long as the
liquid finds its way into the interstices of the material with
as little disturbance as possible. The simplest method
which fulfils these requirements is to allow the sewage to
flow over the surface at the inlet end of the bed, but this
soon causes the surface at this point to become clogged,
and unless it is cleaned at frequent intervals the solids very
quickly become washed down into the bed, and in the end
this portion of the material will have to be removed and
washed before it can be used again. The efforts to avoid
this trouble have resulted in the numerous methods of
distribution referred to above.

Taking them in the order given, the idea of discharging
the sewage above the surface level (2) by means of elevated
troughs or pipes, has been to imitate to some extent the
method found necessary in the case of percolating filters,
and thus aerate the sewage before it enters the bed. The
difficulties which arise in this case are that some extra fall
is needed, and the provision of the troughs or pipes with
suitable supports is costly. It is also extremely difficult
to arrange the distribution by these means so that it shall
be uniform over the whole area, and unless this is done it
cannot be of much advantage.
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Distribution at the surface level (4) may be provided
by means of shallow grips in the material itself, and these
have the great advantage that if they become clogged to
such an extent as to prevent the sewage from freely passing
into the bed, it is a small matter for the manager to cut a
fresh grip in another direction and leave the first one to
dry up when the sludge in it can be easily removed by
hand. Another method is to use rows of stoneware
channels, or wooden or iron troughs, with their edges set
level with the surface of the material, so that the sewage
may flow over the edges or through holes or notches in
the sides. This is usually satisfactory, but it is not an easy
matter to maintain all the channels at the same level, and
after they have been in operation for a time it will be found
that the material immediately under the troughs or channels
is badly clogged, and can only be cleaned or renewed by
removing the channels.

Sub-surface distribution (¢) is arranged by means of '

perforated or open-jointed pipes, laid below the surface
of the material and thus out of sight. The reasons for
adopting this method are: that it avoids the unsightliness
caused by surface distribution ; that the surface is kept
free from obstructions, and thus allows free aeration when
the bed is emptied ; and last, but not least, it prevents any
nuisance arising from the evolution of obnoxious gases in
the tank effluent whenever it is over-septicised, a not in-
frequent occurrence in the case of old-fashioned schemes, or
in new works where the volume of sewage for which the
tanks were designed has not yet reached its maximum.
This method has the disadvantage that when the openings
in and between the pipes become choked, more labour is
involved in cleaning them than in the case of open channels
or troughs on the surface. :

Filling from the bottom (&) is assumed to possess all




C onZact Beds 201

the advantages and none of the disadvantages caused by
the other methods. The distribution is certainly uniform,
as the liquid first fills the sub-drains and then rises at the
same level througheout the whole of the material, forcing out
any carbonic acid gas that may have accumulated in the
lower part of the bed. As the sewage does not appear on
the surface at all, there is no unsightliness and no trouble
from bad odours. On the other hand, it is evident that the
solids in suspension in the sewage or tank effluent are re-
tained at the bottom of the bed, especially in the under-
drains, and thus they will appear in large quantities in the
effluent. Unless some special provision is made, by means
of an effluent settling tank or sand-filter, to arrest these
solids in suspension in the final effluent, they will be liable
to cause trouble in the stream, and will, in any case, seriously
affect the results of any analyses that may be made. The
usual manner of arranging this method of filling, is to cause
the sewage to flow into an open or covered chamber at the
inlet to the bed, the walls of the chamber being provided
at the floor level with openings connected to the sub-drains
laid on the floor of the bed.

Whatever method of distribution is adopted, it is desir-
able that the surface of the filter material shall be not less
than 3 inches above the highest level to which the sewage
will rise, so that the liquid may not be visible at the
surface.

Sub-Drainage—Reference has already been made to
the fact that lack of ample under-drains has often been the
cause of the failure of contact beds in the past. The
general practice for a long time consisted in placing a layer
of coarse material on the floor of the bed, and providing a
few rows of ordinary agricultural drain-pipes laid with open
joints. In some few cases special perforated pipes were
used, in others the pipes were partly embedded in the con-
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crete floor. In the opinion of the author, however, no
drains in the form of pipes are satisfactory, as they do not
leave a space at the floor level as a free exit for the solids
in the effluent. Where pipes are used it will generally be
found after a few months’ operation that these solids, in
the form of black sludge, have accumulated along the sides
of the pipes and among the material at the floor level, and
when this once commences the accumulation continues to
take place, rising gradually in the bed until the interstices
are choked to such an extent that the liquid capacity of
the bed is reduced to a fraction only of its original volume.
The trouble was intensified by the comparatively small
number of the pipe drains usually found in the beds. It
was evidently assumed that the matters would travel
laterally through the layer of coarse material at the floor
level. Unfortunately an additional impediment to the free
flow of these matters was caused in many cases by the
want of sufficient fall on the floor itself. Very little con-
sideration will show that a large area of floor requires a
considerable slope in order to produce the velocity of dis-
charge necessary to remove matters in suspension, yet it
was seldom that a gradient of more than 1 in 200 was pro-
vided, and in a few cases the surface of the floor was
absolutely flat. Under these conditions it is difficult to
see how any other result could be expected. It may be
argued that it was not properly understood in those days
that the solids in suspension (converted organic matters,
the products of oxidation) must be removed if the filtering
material is to retain its working capacity, but this fact has
long been recognised in connection with percolating filters,
which have in most cases been constructed upon complete
false floors, provided with perforations, and with a suitable
slope on the surface of the actual floor.

There is very little doubt that the question of providing
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ample means of sub-drainage deserves special consideration ;
and, in the author’s opinion, the floors of all contact beds
should be laid with much greater fall to the outlet than in
the past, and they should, in addition, be covered entirely
with a false floor of special floor-tiles of the kind described
in connection with percolating filters (pages 91 to 94).
If the usual bottom layer of coarse material is then laid
upon the false floor, it will be found that the beds will
maintain their normal working capacity for a much greater
length of time than in beds constructed on the old style.
Instead of arranging the slope on the floor from the inlet
end to the outlet end of the bed, it is preferable to construct
an effluent channel with a suitable fall down the centre of

F16. 1392,

the bed to the outlet, and arrange the floor with a cross-fall
from the sides to the centre channel, which may be covered
by slabs of concrete or stone laid upon the top of the floor
tiles where they abut upon the edges of the channel as
suggested, Fig. 1394.

Material for Filling Contact Beds—The remarks made
under the heading “Filtering Material” for percolating
filters (pages 101 to 103), apply with equal force to contact
beds. In none of the many cases which have come under
the observation of the author has it been possible to obtain
such satisfactory results from other material as from clinker,
when used under the same conditions as to the strength
and volume of the sewage treated. It is true that excellent
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effluents have been produced by beds filled with burnt clay,
broken bricks or stones, but it will usually be found that
in such cases the material is more or less clogged, and that
the volume successfully treated per day is considerably
less than that which would be dealt with by clinker. The
reasons are the same as those already mentioned in pages
101 to 103, and there is no need to say more here than to
recommend as strongly as possible the use of hard-burnt
vitrified furnace clinker as already described for percolating
filters.

The foregoing remarks apply more particularly to the
material for coarse and medium-grain contact beds. Clinker
of the kind described is equally suitable for fine-grain con-
tact beds, but it is difficult to break it to the required grade
except at great cost, and a considerable loss in bulk due to
the production of fine dust. For fine-grain beds, requiring
material specified to pass a }-inch square mesh, and to be
retained on a }-inch square mesh, clean coke-breeze from
gas-works (not ashes) will be found to be the most efficient.
The important point to be observed in preparing material
for fine-grain contact beds is that, while none of the particles
should exceed 1 inch in diameter, as many as possible of
the finer particles, } inch and % inch in diameter, should
be retained, but all dust should be removed even if it neces-
sitates washing the material for that purpose. Even the
finer particles down to & inch diameter might be used, but
it will be found extremely difficult to arrange the sifting
process to arrest these without retaining the dust as well,
especially if the material is at all damp, as the fine meshes
required for the purpose quickly become clogged with the
dust, and the sieve or screen is rendered useless.

Among other materials which may be adopted for fine-
grain contact beds, broken saggars in the pottery districts,
or slag in the neighbourhood of ironworks, are probably the
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next best, but only if they are properly graded in the
manner described above. Indeed the chief difficulty in se-
curing this fine-grade material is the preparation and grad-
ing, particularly where large quantities are required and the
situation of the beds involves much handling of the material
after it has been sifted. It is, however, of such extreme
importance to have it as fine as possible, without including
any dust, that the stipulations in the specification with re-
gard to this material should be made very clear and definite,
so that the contractor may make sufficient provision in his
prices to enable him to comply with the specification in its
strictest sense.

In addition to the bottom layer of floor-tiles and coarse
material prescribed in the section relating to sub-drainage,
it will be necessary to provide an additional layer above
this, about 3 inches in depth, of a medium grade, to support
the very fine material and prevent it being washed through
the interstices in the coarse bottom layer, and special atten-
tion must be devoted to the method of distribution at the
surface in order to avoid disturbance of the fine material.

Automatic Apparatus for Contact Beds—Although con-
tact beds can be operated by hand, this involves continuous
and regular supervision by a man, and, unless he is under
strict control, the proper cycle of operation may not be ad-
hered to, and the result will, in that case, not be satisfactory.
In the early days of contact beds, several types of apparatus
were designed for the purpose of operating these beds auto-

" matically, so that the cost of manual labour would be re-
duced to a great extent, and in addition, the possibility of
mismanagement avoided. Among these appliances, one of
the most widely known is that manufactured by Messrs.
Adams Hydraulics, Limited, and shown in Fig. 140. In
small installations, the low draught syphons described
above in connection with dosing apparatus are used to give
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alternate fillings to pairs of contact beds. Where more
than two beds are in use the automatic air-lock feed is used.
This consists of a cast-iron inverted U-pipe, both legs of
which are trapped, either in self-contained castings or in
separate chambers. The sewage flows through one, the
others being charged with air. When the sewage in the
bed has reached the proper height it overflows into a small
chamber in which a dome is fixed. This dome is connected
by means of an airpipe to the cast-iron inlet feed, and as
the sewage rises in the chamber round the dome, the air
contained therein is forced up into the feed which it fills,
thus forming an air-lock, which prevents the sewage from
passing through and stops the supply to the bed. At the
same time that the feed is stopped by the transfer of air in
the manner described, the compression of the air in another
small dome in the same pit has forced a water seal on the
air-pipe leading from this dome to the feed in the next bed,
and thus liberates the air-lock in the feed of that bed and
allows the sewage to flow to this in rotation. The whole
operation is then repeated with each bed in rotation, the
last bed in the series, when full, starting the feed in the first
bed again. These same feeds may be arranged to hold up
sewage in a collecting or dosing tank, so as to ensure the
accumulation of sufficient sewage to fill each bed at one
dose within a reasonable time. ’

In order to ensure that the sewage is held up in each
bed for a suitable period for contact, the outlet is provided
with an automatic syphon, which is arranged in such a way
that the filling of the bed alone can start it. When the bed
is full, the sewage flows through a pipe with an adjustable
orifice into the timing pit. When this pit is full, the com-
pression of the air in a small dome placed in the pit, and
connected to the syphon by means of an air-pipe, releases
the air in the syphon and allows it to start at the end ot



208 Sewage Disposal Works

the desired period of contact. A special feature of these
syphons is that they are so arranged that after they have
emptied the bed they continue in action as syphons, taking
the drainings from the bed, however small in volume they
may be, and stopping off only when the bed commences to

FiG. 141.—CONTACT BED APPARATUS.

fill again, thus ensuring a thorough draining of the material.
Another special feature of this apparatus is that there are
no moving parts, the whole operation depending upon the
transfer of air by means of the head of liquid. It is im-
portant to note that by this apparatus the period of contact
in any bed can be arranged for any particular length of
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time, quite irrespective of the rate of flow of the sewage to
the works, and independent of the filling and emptying of
the other beds in the series.

Fi1G. 142.—CONTACT BED APPARATUS.
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Another apparatus which has been used largely in the
past is that[supplied by the Septic Tank Company, Ltd.

2
t closing
bﬂ;aaun‘wc

This apparatus is made in two forms, illustrated in Figs,
141 and 142. The chief difference between the two
P2

F1G. 1436.—CONTACT BED APPARATUS.
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types is that in the one case, Fig. 141, the period of con-
tact is controlled by the filling of the next bed, and is
thus dependent upon the rate of flow of the sewage,
while in the other case, Fig. 142, the period of contact
is “timed ” for from one to two hours, and is independent
of the rate of flow of the sewage. In both cases each set
of gear is built up on its own bed-plate, and comprises
the inlet and outlet valves and the connecting pipes to and
from the same. The valves are of the simple spindle-type,
and are connected by rods to rocking levers and actuated
by buckets or floats, working in chambers or pits which are
in communication with the different beds. By means of
overflows from the beds to the buckets, and other devices,
the various portions of the gear are actuated in such a
manner that they automatically fill the several beds in each
set in regular rotation, hold them full for contact, and eventu-
ally discharge the treated liquid to the effluent drain. Full
details of the method of operation can be obtained from the
manufacturers, who claim that the gear will work satisfac-
torily without attention other than the oiling of the bearings
and joints every few weeks.

Another type of automatic apparatus for contact beds
is that manufactured by Messrs. J. Blakeborough and Sons,
as used in the Triple Tank System of sewage treatment,
Fig. 143. In this case the beds are arranged in sets of
three, and the filiing of each is effected by the overflow
from the last bed filled, the discharge being effected by
the rising of the liquid in the last bed filled. The ap-
paratus consists broadly of a slide-valve controlling the
outlet-pipe, and connected by levers to floating cylinders
located in separate chambers. One chamber controls the
opening and the other the closing of the valve. The outlet
is provided with a rising and falling arm, which is connected
by a iever to a balance float fixed in a chamber, and
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coupled by means of a pipe to the float-chamber of another
bed. The method of operation is us follows :—The tank
effluent flows by gravitation to bed A, the filtered effluent
thus rising in outlet chamber A, and also in the overflow
chamber which is connected by pipes to outlet chamber A.
As soon as bed A becomes full, the filtered effluent over-
flows into closing chamber A, which is coupled by a pipe
to opening chamber B, and the floating cylinders in each
case are raised, with the result that the valve of bed A
closes and the valve of bed B opens, the liquid thus com-
mencing to run on to bed B. The same action as above
is repeated when bed B is full, and bed C is to be filled,
whilst bed C in turn is coupled to bed B, so that the
triple action is rcpeated over and over again so long as
sewage continues to flow to the beds. As bed A fills,
the liquid rises in outlet chamber A, and, this being coupled
to float chamber C, the liquid rises to a corresponding
height in float chamber C. Some time elapses before
the liquid rises to such a height in the float chamber as to
sink the mouth of the outlet pipe below the surface of
the liquid in the outlet chamber, this space of time (which
can be regulated as desired) representing the length of time
that the bed is allowed to stand full before commencing
to empty. When the liquid has risen to a given height
in float chamber C, the balance float is raised, this action
tipping the lever and lowering the rising and falling outlet
pipe in outlet chamber C, thus drawing off the effluent from
the top slowly, and without disturbing the whole contents
of the bed. (Note: Bed C is assumed to be full). After
the liquid in the bed has been drawn off, the rising and
falling outlet pipe remains stationary at the bottom of the
chamber until the next action takes place, which is as
follows :—When bed A becomes full, it is allowed to stand
full until the liquid in bed B (now filling) has risen to a
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given height, when it raises the balance float in the float
chamber A in a similar manner as described above, and
thus empties the bed A, at the same time emptying the
float chamber C, in which is fixed the balance float con-
nected to the rising and falling outlet pipe of the bed C
(now standing empty), thus raising the outlet pipe and
rendering the bed again ready for use.

Messrs. Glenfield and Kennedy, Ltd., also manufac-
ture apparatus for operating contact beds, as shown in
Fig. 144. This arrangement of the apparatus delivers
the sewage to six beds. There are two valve boxes,
A, internally divided into three compartments. Three
sets of tube valves, B, on each valve box, control the
inlets to the several compartments of the valve box and
also to the beds, which are connected up to the valve
boxes with suitable pipes. As the sewage collects in the
measuring chambers, it raises the float C—the float chamber
being in communication—which, through the rack-and-
pinion shown, turns the shaft D. To a sleeve, E, over the
shaft D, a hammer, F, is keyed, while a stopper catch, G,
is mounted freely. Keyed to the shaft D are lifting levers
H and K. The lever K lifts the hammer F to the vertical,
and, being free to rotate with the sleeve E, it falls and
strikes on one of the copper buffers, L, in the turning plate
M, causing it to turn. In like manner the stopper catch
G is thrown over by the lifter H—a little in advance of
the hammer—and, resting on the stopper plate N, drops
into one of the notches, O, thus stopping the gear at the
proper place. The turning of plate N causes the roller
lever P, keyed to the vertical shaft Q, to rotate—through
the agency of the mitre gearing and horizontal shaft—
thus actuating the lever R, and raising the tube valve B.
Two valves are operated simultaneously, one on each valve
box. The valves are held open by the levers P, until, the
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water being run off, the weight of the float descending puts
the gear in motion again—by returning the hammer to its
original side—and moves the roller levers P off the end of
the levers R, thus allowing the tube valves B to close and
the water to collect once again. The force of the blow of
the hammer as it strikes the buffer L can be regulated
within certain limits, for, on the outer end of the sleeve E
carrying the hammer, a lever, S is keyed, which, as it works
in unison with the hammer, and is attached to the piston
of the swivel cataract adjustable oil cylinder T, has the
effect of cushioning the fall of the hammer.

Another type of syphonic apparatus for contact beds is
manufactured by Messrs. Burn Bros., as shown in Fig. 145.
In this case the primary filters are usually supplied with
sewage from a collecting or dosing tank in which two or
more discharge syphons are fixed, or they may be filled from
a supply channel under certain circumstances. In the former
case a syphon discharges immediately the collecting tank is
full. A “Sequela” relief apparatus is attached to each sy-
phon, and causes these to discharge alternately or in rotation.
The relief apparatus is divided into three compartments,
and depends for its working on the transference of oil, of
a special nature, from one compartment, A, to another
compartment, C, via compartment B, in stages correspond-
ing with the number of syphons under control, each relief
apparatus at the commencement being set a stage in
advance of the one next toit. After a syphon has dis-
charged, the oil which has been transferred to the compart-
ment C in the relief apparatus is automatically returned to
the compartment A, and the apparatus is then ready
for another series of operations. Thus the oil, which is
non-evaporative and non-freezing, is used over again and
again, and as it does not come in contact with the sewage,
it remains quite pure and serviceable for years. A dis-
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charge syphon is fixed to each filter, and, in order to ensure
a proper period of contact of the sewage with the filtering

F1G6. 145.—CONTACT BED APPARATUS.

material, each syphon is provided with a “ Horometer”
relief apparatus. This apparatus can be set to give a
period of contact varying from twenty minutes to twenty-
four hours. The“ Horometer,” like the “ Sequela,” depends
upon the transference of oil from one compartment to
another, but in this case only two compartments are neces-
sary, A and B. As the filter fills, the oil is forced, by air
pressure, to rise in a vertical pipe from compartment A
above the level of a regulating tap, which is set to pass the
oil into compartment B in the time determined upon for
the contact of the sewage in the filter, and as soon as the
necessary quantity of oil has been transferred through
the tap, the syphon discharges. After the syphon has dis-
charged, the oil is automatically returned from compart-
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ment B to compartment A, and the apparatus is again
ready for use. No watertight brick chambers are required
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F1G. 145¢.—CONTACT BED APPARATUS.

in the filter in connection with the apparatus, thus effecting
considerable economy in structural work. It is only neces-
sary to construct a screen in dry brickwork or perforated
iron round the syphons to hold up the filtering material.

The syphons manufactured by Messrs. George Jennings,
Ltd., actuated by air-valves as described under the heading
of “ Dosing Apparatus,” can also be adapted for filling and
emptying contact beds.
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The Enock apparatus for contact beds, Fig. 146, manu-
factured by Messrs. A. G. Enock and Co,, Ltd., is a simple
device working on the principle of the ball valve. A float,
which takes the place of the ball, is raised by liquid entering
a pit, which pit is outside the bed or tank which has to be
emptied by the valve. The valve is attached to a vertical
rod in connection with a horizontal weighted lever, at the
other end of which the float is fixed. When a tank is full,

F16. 146.—CONTACT BED APPARATUS.

it flows into the float chamber, and the rise of the liquid in
this pit lifts the float and opens the valve, thereby allowing
the contents of the tank to escape. The float pit then
slowly empties itself by means of a small outlet pipe, and
the valve closes so that the tank is ready to receive more
liquid. This apparatus can be arranged so as to fill a
number of beds in rotation, the inlet valve to each pit being
either opened or closed as required by the overflow of
liquid from each contact bed in turn. The outlet valves
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to the contact beds are similar to those already described
and if the first beds are filled in rotation, no further connec-
tion between the apparatus in the lower beds will be
required, each valve working absolutely independently of
the others.

The chief advantage claimed for this type of apparatus
is, that it can be adjusted so as to suit any required level
of liquid in any particular bed.
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CAPACITY OF PERCOLATING FILTERS
AND CONTACT BEDS.

ALTHOUH this separate section is devoted to the ques-
tion of calculating the capacities of percolating filters and
contact beds, it is mainly for the purpose of stating that it
is impossible to formulate any rules which admit of general
application. It may reasonably be pointed out that this
last statement is a truism, and affords no assistance to those
in search of information on the subject. There is, however,
so great a tendency in some quarters, to rely upon results
obtained in one place under certain conditions as a guide in
designing a scheme in another place under possibly totally
different conditions, that it is impossible to repeat the
statement in question too often.

In the first place, long and practical experience is neces-
sary to enable an engineer to come to a decision as to what

are the conditions under which any particular scheme is to

be carried out, and which of them will have a bearing upon
the methods to be adopted in the design of the works. A
careful study of the fifth report of the Royal Commission
on Sewage Disposal, will show that they assume over 70
different sets of conditions under which percolating filters
and contact beds may be adopted. The capacity of the
filters required to produce the desired results will depend
upon the strength of the sewage to be treated, the type of
tank adopted for the preliminary process of sedimentation,
the grade of material to be used, the amount of fall avail-
able, the final destination of the effluent, and other factors,
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all of which again may be affected by other circumstances,
which must of necessity be taken into consideration. As
the basis for calculating the capacity of filters may vary
between 15 and 200 gallons of the daily dry-weather flow
per cubic yard of material, it is evident that there is a wide
margin for error, and the only safe course to adopt is to
allow for the worst possible conditions and thus provide a
large margin of safety. Although the suggestions made in
the fifth report of the Royal Commission with regard to the
provision to be made under various sets of conditions may
be taken as a guide, to some extent, it should be borne in
mind that the figures given represent the minimum which
should be allowed in each case, and the only really safe
guide in these matters is long practical experience of a large
number of works under the greatest possible variety of
conditions.
- In order, however, to provide a rough guide for the
purpose of making preliminary estimates, it may be stated
here that, under ordinary conditions, with sewage of
average strength, a properly designed preliminary process,
suitable material of medium grade, and not less than
4 feet deep for percolating filters, it should be possible
~ to produce an effluent which will not create a nuisance by
providing—

(@) Percolating filters, at the rate of one cubic yard for
every 84 gallons of the daily dry-weather volume, or

(6) Contact beds, at the rate of one cubic yard in each
series for every 56 gallons of the daily dry-weather volume_

In other words, the ratio of the cubic capacity of filter
material to the daily dry-weather volume of the sewage
for all ordinary purposes may be taken as—

(@) 2 to 1 for percolating filters.
(6) 3 to 1 for contact beds.
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In the case of contact beds these figures give the cubic
capacity of each series, and they must be doubled or
trebled respectively for double and triple contact. Both
percolating filters and contact beds, constructed on this
basis, would be capable of treating up to three times the
dry-weather flow in times of storm.

Having given the above method of calculation, in a
form not usually adopted in connection with sewage dis-
posal, and bearing in mind the misunderstandings which
frequently arise in comparing the various methods in use
at the present time in different countries, it may be useful
to set out in this form the figures which, it is understood,
have been adopted by the Local Government Board, on
the basis of the fifth report of the Royal Commission on
Sewage Disposal, as the minimum which they consider
suitable under varying conditions. In the Table opposite,
the figures given represent the ratio which the cubic
capacity of the filters bears to the daily dry-weather
volume of the sewage, whether it be in gallons, cubic feet,
cubic metres, vedros, or any other term of measurement.

Examples.—1. A daily dry-weather volume of 10,000
gallons of sewage, of average strength, is to be treated
upon percolating filters of medium sized material, after
preliminary treatment in septic tanks.

10,000 gallons X 2°40 = 24,000 gallons
= 3,840 cubic feet
total cubic capacity of filters

2. A daily dry-weather volume of 3,000 cubic metres
of weak sewage is to be treated upon single contact beds,
after preliminary treatment in continuous flow settlement
tanks.

3,000 cubic metres X 2°24 = 6,720 cubic metres
= total cubic capacity of beds
Q
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For the purpose of the above Table, the strength of the
sewage is estimated according to the amount of oxygen
absorbed from permanganate of potash in four hours, as
indicated in the fifth report of the Royal Commission as

follows :—
Parts per 100,000

“ Strong ” sewage = oxygen absorbed 17 to 25
“ Average” ,, = ” ’ 10 to 12
“Weak” » = s » 7to 8

A quick method of converting gallons into cubic feet
is to multiply the gallons by the reciprocal 0°16. This
can be done rapidly (frequently by mental calculation) by
multiplying the gallons by 4, and the product again by 4,
and inserting the decimal point between the second and
third figures from the right-hand side, thus :—

24,000 X 4 = 96,000 X 4 = 384,000 = 384000

= cubic feet

This is useful in calculating the capacity of tanks, and
for all similar purposes.
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STORM-WATER TREATMENT.

IN connection with Sewage Disposal Works, the term
“storm-water ” is generally understood to mean the extra
volume which reaches the works in times of rainfall, in
excess of three times, up to and including six times, the
average dry-weather flow ; so that the volume of storm-
water for which provision should be made is equal to three
times (volumes) the daily dry-weather flow. Prior to the
publication of the fifth report of the Royal Commission, it
was usual to provide a rough straining filter for the storm-
water, or to reserve a portion of the land for the purpose of
dealing with it by broad irrigation. In either case the
area of filter surface or land required was 1 superficial yard

(D.WgF. X3
00

for every 500 gallons of storm-water = super-

yards). As the result of their investigations, the Royal
Commission came to the conclusion that “storm-water”
filters, as generally constructed under these conditions,
were useless for the purpose for which they were required,
and this confirmed the views of most engineers of expe-
rience. Where suitable land can be secured for the purpose,
and arranged in such a manner that it is reserved solely
and entirely for treating the storm-water, this method
may still be adopted. If this is not possible, stand-by tanks
may be constructed for the purpose of receiving the storm-
water. These tanks are to be not less than two in number,
and should have a total capacity of not less than one-quarter
of the average daily dry-weather flow. The only overflow
at the outfall works from which storm-water may be dis-

Q 2
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charged direct to the stream, or other final effluent outlet,
must be from these stand-by tanks, and it should not come
into operation until these tanks are full. Having regard
to these recommendations, it is necessary in every scheme
to provide at least two special storm-water stand-by tanks,
with a total capacity of § D.W.F. ; and the drawing, Fig. 147,
illustrates a simple method of constructing these. In this
case the inlets are in the form of weirs, running the full
width of the tank, so that if the channel leading to these
tanks is in communication with, and at the same level as,
the inlets to the detritus tanks, and the latter are provided
with slotted doors (see Fig. 10, page 19g), the weir at the
inlets to the stand-by tanks will act as the actual storm-
overflow, and, being of considerable length, the maximum
height to which the water will rise in passing over this
weir will be very small, and will thus have very little effect
upon the rate of flow to the sedimentation tanks.

As the only overflow discharging direct to the stream
must be from these tanks, and must only come into opera-
tion when they are full, the outlet is also constructed in
the form of a weir discharging into a channel from which
a pipe would be laid to the stream. A further requirement
in connection with these tanks is that they should always
be kept empty, ready to receive the excess of storm-water
at any time. From this it is evident, that these tanks must
be emptied after each heavy shower or storm which increases
the rate of flow of sewage to the works beyond three times
the dry-weather flow. Unfortunately, no directions are given
as to the manner in which this is to be accomplished. In
the absence of any definite statement to the contrary, it
might be inferred that, after the overflow from these tanks
has ceased, their contents may also be discharged direct to
the stream. As, however, this would necessitate outlets at
or near the bottom of the tanks, there would appear to be
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a possibility of the suspended matters deposited in the
tanks being discharged to the stream—the very thing the
tanks are designed to prevent. With such an arrangement,
also, there will be a risk of the man in charge of the works,
either wilfully or by an oversight, leaving the outlets at
the bottom of the tanks open, and thus permitting the
storm-water to pass direct to the stream without the settle-
ment which it is anticipated by the Royal Commission
(Fifth Report, page 233, par. 352) will be provided for all
storm-water arriving at the works.

It is obvious that these tanks must be emptied after
every heavy shower or storm, and that facilities must be
provided both for drawing off the supernatant water and
for removing the deposit which will accumulate at the
bottom. In the author’s opinion, the only safe method is
to provide floating arm outlets for the supernatant water,
and to discharge this to land or to a special filter for further
treatment, or, better still, to pump it up to the detritus
tanks to be treated again with the ordinary sewage. In
schemes where the whole of the sewage is pumped at the
works, the contents of these storm-water stand-by tanks
should certainly be discharged into the pump-well, as this
would not involve the provision of special pumping plant.
With regard to the sludge from these tanks, this should be
drawn off by means of special outlets, and dealt with on
sludge draining beds in the manner previously described
(page 83).

The difficulties which frequently arise in designing
suitable and convenient methods of dealing with storm-
water, render it desirable that very careful consideration
should be given to the question as to whether it would not
be more satisfactory, from the point of view of both economy
and efficiency, to omit the stand-by tanks, and increase the
capacity of the filters required to deal with the ordinary
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sewage, to such an extent that they will be capable of deal-
ing with the whole volume of sewage and storm-water
combined up to six times the dry-weather flow, and thus
obviate the necessity for any storm-overflow at all at the
outfall works. If this idea were universally adopted, it
would necessitate greater care in the construction of any
storm-overflow required on the line of the outfall sewer
itself before it reaches the works, but there are (or should
be if the sewers were properly constructed) so few cases
where the excess of flow, even during the heaviest rainfall,
ever reaches six times the dry-weather flow, that the extra
cost involved cannot be considered excessive if the greater
certainty of securing satisfactory results at all times is taken
into consideration.
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MEASURING APPARATUS.

IN recent years the provision of proper means of mea-
suring and recording the flow of sewage at disposal works
is becoming more general, but there are still a very
large number of works at which it is impossible to obtain
any trustworthy information as to the volume of sewage
treated. As long as all works smoothly, and there is no
trouble with the effluent, it is considered superfluous to
trouble about the quantity of the liquid which passes
through. When, however, difficulties arise, and it becomes
necessary to investigate the cause of the trouble, it is of the
utmost importance to be in a position to ascertain the daily
volume of the sewage arriving at the works and the varia-
tions in the rate of flow, as well as the quantities dealt with
by each separate tank and filter. It is also of great assist-
ance, in making investigations at such times, to have a
definite record of the volumes treated day by day during
the preceding six months ; indeed the possession of a com-
plete record of the daily flow of sewage over the whole
period during which a sewage works has been in operation,
is a valuable asset not only to those responsible for the
works themselves but also to the authorities who control the
streams and watercourses, and to investigators in search of
information to be used for the public benefit. The initial
cost of suitable measuring and recording appliances is not
excessive, but, when once the works are completed and in
good working order, the local surveyor or manager has
great difficulty, and usually finds it impossible, to persuade
his committee that the outlay is justified. It is, therefore,
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desirable that engineers should in all cases make provision
for such apparatus in the contract for the construction of
the works, and thus make sure that it will be available when
required.

Various types of measuring appliances- are in use.
Among these the simplest is the gauge weir penstock

F1G6. 148.—GAUGE WEIR PENSTOCKS.

Fig. 148, manufactured by Messrs. Adams Hydraulics, Ltd.,
from which the depth of water flowing over the weir can
be observed at any time. This, however, does not provide
a record of the volume flowing at all times. For this pur-
pose the same firm supply several types of recorders, among
which the simplest is the type shown in Fig. 149. This is
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supplied with 24-hour or 7-day movement, and charts which
register the volume in gallons per minute, per hour, or per
24 hours.

FI1G. 149.—RECORDING APPARATUS,
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Another measuring apparatus is that supplied by Messrs.
George Jennings, Ltd., Fig. 150. This consists briefly of a
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hollow copper float attached to a brass rod, which is carried
up through a hollow column into the indicator box provided
with a glass hinged door. The brass rod is provided with
pointers, which move up and down with the rods and in-
dicate the water level.

Messrs. George Kent, Ltd., supply a large number of
various types of recorders and measuring instruments, in-

FI1G. 1496.—VOLUME RECORDEK.

cluding the well-known “Venturi” meter and others actuated
by floats to indicate the discharge over aweir., The Venturi
meter type of measuring apparatus adapted for sewage,
is shown in Fig. 151. In this case the Venturi tube may
form part of the ordinary supply pipe, or it may be fitted
in a chamber built in the supply channel, the tube con-
nected through the chamber with its ends terminating in
the channel at either side. This measuring apparatus may
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be fitted with the following types of recorders. A diagram
only, counter only, or combined counter and diagram in
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one instrument. The recorder may be placed in any con-
venient position within a thousand feet of the meter tube.

150. —MEASURING APPARATUS.
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Several types of measuring apparatus are manufactured
by Messrs. Glenfield and Kennedy. One of these is

Fi16. 151.—~THE ‘“ VENTURI” METER.

illustrated in Fig. 152. This consists of an apparatus
for recording the volume of water or sewage flowing
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over a weir, a chart being revolved by clockwork, and
the volume indicated by a pen actuated by a float and
cord working over pulleys. This instrument can be fitted

FI1G. 152—MEASURING APPARATUS.

with cam and pen carriage to show the rate of discharge -
on the chart (24 hours or 7 days), in gallons of cubic feet
per minute over a V-notch, rectangular weir, or in an
open channel of known dimensions. It is claimed that by




Measuring Apparatus 239

simply taking the area of the diagram, the total discharge
for any period can be ascertained much more quickly
and more correctly than from a diagram simply giving the
height flowing over the weir.

A somewhat novel form of apparatus, recently intro-
duced by Messrs. Adams Hydraulics, Ltd., for measuring
the flow of sewage in a channel, consists of a water-wheel
by means of which the velocity of the flow is registered.
In order to maintain the paddles of the wheel at a uniform
depth below the surface of the liquid, the wheel is carried
upon a shaft supported by two floats provided with vertical
guide rods working in brackets attached to the sides of the
channel. By this means the whole of the apparatus rises
and falls with the liquid in the channel. The wheel-shaft
is provided with a bevel-toothed wheel, which engages with
another similar wheel attached to a flexible shaft, and this
drives a set of geared wheels similar to a flush-tank counter,
which thus record the number of revolutions made by the
paddle-wheel.



240 Sewage Disposal Works

STERILISATION OF SEWAGE EFFLUENTS.

IT has been recognised in many quarters that, although it
is possible by modern methods of sewage disposal to secure
a high degree of purification from a chemical point of view,
it may be necessary in certain cases to take steps to remove
the large numbers of bacteria present in all such effluents.
Experiments have been made which demonstrate that,
when a pure culture of some specific organism is added to
a sewage in a sufficiently large quantity, it may pass through
the tanks and filters, and appear in the final effluent. This
result is not necessarily a conclusive proof that the bacteria
in sewage effluents are dangerous, as the experiments do not
represent normal practical conditions. On the other hand,
it is true that, in ordinary practice, sewage effluents contain
large numbers of B. coli, which is admittedly of intestinal
derivation, and although this bacillus is not a disease organ-
ism itself, its survival in an effluent is considered an indica-
tion of the presence of sewage matter, and consequently of
the possibility of the survival of any pathogenic germs
which may be present in the crude sewage. On this basis,
scientists argue that sewage effluents are posentially danger-
ous—that there is a possibility of the pollution of drinking-
water or shell-fish by the bacteria present in sewage
effluents. This being so, it is evident that an additional
process will, in some cases, be required to remove the
bacteria, and in a few cases sand filters have been provided
for this purpose. These, however, involve a comparatively
high initial expense, and a considerable annual outlay for
maintenance, and in some quarters it is considered that
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sterilisation may possibly be a means of securing the
desired result at less cost, and with a higher percentage of
removal of bacteria, and consequently with a higher degree
of safety. It is true that a number of scientists, in replying
to a question which was submitted to them on this subject
by the Royal Commission on Sewage Disposal, stated that
in their opinion sterilisation was impracticable, but this was
in the year 1903, and there is good reason for assuming that
if the same question were put to the same men to-day, the
replies would in many cases be modified, if not entirely
different. Practical experiments in the sterilisation of
sewage effluents have been few and far between in this
country, but in the United States of America a large
number of reliable experiments under varying conditions
have been made, and the results published. From these
it is evident that sterilisation is not only possible, but
economically practicable. Unfortunately, both in America
and elsewhere, attempts were made to sterilise crude sewage
and tank effluents, and the results of these experiments were
so unsatisfactory, both in efficiency and cost, that they gave
the impression that sterilisation was impracticable.

In the opinion of the author, sterilisation should be
restricted to the destruction of living organisms, and should
only be used in the case of liquids with a high degree of
chemical purity, and a low content of matters in suspension.
It is quite possible at the present time to produce sewage
effluents which comply with these conditions, by means of
properly designed, constructed and managed sewage dis-
posal works, as long as these include suitable effluent settling
tanks for the removal of the solids in suspension. Effluents
which comply with the provisional standard suggested by
the Royal Commission, and drinking-water supplies which
are very slightly polluted, would be very suitable.

A number of different methods of sterilisation have been

R
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tried, but so far as the existing knowledge of the subject
extends, the application of chlorine in one form or another
is generally admitted to be the most efficient and econom-
ical process. The chlorine may be applied in the form of a
solution of chloride of lime, or as a hypochlorite of sodium,
or of magnesium. The solution of chloride of lime may be
prepared by the sewage works manager, but this necessitates
a considerable amount of care and knowledge in order to
secure the correct strength at all times, and it is, of course,
essential that the chloride of lime itself should always be of
a known strength. The hypochlorite of sodium may be
produced chemically, and this can be purchased of known
strength from chemical manufacturers. For large volumes
of sewage effluent, however, it will probably be found most
economical to utilise an electrically produced hypochlorite
of sodium, as this can be prepared on the works as and
when required, of a uniform strength, and at a compara-
tively low cost.

In the case of the Digby process, briefly stated, this
consists in passing an electric current through a solution of
sodium chloride, with the result that the sodium chloride is
broken up into its component parts, and chlorine is liberated
at the positive pole, while sodium is deposited at the nega-
tive pole. The sodium and the chlorine are then allowed to
recombine in the form of hypochlorite, and this solution is
then ready for application to the liquid to be sterilised.
Other processes are similar in principle but vary in detail.

This process naturally involves the use of an electric
current and an apparatus for producing the hypochlorite.
Of the latter there are several on the market, and an illus-
tration of the Digby Meridioniser, which is manufactured
and supplied by Messrs. Adams Hydraulics, Ltd,, is given in
Fig. 153. The particular feature of this apparatus consists
in the manner in which the re-combination of the anode and
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cathode products are secured. Instead of the re-com-
bination taking place in the main body of the electrolyte,
it can only take place in the special porous compartment

F16. 153.—THE DIGBY MERIDIONISER.
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enclosing the electrodes. The re-combination may take
place in either the anode or the cathode compartment,
the products of the one compartment being conveyed
to the other compartment. Thus the caustic hydrate
from the cathode cells flows by gravity into the anode
compartment, the two compartments being connected by
‘a glass pipe. Fresh water or water containing an excess
of alkali is runinto the cathode cell. This process gives.
hypochlorite solution of low saline content, the only salt
present in the resultant liquor being that due to diffusion,
depending upon the porosity of the closely covering com-
partment walls, or upon such a reaction as that covered by
the Blount hypothesis. A cross-section of this apparatus is
- shown at Fig. 153, in which A is the positive lead ; BB
negative leads, C outflow, D inflow, EE cathodes, F anode.

Another machine is that supplied by Messrs. Oxy-
chlorides (1907), Limited. This machine consists essentially
of a graphite anode of circular cross-section (except as to.
about 4 in. at the top, which is left open for the free escape:
of gases evolved during the electrolysis), and within it a
metallic cathode of smaller circular cross-section. The
annular space between the anode and cathode is filled with
a solution of common salt, or with sea-water, through which
a current is passed from a low-potential dynamo. In either
case the ultimate result is to obtain some of the chlorine of
the salt in an active or available form, the only difference
being that in the case of using strong salt solution, a con-
centrated form of available chlorine may be obtained, while
with sea-water a weaker solution results. Where sea-water-
is readily obtainable it is naturally more economical to:
make use of it, and to employ the larger volume of less.
concentration ; while where sea-water is unobtainable and
salt is expensive, or where chlorides in the effluent are
objected to, it is more advantageous to prepare concentrated
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solutions, and to dilute them when required for use. This
machine is made in various sizes to suit varying conditions.
It was used by the Royal Commission on Sewage Disposal
in connection with their experiments at Guildford, referred
to in their Report of 1908, pages 198 to 201.

Electrolytic hypochlorite of magnesium is being pro-
duced daily, by the Borough of Poplar, for use as a disin-
fectant. The highly effective qualities of this solution, as
well as the low cost of production, makes it a very valuable
disinfectant, and for the results obtained every credit is
due to Dr. F. W, Alexander, the Medical Officer of Health,
who initiated the scheme, and to whose unbounded energy
and enthusiasm the success of the work is due. This solu-

tion is, of course, equally suitable for the sterilisation of . -

sewage effluents. The cost of production of this solution,
of an average strength of from 4°5 to § grammes of
available chlorine per litre (-45 to *5 per cent. solution),
is estimated at under one penny per gallon, The apparatus
in use at Poplar has been supplied by the Farringdon
Engineering Co., and an illustration of the plant is shown
in Fig. 154.

It consists of four cells, each containing ten elements,
consisting of one positive and two negative plates. The
positive plates consist of thin platinum wire, wound upon
slate slabs, and the negative electrodes are of zinc. The
four cells are placed one above the other, so that the liquid
passes through from one to the other by gravitation. The
feed-tank at the top contains a solution of sodium chloride
and magnesium chloride, and is fitted with a glass gauge to
indicate the amount of solution in the tank. From this
tank the solution passes through a small ball-valve cistern,
so as to maintain a constant rate of flow. The feed-tank is
also provided with a plate, operated by a chain carried
over to the outside of the tank, by means of which the
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liquid to be electrolysed can be stirred from time to time,
so as to secure a uniform strength of solution. The solu-

F16, 154.—ELECTROLYTIC HYPOCHLORITE OF MAGNESIUM PLANT,

tion passes through the four electrolysers in series, being
subjected to the action of a regulated current of 15 to 17
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amperes at 230 to 250 volts, being 57 to 6°2 volts per cell.
After the electrolysed solution leaves the last cell it runs
into a small tank, where a fixed amount of hydroxide of
magnesium is mixed with it, and it is claimed that by this
means the solution is rendered stable, a quality which
should be of much value where the solution has to be .
stored for any length of time.

The question as to what is the most suitable sterilis-
ing agent to use under certain conditions, and in what
proportion it should be added to the sewage effluent, is
a matter for the chemist and biologist. The method
of application is, however, the duty of the engineer.
As in the case of other chemicals, there are two ways in
which it may be applied. The solution may be added
to the sewage effluent in equal doses of varying strength,
or in varying doses of equal strength. There is a third
method, involving the variation of the dose and the
strength of the solution, but while this is not impossible
it is probably not practical. The chief difficulty to be
overcome is the variation of both the rate of flow and the
strength of the sewage, and the most practical solution is
to prepare the sterilising agent of a uniform strength, and
vary the doses in direct proportion to the flow of the
effluent, the minimum dose being sufficient for the maxi-
mum strength of the sewage. This method was adopted
by the author in the case of a small scheme of sewage
disposal, which he prepared for a place where the only
outlet for the final effluent was a discharge over an area
of chalk subsoil, from which the water supply of a large
town is drawn. In this case, he designed a simple appa-
ratus which does not involve any special appliances, and
which would be quite satisfactory for ordinary practical
purposes. A new apparatus for the purpose in question
has, however, recently been introduced by Messrs. Nixon
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and Mannock. As will be seen from the illustration, Fig.
155, it is based upon the application of the Venturi prin-
ciple, and involves the use of a Venturi tube, as previously
described under the heading of “ Measuring Apparatus.”
In fact, the same Venturi tube can be utilised to serve both

ﬂ CwamcaL Swemy
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F16. 155.—NIXON AND MANNOCK’S APPARATUS FOR INJECTING
CHEMICAL SOLUTION.

for measuring the flow of the effluent, and for applying
the sterilising agent in direct proportion to the flow of the
effluent.

The apparatus consists of a cylinder C, the top of which
is connected by means of a pipe fitted with a three-way
cock to the “ Upstream” end of the tube A. A similar
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connection is made from the bottom of the cylinder to the
“throat” B. A piston of the type used in the Kent Stan-
dard Water Meters, and provided with a counter-balance
weight, works in the cylinder by means of the difference of
the pressure on the two sides of the Venturi tube. The
chemical solution (e.g. a § per cent. solution of chlorine) is
supplied to the underside of the piston, and the pressure on
the upper side of the piston being greater than the pressure
on the underside, the chemical is forced down by the piston
and injected through the injection tube and regulating
valve into the effluent at the “throat ” of the Venturi tube.
As the flow of the effluent through the Venturi tube pro-
duces a difference of pressure which varies as the square
root of the velocity, the rate of injection will also vary in
the same proportion. The injection is thus in exact pro-
portion to the flow, and any variation of the flow will
automatically cause a corresponding variation in the rate
of injection.

When the chemical re-agent is exhausted, the piston
will be at the bottom of the cylinder, and the pointer at
zero. In order to recharge the cylinder with the chemical,
the three-way cocks must be reversed by means of the hand
lever, thereby cutting off pipes A and B, and simultaneously
connecting the top of the cylinder to the waste pipe, and
the bottom to the supply from the chemical storage tank,
which is fixed at such a height that the head will rapidly
force the piston up and re-fill the cylinder with the chemical.
The three-way valves are then reversed, and the apparatus
is again in full working order. The apparatus shown is
applicable to the treatment of 1000 gallons per hour, and
will only need recharging once per day of 24 hours.

A feature of this apparatus is that it is self-starting,
and should the flow cease, the injection will also automatic-
ally stop, the static head on both sides of the piston being
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equal. There is absolute immunity from danger or oyer-
injection of the chemical by this system, and this is a valu-
able factor in the treatment of potable water. Where
absolutely necessary, the same firm can supply a dechlori-
nating apparatus. By means of the indicator, the works
manager is constantly informed of the exact amount of che-
mical injected, and the scale readings can be compared with
those of a Venturi Meter operated by the same Venturi tube.
This apparatus can be supplied of a larger size, and provided
with automatic re-charging gear for larger installations.

Whatever method may be adopted for applying the
sterilising agent, it is essential in all cases to have a storage
tank to receive the mixture in order to provide time for
the chemical to have full effect. So far as can be ascertained
at present, a storage capacity equal to one hour’s flow of
the liquid to be sterilised will be sufficient under ordinary
circumstances, but provision should be made for thoroughly
mixing the chemical with the effluent and for drawing off
any deposit which may occur in the tank without interfering
with the normal working of the plant.

Although the present volume is devoted entirely to the
disposal of sewage, it may be stated here that in the matter of
sterilisation, the suggestions that have been made apply with
equal force to drinking-water supplies. Where the water
contains a considerable amount of matter in suspension, it
would be advisable to provide means for ample storage and
settlement before passing it through the sterilising plant.

Note— An apparatus for the injection of chlorine solutions for the
purpose of sterilising sewage effluents and drinking water has recently
been brought out by the Candy Filter Co., Ltd., and has for some
months been in practical operation, dealing with 200,000 gallons of
river water per day for an important municipal waterworks in the
country. In this case the installation includes a de-chlorinating pro-
cess, and it is stated that the results of tests in actual work show that
the sterilised water contains neither B. co/z nor free chlorine.
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12

I0

I0



12 E. & F. N. SPON, LmmreD.

Spanish-English Dictionary of Mining Terms.
By F. Lucas. 78 pp. 8vo. (1905) net
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W. T. Harrarr. Fourth edition, 8o pp.
18mo (2906) net

A First Course of Mechanical Drawin (Tra.cmg)
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Mathematical Drawing Instruments. By W. F.
STANLEY. Seventh edltlon, 265 illus, 370 pp
crown 8vo. (1900) ..
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ELECTRICAL ENGINEERING.

Electric Bell Construction. By F. C. ALrsor.
Second edition, 177 illus. 143 pp. crown 8vo. (1900)

Practical Electric Bell Fitting. By F. C. ArLsor,
Tenth edition, 186 illus. including 8 foldmg plates,
185 pp. crown 8vo. (1903)

Telephones : their Construction and Fitting. By
F. C. ALLsor. Exghth edition, 184 illus. 222 pp
crown 8vo. (1909) ..

Thermo-electric Reactions and Currents between
Metals in Fused Salts. By T. ANDREws. 8vo,
sewed. (1896)

Auto-Transformer Design. By A. H. Averv.
25 illus. 60 pp. 8vo. (7909) net

Principles of Electric Power (Continuous Current)
for Mechanical Engineers. By A. H. Bartk.
63 illus, 204 pp. crown 8vo. (1905) (FINsBURY
TecHNICAL MANUAL) net

Practical Construction of Electric Tramways.
By WiLLiam R. Bowker. 93 illus, 119 pp 8vo.

(1903) ... .. net -

Design and Construction of Induction Coils.
By A. F. CoLLiNs. 1355 illus. 272 pp. demy 8vo.
(New York, 1909) ... net

Switchboard Measuring Instruments for Con-
tinuous and Polyphase Currents. By ]. C.
Connan. 117 illus. 150 pp. 8vo, cloth. (1908)

net

Management of Electrical Machinery. By F.B.
Crocker and S. S, WHEELER. Eighth edition,

131 illus. 223 pp. crown 8vo. (New York, 1909)

net
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Electric Lighting: A Practical Exposition of the
Art. By F. B. Crocker. Royal8vo. (New York.)
Vol. I. The Generating Plant. Sixth

edition, 213 illus. 470 pp. (1904) net

Vol. II. Distributing Systems and
Lamps. Second edition, 391 illus.

505 pp. (1905) net

Elementary Telegraphy and Telephony. By
ARrRTHUR CroTcH. 238illus. 223 pp. 8vo. (1903.)
(FinsBury TeEcHNICAL MaNuvaL) ... net

Electricity and Magnetism in Telephone Main-
tenance. By G. W.Cummings. 45 illus. 137 pp.
8vo. (New York, 1908) net

Grouping of Electric Cells. By W. F. DunTon.
4 illus. 50 pp. fcap. 8vo. (1906) ... net

Magnets and Electric Currents. By Prof. J. A.
FLeming. Second edition, 136 illus. 417 pp.
crown 8vo net

Notes on Design of Small Dynamo. By GEORGE
Harripay. Second edition, 8 plates, 8vo. (1895)

Practical Alternating Currents and Power
Tranmission. By N. Harrison. 172 illus.
375 pp. crown 8vo. (New York, 1906) ... net

M‘aking Wireless Outfits. By N. Harrison. 27
illus. 61 pp. crown 8vo, limp. (New York, 1909)
net

Wireless Telephone Construction. By N. Harri-
SoN. 43 illus, 73 pp. crown 8vo, limp. (New
York, 1909) ... net

The Phcenix Fire Office Rules for Electric Light
and Electrical Power Installations. By M.
Heapuy. Thirty-seventh edition, 8vo, sewed.
(1908) ... .

Testing Telegraph Cables. By Colonel V. Hos-
Ki&R. Third edition, crown 8vo. (1889) .

12

12
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Electric Cables, their Construction and Cost.
By D. CovLE and F. ]J. O. Howe. With many
diagrams and 216 tables, 464 pp. crown 8vo,
leather. (In the Press.)

Lon% Distance Electric Power Transmission.
y R. W. HuTcHINsON., 136 illus. 345 pp. crown
8vo. (New York, 1907) net

Theory and Practice of Electric Wiring. By
. S. IBBETSON. 119 illus. 366 pp. crown 8vo.
(2909) ... eee  met

General Rules recommended for Wiring for the
Supply of Electrical Energy. Issued by THE
INsTiTUTION OF ELECTRICAL ENGINEERS. 8VO,
sewed. (Revised, April 1907) e meb

Form of Model General Conditions recom-
mended by ThHe INsTiTUTION OF ELECTRICAL
ENGINEERS for use in connection with Electrical
Contracts. 8vo, sewed. (1906) ... ee met

A Handbook of Electrical Testing. By H. R.
Kempe. Seventh edition, 285 illus. 706 pp. demy
8vo. (1908) ... net

Application of Electricity to Railway Working.
By W. E. LanGpoN. 142 illus. and 5 plates,

347 pp. 8vo. (1897)...

How to Become a Competent Motorman. By
V. B. LIVERMORE an }E] WiLLiams. 45 illus,
252 pp. 12mo. (New York, 1908) ... net

Electromagnets, their design and construction. By
A. N. MansFIELD., 36illus. 155 pp. 18mo, boards.
(New York, 1901) ... net

Telephone Construction, Methods and Cost.
By C. Maver. With Appendices on the cost of
materials and labour by J. C. SLippy. 103 illus.
284 pp. crown 8vo. (New York, 1908) ...  met
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Induction Coils. By N. H. ScuneiDER. Second
edition, 79 illus. 285 pp crown 8vo. (New York,
1901) ... . net

Electric Gas Lighting. By N. H. ScHNEIDER.
57 illus. 101 pp. 12mo. (New York, 1901)... net

How to Install Electnc Bells, Annunciators and
Alarms. By N. H. ScHNEIDER. 59 illus, 63 pp.
crown 8vo, limp. (New York, 1905) net

Modern Primary Batteries, their construction, use
and maintenance. By N. H. ScHNEIDER.
illus. 94 pp. crown 8vo, limp. (New York, 1905)

Practical Engineers’ Handbook on the Care
and Management of Electri¢ Power Plants.
By N. H. ScuHNEIDER. 203 illus. 274 pp. crown
8vo. (New York, 1906) net

Electrical Circuits and Diagrams, illustrated and
explained. By N. H. ScHNEIDER. 8vo, limp.
(New York)

Part 1. 217 illus. 72 pp. (2905) v met
Part 2. 73 pp. (1909) ... net

Electrical Instruments and Testing. By N. H.
ScHNEIDER., Third edition. 133 illus. 239 pp.
crown 8vo. (New York, 1907) e net

Experimenting with Induction Coils. By N. H,
ScHNEIDER. 26 illus. 73 pp. crown 8vo, limp.
(New York, 1906) o net

Study of Electricity for Beginners. By N. H.
SCHNEIDER. 54 1llus, 88 pp crown 8vo, limp.
(New York, 1905) ... we  met

Practical Electrics: a Universal Handybook on
Every Day Electrical Matters. Seventh edition,
126 illus. 135 pp. 8vo. (New York, 1902)... net

The Voltaic Accumulator: an elementary treatise.
By E. REYNIER., Translated from the French by

J. A. BErLY. 62 illus. 202 pp. 8vo
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Dry Batteries: how to Make and Use them. By a
Dry BarTery Expert. With additional notes
by N. H. ScHNEIDER. 30 illus. 59 pp crown 8vo,
sewed. (New York, 1905) . oo | met

The Diseases of Electrical Machinery. By
E. Scuurz. Edited, with a Preface, by Prof.
S. P. THomMPsON, 42 illus. 84 pp. crown 8vo et

Electric Toy-Making. By T. O. Sroane. Fif-
teenth edition, 70 illus, 183 pp crown 8vo. (New
York, 1908) ... “ e  met

Electricity Simplified. By T. O. SroaNe. Tenth
edition, 29 illus, 158 pp crown 8vo. (New York,
1901) . - v e e met

How to become a Successful Electrician. By
T. O. SrLoanNe. Third edition, illustrated, crown
8vo. (New York, 1899) net

Electricity : its Theory, Sources and Applications.
By J. T. Serague. Third edition, 109 illus.
658 pp. crown 8vo. (1892) } net

Telegraphic Connections. By C. TuoM and
W. H.JoNEs. 20 plates, 59 pp oblong 8vo. (New
York, 1892) ... e net

Rontgen Rays and Phenomena of the Anode and
Cathode. By E. P. THompsoN and W. A,
ANTHONY. 105 illus. 204 pp. 8vo. (New York,
1896) ... . N

Dynamo Electric Machinery. By Prof. S. P.
THoMpsoN. Seventh edition, demy 8vo. (Fins-
BURY TECHNICAL MANUAL.)

Vol. I. Continuous-Current Machinery.
With 4 coloured and 30 folding
plates, 573 illus. 984 pp. (1904) net

Vol. I1.  Alternating Current Machinery.
15 coloured and 24 folding plates,
546 illus, goo pp. (1905) net
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Design of Dynamos (Continuous Currents). By
Prof. S. P. THoMPsON. 4 coloured and 8 folding
plates, 243 pp. demy 8vo. (1903)... net

Schedule for Dynamo Design, issued with the
above. 6d. each, 4s. per doz., or 18s, per 100 net

Curves of Magnetic Data for Various Materials.

A reprint on transparent paper for office use of

Plate L from Dynamo Electric Machinery, and
measuring 25 in. by 16 in. ... R ]

The Electromagnet. By C. R. UNDERHILL., 67
illus. 159 pp. crown 8vo. (New York, 1903)  net

Practical Guide to the Testing of Insulated

Wires and Cables. By H. L. Wess. Fifth-

edition, 38 illus. 118 pp. crown 8vo. (New York,
1902) ... .. ‘net

FOREIGN EXCHANGE.

English Prices with Russian Equivalents. By
A. ApiassewIcH. 182 pp.fcap. 32mo, roan. (1908)
net

English Prices with German Equivalents.
English prices per lb., with equivalents in marks
per kilogramme. By St. Koczorowski. 95 pp.
fcap. 32mo, roan. (1909) ... net

English Prices with French Equivalents.
English prices per lb. to francs per kilogramme.
By H. P. McCarRTNEY. g7 pp. 32mo, roan.
(1907) ... net

Principles of Foreign Exchange. By E. MATHE-
soN. Fourth edition, 54 pp. 8vo, sewed. (1905)
net

12
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GAS AND OIL ENGINES.

The Theory of the Gas Engine. By D. CLERK,
Edited by F. E. IpeLL. Third edition, 19 illus.
180 pp. 18mo, boards. (New York, 1903) ... net

The Design and Construction of Oil Engines.
By A. H. GorpingHAM. Second edition, 108
illus. 255 pp. crown 8vo. (New York, 1904)  net

Gas Engine in Principle and Practice. By A. H.
GoLDINGHAM. 107 illus. 195 pp. 8vo, cloth. (New
York, 1907) net

Practical Hand-Book on the Care and Manage-
ment of Gas Engines. By G. LIECKFELD.
Third edition, square 16mo. (New York, 1896) ...

Elements of Gas Engine Design. By S. A, Moss.
197 pp. 18mo, boards. (New York, 1907)... net

Gas Engines and their Troubles. By E. W.
RoBERTSs, with chapters on the Design and Con-
struction of Launches, by Pror. W, F. DuranbD.
38illus. 143 pp. crown 8vo. (New York, 1903) net

Gas and Petroleum Engines. A Manual for Stu-
dents and Engineers. (FinsBury TECHNICAL
ManuaL.) By Prof. W. RosinsoN. Third edition
in preparation

GAS LIGHTING.

Gas Analyst’'s Manual (incorporating Hartley's
“Gas Analyst’'s Manual” and ‘“Gas Measure-
ment”). By J. Apapy. 102 illustrations, 576
pp. demy 8vo. (1902) net

Gas Works : their Arrangement, Construction, Plant
and Machinery. By F. Corver. 31 folding
plates, 134 pp. 8vo. (1884) we  met
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Transactions of the Institution of Gas En-
ineers. Edited by WaLTER T. DUNN, Secretary.

ublished annually. 8vo ... .- net
Lighting by Acetylene. By F. Dve. 75 illus,
200 pp. crown 8vo. (1902) net

A Comtﬁanson of the English and French
ods of Ascertaining the Illuminating

Power of Coal Gas. By A. ]J. Van Ennp-
HOVEN, Illustrated, crown 8vo. 1897)

Gas Lighting and Gas Fitting. By W. P. GERHARD.
Second edition, 1go pp. 18mo, boards. (New York,
1894) ... . vee net

A Treatise on the Comparative Commercial
Values of Gas Coals and Cannels. By D. A,
GraHAM, 3 plates, 100 pp. 8vo. (1882)

The Gas Engineer’s Laboratory Handbook. By
J. HornBy. Second edltlon, 69 illus. 328 pp.
crown 8vo. (1902) . . ee  met

HISTORICAL AND BIOGRAPHICAL.

Extracts from the Private Letters of the late
Sir William Fothergill Cooke, 1836—9, relating
to the Invention and Development of the Electric
Telegraph; also a Memoir by LATIMER CLARK.
Edited by F. H. Wess. Sec. Inst.E.E. 8vo. (1895)

A Chronolog]'ay of Inland Navigation in Great
Britain. By H. R. DE SaLis, Crown 8vo. (1897).

A History of Electric Telegraphy to the year
1837. By] ] Famnie. 35 illus. 542 pp crown 8vo.
(1889) ..

History and Development of Steam Locomotion
on Common Roads. By W. FLETCHER. I0g
illus. 288 pp. 8vo

10
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Life as an Engineer: its Lights, Shades, and
Prospects. By ]J. W. C. HaLpaNE. 23 plates,
338 pp. crown 8vo (1905) . e net

Philipp Reis, Inventor of the Telephone: a Bio-
graphical Sketch. By Prof. S. P. THoMPSON.
8vo, cloth. (1883) . .- .

The Development of the Mercurial Air Pump.
By Prof. S. P. Tuompson. Illustrated, royal 8vo,
sewed. (1888) .

HOROLOGY.

Watch and Clock Maker's Handbook, Dic-
tionary and Guide. By F. ]J. BRITTEN. ’Tenth
edition, 450 illus. 492 pp. crown 8vo. (1902) net

The Spnngmg and Adjusting of Watches. By
RITTEN. 75 illus. 152 pp. crown 8vo.
(1898) net

Prize Essay on the Balance Spring and its Iso-
chronal Adjustments. By M. ImMiscu. 7 illus.
50 pp. crown 8vo, (1872) ...

HYDRAULICS AND HYDRAULIC
MACHINERY.

(See also WATER SuPPLY.)

Pumps: Historically, Theoretically and Practically
Considered. By P. R. BjdrLING. Second edition,
156 illus, 234 pp. crown 8vo. (1895) .

Pump Details. By P. R. Bjoruing. 278 illus.
211 pp. crown 8vo. (1892)

6
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Pumps and Pump Motors: A Manual for the use
of Hydraulic Engineers. By P. R. BjorrING.
Two vols. 261 plates, 369 pp. royal gto. (1895)

net

Practical Handbook on Pump Construction.
By P. R. BjdrLiNG. Second edition, ¢ plates,
90 pp. crown 8vo. (1904) .. .

Water or Hydraulic Motors. By P. R. BJoRuNG
206 illus. 287 pp. crown 8vo. (1903) ...

Hydraulic Machinery, with an Introduction to
Hydraulics. By R. G. BraiNe. Second edition
with 307 illus. 468 pp. 8vo. (FinsBury TECHNICAL
Manvar). (1905) ... net

Practical Hydraulics. By T. Box. Fifteenth
edltlon, 8 plates, 88 pp. crown 8vo. (1909)  met

Hydrauhc Steam, and Hand Power Lifting and
Pressmg Machmery By F. CoLyEr. Second
edition, 88 plates, 211 pp.imperial 8vo. (1892) net

Pumps and Pumping Machinery. By F. CoLvEr.
Vol. I. Second edition, 53 plates, 212 pp 8vo.
(1892) .. net

Vol. II. Second edltlon, 48 plates, 169 pp 8vo.
(1900) .. net

Construction of Horizontal and Vertical Water-
wheels. By W.CuLLEN. Second edition, small
4to. (1871) ...

Tables giving Hydraulic Mean Depth and Area
of ércular ewers. By R. DE SaLis. 8vo,
sewea ... vos eee

Donaldson’s Poncelet Turbine and Water Pres-
sure Engine and Pump. By W. DoNALDSsON.
4to, (1883) .

Principles of Construction and Efficiency of
aterwheels. By W. DonaLpson. 13 1llus,
94 pp. 8vo. (1876) ..
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Practical Hydrostatics and Hydrostatic Formulz.
By E. S. GouLp. 27 illus. 114 pp. 18mo, boards.
(New York, 1903) net

Hydraulic and other Tables for purposes of
Sewerage and Water Supply. By T. HENNELL.
Third edition, 70 pp. crown 8vo. (1908) net

Hydraulic Tables for finding the Mean Velocity and
Discharge in Open Channels. By T. HicHawMm.
Second edition, go pp. super-royal 8vo. (1898)...

Tables for Calculating the Discharge of Water
in Pipes for Water and Power Supplies. In-
dexed at side for ready reference. By A. E. SiLk.
63 pp. crown 8vo. (1899) ...

Simple Hydraulic Formule. By T. W. StoxE.
g plates, g8 pp. crown 8vo, (1881)

INDUSTRIAL CHEMISTRY AND
MANUFACTURES.

Perfumes and their Preparation. By G. W.
AskinsoN. Translated trom the Third German
Edition by I. Fuest. Third edition, 32 illus.
312 pp. 8vo. (New York, 1907) net

Brewin% Calculations, Gauging and Tabulation.
By C. H. BaTer. 340 pp. 64mo, roan, gilt edges.

(1897) ... net

A Pocket Book for Chemists, Chemical Manu-
facturers, Metallurgists, Dyers, Distillers, etc.
By T. BavLey. Seventh edition, 550 pp. royal
32mo, roan, gilt edges . net

Practical Receipts for the Manufacturer, the
Mechanic, and for Home use. By Dr. H. R.
BerRkeLEY and W. M. WALKER. 250 pp. demy
8vo, (1902) ... net

12
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A Treatise on the Manufacture of Soap and
Candles, Lubricants and Glycerine. By W, L.,
CArPENTER and H. LEask. Second edition,
104 illus. 456 pp. crown 8vo. (1895) ...

A Text Book of Paper Making. By C. F. Cross
and E. J. Bevan, Third edition, g7 illus. 411 pp.
crown 8vo. (1907) . -

C.B.S. Standard Units and Standard Paper
Tests. By C. F. Cross, E. ]J. BEvan, C. BEADLE
and R. W, SiNpALL. 25 pp. crown 4to. (1903)

net

Soda Fountain Requisites. A Practical Receipt
Book for Druggists, Chemists, etc. By G. H.
DusgLLe. Third edltlon, 157 pp crown 8vo.
(New York, 1905) ... net

The Chemistry of Fire and Fire Prevention. By
H. and H. INGLE. 45 illus. 290 pp. crown 8vo.
(1900) w. ool e e e

Ice-Making Machines. By M. Lepoux and others.
Sixth edition. 190 pp. 18mo, boards. (New
York, 1g06) ... . . net

Brewing with Raw Grain. By T. W. LoviBonD,
75 pp. crown 8vo. (1883) .. .

Sugar, a Handbook for Planters and Refiners.
By the late J. A, R. Newranps and B. E. R.
NEWLANDS, 236 illus, 876 pp demy8vo (London,
1909) . net

Pnncnples of Leather Manufacture. By Prof.
H. R. ProcTER. 101 illus. 520 pp. medium 8vo net

Leather Industries Laboratory Handbook of
Analytical and Experimental methods. By H. R.
ProcTER. Second edition, 4 plates, 46 illus,
450 pp. demy 8vo. (1908) ... e net

Theoretical and Practical Ammonia Refrigera-
tion. By I. I. Repwoop. Sixth thousand,
15 illus. 146 pp. square 16mo. (New York, 1909) net

12°
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Breweries and Maltings. By G. ScamMMeLL and
F. CoLyer. Second edition, 20 plates, 178 pp.
8vo. (1880) . net

Factory Glazes for Ceramic Engineers. By
H. Rum-BerLrow. Folio. Series A, Leadless
Sanitary Glazes. (1908) ... e met

Text Book of Physical Chemistry. By C. L.
SpEVERs. 224 pp. demy 8vo. (New York, 1898)

Spons’ Encyclopadia of the Industrial Arts,
Manufactures and Commercial Products.
1500 illus. 2100 pp. super-royal 8vo.

In 2 Vols. cloth

Pigments, Paints and Painting. By G. Terrv.
49 illus. 392 pp. crown 8vo. (1893)

Tables for the Quantitative Estimation of the
Sugars By E. WeIN and W. Frew. Crown 8vo.
(1896) ..

Workshop Receipts. For the use of Manu-
facturers, Mechanics and Scientific Amateurs.
New and thoroughly revised edition, crown 8vo.

(1909) ... each net
Vol. 1. ACETYLENE LIGHTING to DRYING.

223 illus. 532 pp.
Vol, II. DvEING fo JAPANNING. 259 illus.

540 pp-
. Vol. III. JoinTING PirEs #o Pumes.

Vol. IV.

Practical Handbook on the Distillation of Alco- .

hol from Farm Products. By F.B. WriGHT.
Second edition, 60 illus. 271 pp crown 8vo. (New
York, 1907) ... . net

The Manufacture of Chocolate and other Cacao
Preparations. By P. ZippERER. Second edition,
87 illus. 280 pp. royal 8vo. (1902) net
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IRRIGATION.

The Irrigation Works of India. By R. B.
BuckLey. Second edition, with coloured maps
and plans. 336 pp. 4to, cloth. (1905) . net

Facts, Figures, and Formulz for Irrigation
Engmeers. By R. B. BuckLey. With illus.
239 pp. large 8vo. (1908) .. net

Irrigated India. By Hon. ALrrep DeakiN, With
Map, 322 pp. 8vo. (1893) ..

Indian Storage Reservoirs, with Earthen Dams.
By W. L. STrRaNGE. 14 plates and 353 illus. 379
pp. demy 8vo. (1904) net

Irrigation Farming. By L. M. WiLcox. Revised
edltlon, 113 illus. 494 pp crown 8vo. (New
York) . e . net

Egyptian Irrigation. By Sir W. WiLLcocks.
Second edition out of Print.

A few copies of the Fivst Edition (1889) are still to
be had. Price 15s. ne’.

The Nile Reservoir Dam at Assuan, and After.
By Sir W. WiLLcocks. Second edition, 13 plates,
super-royal 8vo. (1903) ... net

The Assuian Reservoir and Lake Moeris. By
Sir W. WirLcocks. With text in English,
French and Arabic. 5 plates, 116 pp. super-
royal 8vo. (1904) ... net

The Nile in 1904. By Sir W. WiLLcocks.
30 plates, 200 pp. super-royal 8vo. (1904) net
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LOGARITHM TABLES.

Aldum’s Pocket Folding Mathematical Tables.
Four-figure logarithms, and Anti-logarithms,
Natural Sines, Tangents, Cotangents, Cosines,
Chords and Radians for all angles from 1 to go
degrees. On folding card. Net 4d. 20 copies,
net 6s.

Tables of Seven-figure Logarithms of the Natural
Numbers from 1 to 108,000. By C. BABBAGE.
Stereotype edition, 8vo . .

Short Logarithmic and other Tables. By W. C.
UnwiN. Fourth edition, small 4to

A. B. C. Five-figure Logarithms for general use,
with lateral index for ready reference. By C.
Woopwarp. Second edition, with cut lateral
Index, 116 pp. 12mo, limp leather net

“

MARINE ENGINEERING

AND NAYAL: ARCHITECTURE.

Marine Propellers. By S. W. Barnasv. Fifth
edition, 5 plates, 56 illus. 185 pp. demy 8vo.

(1908) .. net
Marine Engmeer’s Record Book: Engines.
By B. C. BarTLEY. 8vo, roan ... net

The Engineer's and Draughtsman’s Data Book
for Workshop and Office Use, Third edltlon,

crown 8vo, roan

Yachting Hints, Tables and Memoranda. By A.C.
FrankLIN. Waistcoat pocket size, 103 pp. 64mo,
roan, gilt edges net
Ditto ditto in celluloid case #et
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Steamship Coefficients, Speeds and Powers.
By C. F. A. Fyre. 31 plates, 280 pp. fcap. 8vo,
leather. (1907) net

Steamshnps and Their Machinery, from first to
last. By J. W. C. HALDANE, 120 illus. 532 pp
8vo. (1893) .

Tables for Constructing Ships’ Lmes. By
A. Hocg. Second edition, 8vo ...

- Submarine Boats. By G. W. HovGaarp. 2 plates,
98 pp. crown 8vo. (1887) ..

Tabulated Weli‘hts of Angle, Tee, Bulb, Round,
Square, and Flat Iron and Steel for the use of
Naval Architects, Ship-builders, etc. By C. H.
{:ORDAN Fifth edition, 579 pp. royal 32mo,

rench morocco, gilt edges. (1896) - ot

Particulars of Dry Docks, Wet Docks, Wharves,
etc. on the River Thames. Compiled by C. H.
Jorpan. Second edition, 7 coloured charts, 103
pp. oblong 8vo. (1904) ... net

Marine Transport of Petroleum. By H. LiTTLE.
66 illus, 263 pp. crown 8vo. (1890) .-

Questions and Answers for Marine Engineers,
with a Practical Treatise on Breakdowns at Sea.
By T. Lucas. 12 folding plates, 515 pp. gilt
edges, crown 8vo. (New York, 1902) nes

Reed’s Examination Papers for Extra First
Class Engineers. Fourth edition, 14 plates and
188 illus. 550 pp. 8vo. (1902) net

Reed’s Engineers’ Handbook to the Board of
Trade Examinations for certificates of Com-
petency as First and Second Class Engineers,
Nineteenth edmon, 37 plates, 358 illus. 696 pp.
8vo .. net
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Reed’s Polyglot Guide to the Marine Engine, in
English, French, German and Norsk. Second
edition, oblong 8vo. (1900). net

Reed's Marine Boilers. Second edition, crown 8vo
net

Reed’'s Useful Hints to Sea-%'omg Engineers.
Fourth edltlon, 8 plates, 50 llus 312 Pp. crown

8vo. (1903) . net

Naval Architects’ and Engineers’ Data Book.

By T. H. Watson. Fcap. 8vo, cloth ... net
MATERIALS.

Practical Treatise on the Strength of Mateérials.
By T. Box. Fourth edition, 27 plates, 536 pp
8vo. (1902) . e -

Treatise on the Origin, Progress, Prevention
and Cure of Dry Rot in Timber. By T. A.
BriTTON. 10 plates, 519 pp. crown 8vo. (1875)

Twenty Years’ Practical Experience of Natural
Asphalt and Mineral Bitumen. By W. H.
Derano. 33 illus. 73 pp. crown 8vo, parchment,
(1898) v~ e e e e

Stone: how to get it and how to use it. By Major-
Gen. C. E. Luarp, R.E. 8vo, sewed. (1890) ...

Testing of Pipes and Pipe-joints in the Open
Trenches. By M. M. PaTersoN. 8vo, sewed
(I879) v i e e e

Lubricants, Oils and Greases. By I. I. REbwoon.
3 plates, 8vo. (1898)

Practical Treatise on Mineral Oils and their
By-Products. ByI. I. REpwoop. 67111us 336pp
demy 8vo. (1897) ... o
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Silico-Calcareous Sandstones, or Building Stones
from Quartz, Sand and Lime, By E. STOFFLER.
5 plates, 8vo, sewed. (1901) net

Proceedings of the International Association
‘for Testing Materials. English edition.
Issued irregularly. Price varies.

MATHEMATICS.

Imagina uantities. By M. Arcanp. Trans-
lated by Pror. HarRDY. 18mo, boards. (New York)
net

Text Book of Practical Solid Geometry. By
E. H. pe V. ATkinsoN. Revised by Major B. R.
Warp, R.E. Second edition, 17 plates, 8vo.
(1901) ...

Quick and Easy Methods of Calculating, and
the Theory and Use of the Slide Rule. By
R. G. Braine. Third edition, 6 illus. 152 pp.
16mo, leather cloth, (7907) .

Symbolic Algebra, or the Algebra of Algebraic
Numbers., By W. CaIN. 18mo, boards. (New
York) . net

Nautical Astronomy. By ]J. H. CoLviN. 127 pp.
crown, 8vo. (1901) . net

Ghemical Problems. By ].C. Fove. Fourth edition,
141 pp. 18mo, boards. (New York, 1898)... net

Primer of the Calculus. ByE. S. Gourp. Second
edition, 24 illus. 122 pp. 18mo, boards. (New
York, 1899) ... net

Elementary Treatise on the Calculus for Engineer-
ing Students. By ]. Granam. Third edition,
276 pp. crown 8vo. (1905). (FinsBury TECHNICAL
MaNvAL)
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Manual of the Slide Rule. By F. A. Hatsev.
Second edition, 31 1llus 84. pp. 18mo, boards.

(New York, 1901) ... - we  met

Reform in Chemical and Physical Calculations.
By C. J. T. HansseN. 4to. (1897) e et

Algebra Self-Taught. By P. Hicgs. Third edltxon,
104 pp.crown 8vo. (1903) ..

Galvanic Circuit investigated Mathematically.
By G. S. Oum. Translated by WiLLiam Francis.
269 pp. 18mo, boards. (New York, 1891) ... net .

Elementary Practical Mathematics. By M. T.
ORMSBY. 420 pp. demy 8vo. (1900) ... net

Elements of Graphic Statics. By K. Von OrT.
Translated by G. S. CLarRke. g3 illus. 128 pp.
crown 8vo. (1901) ...

anure of the Earth. By F. C. RoBErTs. 18mo,
boards. (New York) ... net

Arithmetic of Electricity. By T. O'C. SrLoanEe.
Thirteenth edition, crown 8vo. (New York,
1901) ... net

Graphic Method for Solving certain Questions
in Arithmetic or Algebra. By G. L. Vosk.
Second edition with 28 illus. 62 pp. 18mo, boards.
(New York, 1902) ... - net

Problems in Electricity. A Graduated Collection
comprising all branches of Electrical Science.
By R. WeBeR. Translated from the French by
E. A. O'Keere. 34 illus, 366 pp. crown 8vo.
(1902). e met
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MECHANICAL ENGINEERING.

SteaM ENGINES AND BOILERS, ETC.

Handbook for Mechanical Engineers. By Hy.
Apams. Fourth edition, 426 pp. crown 8vo.
(1897) net

Appleby’'s Handbooks of Machinery. Many
illustrations, 8vo. Sections 2, 3, 4 and 6...  each

Section §... .
Section 1.—Prime Movers. Ouwt of Print.
Section 2.—Hoisting Machinery, Winding Engines, etc.
Section 3.—Pumping Machinery and Pumping Engines.
Section 4.—Machine Tools and Accessories.

Section 5.—Contractors’ Plant and Railway Materials.

Section 6.—Mining, Colonial and Manufacturing Machinery.

Engineers’ Sketch Book of Mechanical Move-
ments. By T. W. Barser. Fifth editioh, 3000
illus. 355 pp. 8vo. (1906) ... net

The Repair and Maintenance of Machinery. By
T. W. Barper. 417 illus. 476 pp. 8vo. (1895)...

Slide Valve and its Functions, with special
reference to Modern Practice in the United
States. By ]J. BecTrupr. go diagrams, 146 pp.
medium 8vo. (New York,1902) ... net

Practical Treatise on Mill Gearing. By T. Box.
Fifth edition, 11 plates, 128 pp. crown 8vo.
(1892) ...

Safety Valves. By R. H. BueLL. Third edition,
20 illus. 100 pp. 18mo, boards. (New York, 1898)
net

Machine Design. By Prof. W, L. CATHCART.
Part I. FasTENINGs. 123 illus. 291 pp.
demy 8vo. (New York, 1903) ... net
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Chimney Design and Theory. By W. W,
CHrisTIE. Second edition, 54 illus. 192 pp.
crown 8vo. (New York, 1902) net

Furnace Draft: its Production by Mechanical
Methods. By W. W, CHrisTIE. 5 illus. 8o pp.
18mo, boards. (New York, 1906) ... net

Working and Management of Steam Boilers
and Engines. By F. CoLyEr. Second edition,
108 pp. crown 8vo. (1902)

The Stokers’ Catechism. By W. ]. Connor.
63 pp. limp cloth. (1906) ... net
Treatise on the use of Belting for the Transmission
of Power. By ]. H. CooPEr. Fifth edition, g4 illus.
399 pp. demy 8vo. (New York, 1901) ... net

The Steam Engine considered as a Thermo-
dynamic Machine. By]. H. CorteriLL. Third
edition, 39 diagrams, 444 pp. 8vo. (1896)

Fireman's Guide, a Handbook on the Care of
Boilers. By K. P. DanrsTrom.  Ninth edition
fcap. 8vo. (New York, 1902) net

Diseases of a Gasolene Automobile, and How to
Cure Them. By A. L. Dyke and G. P. Dorris.
127 illus, 201 pp. crown 8vo. (New York, 1903) net

Belt Driving. By G. HaLLipay. 3 folding plates,
100 pp. 8vo. (1894) .

Worm and Spiral Gearing. By F. A. HaLsev.
13 plates, 85 pp. 18mo, boards. (New York) net

‘Commercial Efficiency of Steam Boilers. By
A. HansseN, Large 8vo, sewed. (1898)

Corliss Engine. By ].i T. HentHorN. Third
edition, 23 illus. 95 pp. square 16mo. (New York,
1904) ..” . e e
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Liquid Fuel for Mechanical and Industrial Purposes.
By E. A. BravLey HoDGETTs. 106 illus. 129 pp.
8vo. (1890) ...

Elementary Text-Book on Steam Engines and
Boilers. By ]J. H. KineaLy. Fourth edition,
106 illus, 259 pp. 8vo. (New York, 1903) ...  net

Centrifugal Fans. By ]J. H. KineaLy. 33 illus.
206 pp. fcap. 8vo, leather. (New York, 1905) net

Mechanical Draft. By ]J. H. KiNeaLy. 27 original
tables and 13 plates, 142 pp crown 8vo. (New
York, 1906) ... - net

The A.B.C. of the Steam Engine, with a
description of the Automatic Governor. B
J. P.Lisk. 6 plates, 12mo. (New York, 1902) net

Valve Setting Record Book By P. A. Low. 8vo,
boards...

The Lay-out of Corliss Valve Gears. By S. A.
Moss. Second edition, 3 plates, 108 pp. 18mo,
boards. (New York, 1906) . v net

Steam Boilers, their Management and Working.
By ]J. Peartie. Fifth edltlon, 5 illus. 230 pp.
crown 8vo. (1906) .. . we  met

Treatise on the Richards Steam Engine Indi- -

cator. By C. T. PorTER. Sixth edition, 3 plates
and 73 diagrams, 285 pp. 8vo. (1902) .

Practical Treatise on the Steam Engine. By
A. Ricc. Second edition, 103 plates, 378 pp
demy 4to. (1894) - o

Slide Valve Simply Explained. By W. ]J. Ten-
NANT. Revised by J. H. KineaLy. 41 illus.
83 pp. crown 8vo. (New York, 1899) ... net

Shaft Governors. By W. Trinks and C. Hoosum.
27 illus. 97 pp. 18mo, boards. (New York, 1905)

net
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Slide and szton Valve Geared Steam Engines.
By W. H. UnLaNnD. 47 platesand 314 illus. 155 pp
Two vols. folio, half morocco. (1882) ...

How to run Engines and Boilers. By E. P.
Watson. Fifth edition, 31 illus. 160 pp crown
8vo. (New York, 1904) . .

Position Diagram of Cylinder with Meyer Cut-
off. By W. H. WEeiGcHTMAN, On card. (New

York) ... net

Practical Method of Designing Slide Valve
Gearing. ByE. J. WELcH. 69 dlagrams 283 pp
Crown 8vo. (1890) ..

Elements of Mechanics. By T. W. WRrIGHT.
INustrated, 372 pp. 8vo. (New York, 1896) .

METALLURGY.

IRON AND STEEL MANUFACTURE.

Life of Railway Axles. By T. Anprews. 8vo,
sewed. (1895)

Microscopic Internal Flaws in Steel Rails and
Propeller Shatfts. ByT ANDREWS, 8wo, sewed.
(2896) ..

Microscopic Internal Flaws, Inducing Fracture
in Steel. By T. AnDrEws. 8vo, sewed. (1896)

Relations between the Effects of Stresses slowly
applied and of Stresses suddenly applied in the
case of Iron and Steel: Comparative Tests
with Notched and Plain Bars. By P. Breuir.
23 plates and 60 illus. 151 pp. 8vo. (1904) net

Brassfounders’ Alloys. By ]. F. Bucuanan. Illus-
trated, 129 pp. crown 8vo. (1905) net

I0



E & F. N. SPON, Lmlm

Foundry Nomenclature. The Moulder’s Pocket
Dictionary and concise guide to Foundry Prac-
tice. By Joun F. Bucuanan. Illustrated, 225 pp.
crown 8vo. (1903) .. e net

American Standard Specifications for Steel. By
A. L. CoLBy. Second edition, revised, 103 pp.
crown 8vo. (New York, 1902) eeo  met

Galvanised Iron: its Manufacture and Uses. By
J. Davies. 139 pp. 8vo. (1899) ... net

Management of Steel. By G. Epe. Seventh
edition, 216 pp. crown 8vo. (1903) .

Galvanising and Tinning, with a special Chapter
on Tinning Grey Iron Castings. By W. T.
FrLanDERs. 8vo. (New York) ... net

Cupola Furnace. A practical treatise on the
Construction and Management of Foundry
Cupolas. By E. Kirk. Second edition, 78 illus.
450 pp. demy 8vo. (New York, 1903) ... net

Practical Notes on Pipe Founding. By J. W.
MACFARLANE. 15 plates, 148 pp. 8vo

Atlas of Designs concerning Blast Furnace
Practice. By M. A. PavLorr. 127 plates, 14 in.
by 10} in. oblong, sewed. (1902) ... net

Album of Drawings relating to the Manufacture:

of Open Hearth Steel. By M. A. PavLoFr.
Part I. Open ‘Hearth Furnaces. 352
plates, 14 in. by 10% in. oblong folio in
portfolio. (1904) net

Modern Foundry Practice. Including revised
subject matter and tables from SPRETSON’s
¢ Casting and Founding.” By ].Suarr. Second
edition, 272 illus, 759 pp. 8vo. (1905) ... net

Roll Turning for Sections in Steel and Iron.
By A. SpENCER. Second edition, 78 plates, 4to.
(1894) ... e e e e
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METRIC TABLES.

French Measure and English Equivalents. By
J. Brook. Second edltlon, 80 pp. fcap. 32mo,
roan. (1906)... net

A Dictionary of Metric and other useful Measures.
By L. CLark. 113 pp. 8vo. (1891)

English Weights, with their Equivalents in
kilogrammes per cent. By F. W. A, Logan.
96 pp. fcap. 32mo, roan. (1906) . net

Metric Weights with English Equivalents. By
H. P. McCarTNEY. 84 pp. fcap. 32mo. (1907)

net
Metric Tables. By Sir G. L. MoLesworTH. Fourth
edition, g5 pp. royal 32mo. (1909) net

Tables for Setting out Curves from 200 metres
to 4000 metres by tangential angles. By H.
WIiLLIAMSON. 4 illus. 60 pp. 18mo. (7908)  net

MINERALOGY AND MINING.

Rock Blasting. By G. G. ANDRE. 12 plates and
56 illus. in text, 202 pp. 8vo. (1878) ...

Winding Plants for Great Depth. By H. C.
Benr. In two parts. 8vo, sewed. (1902) met

Practical Treatise on Hydraulic Mining in
California. By A. ]J. Bowig, Jun. Tenth
edition, 73 illus. 313 pp royal 8vo. (New York,
1905) ... net

Manual of Assaying Gold, Silver, Copper and
Lead Ores. By W. L. Brown. Twelfth edition,
132 illus. 589 pp.crown 8vo. (New York, 1907) net
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Fire Assaying. By E. W. BuskeTrT. 69 illus.
105 pp. crown 8vo, (New York, 1907) ... net

Tin : Describing the Chief Methods of Mining, Dress-
ing, etc. By A. G. CHARLETON. 15 plates, 83 pp.
crown 8vo. (I1884) ... e

Gold Mining and Milling in Western Australia,
with Notes upon Telluride Treatment, Costs and
Mining Practice in other Fields. By A. G.
CHARLETON, 82 illus. and numerous plans and
tables, 648 pp. super-royal 8vo. (1903) ... net

Miners’ Geology and Prospectors’ Guide. By
G. A. CorDER. 29 plates, 224 pp. crown 8vo.
(1907) .. net

Blasting of Rock in Mines, Quarries, Tunnels,
etc. By A.W.andZ. W, Daw. Second edition,
go illus. 316 pp. demy 8vo. (1909) net

Handbook of Mineralogy; determination and de-
scription of Minerals found in the United States.
By]. C. Fove. 18mo, boards. (New York, 1886)

net

Conversations on Mines. By W. Horron. Ninth
edition, 33 illus. 356 pp. crown 8vo. (1891)

Our Coal Resources at the End of the Nineteenth
Century By Prof. E. HuLL. 157 pp. demy 8vo.
(1897) .

Simple Rules for the Discrimination of Gems.
By T. S. G. KIRKPATRICK. 16mo, leather. (1895)

Hydraulic Gold Miners’ Manual. By T. S. G.
KirkpaTRICK. Second edltlon, 12 illus. 46 pp
crown 8vo. (1897) .

Economic Mining. By C. G. W. Lock. 175 illus.
680 pp. 8vo. (1895) net

Gold Milling : Principles and Practice. ByC.G. W.
Lock. 200 illus. 850 pp. demy 8vo. (1901)  net
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Mining and Ore-Dressing Machinery. By
C. G. W. Lock. 639 illus. 466 pp. super-royal 4to.
(1890) ...

Miners’ Pocket Book. By C. G. W. Lock. Fifth
edition, 233 illus. 624 pp. fcap. 8vo, roan, gilt
edges. (1908) .. met

Tests for Ores, Minerals and Metals of Com-
mercial Value. By R. L. McMECHEN. 152pp.
12mo. (New York, 1907) ... net

Practical Handbook for the Working Miner
and Prospector, and the Mining Investor. - By
J. A, MiLLer. 34 illus. 234 pp. crown 8vo.
(1897) ...

Theory and Practice of Centrifugal Ventilating
Machines. By D. Murcue. 7 illus, 81 pp. 8vo.
(1888) ... ..

Examples of Coal Mining Plant. By ]. Povey-
HarpPer. Second edition, 40 plates, 26 in. by
20 in. (1895) . net

Examples of Coal Mining Plant, Second Series.
By ]J. Povey-HaRPER. 10 plates, 26 in. by 20 in.
(1902) ... . e e e e met

ORGANISATION.

AccouNTs,"CONTRACTS AND MANAGEMENT,

Organisation of Gold Mining Business, with
Specimens of the Departmental Report Books
and the Account Books. By NicoL Brown.
Second edition, 220 pp. fcap. folio. (1903)  net

Manual of Engineering Specifications and Con-
tracts. By L. M. Haurt. Eighth edition, 338 pp.
8vo. (New York, 1900) net
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Deprecxatlon of Factories, Mines, and Industrial
Undertakings, and their Valuation. By E.
MaTtHEsON.  Fourth edition in the Press.

Aid Book to Engineering Enterprise. By E.
MaTtHesoN. Third edition, 916 pp. 8vo, buckram.
(1898) ...

Office Management. A handbook for Architects
and Civil Engineers. By W. Kave Parry.
New impression, 187 pp. medium 8vo. (1908) net

-Commercial Organisation of Engineering Fac-
tories. By H. Spencer. 92 illus. 221 pp. 8vo.
(Z907) ... © . e e . met

 PHYSICS.

CoLoUuRr, HEAT AND EXPERIMENTAL SCIENCE.

The Entropy Diagram and its Applications. By
M. ]J. Bourvin. 38illus, 82 pp. demy 8vo. (1898)

Physical Problems and their Solution. By A.
BourcougNoN. 224 pp. 18mo, boards. (New
York, 1897) v net

Heat for Engineers. ByC. R. DarriNG. 110illus,
430 pp. 8vo. (1908) (FinsBury TEcHNICAL
ManvaL) o net

The Colourist. A method of determining colour
harmony. By J.A. H. Hatt. 2 coloured plates,
8o pp. 8vo. (New York, 1908) net

Engineering Thermodynamics. By C. F. Hirscr-
FELD. 227illus. 1 57 pp 18mo, boards. (New York,
1907) . net

Expenmental Science: Elementary, Practical and
Experimental Physics. By G. M. Horkins,
Twenty-third edition, 920 illus. 1100 pp large 8vo.
(New York, 1902) net
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Reform in Chemical and Physical Calculations.
By C. J. T. HansseN. Demy 4to. (1897)  met

Introduction to the Study of Colour Phenomena.
By J. W. LoviBoND. 10 hand coloured plates,
48 pp. 8vo. (1905) ... net

Practical Laws and Data on the Condensation
of Steam in Bare Pipes; to which is added a
Translation of PECLET’S ’l’heory and Experi-
ments on the Transmission of Heat through In-
sulating Materials. By C. P. PauLpING. 184
illus. 102 pp. demy 8vo. (New York, 1904) net

The Energy Chart. Practical application to
reciprocating steam-engines, By Captain H. R.
SANKEY. 157 illus. 170 pp. 8vo. (1907) ... net

PRICE BOOKS.

Approximate Estimates. By T. E. CoLEMAN.
Third edition, 481 pp. oblong 32mo, leather.
(1907) o e e nat

Railway Stores Price Book. By W. O. Kewmp-
THORNE. 500 pp. demy 8vo. (1909) ... net

Spons’ Engineers’ Price Book. A Synopsis of
Current Prices and Rates for Engineering Ma-
terials and Products. Edited by T. G. MarLow.
650 pp. folio. (1904)... net

Spons’ Architects’ and Builders’ Pocket Price-
Book, Memoranda, Tables and Prices. Edited
by CLypE YounNG. Revised by StanrForp M.
Brooks., Illustrated, 552 pp. 16mo, leather cloth
(size 6} in. by 3% in. by % in. thick). Issued
annually net
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RAILWAY ENGINEERING.

Railroad Curves and Earthwork. By C. F.
ALLeN. Third edition, 4 plates, 198 pp. 12mo,
leather, gilt edges. (New York, 1903) ... net

Field and Office Tables, specially applicable to
Railroads. By C. F. ALLEN. 293 pp. 16mo,
leather. (New York, 1908) ... net

The two above combined in one vol. limp leather ... net

Up-to-date Air Brake Catechism. By R. H.
BrackaLL. Eighteenth edit. 5 coloured plates, g6
illus. 305 pp. crown 8vo. (New York, 1903) net

Simple and Automatic Vacuum Brakes. By C.
Briges, G.N.R. 11 plates, 8vo. (1892)

Notes on Permanent-way Material, Plate-laying,
and Points and Crossings. By W. H. CoLE.
Fifth edition, 32 plates, 176 pp. crown 8vo. (1905)

net

Statistical Tables of the Working of Railwa;
in various countries up to the year 19o4. By
. D. Diacomipis, Second edition, 84 pp. small
folio, sewed.  (1906) net

Locomotive Breakdowns, Emergencies and their
Remedies. By Geo. L. FowLERr, M.E.and W. W.
Woop, Fifth edition, g2 illus. 266 pp. 12mo.
(New York, 1908) net

Permanent-Way Diagrams. By F. H. FRrere.
Mounted on linen in cloth covers. (1908) net

Formule for Railway Crossings and Switches.
By J. GLovER. g illus. 28 pp. royal 32mo. (1896)

Setting out of Tube Railways. By G. M. HaLDEN.
9 plates, 46 illus. 68 pp. crown 4to. (1907)  met

Railway Engineering, Mechanical and Electrical.

By J: W. C. HaLpaNe. 141 illus. 563 pp. 8vo.
(1897) ...
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Tables for setting-out Railway Curves. By C. P.
Hoagag. A series of cards in neat cloth case

The Construction of the Modern Locomotive.
By G. HugHEes. 300 illus. 261 pp. 8vo. (1894)

Practical Hints for Light Railways at Home and
Abroad. By F. R. JounsoN. 6 plates, 31 pp.
crown 8vo. (1896) ...

Handbook on Railway Stores Management. By
W. O. KEMPTHORNE. 268 pp.demy 8vo. (1907)

net
Railway Stores Price Book. By W. O. Kewmp-
“THORNE. 500 pp. demy 8vo. (1909) ... net

Tables for setting out Curves for Railways, Roads,
Canals, etc. By A. KEnNEDY and R. W, Hack-
WOOD. 32mo ... net

Railroad Location Surveys and Estimates. By
F. Lavis. 68illus. 270 pp. 8vo. (New York, 1906)

net

Tables for Computing the Contents of Earth-
~work in the Cuttings and Embankments of
Railways. By W. MacGreGor. Royal 8vo

Bridge and Tunnel Centres. By J. B. MCMASTERs.
Illustrated, 106 pp. 18mo, boards. (New York,
1893) ... net

Pioneering. By F. Suerrorp. Illustrated, 88 pp.
crown-8vo. (1909) ... net

Handbook on Railway Surveying for -Students
and Junior Engineers, By B. STEwArT. 355
illus. 98 pp. crown 8vo. (1909) ... net

Spiral Tables. By J. G. SuLLivaN. 47 pp. I2mo,
leather. (New York, 1908) ... net

Modern British Locomotives. By A. T. TavLor.
100 diagrams of principal dimensions, 118 pp.
oblong 8vo. (1907) ... net
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Locomotive Slide Valve Settmg By C. E. TuLLy.
Illustrated, 18mo ... net

The Walschaert Locomotive Valve Gear. By
W. W. Woop. 4 plates and set of movable card-
board working models of the valves, 193 pp.
crown 8vo. (New York, 1907) ... net

The Westinghouse E.T. Air-Brake Instruction
Pocket Book. By W. \W. Woobp. 48 illus.
including many coloured plates, 242 pp. crown
8vo. (New York, 1909) net

SANITATION, PUBLIC HEALTH AND

MUNICIPAL ENGINEERING.

Sewers and Drains for Populous Districts. By
J. W. Apams. Ninth edition, 81 illus. 236 pp.
8vo. (New York, 1902) net

Public Abattoirs, their Planning, Desxgn and Equip-
ment. By R. S. Avrine. 33 plates, 100 pp.
demy 4to. (1908) ... . net

Sewage Purification. By E. BaiLev-Denton. 8
plates, 44 pp. 8vo. (1896)

Water Supply and Sewerage of Country Man-
sions and Estates. By E. BaiLEY-DENTON.

76 pp. crown 8vo. (1901) ... net

Sewerage and Sewage Purification. By M. N.
Baker. Second edition, 144 pp 18mo, boards.

(New York, 1905) ... v met

Sewage Irrigation dy Farmers. By R. W. P.
BircH, 8vo, sewed. (1878)

Samtary House Drainage, its Principles and
Practice. By T. E. CoLEMAN. 98 illus. 206 pp

crown 8vo. (1896) .
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Stable Sanitation and Construction. By T. E.
CoLeEMaN. 183 illus, 226 pp. crown 8vo. (1897) 6 o

Public Institutions, their Engineering, Sanitary and
other Appliances By F. CoLyEr. 231 pp. 8vo.

(1889) .. net 2 o
Discharge of Pipes a.nd Culverts. By P. M.
CrosTHWAITE. Large folding sheet in case  net 2 6

A Complete and Practical Treatise on Plumbing
and Sanitation: Hot Water Supply, Warm-
ing and Ventilation, Steam Coo mg, Gas,
Electric Light, Bells, etc.,, with a complete
Schedule of Prices of Plumber's Work. By
G. B. Davis and F. Dye. 2 vols. 637 illus. and
21 folding plates, 830 pp. 4to, cloth. (7899) mnet 1 10 ©

Standard Practical Plumbing. By P. J. Davies.
Vol. I. Fourth edition, 768 illus. 355 pp. royal

8vo. (1905) e net 7 6
Vol. II. Second edltlon, 953 illus. 805 pp.

(1905) ... net 10 6
Vol. II1. 313 illus. 204 pp (1905) net 5 0

- Conservancy, or Dry Sanitation versus Water
Carriage. By ]J. DonkiIN. 7 plates, 33 pp- 8vo,
sewed. (1906) . net 1 o0

House Drainage and Sa.mtary Plumbing. By
W. P. GerHARD. Tenth edition, 6 illus. 231 pp.
18mo, boards. (New York, 1902) .. net 2 o

Engineering Work in Towns and Cities. By
E. McCurLocH. 44 illus. 502 pp crown 8vo.
(New York, 1908) ... - net 12 6

The Treatment of Septic Sewage. By G. W.
RAFTER. 137 pp. 18mo, boards. (New York,
1904) ... net 2 o

Reports and Invest1 atnons on Sewer Air and
Sewer Ventilation, yR H. ReevEs. 8vo, sewed.
(1894) .. . 1 o

‘The Law a.nd Pra.ctxce of Pavmg anate Street
Works. By W. Spinks. Fourth edltlon, 256 pp.
8vo. (1904) ... net 12 6
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STRUCTURAL DESIGN.

(See BriDGES AND RoOFS,)

TELEGRAPH CODES.

Business Telegraphic Code. 300 pp. narrow 8vo.
(Size 4% in. by 7¢ in. and 4 in. thick, and welght
10 0z.) (New York, 1906) ... -

Miners’ and Smelters’ Code (formerly issued as
the Master Telegraph Code). 448 pp. 8vo,
limp leather, weight 14 oz. (New York, 1899)

net

Billionaire Phrase Code, containing over two mil-
lion sentences coded in a single word. 56 pp.
8vo, leather. (New York, 1908) ... net

WARMING AND YENTILATION.

Hot Water Supply. By F. Dve. Fifth edition,
48 illus. 86 pp. crown 8vo. (1902) net

A Practical Treatise upon Steam Heating. By
F. Dve. 129 illus. 246 pp. demy 8vo. (1901)

Practical Treatise on Warming Buildings by
Hot Water. By F. Dve. 192 illus, 319 pp.
8vo. cloth. (1905) ... . net

Charts for Low Pressure Steam Heating. By
J. H. Kineary., Small folio. (New York) .

Formulz and Tables for Heatin 1§
KineaLy, 18 illus. 53 pp. 8vo. ew York 1899)

I0
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Mechanics of Ventilation. By G. W. RAFTER.
Second edition, 18mo, boards. (New York, 1896)
net

Principles of Heating. By W. G. Snvow. 62 illus.

161 pp. 8vo. (New York, 1907) ... net

Furnace Heating. By W. G. S~xow. 44 illus.
170 pp. 8vo. (New York, 1905) ... net

Ventilation of Buildings. By W. G. S~ow and T.

NoraN. 83 pp. 18mo, boards. (New York, 1906)
net

WATER SUPPLY.

(See also HyprauLics.)

Potable Water and Methods of Testing Im-
purities. By M. N. Baker. g7 pp. 18mo,
boards. (New York, 1905) ... net

Manual of Hydrology. By N. BearbMORE. New

impression, 18 plates, 384 pp. 8vo. (1906) net

Boiler Waters, Scale, Corrosion and Fouling. By
W. W. CuristTiE. 77 illus. 235 pp. 8vo, cloth,
(New York, 1907) ... o et

Water Softening and Purification. By H. CoLLET.
Second edition, 6 illus. 170 pp. crown 8vo. (Z1908)
net

Treatise on Water Supply, Drainage and Sanitary
Appliances of Residences. By F. CoLvER. 100

pp. crown 8vo. (1899) net

Report on the Investigations into the Purifica-
tion of the Ohio River Water at Louisville,
Kentucky. By G. W. FuLLEr. 8 plates, 4to,
cloth. (New York, 1898) ..

Purification of Public Water Supplies. By ]. W.
HiLL. 314 pp. 8vo. (New York, 1898) ... .-

10

12
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Well Boring for Water, Brine and Oil. By C. ISLER.
go illus. 8vo, cloth ... net

Method of Measuring Liquids Flowing through
Pipes by means of Meters of Small Calibre.

By Prof. G. LaNGge. 1 plate, 16 pp. 8vo, sewed

net

On Artificial Underground Water. By G.
RicHerT. 16 illus. 33 pp. 8vo, sewed. (1900)
net

Notes on Water Supply in new Countries, By F.
W. Stone. 18 plates, 42 pp. crown 8vo. (1888)

‘i‘he Principles of Waterworks Engineering.
By J. H. T. TupsBery and A. W. BRIGHTMORE.

Third edition, 13 folding plates, 130 illus. 447 pp.
demy 8vo. (19056) ... net

WORKSHOP PRACTICE.

A Handbook for Apprenticed Machinists. By
O. ]J. BEaLE. Second edition, 89 illus., 141 pp.
16mo. (New York, 1901) ... net

Bicycle Repairing. By S. D. V. Burr. Sixth
edition, 200 illus. 208 pp. 8vo. (New York, 1903)

net

Practice of Hand Turning. By F. Cawmrin,
Third edition, gg illus. 307 pp. crown 8vo. (1883)

Calculation of Change Wheels for Screw Cutting
on Lathes. By D. De VriEs. 46 illus. 83 pp.
8vo. (1908) ... net

Boiler Makers’ and Iron thpbullders Com-
anion. By ]. Fopen. Fifth edltlon, 222 pp
cap. 8vo. (1900) ... . "

French-Polishers’ Manual. By a French-Polisher.
3I pp. royal 32mo, sewed. (7902) net

I0
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Art of Copper Smlthmg By J. FuLLer. Third
edition, 4.75 illus. 325 PpP- royal 8vo. (New York,
1901) . net

Saw Filing and Management of Saws. By R.
GrivsHaw. New edition, 81 illus, 16mo. (New
York, 1906) ... net

Paint and Colour Mixing. By A. S. JENNINGS.
Third edition. 13 coloured plates, 1go pp. 8vo.
(1906) ... ... .. . met

The Mechanician: a Treatise on the Construction
and Manipulation of Tools. By C. KNIGHT.
Fifth edition, g6 plates, 397 pp. 4to. (1897)

Turner's and Fitter’s Pocket Book By J. La
Nicca. 18mo, sewed

Tables for Engineers and Mechanics, giving the
values of the different trains of wheels required to
produce Screws of any pitch, By Lorp LinDsav.
Second edition, royal 8vo, oblong...

Screw-cutting Tables. By W. A. MarTiN., Seventh
edition, royal 8vo, oblong ... . .

Metal Plate Work, its Patterns and their Geometry,
for the use of Tin, Iron and Zinc Plate Workers.
By C. T. MiLris. Fourth edition, 280 diagrams,
470 pp. crown 8vo. (1906)...

Engineers’ and General Smiths’ Work. The
snrith and forgeman’s handbook of practical
smithing and forging. By T. Moore. 4o1 illus.
248 pp. crown 8vo. (1906)... net

Modern Machine Shop Construction, equipment
and management. By O. E. PErRRrIGO. 208 illus.
343 pp. crown 4to. (New York, 1906) ... net

Turner's Handbook on Screw-cuttmg, Conmg,
etc. By W. Price. Fcap. 8vo ...

I2
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Introduction to Eccentric Spiral Turning. By
H. C. RoBinsoN. 12 plates, 23 illus. 48 pp. 8vo.
(1906) .. T

Manual of Instruction in Hard Soldering. By
H. RoweLL. Fifth edition, 7 illus. 66 pp. crown
8vo. (New York, 1905) . net

Pocket Book on Boilermaking, Shipbuilding, and
the Steel and Iron Trades in General. By M. J.
SexToN. Sixth edition, 85 illus. 319 pp royal
32mo, roan, gilt edges. (1903) ... . net

Spons’ Mechanics’ Own Book: A Manual for
Handicraftsmen and Amateurs. Sixth edition,
1430 illus. 720 pp. demy 8vo. (1903)

Ditto ditto half morocco

Spons’ Workshop Receipts for Manufacturers, -

Mechanics and Scientific Amateurs. New
and thoroughly revised edition, crown 8vo.
(1909)

Vol. I. AceTyLENE LIGHTING fo DryiNG.
223 illus. 532 pp. net
Vol. 1I. DyEING #o JAPANNING 259 illus.
540 pp. ... net
Vol. III. ]om’rmc Pipes fo Pumes. 500

e net
Vol. IV. In the Press.

Fauges at a Glance. By T. Tavror. Second
edition, post 8vo, oblong, with tape converter.
(1900) ... net

"he Modern Machinist. By ]. T. Usuer. Fifth
edition. 257 illus. 322 pp. 8vo. (New York, 1904)
net

merican Tool Making and Interchangeable Manu-
facturing. By ]J. W. WoopworTH. 600 illus.
544 pp. demy 8vo. (New York, 1905) net

I0
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USEFUL TABLES.

Weights and Measurements of Sheet Lead.
By J. ALEXANDER. 32mo, rean ... net

Tables of Parabolic Curves for the use of Railway
Engineers and others, By G. T. ALLen. Fcap.
16mo ... oo em

Barlow’s Tables of Squares, Cubes, Square Roots,
Cube Roots and Reciprocals. Crown 8vo

Tables of Squares. By E. E. Bucnanan. Ninth
edition, 12mo o net

Land Area Tables. By W. Cobp. Square 16mo,
on a sheet mounted on linen and bound in cloth

Description of the Amsler Planimeter. By W.
Copp. (For usewith “Land Area Tables.””) 12mo,
sewed ... net

Tables for Setting out Curves from 101 to 5000
feet radius. By H. A. CutLer and F. J. EpGE.
Royal 32mo ... net

Transition Curves. By W. G. Fox. 18mo, boards.
(New York) ... . net

Tables of some of the Principal Speeds occurring
in Mechanical Engineering, expressed in Metres
per second. By P. KEeravEFF., 18mo, sewed ...

Calculating Scale. A Substitute for the Slide Rule.
By W. KnowLges. Crown 8vo, leather ... #net

Planimeter Areas. Multipliers for various scales,
By H. B. MoLesworTH. Folding sheet in cloth
case ... e net

Tables of Seamless Copper Tubes. By I.O’TooLE.
69 pp. oblong fcap. 8vo. (1908) ... . Met
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Rownson’s Iron Merchants’ Tables and Memo-
randa, Weights and Measures. 86 pp. 32mo,
leather... .

Spons’ Tables and Memoranda for Engineers.
y J. T. Hurst, C.E. Twelfth edition, 278 pp.
64mo, roan, gilt edges. (1907) ... net

Ditto ditto in celluloid case net

Optical Tables and Data, for the use of Opticians.
By Prof. S. P. THoMpsoN., Second edition, 130
pPp. oblong 8vo. (1907) ... net

Traverse Table, showing Latitudes and Departure
for each Quarter degree of the Quadrant, and for
distances from 1 to 100, etc.; 18mo, boards

net

Fifty-four Hours’ Wages Calculator., By H. N.
‘WHITELAW. Second edition, 8vo ... net

Practical Wood Carving. By C. ]J. Woopsenb.
108 illus. 86 pp. 8vo. (New York, 1897) ... net

Wheel Gearing. Tables of Pitch Line Diameters,
etc. By A. WiLpcoosk and A. ] ORR. 175 pp-
fcap. 32mo. (1903) .. o et

MISCELLANEOUS,

Time Chart. The time of day at any place in the
World at a glance. By Dr. F. ]J. B. CorpIERo.
On card net

Model Steam Engine Design. By R. M. De
VIGNIER. 34illus. 94. pp crown 8vo, limp. (New
York, 1907) ... - net

Popular Engineering. By F. Dve. 704 illus. 477
pp. crown 4to. (1895) net
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The Phonograph, and how to construct it. By
W. GILLETT. 6 foldmg plates, 87 pp crown 8vo.
(1892) ..

Particula.rs of Dry Docks, Wet Docks, Wharves,
etc. on the River Thames. By C. N. Jorpan.
Second edition, 7 coloured charts, 103 pp. oblong
8vo. (1904) . net

Flight-Velocity. By A. SamuteLsoN. 4 plates, 42
pp. 8vo, sewed. (1906) ... net

Resistance of Air and the Questlon of Flying.
By A. SamMUELsoN. 23 illus. 36 pp. 8vo, sewed.
(2905) .. o net

Spons’ Engmeer’s Diary and Year Book issued
annually, 4to .

New Theories in Astronomy By W. STIRLING.
335 pp. demy 8vo. (1906) .. . net

The American Hardware Store A Manual of
approved methods of arranging and displaying
hardware. By R. R. WiLLiams, 500 illus,
448 pp. royal 8vo. (New York, 1896) net

Inventions, How to Protect, Sell and Buy Them.
By F. WricnT. Crown 8vo, limp. (New York,
1908) ... net
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SCIENCE ABSTRACTS

SECTION A.—PHYSICS.
SECTION B.—ENGINEERING.

ISSUED MONTHLY BY THE
INSTITUTION OF ELECTRICAL ENGINEERS,

WITH THE CO-OPERATION OF

The Physical Society of London,
The American Physical Soclety,
The American Institute of Electrical Engineers, and
The American Electro-Chemical Society.

Section A.—PHYSICS.
Annual Subscription, 188. nef, post-free.
CoNTENTS :— General  Physics—Light — Heat — Electricity and
Magnetism—Chemical Physics and Electro-Chemistry.

During 1907 and 1908 over 4200 Abstracts and References
were included under the above headings.

Section B.—E.LECTRICAL ENGINEERING.
Annual Subscription, 188. net, post-free.

CoNTENTS :—Steam Plant, Gas and Oil Engines—Industrial Electro-
Chemistry, General Electrical Engineering, and Properties and
Treatment of Materials—Generators, Motors and Transformers
—Electrical Distribution, Traction and Lighting—Telegraphy
and Telephony.

During 1907 and 1908 over 2800 Abstracts and References
were included under the above headings.

An(zual Subscription for Both Sections, 308. nef, post-free.

. & P, N. SPON, Ltd,, 57 Haymarket, London, S.W.
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The Journal of the Iron and Steel Institute.

Edited by G. C. Lvrovp, Secretary.
Published Half-yearly, 8vo, cloth, 16s.

The Journal of the Institution of Electrical
Engineers.

Edited by P. F. RoweLL, Secretary.

The Proceedings of the Incorporated Association
of Municipal and County Engineers.

Edited by THomas CoLg, Assoc, M. Inst. C.E.
Published Annually, 8vo, cloth, 21s.

The Transactions of the Institution of Mining and
Metallurgy.

Edited by C. McDERMID, Secretary.
Published Annually, boards, 21s. net, or half-bound, 25s. net.

Transactions of the Institution of Gas Engineers.

Edited by WaLTER T. DUNN, Secretary.
Published Annually, 8vo, cloth, 10s. 64. net.

Proceedings of the International " Association
for Testing Materials.

B, & F. . SPON, Ltd, 57 Heymarket, London, S,

LONDON: PRINTRD BY WILLIAM CLOWES AND_SONS, LIMITED,




ADVERTISEMENTS. 4

THE
CONTINUOUS

S AGE FILTER

THE BEST FOR
LARGE aAaxpD SMALL
SEWAGE WORKS

OVER 500 |
INSTALLATIONS
AT WORK

F. Wallis Stoddart,
Western Counties Laboratory,
BRISTOL.



ADVERTISEMENTS.

Telephone : 1843 AVENUE (3 lines). Telegrams: “ KEESH, LONDON.”

FILTERING MATERIAL

SEWAGE BEDS

FRANK KEEP

o and 10 St. Mary-at-Hill, E.C.

NavLors' PATENT AERATING TILES

USED BY OVER 80 AUTHORITIES.
SEVERAL REPEAT ORDERS.

MATERIAL—Indestructible Salt-glazed Stoneware.
STRENGTH —Tested to over 9 tons per sq. yd. without breaking.

COST—Exceptionally low.
OUTPUT—2500 sq. yds. per week.

SPECIAL TILES SUPPLIED TO SUIT
CIRCULAR AND OCTAGONAL BEDS.

EXPORT —The tiles are easily nested, and works being near ports,
shipping orders can be especially well executed.

NAYLOR BROTHERS, DENBY DALE




ADVERTISEMENTS. 6

BURN BROTHERS PATENT

Automatic Sewage Disposal
Apparatus

Automatic Alternating and Timed Discharge Syphons applied to
Contact Filters. ~ Extreme simplicity, absolute accuracy,
entire freedom from choking, and no moving parts.

Awarded SILYER MEDAL by the ROVAL SANITARY INSTITUTE.

Patent
Automatic
Rotary
Sprinkler

Self-clearing
Orifices.

Requires attention
about once a
week or less.

Sewage Lifts, Valves, Penstocks, efc.

ROTUNDA WORKS,
3 BLACKFRIARS ROAD,
Also at EDINBURGH. LONDON, S.E.




7 ADVERTISEMENTS.

Geo. Kent Ltd.

Specialists in the
measurement of
WATER, SEWAGE & GAS

o

I are at the disposal of SEWAGE WORKS ENGINEERS who desire advice
as to the introduction of

EFFICIENT &
| RELIABLE

SEWAGE REGULATING & MEASURING
APPARATUS

G. KENT, LTD., 199 HIGH HOLBORN, LONDON.

MECHANICAL SEWAGE
SCREENING APPARATUS

(Automatic)

JOHN SMITH & CO.
Telephone: 56 Sutton. Engineers, CARSHALTON.




ADVERTISEMENTS. 8

THE MANSFIELD PATENT STONEWARE
AERATING TILE

FOR FLOORS OF

BACTERIA BEDS AND FILTERS
Manufactured by

H. R. MANSFIELD

CHURCH GRESLEY, BURTON-ON-TRENT

This tile has met with unqualified success owing to its

superiority in design over all other tiles. Its advantages

have been recognized by leading Engineers, and it has been .
largely used throughout the Kingdom.

HARD SMOOTH EASILY ANO

SURFACE, QUICKLY LAID
PREVENTING WITHOUT
FUNGOID SKILLED
GROWTHS. .. fLABOUR.

See page 93 in this book.

SUPPLIED TO THE FOLLOWING AUTHORITIES
AND SCHEMES :—

Birmingham Tame and Rea District Drainage Board.
Metropolitan Water Board.
Corporatnons of Lincoln, Maidstone, Tunbridge Wells, &c., &c.

Crieff Sewerage, Tipton, Wednesbury, Tamworth, Chard,
Whitwick, Nuneaton, Enfield, Chesterfield,
and many others.

DESCRIPTIVE BOOK OR SAMPLE TILES AND PRICES
ON APPLICATION.



RUGGLES-COLES DRYERS

FOR DRYING 7
SEWAGE SLUDGE.

9l

EFFICIENCY 4
ON THE HEATING VALUE OF THE FUEL USED.

OVER 250 IN USE FOR DRYING.

SEWAGE SLUDGE CEMENT ROCK
TANKAGE AND SLURRY
BONES COAL .
FISH SCRAP SAND AND CLAY R
PRECIPITATES ORE CONCENTRATES;
ETC. ETC.

ELECTRO-METALS, L.

- 94 UNION COURT, OLD BROAD STREET
LONDON, E.C.

Telegraphic Address: . Telephones:
“ PROCESSES, LONDON.” LONDON WALL{ $302
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