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Most of the trade liquid refuse finds its way into the
sewers. Some of the trade effluents are of large volume,
and seriously affect the treatment of the sewage, as for
instance, those from Tanneries, Wool Scouring and Dyeing,
Copper and Galvanizing works. While the policy of the
Council has been to encourage trade by receiving trade
effluents into the sewers, it is evident that their admission
should be conditional upon (1) effective means being taken
by traders to precipitate the solids in their refuse; (2) the
discharge being so regulated that there should be no
sudden rush of a considerable volume, but rather a gradual
and steady flow spread over the 24 hours; (3) that an inspection
manhole shall be provided; (4, that no discharge should be
allowed, which, either by its temperature or other character,
would injure the sewers, promote decomposition, or prejudicially
affect the treatment of the sewage.

The chief difficulties arise from iron liquor, wool fibre, and
dye water.

Leeds possesses an abundant supply of good water, the
present consumption being at the rate of upwards of 17 million
gallons a day, five of which millions are supplied for trade pur-
poses and eleven millions are consumed for domestic purposes.
This works out to 40 gallons per head of population. Almost
the whole pours into the sewers.

The volume of sewage varies, of course, from hour to hour.
Apart from rainfall, the maximum flow occurs at about mid-day,
and the minimum flow at night. The normal dry weather flow
may be taken at the present time to average 16 million
gallons for the 24 hours. The rate of flow rises to over
25 million gallons in the day, and falls to below nine million
gallonsin the night. The volume of the sewage is, of course, very
largely affected by rainfall, a very slight rain, say % of an
inch per hour, will increase the flow to a rate of 60 million
gallons per 24 hours, and this is the maximum capacity of
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INSUFFICIENCY OF WORKS.

In the earlier years after 1874, when the volume was much
less than that which now has to be dealt with, this pre-
cipitation of the solids in suspension was fairly well accomplished,
but now that the volume has grown considerably, the old
settlement area is insufficient, and the effluent from the tanks
is generally turbid and unsatisfactory; while as soon as the
normal mid-day flow is expanded to more than double by
rain, which it often is, notwithstanding the storm-water outlets
in the City before referred to, it is found impossible to deal with
it with the present machinery, and the excess of sewage,
diluted by the rain, then flows untreated into the channel
leading to the river.

For the last four years there has been much pressure
put upon the Corporation from the West Riding Rivers
Board to at once improve the treatment at Knostrop, and to
devise a more satisfactory scheme or process for dealing with
the whole sewage of the City.

Accordingly, in the spring of 1897, as a provisional measure
pending the settlement of a general scheme, the Council
sanctioned the expenditure of £28,000 for the building of seven
new precipitation tanks, having together an area of two acres,
and a capacity of three million gallons. The effect of this
increased precipitation area was to produce a better effluent;
an effluent, that is, from which a larger proportion of the
solid matters in suspension had been removed. This was,
however, at the cost of a much larger production of sludge,
amounting, in fact, to over 400 tons a day (go per cent.
water). It was soon found that it was impracticable to deal
with this huge amount of sludge on the present site, and
therefore it has not been possible to utilise as such all the

settling tanks. With those actually in use, some 300 tons of
sludge is produced.
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It is now generally recognised that further purification is
necessary, and that precipitation must be followed by land
filtration, or where suitable land is not available, by artificial
filtration, so that besides the removal of impurities in suspension

those in solution shall also be greatly reduced.

It became necessary, therefore, for the Corporation of Leeds
to look out for a new and larger site for Sewage Purification
Works, and to consider what system should be adopted in order
to reduce the production of sludge and to secure more
complete purification, especially of the organic matter in
solution.

In 1894 a deputation visited the most important Sewage
Disposal Works and Sewage Farms in the County, and formed
the opinion that Broad Irrigation, that is, dealing with the
sewage upon land without previous precipitation or sludge
production, was the best process of sewage purification. It
was found that for a large and growing population of Leeds,
some 4,000 acres would be required, and on enquiry it was
found impossible to obtain so large an area of suitable land
within practicable distance of the City. The cost of such a
scheme was found to be very large, in view, not only of the
area required, but of the necessity of pumping the large volume
to be dealt with, or of making a very long and costly conduit
if a gravitation scheme was to be adopted.

A scheme by which the present process of lime precipitation
should be followed by land filtration reduced the required area
to about 400 to 300 acres, but at that time there was no
suitable site available, and beside the cost of pumping, or a
long conduit, there would remain the present sludge difficulty,
and the serious expenses connected with its drying or pressing
and removal.

The Council hesitated to incur an expenditure in connection
with land treatment which might amount to from £3500,000
to £750,000.
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In such a case, where an area of land is specially modified,
the area may be looked upon as a transition from Land towards
what is known as Artificial Filtration.

In artificial filtration there is used an area specially prepared
wholly of material suitable for the purpose, such as burnt clay,
coke, clinkers, &c., and of a depth usually of 3 feet, but in some
cases as great as 6 feet, and no attempt is made to use the
area for raising crops. The action is of the same character
as land filtration. The process is not new. What is new
is our recently much extended knowledge of the chemical changes
that are brought about, of the micro-organisms which are the
agents ; and of the necessity for effective aeration in order to
bring about conditions in which the organisms and the filter can
work permanently.

The term filter, as applied to sewage treatment on aerated
material, is somewhat misleading. It is, no doubt, to some
extent a mechanical process of straining, by which the solids
in suspension are left behind in the body of the so-called
filter, but it is much more. In intermittent artificial filtration,
that is, biological treatment, as now carried out, the filtering
material, during the period of rest, when the sewage has been
allowed to flow out, is exposed to the air which is drawn in from
the top as the liquid flows out and from the drains in the bottom
when empty ; and this absolutely necessary aeration permits of
the existence and development of the micro-organisms which,
during this rest, break up and transform the organic matter
left behind in the filter. It should be added that during
the stay of the sewage in the filter the organisms effect
considerable changes also in the organic matters in
solution, so that the effluent is different in character from
from that which is simply sewage with the suspended solids
removed.
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The micro-organisms referred to are of various kinds, as
bacteria, fungi, algw®, protozoa. Bacteria are minute low forms
of life, which, in the light of their products, are now generally
referred to as vegetable rather than animal. Under high
powers of the microscope they appear as small dots or short lines,
either straight, curved, or spiral, varying in size from yg55th to
sxgopth of an inch. They are mostly endowed with active
motion. These elementary germs exist in nature in countless
myriads. They abound in the upper layers of the soil and in
foul water. Millions of them have been counted in a cubic
centimetre (about a thimbleful) of sewage. Under favourable
conditions they develop at an amazing rate. Some of the
forms have been identified as disease germs (Pathogenic
Bacteria), but for the most part, their action is not only bene-
ficent, but is part of the necessary processes by which continued
life is possible on the earth. By their agency all animal and
vegetable decay is removed by transformation into products
which go to build up the life of plants, and through them the
life of animals, so keeping up a circulation of indestructible

but changeable matter.

Where artificial filtration is carried on in such a way as to
bring about conditions favourable to the chemical changes due
to the action of living organisms, the process is now generally
referred to as “ Biological Treatment ” or “ Bacterial Treatment,”
the micro-organisms in question being known for the most part
as Bacteria, and the filtration areas are now often called Bacteria
Beds rather than Filters.

[n the United States the Massachusetts Board of Works
has for several years carried on very interesting and valuable
experiments in the Biological treatment of sewage, but recent
practical developments have been largely due to the work of
Mr. W. ]. Dibdin, the eminent chemist, at Barking and at
Sutton ; to the experiments of Mr. Cameron, at Exeter; of
Colonel Ducat, Mr. Scott-Moncrieff, Mr. Whittaker, and others.
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The effluent from this bed was then passed over the fine
bed, and the resulting final effluent was said to be practically
free from matters in suspension, slightly opalescent, and quite
free from smell. On being kept it was said to become quite
clear, and to remain sweet, the purification, as measured by the
oxygen test, being over 8o per cent. for the joint action of
both beds.

The experiments of Mr. Dibdin, at Sutton, attracted much
attention, suggesting as they did, the possibility of purifying
sewage by a natural process, without production of sludge ;
for it was stated that if the usual period of rest provided was
insufficient for the digestion of the sludge in the coarse bed,
it could at any time be restored to efficiency by an exceptional
and relatively longer rest. At Sutton, however, they were
dealing only with domestic sewage. Would the process work
with sewage like that of Leeds, which is a compound of
domestic sewage and a large variety and volume of trade
effluents from Chemical Works, Tanneries, Wool Washing,
Dyeing, etc.?

LEEDS EXPERIMENTS.

In July, 1897, the Committee concluded that whether or
not the Biological process would successfully deal with the
Leeds sewage, could only be ascertained by experiment. They
called in Mr. Dibdin to advise them, and he undertook, on
their behalf, to make some laboratory experiments on small
coke filters, with samples of average Leeds sewage, and with
samples of specific trade effluents, notably effluents from
Tanneries and the iron liquor from Chemical Works.

His report, dated August 23rd, 1897, states that he found
in dealing with the iron liquor by itself, there was at first
considerable oxidation of the iron salts, but this result was
obtained at the expense of the efficiency of the beds, which
soon became unft for further work. The iron liquor exerted












E}\HI;EI examination proved to be largely oxide of iron. This, as the
EXPERI-  effluent comes off, is in solution in the ferric state, and
LLLUEE precipitates, when the effluent stands, as hydrated ferric axide.
The deposit is due to the very large quantity of iron liquor which
comes down with the sewage, and is not objectionable from a

sanitary point of view. To remove this deposit by sand filtration

would be quite possible but costly.

Physiological [n order to make a physiological test of the effluent,

Lot arrangements were made for the final effluent to remain in the
efluent basin to a depth of about 18 inches, and on
November j3oth, 1897, some carp were put into the basin.
More than half died within the month, but it is believed that
this was due to the rush of the effluent carrying them against
the outflow grating. Provision was made to protect the fish
from the full pressure of the rush, and two carp, which
were living at the time this was done, survived to the end of
the first period of the experiment (February 2nd, 1898), and
indeed are still alive at the date of this Report (July, 1900),
having been continuously in the effluents, good and bad, which
have passed through the basin for over two years.

Green confervoid growths, generally looked upon as a sign
of effective oxygenation, soon began to appear. No sewage
fungus has been found about the basin.

flu&ging i The final effluent having given good results, there remained
W Suspendae 2 ;
it to consider whether the beds were really digesting the large

quantity of suspended matter brought down in the sewage,
or whether this was accumulating in the beds.

The gross capacity of the rough bed is 174,800 callons.

The net or hiquid capacity, after filling in the coke, was
estimated to be 83,300 gallons.
Original On December 2nd, when the beds were considered to

Working : e
Capacity. have reached a good working condition, a careful measure
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The analysis of the effluent from the rough bed during
the same period gives 11'g grains per gallon as the amount
of solids in suspension, so that 25'3 grains per gallon were
kept back by the rough bed.

The fortnightly measure of the capacity of the rough bed
during the period in question gave the following results . —

October 2nd, 1897, Original water capacity

(estimated) ... 83,300 galls.
,. 15th (estimated) ... v FOHOBG
5 joth do. - (1. o S
November 15th do. SEEE e o e
December 2nd  (measured) 63,400 .,
= 16th do. reduction 4,600 58800
” 3oth do. do. 1,700 57,100
January 13th, 1898, do. do. 6,000 §I,100
- 27th do. do. 5,700 45,400 .,

The average measure of the fillings during this first
period may therefore be taken at 64,600 gallons per filling,
and as there were 284 fillings we have a total of 18,346,400
callons treated.

It has been noted above that the amount of solid matter
left behind in the rough bed was 25'3 grains per gallon, and
this gives for the 18,346,400 gallons 66,309 lbs. of dry solid
matter, which, taken as sludge containing 00°/. water, would
give 663,000 lbs. of sludge, which, taking the density of
sludge as 102 Ibs. per gallon, would occupy a space repre-
sented by 65,000 gallons.

Now the original estimated water ::ap:u:ity of
the rough bed was ... : 83,300 galls.

and this had been reduced on ]"m z;f'th 1898 to 45,400
That is by ...

»

i e «er 37,900 5
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EEHI:E[ surface of the bed, prevented the sewage, with its suspended
EXPERI-  matters, passing down into the body of the bed, and to a
MEEHT. areat extent also interfered with effective aeration. From time
Trenching  tO time it became necessary to turn over the coke to a depth
Beds. of one or two feet, so as to bury the surface accumulations,
and to bring to the top a new surface of coke. This,
together with the evidence that the rough bed could not,
without special periods of rest, digest all the solid matters
brought to it by the sewage, pointed to the necessity for some
preliminary straining which should keep back paper, fibre, tea
leaves, matches, and other grosser solids which are too slowly

disintegrated and broken down, especially if they are retained
on the surface.

It was therefore decided to provide straining screens, and
until they were prepared, to try the experiment of passing on
to the beds the effluent from the old lime precipitation
works.

EXPERIMENT WITH THE EFFLUENT FROM LIME

PRECIPITATION.
By sakiment The experiment with lime effluent was begun on February
i h . $ ik . "
Svent fro 1Ot (after the fourteen days’ rest), and with the 285th filling.

1:1:.] n[fn:ﬂipi- This effluent was the somewhat turbid result of precipitation
over an inadequate settling area. No note was made at the
time as to the quantity of solids in suspension, but from
analyses of the lime effluent made since, it is probable that
it contained in fine particles, about twelve grains of suspended
solids per gallon. No difficulty was found in the distribution
of the effluent over the rough bed such as had been met
with in crude sewage, and the results as regards the final
effluents were very good, though it is worth while noting, that
in December, 1397, and January, 1898, results nearly as good
were obtained with crude sewage. There was, however, an
increased production of nitrates in dealing with the lime
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The screening was found very effective in removing the
paper (mostly in very small pieces), vegetable matter, and
fibre, and the difficulties of distribution of the sewage over
the rough bed which had been met with in dealing with the
unscreened sewage were very much reduced. Although the
quantity of the solids kept back by the screen appeared bulky,
they were found, on careful measurement, as brushed from the
screen, only to amount to an average of 2} cubic feet, or about
14 zallons per filling in the day, and only half a cubic foot,
or about 3 gallons, in the night. The screenings, consisting
as they did mainly of paper, woody matter and fibre, were
found to be easily burned when dry, and no difficulty was
found as to storage, for gardeners were glad to fetch them
away for use in garden frames.

[t was anticipated that by screening, and thus improving
aeration, the accumulation in the rough bed would be con-
siderably reduced, but the results in this direction were
somewhat disappointing.

Two days before beginning the experiment, the

measured capacity, March 2nd, was ... ... 52,100galls.
During the fixing of the screen there were several

stoppages, amounting in all to perhaps three

days, and the measure on March 14th was ... 352,300

(An increase of 200 gallons, due no doubt to the three days’
rest, and a digging over of the surface of the bed).

On March 26th the capacity was

reduced by 6,200 galls to 46,100 galls

On April oth it was reduced by ... 3,200 galls to 42,900
On April 23rd

e 1, ... 2,800 galls to 40,100
On April 27th the work was suspended, and the
beds were given a rest of seven days.
On May 5th, this rest was found to have
increased the capacity by .. 5,700 galls to 435,800

1)
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three weeks the rough bed was dug down to a depth of 3 It
and the coke was found to be dry to that depth, but
appeared still to have some moisture below. At the end of
a month the bed was again dug down for the purpose of
making a man-hole, and was found to be dry to the bottom,
and no sludge was found there. It would seem that beyond
the first fortnight the further rest did no good, for the drying
up of the coke would probably involve the destruction of the
bacterial life, and put the bed in the same condition as a
new one. It was, in fact, found that for a fortnight after
re-starting on July 25th, the effluent was more turbid and
otherwise less satisfactory than it had been. The capacity of
the rough bed when the work was stopped on June 16th was
43,200 gallons. It was thought advisable not to measure the
capacity at once on beginning to work, and before doing
so the beds were worked with single fillings for three
days, so that by that time the pores of the coke should have
been thoroughly soaked. The measure then taken on July 28th
gave a result of 56,500 gallons, or 13,300 gallons increase,
It is probable that this increase would have been obtained by
three weeks' rest as well as by that of thirty-eight days.

The work of the beds was then continued with two fillings
of screened sewage a day on exactly the same lines as before
the interruption. At this period considerable trouble arose
from the large volume of strong dye which came down pretty
regularly at about the time for filling the beds. The dye
which comes down occasionally at the times when vats are
emptied, deeply discolours the whole volume of the sewage,
and occasionally astonishing volumes of foul trade effluents
have to be dealt with. In one recent instance a large quan-
tity of what was apparently printing ink actually choked up
the pumps.

It will be necessary to maintain a systematic inspection of
the trade effluents flowing into the sewers, with a view to







28

SCREENED 11 months rest. There had been three fillings per 24 hours

from March 4th to May 5th, and two fillings a day from
that date to September 8th. The number of fillings during
the whole period was 315. The average of the fillings was
46,000 gallons, and the total passed over the beds during the
six months was 14,490,000 gallons; and after making allow-
ance for the solids screened off, it is estimated that about
51,100 gallons of sludge were retained by the rough bed.

The capacity, March 2nd, was ... e 52,100 galls.
The capacity, September 8th, was 41,000
Net loss of capacity ... 11,00

Deducting this from the estimated amount of 51,100
gallons retained by the rough bed, we have 40,000, or about 807/,
as the amount of sludge consumed in this period by the rough
bed. The fine bed retained 16,700 gallons of sludge, the whole
of which was consumed, the capacity of the bed not having
been decreased. The total consumption by the two beds was
56,700 gallons of sludge.

The effluent from the fine bed during this six months,
except for the first fortnight after the long rest, and during
the heavy flow of dye, continued to be satisfactory. All the
samples taken daily were kept for months in closed and open
bottles ; they all remained clear and sweet, notwithstanding
the flocculent deposit in the bottles which has been already
referred to. The effluent remaining in the basin became
beautifully clear during the rest between the fillings, and the
carp originally put in November 3oth, 1897, continued in it
alive and well. There was abundant green growth in the
trough and no sewage fungus.
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;{?&l}}‘n beds had too little to do as regards matters in suspension,
EXPERI-  the bulk of which had remained behind in the settling tanks.
M The results as regards effluents were very good, the beds
having only to deal with the organic matters in solution, and
with 12 grains per gallon of suspended matters, instead of the

37 grains in the crude sewage.

Settled half FFor the next four weeks, from October 7th to November 3rd,
B the beds were filled with sewage settled half-an-hour,

October 6th capacity was ... ... 46,100 gallons.
" 2oth » (reduction 1,200 galls.) 44,000
November 3rd 7 = soo ,, 44,100

Sludge left in Too much sludge was still left behind in the settling tank,

ks, and fromn November 4th the sewage was pumped on to the
beds immediately after the tank had been filled. As the
filling took forty minutes, the average period of settlement in
this case was twenty minutes only, and about 25 grains per
gallon of suspended matter passed on to the beds.

November 3rd capacity was ... ... 44,100 gallons
5 17th 5 = (reduction 1,900) 42,200

Sludgre ; g &
digested. The experiments with settled sewage lasted from September

oth to November 18th, with twe fillings a day, the night
filling being omitted. There were 135 fillings in all, with an
average of 44,000 gallons per filling, so that the volume
treated was 50940000 gallons. The average of suspended
matter in the sewage treated was, for the whole period,
17 grains per gallon, and that left in rough bed 101 grains,
which for the volume treated represents 835,700 Ibs. of sludge.
The whole of this was consumed, for the capacity of the
rough bed on September 8th was 41,000 gallons, and on
November 17th 42,200, an increase of 1,200 It is probable
that the addition of the night filling to the work of the beds
would not seriously have affected the capacity, because in
the night there is little suspended matter in the sewage.*

* See page 108.— Addendum,
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were corroborated by occasional analyses made by the City
Analyst and the West Riding Rivers Board.

In October, 1898, the Corporation established a Laboratory
of its own at the Knostrop Works, and appointed to the
charge of it, and general superintendence of the works,
Mr. W. H. Harrison, M.Sc. (Vic.), who is responsible
for all the analytical results given from that date in this
report.

After resting from November 18th to December 2nd the
beds were restarted. The sewage used was taken from the
main flow as it leaves the pumps. No. 1 tank of the old
series was used for settlement, and such flow was passed
through it as would allow not only grit but the grosser solids
to be settled.

The sewage drawn from the outflow of this tank, and
passed on to the rough Bacteria bed, contained an average
of 2007 grains suspended solids per gallon, that is only about
half the suspended solids in the crude sewage.

This experiment was continued at the rate of three fillings
a day, including Sundays, to January i1st, 1899, and thence
with three fillings a day, except on Sundays, until February
2oth. No other rest was given.

The fltrate from the rough bed was found to contain an
average of 79 grains per gallon solids in suspension.

The average analysis of this filtrate gave (inclusive of
solids in suspension) :—

Free Ammonia <.« 55 grains per gallon.
Alb. do. a e EER do.
Oxygen absorbed (4 hrs. 80°) 1'59 do.
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The effect of putting this crude sewage at three fillings a
day, with only the Sunday rest, was soon apparent in the
deterioration of the analyses of the filtrates, and in the appearance
of the filtrate, which was cloudy, and upon standing was found
to precipitate a buff-coloured flocculent deposit, which occasion-
ally made the filtrate remaining in the basin so muddy that
the fish could not be seen in a depth of 18 inches, and the
weeds and green growths were covered with it. How far this
occasional condition during this period was due to overwork,
and how far to other causes, such as unusual quantities of
iron liguid coming through, it was not possible to determine.

In these circumstances it was considered advisable to rest
the beds for a fortnight, as they had now been continuously
working with three fillings a day for 31 months, but as the
Royal Commission were to visit the works on March 21st, it
was only practicable to rest them for 24 days from March 17th
to 2oth, and they were restarted on that day so as to be in
operation on the 21st.

During the whole period of these two experiments, from
December 21st, 1898, to March i8th, 1899, the capacity of the
beds was considerably reduced.

The object of this experiment had been partly to see how
far the reduction of capacity would go on by working the
beds without rest during the winter months. It was intended,
so long as the quality of the filtrate was maintained, to push
on the work in order to note what the ultimate issue might
be as to the sludging up, and to see whether it would be
possible to go on without rest to the warmer weather, when
probably some capacity would be recovered, and any way to
determine whether, when sludged up, the beds could be
restored by rest.

The capacity of the rough bed on November 18th, 1898,
was 42,000 gallons, and after the fortnight's rest, from
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GRIT . T :
SETTLED The quality of the filtrate was certainly better as the

SEWAGE  capacity reduced, the silting up of the coke causing it to act
EXPERI- " ; : R
MENTsS,  more perfectly as a mechanical filter, keeping back solids in

In suspension.

[t was not considered advisable to allow the capacity to be
reduced below the figure of 27,600, which it had now reached,
and it was now desired to see how far it would be necessary
to reduce the fillings, that is the work of the flter, in
order to maintain this capacity.*

Rest of two With this intention, from March zist, the beds were rested
days out of ;
b every Wednesday and Sunday, and three fillings per day were

aiven on the working days. During the period sewage from
which the grit only had been settled, and to which three
grains of lime per gallon had been added, was used.

f.‘"p"iﬂﬁ?ﬁ" The filtrates obtained, during this experiment, upon the
days immediately following the rests, were exceedingly good
in appearance, but on the following days they were usually
opalescent, and sometimes deposited iron.

This experiment extended from March 21st to May 7th, 18909.

Beduction of apaci : e 3 "
Baga ity The capacity tests during this period gave the following
results :—
1 Loss or
(ialls, Inecrease.
Mar. 15th, 1899—1,038th filling, capacity 27600 ... —
" zsthr 1] —[,‘DSSth ] 18 25i3m #an _21-41:":'
Apr. 1oth, ,, —i1,08th ) 25,800 ... + 600
s 24th, ,, —1117th * 24,700 ... —1,100
May 6th, ,, —i1,143rd - 22,700 ... —2,000

This is a total decrease of 4,900 gallons for the whole
period.

* The original water capacity was 83,300 gallons. That of the empty tank,
without coke, was 174,800 gallons,
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The deposit, when dry, gave the following analysis :—

Loss on ignition at a red heat for 5 minutes = 36°50 7/ by weight.

Ferric Oxide = 30752 7, 5
Sand, &c. = 1554 /, "
Carbon present, as Coke = 1686 % s
Other Mineral Matters = o587 -»f

This last item is no doubt due to the degradation of the
filtering material.

These will be found on page 38.

EXPERIMENTS WITH CONTACT BEDS NOS. 3 AND 4,
AND Nos. 5 AND 6.

A grant having been made by the Council on June 1st,
1898, to extend the experiments, two pairs of contact or
Dibdin Beds were ordered to be constructed.

The first pair of these beds had an area of about { acre
each, and a depth of 3 feet. The bottom of both beds were
laid with large pieces of clinker, packed vertically, to a depth
of 8 inches, and only one half of each bed was underdrained
with 3 inches agricultural drain pipes, in rows two feet apart.
The drain pipes communicated with a brick channel, which in
turn was directly connected to the outlet valves. The
remaining halves were undrained, except for the coarse
clinker. The beds were emptied by means of five valves.

No. 3 Bed was filled with clinker greater than 1 inch and
smaller than one inch, whilst No. 4 Bed was filled with
clinker larger than % inch and smaller than L inch.

The sewage was distributed in a thin film upon the clinker
along one side of the bed, no arrangements being made for
evenly distributing the sewage over the whole surface. [t
was found, however, that the accumulation of fibre and other
substances upon the surface of the filtering material caused the
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ConTacT BEDS, NOS. 7 AND 8.

In addition to the two pairs of double contact beds last
referred to, two single contact beds were constructed. The largest
of these, known as No. 7, was intended for experiments in the
filtration by single contact of the effluent from the Lime
Precipitation process, in which the sewage passes through a
series of precipitation tanks, where it leaves behind over three-
quarters of the solids in suspension, so that on an average
g grains per gallon of solids in suspension come out in the
effluent. As compared with the original crude sewage this
effluent shews a purification of from 45 per cent. to 55 per
cent.

The Bed No. 7 has an area of about goo square yards,
and a depth of 3 feet 6 inches. It was filled with clinker
smaller than 1 inch and larger than § inch. The bed was not
underdrained. No special system of distribution was adopted.
The lime effluent was allowed to enter the bed at one corner,
and in time, as the surface in that corner began to become
clogged, the liquid spread further over the bed until, after
six months’ working, it spread over two-thirds of the surface
before finally disappearing.

The bed was started on March 8th, 1899, and was worked
with three fillings per 24 hours, and with two hours’ contact,
until October zoth, Ze., for rather over seven months.

The filtrates first obtained were strongly opalescent, but
as the bed improved in condition the filtrates also improved,
though they had a strong yellow colour, and on standing
deposited a copious buff-coloured precipitate which consisted
chiefly of iron. The last runnings from the bed were usually
very clear. The results, however, never reached the standard
obtained by the double contact treatment of crude sewage on
Beds Nos. 1 and 2, nor even those attained on Beds Nos, 3







Bed No. 8.
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As it was impossible to account for this unexpected large
reduction of capacity, the experiment was stopped at the end
of October, 1899. The bed was rested for two months, and
during this period it was dug down, turned over, thoroughly
loosened, and completely underdrained with 3 inch agricultural
drain pipes. The effluent which had been going on to the
bed contained g8 suspended solids, and the filtrate 48, so that
5 grains remained behind in the bed. These 5 grains reckoned
on the total volume of sewage dealt with in the seven months
was far from accounting for the reduction of capacity, even if
none of it had been digested. It was found in fact that there
was very little accumulation of matter in the bed, but the
material of the bed had sunk and become consolidated, so as
to form almost one mass, as a consequence, no doubt, of the
alternate filling and emptying ot the bed, and the slight rise
and settlement of the material at each turn of work ; in short,
the reduction of capacity appeared to be due very much
to this cause.

On re-starting on Jan. 3rd, 1900, the capacity was found
to be 53,500 gallons, that is within 2,200 of the original
capacity. The turning over of the material had raised the
level of the bed some 4 inches. From Jan. 3rd it was
worked as before with three fillings a day until the date of
this report.

The capacity is being reduced at about the same rate as
before, and no doubt from the same cause. It remains to be
seen whether other material than clinker, or clinker of larger
size, will give better results in this respect.

The analyses were similar to those already given for the
earlier part of the experiments.

The second of the single contact beds (known as “ No. 87)
was intended for experiments in the single contact filtration
of septic effluent.
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was comparatively clean. Much reduction of capacity was again
found to be due to the consolidation of the filtering material.

On re-starting the capacity was found to have increased
by 17,100 gallons, and since November 10th, 1899, the bed has
been worked as before, with similar analytical results, and an
even greater reduction of capacity.

Loss or Increase.

Sept. 21st, 1899 ... capacity 10,700 galls. ... — galls.
Nov. 1oth, . ... 3 26900 , ... +16200
Dec. 19th, , ... s 20,500 5 s — 6,400
Jan. 16th, 1900 ... " I7800 o o= 2700000
March 8th, , ... " 16500 5 e = 220D o
April sth, - [3,2000 4 s = 200
May' 4th, 5 . - " T2200. e = LCOGE
June 1st, Y 9,800 . — 2400

Total loss since November 1oth, 1899 = 17,100 galls.

GENERAL OBSERVATIONS ON EXPERIMENTS WITH
CONTACT BEDS.

Sewage contains in suspension and in solution organic and
mineral matters.

If a sample of Leeds sewage is filtered through filter paper,
the withdrawal of the solids in suspension gives a purification
of about 50 per cent.

Chemical precipitation brings about a similar result, from
45 to 50 per cent. purification, though in some cases some-
what better results are obtained on account of the action of

the precipitant in throwing down some of the matters in
solution.

After the solids in suspension have been removed from
sewage there remains a liquid, which is often clear and free
from smell when it first leaves the tanks, but which still







OBRSERVA-
TIONS ON
EXFPERI-

MENTS.

60

deposited sulphur. This would lead to the conclusion that
the process is not, at least in the lower portions of the rough
bed, a strictly ®robic one.

The first flow from the fine beds is usually somewhat
turbid and unsatisfactory, owing to insufficient aeration in the
lower parts of the beds, and in the channels and pipes; and
also to accumulation of solid matter in the neighbourhood of
the outlet valves. On the other hand, the last part of the
flow is exceptionally good, and therefore all the samples
analysed are the average of the whole flow, spreading over an
hour, and taken every ten minutes.

As a rule, the rough beds were found to keep back from
65 to 75 per cent. of the solids in suspension, and the filtrate
shewed a purification of about 65 per cent. The filtrates
from the fine beds shewed a purification on the crude sewage
of from 75 per cent. to 95 per cent.

The solids in suspension in this final filtrate amounted to :—
3'51 grains per gallon when dealing with crude sewage.
2’19 i " i » screened sewage.
1°3 i - 3 . partially settled sewage,
and these differences account for the turbidity noticed in
connection with the first flow while dealing with crude or
screened sewage, and for the improved appearance of the
effluent in dealing with partially settled sewage; and there
can be no doubt that with thoroughly settled sewage admirable
results would be obtained by double filtration.

From experience gained during over two years in treating
Leeds sewage on contact beds, it was found that whether
dealing with crude sewage, screened sewage, or partially settled
sewage, variable but very good effluents could be obtained,
much superior to those from lime precipitation. Their chemical
analyses gave results which were generally well within the
limit of one grain per gallon oxygen absorbed and ‘1 of
albuminoid ammonia ; limits which have in recent years been
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These results were obtained notwithstanding the large
volume and variety of trade efluents mixed with Leeds sewage.
The chief difficulty occurred in connection with large quantities
of iron liquor (ferrous sulphates and chlorides) coming down
in this sewage, and representing as much as five tons of
metallic iron per 24 hours. Generally a large part of this iron
was retained by the beds, but at times, especially in summer,
some of it came through in solution and afterwards settled
out as a buff-coloured flocculent hydrated ferric oxide.

The final effluent evidently contained abundant dissolved
oxygen, for it was found to support fish life; coarse fish, such
as carp and gold fish living in it for long periods, some of
them for over 2} years; while there was much green growth
in the basin and channels. Mention may be made of Vaucheria,
an alga which grows in swiflt flowing and therefore well
aerated streams. The usual pond life was also represented in
great variety in the basin, including larvaee of Chironimus,
Nais, Cyclops, small worms, &c. In the body of the filter
were earth worms and great numbers of Podura aquatica.
These evidences of aeration are a special and valuable
feature of biological effluents, which, unlike the effluents from
chemical precipitation, are rarely liable to subsequent putre-
faction, but on the contrary contain elements of further
purification, and improve on passing to the streams.

It was found that new beds required about six weeks to
get into condition, the early effluents being unsatisfactory and
putrescent ; but at the end of this period a rapid and permanent
improvement in the filtrate took place.

The process of treatment of sewage on these contact beds
was found free from nuisance, and even on digging deep into
the beds which had received sewage for long periods, there
was no smell but that peculiar to garden soil. It was found
that stray sceds falling on the coke beds led to luxuriant
growth of grass and other plants,
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[t will be seen that in the eight hours occupied in passing
through both beds the loss of temperature from the sewage
to the final effluent was only 1} degrees. During periods of
rest the heat in the beds rose to 70 and 8o degrees.

During the past few years the winters have not been severe,
and it was only during last winter that any valuable data
bearing upon this subject could be collected. They shew that
during fairly cold winters the purification effected by this
process of contact filtration is not appreciably checked.

The process then was reliable to give satisfactory effluents,
and the real difficulty was found to be the impossibility of
maintaining the capacity of the rough beds except with such
a slow rate of work, that the area of rough beds required
would be very costly.

The loss of capacity was due to the following causes, some
of which are remediable, and others not:—

1. The passing of sand, coal dust, and read detritus into the
bed.

These matters must be kept out, for bacterial action
cannot reduce them. The sewage must be passed first
through a grit tank at such speed that only the heavier
matters, with some of the grosser organic solids, are left
behind.

2. The degradation of the material of the filter.

It is found that coke, though at first carefully sorted
to larger size, soon becomes broken down. No doubt
this arises to a less extent with clinker, which, however,
is apt to take the form of slabs, and is not very suitable
for a coarse bed. Burnt ballast is very liable to
reduction.

3. The consolidation of the material of the bed
As pointed out in connection with the single contact
beds, Nos. 7 and 8, the loss of capacity in those cases
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was largely due to this cause. The material of a
bed must be of very even size, or gradually the smaller
picces, by the slight movement due to filling and
emptying, tend to fit themselves in between the larger,
so as to approximate to a solid mass. As we have seen,
even equal sized material in course of time becomes
broken down into unequal, and so consolidation takes
place.

4. More organic solids coming on to the bed than the bed can

digest.

Fibre and certain vegetable matters are very slowly
dissolved, and tend to accumulate in the beds, unless
the rate of working is very slow. The screening-off of
some of these matters can be accomplished within
reasonable cost.

5. The presence in the sewage of matters which cannot be

reduced by bacterial action, other than the sand and road
detritus which it is suggested can be settled in the grit
tank.

Whether such matters exist in the sewage in an
originally irreducible form, or whether such irreducible
form is reached as a result of change in the bed, it is
difficult to determine. But it is certain that a coarse
bed which has been long at work is found to contain a
large quantity of matter akin to humus or garden soil,
and which cannot be further reduced. The same result
was found in connection with the deposit in septic tanks
and the suspended solids in their effluents.

6. The rvetention in the bed of mineral solids originally in

solution, but which, by the oxidising action of the beds,
come into suspension : as, for instance, the iron liquors
containing ferrous sulphates and chlorides, a large part
of which are found to be retained in the beds, the pieces
of coke being often heavily coated with red iron deposit,
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filling a day, as was done when the capacity had fallen to
25,000, no doubt the No. 1 Bed might have gone on working
very much longer.

[t should be noted that the fine coke bed of the first series,
No. 2, which has been working for 2} years, has not given
much cause for anxiety as to the maintenance of capacity.
The clinker fine beds, Nos. 4 and 6, on the other hand, have
been appreciably reduced in capacity, which may be due to
consolidation brought about by the greater specific gravity of
the clinker as compared with coke.

The general conclusion, then, in reference to the Leeds
experiments with contact beds, is, that in the conditions at
Leeds, and with the material used, it was found impracticable
to deal with crude, or with partially settled sewage, not because
cgood effluents could not be obtained, but because the capacity
of the rough bed could not be maintained : and when
accumulations arose, a large part of them having reached an
irreducible stage, could not be consumed by resting the beds.*

If, therefore, contact beds are to be used for Leeds sewage
in future, the problem will be:

1. To find material of perfectly even size not liable to

degradation.

2. To reduce as far as possible the solid matters put on
to the rough bed.

3. To exclude and treat separately the iron liquors.

Another point suggests itself, whether it would be possible
to construct the beds in such a way that the undigested or
indigestible solids shall be expelled from the beds with the
effluents. This suggestion is dealt with later in this Report
in reference to experiments in continuous filtration.

* See Tables of Capacity, Appendix.
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actively septic. Black sooty matter rose from the bottom with
a violent evolution of gas, and then spread over the surface of
the tank, some of it floating and carried to windward, forming
a scum at one side of the tank. It was noticed that the
colour of the liquid in the tank changed to a dark hue owing
to the formation of sulphides of iron and the solution of some
of the products of bacterial action. On re-starting the flow,
this violent action abated within the first day, and the tank
remained only moderately septic until the warmer days towards
the middle of July. From July roth to July 28th the surface
of the tank was covered with a thin frothy scum, which was
easily disturbed by winds. From the latter date this scum
gradually became thicker until a thickness of nearly a foot
was reached in September, 1890.

As it was found that more solids in suspension came out
than were desired, the daily flow of sewage through the tank
was reduced from August 14th to September 21st, 1899, to
125,000 gallons, in order to see if by this means the amount
of solids in the effluent could be reduced. So far as could be
determined in this short space of time, no alteration was
produced, for on July 27th the suspended solids in the filtrate
were 143, and on August 26th they were 142 grains per
zallon.

On September 21st the flow was again increased to
250,000 gallons per day. From August to October, 1899, the
effluent was very black, and contained a considerable amount
of suspended matter.  Towards the middle of Qctober these
solids decreased considerably in amount, and continued so
until November, when the effluent again became black and
turbid.  From November gth to November 13th the efflueat
was clear, but became turbid again on the 20th. These
fluctuations of solids have continually occurred since then. No
reason for these changes could be noticed, the evolution of
gas being no greater when these flushes occurred.
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1900, this scum was frozen so hard at the outlet end of the
tank as to easily bear the weight of a person walking upon it.
Upon several occasions this frozen scum was raised up into a
dome by the accumulation of gas beneath it. As the frost did
not penetrate deeper than this scum, it would appear that this
surface layer is a bad conductor of heat, and so to some
extent would help to conserve the heat of the sewage during
cold weather. During the month of Februarv, 1900, the
average amount of heat lost by the passage of the sewage
through this tank was only 16" I'. Since this last period of
frost the scum became much thinner, and not so coherent.

Analyses of the efluent shew that the amount of suspended
solids in the efluent became greater the longer the tank was
worked :—

March to June, 1899 = ¢'I grains per gall.,suspended solids.

July to October, , =110 ”» -
Nov., 1899, to Feb, 1900 = 152 % "
March to June, , = 152 ' i

This fact points to the necessity of removing from these
tanks periodically some of the accumulation, part of which is
incapable of being further split up into gases and soluble
solids. As yet nothing has been removed, and there is no
experience as to the offensiveness, or otherwise, of septic
sludge in drying.

Average of all analyses referring to No. 1 open septic tank
from February, 1899, to January 15th, 1900:—

| Gumrmowon | S i"“.:l:ﬁﬂi.'?"“ll B | ot
> | 8a® F.)

| Crude Sewage ... 4 ; 1208 | 444 215 102 D0
Septic Tank Effluent (No 1) ... | 77'6 | i | 1'83 455 | 418
Purification effected =l (11 I 14 ¥ 63 % 53 %

e — - — =
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and this number multiplied by the volume of the tank, 250,000
gallons, gives the amount of solids actually present in the
tank = 1.306,750,000 grains, or 199535 lbs. From the table
civen above it is evident that out of every 444 orains of
suspended matter in the sewage 31°3 grains remain in the
tank. Therefore the amount of matter deposited in the tank
per day will be 31°3 multiplied by 240,000 gallons, which is
the average of the daily flow over the whole period = 7,512,000
orains, or 1,073 lbs, and this multiplied by 432 days, from
February 27th, 1899, to June 15th, 1900 (less stoppages), gives

as the total deposited in the tank ... 463,530 lbs,
And as on June 15th, 1900, we had in the tank ... 109,535
[t follows that there had been digested ... ... 204,001

or 56:9 per cent. of the suspended matters deposited in the
tank, and this represents 40t per cent. of the suspended
matters in the crude sewage.

It will be seen therefore that the open septic tank accom-
plishes the mixing and equalising of the sewage—which is an
important advantage for the subsequent process—and digests
a considerable amount of the solid matters, so that the sludge
production will be to that extent reduced. The tank should
not be emptied, but arrangements should be made from time
to time to draw off some of the sludgé from the bottom.
Considerable quantities of suspended solids come out with the
effluent.

The second open septic tank has an area of 6,000 square
feet, an average depth of 7 feet 7 inches, and a capacity
of 250000 gallons. Crude sewage was allowed to flow into
the tank by means of seven pipes, which delivered at a depth
of three feet below the surface. The effluent was withdrawn by
means of 32 pipes, at a depth of one foot below the :1'111'!‘;1::::.
These pipes in turn deliver into a long narrow channel running
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This will be referred to again in the general observations
upon the septic tanks. Since February, 1900, the scum upon
the surface of the tank has become quite earthy in character,
mosses and grasses growing upon it Like Tank No. 1 the
amount of suspended matter in the effluent fluctuates very
much.

The construction of the third septic tank is similar in
every respect to No. 2 tank.

This tank was started on May 3rd, 1899, a flow of
125,000 gallons of crude sewage being at first sent through it
every 24 hours. On May 12th, 1899, the rate of flow was
increased to 250,000 gallons per day.

Towards the end of July, septic conditions appeared, large
volumes of gas being evolved, but no scum was formed. On
August 19th the surface of the tank was covered with patches
of paper, &c., connected together with a thin frothy scum.
This scum gradually increased in thickness until the former
part of September, 1899, it had an appearance similar to that
on the other tanks.

As the No. 1 tank was working at the 24 hours' rate, and
No. 2 at the 48 hours’ rate, it was decided to work No. 3 at
a 12 hours’ rate, which was begun on December 18th, 1899,
when the daily rate of flow was increased to 500,000 gallons.
The change immediately caused the effluent to become worse
in every respect, much more suspended matter being present
than formerly. At the same time the scum gradually became
much thinner.

During May, 1900, the scum gradually thickened again
until it was stronger than that in No. 1 tank, but not so strong
as that in No. 2.

A further experiment was made with open septic tanks
working in series, four of the newly constructed precipitation
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SEPTIC After a fortnight this septic flow was replaced by a small
TANKS. ; -
flow of sewage of 50,000 gallons a day. The resultant effluent
was very offensive, in fact worse than lLeeds sewage, the thick

deposit became thinner, a wvery active evolution of gas
continued, and, no doubt, as the sludge became thinner, much
of it passed away in the effluent to the other tanks. After a
month the flow of sewage at the 24 hours’ rate was resumed,
and has since been continued, and nothing has been removed
from either the first choked tank or the later ones.

The sludge now in the front tank is of normal depth, and
the effluent similar to that from the other septic tanks.

The later tanks of the series, receiving less sludge, have
thinner scums, and the scum of the last one is very thin
indeed, only spreading after 12 months over a part of that
tank, but suspended solids in the effluent are not reduced.

(I:I:?-.Sfd Septic The closed septic tank, constructed upon designs submitted
by the Septic Tank Syndicate, of Exeter, consists of two
rectangular tanks, 54 feet long by 10 feet broad, and a depth
of g feet at the deepest point. Both are covered in by brick-
work arches. The mean water level in the tanks is about
6 feet 6 inches from the bottom of the tank. These two
tanks together will treat 40,000 gallons of crude sewage per
day. On June 6th, 1899, they were filled with sewage
from which the grit had been settled, and were allowed to
stand full until June gth, when a continuous current of 40,000
gallons per day of sewage was sent through them at the 24
hours™ rate.

By June 18th septic conditions had developed, the effluent
being dark in colour, whilst a large number of small bubbles
were continuously arising from the liquid in the tank. The
surface was covered with a thin frothy scum. These conditions
became more and more dm’ci:;lmcl until a maximum was
obtained on August 16th, 1899, and the surface became covered
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1'|:'|".I:I|‘IC bulk, was very dark coloured. Since then there has been little
- '|I.."I 1 " ';H- ¥

change noticed in the character of the filtrates, which, however,

are non-putrefactive.

Purification ANALYSES REFERRING TO PERIOD FROM SEPTEMBER 22ND, 1899,
ettected.
To JUNE 24TH, 1goo.

{ | Oxypen

o 3 . k. Nitrogen
Girains per Gallon, | :_:I:F:‘-';E ::‘“:a:‘.m:.li?fd T?tr'.l: Tl?:ilflg | ?-'I;;E'-'"I::'fl M1 ‘.L:.
| | %0° Fa |* rates,
s - i I
Septic tank effluent | T8 128 187 436 482 | —
Filtrate from Beds .. | 179 a1 88 157 P53 | 242
Percentage purificationon
septic effluents | — 0% T | fid % B0 % -

This is a purification of 867 upon the crude sewage in
Alb. NH,, and yo // in oxygen absorbed.

Reduction of
Capacity.

CAPACITY 1IN GALLOMS.

DaTE. — r

|
Bed MNo. ].|]i|:d No, 2, (Bed Nao ;5,||1..|_-.;! No. 4, Bed No. 5. Bed No. b,
|

B i e
|
Sepl. 2nd to Sept. 29th, 1899 | 4,770 | 5,750 | 5,810

5,240 | 5,200 | 4,890

Orct. 23rd 1o Oet, 26th, ., | 4,680 | 4,050 5140 | 4.770 4, T 4,35

Jan. 15t to Jan. Gth, 1900 | 4,30
|
Jan. 29th to Feb. 3rd, ,, ...| 4,250

4,700 [ 4,700 | 4,350 | 4,520 | 4,030

4,580 | 4,660 | 4,220 | 4,450 | 4,000

Mar. 3th to Mar. 10th, ,, ...| 4,270 | 4,490 | 4,610 | 4.340 | 4,350 | 2,950

[ 1

Apr. 9th to Apr. 16th, ,, .| 4230 | 4,380 | 4,460 | 4,630* [ 4,770* | 4,310*

Nov. 27th to Dec. 2nd, ,, 4,220 | 4,600 | 4,670 | 4,420 | 4,450 | 3,900
|
|
|

May 7th to May 12th, ,, .| 4,190 | 4,298 | 4.270 4530 | 4,450 4,170

June 11th to June 16th, ,, o 4,050 | 4,090 | 4,300 | 4,370 4,330 I 4,140
——f—|— e | B e

Total decrease in E]allmu...i 720 1, G0 1,510 | B0 B0 T

* Surface forked previous to test.
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some of the products of bacterial action, and the production
of sulphides of iron.

The gases evolved are inflammable, and no doubt with a
sufficient area of covered septic tanks, they might be used for
heating and lighting purposes.

The question whether septic tanks should be closed or not,
is of importance in view of the considerable extra cost of
roofing them in. The advantages claimed for closed tanks

df€ i—

1. That the roofing excludes the air from the surface and
promotes better anerobic conditions,

2. That the resultant gases are under control, and can be
utilised for lighting or heating.

3. That evil odours are prevented from escaping.

4. That the heat of the sewage is better maintained.

The experience of Leeds shews that whatever results were
obtained from the closed septic tanks were equally well
obtained by the open, and that the scum which forms on
septic tanks, itself soon gives a cheap automatic roof, which
is chiefly of value in preserving the heat in the sewage, the
floating surface being a bad conductor.

It was found that the average loss of heat of the sewage
in passing through the open septic tanks was 16° F., while
through the closed, it was ‘8° F,, and the difference is too small
to warrant the expense of a roof on this account.

The heating value of the gases is not great, and the
roofed-in septic tanks are really gas holders, and except
under proper care, may become a serious source of danger.

In the open septic tanks, the gases produced are at once
dispersed.  For the most part they are inodorous, no appreci-
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OBSERVA. offensive character of the septic sludge, it may be well to work
TIONS

UPON septic tanks in series. In that case, as previous pages shew,
TREMIC if the flow is at the 24 hours’ rate through four equal tanks,

it will be at four times that rate through each, and consequently
there will be such rapid settlement of the heavier solids in the
first tank, that it will be full before septic action arises there
to any important extent. If this first tank therefore is in
duplicate, it might be emptied altogether from time to time,
and if it is also used as a grit tank, the sludge will be dense,
with a relatively small proportion of water, and in a condition
less offensive than that of the thin black septic sludge.

A point of great importance to settle is the question as to
which rate of flow through these tanks gives the best results.
With the intention of obtaining some data bearing upon this
subject, experiments previously detailed were instituted with
three tanks, similar in every respect, through which sewage
was passed at rates which would fill the tanks in 12, 24, and
48 hours. These experiments have not been in progress for
a sufficient length of time to allow of any definite statement
being made, but so far, it would seem as if any increase of
flow above what is sufficient to fill the tank in 24 hours is
attended with a corresponding decrease in the quality of the
effluent, whilst a reduction of speed to the 43 hours’ rate gives
very little advantage. If the flow is increased too much,
the tank will become filled with sludge before septic action
is produced.

AVERAGE OF ANALYSES REFERRING TOo THE Errect OF [IFFERENT
Eates oF FLow THRoUuGH Orex Sepric TANKs.

I GRAINS PER GALLON. 12 hours' Flow. | 24 hours' Flow. . 48 hours” Flow.
Total Solids in effluent ... K50 752 56
Solids in Suspension in effluent ... 196 115 10-9
Free Ammonia 5 141 1-50 155
Alb, % T B2 34N g
Oxygen absorbed (4 hrs., 30° F.) ... a7l 437 497
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practicable limits of cost, because he claimed to require a
areatly reduced area of filter, with heated sewage. The
condensed steam of the pulsometer, mixing with the sewage
increased its temperature, and at Mr. Whittaker's desire steam
was in addition directly injected. It was found that this
increased the temperature of the septic effluent from 39 at
which it left the tank, to 7z5. It was considered quite
too costly to do this on a large scale, and as the growth
on the surface of the bed appeared to be promoted by the
heated effluent, the use of injected steam was discontinued,
and it was found that by the pulsometer alone, the heat of
the septic effluent put on the bed was raised from 5¢° to
67" —about 8 degrees. This is not necessary during the warmer
months ; but with an wunroofed open bed, worked on the
continuous principle, there may be difficulty in winter
weather,

On May 3oth the process was stopped, and the bed
allowed to rest until June 13th, 1899, when it was re-started
at a rate of 50000 gallons (Ze, 1,500,000 gallons per acre) per
24 hours. The filtrates first obtained were very clear and
good (Alb. NH; = 08 ; oxygen absorbed ='344), whilst a large
amount of nitrates had been produced during this rest, as was
evinced by the fact that the average sample for June 14th
contained 35 grains per gallon of nitrogen as nitrates. The
surface of the bed remained perfectly free from clogging until
June 18th, and on June 26th, 1899, it became necessary to fork
the surface. It was noticeable that this forking, by opening
out the surface, and the better aeration of the bed, caused
better filtrates to be produced. This improvement continued
until the surface of the bed again became clogged. [t was
therefore evident that for the production of good effluents it
was necessary to keep the surface open.

As the clogging was due to a vegetable growth, which did
not penetrate into the bed more than a few inches, it was
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The construction of this No. 2 bed was as follows: Rows
of semi-circular perforated tiles, having a diameter of 18 inches,
are placed edge-to-edge, and raised above a slight inclined
plane of concrete by means of small brick columns, so that
there is a clear air space between the tiles and the concrete
floor.  Upon the floor thus constructed is built an octagonal.
pigeon-holed wall, and the space within this wall is filled in
with coarse coke; first, to a depth of one foot above the pipes
by coke not less than two inches in diameter, and the rest of
the bed is then filled with coke of not less than 1} inches
diameter. Altogether there are nine fegt in depth of coke.

The septic tank effluent is distributed over the surface by
a Whittaker sprinkler, and the filtrate is collected by a
channel running round the concrete floor.

The rate of filtration was 1,000000 gallons per acre
(ie., 200 gallons per square yard) per 24 hours, working night
and day.

The bed was started on September 2nd, 18g5. The first
filtrates obtained were exceedingly clear but putrescent,
shewing that though sclids in suspension were being kept
back, bacterial action was not yet devoloped. This coutinued
until September 19th, when the filtrate became turbid from
the large quantity of suspended solids coming out from the
coarse coke; but, nevertheless, nitrates were present, and the
filtrates were non-putrescent in character.

Since then the filtrates have remained turbid but non-
putrescent, and no change has been made to the bed itself

until April 7th, 1900, when the coke upon the surface, which
had disintegrated somewhat, was renewed.

Work was continued night and day, till towards the middle
of May, 1900, the quality of the filtrate obtained deteriorated,
This was considered to be due to the accumulation of solid
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increased. Increasing the flow to three volumes will not
damage the filter, though, no doubt, during such increased
flow the degree of purification would not be so good.

The Whittaker sprinkler was not found very efficient, and
required frequent attention and cleaning of the holes. There
is room for much improvement in distributors.

It is proposed to try an experiment with continuous
filtration on a coarse bed, well roofed in to conserve the heat
in the sewage. The artificial heating, proposed by Mr.
Whittaker, it is feared, will prove too costly on a large scale.

CONTINUOUS FILTRATION OF CRUDE SEWAGE.

In previous pages we have dealt with the double contact
filtration of crude, screened, and settled sewage, and also with
the continuous and contact filtration of septic effluent.

It was desired to investigate the possibilities of dealing by
continuous filtration with more or less crude sewage. For this
purpose three small experimental beds were used, which had
been constructed for usz as triple contact beds, but had not
been put to work for that purpose. These beds were a little
over 12 feet square, and had an area of 17 square yards, and
a depth of four feet. The first of these was filled with the
coarsest coke available, the second with coke to about 1 inch
and 1} inches in size, and the third with small coke about
five-eighths inch. The distribution was by tipping troughs,
and the sewage used was the crude sewage after passage
through three screens, the smallest of which was 37 per inch.
The first of these screens, which had one-eighth inch mesh,
kept back small pieces of paper, matches, &c., and the second
and third screens kept back most of the fibre, but all the
finely divided solids in suspension passed on to the beds. The
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This second experiment was started on March 26th, 1900,
at a rate of flow of 730000 gallons per acre, that is 150
gallons per square yvard per day.

It will be understood, therefore, that this continuous filtration
was over three beds of the coarsest coke: the first three feet
six inches, and the second and third about two feet six inches
each in depth; and no doubt it would have been much better
to have had this eight feet six inches of coke all in one
column, with a single distributor.

The sewage took only a quarter of an hour to pass through
the three beds, and the first results were very unsatisfactory
with a total purification of about 50 % only. The filtrates

‘gradually improved until in about three weeks the bed had got

into condition, but shortly after this, solids began to work
through, and made the filtrates turbid. This was the same
result which had been noticed on the Whittaker beds: that
the solids in suspension were at first kept back, but gradually
worked their way down through the filter until they began to
come out with the effluent. These solids were found, however,
on coming out, to be different in character to what they were

on going in. They settled more readily, and were very slightly
putrescible.

When these solids had been settled from the final filtrate,
good analytical results were obtained, namely : ‘ogg Alb. NH,
and ‘667 oxygen absorbed per gallon.

This result, in view of the short time taken by‘the sewage
in passing over this very coarse coke, was certainly remarkable,
but it will be seen that the process would require to be
followed by a settling tank. The solids so settled would
probably be found similar in character to those experimented
with in the case of the Whittaker bed, and give rise to
no nuisance in the drying of the sludge.

The growth on the top of No. 1 bed has not up to the
present caused any inconvenience,
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No doubt with a somewhat increased depth of coke, and
improved construction, the solids coming out could be
obtained in an entirely non-putrescent condition.

As evidences of the mration obtained in this process, it may
be mentioned that on the wet surface of the third bed green
confervoid growths have recently appeared.

One curious thing was noticed, that when the sewage put
upon the beds was very considerably darkened by dye, the
colour was completely taken out in the final fltrate, and
indeed the greater part of the colour had disappeared from the
filtrate in the first bed.

The experiment is being continued, and is thought to be
sufficiently promising to make it worth while to make a new
“Leeds” bed on these lines in one column with twelve feet of
coke, with other meodifications.

DUCAT FILTEE.

An experiment has recently been started in the
continuous filtration of crude sewage on a filter constructed
on lines suggested by Colonel Ducat, of London. This filter
has an area of y4yth of an acre, 484 square vards, and a
depth of 10 feet. The material used being clinker three-
eighths inch to five-eighths inch. The sides of the bed are
built, not of brick, but of drain pipes, 12 inches long and 5%
inches external diameter. This construction secures the
complete exposure of the sides of the filter to the air. Out-
side this perforated wall is a second wall, distant from it about
three feet, and built of solid brickwork for the purpose of
keeping in the heat, and it carries a roof covered with thatch.
The bottom of the bed has six perforated brick channels
connected with the outer air, through which pass cast iron
hot water pipes connected with an external boiler, intended
to supply artificial heat during cold weather. The crude sewage
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far as possible, conserve the heat of the sewage, which, even
in winter, is always many degrees over freezing point. No
doubt this question of retaining the heat of the sewage is
one of the difficulties of continuous filtration. There is very
little loss of heat in contact beds.

Experiments are proposed to secure a material of even
size and form, and not liable to become broken up, and this
is not less necessary for the permanent life of the continuous
than of the intermittent filters.

Neither the continuous nor the intermittent systems of
filtration give rise to any evil odours.

Both give excellent results on chemical analysis, and
effluents which improve and do not deteriorate on keeping.
From the bacteriological point of view, however, all the
filtrates contain a greatly larger number of bacteria than the
standard of numbers allowed for drinking waters. This
objection is not very material, as it is quite impracticable,
in the treatment of sewage, to require transformation
into a liquid of potable quality. Indeed, the presence of
bacteria in the filtrate may be looked upon as an active
element of further purification, and it is only to be remem-
bered that the presence of a large number of beneficent
bacteria 1s always accompanied in sewage by a proportion of
pathogenic species, Where filtrates proceed from fever
hospital sewage for instance, or where filtrates pass to streams
which are used for drinking purposes, some process of final
sterilization, with a wview to the extinction of pathogenic
germs, may be desirable; but in the case of Leeds, where
the purified sewage passes into a stream which will scarcely
at any time be brought to safe drinkable condition, the
presence of considerable numbers of bacteria in the final flow
cannot be considered as an objectionable feature.
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TABLE SHEWING THE VARIATIONS IN

No. 1, ROUGH CONTACT BED.

tinlls.

Capacity before putting in Coke = 174,800
Original Water Capacity after putting | 83,300
in the Coke .. i = ]

—

1897, Galls.
Ot 1st 83,300 Crude Sewage
(3 fillings).
MNav., 1st .. T4, (00 o
Dec. 1st ... M.m 11
1558,
Jan. 1st ... 47,100 ve
Feb, 1st ... 45,400 5s
Bed rested 14 daye)
Fel.18th ... 55,900 Lime Effluent.
Mar. st ... i, 000 Screened Sewage
(3 fillings).
Apr st ... 44,000 4
|
Apr. 27th ... 40,000 i
o rested 7days
May Sth ...| 45,800 (2 fillings).
Junelbth ... 43,200 a3
Bl rested 38 doys
July 28th ... i, S .
o | s 42,000 T
REpE: 18 Besl dug over
5 Half-zentled Sewage
Clat. st ... 4, ) (2 Bliings),
Nm"; 151. s 44. hE |
Bl rested 14 duys
Dec, Ist ...| 45,000 (3 fillings).
1899,
Jan. 1st ... S, 000 o
Feb. 1st ...| 31,800 7
Resting on Sundays.
Mar. lsL ... 20,000  |Crude Sewage do.
(3 Allings).
Apr. st .. 25,000 Resting Wednesdays
| and Sundays,
! Lo Resting alternate days
o ke ol {e'.i.fﬂl-!"u?lillfg::|:;rd:n§'
June 3rd ... 23,400 o
July 1Ist ... 25,600 (1 filling every day)
Aug. lIst ... 2, 800 £
Sept. Oth .. 27,300 i
Oct. Tth ...| 26,900 i

inthe Coke ..

No. 3, ROUGH CONTACT BED. No
o alls o ;
Capacity lefore putting in Coke = 102,08 | Capacity be
Original Water Capacity after |m|:1.ing} ~ 51,800 'Drijgi:irl W,

1888, Galls, | Partially Settled
Nov, 21st ... 51,5000 !Sl;“-ggcl::-l fillings).
| Rested on Sundays.
Dec. 5th .| 46,0600 | o
188€E, |
Jan,: End ... 38, 100 i
Feb, 1st 34,500 o
feb. 13th . 20,400 Cirit Settled
Sewage (3 fillings).
Rest on Sundays.
Mar. 1zt ... 28,500 53
Mar.27th ... 23, 600 e
IRested 18 days.
Apr.18th ... 28, (04 T
May 2nd ...| 21700 -
| Burface omovesd,  Beds rest :I:IIcrrml:c
Wheeks,
May 31st ... 24, 0 =
June28th .. 232, 500 i
Resting alvernate days)
(3 fillings).
Aug. lIst ... 25, () =
Sept. Lst 25, (0K s
Oct. lst ... 24, 500 "
Nov. 1st .| 21,200 | i
Dec. st ... 21,700 i
1900,
Jan. 1st 15, 000 o
Mar. 10th ... 14. 700 L3
Rested 10 dayaand
Burface cleaned,
Mar.26th ... 21,200 =
Apr. lst 21,000 2
J May 1st 18,500 A
June Ist ... 15, 000 o
July lst .| 18,200 | ,,

M.B.—The increaze of Capacity from July 1st, 1899,
is mure apparent than real, as with only 1 filling
per day the Bed would have a longer time to
drain.

Mar. 141h -,:-.5:
Apr, 1st 9
May Oth .
June
July
Aug,
Aug. l6th &
Sept. 13th .
Oct. 24th .8
Wov.22nd 3
1900
Mar. 9th .
Apr. Gth
May 4th .3

June st 3

June 22nd
July 20th 5

N.B.—The increase of Capacity from July 1sr, 1698,
15 more apparent than real, as with only 1 filling

|il.“'l'_ day the Bed would have a longer time 1o
(411008
















