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REPORT.

—— - ———— e

To ToE Boarp oF WATER COMMISSIONERS
oF THE C11Y oF S1. Louts. Gro. K. Bupp, President.

GrNTLEMEN : In obedience to imstructions received from the Board of
= 3 T = e g ™ I have visited

ce there for the
these are made

- -

The reader will please correct the following errata :

Page 70, line 4, for abous read about. )rn, in Italy ; of
“ 103, « 17, for polltinons read pollutions. ‘ mee ; of Berlin,
« 122, “ 26, for basin (c) read basin (e). Leicester, York,
“ 131, <292, for (6.50 metres) read (0.50 metres).

« 161, 10, for the Thames or the sea read the Thames or the Lea. filtration in usec

time than I had

t all the details
and statistics which were desirable, without a larger expenditure of time and
money than your instructions, however liberally construed, would have war-
ranted. What may be wanting, however, in the description of one place will
generally be found in another. No one but the superintendent or engineer of
each work, who had watched the process of filtration from year to year, could
give minutely all the experience which each place learns for itself. 'The process,
however, unless where the areas were incommensurate with the service, was in
England everywhere successful. The conditions were simple, well recognized,
and easily understood ; and when, as in two instances particularly, they were
violated, it was but temporarily—the increase of area required being acknowl-
edged, and being about to be corrected.*

* January, 1869. At each of these places the enlargement of the filtering area has sinece been made,






REPORT.

To Tne Boarp oF WATER COMMISSIONERS
or THE CIy oF St. Louvis. Ggro. K. Buop, President.

GrNTLEMEN : In obedience to instructions received from the Board of
Water Commissioners in December, 1865 (sec Appendix), I have visited
Europe for the purpose of understanding the modes in practice there for the
filtration or clarification on a large scale of river waters, where these are made
use of for domestic purposes in the supply of cities.

To this end I have visited the cities of Genoa, and Leghorn, in Italy ; of
Marseilles, Toulouse, Lyons, Tours, Angers, and Nantes in France ; of Berlin,
Hamburgh, and Altona in North Germany, and of London, Leicester, York,
Liverpool, Edinburgh, Perth, and Dublin in Great Britain.

I submit herewith statements descriptive of the modes of filtration in use
at each of these places.

The obtaining of this information has occupied much more time than I had
anticipated. In many places it was found impossible to get at all the details
and statistics which were desirable, without a larger expenditure of time and
money than your instructions, however liberally construed, would have war-
ranted. What may be wanting, however, in the description of one place will
generally be found in another. No one but the superintendent or engineer of
each work, who had watched the process of filtration from year to year, could
give minutely all the experience which each place learns for itself. The process,
however, unless where the areas were incommensurate with the service, was in
England everywhere successful. The conditions were simple, well recognized,
and casily understood ; and when, as in two instances particularly, they were
violated, it was but temporarily—the increase of area required being acknowl-
edged, and being about to be corrected.*

* January, 1869, At each of these places the enlargement of the filtering area has since been made.

AT
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In France, while what is called the natural filter is successful, the arti-
ficial filter is usually a failure, for reasons which are sufficiently explained in the
descriptions of the several pl‘ICCS

In England, where the rivers rarely carry as much sediment as the Missis-
SIpp, except in floods, I found the arrangements for filtration very general and
e ;j“ ;uvery &nanmgeable and that, so far as my knowledge extends, wherever a city
T Gérived ts supply from river or stream, unless where large storage reservoirs

intervened, filter beds were used as a matter of course, to render the water
in every case as unobJectlonable and satisfactory to the consumer as might
be practicable.

In England and France, where the winters are usually mild, the ice seldom
forms so thick as to require any extra attention on the filtering basins. I visited
Northern Germany, where the climate is as severe as our own, to understand
whether the formation of thick ice impeded or interrupted the filtering process.

In the description of each place,* while the special object is to give an
account of its filtering works, I have noted such other information as incident-
ally came within my reach, in order that the general scheme of each place
might be understood.

Instead of giving a synopsis illustrative of the varying experience of the
different places described, it will be more useful probably to explain the prin-
ciples in practice, which govern the construction and operation of filter beds
in England and elsewhere.

The accompanying sketches of a filter bed suitable for St. Louis, will serve
to illustrate the details of this practice.

It will be obvious, however, that the pertinency of what I may say can-
not be judged of without that kind of preliminary information which the state-
ments referred to are intended to convey.

We are accustomed here to consider the filtering arrangements on Luro-
pean works, as having in view simply the removal of the fine sediments which
discolor river waters; but the filter bed equally intercepts and removes the
fine vegetable fibres and the minute organisms, vegetable or animal, which in
all river waters prevail more or less during certain of the summer months.
The removal of this class of impurities is getting to be considered in England,
and clsewhere, as of as much importance as the removal of the sedimentary
uncleanness which is more apparent. During certain of the summer months,
when the rivers usually carry but little sediment, this forms the chief duty of
the filter beds. The surface of the sand becomes occasionally as much

Ces 8 [}

* Since this report was written, the London journal ealled * Engineering” has published deseriptions of the
London Water Works, in which will be found minute deseriptions of several of the London pumping engines.

The ‘¢ Encyclopedia Britannica,” ¢ Bourne's Speeimens,” and *The Engineer,” may also be consulted for similar
details.
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impeded then with this matter as with the earthy sediments which more
usually clog it, and it is of a nature to taint the water under certain condi-
tions more offensively than the other. The sand filters are therefore con-
sidered very important instruments of purification in this relation. They
become, indeed, sereens of the greatest delicacy, intercepting all material
impurities, not the least of which are the very small fish with which all
waters are crowded at certain seasons. Most of the Kuropean rivers, how-
ever, pass through lands where manure is used more extensively, and where
a higher state of cultivation prevails than on the lands bordering our West-
ern rivers; and where also a denser population usually exists. Our rivers,
therefore, will not probably for a long time carry at any time the same
amount of organic matter in suspension.

In some of the places visited by me, what is called the natural filter is
in suecessful use ; I will refer to this again, and confine myself first to the
artificial filter.

The filter bed was designed to get rapidly rid of that very light portion of
the sediment carrried by river waters, which takes some time (a fortnight or
more) to subside under ordinary circumstances. This clayey discoloration,
though trifling in weight, renders the water very objectionable in appearance,
very objectionable in its application to any of the arts or manufactures, and
no acquisition certainly either as regards health or cleanliness; although cus-
tom, as on the Western rivers, may reconcile persons to its presence, especially
when its absence is associated, as there, with the hard and unpalatable waters
of the lime-stone springs. That portion of the sediment which, from its
greater weight, subsides rapidly, say within twenty-four hours, can be more
economically got rid of in subsiding reservoirs. The successful use of the
filter bed presupposes the preparation of the water in a subsiding reservoir.
Wherever the attempt has been made to use filter beds without that prelimi-
nary aid, they have either failed altogether, as in France, or rendered the
water but partially clarified, as in one of the London works. On the London
works the aid of subsiding reservoirs is being more and more availed of of late
years, both as rendering the filtering process more economical, which they
s2em to have been slow to perceive, and as a necessary auxiliary in time of
flood, to the efficiency of the other. They have become besides, valuable
expedients, especially on the Lea, for the storage of water. In some places
as at Liverpool, Leicester, lidinburgh, and Dublin, the large valley reservoirs
required for compensation and flood storage, perform for the filter beds the
functions of a subsiding reservoir. -

I will refer again to the size and arrangement of these.

The materials used for filtration on alarge scale are very simple. They are
sand, gravel, and broken stone or shingle—the deptlt of the whole varying from
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five to six and one-half feet; a layer of shells has sometimes been used,
placed within the stratum of gravel, but this is not found essential, and is now
generally omitted. i

It will be convenient to consider Lere the most appropriate size for a filter
bed before giving the arrangement and thickness of its materials. The sizes in
practice will be found to be very variable, and seemingly to have followed no
regular standard. The first filter beds at Chelsea proved inconveniently large,
and have since in practice been divided. The new filter beds at Stoke Newing-
ton (London), the filter beds at Liverpool, and those now under construction at
Dublin, are fair speeimens of modern practice, as applied to large cities. For
small cities it is found convenient to make the dimensions proportionally
smaller.

The areas of these are 45,000, 30,000 and 22,550 square feet each, respect-
ively. Their forms are rectangular, 300 X 1560, 300 X 100, and 205 X 110.

At Stoke Newington, with a delivery of 12,000,000 imperial gallons daily,
there are 6 filter beds in use now, and two projected, making 7 in all when
complete.

At Liverpool there are 6 now, for a delivery of 9,000,000 to 12,000,000
imperial gallons,

At Dublin, for an assumed delivery of 12,000,000 imperial gallons, there
are 7 filter beds in process of construction.

Bach filter bed, at short intervals varying with the condition of the water,
must have the deposit which accumulates on the surface of the sand cleaned off
or removed, and while any one is undergoing this cleansing process, the other
remaining filters must be competent to deliver the required supply without
overstraining their functions. If, then, there are six filters, five of them must be
competent to the full duties of the service, and if eight filters, seven of them
must be competent to this duty, on the supposition always that not more than
one filter will at any time be off duty. Should the circumstances in effect render
two unserviceable, the remainder must have area enough to meet the require-
ments of the case.

We see, then, that the smaller the filter beds—with the condition,
however, that not more than one shall be off duty at a time — the
smaller will be the total area of filtering surface required for the particular
duty. The materials available for construction, and their cost, will also
measurably influence the dimensions to be adopted, and it must always
be borne in mind that although there may be but one filter off duty,
it will frequently happen that another is nearly unserviceable. It is
therefore, found best to give a liberal area of filtering surface, to be prepared
for all the contingencies of the service. Ior a city of the population and pros-
pects of St. Louis, I will for the present assume 260 X 150 as convenient dimen-
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sions, giving an effective area of 37,450 square feet for each filter bed. See
Plates 1 and 2.

The bottom of the filter bed is prepared to suit the circumstancesof its position.
It must be made practically water-tight. This is sometimes insured by laying
coucrete on the bottom (a Plate 2), but quite as often by a layer of hard clay
puddle 18 to 24 inches thick, over which a flooring of brick is laid ; where the
ground is more than usually bad, both the clay and the concrete may be used
with advantage ; when conerete is used the brick paving is not essential. Upon
this flooring a central drain (d) running lengthwise is laid, with which are con-
nected on either side small tubular drains (c) of 6 to 9 inches diameter, pre-
pared for this purpose, the sides being pierced with holes to facilitate the
entrance of the water. These side drains are laid nearly at right angles to the
central drain, and from 8 to 12 feet apart. The central drain referred to as
arranged in Plate 2, and as in use on many of the London filters, is a double
drain, performing two offices—the lower part (5), which is covered, gathering
the ﬁltered water, and the upper part (¢), which is open, delivering the unfiltered
water upon the sand, when refilling a filter bed immediately after cleansing,
and in use then only for that special purpose. This central drain is sometimes
of brick, and sometimes of stone covered with stone flagging, the side walls of the
lowest twelve inches of the drain being in cither case laid dry ; the water-way
for this size of filter should not be less than 30 inches wide by 15 inches of
height.

A little reflection will show that the lateral drains can hardly be placed too
close together, for it is desirable that the filtered water should flow to the col-
lecting drains with as slow a velocity as possible; and the further these drains
are apart, the greater must be the amount of water running through each drain.

In the latest constructed filter beds of the New River Works at Stoke Newing-
ton, the lateral pipe drains are dispensed with, and over the brick flooring, dry
brick are laid instead ; forming a series of small drains not more than six inches
apart from centre to centre. The filtered water finds its way into these through
the open joints of the bricks. This forms the most perfect arrangement for
collection that I have met with ; but it is also, probably, the most expensive.
These small drains deliver there into two central drains.

This drainage skeleton rests on the base of the filter bed, and becomes the
means provided to collect the filtered water and deliver it to the outer passages
or wells. Upon the flooring of the filter beds, and covering the gathering drains
as well as filling up the intervening spaces, a layer of broken stones is laid,
large shingle or quarry spauls (e).

The stone should not be larger thanwill pass through a 4-inch ring, nor less
than will pass through a 2-inch ring, and they must be clean and free from
earth or quarry rubbish.
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The shingle so called is obtained in England from coarse gravel or beach
deposits, and is sereened to the size wanted.

This layer of broken stone wants to be 24 inches thick to cover efficiently
the pipe drains. Upon this layer of stone properly levelled off, from 18 to 24
inches of gravel is laid (f), say 18 inches. This gravel is usually screened into
two or three sizes,—the larger of walnut size, the next of the size of a hazel nut,
and the third between that and pea size. 'The largest size lies upon the broken
stone, the smallest size at the top, the layers six inches thick each. Over this
gravel there wants to be laid not less than 30 inches of fine sharp sand (g).
The sand to be screened fo insure the requisite degree of fineness and uniform-
ity. The lower 12 inches may be a little coarser than the upper stratum of 18
inches, but it is important that the two layers should be of uniform fineness
and quality throughout, otherwise there will be danger of the water passing
through more rapidly at one point than another. The whole depth of these
materials amounts to five feet eight inches,—a depth which will appear at first
sight unnecessarily great, since we know that the upper stratum of sand per-
forms apparently the whole duty of cleansing the water. The different degrees
of fineness in the materials beneath the sand and their several thicknesses,
were intended first to prevent the fine sand from following the water down-
ward into the drains, and next to insure the presenee of sueh a body of clean
water below the surface of the filter, as would penetrate the numerous joints
and openings of the drains, and keep them full, without ereating anywhere
currents or veins of water of any pereeptible differenee of veloeity.

With the drains mueh nearer to the body of the sand, it will be understood
that the tendency of the water would be to flow through the filtering material
more rapidly just over the pipe than at 5 feet on either side of it. The dis-
tance through whiceh it had to travel might be so short as to induee its concen-
tration. The low velocity at which the water flows through the filter, the
uniformity of fineness in the sand, and the distanee of the colleeting drains from
its surface, all work together to produce that regularity of action over the
entire filter bed upon which its perfection depends. The large gravel and
the broken stone covering the lateral drains, presents in faet by the voids or
spaces existing in such material, an innumerable collection of erooked tubes
conveying the water in as many threads to the collecting drains, and rendering
as well its concentration impracticable.

All the clear water underlying the surface of the earth, from which our
springs and wells derive their supplies, has been filtered into the clearness in
whieh it is found, by passing through earthen strata, where the muddy impu-
rities which it held on the surface after heavy rains, have been intercepted and
separated by a proeess precisely similar to that of the sand filter, so far as its
limpidity is concerned.
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From the ends of the pipe drains referred to, as well as from the end
of the central drain, small cast-iron pipes (%), of 4 inches diameter, rise to
the surface of the ground to enable the air to escape while the water is
being first let on upon the filter bed.

In England the sides are usually paved with brick or stone to slopes of
from 1to 1 to 2 to'1. In this climate as in North Germany the side walls
would have to be vertical on account of ice (see Plate 2), and the depth of the
water over the filter beds should not be less than 4 feet. With vertical walls
as at Berlin and Altona, the attendant, with proper tools, readily keeps the ice
separated from the walls, and although it frequently forms 18 inches thick, and
occasionally 24 inches, it does not interfere with the filtration, nor has it dam-
aged the side walls, to which the floating cake of ice is never allowed to
become attached. The water of the river Spree at Berlin, and of the Elbe at
Altona, is usually clearer in winter than in summer. The filter beds on that
account will operate for a longer period during the winter months than at
other times without being uncovered. At Berlin and Altona, as I was
informed, the filtering had never been interrupted in winter nor had the
works been damaged by the ice. In our Western rivers the winter waters
usually present the same character of greater clearness during the winter than
during the summer months. But some winters are exceptional in this respect,
and during such winters it would be desirable and might be necessary to
uncover and clean off, as in summer, any filter that should become, from an
accumulation of sediment, unserviceable. The proposed roofing in of the filter
beds, to defend them from the hot suns of midsummer, would come into play
here to defend the beds on occasion from frost, and admit of their being
uncovered for cleansing. Practice would speedily indicate how best to meet
any exceptional difficulty of this kind; and what had succeeded so well in the
severe climate of Northern Germany, would not probably fail here from want
of the required ingenuity or intelligence to meet the case.

In the worst stages of the English rivers a filter bed has to be cleansed
once a week, rarely oftener.

The stuff, whether sediment or otherwise, intercepted by the filter, is found
collected on the surface of the sand; in the process of its removal, a thin
paring of sand is necessarily taken with it, not exceeding from half an inch to
three-quarters of an inch in thickness. The impurities carried by the water are
not found to have penetrated the sand. The paring of sand is usually cleansed
and laid aside for future use, except when fresh sand ean be procured at less
cost than the washing of the old sand. The thickness of the sand bed is
allowed to be reduced by these repeated parings from 8 to 12 inches before it
is renewed. .

The original thickness of 30 inches of sand becomes then but 18 or 22
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inches before it is replaced and brought up to the original lines. The renewal
is usually made once in six months, sometimes but once a year, as the conve-
venience of the service may permit.

At each cleansing of the filter bed the sand isloosened by forks for some 6
to 8 inches in depth, and afterwards raked smoothly over.

The sand is liable to pack close if the cleansing is too long delayed. .In
such case the weight of the water is felt upon the sand ; in the usual state of the
filter it is not so felt.

The filter bed is usually filled with water from above by flowing it slowly
upon the sand either from one point in connection with an overflow drain (as
in Plate 2) or from several points on the side of the filter. It would be safer
and more convenient as regards getting rid of the air, to fill it from below by
means of the drains there ; but if this were done with the uncleaned water it
would distribute its impurities all through the filter. The filtered water may,
however, by suitable arrangements, be made available for this service. When
the filter has been once filled it is not necessary to empty it entirely at each
cleansing of its surface.

The lowering of the water 12 to 18 inches below that surface will after-
wards be sufficient to admit of the workmen removing the crust of sediment col-
lected upon it.

To insure the perfect cleansing of the water by the filters as well as to pre-
vent any disarrangement of the materials of which they are composed, the
velocity of movement of the water must be very slow. There is but little
difference of opinion among English engineers as to the best average rate,
although in some places that rate is exceeded, the consumption of water having
in such cases increased more rapidly than was anticipated , and the works fallen
temporarily behind the necessities of the service.

Mr. Charles Greaves, Engineer of the East London Water Works, limits this
rate to an average of one-half gallon per minute for each square yard of sand
surface, which is equal to 3% gallons per hour for each square foot of sand
area of the filter bed. Mr. James Simpson, Engineer of the Lambeth and Chel-
sea Water Works, who may be said to be the originator of the method of filter-
ing now in such general use in England, gave me as his opinion that the filtering
surface should be predicated on a rate of 72 gallons per diem for each square
foot of sand, which is equal to 3 gallons per hour per square foot. Mr. Henry
Gill, Engineer of the Berlin Water Works, considered that the rate should not
exceed half a cubic foot of water (33 gallons) per hour per square foot of sand.
Mr. Thomas Duncan, Engineer of the Liverpool Water Works, who is a close
observer, gave me his opinion that the works should have in view a rate of
filtration of from half a cubic foot (3% gallons) to one-third cubic foot (21
gallons) per hour per square foot of sand.
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The gallons mentioned above are imperial gallons. It will be convenient to
give all the measures in feet, the various gallon measures differing considerably.
Referred to feet, the opinions®of these engineers appear as follows:

I RATE oF FILTRATION IN CUBIC FEET OF WATER,

PER SQUARE Foot oF SAND SURFACE.

Per Hour. Per Diem.
Mr. Chas. Greaves.. ....ooveossesccenssen 0.533 12.79
Mr. Jas, SIMPSODL ..vvvvreneennenannns. 0.480 11.52
i b L 13087 (Coull, G B BRI 0 aatiBu o Babo00R0000 a0 0.50 12.00
M T oS, DTN EANE ofs o s ies = ofoetoresiole o o afe 0.50 12.00

I will assume half a cubic foot of water per hour per square foot of the sand
floor as a fair exponent of the best English practice, and as a rate which with
the usual attention will be certain to insure satisfactory results. This rate is
equivalent to 75 imperial gallons, or 89% United States gallons, per foot square
per diem.

When the flow of water through the system of filters durmg the 24 hours
cannot be made uniform, that is to say, when, as is sometimes the case (in the
absence of an intermediate clear water basin), it varies with the consumption,
being greater during the day hours than during the night hours, the combined
area of the filter beds in that case should be made to meet the maximum or
daylight consumption of the service per hour.

The average rate of half a cubic foot per hour pre-supposes a maximum and
a minimum rate, both of which have their working limits. When the filter is
clean the water is allowed to pass through more rapidly than the average
velocity of six inches per hour, and when it becomes clogged with sediment it
cannot be made to pass through it at that rate. So far as I can judge, the rate
should not exceed 8.8 inches per hour (110 imperial gallons per square foot)
when the water is clean, nor get below 3.2 inches per hour (40 imperial gallons
per square foot) when it becomes obstructed by the deposit. Mr. Hack, of the
West Middlesex Water Works, stated that it varied on their filter beds from 113
inches to 2.9 inches per hour ; but these appear to me to be extremes, rather
to be avoided than copied.

The objection to the very low velocity of 2.9 inches per hour may not be
apparent without explanation. The most obvious objection refers to the work
done ; the delivery at that rate is trifling and incommensurate with the cost of
the machine ; but the low velocity indicates another source of danger growing
out of the compression or packing induced upon the sand by the sealing of

2
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its surface, and the risk of this almost impervious coating being of unequal
thickness, and of the water venting itself unequally at the thinner spots.

The filtered water from each filter bed should be delivered into a small
well (as at m, Plate 2), whence it escapes into the proper conduit, and is carried
either to a common clear water basin, or directly to the pumps. The sluices at
this well can be so arranged, by operating downwards instead of upwards, as to
adjust the head of water actually in action upon the filter bed. When the filter
is clean, nine inches of head will produce the required flow through the filtering
material ; according as the sediment becomes deposited on its surface, this head
has to be increased to 2 or 2% feet, varying a little with the character of the
sand. If the head be allowed to exceed 3 feet, it is because the surface is being
rapidly closed ; the weight of the water comes then into play upon the sand,
induces the packing already referred to, and leads to the labor of loosening up
the material during the process of cleansing. Sometimes when this amount of
head is exceeded, the pressure leads the water to break through at points
where some slight difference in the material gives it opportunity. Tt will then
flow through in veins, damaging the filter bed. Such overstraining of the filters
is rare. I observed but one instance of it, but the effect can rcadily be brought
about by overworking the filters.

The English filters are all deficient as regards any arrangement for meas-
uring the precise flow from each filter, or the precise head of water on each
filter while it is in action. A simple arrangement, involving very little cost,
admits, as our sketch shows, of this knowledge being rendered certain where it
is now guessed at. In London, where the service of cach company is effected
by steam power, the daily or hourly delivery of the pumps forms the measure
of the amount of water passing through the filters. The engineer knows by
this means when the filtering area is too small, because in that case the pumps
are insufficiently supplied ; and he would know if the water was passed through
the filters too rapidly, by its want of that perfect clearness which an efficient
filtration always produces. But of the separate action of each individual filter
bed he is ignorant, except by guess. The attendant can see when the filter bed
has eeased to operate, by its ceasing to pass the water thrown upon it, and he
can see when it passes the usual amount too rapidly, and can check this ten-
dency by lowering his stopcocks and allowing the water to lower upon the filter
bed ; but his judgment may frequently be in fault in both cases, and there
ought to be something more than the instincts of an intelligent laborer to regu-
late points of so much practical bearing o the proper working of these filter
beds, as the varying amount of water delivered upon them, and the constantly
varying head required to pass that water under the changing conditions of the
sand bed.

The small well at the terminus of the centre gathering drain, with the iron
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sluice shown there (Plates 2 and 3) operating downwards, will enable the attend-
ant to know at any time the head in action upon each filter, and the amount of
water passing, for the top of the sluice becomes then a weir. He will thus learn,
without guessing, when the delivery of any filter is so low as to render cleansing
essential, and will throw it out of action and have it cleansed accordingly, and
he will learn precisely, as the sand bed becomes gradually clogged, the head of
water under which it will continue to deliver sufficiently—beyond which amount
of head it is needless, and it 1ight be dangerous to go ; and he canalways at
the sluice regulate precisely the amount drawn from the filter per hour, so that
the flow through it shall never be too rapid, nor the water permitted to be
imperfectly cleansed. He will learn by this means, in fine, what the safe maxi-
mum flow really is; and as it becomes less and less notwithstanding the
inereased head produced by his lowering of the sluice, he will ascertain the least
flow under which it is advisable to work it, and will know exactly when to
throw it off and prepare it for cleansing.

The best size of filter bed for such a city as St. Louis has been assumed to
be 260 X 150, giving a sand area of 37,440 squarc feet. This area, at the rate
of one-half cubic.foot of water per hour per square foot of bed, gives a filtration
18,720 cubic feet of water per hour, which is equivalent to 449,280 cubic feet,
or 3,360,847 United States gallons in twenty-four hours.

To filter twelve millions of gallons daily, five filters of this size would be
necessary, on the supposition that the flow of water through four of them is
continuous through the twenty-four hours. To insure this condition the clear
water basin should be large enough to receive the water passing through the
filters during the night hours, accumulating it there for the day service.

This clear water basin nced not be large. The ability to store up one-
third of the calculated daily consumption would meet the case.

I have very little information in regard to the precise cost of filtration in
England, no separate account being ordinarily kept of its particular expenses.
At the Chelsea Water Works, London, the extra charge for filtering, Mr. Simp-
son informed me, averaged 4 shillings and 6 pence per annum per tencment.
If cach tenant consumed 300 imperial gallons per diem, this charge would be
equal to one cent (specie) for each 1,814 United States gallons. The charge
probably includes some profit. '

At Liverpool, Mr. Duncan found the cost of filtering (exclusive I presume
of the capital invested in it) to average nearly £100 sterling per annum for
a million imperial gallons filtered daily, or for each 365,000,000 imperial
gallons.

~ This is equal to 1.14 mills per thousand United States gallons or $1.14
(specie) per million United States gallons.
For a delivery of 12,000,000 United States gallons daily, this would make
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the cost of attendance, repairs, and maintenance, equal to $4,997 (specie)
per annum.

Mr. Hack, the Engineer of the West Middlesex Water Works, London,
stated the cost of filtering as about 10 shillings, ($2.40 specie) per million impe-
rial gallons. These works are very economically managed, and this amount
includes the capital invested. On the supposition, as before, that each tenement
used 300 imperial gallons per diem, or 109,500 per annum, equal to 131,485
United States gallons, the cost per tenement is in this case but 13 pence, equal
to 26 cents (specie).

The first cost of such works varies with the nature of the ground, the cost of
material at the particular place, and the character of the construction. We can-
not therefore infer from any one place, except in very geuneral terms, the expend-
itures to be encountered at another for the same extent of water supply.

I have already said that the use of settling basins forms a necessary and an
economical preliminary to the use of the filter bed in all cases, and especially
during those months of the year when the water is very turbid.

In a temperate climate, such as England, it is of little consequence how
large these settling basins are made, provided that the depth.of water is not
less than 8 or 10 feet, and that it is not held unchanged for any great length of
time.

But in our warm climate it will be advantageous to have the settling basins
as small as practicable consistent with the due preparation of the water for the
filters.

This preparation, our experiments upon the Mississippi water have shown,
can be securedin 24 honrs, Within that time, in still water, the heavier portion
of the sediment in suspension sinks to the bottom, leaving the water thoroughly
discolored still, but holding, as respects weight, a very small part of the original
matter. This part, which even in still water settles and disappears very slowly,
is intercepted and separated readily and speedily by the sand filter, leaving the
water invariably clear and limpid. |

Under this arrangement we have the water but 24 hours still ; during the rest
of the time it is in motion. :

To make the arrangement efficient under all circumstances there should be
four settling basins, each of capacity to hold 12 millions of gallons with not less
than 12 feet in depth of water when full. When a greater capacity is required
the walls could be carried up, and a greater depth of water obtained.

With the four basins, there would be one filling, one in which the water was
still undergoing settlement, one in which the water was being drawn off, and
one upon which the process of removing the stuff deposited on the bottom could
be going on without interrupting the duty required of the others.

Waste pipes from each settling basin to the river would cunable the attend-
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ants to scour or flush off at intervals the lowest three feet of the water, and by
some manipulation to pass off with it more or less of the accumulated sediment.
It never was supposed that this deposit would flow off without this kind of assist-
anee, and it can only be determined by experience whether it will be cheaper to
run it out by wheelbarrows or to carry it off by mixing it with water.

If it should be desired to use settling basins without filters, they ought to
be much larger than indicated above to secure approximately the same results.
They would not be so economieal in first cost if of sufficient size, but
they might be more economical in attendance ; but it is to be remembered
that in this connection, having in view their probable dimensions, they would be
an experiment which it might be interesting to have made, but which could not
be advised, that I know of, on the faith of its having sueceeded elsewhere. Even
where very large gathering reservoirs have been available, as at Liverpool and at
Dublin, filter beds have been eonstructed on the usnal seale, to get rid of that slight
discoloration which frequently remains in large bodies of water, and to meat the
turbid character of such water when the reservoir is low, as well as to intercept
the organic impurities referred to elsewhere. '

It remains to speak of the natural filter, of which we have specimens at
(enoa, Toulouse, Liyons, Angers, and Perth.

The deseriptions of the works at these places will show that this mode of
obtaining a supply of clear water has been eminently successful, as regards the
yuality, if not always as regards the quantity. The character of the water at the
placesreferred to is indeed unobjectionable, the slightincrease of hardness at Liyons
as compared with the Rhone water being too small to be of any moment. The
water, indeed, in this case, is not made elear and pure by any artificial proeess ;
it is received from the underground flow as from springs, and has not been
exposed to light or to surface contamination of any kind. -

Bordering upon all rivers there are found at intervals narrow plains of
gravel or sand brought down and deposited there by the river under the varying
positions of its channel way. When these beds of gravel extend to a depth
below the bottom of the neighboring stream, they will always be found saturated
with water mainly derived from that stream, and however turbid the water of the
river, this underground flow will always be found elear, provided that we tap it
at a reasonable distance from the ehannel way. The cities referred to derive
their supplies of water from gravel aceumulation of this kind—Genoa at a
considerable distanee from the eity, but the other places in the immediate vicinity
of the several cities.

Covered galleries have been earried through these beds of gravel at depths
sufficiently below the channel of the neighboring stream to insure a supply of
water within the gallery during the lowest stages of its water. The water in
these gravel beds rises and falls with the height of the water in the river, and



18 REPORT ON THE

unless the galleries were placed below its lowest water they would obviously
become dry and would cease to deliver at its lowest stage. These galleries are
of various sizes and of various widths, eight to thirty feet in width being the
latest practice. But the experience of one place will seldom be applicable to
another. The character of the neighboring stream and the fineness or coarse-
ness of the gravel or sand in which .the galleries are placed, influence impor-
tantly the rate of supply.

As regards St. Louis, although I have already in a former report,
expressed an unfavorable opinion in regard to the applicability of this method
here, it seems to me important that an experiment should be made upon
the river plain above Bissell’s Point, to ascertain whether the material of that
bottom is sufficiently open and gravelly to secure a supply of water in this way,
what length of gallery would probably be necessary there, and whether the
water would be of the same character as the Mississippi water.®

If clear water could be obtained there by underground galleries at a rea-
sonable cost, it would be more satisfactory to the inhabitants probably, than if
the river water were rendered equally pure to them by filtering or settling
reservoirs operating above ground. The experiment should be on a sufficiently
large scale to give some confidence as to the ultimate results.

Although the filtering galleries of the Genoa Water Works give larger
results than any others that I am acqnainted with, no conclusion can be drawn
from them which would be applicable to our case, the circumstances being so
very different.

At Toulouse, Lyons, Angers, and Perth, the circumstances bear a closer
resemblance to our own, though I"fear that the materials of the plain above
Bissell’s Point may prove finer and closer than the sand and gravel deposits of
the places above mentioned.

These galleries are all of stone masonry, open at bottom., The water
in_ all these cases enters principally from the bottom, and the cstimated
rate of delivery in these galleries is generally referred to the area of the
bottom. .

The flow into them must be at a velocity which shall not carry sand or
any kind of material with the water. There is, therefore, no danger of under-
* mining the side walls.

The first galleries built at Toulouse and Lyons were two small in size to
give the best results there. The latest galleries have been made larger. At
Toulouse 73 feet wide, at Lyons 33 feet wide. The galleries at Angers and
Perth are too small for your purpose.

* This recommendation was not carrried into effect, the Commissioners not feeling warranted, from such
information as they could obtain, in risking the delay which a sufficient experiment would necessarily entail.
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The minimum deliveries of these underground galleries per diem per
square foot of their bottom areas is as follows :

Crsic FEer. U. S. GArroxs.
Toulonse, the new gallery.......cocoveevinns 38.50 288
Lyons, the new gallery..o.ooevveneannnss.n 19.64 147
Angers, the latest gallery................... 40.10 300
THERINS (F, G oo B S op DD 6 O G SR D0 OO 24.32 182

The lower the gallery can be carried below the lowest stage of the river
the more safe and abundant it is said will be the supply.

If we suppose the galleries to be 20 feet in width, and that a rate of 200
United States gallons per square foot of bottom could be obtained from them
at low water of the Mississippi, the length of gallery required to give 1,000,000
gallons daily would be 250 feet, and for a supply of 12,000, OOO it Would require
a length of 3,000 feet..

In other words, the bottom area, to produce this last quantity, would be
60,000 square feet. The filtering galleries and basins at Lyons have an aggre-
gate of 57,706 square feet, giving, at low water of the Rhone, a daily delivery
of about six millions U. S. gallons, but the galleries of the other cities give
much higher results, as you have seen, than the Lyons galleries.

The river water which finds its way into the deposit of sand or gravel
where the galleries are placed, must have "deposited somewhere the sediment
held by it in suspension while in the river channel. I could not learn, however,
that the filtering galleries became unserviceable from any such cause. The
deposit which takes place upon the river bottom in the ordinary and in the low
stage of its water is removed, it is-asserted, in time of floods, when the bottom
is scoured of all its light matter, and the coarser earths composing -it become
in this way periodically exposed. This, and the fact that the water drawn from
a gravel bed of this description percolates into it from a very extended face as
compared with any artificial filter, may account for the continued regularity of
flow into the natural filtering galleries.

In the accompanying descrlptlons there will be found some other modes
of filtering in practical use, but I refrain from alluding to them here, as they
are not applicable to your case, nor can they be recommended for similar works,
The two modes of sand and gravel filtration to which your attention has been
specially directed—the natural filter and the artificial sand filter—have each of
them met the test of long and successful use ; and when the natural filter is
not available, the artificial filter may always be safely depended on in connec-
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tion with subsiding reservoirs as competent to render any river water, however
turbid, entirely limpid and satisfactory in that respect for domestic use.
Respectfully snbmitted by
Janes P. Kirgwoop.

Note.—April, 1869.—New works for the supply of the city of St. Lonis with water are now in the conrse of
construction under the charge of Mr. Thomas J. Whitman as chief engineer, the undersigned being connected
with them only as consulting engineer. These works include settling reservoirs, but the public mind of St.
Louis, 8o far as it has been expressed, does not yet seem to consider filtration important.

I will take advantage of this note to mention the works now under construction (May, 1869), for supplying
the city of Newark with water, as presenting the only instance in the United States that I know of where provision
is made for the filtration of the river water from which the supply is derived. In this case two basins, 350 feet
by 150 feet each, have been constructed alongside of the Passaic river, above the village of Belleville. They have
eight feet depth of water in them now. The flat or bottom land on which the basins are placed is understood to
consist of sand and gravel, resting ou a sandstonerock. The river is distant about 200 feet from the basins. The
water which fills them is evidently dependent mainly on the river as its source of supply, not drawn exclusively
from that part of the river immediately bordering the basins, but as well from the plain above and below, which
mnst be saturated with the same water. These basins collect the water on the same principle as the filtering
galleries at Lyons and Toulouse. They are, however, open basins, while the French filtering galleries are all
covered. The basins are bordered by vertical stone walls of excellent masonry, very neat and substantial in
character. Mr. Bailey is the engineer of the works.

At the Hamilton Water Works, in Canada, built after the designs of Mr. Keefer, another instance occurs of
this kind of surface filtration. The water there is not drawn directly from the lake, but from an artificial pond
bordering the lake. The lake water finds its way into this pond through the intervening beach of gravel which
acts a8 a filtering medium. The pond, however, is not 8o elaborately finished as the Newark basins.

J. P. K,
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*

DESCRIPTIONS OF THE FILTERING WORKS REFERRED TO
IN THE REPORT.

Lonbpox, June, 1866.

The metropolis of London derives its supply of water at present from the
Thames, the river Lea with certain springs in the valley of the Lea, and from a
series of chalk wells in the valley of the Ravensbourne, sunk on the upper side
of a fault which occurs in the chalk basin there, in the neighborhood of Deptford.

The proportions are nearly as follows :

From the Thames...... NP B U TN T 49 parts of the whole.
Eromythceibeate  E ) § Gl Sl o 0 L 66 S
TFrom Chalk Wells in- the Ravensbourne
b o e 00 0 T S bl R (s s "
100

The present condition of the supply is in a measure due to the legislation
which followed the visitation of the cholera in 1849, and the result when com-
pared with what was tolerated before that time must be admitted to be very
satisfactory.

The past history of the waters delivered to, and submissively endured by,
the populations of London and Paris, may be studied as instances of how much
-discomfort and filth in this direéction communities will suffer before being rounsed
to insist upon the remedial measures within their reach.

Previous to 1852, when the Parliamentary investigations following 1849
ended in a bill to provide for and insure the improvement of the water supplied
to the city, the Thames Companies drew their supplies from the river within the
city lines, where the water, besides being turbid more or less at all times, was
contaminated by the sewerage of the largest city population in Europe.

After 1852 the Thames Companies were required to get their water from a
point on the Thames above the city influences and above the tidal flow ; they ‘
were also all required to filter the water intended for domestic use, including in
this term all water except that used for street or fire purposes ; but as the latter,
when delivered separately, involves a separate pipe distribution, the filtered
water is, with most of the companies, applied to the entire service of the district.

o
o
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; Although my visit to the London works had reference simply to the modes
of filtration in use there, and any details outside of that subject might seem to
be in this connection superfluous, I have thought that a general knowledge of
the schemes of supply would be interesting, and in some measure necessary to a
proper appreciation of the filtering arrangements.

The population of the metropolis was estimated in 1849 at 2,000,000 ;
1861 the census gave 2,803,034 ; in 1865 it was estimated by Mr. Bwtem‘m at
3,000,000 ; in June, 1866, the Registrar-General gave it as 3,067,538 ; at this
date, June, 1866, it is generally supposed to exceed somewhat three millions of
souls, say, 3,060,000.

The waters delivered to the metropolis are supplied by eight different com-
panies to as many separate districts.

The following table is in large part prepared from a return made in 1866.
It shows the reported deliveries of water then by each company, to which T have
added the aggregate areas of the filtering basins provided at the different works
and some other statistics :—
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If we take the given population supplied at three millions, and the aver-
age daily delivery at ninety-seven million gallons, we have a rate of daily con-
sumption per head of 323 imperial gallons, this amount being inclusive of all
water used for manufactories, shipping, fires, streets, and other purposes.

The Thames, at an unusually low stage of the river, in August, 1868, as
measured by Mr. Hamilton N. Fulton, near Tottenham Lock, was delivering
256,000,000 gallons in 24 hours. In 1867, its lowest state was mentioned by
Mr. Simpson as being at no time less than 800,000,000 gallons per diem. The
water companies, it will be seen farther on, withdrew a little over one-fifth of
the lowest of 1858, or 57,900,000 imperial gallons.

The drainage area of the Thames above Hampton is stated to include
2,352,640 acres, or 3,676 square miles.

The drainage area of the river Lea at Fields Weir, near to where it is tapped
by the New River Company, is stated to measure 444 square miles, and the en-
tire drainage of the river at the point above Lea Bridge where the river is
tapped by the East London Water Works Company, I estimate as equal to 640
square miles. I find it difficult to get at the minimum flow of this river, but
it seems plain that it has more than once fallen below the amount which the
two water companies are entitled to draw from it, making a recourse to storage
reservoirs therefore indispensable. y

I visited the works of all the Metropolitan Water Companies, and, althongh
my object was to obtain the required information in regard to their filtering
processes especially, I was permitted at the same time to take notes of the
general dimensions of their pumping engines. The information thus eollected,
however, is necessarily incomplete. Neither the time at my own disposal nor
the time of ‘the officials, to say no more, permitted me to acquire that fillness
~ of detail that was desirable. Such as it is, however, it may prove to others, as
it has done to myself, useful as a basis of reference.®

All of the water delivered to London undergoes a process of filtration
through beds of sand and gravel, with the exception of a portion of the water
used for fire purposes and for street washing, and with the exception of the
water delivered by the Kent Water Company.

This last water is obtained from wells sunk in the ehalk, and does not re-
quire filtration.

Allowing for these deductions, the amount of water filtered daily must
reach about eighty million gallons. The aggregate area of the filter beds at the
works of the seven companies herein described amounts to 2,239,010 square
feet, or 61.10 acres. If we take six-sevenths (%) of this area as in daily use,
the other seventh being under repair, it would give, as compared with the
cighty million gallons filtered, an average rate of 413 imperial gallons per

* See Appendix.
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square foot of sand area per diem ; but at least three-fourths of the London
supply is delivered during the day hours (6 A. M. to 6 P. M.), and for a certain
portion of the mid-day hours in summer, the consumption may be taken at
double the average which refers to the diem of 24 hours. The rate of filtration,
therefore, during the day may at times reach an average rate of 83 gallons per
square foot—a rate which exceeds by 11 gallons the average (72) which the
best authoritics recommend as the proper limit.

_All the companies deriving their supplies from the Thames are required by
law to take the water from the river above Teddington Lock ; in other words,
above tidal influence, and above the influence of the sewerage of London, Ted-
dington Lock being the first lock on the river above its tidal flow. The law also
requires that all storage reservoirs for filtered water situated within five miles
of the centre of London (St. Paul’s), shall be covered. All of them are,
therefore, arched over. The storage reservoirs, probably on account of the
great expense attending their construction and the cost of property within the
city, arc most of them comparatively small, and, while they assist to meet any
extraordinary increase of consumption, as in the case of fires to which the
pumping engines of the night service might not be able to respond at once,
they are rarely sufficient to enable the entire engine power of any company to
be at rest during the night hours, far less to admit of one or more days’ inter-
mission of the pumping operations to meet any extraordinary emergency.”®

August, 1868.—Since the above introductory remarks were written and this
report presented to the Board, a short visit to England, in July, 1868, has per-
mitted me to visit again most of the pumping stations of the different London
water companies.

Since my former visit in 1866, the Chelsea Company has added a new set-
tling reservoir at Thames Ditton, and is now constructing two additional filter
beds there; the Lambeth Company has more than doubled its filtering area,
and has provided for three scttling reservoirs in connection with these, one of
which is finished and the other two under construction.

The Grand Junction Company is constructing three new filter beds and an
additional settling reservoir at Hampton, and has also under construction an
additional storage reservoir at Camden Hill ; and the New River Company has
constructed two new filter beds at Stoke Newington. I crave leave, therefore,

* The Metropolitan water acts prescribe as follows :

From and after 31st August, 1865, no company to take any water from the Thames below Teddingten Leck,
except the Chelsea Company.

From and after the 31st Augnst, 1856, no water to be taken by the Chelsea Company below Teddington Lock.

From and after 31st August, 1855, every reserveir within a distance in a straight line of five miles from St.
Paul’s Cathedral shall be roofed or otherwise covered over, except storage reservoirs for collecting the water before
filtration, and except reservoirs for water used for street cleaning or fires, and not for domestic use.

From and after the 31st December, 1855, every company shall effectually filter all the water supplied by them
within the metropolis for domestic use, excepting any water which may be pumped from wells into a covered re-
servoir or aqueduct witheut expesurc te the ntmosphere
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to revise that part of my report which referred to the London Works so as to
meet more nearly the present condition of things there, and with the permission
of the Board of Water Commissioners, the changes and improvements referred
to are now incorporated aceordingly.

To appreciate the present situation of the London water supply in a sani-
tary point of view, the report of Dr. Parr on the cholera epidemic of 1866
should be read. The sewerage of the many villages within the valleys of the
Thames and the Lea finds its way into these streams now. When the rivers
are as low as they have been this season, this cannot but affect the purity of the
water, which, while it can be clarified and made perfeetly limpid by sand filtra-
tion, eannot by that process be dispossessed of any noxious gases which it may
have from such sources absorbed, nor of some of the very minute organisms
due to such causes. A law passed recently for the defence of river waters
against such sources of contamination, will, to some extent, it is hoped, correct
the evil referred to, though it cannot entirely remove it.

In this place it may be well to keep in mind that the water which will
satisfy a chemist will not always be a safe water for public use. Chemistry can-
not always detect the nicer shades of impurity which should render a water
objectionable to the eonsumer. Impurities which the sense of smell or of taste
can detect, the researches of chemistry fail to expose, and for that reason are
apt to ignore.

Dr. Letheby, the Professor of Chemistry in the London Hospital, and Medical
Officer of the city, has acknowledged ‘‘ that we have not at the present time any
absolute test for discovering organic matters in water, much less the nature of
those organic matters.” * We cannot distinguish absolutely vegetable from ani-
mal substances in water unless they are in so large a quantity as to be able to
show us their marked properties, when they can be tested ; but under common
every-day circumstanees of organic matter in water, we cannot say whether it
is vegetable or animal organic matter.” The General Board of Health in their
report of 1850, speaking of the Thames river, makes the following remarks to
the same effect: * High up the river the water is so transparent that the
bottom is visible more than eight feet deep. As the examiner proceeds down-
wards the transparency diminishes, and the water becomes turbid until it
reaches the metropolis, where nothing is to be seen within a few inches beneath
the surface. It was the task of Dr. Angus Smith to follow the river and aseer-
tain by analysis more closely than had hitherto been done, the nature and
quantities of these variable additions. This he has done carefully with all the
aid which chemistry is capable of affording. But as yet chemistry' has failed to
determine the qualities of much animal and vegetable, and above all, gaseous
matter, that is perceptible and offensive both to the taste and to the smell.”

The works will now be described as shortly as practicable, in the order in
which they were visited.
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THE CHELSEA WATER WORKS

The water supplied by this company is derived from the river Thames.
The filtering works are situated on the right bank of the Thames, close to the
river at Seething Wells, near Thames Ditton.

The original works of the company were situated at Chelsca ; they were
removed in 1852, to Seething Wells.

The accompanying sketch will explain the form of these works (Plate 4).

The narrowness of the strip of ground available, controlled the arrangement
here, and has obliged the enginecer to place the engine-houses rather inconve-
niently away from the filter beds. There are three settling reservoirs and two
filter beds. The settling reservoirs have each a water area of about one and a
half acres. The filter beds have each a sand area of about one acre or very
nearly 44,000 superficial feet. Two new filter beds were being constructed
during the summer of 1868, of the same capacities very nearly with those now
in use. :

The settling basins have a depth of water in them of six to ten feet, vary-
ing with the water in the Thames. The first and second from the filters, are
each 272 feet long by 226 feet wide at the top of the banks, with inside
slopes of 1 to 1.

The third has about the same water area, but is a little differently shaped,
to meet the situation of the ground. The water passes into each freely from the
Thames through a sluice-way, and stands at the same level as the river water.

In the sluice-way there are screens. At the side of each reservoir oppo-
site to the sluice-way, the water passes to the filter beds by means of a 24-inch
pipe controlled by a stopcock. A rough semicircular filter of gravel and small
stones, shown on the sketch, intervenes between the pipe mouth and the water
of the basin, and intercepts any floating grasses or other impurities that may
have passed the screens.

The condition of things here does not admit of the water remaining at
absolute rest in either basin. It enters at one side in each case and passes
slowly through to the other side, the movement being more rapid during the
day than during the night. ‘
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This slow passage admits of a sufficient amount of deposition in the pres-
ent state of the Thames (June, 1866), when its water is but very slightly turbid;
but when the river is in flood and carrying much sediment, the preparation here
for the filter bed must be insufficient. t

The scttling basins are said to be cleaned out twice a year. To effect this
the water is drawn off through an 18-inch pipe into a silt well, whence it is
pumped off by two small pumping engines appropriated to this service, the mud
at the bottom of the settling basin being stirred up during the process of pumping,
so that the greater part of it flows with the water into the drain-well of the
pump. The dirty water and slush pass into a sewer which has its outlet on the
Thames, about half a mile below the works.

The pipe (24-inch) which takes the water from the settling basins to the
filter beds, passes round to the extreme side of the beds, and delivers the water
upon each bed by 6 branch pipes, of 6 inches diameter each.

After a filter bed has been cleaned, and while its surface of sand is bare,
the covering it again with water is an operation requiring considerable circumn-
spection. The sand will be rutted into channels if the water is let on rapidly,
or blown, if the process is not effected so slowly as to admlt of the escape of
what air may be lodged within the filter bed.

After the filter is well covered and in use, the water may be delivered upon
it as rapidly as it can use it.

The branch pipes above mentioned do not deliver the water directly upon
the sand surface, but they deliver it into wooden tronghs 10 feet long, 12 inches
wide inside, and twelve inches deep. From these troughs, which are imbedded
in the sand, the water flows over their edges upon the filter beds without dis-
turbing the sand.

When a filter bed is bare here, it is filled from the surface, and the attendant
says that he finds no difficulty in effecting this and getting rid of the air, except
that the operation must be begun slowly.

There are air pipes along the two ends of cach filter bed, connected with the
clear water drains, but these air pipes can be of little service, except when the
water is entirely drawn off from the filtering materials, which seems rarely to be
the case. Usually the water when dr awn off is not lowered more than two feet
below the surface of the sand.

I saw one of the filters bare in February, 1866. At the time of my last
visit they were both covered. The depth of water in each was 33 feet.

The water delivered into London fromn these works in June, 1868, was
reported to average daily 9,333,900 imperial gallons, and in July, 1868,
9,748,100 imperial gallons.

Assuming 650,000 gallons to consist of the unfiltercd water delivered for street
and fire purposes, there remains say 9,200,000 of filtered water delivered per
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diem in July. Had this been an ordinary year as regards temperature, the
delivery of filtered water would not probably have exceeded a per diem of
8,000,000.

This Company, as well as each of the other four Thames Water Companies,
has a right to take from the river twenty millions imperial gallons per diem.
At this date the five companies take a little exceeding fifty million gallons daily
from the stream.

To avoid to some extent the excess of duty thrown upon one of these filter
beds by the disuse of the other (during the process of cleansing), a low earthen
bank has been run across each of the filters, dividing each into two, and making
practically four filter beds. This earthen division being but a make-shift of not
more than 23 feet in height, the water is partially drawn down when it is
brought into play. The effect, however, is to secure the use approximately of
three-fourths of the entire filtering surface, leaving but onc-fourth necessarily in
disuse.

The two filter beds have a joint area of 88,000 square feet. Assuming
three-fourths of this to be always in service, there are 66,000 square feet of sand
area to filter ordinarily 80,000,000 gallons of water. But although the larger
portion of this amount is pumped during the day hours, the day rate of filtration
cannot be more than 893,000 gallons per hour, because two pairs of engines
cannot deliver above this rate. This is equal to 6 gallons per square foot of
filter per hour, or 144 gallons per square foot per diem ; with the whole filtering
area in use, the flow is reduced to 107 gallons per square foot per diem. Both
of these very much exceed the rate which the Engineer considers best, a rate
namely of about 72 gallons per square foot per diem, but the increase of the
population of the district has exceeded the anticipations of the Company, and the
filtering works have fallen behind the necessities of the service.

When the new filter beds are completed, this condition of things will be
entirely corrected.

The outer walls of the filter beds are slope walls of brick on edge laid at
an inclination of 1 to 1.

On two sides of each filter bed, appearing at the top of the slope walls, are
rows of 3-inch cast-iron air pipes, communicating with the drains on the bot-
tom of the filter beds.

The pumping power at work during the day is about double of what is at
work during the night.

The additional charge made for filtration, Mr. Simpson stated to be about
four shillings and sixpence (one dollar) per house per annum on the average.

The materials of these filters consist of sand, gravel, shells, .and small
stones, in the following proportions :

4



30 THE CHELSEA WATER WORKS.

T e s T e o T L R i 30 inches.
Coarse samd < i T8 Sa VI ER PWis oy y A 6 inches.
Shellg .. .o fne s e SRR R e S e 4 inches.
Finergravel ¥ mp Sl SENLON DRI PRILER 4w 5T 0 4 ¢ 6 inches.
Targe UgiEhimel T v W SUIU Il R 220 Tae il . 24 inches.

70 inches.

Perforated clay pipes are imbedded in the large gravel.

The thin layer of shells was intended to intercept any sand which might
follow the water.

On the bottom there is a central drain, into which the water is collected by
these earthenware perforated pipes, branching from it across the bottom on
either side. These drain pipes were given me as of 9, 8, and 6 inches in diam-
eter on each branch, the smallest being placed furthest from the central drain.
A circular well of about 12 feet diameter receives the filtered water ; it is trans-
mitted thence by a cast-iron pipe to the pumping engines, which are situated on
the opposite side of the Kingston road, as shown on the sketch. At the time
of my last visit, the water in the well (at noon) stood 3 feet below the water on
the filter beds, both of which were then in full use.

The water in the well varies from 2 to 4 feet below the level of the water
on the filters, according to the eondition of the beds.

The filter beds are cleaned off from once in six to once in twenty days
each, according to the condition of the river. The amount of sand taken off
does not exceed half an inch, and this is washed and used over again. A cir-
cular sieve (kept in motion by one of the small engines) into which the water is
poured from perforated iron pipes, is used for cleansing the sand.

The position of the engine-house is shown on the sketch.

There are six double-cylinder rotative beam engines here, working in pairs,
having one fly-wheel to each pair. The engines, however, can be uncoupled
and worked separately. Of these engines the first and second pairs are known
as the “A. B.” and “ C. D.” engines ; the third pair, furnished in 1867, as the
“H. F.” engines. Rach pair is given as of 300-horse power, or 150-horse power
for each engine.

The steam cylinders of each are: the small or high-pressure cylinder, 28
inches diameter, and 5 feet 6 inches stroke ; the large eylinder, 46 inches diam-
eter, and 8 feet stroke.

The pump is in each case a plunger and bucket pump ; the barrel 24-inch
diameter, the plunger 173-inch, and the stroke 7 ft. 1 inch.

The delivery pipes of the pumps unite on one pipe main. There are two
air vessels to each pair of engines, connected with the delivering pipes.

Any dimensions or details given by me of engines in this report, were de-



THE CHELSEA WATER WORKS. 31

rived from the foreman or the engineman in charge. The precise forms and
plans of these pumping engines must be sought for in other works. The gen-
eral charaeteristics only are aimed to be given here.

These engines cut off on the small eylinder at half stroke—steam 38 to 40
Ibs. The engines make 12 to 14 revolutions per minute, varying with the city
consumption. The pumps were stated to deliver 120 to 126 gallons per double
stroke.

The beam of cach engine is double, composed of two flitches, 32 feet in
length between end centres, and five feet in depth at its bearings. The first
built engines were not precisely balanced. To remedy this in the pair just built,
the beam is made heavier on the side towards the steam cylinders than on the
other side. The beams of the other engines are having balance plates added to
them inside, at the same end, to perfect their adjustments.

The one fly-wheel to each pair has a diameter of 18 feet, weight 14 tons.
The suction valve of the pump is a two-ring valve. It is in fact a four-beat
valve of the same eharacter as the Harvey & West valve, except that in this
case the beats are upon the same plane, and the facilities of emission for the
water are therefore not so good ; the two rings are not connected, but act inde-
pendently of each other. The delivery valve is a flap valve, consisting of two,
and sometimes three, inclined iron flaps, hinged at the upper end, and beating
on leather linings.

For the first two pair of engines (A. B. and C. D.) there are 13 boilers in
one house. One of these pairs was at work to-day with six of these boilers un-
der steam.

The steam carricd varied from 40 to 42 lbs. pressure. The boilers are all
of the Cornish type, single-flued, the shell 5 feet 10 inches diameter, the flue 39
inches, length 30 feet. Ten boilers are used when both pairs of engines are at
work. The steam pipe connecting all these boilers, and running into the engine-
house, was of 14 inches diameter.

The fuel used is the slack of Newecastle coal (bituminous).

The last built pair of engines (E. F.) has a battery of seven boilers. Five
of these were in use to-day. They are Cornish boilers, single flue. Shell 5 feet
10 inches diameter, flue 38 inches ; length 32 feet, carrying 42 lbs. steam.

There are two large square chimneys here of 110 feet in height ; I was not
able to ascertain the sizes of the flues.

This class of engine has now been long and well tried at these works, and
its performanee, so far as duty trials are comparative evidence, has proved to be
at least equal to that of the best Cornish engines. :

At the time of my visit two pairs of engines were at work (A. B. and E.
F.) pumping into the same rising main, which is of 30-inch diameter, and con-
veys the water to the Putney reservoir, distant six miles. It is not considered
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safe to work the three pairs of engines into the same main, and until a second
main is laid, one pair of engines will always be at rest.

The Company is laying a second 30-inch main at this time.

' The filtered water is all pumped into the Putney reservoir, with the excep-
tion of a small portion which is drawn from' the rising main to supply the inter-
vening villages.

From the Putney reservoir, the City district pertaining to the Company is
supplied by gravitation.

The Putney reservoir stands 181 feet above the pump well ; at the time of
my visit the gauge in the engine-houses showed a pressure of 220 feet.

The A. B. engines were making 14 to 143 revolutions per minute, and the E.
F. engines, 12 revolutions. Both pairs of engines were stated to be working
continuously through the 24 hours, and every day of the week. It has been
usual for two pairs to work during the day, and one pair at night, but the in-
creased demand for water this season must lower the Putney reservoir during
the day much more than heretofore.

Under any circumstances the water in the rising main is never supposed to
come to a state of rest, but the rate of flow during the day is generally much
more rapid than during the night. ;

During the night hours the supply of water is cut off from the city tene-
ments, with the exception of factories or other works, where the necessary
supply of water cannot be continnously maintained by cisterns. The main
pipes must, therefore, be always charged.

The Putney reservoir, which is covered, has a capacity of 8,300,000 gal-
lons. There is a small open reservoir near it for unfiltered water, with a
capacity of about 1,250,000 gallons. ;

The water for fire purposes, and for street-washing, is not filtered. Two
small engines deliver this water into the small open reservoir above mentioned,
whence it is passed into the city by a separate system of distributing pipes.
The engines for this service are single cylinder rotative engines, with a fly-
wheel to each. They are arranged, however, so as to be coupled, and generally
work in connection. The steam cylinder of these engines is 20 inches diameter,
with a stroke of 36 inches. The pumps are plunger and bucket pumps. The
pump barrel is 1171 inches diameter, with 30-inch stroke.

The delivery of unfiltered water is very light in winter, but may sometimes
reach 500,000 gallons per diem in summer.

The pipe main conveying the unfiltered water to the Putney open reservoir,
is of 15 inches diameter, and 5% miles in length.

There are a pair of small engines (15-horse power) for the drainage service
—that is, for pumping off the low refuse water, when required, from the
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settling basins, and we presume, also, for draining off the water from the sand
of the filter beds, when they require cleansing.

These works have been constructed from the designs and directions of Mr.
James Simpson, Civil Engineer, under whose charge they continue now. Mr.
Simpson is understood to be the originator of the very simple and manageable
sand filter which has been so successfuly used at the London Works and else-
where. :
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LAMBETH WATER WORKS.

The Lambeth Works are situated on the right bank of the Thames, imme-
diately above the Chelsea Water Works. They are under the charge of the
same engineer, Mr. James Simpson.

There are four filter beds here, each of the same size and form, as may be
seen in the accompanying sketch (Plate 5), where they are marked a', &%, @°, a'.

The outer walls of these filter beds are vertical brick walls, thrown into
the curved forms for strength.

The central wall, which appears to divide each, is a buttress wall, built to
receive the thrust of the horizontal arch walls, and arranged so as not to inter-
fere with the free passage of water from the one half to the other.

These filter beds have been doubled in size within the last two years. The
sand area of each filter bed is 16,500 square feet, now making for the four beds
an aggregate of 66,000 square feet.

These works were reported in July, 1868, to be delivering that month an
average of 11,210,400 per diem), the whole of this water passing through the
filter beds.

Two pairs of engines were at work on the day of my visit, making 15
r evolutions per minnte.

At this rate I caleulate their delivery to be about 453,000 gallons per hour,
whicl, applied to the filtering surface, gives a flow through the filters of 6.86
gallons per square foot per hour, when the four beds are in use, and in a ser-
viceable state. ‘ '

The average, as already stated, should not exceed 3.12 gallons (3 cubic
foot) per square foot per hour.

The rate here is therefore more than double the usual velocity, but this
defect is to a certain extent compensated by an auxiliary filtration which the
water undergoes at the settling reservoirs.

These works, which at my previous visit in 1866, possessed no settling
reservoirs, have now one settling reservoir in use, and two under construction. -

The three when finished will have a water surface of 3.1 acres. The sub-
joined plan (Plate 5) will show the position of these, and of the filter beds. To
remedy the inadequate surface area of the latter, a vertical filter of fine gravel,
designated on the plan as “‘rough filter,” is constructed across the lower end of
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each settling reservoir. This gravel is held in place by two brick walls, bolted
together at intervals. The walls are 4 feet apart, and the screen of gravel is,
therefore, 4 feet thick, by about 15 feet in height, and 150 feet in length. The
bricks are laid slightly apart at the joints, to permit the water to reach the
gravel and to escape from it on the other side.

The arrangement will be understood on inspection of the plan.

‘That this rough filter was operating to some purpose seemed evident from
the fact that the water stood 18 inches lower on the one side of this filtering
wall than on the other.

Doors are arranged on the upper side for drawing off the gravel at intervals
and cleaning it.

The bottom of each settling reservoir consisted of a layer of concrete
resting on clay, over which was a paving of brick on edge, laid in mortar.
The side slopes were 1 to 1, laid in the same way.

The water is drawn directly from the river into these settling reservoirs, at
the upper end of each, passing through the whole length in each case, before
reaching the filtering walls. There are screens and sluices in the entrances from
the river.

Three of the filter beds were in use at the time of my visit (7th August,
1868), the fourth had just been cleansed. One fof the filters was said to be
cleaned every ten days. There was 4 feet of water on the beds.

The materials of the filters are the same as on the Chelsea bed, and the re-
lative arrangement the™ same, but the mode of collecting the clean water is
different. On the floor of the new portions of the Lambeth filter bed a scries
of small brick arches is built, as shown on the cross section (Plate 5).

These arches have vertical openings in them across the axis of each,
of 1 inch in width on every 27 inches in length of each arch: This allows
the water to pass through, without drawing with it any of the shingle. The
water has thus but a short distance to travel, to reach a collecting drain.

These small drains deliver into a larger drain communicating with the out-
side conduit to the pump wells.

On the original portions of these beds (the halves on the river side) small
square drains are in use, covered with slabs of slate 3 feet long, 8 inches wide,
and 3 inches thick.

The slabs are kept an inch apart and covered with large shingle. These
drains, as in the other case, deliver the water into the central collecting drain. -
‘Some fine sand, I was informed, would occasionally get through the shingle into
the collecting drains, before the enlargement of these filter beds, probably
caused by the unusual rapidity of flow through the filtering materials, which
prevailed then. J .

The depth of water on these filters, which formerly varied with the stage
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of the river, can now be controlled from the settling reservoirs, and made
uniform or otherwise at discretion.

The sand removed from the surface of the filter-bed (3 to % inch in thick-
ness) during the process of cleansing, is washed and replaced at intervals. The
washing here is done by using hose connected with a pipe, from the rising
main.

Eight per cent of the sand is said to be lost by the washing process.
Twenty-four inches of sand is taken off in twelve months, by the various cleans-
ings. It is ordinarily replaced but ounce a year. The labor of attendance
and cleansing of the filters was stated (1866), to be nearly £1,000 per
annum.

There are six double-cylinder rotative pumping engines working in pairs
(8 pairs), with one fly-wheel to each pair. The third pair was added in
1866-T. ‘

The engine-houses are situated about 600 feet from the filter beds. The
water is conducted by a conduit to the pump wells.

The engines are all represented to be of the same dimensions, viz. :

The small steam cylinder, 28 in. diameter, with §” 6” stroke.
The large * “ 46 in. - 8 feet

The pumps are plunger and bucket pumps ; the pump barrel 24 in. diam-
eter, with 6’ 117 stroke ; the pump plunger 17} inches diameter.

There are two air chambers to each pair of engines, 10 feet high, by 38
inches diameter, of cast-iron; they are connected at the top. There is no
stand pipe here. The beams are all double. The length between end centres
on the new engines, was 26 feet ; the depth of the beam at the.gudgeon, 5" 6;
diameter of gudgeon 15 inches. These last beams were made heaviest at the
steam end, sufficiently so to balanee the engine. The diameter of the fly-wheel
is 21 feet, 4 feet cranks, weight 15 tons.

The engine was cutting off at one half on the small cyhnder and making
15 revolutions per minute.

The suction valves are 4-beat valves, in two rings; these valves are
weighted to' make them work well. The valves of the new engines were
striking hard, and were said to be out of adjustment as regards weight. The
delivery valves were flap valves in two parts.

For the six engines there is provided a battery of 19 boilers, all connected
Twelve boilers were in use to-day for the four engines at work.

There are never more than four engines at work at present, but when the
second force main is laid, the three pairs of engines will be able to work simul-
taneously, if necessary; the secoud main, also of 30-iuch diameter, is now being
laid.
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The boilers are all Cornish boilers, each 6 feet diameter of shell, and 31
feet long, with one flue 39 inches diameter. The fire grates 6 feet in length.
Every boiler has a large drum 5% feet high, and 39 inches diameter. The
steam pipe runs over the drums, and is 15-inch diameter.

The chimney is a large square chimney, 100 feet in height, and apparently
8 feet square inside.

The coal used is Neweastle slack.

Four engines were at work during my visit, and work at present continu-
ously, I was informed, night and day. They all pump into the Brixton reser-
voir, through a rising main of 30 inches diameter, and 103 miles in length.

The Brixton reservoir is situated 103 feet above the pump well. The
gauge showed a pressure against the engines of 190 to 192 feet. At night the
pressure shows 200 to 210 feet, the difference arising from the relief afforded
by two or three branches from the rising main, delivering into the country dis-
trict, which are not in operation during the night.

From the Brixton reservoir the water is distributed to that portion of the
distriet which it controls, the remainder being pumped up from that point to
meet the requirements of the higher grounds within the district. The reservoir
is covered and has a ecapacity of 15,000,000 gallons, with 12 feet depth of
water. .

The reservoir falls during the day hours, showing the consumption of water
to exceed the ordinary rate of the pumping power. It is filled up by the
pumping engines during the night hours. '

At this reservoir there are three sets of supplementary pumping engines
moving portions of the water received here from the river engines to higher
altitudes.

The first set, eonsisting of two engines, pumps the required supply for the
Streatham reservoir, situated 82 feet above their pump well, and also into
Salthurst reservoir, situated 103 feet above their pump well. An 18-inch main
connects the pumps with both reservoirs, the length to the Streatham reservoir
being about one mile, and to the Salthurst reservoir about 6 miles. The Streat-
ham reservoir has a eapacity of 3,672,000 gallons; the Salthurst reservoir, of
3,400,000.

The two engines are each double-cylinder rotative engines, but the large
cylinder is annular, enveloping the small one, and the length of stroke is the
same for both. The dimensions were given me as follows:

Small cylinder FItas S5 8.0, 0ol 16 in. diameter and 5/ 6” stroke
Annular ** - NIEETIRI RS Ay S GG

The pump is a plunger and bucket pump, the barrel 17% inches diameter,

plunger 123, stroke 4 feet 73 inches.
5
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But one engine was at work.

During the night the two engines are at work, filling the reservoirs. The
engine at work during the day is pumping directly into the appropriate portion
of the distriet, the reservoirs delivering then into the same distribution pipes.

There is no delivery of water to the district during the night except for
fires, and for any manufacturing works that may require a continuous delivery.
The day delivery is intermittent, the turnkey letting on the water so many
hours to one portion of the district, and so many hours to another. The same
practice prevails in the Chelsea distriet.

Two smaller engines, 16 years old, deliver into the Rockhill reservoir, which
controls and supplies the highest portion of the district.

The Rockhill reservoir (covered) has a capacity of 1,250,000 gallons. TIts
water, when full, stands 247 feet above the pump wells of the engines which
supply it (or above the Brixton reservoir).

An iron tank is built within the grounds of the Rockhill reservoir, raised
18 feet above its level, and with a capacity of 120,000 gallons.

To supply a small portion of the district situated above both of these last-
mentioned reservoirs, there is a stand-pipe on the Rockhill grounds, which,
when in use, carries the water 50 feet above the Rockhill reservoir. The water
is pumped over this stand-pipe by the Brixton pumps so many hours every day.

The engines referred to are rotative beam engines, usually working coupled,
but capable of working independently. There is a fly-wheel to each. But one
of the engines was at work at the time of my visit.

The steam cylinder is 21% inches diameter, with 86 inches stroke. The
pump is a plunger and bucket pump, the barrel 12 in. diameter, plunger 83
inches, and 31 in. stroke. The engine makes, according to circumstanees, 22 to
26 revolutions per minute.

Another pair of new and novel engines pump into the same high service
main for the Rockhill reservoir.

These are rotative beam engines coupled to one fly-wheel, the steam cylin-
ders arranged so that the pair forms, in effect, one. double-cylinder engine.

There is a plunger and bucket pump to each engine. The engines and
cylinders stand about 6 feet apart, centre to centre. There is a small air cham-
ber to each engine. The pair were making 30 revolutions per minute. The
gauge showed a pressure of 316 feet.

The one engine has a steam cylinder of 12 in. diameter, with 36 in. stroke ;
the other a cylinder of 21% in. diameter, with the same stroke. The pump
barrel in each case was T% in. diameter, with 311 in. stroke. :

The engines were said to work very economically as regards fuel.

The delivery of water by the Lambeth Works was stated to average in 1866
9,000,000 gallons per diem, exceeding this amount considerably during the
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summer montlis. All of this water passes into the Brixton reservoir, with the
exception of the small portion distributed between that reservoir and the river
pumps.

In 1849 the delivery of this Company is reported to have averaged
3,077,260 gallons per diem ; in 1855, 6,109,000 gallons per diem ; while in
June, 1868, it is reported at 10,607,300 per diem.
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SOUTHWARK AND VAUXHALL WATER WORKS,

The water for the district supplied by this company is taken from the left
bank of the Thames at Hampton, in accordanceg with the law which requires all
the Thames water companies to take the water from the river above Teddington
Lock. But the principal works of the Company, which originated when London
lay entirely to the east of them, are situated at Battersea, on the right bank of
the Thames, upwards of 13 miles from Hampton. Previous to 1855, the Com-
pany drew its water from the Thames at Battersea. The pipe main connecting
the two places crosses under the river near Richmond.

At Hampton the Thames water is first drawn into two subsiding reservoirs
of 45,000 superficial feet, or a little over an acre each. Three sets of vertical
iron strainers intercept all coarse floating matter.

The level of the water on these reservoirs corresponds with the water in
the Thames. They are calculated to hold from six to eight million gallons,
according to the height of the river. The water does not remain at rest in either
reservoir, nor are they large enough to admit of much subsidence taking place
at any time. The slow movement, however, of the water through them admits
of a certain amount of deposition, and, together with the screens, separates the
grosser floating matters which would otherwise reach the pumps. The existence
of two divisions admits of the one being cleansed while the other is in service.

A 36-inch cast-iron main, 13.07 miles in length, transfers the water from
this point to the works at Battersea. To equalize and relieve the action of the
engines, the water is pumped into a stand-pipe, the rising leg of which is 135
feet in height above the reservoirs, the other (the down leg) 65 feet where it
conneets with the longer leg. The pressure on the pumps, therefore, cannot at
any time be less than 65 feet ; at the time of my last visit (5th of August, 1868)
the gauge showed 130 feet. In other words, the head required at that time to
produce the required flow in the long pipe main was 130 feet.

For this duty there are three Cornish engines of the variety called ** bull
engines.” Two of these are usually at work night and day, but at this time, in
consequence of the great demand for water, the three engines were at work
through the 24 hours.

The engines have the following dimensions :

1. Steam cylinder 70 inches diameter, stroke-10 feet ; plunger or pole 42
inches diameter, stroke 10 feet.
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2. Steam cylinder 66 inches diameter, stroke 10 feet ; pump pole 39 inches
diameter, stroke 10 feet.

_ These two engines were (11th of June, 1865) making 10 strokes per min-
ute.

3. Steam cylinder 60 inches diameter, stroke 10 feet ; pump pole 35 inches
diameter, stroke 10 feet.

Engines Nos. 1 and 2 have air vessels on their branches to the stand-pipe.
All the engines pump into the stand-pipe. The three engines when working
together (as they were in August, 1866) were controlled by one cataract, and
averaged then 9,780 strokes in 24 hours cach, equal to about 7 strokes (6.8) per
minute.

At the time of my first visit they were making from 9 to 10 strokes per
minute ; during the day hours the velocity is usually greater than at night.
The engines were cutting off at two-thirds.

The suction valves, and also the delivery valves, were four-beat valves, of
the Harvey & West pattern.

For the three engines there is a battery of nine boilers, all of which were
under steam to-day, the pressure carried varying from 38 to 39 lbs.

They are all Cornish boilers with single flues; shell 5 feet 10 inches,
length 28 feet, flue 44 inches. The fuel used was large Welsh coal (bituminous).

At Battersea, the water pumped by these engines through the long 36-
inch main pipe, is received into two subsiding reservoirs, one of 270,000 square
feet (6.20 acres), the other of 140,000 square feet (3.31 acres). In both, 9.41
acres ; their joint capacities, 32 million gallons. The small basin was empty
at the time of my visit, undergoing a cleaning out. The large basin was full of
water, the depth being about 10 feet. . These settling basins were stated to be
cleaned out once in two to four months.

The water from Hampton passes into these receiving basins, one or both,
as may be convenient, and from thenee is distributed to the filter beds, of which
there are five. The water has no opportunity of remaining at absolute rest in
these settling basins, but the slow movement through them admits of a certain
amount of deposition, and as the Thames water carries but little sediment in sus-
pension, except in floods, the process, in addition to what occurs in the Hampton
basins, is ordinarily sufficient to prepare it for the filter beds. Under the best
summer state of the Thames water, the filter beds would operate efficiently
without this previous preparation. But besides that, in times of high floods,
when the river is very turbid, this previous process of deposition of the grosser
matters is most important; it is at all times valuable, as lengthening the time
during which the filters continue efficient, and economizing the process of
cleansing the sand beds and the cost of attendance. The history of the different
works shows a growing appreciation of the advantage of large settling basins,
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and the great value (in insuring at all times a perfect filtration as well as in
economizing its annual cost) of this preliminary process.
" The forms of the settling basins and filter beds are shown in the accompa-
nying sketeh (Plate 6.)
The settling basins are marked B', B%. The filter beds ¢!, ¢ ¢, ¢!, ¢".
The following are the sand areas of the filter beds:

¢, 31,000 square feet.
& 65,340 ¢«
¢; L30000[, 5/ -
¢!, 58,080 i
S, 04,000 ¢«

The borders of the filter beds and settling basins, with one exception, were
sloped at the rate of 2 to 1, and covered with shingle. One of them has a brick
vertical wall on two sides. When the filters are bare the water is let on slowly
from above, that is, upon the saud surface ; and the attendant averred that he
had no difficulty in refilling the beds in this way. There were numerous air-
pipes along the tops of the slopes communieating with the clear-water drains
below.

A shallow open drain extended from the one end to the other of the filter,
which lay bare, the tops of the side walls of which were level with the sand sur-
face of the filter bed. In refilling the filter, the water is let into this drain and
flows slowly over its two sides upon the sandy it is obvious that if the sand
surface rose slightly from the drain towards the outer slopes, the filling would
take place without produeing any current upon the bed of sand.

The materials of the filters were stated to be as follows :

Sherp@iver sand .. .va.n Uk LW et ent e 86 inches.
Fifre  gravel . 4. ¥4 .5 453 LT o AR Py 29 12 inches.
Sereened gravel-s¥: 4 =S a il Stat S TifE TN 9 inches.
Do rough gramels.\ r i Tema= iy i an? It anis, 9 inches.
Coarse large gravel ..................... T ESS FRnA 12 inches.
78 inches.

These materials rest upon a floor of conerete.

Small drains eolleet the water in some of the beds into a large central
drain, and perforated pipes in others. The collected water is conveyed by a
conduit to the pump wells of the several pumps.

There is no reservoir to reeeive and store up the filtered water. The rate
of filtration must therefore vary with the rate of consumption.

The quantity of water (all of whicli passes through the filters) pumped into
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the proper district, averaged in 1867 about 13,000,000 gallons daily, but during
the months of June, July, and August of this year (1868), it has increased to a
consumption of about 15,000,000 imperial gallons daily. Assuming 11 of the
15 millions to be delivered by pumping between 6 A. M. and 6 p. M. (there being
no high storage reservoirs connected with these works), the rate of filtration
with one-fifth of the filtering surface unemployed, amounts to 3.03 imperial
gallons per square foot per hour, a rate of velocity through the filters which
corresponds with the best practice; during the night hours the rate will be very
much less. Each filter bed was stated to be cleansed off once in two months, in
the ordinary state of the river, and once in two to four wecks when the river is
in flood.

There are six pumping engines at this station, all of the Cornish stamp ;
two of them, however, being mongrel in that respect, baving double-acting
pumps. All the engines are beam cngines except one. The quantity of water
pumped daily, all of which passes through the filter beds, exceeds at this date
(August, 1868), 15,000,000 gallons. 2 _

There are two separate services in this district—a high and a low service.
The mass of the water goes to the low or London service of the district.

For the low service, four engines are used, and were all at work. Towards
night two are kept partially at work, and sometimes three.

The four engines appropriated to the London service work through two
stand-pipes, one with four legs and the other with three legs.

In the absence of any one at the works who could explain to me the neces-
sity of so many pipes or legs, I'have had to assume that the object was to give
stiffness and to avoid the use of guys, neither set of stand-pipes being enclosed
in masonry.

Both sets of stand-pipes have but one up leg, the others are down legs;
the junction of these with the up leg is at the same height in both cases, viz.,
150 feet above the pump well, but the pressure gauges in the engine-rooms
showed the water to be standing at 165 feet in the up leg, or 15 feet above the
junction. On the four-legged stand-pipe the up leg was of 48-inch diameter,
the principal down leg 42-inch, the other two legs of 28-inch each. The fore-
man of one of the engines stated that the large down leg only was in use; the
other two were shut off, but could be connected if desired.

In the three-legged stand-pipe the up leg is of 28-inch diameter and the
principal down leg the same ; the other leg is of 12-inch diameter, and whether
used or not, did not appear. In the cases of both stand-pipes, the legs are at
intervals tied together by rods.

The general dimensions of the four engines referred to are as follows :
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No. 1.—S8ingle- Acting Beam Engine.

Steam cylinder 64 inches ; stroke 10’ 6”, making eight strokes per minute.

Pump plunger 33 inches; stroke 11’ 6”; double beam, unequal, 5 feet
deep at gudgeon. Pumping over the largest stand-pipe.

Small air chamber between engine and stand-pipe.

Working against 166 feet head.

No. 2.—8ingle- Acting Beam Engine.

Steam cylinder 112 inches; stroke 10 feet, working close to 9/ 97. 6th
August, 1868.

Cutting off at one-half; 8 strokes per minute.

Pump plunger 50 inches ; stroke 10 feet.

Double beam—Ilength 32 feet between centres; depth at gudgeon 8 feet ;
diameter of gudgeon 18 inches.

The flitches three feet apart and very heavy. Working over the large stand
pipe.

There is a small air chamber dutside, of 48-inch diameter.

Pressure by gauge showed 175 feet.

No. 3.—S8ingle-Acting ** Bull” Engine.

Steam cylinder 70 inches ; stroke 10 feet ; cutting off at one-half to one-
third ; making 8 to 9 strokes per minute.

Pump plunger 33 inches ; stroke 10 feet; working over the smaller stand-
pipe ; pressure about 165 feet.

This engine usually works from 6 A. M. to 53 p. M., and also from 12 p. m.
to 3 A. M.

No. 4.—8ingle- Acting Beam Engine.

Steam cylinder 68 inches ; stroke 10 feet; working about 8 strokes per
minute.

Pump plunger 33 inches; stroke 10 feet ; working over the smaller stand-
pipe. '

There is a low air chamber outside, through which this pump probably
works.

Double beam, equal, length c. ¢. 30 feet.

Pressure by gauge showed 165 fect.

The inlet or suction valves of these four engines are four-beat Husband
valves. Two of the delivery valves were stated to be two-beat valves (Ilarvey
& West), the others four-beat valves.
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For the high service there are two engines which I shall call No. 5 and No.
6. These work 15 hours of the day each, but not at night, unless called upon
for fire purposes. They pump into the high grounds of Wimbleton and Rich-
mond. :

No. 5.—8Single-.Acting Beam Engine.

Steam cylinder 55 inches; stroke 8 feet, making 12 and sometimes 14
strokes per minute.

Double-acting pump, 143-inch diameter ; stroke 8 feet. The pump rod is
heavily weighted to enable the engine to make the down stroke.

Double beam, length c. ¢. 25 feet. .

This engine is not connected with either of the stand-plpes but there is a
weighted plunger on the main, outside of the house, which is intended to afford
the same kind of relief. There is also an air chamber 20 feet high, and 5 feet
in diameter.

The suction valve and the delivery valve are both four-beat valves.

The pressure by gauge showed 285 feet, and runs up at times to 305 feet.

No. 6.—Single- Acting Beam Engine.

Steam cylinder 65 iuches ; stroke 8 feet ; making 10 strokes per minute.

Double-acting pump, 16-inch diameter ; stroke 8 feet.

The pump rod is weighted sufficiently to produce the down stroke.

This engine does not work iuto a stand-pipe.

There is a weighted double-beat valve outside to relieve the main, and there
is also an air chamber between this valwe and the pump. The suction valve of
this pump is a four-beat valve, and the delivery valve a two-beat valve.

The gauge showed the pump to be working against a pressure of 300 feet.

The above six pumping engines were all at work. There are no storage
reservoirs to meet the night service. A certain portion of the engine power is
therefore always at work through the night.

To supply the requisite stcam for the six engines, there are 25 Cornish
boilers, all connected so as to form one battery, so to speak.

Twenty of these boilers were in use. The steam showed 32 lbs. pressure
in the engine-room. ‘

They were all single-flued boilers, the shell 6 feet diameter, the flue 42
inches, the length 30 feet. -

There were three chimneys to the 25 boilers, but I could not learn their

dimensions.
6
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The average daily delivery of water by this Company was reported to be :

I 1840 L cghen, A0 En R 6,013,716 imperial g mllons
vl ke SRR i R 10,381,122 &
TSl Sudl Lo e e ae P i 12,180,000 = "

In Jurne, July, and August, 1868... 15,000,000 i &

This Company is at present (August, 1868) making important additions to
its works at Hampton.

' These additions (now under construction) will consist of a large new settling
reservoir, three filter beds, and two pumping engines.

The water in this settling reservoir will correspond, like the others here,
with the level of the water in the Thames. Screens at the entrance passage
will intercept fish and floating matter, but when the river is turbid the water
will not be so well prepared for the filters here as it is at Battersea. I was not
able to obtain a diagramn plan of the new works ; but the accompanying sketch
will give an idea of the form and character of the filter bed nearest completion,
without being absolutely correct in dimensions. (Plate 7.)

The sand area of the three filters I estimated at about 54,000 square feet,
and the settling reservoir I should judge to be about two acres in extent.

The sketch (Plate 7) of the filter bed and cross-section will sufficiently de-
scribe its characteristics.

The water from the settling reservoir is delivered into a central drain.
running lengthways of the bed, having a collecting drain underneath it, to
gather the clear water. On the side walls of this collecting drain. the vertical
joints of the bricks are spaced an inch apart to permit the filtered water to pass
into the drain. There are, besides, small drains laid on the floor at right angles
to the main drain, and delivering into it.

These small drains are made of perforated brick, and have each not more
than 43 inches of opening.

The floor is concrete laid upon clay; with no paving over the concrete.
The side walls are paved with brick on edge. One of the filters was about half
finished, the floor and slopes entirely so ; the floor was tight and perfectly dry,
although it must have been situated nine feet below the level of the adjoining
river. _

The filtering material is composed of a layer of large shingle on the floor,
and over the small drains, a layer of smaller shingle over that, both washed and
screened ; then a layer of coarse gravel ; and, finally, a layer of fine clear river
sand, at least 18 inches thick.

The thicknesses of these layers, as near asI could ascertain them, are shown
in section. (Plate 7.)
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There are three 12-inch air pipes rising from the central drain and appa-
rently no others ; from which I judge that it is intended to fill the filter, when
emptied, from below.

In the bottom of the upper or open portion of the same central drain are
two six-inch clay pipes, with caps on them, probably used only when refilling.

From the filter beds the clear water will pass directly to the pump wells of
the new engine-house. The engine-house is arranged to receive two single-
acting beam engines, of 80-inch cylinder each ; they are each to work double-
acting pumps with solid pistons; the pump rod to be weighted for the down
stroke. There will be no stand-pipe, but a weighted valve on the branch main
of each pump.

The battery for these two engines will consist of eleven Cornish boilers of
the same size as those in use at this station (Hampton) now.

These pumps, when finished, will deliver the water filtered at this station
directly into the high grounds of Wimbleton and Richmond, and will thus
relieve the engines at Battersea now applied to this service, alrcady described
as No. 5 and No. 6. All the engines at Battersea will then be available for the
low service of this district.

The high grounds of Wimbleton and Richmond lie between Hampton and
Battersea ; at present the water passes these on its way to Dattersea to be
filtered, and, after filtration, is returned by special mains to these high grounds.
The new works will save this roundabout process which must involve considera-
ble loss of power, by new mains counecting the new Hampton engines in the
shortest practicable way with the high service referred to.

I was informed that a second delivering main of 30 inches diameter was
.about to be laid between the Hampton and the Battersea stations.

Mr. Joseph Quick is the Engineer of this Company.
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GRAND JUNCTION WATER WORKS.

The principal works of this Company are situated at Kew, but the water is
. obtained from the Thames river at Hampton, about 8 miles above Kew.
At Hampton there are two subsiding reservoirs and two pumping engines.
.The water flows from the Thames into the two subsiding reservoirs through
three sets of iron strainers arranged to intercept fish and floating matters.

The reservoirs are of the same size as those of the Southwark and Vaux-
hall Works, situated on the same bank of the river immediately below, viz. :
45,000 superficial feet of area each, with an average capacity of three million
gallons each, more or less, varying with the state of the river.

Bach reservoir has its separate communication with the Thames and can be
used separately.

The water passes slowly through the reservoirs to the pumps, losing in its
passage a certain portion of any matter which it may carry in suspension in
times of flood.

There are two* single-acting ““bull” engines here (Cornish) of the same
pattern.

The general dimensions of each are :

Steam cylinder 60 inches with 10 feet stroke.
Pump plunger 42 R -

The engines were cutting off at half stroke.

Both engines are working continuously at this date (July, 1868) night and
day, and have not been able at all times sufficiently to supply the filter beds at
Kew, the consumption of water in the district being much above .the average
this season. A second pipe main between Hampton and Kew will in a measure
correct this evil, but additional pumping power will also be wanted at Hampton
shortly. '

There is a stand-pipe with two legs, the rising leg 100 feet ; the down leg
connects with the other at 60 feet above the pump well. These legs are of 44
and 33 inches diameter respectively.

The engines were working to-day (July, 1868) against a pressure of 91
feet, and making 14 strokes per minute the two, or 7 strokes per minute each.
The strokes were made alternating, regulated by one cataract.
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There is but one air chamber to the two engines.

The engines deliver into a 33-inch main, 83 miles in length (Mr. Mylue
says Tt miles). The delivery was stated to average 11 million gallons daily.
The Registrar’s report for July gives the average as 11,121,734,

The calculated rate of these two pumps, allowing 5 per cent. for loss of
action, gives a delivery of 11,615,140 imperial gallons in 24 hours. The pumps
are therefore working very closely up to their capacity, with no reserve in case
one of them should get disabled.

This shows a wonderful perfection in the machine, and a dangerous confi-
dence we might add, under the circumstances of this exceptional season.

The pipe main conveys the water to the principal works at Kew, on the
same side of the Thames, where it is received into two settling reservoirs,
either of which can be used separately. The two reservoirs have a joint area of
245,000 square feet (5.62 acres).

The accompanying sketch (Plate 8) will explain their form and the position
of the filter beds.

The water, in passing slowly through these settling reservoirs (marked &' 4
on the sketch), undergoes a certain amount of deposition, and in the present
state of the Thames river (11th June, 1866), is amply prepared for the filter
beds. The water in the settling reservoirs is discolored and full of small floating
particles, but not turbid. After filtration, as seen in a glass, it is clear and
sparkling.

The settling reservoirs are said to be cleansed out once a year. They will
hold 11 to 12 feet of water, but in July, 1868, they had not more thah 8 feet of
water in them. '

There are three filter heds of about the same area each, marked ¢!, ¢, ¢ on
the sketch. Their joint sand arca was stated to be 225,000 square feet. Two
of them were in action at the time of my visit, each covered with about two
to three feet of water.

Usually there is six feet of water over these filters, but the consumption of
water during this hot season has during the day hours somewhat cxceeded the
supply from Hampton, which has the effect of drawing down the settling reser-
voirs, and placing a shallow body of water upon the filters. The third was
uncovered and undergoing the process of cleansing.

The effect of the shallow body of water, combined with its temperature this
season, which was sometimes above 80° Fahrenheit in the Thames, was to
encourage a very delicate vegetation on the surface of the filter bed.

This vegetation appeared like a thin green carpet of velvet, and the work-
men were rolling it off in strips, at the time of my last visit, from the uncov-
ered filter bed. It was manifest, however, that the filter had not been cleansed
immediately upon its ceasing to operate as such, but that the water had been
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allowed to remain upon it some time after its motion downward had ceased ; in
other words, when it had ceased to change and had begun to stagnate.

The two-thirds of the filtering area in use amounted to 150,000 square feet,
very nearly.

Conduits from the underground drains of the filter beds conduct the water
directly to the pump wells ; there being no.intermediate storage basin to reccive
the filtered water, the flow through the filters must vary with the variations of
the service.

The average delivery of the works in 24 hours being 9,800,000 gallons, I
will assume that 8 millions are delivered during twelve hours of the day. This
would make the rate of filtration, at the time of my visit, during the day hours,
equal to 97 gallons per square foot per diem ; when the three filter beds are in
service the rate averages 65 gallons per square foot per diem. At certain hours
of the day during the summer months it considerably exceeds these figures, but
during summer the Thames water, except after heavy rains, is usually compara-
tively clear, and the chief use of the filter beds then is to separate it from all
organic impurities, and from fish of all sizes and descriptions.

The service from these works is intermittent, and all the tenements receiv-
ing the water have cisterns.

There is a high storage reservoir connected with these works at Camden
Hill, situated 120 feet above the wells of the pumping engines.

This reservoir by its auxiliary pumping power supplies a high district of the
city above the control of the Kew engines. To this extent it loses water during
the day, which is replaced during the night by the Kew engines. During the
day the Kew engines are not delivering into it. It is a covered reservoir of
46,800 square feet water area, and capable of holding 22 feet of water, say 5
million gallons.

This reservoir can obviously assist in meeting any sudden requirements
during the night on occasions of fires, but a certain portion of the pumping
power is always held in hand besides, to meet the emergencies of that service.

The settling reservoirs and filter beds are bounded by brick slope walls, at
inclinations of 2 to 1.

The filter bed, which was uncovered, showed an open drain running through
its axis, the side walls of the drain being carried up to the level of the surface
of the sand. In commencing to fill this filter bed with water, the water is let
into this drain, and overflows from it on either side slowly upon the sand sur-
face. The main drain for the collection of the filtered water is placed imme-
diately underneath this open drain, and three iron 12-inch air pipes rise from it
through the open drain to a height above the full water of the filter basin.
From this main drain small square brick drains run either way to the foot of -
the slopes, and from the ends of these, small air pipes of ¥-inch diameter rise to
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the top of the slope walls. These air pipes in this case were 30 feet
apart.

The materials of the filter beds were stated by the attendant to be as fol-
lows::

T T IEi00) 013 ol & A e e h e el B S, 24 inches.
S IS = % o ob o b o I L LA S
(G VC IR R S o O o e Wl 3 ekoncle » (] A oo s s AT
1REE SUE: o086 0 A0 08 b go Sro0 IO A0 Bobods b Mo e bo 10 ¢
61 inches.

Covered and surrounded by the last are the small brick gathering drains,
laid upon a floor of concrete.

In the report of a Board of Inspectors made in 1856, the filtering medium
is stated differently, as follows :

Flapwieh!gaid ol voon ' e Bha s at 0. . 3 to 4 feet thick.
e gragel=rSliog w8 oL e 1 foot thick.
Fine screened sand .................o il 9 inches thiek.
Rough screened gravel ...................... 9 inches-thick.
Coarse gravel...........coiiiiiiiennneen... 1 foot thick.

This gives a depth of filtering material of 78 to 90 inches. The washing
of the sand was stated to cost then 83 pence (17 cents) per cubic yard. :

The filter beds are cleansed, I was told, every 8 to 20 days each. The
amount of sand removed does not exceed half an inch, and this is washed and
laid aside to be replaced at intervals of 6 months or more, according to the cir-
cumstances of the service. Two cireular open iron tanks are used for cleansing
the sand. They have each a false bottom, perforated with holes. The sand is
laid upon this perforated shelf, and water under a high pressure being connected
below, forces its way through the holes and through the sand, carrying the
muddy particles with it, and flowing off until clear, over the sides of the tank.

There are four pumping engines at these works for the service of the dis-
trict, all single-acting Cornish engines.

_ Their general dimensions are as follows :

No. 1.—Beam Engine.

Steam cylinder, 90 inches diameter ; 11 feet stroke.
Pump pole il 5 L et
Weight of pump pole, 45 tons.

-Walking beam 30 feet long between end centres.
Depth at centre, 6 feet.
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This beam, however, has been trussed on the upper side, as have all the
others, since the breaking of the beam of No. 3 engine, caused by a chisel
getting upon the seat of the suction valve, which prevented its closing.

Centre gudgeon 16 inches diameter.

The inlet or suction valve is a large four-beat valve of Husband’s patent ;
the delivery valve the same. There is an air chamber to this engine, but it was
said not to be in use.

The engine was cutting off at one-third and making six strokes per minute
(29th July, 1868); but this rate varies with the consumption of water.

This engine pumps over a stand-pipe, the rising leg of which is 42 inches
diameter, and its down leg 30 inches. The junetion of the last-mentioned with
the main pipe was stated to be 170 feet above the pump well. The gauge in
the engine-house showed a pressure of 165 feet ; but this gauge is connected with
the delivery main, at a point which I should judge to be 10 to 15 feet above the
water of the pump well, or its equivalent. This would show the engine to be
working against a pressure of 175 feet or thereabouts, which would make the
water stand just above the junction of the two legs of the stand-pipe.

There are two stand-pipes at this station (built in 1867), both enclosed
within the same tower, which is of brick, and square. This structure is 18 feet
square inside, with a narrow iron stairway attached to the walls, and carried up
to the top.

The stand-pipe, mentioned above, is the largest of the two; the other has
-a rising leg of 30 inches diameter, with a down leg of 21 inches diameter ; the
height of the 30-inch leg is 214 feet, and of the junction point of the down leg,
170 feet; in these respects the same as the larger one. A waste-pipe of 12
inches diameter makes a fifth vertical pipe within the tower.

The whole five are constructed from cast-iron pipes, with spigot and socket
joints, caulked with lead in the ordinary manner.

The Camden Hill reservoir, already mentioned, is not connected with this
engine, nor with any of the pumping engines at this station during the day, but
during the night two of the engines (usually No. 1 and No. 5) pump into it and
replace the water taken from it during the day. During the day these engines
pump direetly into the city under a head not less than 170 feet and varyiug
to 185. Oune of them (usually No. 4) pumps into a higher service than the
others, against a pressure of 212 feet. ;

The delivering main to this engine is 30 inches diameter, and its length as
far as the Camden Hill reservoir, 5 miles; but its branchings and extension I
have no means of stating.

The eugine works at present through the 24 hours and every day of the
week. '
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No. 2.—Beam Engine—Cornish.

Steam eylinder 64 inches diameter ; stroke 8 feet.
Pump pole 24 o had ey ks

Double-beam 26 feet between end centres, 4} feet deep, trnssed on upper
side.

Suction valve, a four-beat Husband valve.

Delivery valve, a two-beat valve.

Suction about 10 feet.

There is one air chamber to this engine and No. 3 ; height 18 feet ; diam-
eter 5 fecet.

Eingines No. 2 and No. 3 work directly into a city main, but have a throt-
tled connection with the stand- -pipe to relieve them under certain circumstances,
from which I infer that they are serving higher ground than No. 1.

The engines were operated by one eataract, obliging them to make alter-
nate strokes in equal times. They were each making 11 strokes per minute
and cutting off steam ut between one-half and three-fourths.

No. 3.—Cornish Beam.

This is a duplicate of No. 2, except that the steam cylinder is given me as
of 63 inches diameter.

The gauge in the pump-room showed a pressure of 165 feet on the deliv-
ery pipe.

The two engines were working at present every day through the 24 hours.

No. 4.—Beam Enginc— Cornish.

This engine has a steam cylinder of 65 inches diameter ; in other respeets
its dimensions are the same as No. 2 and No. 3. It was working into a higher
service against a pressure of 212 feet, having a throttled conucetion with onc.
of the stand-pipes. It does not work at night.

There is an air chamber on its delivery main.

No. 5.—Direct-Acting Engine— Cornish ** Bull.”

Steam cylinder 70 inehes diameter ; stroke 10 feet.
Pump pole p (S 4 =l ey

This engine was under repair at the time of my visit in 1868. When
working it makes 10 to 11 strokes per minute. It pumps over the smaller of
the two stand-pipes already described, under a head ordinarily of 175 feet,
counting from its inlet water. There is an air chamber on the inlet pipe, 30

7
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feet in height, 30 inches diameter at bottom, tapering to 20 inches at top.
There was a value attached here to this tapering. The inlet pipe connects the
pump with the clear-water well of the filter beds.

This engine, when at its routine work, pumps during the day into the city,
and at night, with the No. 1 engine, refills the Camden Hill reservoir.

The water valves are four-beat Husband valves.

To furnish steam for these engines, there are twelve Cornish hoilers, all
connected.

Eleven of these were in use to-day, all the engines being at work. except
No. 5.

Six of the boilers were of 5 feet 6 inches diameter, length 28 feet, with a
single flue in each of 40 inches diameter.

The boilers were carrying 42 lbs. of steam.

The fuel used was Newcastle slack (bituminous). There was but one
chimney to the 12 boilers, apparently about 120 feet in height.

At the Camden Hill reservoir, situated, as already mentioned, five miles
from the Kew Works and 120 feet above their level, there are two pumping
engines. These are direct-acting engines of the *‘ Cornish bull ” variety.

Their general characteristics are as follows, the one being a duplicate of the
other :

Steam cylinder, 70 inches diameter.; stroke 10 feet. Pump plunger, 33
inches diameter ; stroke 10 feet.

The engine was making 10 strokes per minute. Suction valve, four-beat
Husband valve. Delivery valve, double-beat Harvey & West.

The inlet pipe from the reservoir to the engines is 36 inches diameter ; the
delivering main 30 inches.

The engines work over a stand-pipe, serving the highest grounds of this
neighborhood. _

The rising leg of this stand-pipe is 48 inches diameter and 160 feet in
height ; the down leg is 36 inches diameter, and connects with the other at a
point 90 feet from the ground. The stand-pipe is enclosed in a square brick
tower.

The gauge in the engine-room, which is connected with the outlet-pipe,
showed a pressure of 100 feet, which rises at times to 112 feet.

Both engines were at work, running 10 hours a day (9 A. M. to 7 ». ».),
and every day of the week.

There are nine Cornish boilers provided for the two engines; seven of these
were in use to-day (30th July, 1868). The boilers were each 6 feet diameter
in the shell, and 30 feet in length, with a smrrle flue of 44 inches diameter.
They carried 42 lbs. of steam.
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The fuel was Newcastle slack, and the engines were stated to be making an
average duty of 70 millions to 112 1bs. of coal. '

At this station a new storage reservoir was under constrnetion, to be capa-
ble of holding twelve millions imperial gallons ; a new dircct-acting engine, with
a steam cylinder of 90 inches diameter, was also under progress.

Mr. Joseph Quick is the Engincer of this Company ; Mr.
Resident Engineer.

Fraser, the

ALWORNIA

UNIVERSITY < T C »
ENGINEERIN <

DEFARTVENT ‘OF CIVIL
pERKELEY, CALIFORNIA
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WEST MIDDLESEX WATER WORKS.

15th June, 1866.

The principal pumping-station of the West Middlesex Water Company is
sitnated at Hammersmith, on the left bank of the Thames ; the subsiding reser-
voirs and filtering works lie on the Barnes'side of the river, immediately oppo-
site.

The water is now drawn from the river at Hampton, at a point six miles
above Teddington Lock, as in the cases of the Southwark and Vauxhall, and
the Grand Junction Water Works.

The Hampton station of the Middlesex Company is situated immediately
above the Grand Junction station. There are no preparatory settling basins at
Hampton for the Middlesex Works.

The water is passed through a four feet conduit from the river directly to
the pump-wells ; a double set of wire screens defends the mouth of the conduit,
and prevents the passage of fish and all floating impurities.

There are two direct-acting Cornish engines here (Bull engines). They are
each of the same general dimensions, as follows :

Steam cylinder, 64 inches diameter ; stroke, 10 feet; plunger, 45 inches
diameter; stroke, 10 feet.

The one engine was at work (June, 1866), making 10 to 11 strokes per
minute ; the other in reserve.

When I visited the works in July, 1868, both engines were at work,
operated by one cataract, so as to make alternate strokes, and making about 63}
strokes each per minute ; the pause at the end of each stroke was very marked
here.

The engines were cutting off at one-third.

The suction valve is a four-beat Husband valve—a great improvement, Mr.
Hach says, on the double-beat valve, which was originally in use here.

The delivery valve is a double-beat valve.

The engines work over a stand-pipe, the down leg of.which is connected
with the rising leg at a point 55 feet from its base. The gauge in the pump-
room showed a pressure of 65 feet.

The engines work at present through the 24 hours. The delivering main,
conveying the water from this station to the settling reservoirs at Barnes, is 36
inches diameter and nine miles in length.
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The delivery in July, 1868, was. reported to average 10,665,049 gallons
daily ; in June, 1868, 9,663,274 gallons. .

There is a battery of nine boilers here, but three of them were being re-
placed by new boilers ; there was, therefore, only six boilers.in use. These
were single-flued Cornish boilers ; diameter of shell, 5 97, length 28 fect, diam-
eter of flue, 42 inehes. ’

The steam-pipe eonneeting all was of 18 inches diameter. There were two
safety-valves and a steam alarm-whistle to each boiler.

The pipe main erosses the river at Richmond, and delivers the water into
the settling reservoirs, already mentioned as situated on the right bank of the
Thames, at Barnes, opposite to Hammersmith.

At this point there are three settling reservoirs of 9, 7 and 9 acres area re-
speetively, making 25 aeres in all. And there are five filter beds—four of 1}
acres each, and one of 2% acres sand area, making in all 8% aeres nearly, or 358-
000 square feet, strietly, of filtering surface.

The water is delivered at option into either of the three settling reservoirs,
but they are ordinarily used alternately so as to permit a deposition in still
water, in each ease of 10 to 30 hours, according to circumstanees. In the elear-
est state of the river water this settlement in still water is hardly neeessary.
It, however, always reduces importantly the work to be done by the filter beds,
and economizes very sensibly the eost and time expended on the cleansing of
the filters. The settling reservoirs eontain from 12 to 15 feet of water, but not
exceeding one-half of this water in depth ean be drawn off on the filter beds,
and these settling basins are not contemplated to be eleansed, except at loug in-
tervals.

The basins are bounded by slope-walls of stone, sloped at 14 to 1.

In the two first built settling basins the high water lines were but 2 to 3
feet above the full water of the filter beds; there was, therefore, but little re-
serve of water held by these basins.

In the last built basin (¢°) the full water stands about 8 feet above the
water of the filter beds.

The reserve of unfiltered water here is probably about 20 million gallons.

From the settling basins, or either of them, the water is drawn at disere-
tion upon the filter beds. The general arrangement of these, and the respeetive
areas of the basins and beds, are given in the aceompanying sketeh (Plate 9),
whieh, however, is not eorrect as to seale, the authorities having deelined to
permit me to have a tracing of the general plan.

In this sketeh the settling basins, or reservoirs of deposition, as they are
sometimes ealled, are marked ¢, ¢% ¢°; the filter beds are marked A, 2% 2° A*
and 2%,
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The last mentioned and latest built filter bed was bare, and had but just
been cleansed.

On the other filter bed the side walls are vertical. In the construction of
the last filter bed a portion of the old settling reservoir (¢') was used, and the
slope-walls belonging to that reservoir were retained. This filter bed, therefore,
has stone slope-wallsinstead of vertical brick walls, as in the case of the others.
An open brick drain, of the form indicated in the accompanying sketch (Fig. 1,
Plate 9), runs through the centre of this filter bed, used only in re-filling it after
it has been laid dry. Its side walls correspond at top with the surface of the
sand. )

Immediately underneath this open drain there is a brick culvert, 23 feet
square, for collecting the filtered water. The brick side walls of this culvert are
half dry ; half of each brick being laid in mortar, the other half left dry to permit
the entrance of the filtered water.

From each side of this culvert drain-pipes run to the foot of the slope-
walls. These pipes are laid 20 feet apart c.c. They are six-inch glazed clay
pipes, perforated with three rows of holes on each side, but with no holes on
the top or the bottom. These pipes are bedded in the large screened gravel
which forms the bottom layer of the filtering materials. The water is let on to
the bed by means of the open drain above mentioned, and overflows from either
side of it upon the sand.

The filtering materials are as follows :

The thickness of the top layer of fine sand varies in all filters during the
season, for the half-inch taken off every two or three weeks during the process
of cleansing is usually replaced but once a year.

The original thickness of fine sand may, therefore, have been reduced as
much as 12 inches before it is replaced.

FineSandns . v tmer 21 inches now—originally 83 inches.
Barnes sand., . ..x il 122 ol
Coarse and large gravel i
. 27
screened to five sizes.. .

60 inches.

The filter beds are cleansed alternately, one in a week, or in three or
four weeks, as the state of the river water may require.
The sand taken off is cleansed on sloping boards, water being freely
_ poured on this incline. Slats are nailed across these boards at intervals, to
check the flow of the sand, and allow the water to act upon it sufficiently.
The eost of filtering was stated by the engineer to be about ten shillings
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per million gallons (012 per thousand gallons, or about one quarter of a cent
per thousand gallons. :

While there is an average rate of filtration applicable to all the beds
acting jointly, the actual rate for each will vary with the condition of the bed ;
the filtration being quick comparatively when it is clean, becoming more and
more slow as it gets clogged or choked with sediment or other matter.

The Engineer of these works considered the filtration to vary on any one
filter from 6 gallons per foot per hour to 15 gallons per foot per hour—that is,
from 144 gallons per square foot per day to 36 gallons per square foot per day.

The daily delivery of water to this district was stated by the Engineer to
average at this date 9% million gallons per diem ; but there being no storage
basin between the filters and the pumps, .the rate of filtration must vary with
the service, and will much exceed at certain hours of the day the average due
to 91 millions.

I will assume that during certain of the day hours the water passes
through the filter beds at the rate of eight million gallons in twelve hours,
At the time of my visit, four of the five filter beds were in use, covering a
sand area of 294,000 square feet. This gives an average of 54 gallons per
square foot per diem for the four filters jointly.

The clear water drains are carried to the well marked K on on the sketch.

From this well two pipes are carried across the bed of the river, convey-
ing the filtered water to the different pumping-engines.

While the works above described lie on the right bank of the Thames
the pumping-engines liec on the left bank, close to the river at Hammersmith.

At this station there are five single-acting (Boulton & Watt) beam en-
gines, the general dimensions of which are as follows : .

No. 1.—Steam cylinder, 54 inches, stroke 8 feet ; two lifting-pumps, one
of 20-inch diameter and 8 feet stroke, the other 15-inch diameter and 6 feet
stroke, averaging 14 to 16 strokes per minute.

This engine was at work pumping into the distributing main. The gauge
showed a pressure of 160 feet. There is an air chamber on the rising main.
There is no stand-pipe here to any of the pumping-engines.

No 2.—Steam cylinder, 54 inches diameter, 8 feet stroke ; pump barrel, 20
inches diameter, 8 fect stroke. The pump piston is solid, and the pump ‘is
double-acting. To make the down stroke of the pump, its rod is loaded.
This engine is fifty years old. It was npt at work to-day ; it works alternately
with No. 1. }

This engine when at work pumps directly into the distributing main
during the day, assisted by the high-storage reservoir at Primrose Hill.

During the night, when the service of the. district is not in action, the
engine pumps into and refills the Primrose Hill reservoir.



60 ] WEST MIDDLESEX WATER WORKS.

The Primrose Hill reservoir has a capacity of 4,752,000 gallons, and an
altitude above the pump-well of 183 feet.

The capacity of the Kensington reservoir is 3,500,000 gallons, and its
altitude above the pump-well is 117 feet. The pipe main to Primrose Hill is
6% miles long, and from 30, varying to 36 inches diameter. The main to Ken-
sington reservoir is 21 miles long and 21 to 23 inches diameter.

No. 3.—Steam eylinder, 64 inches diameter, 8 feet stroke.
Pump barrel, 23 * . I ¥

The pump-piston is solid and the pump double-acting, the pump-rod being
loaded to produce the down stroke. There is an air chamber here, but no
stand-pipe. '

There is a weighted safety-valve on the pipe main outside of the engine-
house, ingeniously arranged so as to be weighted at will to a pressure of 130
feet or of 160 feet, according as the circumstances of the service require it.

No. 4.—Steam cylinder, 72 inches diameter, stroke 10 feet.
Pump-barrel, 23 ¢ 3 SOl

This is a double-acting pump, the pump-rod being loaded as in No. 3.
Not at work.

No. 5.—Steam cylinder, 80 inches diameter, stroke 10 feet.
Pump-barrel, 24 ¢ % i &

This pump also is double-acting, being loaded like the others.

.This engine is at work, delivering into the distribution against a pressure
by the gauge of 162 feect.

This pressure varies with the service from 150 to 190 feet.

The Kensington reservoir is connected with and sustains the low service of
the district. The Primrose Hill reservoir is confined to the maintenance of the
high service.

The reserve in these reservoirs admits of the district being supplied for a
certain time without the aid of the pumping-engines, and gives time, therefore,
for their careful maintenance and repair, under ordinary circumstances.

At the Primrose Hill reservoir there are two rotative pumping-engines,
raising the water from that reservoir to certain small portions of the district
situated above its level.

No. 6 is a horizontal engine, with crank and fly-wheel. Steam cylinder
23 inches diameter, stroke 5 feet. Horizontal pump, double-acting, 11 inches
diameter, with stroke of 5 feet. This engine pumps into the main through an
air-vessel ; there is no stand-pipe here. The engine was making 25 revolutious
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per minute. It works 12 to 15 hours a day. The highest ground served is
119 feet above the engine.

The service is intermittent, the pressure varying according to the parts
served from 119 feet to 40 feet.

No. 7.—In this engine the steam and pump cylinder are vertical.

Steam cylinder, 23 inehes diameter, 5 feet stroke.
Pump, double-acting, 12 ¢ L 6 « ¢

There is an air chamber on the pipe main.
This engine was not at work.
The average daily delivery of water by this Company was reported to be

100 o L R e i TR 3,334,064 imperial gallons.
In July, 1855 .......... 6,895,368 ¢ =
TELT G P, e o5 o 2 < - 9,250,000 . “
Andinow, in 868 45 % 4 10,000,000 ¢ &

The service is intermittent, and the district served in sections ; the engines,
therefore, when at work during the day, are pumping against a varying head.
In this distriet, there is no separate pipe serviee for fire purposes and street
cleaning. -
Mr. Wm. B. Hack is the Engineer in charge of these works.
8



62 THE NEW RIVER WATER WORKS.

THE NEW RIVER WATER WORKS.

June 13, 1866.
August 8, 1868.

TrE New River is an artificial channel, construeted in the beginning of the
17th century, with the view of supplying London with water from springs in
Hertfordshire.

It was begun in 1608 and finished in 1613, by Sir Hugh Middleton.

Although the New River, at the time of its construction, seems to have had
in view the delivery of water from the copious springs at Chadwell only, it now
derives the mass of its water directly from the River Lea. The portion derived
from springs and wells at present does not exceed 22 per cent. of the whole.

In 1857 the Hampstead Water Works district was incorporated into that of
the New River Company by purchase.

The Company makes the following statement of its sources of supply :

1st. The Chadwell Springs in Hertfordshire.
2d. The River Lea.

3d. Deep wells on the line of the New River, and at Hampstead Heath and
Hampstead Road.

4th. Small springs taken into the river in its course.

. bth. Springs at Hampstead and Highgate, collected in ponds for watering
roads and other such uses.

A new well has just been sunk (August, 1868) in the parish of Wormley, near
Cheshunt, from which a supply of 2} million gallons daily is expected to be
obtained. )

The Company is empowered to draw water from the Thames, below Black-
friars Bridge, for street and sewer uses, but it has never availed itself of this
power. '

. The average delivery per diem was in 1866, 22,898,769 imperial gallons, of
which 18,000,000 was estimated to have been derived from the River Lea.

During the month of July, 1868, the daily average amounted to 27,140,000
imperial gallons.
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What has been termed the New River is a very crooked canal or feeder,
leading from Hertford, in the valley of the Lea, to the centre of the metrop-
olis.

Its length is 28 miles (originally 39 miles), of which 253 arc open cut, the
remainder consisting of pipes and tunnels,

The total descent on this distance is 16 feet, the origin of this feeder near
Ware being 100 feet above Trinity base, and its terminus at Clerkenwell (New
River Head) 84 feet above the same base.

The greater part of the New River water is derived from the chalk district
of Hertfordshire. ;

Comparing the analysis of this water with that of the East London Water
Works, as presented inthe city pipe mains, the portion of it derived from
wells seems to produce no perceptible change in its general character.

The following list shows the reservoirs pertaining to the works :

Two subsiding reservoirs at Cheshunt,. ...... 181 acres
Two 3 1 Hornsey,........ B T
Two X § Stoke  Newington, 424
One & 5 Clerkenwell, . . ... 0r *
Ponds at Hampstead and Highgate,.......... 30 ¢«
The amount of filtering area is as follows:
Three filtering beds at Hornsey,. ... ........... ... ... 2 acres.
Five “  Stoke Newington,.............. Dy ¢
Three ¢ “  New River Head, Clerkenwell,... 2} ¢
Two “ “  just finished at Stoke Newington,
BT Ol e T AL A = e L 2

There are covered storage reservoirs at Claremont Square, Maiden Lane, .
Highgate, and Hampstead, the joint capacity of which reaches 20 million
gallons.

The drainage area of the River Lea, above the point where it is tapped by
this Company, comprises 284,160 acres, or 444 square miles.

The amount of water which the Company can draw from the Lea is limited
to 223 million gallous of its natural flow, but by the construetion of reservoirs
to store its flood waters this amount can be increased, in the opinion of the En-
gineer, by 10 million gallons.

There are seven ponds at Highgate and six ponds at Hampstead Heath,
from which a separate service of unfiltered water is delivered to part of the
district for street watering and fire purposes. .

Upon the line of the New River the Company has three stations, each sup-
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plying separate portions of its large district, and each having works for settling
and filtering the water, besides the necessary pumping-engines for delivering it.
These are the Hornsey Works, the Stoke Newington Works, and the Works at
the New River Head, near Sadler’'s Wells.

The New River forms the feeder to each of these works ; the overplus, after
supplying the lowest works, namely those at Sadler’s wells, passes to the Thames
by means of a 48-inch cast-iron pipe.

1st—The Station at Green Lanes, Stoke Newington.

At this place there are two settling reservoirs, the one of 20 acres and the
other 22 acres area.

The accompanying sketch (Plate 10) will explain the position of these, and
their relation to the filter beds.

The settling reservoirs are marked ' m®. They contain an average depth
of 15 feet of water, but only 3 feet of this water is available for storage, the
remainder being below the level of the filters.

The entire flow of the New River is delivered into the further or upper
reservoir, from the opposite end of which it eseapes into the second or lower
reservoir (m®). From this reservoir, controlled by sluices, it is drawn off as
wanted, into the lower section of the New River channel, which at this place is
carried round both reservoirs, and can be used independently of them when
needful. Ordinarily this portion of the channel remains in disuse, the two
settling reservoirs fulfilling its funetion here, as well as encouraging the settling
of sediment by the great reduction of veloeity consequent on the passage of the
water into and through them. -

The channel of the New River is carried thence through the filtering
grounds, delivering a portion of the water upon the filter beds, and conveying
the remainder on to the station at New River Head. The quantity delivered
upon each filter bed is regulated by appropriate sluices. The New River water,
at the time of my visit, was quite turbid, arising from some work in progress
on its banks. This turbidity of the water was visibly diminished by its pas-
sage through the two settling-ponds. -

: There are five filter beds here (July, 1866), of about one aere each,
marked Nos. 1, 2, 8, 4, and 5 on the sketech. Three of these measure
300X150 feet each, and the other two 316135 feet each.

These are the sand areas; the filter beds have brick slope walls of 2 to 1.
The water areas are, therefore; larger.

When the water is very turbid, two of the filter' beds have sometimes to
be cleansed off in a week ; when it is in a good state, it will suffice to cleanse
once in four weeks.

Two new filter beds have just been added (August, 1868), one ouly of
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which is in use ; these are'marked No. 6 and No.7 on the sketch. The walls of
these last have been built vertical, and thercfore the sand area corresponds
with the water area.

They measure cach 300 by 140, very nearly, or about one acre cach.

The materials of the filters were stated to be as follows :

Fimgesauils @momalliye .o o) « wis 5om's s adss s 24 inches.
(This sand is allowed to be reduced to 12 inches
before being renewed.)

(CloRUREIE TETH0 T o ol A o oo s TR | IRl s T ool 12 o

Pea shingle...... i Ao T AR T ) o <4s 2 S0

Shingle, marble size, and gravel.............. 12 B
60 inches.

When the filter bed is bare, there is seen a cast-iron semicircular drain
80-inch diameter, extending from the river bank to about vne-fifth the length of
the filter bed on its centre line. The lips of this half-pipe correspond with the
surface of the sand of the filter.

When the filter bed, after being cleaned off, has to be refilled, the New
River water (controlled by a sluice in the brick semicircular well shown on the
sketch) passes into this half-pipe, and flows over either side of it upon the sand,
slowly covering it with unfiltered water. After the bed is thoroughly covered
and all the air has passed off, the water is allowed to flow on as freely as the
extent and condition of the filter may require it

The iron drain referred to is supported upon iron brackets.

The water, after passing through the filtering materials, is collected by
clay pipe drains into two brick drains, placed as shown on the sketch.

These brick drains, which are imbedded in the shingle, rest on the bottom
of the filter, which consists of a brick paving on edge, set in mortar, and resting
on a thick layer of clay puddle. These collecting drains deliver the filtered
water into a brick culvert, which is carried along the river bank and across its
channel to the clear-water well, gathering in its course the filtered water of all
the filter beds in operation.

In the two new filter beds, built in 1867-8, the arrangements for letting on
and for collecting the water differ somewhat from those of the first filters,
described above. 1 '

In those last filters, the side walls are vertical ; the walling, therefore, must
be more costly than the slope-walls of the old filters, but the entire space is
made available with the vertical walls, while a considerable portion, when
slopes are used, is useless for filtration ; there is always danger, too, of a
portion of the water getting behind the slopes and reaching the lower drains
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unfiltered. This last result must follow, as a matter of course, wherc the
slope-walling is laid dry. Here the slope-walls are well laid in mortar.

The bottom of these new filters consists, as-in the others, of a thick layer
of clay puddle, over which is laid in mortar a paving of brick, on edge.

There are two brick drains npon this floor (running longitudinally), to
collect the filtered water; but, instead of having clay pipe drains at right angles
to these, and delivering into them as in the other filters, the whole floor is
covered with a series of brick drains, laid dry, the separating walls of which are
‘one brick thick, and the opening of each drain premse]y the size of a brick, or
about 43 by 2% inches. ; 2

This arrangement is obtained, as shown in the sketch (Fig. 2), by laying on
the floor at right angles to the main drains, rows of brick, flat, each row sepa-
rated from the other by the width of a brick ; these are covered by dry brick
laid in the opposite direction, as close as they can be laid. Over tifs cover the
shingle is laid, and upon that the gravel and sand, the same as in the other
filters.

These small brick drains deliver each by suitable openings into the main
collecting drains, which again deliver into the collecting conduit.

The unfiltered water is delivered upon these last filter beds through an iron
pipe having a vertical opening in the centre of the bed, apparently of 80 inches
diameter.

When the water'is drawn off the filter for cleansing, the refilling of it is
begun from below, through the collecting drains, by, which process any air can
always be more surely expelled, and the refilling exccuted more rapidly and
with less risk than where the filters are filled from above. But, in this case,
the water used for refilling until the surface of the sand is covered, should be
drawn from the filtered water. Where this is not done, the unnfiltered water .
will deposit its objectionable qualities throughout the filtering materials.

The mode adopted for collecting the filtered water here is the most perfect -
of any that I have seen, but it is also, I should judge, the most expensive.

The water, after passing through the materials of the bed, has the shortest
practicable space to travel to reach a collecting pipe or drain ; there will, there-
fore, be little or no risk of its running in veins, or acquiring velocity enough to
carry any fine sand with it, as may sometimes be the case where the clay pipe
drains performing the same office are laid twelve feet and upwards apart.

The average amount of water passing in 24 hours through the filters was
given me in 1866 as from 12 to 14 million gallons, and, judging from the work-
ing of the pumping-engines, it probably doss not exceed this quantity in
1868.

But much the larger fraction of this amount passes through the filters dur-
ing the day hours. The pumping-engines at work during my last visit (August
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8, 1868) were delivering at the rate of 817,000 imperial gallons per hour. This,
therefore, was the rate of filtration then.

There are six filter beds in service now, the seventh remaining at present
void of the filtering material. These six filters have a joint area of 262,000
square feet, very nearly.

- Assuming one of these filters to be undergoing the cleansing process, there
remains say 218,000 square feet of filtering area in use, which, at the rate of
817,000 gallons per hour, is equal to 3.756 gallons per square foot per hour (90
gallons in 24 hours).

Before the last filter bed was added the rate of filtration during the day
must have sometimes reached 43 gallons per square foot per hour. Judging by
the pumping, it must vary now from an extreme of about 4 gallons per hour
during the day, to 2 gallons per hour during the night.

The water is bright and clear after passing through the filters.

There are six rotary pumping-engines here, in three pairs, with a fly-wheel
to each pair. The engines are.all beam engines, and the pumps are all plunger
and bucket pumps.

Four of these engines are double-cylinder engines, of like size ; the other
two are single-cylinder engines.

The following are the general dimensions of the double-cylinder engines :

Small cylinder, 28 inches ; stroke, 563"

Large cylinder, 46 inches ; stroke, 8°0.

Double beam, length c. c. 24 feet; depth at centre, 5 fect.
One fly-wheel to the pair, 24 feet diameter.

Pump barrel and bucket, 27~ diameter ; stroke, 6/11”.
Plunger, 20” diameter.

The suction valves are four-beat valves, but not the Husband valve. The
upper half moves independently of the lower half; the seats are of metal, and
bevelled ; the delivery valves are flap valves, havmg each two hinged flaps.

The pump and crank rods of these engines are made up of wrought-iron
plate and angle bars; very neatly rivetted together.

The delivery mains are of 20 inches diameter, but they are connected out-
side with a larger main.  There is an air chamber upon the delivery main of
each pump, 15 feet high and 5 feet diameter.

These mains are not connected with the stand-pipe.

The double-cylinder engines are used for the night service, and are rarely
at work during the day, probably because their combined pumping capacity is
below the requirements of the day service here.
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They work into the Maiden Hill reservoir, which stands 115 feet above this
station, making ordinarily 14 revolutions per minute.

There are two covered reservoirs at Maiden Lane, having a joint capacity
of 143 million gallons; they are distant 3% miles from the Stoke Newington
station.

The pair of single-cylinder engines have each the following dimensions :

Steam cylinder, 60-inch diameter ; stroke, 8 feet.

Outer-pump barrel, 313" diameter ; stroke 7 feet.

Outer-pump plunger, 22~.

- Inner-pump barrel, 43~ diameter ; stroke, 4" 9.

Inner-pump plunger, 303”.

Double beam—Ilength, c. ¢. 27 feet ; depth, 6 feet.

One fly-wheel to the pair—diameter, 25 feet ; weight, including shaft and
crank, (0 tons; making 14 to 143 revolutions per minute.

Suction valve, a large double-beat valve.

Delivery valve, a four-flap valve.-

There is a stand-pipe here, into which the inner or larger pumps work.

The rising leg is of 48-inch diameter, the down leg, 42-inch. These legs
have two connections, one at 87 feet from the water in the well, and the other
at 130 feet. ‘

The connection at the upper end is made by an iron tank ; a 12-inch waste
pipe is arranged to carry off the overflow from the tank.

These stand-pipes are of cast-iron, in 9 feet lengths, with socket joints
caulked with lead in the usual way. They are protected by a brick tower, in
which a light iron stair-case enables the workmen to reach any part of the
pipes. :
The lower connection only has been used thus far. The engines were
pumping over this junction (87 feet), but the down leg was not full ; on the
contrary, the water at the time of my visit stood in it at 60 feet above the pump-
well, or about 27 feet below the junction. I presume that it rises to the junc-
tion, or above it, when the day consumption is at its minimum.

From the down leg of the stand-pipe, a 86-inch main conveys the water
to the district. ;

The small pumps of this pair of engines work through air chambers into
a common main, which, passing round the outside of the stand-pipe tower,
connects outside with the 36-inch main above mentioned.

These pumps at one time worked like the others, directly into the stand-
pipe, but the arrangement has been changed to the advantage, it is said, of the
machine. .

The 36-inch main is connected with the Pentonville reservoir at Claremont
Square, which stands 40 feet above this station, and has a capacity of 8% million
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gallons. The main acts also intermediately as a distributing main ; its length
was given me as 23 miles.

This pair of engines pump every day of the week except Sunday, their
large pumps working against the constant head of 87 feet, which the stand-pipe
imposes, and their small pumps, against the varying head on the district, which,
during the day, seems to average .60 feet, all delivering into the one main.
To supply steam to the engines of this station, there are two batteries of
nine boilers each, under one roof; the boilers are all connected, and the two
batteries are also connected, so that.the boilers of the one or the other, or as
many of them as may be wanted, can be used at discretion.

At the time of my visit, 12 boilers were in use supplying steam to the pair
of single-cylinder engines then at work.

The boilers have the following dimensions :

Shell, 6 feet diameter ; length, 31 feet ; single flue, 40 inches diameter.

About one-third of a mile north from the Stoke Newington Works, but
under the same superintendence, and connected with the same filtered water,
there are two reserve engines, used only in emergencies.

At Tottenham there is still-another reserve engine, which, in an emergency,
can be eonnected ‘with-the supply, taking its water in such case directly from
the river Lea. This engine was described to me as a single-acting Boulton
& Watt engine.

Steam cylinder, 60 inches in diameter ; 9 feet stroke.

Pump, 44 inches in diameter ; 9 feet stroke.

This is a direet-acting engine, having no beam. It is a bull engine, so
called, except that the steam lifts water instead of lifting a plunger.

2. The Hornsey Station.

At this station there is a settling reservoir and three filter beds.

The settling reservoir has four acres of water area, with a depth of water
from 15 to 20 feet. Not more than 7 feet of this water, however, can be
drawn off upon the filter beds. The reservoir has been four years in use, and
has not been cleansed out during that time. A sufficient quantity of the New
River water is let into this reservoir to maintain it at about a uniform level.
The water is received into the further end of the reservoir, and passes through
it towards the filter beds. The amount of water used at this station does not
reach probably more than 750,000 gallons daily ; the movement must, thercfore,
be very slow, and the opportunity for deposition considerable. The reservoir
is bounded by slope-walls of stone paving, at 2 to 1.

From the settling reservoir the water is let at will upon either of the filter
beds by appropriate sluices.

9



70 THE NEW RIVER WATER WORKS.

The sand area of each filter bed measures about 30,000 square feet. There
are 90,000 square feet in the three filter beds. The sides are sloped at 1 to 1,
and paved with brick.

At the time of my visit there was abous 8 feet of water upon the filters,
and all three were in use. One of them was evidently about choked, and ready
for cleaning. The engine was pumping at that time at the rate of 45,000
gallons per hour. There is also a water-wheel at this station, delivering some
water to the neighborhood. Making allowanece for the action of this last, the
rate of filtration with two of the filter beds in use did not excged 20 gallons
per square foot per diem. The filtering accommodation here is at present
greatly in advance of the requirements of this section of the district, an anomaly
in London practice, where the companies find it difficult to keep up with the
rapidly inereasing wants of the population. These filter beds are not usually
cleansed out more than once in two or three months for each bed, at present.

The materials of the beds were stated to be as follows :

Erndtoriglly.. L. A S R T L e 36 inches.

Fine screened gravel,...... .. WL % T -Gl T o

Coarse gravel screened,...................... di2. 4 i
60 3

Small drains of brick, on edge, with perforated brick on top, are used for
collecting the filtered water. The bottoms of the filter beds are paved with
brick on edge, set in mortar, and resting on the natural bottom, which is clay.

At this station there is one Cornish beam-engine delivering the filtered
water into Hornsey Lane reservoir, 3133 feet above Trinity, H. W.

The steam eylinder is 44 inches diameter ; stroke. ... 10 feet.
The pump plunger is 16  “ < N oot Tl

The engine was making 11 strokes per minute, and the gauge showed a
pressure of 300 feet. It was said to be delivering 630,000 gallons per diem,
working about 14 hours a day. (1866.)

At Hornsey Lane reservoir there is a small engine of 50-horse power, that
pumps from that reservoir over a stand-pipe into the Hampstead reservoir, situ-
ated 415 feet above the Thames. :

The two last-mentioned reservoirs are covered, and are stated to have a
capacity jointly of about two million gallons.

Within the Hornsey ground, and on the line of the New River, a fall of four
feet here is utilized by a breast-wheel working six small pumps. This wheel
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works 15 hours a day, delivering about 100,000 gallons daily. The water is
passed over a stand-pipe, the head of which is 70 feet above the pumps.

8. The Lower Station at New River Head.

There is a small eircular settling reservoir here surrounded by three filter
beds. {

The settling reservoir has a water area of one acre, which would be of little
account were the water entering it turbid ; but its passage through the large
reservoirs at Stoke Newington, together with its slow movement through the
intervening canal, has deprived the water of most of its sediment before it reaches
this point, and the chief duty of the filters consists in separating any remains of
'organic matters. ,

The three filter beds have a joint area of 2} acres (108,900 superficial feet).
They were all covered at the time of my visit with from 3 to 4 feet of
water, but one of them was ready for cleaning, and must have been filtering at
a very slow rate, if any.

The materials of the filter beds are sand and gravel ; there are from 24 to
30 inches of fine sand, and 30 inches of screened gravel, the fine gravel being
placed near the sand, and the coarse and large gravel at the bottom. Barth-
enware drain pipes collect the water into a central culvert, which again
conveys it to a well, whence it is connected with the pumps.

The drain pipes are seven inches wide at bottom, and eight inches high.
On the bottom they are flat, but on the top semicircular, as shown on the sketch.
The holes or perforations are confined to the semicircle. One of the filters is
cleansed ordinarily once in three weeks. The walls of the filters and of the set-
tling reservoirs are of brick, and vertical.

There is no storing basin for filtered water at these works. At the time
of my visit the pumps were judged to be delivering 244,000 gallons per hour.
Supposing two-thirds of the filtering surface to be in action, this would give a
rate of 80 gallons per square foot per diem.

With the entire filtering area in useful action, which can rarely happen, the
rate would be 54 gallons per square foot per diem. '

There are two Boulton and Watt engines here, which have been at work
since 1812.

They are single-acting beam engines, of the same pattern, each working

two lifting-pumps.
Steam cylinder, 48 inches diameter ; stroke, 8 feet

Pumps, one of 29 “ i ‘9 g
“  the other 18 * ok LR KR
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One engine was in action making 14 strokes per mmute. The other was
at rest. The engines work three month shifts. The delivery was given as 294
gallons per stroke of the two pumps, but it did not probably exceed 275.

The pumps work into separate pipe mains over a stand-pipe with three legs,
with a small cistern where the bend or connection would otherwise be. One leg
takes the water up, another down, and a third leg is a waste-pipe, The water of
the cistern stands 84 feet above the well. There is an air chamber on each pipe
main,

At night the engine pumps into, and fills the Clarecmont Square reservoir,
which stands 50 feet above the pump well.

This station (New River Head) hasan elevation of 85 feet above the
Thames, and the lowest portion of the district might be to some extent supplied
from it by gravity. I could not learn whether this was the case.

From the capacity of the pumping engines alone, I judge that the whole
delivery from this station may average (1866) 5% million g"LHOIlS per diem, or
thereabout.

The whole delivery of the Works of the New River Company averaged
nearly, in 1866, 23 million gallons daily, including the unfiltered water deliv-
ered into the city for watering the streets.

The delivery to consumers, with the exception after mentioned, is inter-
mittent ; and every house, therefore, has a cistern, or water butt, or in some
other way holds in reserve water enough to meet the hours when the supply is
interrupted. ~There are 1200 houses which receive from the mains what is
called in London a constant supply, but the supply-pipe is throttled by a but-
ton, having in it a small hole of from e to & inch diameter, according to
circumstances, rendering a cistern necessary in this case as much as in the other.
This contrivance limits the amount of water delivered, and prevents waste ; but
it also neutralizes the advantages aimed at by a constant supply.

Mr. J. Muir is the Engineer to this Company.
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EAST LONDON WATER WORKS.

The East London Water Works Company derives its supply of water from
the lower section of the river Lea, by means of a eanal or feeder construeted
for that purpose, tapping the river Lea a short distance above Tottenham Mills,
at a point 4} miles above Old Ford. .

The feeder eonducts the water into large settling reservoirs at Waltham
Stowe. = The water, after passing through these, is conveyed by an open eanal
to filter beds situated at Lea Bridge. Here the water, after undergoing filtra-
tion, is conveyed by a 48-inch pipe main to the pumping engines at Old Ford.

The average delivery from these works was stated by the Engincer to be
about 130 millions weekly to 89,000 tenements, or about 20 million gallons
daily. There are no high serviee reservoirs connected with these works. .The
storage of water is large, but it is held in open reservoirs on the line and level
of the feeder aforesaid, and outside of the parliamentary limits.

The Lea rises in Bedfordshire. The average daily flow of the river is given
as equal to 90 million imperial gallons, but the minimum flow in very dry
seasons, judging from the records of the East London Water Company, does
not exceed 55 million gallons.

The New River Company is entitled to take 22% million gallons daily, and
the East London Water Company 224 million gallons daily ; the surplus is used
by the River Lea Navigation Company, or runs to waste ; but the two Water
Companies are authorized to take and deliver as mueh more as ean be obtained
by the eonstruetion of storage reservoirs in the valley of the Lea, for the collee-
tion of its flood waters, so far as this ean be done without 1mpairing the rights
of the Navigation Companies, or of the few mill privileges existing on this
stream.

By means of such reservoirs the Engineers estimate that the supply of each
Company from the Lea could be increased by eight to ten million gallons
daily.

This system of storage reservoirs would be undertaken jointly by the two
Companies.

In point of fact, the East London Company possesses now storage reservoirs
at Waltham Stowe, eonstructed sinece 1864, and capable of adding at the rate of

-
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three million gallons daily, to its summer average, from the Lea ; but these reser-
voirs collect only a portion of the flood waters of the lower part of the Lea.

At this date, as elsewhere stated, the New River Company draws eighteen
million gallons of its supply from the river Lea, the balance being obtained
from wells and springs. The East London Water Company is dependent on the
Lea for its entire supply, which at this date equals an average of 20, million
gallons daily. But during the lowest stages of the river in the summers of
1863 and 1864, the daily flow for some weeks did not exceed 17} million
gallons, at the po<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>