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PREFACE TO FIRST EDITION.

THE subject of water-filtration is commencing to receive a
great deal of attention in the United States. The more densely
populated European countries were forced to adopt filtration
many years ago, to prevent the evils arising from the unavoidable
contaminations of the rivers and lakes which were the only avail-
able sources for their public water-supplies; and it has been
found to answer its purpose so well that at the present time cities
in Europe ncarly if not quite equal in population to all the cities
of the United States are supplied with fltered water.

Many vears ago, when the whole subject of water-supply was
still comparatively new in this country, hltration was considered as |
a means for rendering the waters of our rivers suitable for the pur-
pose of domestic water-supply.  St. Louisinvestigated this subject
in 1866, and the engineer of the St. Louis Water Board, the late
Mr. J. P. Kirkwood, made an investigation and report upon Euro-
pean methods of filtration which was published in 1869, and was
such a model of full and accurate statement combined with
clearly-drawn conclusions that, up to the present time, it has re-
mained the only treatise upon the subject in English, notwith.
standing the great advances which have been made, particularly
in the last ten years, with the aid of knowledge of the bacteria
and the germs of certain discases in water.

Unfortunately the interest in the subject was not maintained
in America, but was allowed to lag for many years; it was
cheaper to use the water in its raw state than it was to purify it;

the people became indifferent to the danger of such use, and
iii
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PREFACE TO THIRD EDITION.

TierE have been several distinct epochs in the development
of water purification in the United States. The first may be said
to date from Kirkwood's report on the ‘¢ Filtration of River

“Waters,” and the second from the inauguration of the Lawrence

Experiment Station by the Massachusctts State Board of IHealth,
and the construction of the Lawrence city filter, with the demon-
stration of the wonderful biological action of filters upon highly
polluted waters.

The third epoch is marked by the experiments at Louisville,
Pittsburg and Cincinnati, which have greatly increased our knowl-
edge of the treatment of waters containing enormous quantities of
suspended matter, and have reduced to something like order the
previously existing confused mass of data regarding coagulation
and rapid filtration.

The first edition of this book represented the earlier epochs
before the opening of the third. In the five years since it was
written, progress in the art of water purification has been rapid
and substantial. No apology is needed for the very compicte
revision required to treat these newly investigated subjects as fully
as were other matters in the carlier editions.

In the present cdition the first scven chapters remain with but
few additions. Experience has strengthened the propositions
contained in them. New data might have been added, but in

few cases would the conclusions have been altered. The remain-
\'4



vi PREFACE.

ing chapters of the book have been entirely rewritten and
enlarged "to represent the added information now available, so
that the present edition is nearly twice as large as the earlier ones.
In the appendices, also, much matter has béen added relating to
works in operation, particularly to those in America.

NEw YORK January, tgoo.
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UNITS EMPLOYED.

The units used in this work are uniformly' those in‘cqfnrrzlcinrl;:
in America, with the single exception of data in re.gard Y ‘ n rf o
sizes, which are given in millimeters. The Amerlc.an um};s we ¢ et
selected because the author prefers them or]cor;zlif;rj t;hzrtnt};:e e

i filtration, but because he

z:ailgle\:];r:u;;f\(\lr;:icnt metric units in which the very compreh:}r:;
sive records of Continental filter plants are kept.would ad}d t: ihe
difficulty of a clear comprehension of the subject b)ll tlslct "
familiar with those units, and so in a measure defeat the obj

the book.

TABLE OF EQUIVALENTS.

Unit Metric Equivalent. Rec;prgcal.

Foot .. e 0.3048 meter 3.280
Mile L vien..... 1600.34 meters »o.ooo6214
;\l T 4047 square meters 0.0002471

Cre..covens e e : oo

785 liters

Gallon*.... ... ceeeen 3.7 : v
[ million gallons ..... 3735 cubic meters 0.00(:3 417
Cubic yard 0.7645 cubic meters 1.30

ubdi eee ee e e .
1 million gallons per 0.0354 { metertm dda?th } 1.070

daily of water daily
acre

r 0.8333 of the ““Pelial ga”Oll In
* The Amer'can gall n s 231 cubic inches o . soe .
work A i g (1) ’ and E“ghSh qua"[l[lCS are slated n
this or merican allons are alwa)s used

American, not imperial, gallons. .



ACKNOWLEDGMENT.

I wisH to acknowledge my deep obligation to the large number
of Luropean engineers, directors, and superintendents of water-
works, and to the health officers, chemists, bacteriologists, and other
officials who have kindly aided me in studying the filtration-works
in their respective cities, and who have repeatedly furnished me with
valuable information, statistics, plans, and reports.

To mention all of them would be impossible, but I wish particu-
larly to mention Major-General Scott, Water-examiner of London;
Mr. Mansergh, Member of the Royal Commission on the Water-
supply of the Metropolis; Mr. Bryan, Engineer of the East London
Water Company ; and Mr. Wilson, Manager of the Middlesborough
\Water-works, who have favored me with much valuable information,

In Holland and Belgium I am under special obligations to
Messrs. Van Hasselt and Kemna, Directors of the water companies
at Amsterdam and Antwerp respectively ; to Director Stang of the
Hague Water-works; to Dr. Van’t Hoff, Superintendent of the
Rotterdam filters; and to my friend H. P. N. Halbertsma, who, as
consulting engineer, has built many of the Dutch water-works.

In Germany I must mention Profs. Friihling, at Dresden, and
Fliigge, at Breslau; Andreas Meyer, City Engineer of Hamburg;
and the Directors of water-works, Beer at Berlin, Dieckmann at
Magdeburg, Nau at Chemnitz, and Jockmann at Liegnitz, as well as
the Superintendent Engineers Schroeder at Hamburg, Debusmann
at Breslau, and Anklamm and Piefke at Berlin, the latter the dis-
tinguished head of the Stralau works, the first and most widely
known upon the Continent of Europe.

I have to acknowledge my obligation to City Engineer Sechner
at Budapest, and to the Assistant Engineer in charge of water-works,
Kajlinger; to City Engineer Peters and City Chemist Bertschinger

X1



xii ACANOWLEDGMENT.
at Zirich; and to Assistant Engincer Regnard of the Compagnie
Gencrale des Eaux at Paris.

On this side of the Atlantic also 1 am indcbted to Hiram I
Mills, C.E., under whose direction 1 had the privilege of conducting
for nearly five years the Lawrence experiments on filtration 1 to
Profs. Sedgwick and Drown for the numerous sugrestions and
friendly criticisms, and to the latter for kindly reading the proot ot
this volume; to Mr. G. W. Fuller for full information regard
to the more recent Lawrence results: to Mr. Ho W, Clwk {or
the laborious examination of the large number of samples of sands
used in actual filters and mentioned in this volume: and to Mr
Desmond FitzGerald for unpublished information in regard to the
results of his valuable experiments on filtration at the Chestnut Hill

Reservoir, Boston,

ALLEN HazrN.
BostoN, April, 1895,

FILTRATION OF PUBLIC WATER-SUPPLIES.

CHAPTER L
INTRODUCTION.

Tue rapid and cnormous development and - extension of
water-works in every civilized country during the past forty
years is a matter which deserves our most carcful consideration,
as there is hardly a subject which more directly affects the health
and happiness of almost every single inhabitant of all cities and
large towns.

Considering the modern methods of communication, and the
free exchange of ideas between nations, it is really marvellous
how each country has met its problems of water-supply from its
own resources, and often without much regard to the methods
which had been found most useful elsewhere. England has
secured a whole series of magnificent supplies by impounding
the waters of small streams in reservoirs holding enough water
to last through dry periods, while.on Continental Europe such
supplies are hardly known. Germany has spent millions upon
millions in purifying turbid and polluted river-waters, while
France and Austria have striven for mountain-spring waters and
have built hundreds of miles of costly aqueducts to secure them.
In the United States an abundant supply of some liquid has too

often been the objective point, and the eflorts have been most
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successful, the American works being entirely unrivalled in the
volumes of their supplics. 1 do not wish to imply that quality
has been entirely neglected in our country, {for many cities and
towns have seriously and successfully studied their problems,
with the result that there are hundreds of water-supplics in the
United States which will compare favorably upon any basis with
supplies in any part of the world: but on the other hand it is
equally true that therc are hundreds of other cities, including
some among the largest in the country, which supply thar
citizens with turbid and unhealthy waters which cannot be
regarded as anything else than a national disgrace and a menace
to our prosperity.

One can travel through England, Belgium, Holland, Ger-
many, and large portions of other European countries and drink
the water at every city visited without anxicty as to its effect
upon his health. It has not always been so. Formerly Euro-
pean capitals drank water no better than that so often dis-
pensed now in America. As recently as 1892 Germany's
great commercial centre, Hamburg, having a water-supply
essentially like those of Philadelphia, Pittsburg, Cincinnati,
St. Louis, New Orleans, and a hundred other American cities,
paid a penalty in one month of eight thousand lives for its care-
lessness. The lesson was a dear one, but it was not wasted.
Hamburg now has a new and wholesome supply, and other Ger-
man cities the qualities of whose waters were open to question
have been forced to take active measures to better their condi-
tions. We also can learn something from their experience.

There are three principal methods of securing a good water-
supply for a large city. The first consists of damming a stream
from an uninhabited or but sparscly inhabited watershed, thus
forming an impounding reservoir. This method is extensively
used in England and in the United States. 1n the latter most of
the really good and large supplies are so obtained. It is only
applicable to places having suitable watersheds within a reason-

INTRODUCTION. 3

able distance, and there arce large regions where, owing to geo-
logical and other conditions, it cannot be applied. It’is most
uscful in hilly and poor farming countries, as in parts of England
and Wuales, in the Atlantic States, and in California. It cannot
be used to any considerable extent in level and fertile countries
which are sure to be or to become densely populated, as is the
case with large parts of France and Germany and in the Middle
States.

The second method is to secure ground-water, that is, spring
or well water, which by its passage through the ground has
become thoroughly purified from any impurities which it may
have contained. This was the earliest and is the most widely
used method of securing good water. 1t is specially adapted
to small supplies. Under f{avorable geological conditions very
large supplics have been obtained in this manner. In Europe
Paris, Vienna, Budapest, Munich, Cologne, Leipzig, Dresden,
a part of London, and very many smaller places are so supplied.
This method is also extensively used in the United States for
small and medium-sized places, and descrves to be most care-
fully studied, and used whenever possible, but is unfortunately
limited by geological conditions and cannot be used except in
a fraction of the cases where supplies are required. No ground-
water supplies yet developed in the United States are comparable
in size to those used in Europe.

The third process of securing a good water-supply is by means
of filtration of surface waters which would otherwise be unsuit-
able for domestic purposes. The methods of filtration, which it
is the purpose of this volume to explain, are beyond the experi-
mental stage; they are now applied to the purification of the
water-supplies of European cities with an aggregate population
of at least 20,000,000 people. In the United States the use of
filters is much less common, and most of the filters in use are of
comparatively recent installation.

Great interest has been shown in the subject during the last
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few years, and the peculiar character of some American waters
which differ widely in their properties from those of many
European strcams, has received careful and exhaustive considera:
tion. In Europe filtration has been practised with continually
improving methods since 1829, and the process has steadily r€*
ceived wider and wider application. It has been most searchingly
investigated in its hygicnic relations, and has been rcpcated‘)’
found to be a most valuable aid in reducing mortality. The con-
ditions under which satisfactory results can be obtained are now
tolerably well known, so that filters can be built in the United
States with the utmost confidence that the result will not be
disappointing.

The cost of filtration, although considerable, is not so great
as to put it beyond the reach of American citics. It may be
roughly estimated that the cost of filtration, with all necessary
interest and sinking funds, will add 10 per cent to the average
cost of water as at present supplied.

It may be confidently expected that when the facts are better
understood and realized by the American public, we shall
abandon the present filthy and unhealthy habit of drinking
polluted river and lake waters, and shall put the quality as well

as the quantity of our supplies upon a level not exceeded by
those of any country.

CONTINUOUS FILTERS AND THEIR (ONSTRUCTION. 5

CHAPTER 11
CONTINUOUS FILTERS AND THEIR CONSTRUCTION,

FiLTraTION of water consists in passing it through some
substance which retains or removes some of its impurities. In
its simplest form fltration is a straining process, and the results
obtained depend upon the fineness of the strainer, and this in
turn is regulated by the character of the water and the uses to
which it is to be put. Thus in the manufacture of paper an
enormous volume of water is required free from particles which,
if they should become imbedded in the paper, would injure its
appearance or texture. Obviously for this purpose the removal
of the smaller particles separately invisible to the unaided eye, and
thus not affecting the appearance of the paper, and the removal
of which would require the use of a finer filter at increased
expense, would be a simple waste of money. When, however,
a water is to be used for a domestic water supply and transpar-
ency is an object, the still finer particles which would not show
themselves in paper, but which are still able, in bulk, to render a
water turbid, should be as far as possible removed, thus necessi-
tating a finer filter; and, when there is reason to think that the
water contains the germs of disease, the filter must be fine
enough to remove with certainty those organisms so extraordi-
narily small that millions of them may exist in a glass of water
without imparting a visible turbidity.

It is now something over half a century since the first suc-
cessful attempts were made to filter public water-supplies, and
there are now hundreds of cities supplied with clear, healthy,
filtered water. (Appendix IV.) While the details of the filters
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used in different places present considerable variations, the general
form is; in Europe at least, everywhere the same.  The most im-
portant parts of a filter are shown by the accompanying sketch,

Settling Basin
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FIG. 1.—SKETCH SHOWING GENERAL ARRANGEMENT ofF FILTER Prants.

in which the dimensions are much exaggerated. The raw water
is taken from the river into a settling-basin, where the heaviest
mud is allowed to settle.  In the case of lake and pond waters
the settling-tank is dispensed with, but it is essential for turbid
river-water, as otherwise the mud clogs the filter too rapidly.
The partially claritied water then passes to the filter, which
consists of a horizontal layer of rather fine sand supported by
gravel and underdrained, the whole being enclosed in a suita-
ble basin or tank. The water in passing through the sand leaves
behind upon the sand grains the extremely small particles which
were too fine to settle out in the settling-basin, and is quite clear
as it goes from the gravel to the drains and the pumps, which
forward it to the reservoir or city.

The passages between the grains of sand through which the
water must pass are extremely small. If the sand grains were
spherical and gy of an inch in diameter, the openings would only
allow the passage of other spheres g4, of an inch in diameter,
and with actual irrcgular sands much finer particles are held
back. As a result the coarser matters in the water are re-
tained on the surface of the sand, where they quickly form 3
.ayer of sediment, which itself becomes a filter much finer than
the sand alone, and which is capable of holding back under suit-
able conditions even the bacteria of the passing water. The

water which passes before this takes place may be less perfectly
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filtered, but even then, the filter may be so operated that nearly
all of the bacteria will be deposited in the sand and not.allowed
to pass through into the effluent.

As the sediment layer increases in thickness with continued
filtration, increased pressure is required to drive the desired
volume of water through its pores, which are ever becoming
smaller and reduced in number. When the required quantity
of water will no longer pass with the maximum pressure allowed,
it is nccessary to remove, by scraping, the sediment layer, which
should not be more than aninch deep. This layer contains most
of the sediment, and the remaining sand will then act almost as
new sand would do. The sand removed may be washed for use
again, and eventually replaced when the sand layer becomes too
thin by repeated scrapings. These operations require that the
filter shall be temporarily out of use, and as water must in
general be supplied without intermission, a number of filters are
built together, so that any of them can be shut out without
interfering with the action of the others.

The arrangement of filters in relation to the pumps varfes
with local conditions. With gravity supplies the filters are
usually located below the storage reservoir, and, properly placed,
involve only a few feet loss of head.

In the case of tidal rivers, as at Antwerp and Rotterdam,
the quality of the raw water varies with the tide, and there is a
great advantage in having the settling-basins lew enough so
that a whole day’s supply can be rapidly let in when the
water is at its best, without pumping. At Antwerp the filters
are higher, and the water is pumped from the settling basins to
them, and again from the reservoir receiving the effluents from
the filters to the city. In several of the London works (East
London, Grand Junction, Southwark and Vauxhall, etc.) the
settling-basins are lower than the river, and the filters are still

lower, so that a single pumping suffices, that coming between
the filter and the city, or elevated distributing reservoir.
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In many other English filters and in most German works the
settling-hasins and filters arc placed together a little higher than
the river, thus avoiding at once trouble from floods and cost
for excavation. The water requires to be pumped twice, once
before and once after filtration. At Altona the settling-basins and
filters are placed upon a hill, to which the raw Elbe water is
pumpeaq, and from which it is supplicd to the city after filtration
?y gravity without further pumping. The luc;ni'un of the works
in this case is said to have been determined by the location of
a bed of sand suitable for filtration on the spot ’whcrc the hlters
were built.

W.hen t‘\vo pumpings arc required they are frequently done,
fjilzzmsll:tyo‘:c t::t (S)l;\ilbl(l:;;"cr];la:;c;. fn ‘thc same Plllllhixlg-»‘l‘“i")“;
comnected to the s c,,(,‘in]c ctﬁmcs, thc. two. pumps being
dightly greator thas thot Of: " .“l : lx? cost is said to be .()Hl)r
I very large works, oo o ‘Bc:l,i, e 1:1 of the same total height.
the Lohdon companic'S two scp: fl m~] ”“mb“rg and some o

' scparate sets of pumping machinery

involve less extra cost relatively than would be the case with
smaller works.

SEDIMENTATION-BASINS.

Kirkwood * found in 1866 that sedimentation-basins were ¢s-
sential to the successful treatment of turbig river-waters, and
subsequent experience has not in any way shaken his c: l 'c}«)n
The German works visited by him, Berlin (Str o,
were both built by English engineers
did not differ materially
England.

alau) and Altona,
+and their scttling-basins
‘ from those of corresponding works in
Since that time, however, there has bc:*n a well-
marked tendency on the part of the German engince .
smaller, while the English engincers have used m g;“?‘
mentation-basins, so that the practices of the t\vuc ‘

rs to usé
arger sedi-

O countries are

———

* Filtration of River Waters. V‘A;;Jostrand & C 869
0., 186q.
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now widely separated, the difference no doubt being in part at
least due to local causes. .

Kirkwood found sedimentation-basins at Altona with a capac-
ity of 2} times the daily supply. In 1894 the same basins
were in use, although the filtering area had been increased
from 0.82 acre to 2.20 acres, and still more filters were in course
of construction, and the average daily quantity of water had in-
creased from 600,000 to 4,150,000 gallons in 1891-2, or morc than
three times the capacity of the sedimentation-basins. In 1890
the depth of mud deposited in these basins was rcported to be
two feet deep in three months. At Stralau in Berlin, also, in
the same time the filtering arca was ncarly doubled without in-
creasing the size of the sedimentation-basins, but the Spree at
this point has such a slow current that it forms itsell a natural
sedimentation-basin. At Magdeburg oun the Elbe works were
built in 1876 with a filtering arca of 1.92 acres, and a scdimen-
tation-basin capacity of 11,300,000 gallons, but in 1894 half of the
latter had been built over into filters, which with two other filters
gave a total filtering surface of 3.90 acres, with a sedimentation-
basin capacity of only 5,650,000 gallons. The daily quantity of
water pumped for 1891-2 was 5,000,000 gallons, so that the pres-
ent sedimentation-basin capacity is about cqual to one day’s
supply, or relatively less than a third of the original provision.
The idea followed is that most of the particles which will settle
at all will do so within twenty-four hours, and that a greater
storage capacity may allow the growth of algz, and that the
water may deteriorate rather than improve in larger tanks.

At London, on the other hand, the authorities consider a
large storage capacity for unfiltered water as one of the most
important conditions of successful filtration, the object however,
being perhaps as much to secure storage as to allow sedimenta-
tion. In 1893 thirty-nine places were reported upon the Thames
and the Lea which werc giving their sewage systematic treat-
ment before discharging it into the streams from which London’s
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water is drawn. These sewage treatments are, with hardly am ==
exception, dry-weather treatments, and as soon as there is @ €%

siderable storm crude sewage is discharged into the rivers at
every point. The rivers are both short, and are quickly floodeds
and afterwards are soon back in their usual condition. At these

times of flood, the raw water is both very turbid and moré
polluted by sewage than at other times, and it is the aim of the
authorities to have the water companies provide reservoir capac-
ity enough to carry them through times of flood without draw-
ing any water whatever from the rivers. This obviously involves

much more extensive reservoirs than those used in Germany, and

the companies actually have large basins and are still adding
to them. The storage capacities of the various companies vary

from 3 to 18 times the respective average daily supplies, and
together equal g times the total supply.

In case the raw water is taken from a lake or a river at

point where there is but little current, as in a natural or artificial
pond, sedimentation-basins are unnecessary. This is the case 3t
Ziirich (lake water), at Berlin when the rivers Havel and Spree 1

spread into lakes, at Tegel and Miggel, and at numerous other :
works.

SIZE OF FILTER-BEDS,
The total area of filters required in an ¥ case is calculated

from the quantity of water required, the rate of filtration. and an
allowance for filters out of use while being cleaned. To ,prevcnt k-
interruptions of the supply at times of cleaning, the filtering ared 3
is divided into beds which are operated separately, the number

and size of the beds depending upon local con. ditions. The cost
per acre is decreased with large beds on account of there being
less wall or embankment required, while, on the other hand, the
* convenience of operation may suffer, especially in small works, It

is also frequently urged that with large filters it is difficult or im-
possible to get an even rate of filtration over the entire area ow-

2 T TILTERS
PAavED EMBANKMENI] pETWEEN Two FivLt »

EAsT LONDON.

FILTERS AND Cu

ANNELS FOR RAW WATER, ANTWERP.

[Zo face page 10.]
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ing to the frictional resistance of the underdrains for the more
distant parts of the filter. A discussion of this point is given in
Chapter 111, page 41. At Hamburg, where the size of the single
beds, 1.88 acres each, is larger than at any other place, it is shown
that there is no serious cause for anxiety ; and even if there were,
the objectionable resistance could be still farther reduced by a
few changes in the under-drains. The sizes of filter-beds used
at a large number of places are given in Appendix 1V.

At a number of places having severe winters, filters are
vaulted over as a protection from cold, and in the most important
of these, Berlin, Warsaw, and St. Petersburg, the areas of the
single beds are nearly the same, namely, from 0.52 to 0.59 acre.
The works with open filters at London (seven companies), Am-
sterdam, and Breslau have filter-beds from 0.82 to 1.50 acres each.
Liverpool and Hamburg alone use filters with somewhat larger
areas. Large numbers of works with both covered and open
filters have much smaller beds than these sizes, but generally this
is to avoid too small a number of divisions in a small total area,
although such works have sometimes been extended with the
growth of the cities until they now have a considerable number
of very small basins.

FORM OF FILTER-BEDS.

The form and construction of the filter-beds depend upon
local conditions, the foundations, and building materials available,
“the principles governing these points being in general the same
as for the construction of ordinary reservoirs. The bottoms re-
quire to be made water-tight, either by a thin layer of concrete
or by a pavement upon a puddle layer. For the sides either
masonry walls or embankments are used, the former saving
space, but being in general more expensive in construction.
Embankments must, of course, be substantially paved near the
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water-line to withstand the action of ice, and must not be '“,jured
by rapid fluctuations in the waterlevels in the flters.

Failure to make the bottoms water-tight has perhaps cavse
more annoyance than any other single point. \Vith a leaky b‘"f
tom there is cither a loss of water when the water in the filter®
is higher than the ground-water, or under reverse conditions: the
ground-water comes in and mixes with the filtered water: an
the latter is rarely improved and may be seriously damaged b7
the admixture. And with very bad conditions \~:atcr may pass
fro‘m one filter to another, with the differences in pressuré alway?
existing in neighboring filters, with most unsatisfactory results

| SR

-
The filters in England and Holland are built ope® wit

protection from the weather. In Germany the filters fir-’

were also open, but in the colder climates more or less Ao

was experienced in keeping the filters in opcration in culd

weather. An addition to the Berlin filters, built in 1874 was

covered with masonry vaulting, over which several feet of cart

;:’lcre placed, affording a complete protection against frost. .
ters at Magdeburg built two years later were covered " D

same way, and since that time covered filtcr< have been bu!
at perhaps a dozen different places.

__________.———______‘__’______»___”_ ____/__________.1
\ ”“t

lt.was found at Berlin that, owing to the difficulty of Pmpcrly
cleaning the open filters in winter, it was impossible to keep !
usua} proportion of the area in efective service, and as 2 res?
por.tlons of the filters were greatly overtaxed du'ring PrO‘Onge
penod‘s of cold weather. This r-esulted in greatly decreas® .-
bacterial efficiency, the bacteria in March, 1889, reaching 30%° o
4000 per cc. (with 100,000 in the raw \;'atcr), although Ofdi"aril :

the efluent contai ' c FiLTER 1§ COURsE O CONSIKUCLION, SHOWING WOODEN CENTERS
ntained less th N ¢ypho! OVERED
an 100. An epidemiC of tyP'”

:0R MASONRY VAULTING, SOMERSWORTH, N. H.
fever followed, and w Tt he P . -
, and was confined to that part of the ~:t? cupp (70 face page 12.]
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from the Stralau works, the wards supplied from the covered
Tegel filters remaining free from fever. Open filters haye since
been abandoned in Berlin.

At Altona also, where the water is taken from an excessively
polluted source, decreased bacterial efficiency has repeatedly
resulted in winter, and the occasional eptdemics of typhoid fever
in that city, which have invariably come in winter, appear to have
been directly due to the effect of cold upon the open filters.
The city has just extended the open filters, and hopes with an
increased reserve area to avoid the difficulty in future without
resource to covered filters. (See Appendices 11 and VIL.)

Brunswick, Liibeck, and Frankfort on Oder with cold winters
have open filters, but draw their water-supplies from less pol-
luted sources, and have thus far escaped the fate of Berlin and
Altona.  The new filters at Hamburg also arc open. At Ziirich,
where open and covered filters were long used side by side, the
covered filters were much more satisfactory, and the old open
filters have recently been vaulted over.

Konigsberg originally built open filters, but was afterward
obliged to cover them, on account of the severe winters; and at
Breslau, where open filters have long been used, the recent ad-
ditions are vaulted over.

The fact that inferior efficiency of filtration results with open
filters during prolonged and severe winter weather is generally
admitted, although there is some doubt as to the exact way in
which the disturbance is caused. In some works I am informed
that in cutting the ice around the edges of the filter and re-
peatedly piling the loose pieces upon the floating cake, the latter
eventually becomes so thickened at the sides that the projecting
lower corners actually touch the sand, with the fluctuating levels
which often prevail in these works, and that in this way the
sediment layer upon the top of the sand is broken and the water
rapidly passes without adequate purification at the points of dis-
turbance.
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This theory is, however, inadequate o account for many
cases where such an accumulation of ice is not allowed, In
these cases the poor work 1s not obtained until after the nlters
h Y o 26 yr N a1 v oee .

\a“ been seraped. The sand apparently freczes slightly while
the water is off, : hen we e ’ e :
, and when water is brought back and filtration

resume al results are :
‘ .(\, normal results are for some reason not avain obtained
fora time. )

In additic
" addition to the poorer work from open filters in cold
weathe 2 COS ' 1
er, the cost of removing the ice adds materially 10 the
operating expenses, & ] n
I 1 expenses, and in overy cold climates would 10 itself
make covers advisable.
I hav ange
e arranged the European filter plants, in regard 10
which [ have sufficient inf ion, i atle on c '
" : ient information, in the table on page 15,00
e order : e .
the ore o{ the normal mean January temperatures of the
sspective places. This m §
“ec‘cs ) fp wes.  This may not be an ideal criterion of the
sity of coverl lters it .
e 'Ibge) u{)\ cring filters, but it is at least approximate, and
absence of more detailed ¢ aris it wi i
ailed comparisons it will serve to give @

good general ide o
g ca of the case. 1 have not found a single €ase

where covered .
filters are used where the January temperatur

is 32° F. or abov ,
3 above. Insome of tiese places some trouble is ex-

erienced In ,
Eer ‘ l:ll}f‘:un“) cold weather, but 1 have not heard of any
; SErious 1 { anh
y ifficulty or of any talk of covering flters at these

laces exce
p . : cept at Rotterdam, where a project for covering was
being discussed. -

Those places having January temperatures below 30° experi-
ZZii:egrthte?fil of ;liﬁiculty with open filters; so nufch 5(;,%131
cov ilters may be regarded as necessary :
lt. 18 p()SSlbl‘c to keep open filters running}\\'fi(')l: tg::;c;‘lil:;"::’;?
ciency and increased expense by freely removing the 1c ith
January temperatures some degrees lower. | o

Where the mean January temperature is 30° to 32° F, tt i
room for doubt as to the necessity of covering filters but.ju‘szn‘:

» but, Judging

from the experience of Berlin and Altona, the covered fil
are much safer at this temperature. ters
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TABLE OF PLACES HAVING OPEN AND COVERED FILTERS.

ARRANGED ACCORDING TO THE MEAN JANUARY TEMPERATURES.

Normal Mean

e e Place. Kind of Filters and Results.
Degrees F. '
S ——
37-40° All English cities | Open filters only are used, and no great
difficulty with ice is experienced.
33-35° Cities in Holland All filters are open, and there is little se-

rious trouble with ice; but at Amster-
dam and Rotterdam the bacteria in
effluents are said to be higher inwinter
than at other times.

32° Bremen Open filters.
31° Altona Much difficulty with ice in open filters
(see Appendices 11 and VIIj.

31° Brunswick Open filters.

31° Hamburg “ “

31’ Lubeck " "

31° Berlin Open filters were formerly used, but owing
to decreased efficiency in cold weather
they have been abandoned for covered
ones.

31° Magdeburg Covered filters, but a recent addition is
not covered.

30° Frankfort on Oder | Open filters.

30° Stuttgart Part of the filters are covered.

30° Stettin o “ “ “ “

29° Zurich Covered filters were much the most satis-
factory, and the open ones were COv-
ered 1n 1894. The raw water has a
temperature of 35°.

29° Liegnitz Open filters.

29° Breslau Open filters liave been used, but recent
additions are covered.

29° Budapest Covered filters only.

29° Posen ' “ '

26° Konigsberg The original filters were opet, but it was
found necessary to cover them.

24° Warsaw Covered filters only.

16° St. Petershurg “ “ “

In case the raw water was drawn from a lake at a depth
where its minimum temperature was above 32°, which is the
temperature which must ordinarily be expected in surface-waters
in winter, open filters might be successfully used in slightly
colder places.

The covers are usually of brick or concrete vaulting sup-
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[ .U()nv
. ch direc
ported by pillars at distances of 1y o 15 feet in ea

the whole being coy

the 10P
ered by 2 or 3 feet of earth :ha)"‘js for the
€an be laid gy S a garden if desired, Smal! \ vals. The
admission of air anq light are usually left at m.t(lffrs used in
thickness of the masonry ang the sizes of the pilla iy great.
S0me of the earljer German Vaultings are unnecessarily
and some of the ne

o
meric
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WAddbR-SLPPLI:

ser-
at used for the Newtan AL vrred e
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At Berlin, where open and covered filters were used side by
side at Stralau for twenty years, it was found that, bacteri-
ally, the open filters were, except in severe winter weather, more
efficient. It was long supposed that this was caused by the ster-
ilizing action of the sunlight upon the water in the open filters.

This result, however, was not confirmed elsewhere, and it was
finally discovered, in 1893, that the higher numbers were due to
the existence of passages in corners on the columns of the
vaulted roof and around the ventilators for the underdrains,
through which, practically, unfiltered water found its way into
the effluent. This at once removes the evidence in favor of
the superior bacterial efficiency of open filters and suggests the
necessity of preventing such passages. The construction of a
ledge all around the walls and pillars four inches wide and a
little above the gravel, as shown in the sketch, might be useful
in this way, and the slight lateral
movement of the water in the
sand above would be of no con-
sequence. The sand would evi-
dently make a closer joint with
the horizontal ledge than with the
vertical wall.

In regard to the probable re-
quirement or advisability of covers IEEEE
for filters ip the United States, I A3 e ’ﬁfﬁ%mﬁ‘:ﬁ 1 l“ﬁ"m:?-.ﬁ
judge, from the European experi- A e XHAONVO SRRy
ence, that places having January Se
temperatures below the freezing- FiG. 2.
point will have considerable trouble from open filters, and would
best have covered filters. Places having higher winter tempera-
tures will be able to get along with the ice which may form on
open filters, and the construction of covers would hardly be ad-
visable except under exceptional local conditions, as, for instan'ce,
with a water with an unusual tendency to alge growths.

2

L2 =g = LLd
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I have drawn a line across a map of the United States on thl:
basis (shown by the accompanying plate) and it would appear tha
places far north of the line would require covered nlters. and that
those south of it would not, while for the places in the lt‘nmtd“‘(c
vicinity of the line (comparable to Hamburg and Altona) there i
room for discussion.

In the United States covered filters have been constructt!"l
at St. Johnsbury, Vt., Somersworth, N. H., Albany, N. Yo
Ashland, Wis., and Grand Forks, N. Dak., all of these places
being considerably north of the above-mentioned line.

The filter at Lawrence, Mass., with a mean January tempera”
ture of about 25°, is not covered, but serious difficulty and expense
have been experienced at times from the ice, so much so that it
has been repeatedly recommended to cover it. Open flters have
also been in use for many years at Hudson and l’oughkccps'c'
N. Y., with mean January temperatures about 24°; and although
considerable difficulty has been experienced from ice at timeS
these filters, particularly the ones at Poughkeepsie, have been kept
in very serviceable condition at all times, notwithstanding the ic€:

At Mount Vernon, N. Y., with a mean January temperaturé
of about 31°, and with a reservoir water, no serious difficulty has
been experienced with ice; and at Far Rockaway, L. 1., with 8

slightly higher temperature and well-water, no difficulty whatevef

has been experienced with open filters. Filters at Ilion, N. Y.
with a mean January temperature of about 23°, are not covereds

and are fed from a reservoir. No serious difficulty has been

experienced with ice, which is probably duc to the fact that
the water applied to them is taken from near the bottom of the
reservoir, and ordinarily has a temperature somewhat above the
freezing-point throughout the winter.

The cost of removing ice from filters depends, among other
things, upon the amount of reserve filter area. When this reserve
is small the filters must be kept constantly at work nearly up to
their rated capacity; the ice must be removed promptly whenever
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the filters require cleaning, and under some conditions the expense
of doing this may be considerable. If, on the other handy there
is a considerablc reserve arca, so that when a filter becomes clogged
in severe weather, the work can be turned upon other filters and
the clogued filter allowed to remain until more moderate weather,
Or until a thaw, the expense of ice removal may be kept at a
Materially lower figure.

In case open filters are built near or north of this line, I would
Suggest that plenty of space between and around the filters for
Piling up ice in case of necessity may be found advantagreous, and
that 5 greater reserve of filtering area for use in emergcn'mes should
be provided than would be considered necessary with vaulted

filters or with open filters in a warmer climate.
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CHAPTER 11L
FILTERING MATERIALS.

SAND.

TuEe sand used for filtration mav be obtained {rom the se3
shore, from river-beds or from sand-banks, Lt consits mainty
of sharp quartz grains, but may also contain bard <iiigates. AS
it occurs in nature it is frequently mined with clavey of other
fine particles, which must be removed trom it by wasbind hefor€
it is used. Some of the New Enchnd sands, B cver, as that
used for the Lawrence City tilter, are so cleun that wushing
would be superfluous.

The grain size of the sand best adapted to filtration has been
variously stated at from 1o 1 mu, or from oty to €040 inch
The variations in the figures, however, are due more to the waj
that the same sand appears to different observers thun to actud
variations in the size of sands used, which arc but a smail {ractiof
of those indicated by these figures,

As a result of experiments made at the Lawrence E-\'Pcri'
ment Station * we have a standard by which we can detinitel¥
compare various sands.  The size of a sand-erain is uniformly
taken as the diameter of a sphere of equal volume, regardless

of its shape. As a result of numerous measurements of grains

0{. Lawrence sands, it is found that when the diameter, 3%
gl\'Crl above, is 1, the three axes of the grain, sclecting the longest
possible and taking the other two at right angles to it, are, on an

:.wcragc, 1.38, 1.05, and 0.69, respectively and the mean diamete’
is equal to the cube root of their product.

* Rept. Mass. State Board of Health, 1892, p. 541. See Appendix I11.
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It was also fourdd that in mixed materials containing particles
of various sizes the water is forced to go around the largér
particles and through the finer portions which occupy the inter-
vening spaces, so that it is the finest portion which mainly deter-
mines the character of the sand for filtration. As a provisional
basis which best accounts for the known facts, the size of grain
such that 10 per cent by weight of the particles are smaller and
go per cent larger than itself, is considered to be the effective sise.
The size so calculated is uniformly referred to in speaking of the
wize of grain in this work.

Overflow )

Fi1G. 3.—APPARATUS USED FOR MEASURING THE FricTION 0oF WATER IN SANDS.

Another important point in regard to a material is its degree
of uniformity-—-whethcr the particles are mainly of the same
size or whether there i1s a great rangc in their diameters. This
is shown by the uniforniity coefficient, a term used to designate
the ratio of the size of grain which has 60 per cent of the sample
finer than itself to the size which has 10 per cent finer than
itself,
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The frictional resistance of sand to water w

with the pores completely filled w
absence of clogging,

hen closely packed,
ith water and in the entire
was found to be expressed by the formula

v = cd ;:(I Fah. 4 lo“)

60

where v i i i
s the velocity of the water in meters dailv in a solid

column‘ of the same area as that of the sand, or
. approximately in million gallons per acre daily;
¢ 1s an approximately constant factor;
d is the effective size of sand grain in millimeters;
/ is the loss of head (Fig. 3); B
/is the thickness of sand through

. which the water passes;
is the temperature (Fahr.).

TABLE SHOWING RAT
> E AT WHICH WATER w PASS ‘GH
EVEN-GRAINED AND CLEAN : A

SANDS OF THE STATED GRAIN SIZES
v ) ~ ST 1y GRAIN SIZE
AND WITH VARIOUS HEADS AT A TEMPEKATURE OF soo

T T ————
Q.10 Q. o T _—T'Wv"———fr.——v’——‘—-—‘—’——
—_— * .\30. °-38 ! L E 6% i 100 ’ 3.0

o1 of . Million | Gallons ;7\“:": _d::l,__ —
1005 05 2? ;g 130y i 27 . 1.07 | 963
010 a1 43 P L3 851 134 535 4815
050 S41 213 | 48] 301 171 267 1070 96.3°
100 1.07 4.28 '6" 6')5 i 85; 13.40 | 53.50 i_ .....
1.000 1070 | 4280 | op a3 | 13101 1700 ! 2870 | 107.00 | .
#90 96.30 | 131.00 117100 | 267.00 17 [

T | i |

. he above table is computed with th
this being approximatel e
€xperiments, More rec
the value of . is not

alue ¢ taken as 1000

ent and extended data have shown that

; : entirely constant, b
uniformit . » but depends n the
1ty coefficient, upon the shape of the sang gmi‘:,io upon

‘their chemi iti
b pazkic’:mcafl Composition, and upon the cleanness and closeness
o unifg of the sand. The value may be as high a5 1200 for
Ty uniform, and perfectly clean sand, and may be as low as 400
: as

y the valye deduced from the ecarliest
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for very closely packed sands containing a good deal of alumina or
iron and especially if they are not quite clean. The friction is
usually less in new sand than in sand which has been in use for
some years. In making computations of the frictional resistance
of filters, the average value of ¢ may be taken at from 700 to 1000
for new sand, and from 500 to 700 for sand which has been in use
for a number of years.

The value of ¢ decreases as the uniformity coefficient increases.
With ordinary filter sands with uniformity coefficients of 3 or less
the differences are not great. With mixed sands having much
higher uniformity coefficients, lower and less constant values of ¢
are obtained, and the arrangement of the particles becomes a con-
trolling factor in the increase in friction,

The friction of the surface layer of a filter is often greater than
that of all the sand below the surface. It must be separately
computed and added to the resistances computed by the formula,
as it depends largely upon other conditions than those controlling
the resistance of the sand.

While the value of ¢is thus not entirely constant, it can be
estimated with approximate accuracy for various conditions, from
a knowledge of the composition, condition, and cleanliness of the
sand, and closeness of packing.

The following table shows the quantity of water passing sands
at different temperatures. This table was computed with tempera-
ture factors as given above, which were based upon experiments
upon the flow of water through sands, checked by the coefficients
obtained from experiments with long capillary tubes entirely sub-
merged in water of the required temperature.

RELATIVE QUANTITIES OF WATER PASSING AT DIFFERENT

TEMPERATURES.
32°....0.70  44°....0.90 56°....1.10 68°....1.30
35°....0.75  47°....0.9% 59°....1.1§ 71°,...1.35
38°....0.80 50°....1.00 62° ...1.20 74°....1.40

o

41°....0.85 53°....1.05  65°. ...1.25  77° ...1.4%
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Sa“::ua:(f;ect'lof temperature upon the passage of water through
: s.ox s .has been further discussed by Prof. L. (. Car-
Sie:\:r’b{i';fm""mg News, Vol. XXXIX, p. 422. This article re-
the fon:zl: :?61:: m-t:fe ! t.hc subject, and refers at length O
Ftrangers, Vol. X1 ct" ¢, published in the Memoires des Sazvants
QUant;ty of wa.tc‘r ‘);;Q?n” (18463‘ This formula, in which the
collows - passing at 0.0° Cent., is taken as unity, is as

Ie”lpelatla“c [JCtO( =1 + 0.03367()1 ~- 00002211,

';‘:/Z’:eis:lt;l:bt:sned by this formula agree very closely with those
given compm:ﬁz:: :zrxble throughout the temperature range for
which con temperat.me:t;nozt- frcquer?tl_\' required. At the higher
a communication in the E‘e 71Vef£.ZCnC|cs are grcater, as is shown in
o . ngineering News, Vol. X1, p. 26.
quantity of water passing at a temperature of go° Fabr. is

in many respects mor i
P e convenient as a standard than the quantity

assing at i :
p g the freezing-point. Near the frecezing-point, owing tO

molecular chan i
ad 1l l ges in the water, the changes in its action arc rapid
e results are less certai '

: ain, and also 50° Fahr. i

convenient temperatur ; ahr. is a much more
e for precise ¢ i

. x . .
point. periments than is the freezing

SANDS USED IN EUROPEAN FILTERS.

To secure definite inf i
ormation in regard to the "

sands :%ctu:;lly used in filtration, a large number of gza:tnes °f ﬂ:"
were visited i ropcan works
ysis Th:se . 18914’ and samples of sand were cO"cctc[:i for anal
. samples were examined )
Station by M at the Lawrence Experiment
described };n i‘l:!’pl:r;di\f.llclla;k: the author's method o{panalysis
for the sak eing used. In the following table,
o eﬁc otf com.pactness, only the leading points of the fnal rses
y, eflective size, uniformity coefficient, and albumin 'd) '
’ oid am-

monia, are given. On pa
ge 28 full
a few of the leading works are given analyses of some samples from

ANALYSES OF SANDS USED IN

Source.

Lot‘ldon,E. London Co.

Grand Junc...

o a“ “

“  Southw'k & V.

Lambeth......

« L

** Chelsea.......
Middlesborough..... ..

Birmingham.... .....
Reading............tt

Berlin, Stralau... .....

“ .

.........

.......
€ A

.......

Charlottenbur
Chemnitz... g

Breslau

Zurich,.............

...............
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Effective | Albu-
Size: 10% | Uni- minoid
Finer |formity| Ammo-
than Coefti- | nia.
(Milli- | cient. |Parts in
meters). 100, 00O«
0.44 | 1.8 {0.45
0.39 | 2.1 26.20
0.37 | 2.0 8.60
0.26 1 1.9 1.90
0.40 | 3.5 |10.00
0.41 3.7 | 2.70
0.38 | 3.5(5.9
0.30 1.8 2.8
0.36 | 2.3 2.60
0.36 | 2.410.35
0.2 1.7 | 0.70
0.36 | 2.4 { 2.10
0.42 1.6 17.60
0.43 | 1.6]7.3°
0.29 1.9 [33.20
0.2 1.9 | 7.20
030 | 2.514.09°
0.22 | 2.0 1.50
0.38 1.6 7.8
0.39 1.6 | 3.40
0.28 .50
0.31 0.80
0.34 -90
0.30 .9o
0.34 50

v 190 500 0 O 0 0 On A0 20 0l o bLn

o]

(¥ )

wvh
—uup:—-uunnuw-——----—-—wuwnwunu

-

—

1

1
o

8
7
o
1
9
1
[o]
2
4
6
4
I
2.
3
o
6
5
7
o
9
2
1
o
6

.50
.50
.20
.50
.30
.00
.00
8o
.20
.80
.30
.30
.20
.20
.50
.80
.40
.80
.20
.50
.70

WATER FILTRATION.

Remarks.

New sand, never used or washed
Dirty sand, very old.

Same, washed by hand.

Sand from rough filter.

Old sand in final filter.

Freshly washed old sand.

Freshly washed new sand.

Freshly washed old sand.

New unused sand, washed.

New extremely fine sand.

Freshly washed old sand.

Dirty sand, ordinary scraping.

Samne, after washing.

Dirty sand.

Sand below surface of filter.

Dirty sand.

Same, after washing.

Dirty sand.

Same, after washing.

Dirty sand.

Same, after washing.

Dirty sand, another sample.

Same, after washing drums.
“ . ejectors.

Dirty sand, old filters.

Same, after washing.

Washed sand for new filters.

Dirty sand-pile.

Filter No. 6, 3" below surface.

“ ““

“«

“«“ “ 6

« 10
Dirty sand, old filters.
Same, after washing, old filters.
“ « new
Sand from filters below surface,
Dirty sand, ordinary scraping.
v «  another sample.

“

New sand not yet used.

Dirty sand.

Same, after washing.

Normal new sand.

New washed Danube sand.
Dirty sand.

Same, after washing.
Dune-sand used for filtration.

|
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ANALYSES OF SANDS USED IN WATER FILTRATION.—Continued.

Effective Albu-
Size; 10% | Uni- | minoid
Source. f,',:;r f%’;‘:}g A:i‘:o' Remarks.
(Milli- | cient. |Par'sin
meters), 100,000.
Schiedam............ 0.18 | 1.6 | 5.60| Dune-sand used for filtration®
dirty.

i eeieeeas 0.31 I.§ |13.50 | River-sand ; dirty.
Amsterdam.......... 0.17 1.6 | 2.40 : Dune-sand.
Rotterdam........... 0.34 1.5 2.30’ River-sand ; new.

Liverpool, Rivington..| 0.43 | 2.0 0.76 ! Sand from bottom of filter.
“ “ 0.32 | 2.5 1.00 New saund unwashed and un-
screened. .

" . .43 { 2.7 | 4.10, Washed sand which has been in

use 30 to 4o years.

“  Owesty...... 0.30 | 2.6 | 9.40 | Dirty sand.

. o c.31 | 4.7 | 2.20 l Same, after washing.

NoTE.—It is obvious that in case the sands used at any place are not always of the
same character, as is shown to be the case by different samples from some of the works.
the examination of such a limited number of samples a$ the above from each place is
entirely inadequate to establish accurately the sizes of sand used at that particular
place, or to allow close comparisons between the different works, and for this reason no
such comparisons will be made. The object of these investigations was to determine
the sizes of the sands commonly used in Europe, and, considering the number and
character of the different works represented, it is believed that the results are ample
for this purpose.

The English and most of the German sands are washed,
even when entirely new, before being used, to remove fin€
particles. At Breslau, however, sand dredged from the river
Oder is used in its natural state, and new sand is used for
replacing that removed by scraping. At Budapest, Danube sand
is used in the same way, but with a very crude washing, and
it is said that only new unwashed sand is used at Warsaw.

In Holland, so far as 1 learned, no sand is washed, but new

sand is always used for refilling. At most of the works visited
dune-sand with an efective size of only 0.17 to 0.19 mm. is used,

and this is the finest sand which I have ever found used for water
filtration on a large scale. It should be said, however, that the
waters filtered through these fine sands are fairly clear before
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filtration, and are not comparable to the turbid river-waters often
filtered elsewhere, and their tendency to choke the filters is con-
sequently much less. At Rotterdam and Schiedam, where the
raw water is drawn from the Maas, as the principal stream of t.he
Rhine is called in Holland, river-sand of much larger gr'ain size
is employed. It is obtained by dredging in the rive.r and is never
washed,’new sand always being employed for refilling.

The average results of the complete analyses of sands from
ten leading works are shown in the table on page 28. Th?fe
ficures are the average of all the analyses for the resPectue
places, except that one sample from the Lambeth Co., which was
not a representative one, was omitted. ' ’

The London companies were selected for this c.omparlson
both on account of their long and favorable records in filtering

the polluted waters of the Thames and Lea, and because they are

subject to close inspection; and there is ample evidence that the

filtration obtained is good——evidence which is often lacking in the

smaller and less closely watched works. For the German works

Altona was selected because of its escape from cholera in 18?2,
due to the efficient action of its filters, and Stralau because sof its
long and favorable record when filtering the much-po'lluted pree
water, These two works also have perhaps contributed moTe
to the modern theories of filtration than all the other works in
existence. The remaining works are included bf:cause they tari
comparatively new, and have been gonstructed with the gbrea: esd
care and attention to details throughout, and the results obtaine
recorded.

e ;:::Z cz:eftl;:ly most interesting of thesc. rcs.ults are sh%wg
graphically on page 29. The method of plotting is that describe

in Appendix III.
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TABLE SHOWING THE AVERAGE PER CENT OF THE GRAINS FINER
THAN VARIOUS SIZES IN SANDS FROM LEADING WORKS.

Per Cent by Weight Finer than

0.106 | 0.186 | o.316 o.46 ‘ 0.93 2 04 3.8¢ 5-59

mm. mm, mm, mm mm, mm. mm. mmn
East London............| o.2 0.5 | 3.6 [22.2 1“69.7 89.8 | 95.0 | 99.0
Grand Junction, ... .... sof © 1 0.2 3.0 lu7.4]47.1 |68.2 857 {93.6
Southwark and Vauxhall | ... 0.7 | 8,0134.1 |69.7 | 83.5 | 90.0 | 94.0
Lambeth . & o, bR © | 0.5 5.5[26.6 |63.0|79.2 | $8.0 | 94.3
Chelsea.. .. ... Ciens o 0.1 | 5.0128.6|63.0 76.7 | 86.0 | 93.6
T M R .2 | 1.5 |10.9 |33.2 174_4 95.7 1 99.5 |
T et A 0.1} LIt 781287 {7a.1 | @21 95.8 |
avealaN s o 0.3| 7.0(37.3 |86.9 | 95.4 | 97.6
2 e L S ) 0.2 | 4.5(35.4 |94.3 | 98.5 | 99.1 ‘
MU S i 0.1 | 9.5 7.9]33.6|79.7 | 94 3985 | o

Averageof all...... 0.06 | 0.56 | 6,33 29.71| 71.99 87.34 93.42i!’)7-45’

AVERAGE EFFECTIVE SIZE, UNIFORMITY COEFFICIENT, AND ALBU-
MINOID AMMONIA IN SANDS FROM TEN LEADING WORKS.

I. LONDON FILTERS,

Effective | Albumincid Ammonia.
Size; 108 Uniformicy
Finer than | Coefficient | ,
(Millimeters), ‘ Dirty Sand. |Washed Sand,
——— ]
East Londoq................... 0.40 2.0 3 00 ' 8.60
Grand: Juncrion,.. . o800 ssees|l  0.40 3.6 15,00 2.70
Southwark and Vauxhall. ... ... 0.34 2.3 3.90
Lambcth.................. %k 0.36 d: ““: 2. 60
Chelsea. Solatis it i- tolvns 0.36 2.4 ¥4 2.10
Py ok ARy S -
AVESRgE. . iho . snviovnsianes, 0.37 2.6 18.00 | 3.98

1. GERMAN wogrks,

ORERIRI S DR ke W eis by s as O'TF?:‘
Tegel...cocuenane, =5 S v 0.37 1.6 ,f:g ;00
Miggel.... ... S RS & w8 A 0.34 e e 3.0
AlLOnFes v shia's s big heet s e cennd] 0,34 2.3 9.00 |.50
Hamburg. .... S M v na a5 5% s 0.31 23 $:20 i
\\\' .
V. 170 B o) 0,34 o | Nos | o
] te.3s |

['82 28vé 220/ 0y ]

ONIOVI]

MALII] V NI aNV§

OUNANYVH
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The averages show the effective size of the English sands to be
slightly greater than that of the German sands—o.37 instead of
©0.34 mm.—but the difference is very small. The entire range for

Lovelity Description y Wa,

\Date of Caflecr T 7 L
Grremm T L 2p .
Remorks - J A g 5
I / "‘v '\ // .
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‘ﬁf . T B
‘alﬂ I BE -
W 5 3" § 9% 4| ﬁ‘”
i

7 o ...% ._.,u.,%—(o 1o L2 215
1 o : TT. P ?ﬂ-#_&.?
i | 7
it ; Mechanical Analysis {*
iy Filtering Material. ~|*
1 . dlleft M_ “3

Iy -2 1£’v‘:’“f 1

J | | I R

i LS LT SiZEAN. e avemnnee o]
/ "6 SIS THGN. seeeee e eersmmes]

Untiformily COCrSicientenesnnn. e .-}
Lime:HC test...... RN P
Dust.. : :
' Y o8 3 B Sl B0 e L A

Wham
F1G. 30.—SAND ANALYSIS SHEET, WITH ANALYSES OF SEVERAL EUROPEAN

FILTER SANDS.
the ten works is only from 0.31 to 0.40 mm., and these may be
taken as the ordinary limits of effective size of the sands em-
ployed in the best European works. The average for the other
sixteen works given above, including dune-sands, is 0.31 mm., or,
omitting the dune-sands, 0.34 mm.
It is important that filter sands should be free from lime.
"When water is filtered through such sands, no increase in hardness
results. When, however, water is filtered through sand containing
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lime, some of it ig usually dissolved and the water is made hardefs
The. amount of lime taken up in this way depends both upon the
character of the sand, and upon the solvent power of the water;
and it does not necessarily follow that a sand containing lime
cannot be used for filtration, but a sang nearly free from lime is
to be preferred.

The presence of lime in sand can usually be detected by
moistening it with hydrochloric acid. The evolution of gas shows
the presence of lime. Some idea of the amount of lime can be
obtained from the amount of gas given off, and the appearance of
the sample after the treatment, but chemjcal analysis is necessary
to determine correctly the amount.

Experiments with filters at Pittsburg were made with sand
containing 1,3 per cent of lime, the result being that the
hardness of the water was increased about one part in

100,000; but the amount of lime in the sand was so small that

it would be washed out after a time, and then the harden-

ing effect would Cease. Larger amounts of lime would continue
their action for a number of years and would be more objection-
able.

Turning to the circumstances which influence the selection of
the sand size, we find that both the quality of the efluent obtained

by filtration and the cost of filtration depend upon the size of the
sand-grains,

1
FILTERING MATERIALS. 3

Carries the sand, and under some circumstances this is un-
dOubtedly the case. Nevertheless sand in itself, withou-t; any
sediment layer, especially when not too coarse and.not lrf .too
thin layers, has very great purifying powers, gnd, 1.r1 addition,
acts as a safeguard by positively preventing excessx.ve rates. of
hltration on account of its frictional resistance. As an illustration
take the case of a filter of sand with an eflective size of 0.35 mm.
and the minimum thickness of sand aliowed by the Ge.rman Bo?rd
of Health, namely, one foot, and let us suppose that wn}'] clogging
the loss of head has reached two feet to produce the desired veloc-
ity of 2.57 million gallons per acre daily. Suppose now that by
SOme accident the sediment layer is suddenly broken or remoyed
from a small area, the water will rush through this area, untJ‘l a
New sediment layer is formed, at a rate corre‘sponding to the size,
Pressure, and depth of the sand, or 260 million gallons per acr.e
daily—a hundred times the standard rate. Undelj these conil-
tions the passing water will not be puriied, but fvxll pollu.tc? the
entire effluent from the filter. Under corresponding (:‘ondltlons,
With a deep filter of fine sand, say with an effective size of.lcl)-.zo
Mm. and 5 feet deep, the resulting rate w01'11d be only 17 mll 103
8allons per acre daily, or less than seven times the normad, ir}lle
With the water passing through the full depth of fine san. , o

Iesulting deterioration in the effluent before the sand again al-
Came so clogged as to reduce the rate to nearly the normal,
Would be hardly appreciable.

Thebresjlts ;,t Iljz[x)wrence have shown that with ver'y fine sands
0.09 and 0.14 mm., and 4 to 5 feet deep, with the quantl-ty'of \livat:elt
which can practically be made to pass thrt?ugh them, 1't is afmtohs
impossible to drive more than an insignificant fraction of the
bacteria into the efluent. Even when the sands a're entirely
New, or have been scraped or disturbed in the most violent way,
the first effluent passing, before the sediment layer.could have.
beea formed, is of good quality. Still finer materials, 0.04 to
0.06 mm., as far as could be determined, secured the absolute
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removal of all bacteria, but the rates of filtration which were
possible were so low as to preclude their practical application.
With coarser sands, as long as the filter is kept at a steady
rate of filtration, without interruptions of any kind, entirely satis
factory results are often obtained, although never quite so good

as with the finer sands.  Thuys at Lawrence the percentages of
bacteria (B. prodigivsus) appearing in the effluents under compar-

able conditions were as follows:

1392 1293

With cffective grain size 038 mm.... . ..., cees 0106
« “ R X N v eeee 06

“ “ R o [ N <e.. 010

“ “ ‘ “oo20 0L 0.13 0.0l

“ “ “ “ooy L, 0.04 0.03

“ «“ “ B X e T 0.02 0.02

We may thus conclude that fine sands give normally some-
what better effluents than coarser onces, and that they are much
more likely to give at least a tolerably good purification under
unusual or improper conditions,

EFFECT OF GRAIN SIZE Upoy FREQUENCY OF SCRAPING.
The practical objection to the use of fine sand is that it

becomes rapidly clogged, so that filters re

quire to be scraped at
shorter intervals, and the sand washing is much more difficult

and expensive. The quantities of water filtered bétween succes-
sive scrapings at Lawrence in millions of gallons per acre under
comparable conditions have been ag follows:

1892 1893

Effective size of sand grain 0.38 mm... ... ... . 79
¢ “ o u “  oz2gmm...... L]

“ “ouu “ 026 mm....... - 57

13 (14 13 43 i

113 ({4 @ “ &

Or4 mm........ 45 49
0.09 mm........ 24 14

“ 4@ « &« <«
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The increase in the quantities passed between scrapings with

1.nCreasing grain size is very marked. .

" With the fine sands, the depth to which the sand becomes
dirt)’ is much less than with the coarse sands, but as it is not
generally practicable to remove a layer of sand less t?lan efbout
0.6 inch thick, even when the actual clogged layer is thmper
than this, the full quantity of sand has to be remove'd; and
the quantities of sand to be removed and washed are inverse-
ly Proportional to the quantities of water filtered bzt\ve;n
SCrapings.  On the other hand, with very coarse sanhs t ;
Sediment penetrates the sand to a greater depth thandthe ot.O
inch necessarily removed, so that a thicker layer of san' as 1
be removed, which may more than offset the longer interval
This happens occasionally in water-wo‘rks, and a sz.md iioartse
€nough to allow it occur is always disliked by Sl.xpermten. en ks),
and is replaced with finer sand as soon as' p0551'ble. It is od-
vious that the minimum expense for cleaning will be .secured
With a sand which just does not allow this deep Penetratlon, an

l'am inclined to think that the sizes of the sandsin uscj, have actu-
ally been determined more often than otherwisc.: in t.hlS way, am:
that the coarsest samples found, having effective sizes of z}b(t);:e
040 mm., represent the practical limit to'the coarsenesfs 1(; o
Sand, and that any increase above this size would bed ollo e
by increased expense for cleaning as well as by decrea
efficiency.

SELECTION OF SAND.

In selecting a sand for filtration, when it is consxdc?r;eds t:na;
repeated washings will remove some of the finest particle ',than
SO increase slightly the effective size, a new sand coalrSferht a
0.35 mm. would hardly be selected. Perha'tps 0.20 mig
given as a suitable lower limit. For comparatively clear lake- or
Yeservoir-waters a finer sand could probably be used than u:ould
be the case with a turbid river-water. A mixed sand having a
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uniformity coefficient above 3.0 would be difficult to wash without
separating it into portions of different sizes, and, in general, the
lower the coefficient, that is, the more uniform the grain sizes, the
better. Great pains should be taken to have the sand of the
same quality throughout, especially in the same filter, as a7y

variations in the grain sizes would lead to important variations.

in the velocity of filtration, the coarser sands passing more than
their share of water (in proportion to the square of the effective
sizes) and with reduced efhciency.

At Lawrence a sufficient quantity of natural sand was found
of the grade required ; but where suitable material cannot be s
obtained it is necessary to use other methods. A mixed mate
rial can be screened from particles which are too large, and can
be washed to free it from its finer portions, and in this way 2
good sand can be prepared, if necessary, from what might seem

to be quite unpromising material. The methods of sand-wash"
ing will be described in Chapter V.

THICKNESS OF THE SAND LAYER.

The thickness of the sand layer is made so great that when
it is repeatedly scraped in cleaning the sand will not become too
thin for good fltration for a considerable time. When this
occurs the removed sand must be replaced with clean sand. The
original thickness of the sand in European filters is usually from
24 to 48 inches, thicknesses between 30 and 40 inches being ex-
tremely common, and this is reduced before refilling to from 1%
to 24 inches. The Imperial Board of Health of Germany h3®
fixed 12 inches as a limit below which the sand should ;,evcr
be scraped, and a higher limit is recommended wherever po%
sible.

A thick sand layer has the same steadying action as 2 fine
sand, and tends to prevent irregularities in the rate of filtratiod
in proportion to its frictional resistance, and that without i®

creasing the frequency of cleaning ; but, on the other hand, it in-
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creases the necessary height of the filter, throughout, and conse-
quently the cost of construction. '

In addition to the steadying effect of a deep sand layer, soTne
purification takes place in the lower part of the sa'nd even with
a good sediment layer on the surface, and the efficiency of deep
filters is greater than that of shallow ones. .

Layers of finer materials, as fine sand or.loam, in the [.ower
part of a filter, which would otherwise give increased eﬂiCle“Cg’
without increasing the operating expenses, cannot be sse .
Their presence invariably gives rise soo'ner or later to su :ur;
face clogging at the point of junction with the coarser §an ,ae
has been found by repeated tests at Lawrence a.s well as in som
of the Dutch filters where such layers were tried ; and as there
is no object in putting a coarser sand under a finer, the filter sand
is best all of the same size and quality from top to bottom-

UNDERDRAINING.

The underdrains of a filter are simply useful fc->r collectmgf
the filtered water; they play no part in thfa pu}rlﬁcatlon. One of
the first requirements of successful ﬁltrz.mon is that ;hehra;ftei
filtration shall be practically the same 1IN all‘parts o t e .
This is most difficult to secure when the filter ha.s .]ust beer;
cleaned and the friction of the sand layer 1s at.a minimum. I
the friction of the water in entering and passing through the
underdrains is considerable, the more remote parts of the ﬁl}t‘ex:s
will work under less pressure, and will thus do less'than their
share of the work, while the parts near tl}c outlet will be over-
taxed, and filtering at too high rates will yfeld poor effluents. h

To avoid this condition the anderdrains must have ;u;: a
capacity that their frictional resistance will be only" a small frac-
tion of the friction in the sand itself just after cleaning.

GRAVEL LAYERS.
The early filters contained an enormous quantity © lant
but the quantity has been steadily reduced in successive pLants.

f gravel,
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Thus in 1866 Kirkwood, as « 1csuit i 1..» observations, recom;
mended the use of a layer four feet thick, and in addition 2 10‘?C
of coarse sand, while at the present time new filters rarely ha} €
more than two feet of gravel. Even this quantity seems qu:l
superfluous, when calculations of itsfrictional resistance ar¢ "'13 c
Thus a layer of gravel with an cffective size of 20 mm.* (which ’llbl
much finer than that gencerally employed) only 6 inches lhiCk_ “."
carry the effluent from a filter working at a rate of 2.57 millio®
gallons per acre daily for a distance of 8 feet (that is, with u"dcz
drains 16 feet apart), with a loss of head of only o.0o1 foots an
for longer distances tile drains are cheaper than gravel. To ?re—
vent the sand from sinking into the coarse gravel, intermediate
sizes of gravel must be placed between, ecach grade being coars
enough so that there is no possibility of its sinking into the l“yc.r
below. The necessary thickness of these intermediate layers s
very small, the principal point being to have a layer of each grade
at every point. Thus on the 6 inches of 20 mm. gr:l\'cl men”
tioned above, three layers of two inches each, of 8 and 3 ™™
gravel and coarse sand, with a total height of six inches, or othef
corresponding and convenient depths and sizes, would, if caref““y
placed, as effectually prevent the sinking of the filter sand int®
the coarse gravel as the much thicker layers used in the older
plants.

The gravel around the drains should receive special attention:
Larger stones can be here used with advantage, taking care that
adequate spaces are left for the entrance of the water into (h'e
drains at a low velocity, and to make everything so solid in this
neighborhood that there will be no chance for the stones t0
-settle which might allow the sand to reach the drains.

At the Lawrence filter, at Kénigsberg in Prussia, at Amster”
-dam and other places, the quantity of gravel is reduced by put-
ting the drains in trenches, so that the gravel is reduced fro™

/
* The method of calculating the size is given in Appendix III.

7 g TEM OF A
RECONSTRUCIING THE UNDERDRAINAGE Sst;‘
FILTER AFTER 25 YEARS OF UsE, BREMEN.

’ ) vy LE Ror (PARIS).
PLACING SAND IN A FiL1ER, CHOIS [ 7o face page 36.]
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2 maximum thickness at the drain to nothing half way between
drains, The economy of the arrangement, however, as far as
friction is concerned is not so great as would appear at first sight,
and the cost of the bottom may be increased; but on the other
hand it gives a greater depth of gravel for covering the drains
With a small total amount of gravel.

As even a very small percentage of fine material is capa-
ble of getting in the narrow places and reducing the carrying
Power of the gravel, it is important that all such matters should
be carefully removed by washing before putting the gravel in
Place. In England and Germany gravel is commonly screened
for use in revolving cylinders of wire-cloth of the desired sizes,
on which water is freely played from numerous jets, thus secur-
Ing perfectly clean gravel. In getting gravel for the Lawrence
ﬁlter, an apparatus was used, in which advantage was taken of
the natural slope of the gravel bank to do the work, and the use
of power was avoided. The respective grades of gravel obtained
Were even in size, and reasonably free from fine material, but it
Was deemed best to wash them with a hose before putting them
in the filter.

To calculate the frictional resistance of water in passing
gravel, we may assume that for the very low velocities which

~Are actually found in filters the quantity of water passing varies
directly with the head, which for these velocities is substantially
Correct, although it would not be true for higher rates, especially
Wwith the coarser gravels.* In the case of parallel underdrains the
friction from the middle point between drains to the drains may

be calculated by the formula:

Total ilea a=1 Rate of filtration X (3 distam‘:e between drai.ns)’-
2 Average depth of gravel X discharge coefhicient

The discharge ;:oeﬂicient for any gravel is 1000 times the quan-

—
* A full table of frictions with various velocities and gravels was given in the Rept,

©f Mass. State Board of Health, 1892, p- § 5.
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tity of water which wilj pass when %
4

The approximate values of this coefficient
els are a5 follows:

is _ cxprCSSCd in million
gallons per acre daily.
for different-sizeq grav

“ « eiu"e size s mm..,, ¢ = 23,000
“ “ “ . B ¢ = 65,000
Cw L s T oo
“ “ « “ . 20 “ ...... ¢ = 160,000
¢ “ “« “ w 5 .= 230,000
“ “ « . . o« ... ¢ = 300,000
“ “ « “ s .. c= 3@-@

of Speculation, there is
where calculatj °
tion
The reason fo: ihow that 3 Smaller quantity js adequate.
8ravel, whijch alone :Commend‘-ng a thin lowc’;- la 'c‘:‘qu coarse
S assumed ¢ Provide for thc)latcl‘al move
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ment of the water, is that if more than about six inches of gravel
Is required to give a satisfactory resistance, it will almost always
be cheaper to use more drains instead of more gravel; and the
Teason for recommending thinner upper layers for preventing the
sand from settling into the coarse gravel is that no failures of
this portion of filters are on record, and in the few instances
where really thin layers have been used the results have been
entirely satisfactory. In Kénigsberg filters were built by Friih-
ling,* in which the sand was supported by five layers of gravel of
increasing sizes, respectively 1.2, 1.2, 1.6, 2.0, 3.2, or, together, 9.2
inches thick, below which there were an average of five inches of
Cearse gravel. These were examined after eight years of oper-
ation and found to be in perfect order.

At the Lawrence Experiment Station filters have been re-
beatedly constructed with a total depth of supporting gravel
layers not exceeding six inches, and among the scores of such
filters there has not been a single failure, and so far as they have
been dug up there has never been found to have been any move-
ment whatever of the sand into the gravel. The Lawrence city
filter, built with corresponding layers, has shown no signs of be-
ing inadequately supported. In arranging the Lawrence gravel
layers care has always been taken that no material should rest
On another material more than three or four times as coarse as
itself, and that each layer should be complete at every point, so
that by no possibility could two layers of greater difference in
size come together. And it is believed that if this is carefully
attended to, no trouble need be anticipated, however thin the

single layers may be.

UNDERDRAINS.
The most common arrangement, in other than very small
filters, is to have a main drain through the middle of the filter,

\
* Frithling, Handbuch der Ingenicurwissenschafien, I1. Baad, VI. Kapitel.
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with lateral drains at regular intervals from it to the sides. The
sic‘ies 6f the main drain are of brick, laid with open joints to ad-
mit water freely, and the top is usually covered with stone slabs.
The lateral drains may be built in the same way, but tile drains
are also used and are cheaper. Care must be taken with the latter
that ample openings are left for the admission of water at very
low velocities. It is considered desirable to have these drains
g0 no higher than the top of the coarsest gravel; and this will
often control the depth of gravel used. If they go higher, the
top must be made tight to prevent the entrance of the fine
gravels or sand. Sometimes they are sunk in part or wholly
(especially the main drain) below the floor of the filter. With
gravel placed in waves, that is, thicker over the drains than else-
where, as mentioned above, the drains are covered more easily
than with an entirely horizontal arrangement.  When this is done,
the floor of the filter is trenched to meet the varying thickness
of gravel, so that the top of the latter is level, and the sand has a
uniform thickness.

. Many filters (Lambeth, Brunswick, etc)) are buil* with a
double bottom of brick, the upper layer of which, with open joints,
supports the gravel and sand, and is itself supported by numerous
small arches or other arrangements of brick, which serve to
carry the water to the outlet without other‘drains This ar-
rangement allows the use of a minimum quantity of gr.avcl, but is
undoubtedly more expensive than the usual form, with only the

hecessary quantity of gravel; and I a
arED m unable t it has
any corresponding advantages, o find that it ha

the filter.
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The sizes of the underdrains differ very widely in proportion
to the sizes of the filters in European works, some of them 'being
excessively large, while in other cases they are so small as to
suggest a doubt as to their allowing uniform rates of filtration,
€Specially just after cleaning.

I would suggest the following rules as re :
1o satisfactory results without making an altogether too lavish
Provision: In the absence of a definite determination to run
filters at some other rate, calculate the drains for the German
Standard rate of a daily column of 2.40 meters, equal' to 2.57
million gallons per acre daily. This will insure satisfactory
work at all lower rates, and no difficulty on account of the
Capacity of the underdrains need be then anticipated if the rate
is somewhat exceeded. The area for a certain distance from
the main drain depending upon the gravel may be calculatc?d as
d’aining directly into it, provided there are suitable openings,
and the rest of the area is supposed to drain to the nearest lateral
drain,

In case the laterals are round-tile drains I would suggest the
fOllowing' limits to the areas which they should be allowed to
drain .

asonably sure to lead

Corresponding Velocity of

Diameter of Drain. ToD r;:i:‘:c;r:ﬁ:grea not Water in Drain.
4 inches........... 290 square feet. o.30foot.
6« 750 ¢ 035 “
8 e ... 1530 ¢ °© 040 “
o« 2780 ¢ 0 “ 046
12« . 4400 % C osr “

And for larger drains, including the main drains, their cross-
Sections at any point should be at least y¢lys of the area drained,
giving a velocity of o.55 foot per second with the rate of
filtration mentioned above.

The total friction of the underdrains from the most remote
Points to the outlet will be friction in the gravel, plus friction in
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2
&

the lateral drains, plus the friction in main drain, plus the velo® S

ity head. .
I have calculated in this way the friction of one of the Hastis

1, .":‘

burg filters for the rate of 1,600,000 gallons per acre d‘ily,“;'. :

which it is used. The friction was calculated for each

of the drains separately, so that the friction from intermediat® =

points was also known. Kutter's formula was used ghrough"‘t- A

with # = 0.013. On the accompanying plan of the filter I have

(e
ANLRRERA S -
ik :} \ * \ - 1| :

To Pure Water Reservoir
gl
e
=
\
Tl

e

o ®» ®» Mokms

: et Iy,

FiG. 4.—PLAN OF ONE OF THE HAMBURG Fritess, Swowine FricrioNar RESST
ANCE OF THE UNDERDRAINS,

.

drawn the lines of equal frictional resistance from the junctio®
of the main drain with the last laterals. My information Wa%
incomplete in regard to one or two points, so that the calcul®
tion may not be strictly accurate, but it is nearly so and will t

illustrate the principles involved. '3
The extreme friction of the underdrains is 11 millimeter®
=o0036 foot. ' 3
The frictional resistance of the sand 39 inches thick, effectivé
size 0.32 mm. and rate 1.60 million gallons per acre daily, whe®
absolutely free from clogging,is by the formula, page 21, 15

b i SRR~~~

[et 280d 2onf o ]

D

AOVYN JAN{] THL HNILONWLSNO
UGNV ‘YELTL] V 40 WALSAS AOYNIVHONIAN[] dH
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mm., or .0490 foot, when the temperature is 50°. Practically
there is some matter deposited upon the surface of the'sand
!)c{ore filtration starts, and further, after the first scraping, there
1s some slight clogging in the sand below the layer removed by
scr?ping. We can thus safely take the minimum frictional
Tesistance of the sand including the surface layer at .07 foot.
The average friction of the underdrains for all points is about
023 foot and the friction at starting will be .07 4 .023 = .093
foot (including the friction in the last section to the effluent
Vfrell where the head is measured, .100 foot, but the fric-
Uon beyond the last lateral does not affect the uniformity of
ﬁltration). The actual head on the sand close to the outlet will

be 093 and the rate of filtration %g' 1.60 = 2.12. The actual

head at the most remote point will be .093 — .036 = .057, and the
rate of filtration will there be 1:-:;—3 . 160 = 1.30 million gallons per
acre daily. The extreme rates of filtration are thus 2.12 and
1.30, instead of the average rate of 1.60. As can be seen from
the diagram, only very small areas work at these extreme
Tates, the great bulk of the area working at rates much nearer
the average. Actually the filter is started at'a rate below 1.60,
and the nearest portion never filters so rapidly as .12, for when '
the rate is increased to the standard, the sand has become so far
clogged that the loss of head is more than the .07 foot assumed,
and the differences in the rates are correspondingly reduced.
Taking this into account, it would not seem that the irregularities
in the rate of filtration are sufficient to affect seriously the action
of the filter. They could evidently have been largely reduced
by moderately increasing the sizes of the lower ends of the
underdrains, where most of the friction occurs with the high
velocities (up to .7 foot) which there result.

The underdrains of the Warsaw filters were designed by
Lindley to have a maximum loss of head of only .0164 foot when
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filtering at a rate of 2.57, which gives a variation of only 10 P‘_’r
cent in the rates with the minimum loss of head of 169 foot !"
the entire filter assumed by him.  The underdrains of the Berlin
filters, according to my calculations, have .020 to .030 foot friction,
of which an unusually large proportion is in the gravel, owing to
the excessive distances, in some cases over $o feet, which the
gravel is required to carry the water. In this case, using less of
finer gravel would obviously have been {atal, but the friction as
well as the expense of construction would be much reduced by
using more drains and less gravel.

The underdrains might appropriately be made slightly
smaller, with a deep layer of fine sand, than under opposite con-
ditions, as in this case the increased friction in the drains

would be no greater in proportion to the increased friction 1D
the sand itself.

The underdrains of a majority of European filters have water-

tight pipes connecting with them at intervals, and going up
through the sand and above the water, where they are open to
the air. These pipes were intended to ventilate the underdrains
and allow the escape of air when the filter is filled with water
introduced from below. It may be said, however, that in case

d water is apt to run down through
them, and, under bad management,
go down through the pipes them-
that they are necessary, except with
hat there is no other chance for the
f them, or that they serve any useful

unfiltered water may even
selves. Tam unable to find
underdrains so constructed ¢
escape of air from the tops o
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iti jecti their use. In
purpose, while there are positive objections to

itted with, satis-
some of the newer flters they have been omitt

factory results.

ERS.
DEPTH OF WATER ON THE FILT

. atin
In the older works with but crude appliances fozo;eS§§lrabli
the rate of filtration and admission of raw water,bz;lauce irregu-
depth of water was necessary upon the.ﬁlter o made to be, to
larities in the rates of filtration; the hltef waivhen however,
a certain extent, its own storage reser‘fglz in Cha};ter IV are
appliances of the character to be descrl er and with a steady
used for the regulation of the incoming WaFe , erfluous.
rate of fltration, this provision becomes. quite suif the thickness
With open filters a depth of »'vater " ezcics)s revent disturb-
of any ice likely to be formed is ;:equlrel is palso frequently
ance or freezing of the sand in winter. :‘,1: r the water does
urged that with a deep water layer on the ; oint is not be-
not become so much heated in summer, but thls fotal amount of
lieved to be well taken, for in any given case t :onstant, and the
heat coming from the sun to a given z:irea._lihat is, th
Quantity of water heated in the‘who!e ay antity ex
filtered—is constant, and variations in t!le o ease in tempera-
one time will not affect the average resulting incr without change
ture. If the same water remained upo? the ﬁltermﬂd o heated
it would of course be true that a thin 1ay:r )
more than a deep one, but this is not the C?ISt .the depth of water
It is also sometimes recommenfi ed tha r before filtration
should be sufficient to form a sediment flagcfubtful value, espe-
starts, but this point would seem to be © d a considerable time
cially where the filter is not allowed to S tanﬁ]t!‘ation.
With the raw water upon it before Startmgf ter on the filter in
Itis also customary to have a depth o Wi re can never be a
excess of the maximum loss of head, so that the

e amount
posed at
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n in the sand i ’ LIES.
L. nd
said in regard to tr,§US; below the sediment layer. [t may P
. 3 . yer.
effective in makin }; owever, that a suction belo s is ] ’t as
above. At the Lag the water pass the sand as b Jlu;
wren < . ¢ an equa €a
ce Experiment Station flters :avc been

!‘epeated]y USCd .

. with a w

with water de

losses of head reaching ;Pflh of only from 6 to 12 inches
eet,

convenien i
c ; : .
e. without the slightest 1%

increasing h
ead bec <
there is no way i 0{“65 greater than th
In these y in which air from outsid e depth of watel, and
experimen[al . utside can get i lipve )
pletely saturated with ﬁltcrs In winter, when g,thgm v rcl'lcu:::
water just as it paSSesat:' a small part of the air cc n\atcr 1:, (E()tbe
o ames
pressure, and this air e scdiment layer and gets i s ou ((j) :
re »ts tnto re uce
filters. But this is bel?ev ‘f;“ts the satisfactory operation of the
consequent Supefsatumt-t to be due more ((; the warmi and
warm places in which ion of the water in th rming l
ure, and as not th the filters stand than t E comparative’y
e slhi o the lack
seasons of the year, it ightest trouble is experi "C(l; o P":st.'
i » 1L ma : xperienced at ot e
be any disadvantage at a y .be questioned whether th 1d
on a large scale wh ny time in a corre ) ere wou
The depth vhere warming could sponding arrangemcnt
s Of water not occu
a r.
the full depth of sand ctually used in Eur )
very few unimport are usually from 36 t opean filters with
ant : 05821
a few of the older v leses 1s less than the aSb inches. [ 0%
. VvOrks ove u
lc;)wed in any of the mod use a greater depth wh-STd'. and m;l{
. uced in thickness by s ern plants. As the ‘Sa dlcx is not fol
ingly increased ab0vZ ;rap"‘g, the depth of w n . becomes ¥€¢”
The depth of water the figures given until t:ter is correspond-
on t e san : .
great as upon correspon d}.le German covered filt d o rcp!accd
ing open filters. Th ehrs is quite 38
us the Berlin cO¥*

ered filters hav

e 51, whi

only 43 inches. while the new open filters at Hamb
amburg haveé

The i
suction only
nly commences to exist as the
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CHAPTER V.

RATE OF FILTRATION AND LOSS OF HEAD:.

THE rate of filtration recommended and used has been grad.
In 1866 Kirkwood

‘f‘j“y reduced during the past thirty years-

und that 12 vertical feet per day, or 3.90 million gallons per

o d by the pest engineers, and was

fltors nly followed.as an average 'rate. In 1868 the London

inc1ud_averaged a yield of 2.18 million gallons™® per acre daily,

had bmg areas temporarily out of usé, while in 1885 the quantity
een reduced to .61, Since that time the rate has appar-

ently been slightly increased.
The Berlin filters at Stralau constructed in 1874 Were puilt to

fil o1 .
ter at a rate of 3.21 million gallons per acre daily. The first
ora corresponding rate, but have been

hile the more recent filters were calcu-

i .

iated for this rate. The new Hamburg filters: 18923, Were only

;;e“ded to filter at a rateé of 1.60 million gallons per acre daily.
ese in each case (except the London figures) are the standard

rates for the filter-beds actually in service.
ted from

In practice the area of filters is 1arger than is calcula
¢ be built to meet maximum instead of

and a portion of the filtering area usu-
11 extreme €ases reach-

acre daily
e daily, was recommende

filters at Tegel were built {
used only at a rate of 2.7, W

these figures, as filters mus
average daily consumptions,
3_‘“)’ estimated at from § t0 15 per cent, buti
ing 5o per cent, is usually b ed,and S0 iS {or the time out
of service. In some works also the rate of filtration on gtarting 2

filter is kept lower than the standard rate for a day or tWo or the
ed to be of inferior quality, is

fir .
st portion of the effluent, SUppPos
this book; the English gallon is one fifth

*
T‘.‘e American gallon is used throughout

eing clean
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wasted, th
cent of theeti:l(ln(::z(z- :(?St YCacl\ing in an cxtreme case 9 to 14 PF
works also, there i; nolt )st()( aer hllt:rcd,* In many of the older
to balance the hourly ﬂu::)tr:g(': Cﬂp‘acny enough for filtered water
must be large cnough to n:t)mns in consumption, and the filters
the maximum daily require ect the maximum hourly as well as
quantity of water fil ‘ ments. 'For these reasons the actual
r filtered in a year is only from 50 t0 75 per cent

of what would )
be the case if the entire area of the flters worde

constantly at th
y e full rate. A statement of the actual yiclds of 3

number of fi ..
the avemgel:‘cr:‘nplalnts. is given in Appendix IV, The figures for
ual yiclds can be taken as quite reliable. The

figures gi
es given for ;
rate I
te, in many cases, have little value owing 10
’

the different ways i .
In addition m:))stS ;I; ‘::tCh they arc calculated at different places-
determining what the r" old works have no adequate means o
filter really is, and stat:te at any particular time and fora single
value. The filters at Hments of average rates have only limited
than 1.60 or those at Bejlr-nbfurg are not allowed to filter faster
acre daily, and adequate in faster than 2.57 million gallons per
dition. Other German wme';\(ns are provided to secure this con-
Beyond this, unless det -10r S am to keep within the latter limit-
presented, statem ailed information in regard to methods is
) ents of rate must be taken with some allowanceé-

EFFECT
OF RATE UPON COST OF FILTRATION

The size of
the fil ;
depends upon the r:; e (req“"e.d» and consequently the first costy
cost is not reduced inothmtrat‘o“' but with increasing rates the
. € same : .
rate, since the proportion as the increasé in
for high and lzaoyance for area out of use is sensibly (;l:e sam®
depend upon the :\tx:\s,t?: ! f:n addition the operating expense®
ntity filtered
area. Thus, to ) ed and not upon rin
aillion gallons S:pply 10 million gallons at a miximthe e ofi
"1 acre re P l{'acre daily we should requi um e
serve {o . uire 10+ 2= acres
r cleaning =6 acres, while with a mtcs twice
/

* Piefke, Zo
» Zeitschrift far Hygi
yEtene, 1394
’ s P 177

between scrapings. The WOF
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as great, and with the same reserve (since the same amount of
below), we should re-

cleaning must be done, as will be shown
58 per cent of the area required

d a certain point increasing the
duction in the first cost.
of water filtered

qQuire 10 -+ 4 -+ 1 = 3.5 acres, of
for the lower rate. Thus beyon
rate does not cffect 2 corresponding re

The operating cost for the same quantity
does not appear to be appreciably afiected by the rate. It is~
obvious that at high rates filters will became clogged more
rapidly, and will so require to be scraped oftener than at low
rates, and it might naturally be supposed that the clogging
would increase more rapidly than the rates, put this does not
seem to be the case. At the Lawrencc Experiment Station,
under strictly parallel conditions and with identically the same

water, filters running at various rates became clogged with 2

rapidity directly proportional to the rates, sO that the quantities
given conditions

of water fltered between scrapings under any
are the same whether the raté is high or low-
The statistics bearing upon this point aré interesting, if not
entirely conclusive. There were eleven places in Germany filtering
river waters, from which statistics were available for the year
18g1—g2. Of these there werc four places with high rates,
Liibeck, Stettin, Stuttgart, and Magdeburg, yielding 3.70 million
gallons per acre daily, which filtered on an average€ 59 million gallons
: Three other places, Breslau, Altona,
and Frankfurt, yielding 1.85, passed on an average 55 million
gallons per acre between scrapings, and four other places,
Bremen, Konigsberg, Brunswick and Posen, yielding 1.34 million
gallons per acre daily, passed only 40 million gallons per acre
ks filtering at the highest rates thus
filtered more water in -proportion to the sand clogged than did
those filtering more slowly, but I cannot think that this was the
result of the rate. It is mOre likely that some of the places have
clearer waters than others: and that this both allows the higher

rate and causes less clogging than the more turbid waters.

per acre between scrapings
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EFFECT OF RaTE UPON EFFICIENCY OF FILTRATION.

The effect of the rate of fltration upon the quality of the
effluent has been repeatedly investigatcd. The efficiency almost
uniformly decreases rapidly with increasing rate. Frankel and

Piefke ¢ afterward repeated these €xperiments, eliminating some
of the featyres of the first series to which objection was made,

The results were so marked

nable to finqg any marked connectiod
between the rate and the eﬁiciency, a rate of 2.5y giving Sthdy
better resylts than rates of either 1.28 o 5.14.

The admirably €xecuted €Xperiments made at Zirich in

€ rates
i E— s e Millon gulons per sere anty.
nd. o.s l T.o 1.8 so ’ 30

‘\.‘\ — \_\\ e
33A 6o o.14 0.002 ’ :

Pocdl CETTRINS NS 0.040 |......-

322 6o 299 ' o0.001 | "¢ 005 |, o050 |11

3 g o3 L] .05 (..." 0.050
o 050 (..., .... i

................ 0.010( o0.130 /. ....-

gg 24 0.20 o018 0.140 0.'.'3: i 0.310

9 12 ©.20 %.014 [ o0.070... o.080 | o.520

4 2 %.20 | T 0.070 0.090 |.... ...
42 12 0.20 o6 L o.150 | ‘o.550
—_—“\ —_  emso———

Averagc ................. 0.0l10 0.048 .

* Za‘t.rcb-ift Jar Hygieme, 1891, Page 38,

t Journal far Gas. ., Wanerwnm

3 Journal far Gas. 4, Wasseryer oy,
L}

1
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These results show a very marked decrease ‘in et.ﬁmenc?" W!Fh
increasing rates, the number of bacteria passing m;reasrl:fullz
general ag rapidly as the square of the' rate. The 1 9}? -
also showed decreased efficiency with high rates, but t 'e asgz
In the rates under comparable conditions was less than in 1892,
and the bacterial differences were less sharply marked'ost of the

While the average results at Lawrence, as well Zis ;ch with
European experiments, show greatly decreas.ed ) IC it}{ deep
high rates, there are many single cases, parthUli’iry S ents
layers of not too coarse sand, where, as in Kiimmel's ?XPCT::;‘ eﬂi:
there s¢ems to be little connection between th; rd::ala eeults
Ciency. Ap explanation of these apparently abnor
will be iven in Chapter VI. . i

It isgcommonly stzted* that every .water has its own ;z:zzl
Tate of filtration, which must be determined by local exp;}rms it is
and that this rate may vary widely in different cases.f e
Possible that the rate of 1.60 adopted at I_{amburg Ofthe same
bid Elpe water, the rate of 2.57 used at Berlin, and abou f 7.50
at London for much clearer river-waters, and the rate o e.in
used at Zirich for the almost perfectly clear lake-wateIr arther
€ach case the most suitable for the respective wateri-i fo;l l(‘)l'ver.
Cases however, where rates much above 2.57 a_re use inion that
Waters, as at Liibeck and Stettin, there is a decided opinio .
these rates are excessive, and in these instances stffps :}l,r:rates
being taken to so increase the filtering areas as to .!l)rmg
Within the limit of 2,57 million gallons per. acre daily. hat for

From the trend of European practice it would seem o
American river-waters the rate of filtration ShOUIddni(;t f‘:;:Om-
257 in place of the 390 million gallons per ?Cre ia{e might
Mended by Kirkwood, or even that a som?what .o.we" the area
be desirable in some cases. Of course, in addition to
-

” H
T iver-waters ;" Lindley,
* Samuelson’s translation of Kirkwood’s “F'",muon of }:,;/‘:,c:;:v::tlﬂo’g“”!v 1890,
Die Nu(zbarmachung des Flusswassers, Journal fir Gas- u. ung von Oberflachenwas-
sor: Kaiserlichen Gesundheitsamt, Grundsatze fir die Reinigung

. 894, Appendix I.
ger durch Sandﬁltrazion,‘ Journal fiir Gas= u. Wasserversorgung, 1894, App
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necessary to give thi
dmn-m(,.) ! give this rate, a reserve for fluctuating rates and for
. S . N . )
- 0: mulld Le provided, reducing the average vield to 2:00
or s‘,tora en less.  In the case of water from clear lakes, PO“ds’
R e v ire o NP
- gc reservoirs, especially when they are not subject tO ex-
e sCwage i |
o wage pollution or to strong alga growths, it woul
] :
o at rates somewhat and perhaps in some cascs very much
igher (as at Zurich id i '
) could be satisfactorily used.

- THE LOSS OF HEAD.

water:ai:):j:fanh(;::;ddns the difference between the heads of t.he
waters above and b t;)w tlhc sand layer, and represents the {n¢
clogging this (rictiom;:lt ayer. \.thn a filter is quite free fro®
e oot of a. Scr(;:iSlst:mcc is small, but gradually incrf:as"_s
it becomes so great th ment layer frf»m the water filtered untt
scraping before the at the clogging must be removed bY
seraping belote U isproccss can be continued. After scraping
the loss 0 hend 18 'reduced to, or nearly to, its Ol'igim_’l
directly Proportiozalg t‘:"ﬂi‘m‘iunt of clogging the loss of head 18
partially clogged, filteri ¢ rate of filtration; that is, if a Alt"
ance of o.5 ft. th’e resi ng at a _l’ate of 1.0, has a frictional resist-
rate to 2.00 n;illi()ll afltance will be doubled by increasing the
ance of the sediment i 'On.s per acre daily, provided no disturt”
resistance of water in s) c(; is allowed. This law for the fri(:ﬁo"al
as 1 have found by re ‘::nt Zlone also applies to the scdiment layer
e abo}iea eh tests, although in so violent a chang®
hange radually and , the utmost care is required to make the
et mepr;l:'vent Cf)mprcssion or breaking of the
ot oyer. Fro itt .lS relation between the rate of filtratiof
volves the regulation of :lsl S apat the regulation o Ay
o ves e regy atior e ot.hc:rt an.d itisa matter of indiffef

y and which indirectly controlled.

REGULATION O
F THE RATE AND LOSS OF HEAD IN THE OLDE!
FILTERS.

In th .
n the older works, and in fact in all but a few of the newes
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works, the underdrains of the filters connect directly through 2
pipe with a single gatc with the pure-water reservoir or pump-
well, which is so built that the water in it may rise nearly or

quite as high as that standing upon the filter.
lis sort was used at the Stralau

d), Fig. 5- With this arrang¢-

A typical arrangement of tl
works at Berlin (now discontinu€

uy FILTERS AT BERLIN.

F REGULATION: STRALA

Fi1G. 5.—SiMpLEST FORM ©

ment the rate of filtration is dependent upon the height of water
in the reservoir or pump-well, and so upon the varying con-
sumption. When thc water in the receptacle falls with increas-
ing consumption the head is increased, and with it the rate of
filtration, while, on the other hand, with decreasing draft and
rising water in the reservoir, the raté of filtration decreases and
would eventually be stopped if no water were used. This Yery
simple arrangement thus automatically, within limits, adjusts

the rate of filtration to the consumption, and at the same time
always gives the highest possible level of water 10 the pump-
| required for pumping.

well, thus also economizing the €02
In plants of this type¢ the loss of head may be measured by

floats on little reservoirs built for that purpose connected with
the underdrains ; but more often there is N0 means of determining
it, although the maximum loss of head at any time is the difference
between the levels of the water on the filter and in the reser-
Voir, or the outlet of the drain-pipé in case the latter is above
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the water-line in the reservoir. The rate of filtration can only bé
measured with thig arrangement by shutting off the incoming
water for a definite interval, and observing the distance that the
water on the filter sinks. The incoming water is regulated sim*
p‘l)’ by a gate, which a workman opens or closes from time t0
time to hold the required height of water on the flter.

The only possible regulation of the rate and loss of head is
eﬂe'cted by a partial closing of the gate on the outlet-pipe, by
which the freshly.cleaned filters with nearly.closed gates are kept
from filtering more rapidly than the clogged filters, the gates of

-Which are opened wide, Often, however, this is not done, and
then the fresh filters filter

are partially clogged.

i A lmal(‘)rit)’ of the filters now in yse are built more or less upo?
woilf an’h]-ndud'“g most of those in London and also the Altond

S, W ich had such a favorable record with cholera in 1892
The invention and a
;::rt;or:hm the lfist years have led to different ideas of filtration
o ?:e which m‘ﬂuenced the construction of the earlief
germs. 3 2.1 resuit it is now regarded as essential by most
an engineers * that each filter shall pe provided with de

many times as rapidly as those which

{(capacity 1 to § maximum daily
they can never limit the rate of §
the filters. These points are n

Quantity) and low enough so that
Itration by causing back-water on

. Oow insisted u by the German
I pon y
mperial Board of Health,} and a) new filters are built in accord-

:ance with them, while mo

st of the old work i i
: S over
to conform to the requirements are being built

* Lindley, Journal fur Gas. S
Gas- u. Wa::emer.mrgu{,g, lsa(;o “S.!:‘fa;-;:vb: Sorgung, 1890, so1 ; Grabn, Jowrnal [87
g¥ng, 1893, 686 ; Pictke, Zeitschrift fay Hy nSma, Journal fur Gas. u, Waeserverst®

4 Appendix I. giene, 1894, 151; and others.

Pplication of methods of bacterial exam-’
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| OF HEAD.
APPARATUS FOR REGULATING THE RATE AND LOSS F
d for the regulation of the

Many appliances have been invente )
rate andylofsp of head. Intheapparatus designed. by .Gllilian? :;S;d
at both Tegel and Miiggel at Berlin the regulatlor; is :SZ: :nwi
partially closing a gate through which the’ effluent pa i
chamber in which the water-level is pracncally constan g. 6).

|
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Fi1Gc. 6.—REGULATION APPARATUS AT BERL

water on the weir which

The rate is measured by the height of . a third connect:
serves as the outlet for this second chamber 1n

ing with the main reservoir, while the loss o-f headﬁlsts::av:nnbzz
the difference in height of floats upon wat<.ar in tgeu r:n ham ir;
representing the presure in the underdrains, an t;})w  water
connection with the raw water on the filter. From ne e fee e
heights of the three floats the attendant can at any me see e
rate of filtration and the loss of head, and when a chang

quired it is effected by moving the gate. . . '

In the apparatus designed in 1866 by Klrk-woiii f:; db:h :::tl:
and never built (Fig. 7) the loss of hea(.i was .dlrec y,t and the e
indirectly, regulated by a movable weir, wl‘nch was ¢ been
lowered from time to time by the attendant to secure? -
quired results. This plan is especially remarkable as 1t meets
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] nts . :
rate of Consumption apg of a regular rate independent of
and of the water.Jevel in the reservoir, and

eas
urements of both rate (height of water

T 3,
¢ 1 8 Metery
Fie. 7.~chuu'no~ A:m Sren
RATUS AND Sgcrion OF FILTER RECOMMENDED FOR

on the weir) a .

effluent chafnbr;?‘)}:(e)a(:) (difference ip water-levels on filter and in

Position of the weir ; madg, and control of the same by the
. Mr. Klrkwr)()d found no filters in Europe

with such appj;
1a i
it pUbliShe;;p br;'ces, and it wag Mmany vyears after his report
vas Clore simijlay devices were g p
regarded as essential T e bt they 2

IllE legUIatOlS fO] ne“ ﬁ S at Hambu g ( ig 8) J

2o e

RATE OF FILTRATION AND LOSS OF HEAD. 57

head in passing a submerged orifice. Both the rate and loss of
h'ead are indicated by a float on the first chamber connécting
directly with the underdrain, which at the same time indicates
the head on a fixed scale, the zero of which corresponds to the
height of the water above the filter, and the rate upon a scale
Moving with the weir, the zero of which corresponds with
the edge of the weir. The water on the filter is held at a per-
fectly constant level.

The regulators in use at Worms and those recently introduced
at .\Ingdcburg act upon the same principle, but the levels of’
the water on the filters are allowed to fluctuate, and the weirs
and ip fact, the whole regulating appliances are mounted on
big floats in surrounding chambers of water connecting with the
unfiltered water on the filters. I am unable to find any
advantages in these appliances, and they are much more
COomplicated than the forms shown by the cuts.

APPARATUS FOR REGULATING THE RATE DIRECTLY.

The above-mentioned regulators control directly the loss of
head, and only indirectly the rate of filtration. The regulators

= e Ml

3 4 E t Meters

HINS SN T
67,1.111-V{0" 15 d)Feet
FIG. 9.~LINDLEY’S REGULATION APPARATUS AT WARSAW, Russia,

at Warsaw were designed by Lindley to regulate the rate di-
rectly and make it independent of the loss of head. The quan-
tity of water flowing away is regulated by a float upon the water
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in thf efluent chamber, which holds the top of the telescope out-
let-pipe a constant distance below the surface and so secures®
constant rate. As the friction of the filter increases the flodt
sinks with the water until it reaches bottom, when the filter must

be scraped. A counter-weight reduces the weight on the float

and at the same time allows a change in the rate when desir

This apparatus is automatic. All of the other forms descri
require to be occasionally adjusted by the attendant, but the at-
tention they require is very slight, and watchmen are always o8
duty at large plants, who can easily watch the regulators. The
Warsaw apparatus is reported to work very satisfactorily, B0
trouble being experienced either by leaking or sticking of the
telescope-joint, which is obviously the weakest point of the
device, but fortunately a perfectly tight joint is not essential 0
thc.a Sl..lCCCSS of the apparatys, Regulators acting upon the s
pnncn;?le have recently been installed at Zirich, where they ar¢
Operating successfully,

Burton* has described an ingenious device designed by i
for the filters at Tokyo, Japan. It consists of a double actitg

valve of gun metal (similar to that shown by Fig. 11), throug®

which the effluent must pass. This valve is opened and clo

b'y a rod connecting with g piston in a cylinder, the OPPOSiw
sides of which connect with the efluent pipe above and bclOf'
a point where the latter ig partially closed, so that the valve 15
opened and closed according as the loss of head in Passi"g this
obstruction is below or above the amount corresponding t0 the
desired rate of filtration,

The use of the Venturi meter in connection with the regul®

tion of filters would make an interesting study, and has, I be-

lieve, never been considered.
\ /
: * The Water Supply of Towns. London, 1894.

[ON AND

sHOWING RATE OF Firurrat
' STSIDE SMEN,

s oF HeAD ON THE OUTSIDE, BREM

AT .

REGULATOR-HOUSE,
Lo

- Raw WATER 10 A FILTER,
INLEL FOR ADMIssION OF

East LONDON. [Zo face puge 58.]
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in the effluent chamber, which holds the top of the telescope out-
let-pipe a constant distance below the surface and sO secures 3
constant rate. As the friction of the filter increases the float
sinks with the water until it reaches bottom, when the filte must
be scraped. A counter-weight reduces the weight on the float
and at the same time allows a change in the rate when desired-
This apparatus is automatic. All of the other forms dcsCl'ibcd
require to be occasionally adjusted by the attendant, but the at*
tention they require is very slight, and watchmen are always oP
duty at large plants, who can easily watch the regulators. The
Warsaw apparatus is reported to work very satisfactorilys "
trouble being experienced either by lc;xking-nr sticking of the
telescope-joint, which is obviuusly’ the weakest point of the
device, but fortunately a perfectly tight joint is not essential 10
the success of the apparatus. Regulators acting upon the samé
principle have recently been installed at Zarich, where they s
operating successfully.

Burton* has described an ingenious device designed bY him
for the filters at Tokyo, Japan. It consists of a double acting
valve of gun metal (similar to that shown by Fig. 11), thrOUgh
which the effluent must pass. This valve is ;,)pcxncd and clos€
by a rod connecting with a piston in a cylinder, the opPOSile
sides of which connect with the effluent p;pc above and beloW
a point where the latter is partially closed, so that the valve 1
opened and closed according as the loss of head in passing this
obstruction is below or above the amount corresponding t© the
desired rate of filtration.

The use of the Venturi meter in connection with the reg“‘a'

tion of filters would make an interesting study, and has, 1 D&
lieve, never been considered.

/

* The Water Supply of Towns. London, 18¢4.
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AP
PARATUS FOR REGULATING THE HEIGHT OF WATER UPON
FILTERS.

HarIntbwill be seen by reference to the diagrams of the Berlin and
oper flrg' effluent regulators (Figs. 6 and 8) that their perfect
]ei;elanon 1s dependent upon the maintenance of a constant water-
upon the filters. The old-fashioned adjustment of the inlet-
8ate by the attendant is hardly accurate enough.
i The first apparatus for -accurately and automatically regulat-
78 the level of the water upon the filters was constructed at
:;:Zuwarden, Holland, by the engineer, Mr. Halbertsma, who has
€ used a similar device at other places, and improved forms
©f which are now used at Berlin and at Hamburg.

At Berlin (Muggel) the water-level is regulated by a float
UPon the water in the filter which opens or shuts a balanced
‘Ij;)uble \.'alve on the inlet-pipe directly beneath, as shown in Fig.
G .h ft.ls' not at all necessary that this valve should shut water-
i % t; it is only necessary that it should prevent the continuous

nllow from becoming so great as to raise the water-level, and

-L\' - \ F,
N \\\\\\\\\\\\i’\\'\\\\\‘}\\\\\

F1G. 10.—REGULATION OF INFPow vSED AT MUGGEL, BERLIN.

for this reason loose, easily-working joints are employed. The
apparatus is placed in a little pit next to the side of the filter,
and the overflowing water is prevented from washing the sand

by Paving the sand around it for a few feet.
At Hamburg the same result is obtained by putting the valve
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limit is 24 inches, while at the new Ham-

Tegel and Maggel, the
allowed. At Stralau in 1893 an effort

Urg works 28 inches are
;:?Smmg:t Lo not exceed a limit of 40 inches, but ;.)rcviously'heads
used o1 inches were used, which corresponds \s'rxth the 5? inches
tion 15 "\'t‘)“i.l; and, in the other old works, while exact intorma-

. RO casily obtained because of imperfect records, I am con-
Vinced that heads of 60 or even 8o inches are not uncommon.
At the Lawrence Experiment Station heads of 7o inches have
gencm”)' been used, although some filters have been limited to
36 and 24 inches.

In 1866 Kirkwood became convinced that the loss of head
should not go much above 30 inches, first, because high heads
Would, by bringing extra weight upon the sand, make it too
Compact, and, second, because when the pressure became too
great the sediment layer on the surface of the sand, in which
MOst of the loss of head occurs, would no longer be able to
Support the weight and, becoming broken, would allow the
}vater to pour through the comparatively large resulting open-
'ngs at greatly increased rates and with reduced efficiency.

. M regard to the first point, a straight, even pressure many
Umes that of the water on the filter is incapable of compressing
the sapng. It is much more the effect of the boots of the work-
men when scraping that makes the sand compact. I have found
Sand in natural banks at Lawrence 70 or 8o feet below the sur-
face, where it had been subjected to corresponding pressure for
thousands of years, to be quite as porous as when packed in
Water in experimental filters in the usual way.

. The second reason mentioned, or, as I may call it, the break-,

I"g-through theory, is very generally if not universally accepted

Y German engineers, and this is the reason for the low limit
commonly adopted by them.

A careful study of the results at Lawrence fails to show the
Slightest deterioration of the effluents up to the limit used, 72
inches, Thus in 1892, taking only the results of the continuous
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t
filters of ful] height (Nos. 334, 347, 36, and 37), we find t'ha2
for the three days before Scraping, whep the head was nearly 7

. . , er
inches, the averge number f bacteria in the effluents was 3tp

CC., while for the three days aft
the numpe, was 47

) . t
Sus* were L.l and 2,5, This shows better work with the highes

: T » e adsy '
€r scraping, with very low he

, B.
Biera  prodgins
per cc. per &
Average 14 day after Scraping, Jow heads.. .. .. 79 6.t

R % BT “ “ e 44 4!

B 1 SRTE “ e T 36
Intermediate days, medium heads.. L 59 45
Second from lag; day, headg of hearly 72 inches. . 66 27
Next to the Jag R 56 32
Last day, T 83 35

3
E OF FILTRATION AND LO

f the
. the best day o
actually shows 5 decrease, the last day being ,
. learly point to a
Wh(';‘l: p;;oi.ence results, then, uniformly andl; :ccgpted view,
e w ’ mmon
. . osite to the co t closely the
CO;]CIIUS;]OH dll’;c”yb:::‘p led to examine Soll:lew;iests
an ave thus . theor )
grounds upon which the break:ng-t:roug::)ntributed most to the
) erhaps ks. After
The ¢ orks which have p Itona works.
theori:s :fo ;tration are the Stralau and ArAkS I am quite con-
“¥amining the available records of these woat t;mes at least, de-
vinceq thit at these places there has been, the Stralau works
creased efficiency with high heads. FoZrezZrclzr"f’ Jur Hygiene,
this 5 Il shown by Piefke's plates in the ks, however, the ap-
'S1s \fve Show 88. In both of these Worh ’rate is that shown
1 1 . M e
294 ater pagl: { apparatus) for regulatmgt is thus dependent
Paratus (or lack o PPd the rate of filtration is f water in the
i , an ight o
J F]g‘hs’ patge oigconsumption and the he’gr:)le covered by the
:Pon t.e rZ: the Stralau works, at the t,lt of water filtered
zservoxr. ioned diagrams, the daily Quflnt‘ ):j the rate of filtra-
a ove-m.entlo'::le1 capacity of the reservoir, ?nt the hourly con-
e 7 (o] ’
t\fvas 27 times sequently have adapted ltselb sis of Kirkwood’s
ion must cc;?heqdata which formed ?he‘ a ite safe to assume
sumpm?ns. ot given in detail, but it is g‘;s those at Altona
c:nclusnons are nbtained from filters reg}’late_ d in regard to the
t Zt tShf:yl were: regulated, and what is sai
an tralau ar . Its. all
latter iy apply equally to hlst;ZSl; eparate filters at Strzil:;ted
. )
Piefkex Shiwshthz';::(::lgr.e-water reservoir, those ¢
Connected with the

the more
fAuents than er

er pipes gave p ooref‘ iy ce to the frictional
through the shor; he attributes the differen

remote filters, an

revent ex-
; nnecting pipes, which helpefhzowiter in the
Teésistance of ?he co lters farthest away whe‘n o the rates i
Cessive rates in the fi end thus the fluctuations in e
F;:Servoir became ::s‘:,t:an in those close to the res -
these filters were

? , p. 173,
* Zeitschrift fir Hygiene, 1894, p
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does not, howevcr, notice, ip speaking of the filters in which
the decreaseq cfficiencies with high heads were specially marked,
that they follow in nearly the S4me order, and that of the four
open filters mentioned three Were near the reservoir and Unl{
one wag SCparated by , compar;uivdy long pipe, indicating ‘hat
the deterioratiop with high heads Was only noticeable, or a
least was much more Conspicuous, iy those filters where the rates
fluctuateq most violently, )

It requires ng elaborate calculation to show that of two h't‘j’rs
Connected witp the same purc-water rescrvoir, as shown by Fig.
5, with only simple gates on the connecting pipes, one of (hen‘l
clean apq throttled by a nearly closeq gite, so that the norma
Pressure behing ¢he gate is above he highest level of \\'3“’;
in the Teservoir, and ¢he other clogged so that the norma
Pressure of the water in the drain jg Considerably below the
highest leye of the water in the Teservoir, the latter will suffer
Much the more Severe shocks with fluctyy
the fact being admitted that flycey,
We must gq farther ang conclude
will increase with incrcasing loss

ting water.evels; and
ating levels are un(avofal?k'
that the detrimental action
of head. | 4y inclined to

ithout resoyree to the brc:nking.through theory:
prove the brcaking-thfo“gh
ults upon which it rests in
throw so mych doubt upon
ow its application to those works
ation jg Maintained regardless of

Variations jn the consumption, ypy; Prool is furnished that it i

applicable ¢ them.
I have been totally unape
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fATe or £ : luded for one or the
u
the olde, Continental works are alsobe",‘g reasons. The Ham-
Other, or more often for both, of the abo they go, show no de-
' uggel results, so far as they imited to 24
bur, Tegel, and Magge the heads are limi
terioration with increased heads, but filters, and the results
O 28 inches by the construction of the obtained with heads
thus entirely fail to show what would be .
i ' vi-
more than twice as high lude that there is no adequate ihe
¢ : here
Lam thys forced to conclu ’ in filters w
dence of inferior efficiency with high hea?sin the pure-water
fates are independent of the water-leve int—the Lawrence
oint— .
reservoir the only results directly to th: rt)he full efficiency is
Tesults m,enlioned above—indicating tha inches
. t 72 .
Méintaine with heads reaCh"‘g. a't : 22 a7110w a considerable I(t):,s
o irin . leng -
al reason for des iod will then be
of }'f:;zpirsmacr:peconomical one ; the permdth‘:VOIUme of sand to
tned, while the frequency of scraping andd. ly reduced. There
be w;shed and replaced will be correSPOZ mfc}}; as less trouble
iods, s
in long periods, but the
ma dvantages in . . weather,
W-t,}v) be ot}'xer a d better work in cold winter
'th scraping an ) tion. '
€ost is the most important considera he German engineers that
It is the prevalent idea among the G ches would increase
. o in
hing 24 to 3 d, in case a
the | f head after reac ' filtered, '
ver 0:: x?dl- so that the quantity of watz be materially in.
mu::vh hli) he)r’ head was allowed, would ner have been made,
Creased g'N careful investigations, h?wev -s,ting arrangements,
an:a?ed. d t(;ne are hardly possible wn};}ex‘tuates with varying
a ,m ht‘m Id ryﬁlters the loss of head uzsults of very doubt-
st N tf eﬁlo te'on in such a way that only rr' works the loss of
fr:leu; tra lbe obtained, and in the neW:?v hich can be drawn
n
vzf ue ca imited, and the curves wi f what would
heaq g too closely limited, ly no safe indications o
Y extrapolation are evident y

ied farther. .
. Ss was carrie Darling- -
actually ;xappzn lfh‘:: e told by the attendant at
On the other ’

i ir a few years ago,
ton, Englang that since the building of the weir a
On, ng an )



€6 FILTRATION OF PUBLIC WATER.SUPPLIES.

which n(;w limits the loss of head to about 18 inches instead of
the g feet or more formerly used, the quantity of sand to be re-
moved has been three times as great as formerly. No records
are kept, and this can only be given as the general impression of
the man who superintends the work.

At Lawrence the average quantitics of water filtered between
scrapings with sand of an cflective size of 0.20 mm. have been a8
follows :

Maximum Loss of Million Gallons per Acre filtered

Head. between Scrapings.
1892. 1893. Average.
70inches....'................ 58 88 73
0 .32 22 27
22 L e 17 16 16

18g3.
70inches........ ... . 70
22 e 29

These results indicate

. . . er
4 great increase in the quantity of wat
filtered between scrapin

. . . es
gs with increasing heads, the ﬁgurhe
being nearly proportional to the maximum heads used in t

respective cases. It is, of course, quite possible that the results
would differ in different Places with the character of the raw
water and of the hltering material, )
The depth of sand to be removed by scraping at one time .‘5'
within limits, Practically ixldcpcndent of the quantity of (?lrt
which it has accumulated, and any lengthening of the Penod
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i ith filtered
i filling filters wat ;
. D o s ereaiin (;)fut the:e would hardly have

water from below after scraping awrence

" the L
Much weight against the economy indicated by
€Xperiments for the higher heads. .
High heads will also drive an mcreﬁhen
th“’ugh any cracks or passages in the he in
at last been found to be the cause of t-e down unfilt
Covered filters at Stralau, the water gofniut with careful con-
C€rtain corners, especially at high headS’d with the aid of bac-
Struction there should be no cracks, o ught not to be a valid
ten’olog). to find the possible leaks this oug
’Ob'éction. .. v in fa
JIn conclusion : the trend of 0p1n10“-;sc;220:sg\\)flas suggested
limiting the loss of head to about 24 to 3{) lde that there is reason
by Kirkwood, but I am forced to conc ube obtained with lower
to believe that equally good resu‘lts Ca[;,eads to be used, at least
OPerating cxpenses by allowing higher ulating appliances, and,
n the case of filters with modern ref:’) ilt so as not to exclude
I woulg suggest that filters should PC du that the limit to be
the use of moderately highb hejg:;r:]ined by actual testsﬁof
er should be ) es of head after
Stﬁ(:?:::;::d uli(::;th of period with various loss

Starting the works.

ased quantity of water
Such leaks have

{erior work of the
ered in

vor of
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CHAPTER v,
CLEANING FILTERs,

WHEN a filter has become sq far clogged that it will no

layer of dirty sand.

To do this withoyt unnecessary loss of time the unfiltered
water standing upon the filter g femoved by a drain above the
sand provided for that purpose, The water in the sand must
then be lowereg below the surface of the sand by drawing water
from the underdraing until the sang 1s firm enough to bear the

washing apparatys to be washed ang used again, Special pains
are given to securing rapid anq cheap transportation of the sand-

In some cases it ig wheeled oyt of the filter on an inclined plane
to the washer. |[p other cases

CLEANING FILTERS. ’ :9
nd in the
Pure-water canal is higher than the Surfac'e Ofat;]’:t:apro#ided
filters, this is accomplished by ;imp ly Opemt?)gpass around the
for the purpose, which allows.the watercan be filled from a
"*Bulating apparatus.  Otherwise ﬁlte:islt r which at that time
SPecial pipe taking its water from any ethat purpose. The
€an deliver its effluent high enou'gh fl(:r sand from below is
quantity of water required for filling t ef the quantity filtered.
ordinarily but a fraction of one per cent o after cleaning, the
Formerly, instead of filling from below, rface of the filter.
raw water was brought directly onto the su

-pores, which
This was saig to only imperfectly fill the :::dispnot brought
Still contained much air. If, however, the wa

oint where it
on tog rapidly it will sink into the sand ’:ie:: tzhniifrl)’ing gravel
is applied, pass laterally through the - so that even in this
cose her parts of the ﬁltezl?ndwti}lllerl])en::;lly filled from below.
ca little of the filter ) r slowly the
T:i(; ?slf :cl)l\:r:vcr, open to the objection tha; h;)t“;i‘(’)‘:md the};nlet
‘ater is introduced, the sand which abSO: Simp‘ert'ectly, so that
filters it a¢ 4 very high rate and presumably ill be poor quality
the water in the underdrains at t.he start ‘;ul clogged. The
and the sand around the inlet will be uneﬂ fiunded.
Practice of filling from below is theref?re w ered with the water
As soon as the surface of the sand is Cogove filling the filter
from below, raw water is introduced from : first ’that no currents
to the standard height, care be}l;ntg;,;a:;erl}aie of the sand. It hlac:
ich might was i ter shou
ZZZHP: :f;:fe:;ed by IgDiefke and o:hi;s;lgt_ft:lii v;zurs before
be , stand for a time up to . diment layer,
star::i(;“:hde lti(l)tration, to allow the forr.natlot:i otilz f:orks of some
and in some places, especially at Berhrf znt varying importance
of the London companies, this is (.iOI.lC., u (ably omitted so fur
Is attached to the procedure, and it is mvai; he:vy'
as I can learn, when the demand for wate_r must at least equal
The depth of sand removed by scraping
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the depth of the discolored |
line, the Impurities gt
ward.  Fig. 12 shows
the sand at various de
filters, and is a re
bers vary at diflerent times,
bulk of the sediment is ret
it is desirable to remove

fact, it is apparently impossible
us€ to remove so thin 5 laye

Bacteria per Gram.
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F1G. 12.—Discram Snowing ACCUMULATION oF Bacreria NEAR THE SURF
OF THE SaND.

the depth to which sand is r
to 1.20 inch. Exact statistics

that 2 centimeters or o,
the aver

c¢moved is stated to be from 0-4:
. . n
are not casily obtained, but I thi

t
79 inch may be safely taken as abou
age depth usually removed j

is this depth which 15 indicated on Fj

At the Lawrence Experiment St .
is often much less than this, and depends upon the size of grait
of the sand employed, the coarser sands requiring to be "’.Ore
deeply scraped than the finer ones. The method of scmp"‘?
however, which allows the removal of very thin sand layers 15

it
n European filters, and 1
g 12

ation, the depth removed

ayer, but therc is no sharp dividing
radually decreasing from the surface dO“'.“‘
the relative number of bacteria found “;
pths in one of the Lawrence experimenta
presentative result, although the actual num-
In general it may be said that lh:
ained in the upper quarter inch, bu
also the less dirty sand below and, f“
ith the m'cthod of scraping 18
r as one fourth inch. Practically
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. filters, and a
ze of the
) f the small si he depths thus
only ible because 0 cale, the )
L POssbl of application on a large S the results which
is e . n
Incapa only interesting as showl i perfect method of
removed arbe ' 3’ in practice with a mor
might be obtaine

il

) . delayed unti

SCraping. f the washed sand 1s usfufzes commonly
o : Fe) 1 a
The rePlacmgf scraped quite a numberlﬁ is much deeper

the filter has bct“l st scraping before refl mﬁ of the ordinary

for a ycar.l bThe s: the sand below the dept

than usual, becau

i

ice to
. ] practice
the clean sand. he usual if not the universal p
. . the u
In England it is

d.
en the old san
d at the bottom betwe

replace the washed sar

tire filter

{gering Up the en i

This is done b’i"hdlglgdl sind in the first section
e

f washed
the depth o

d clear down to the gravel, and

Is removed cle

d
: The old san
) t in its place. he first
o laced is pu d upon the
sand which is to .bef :;psection is then .Shovelrlleﬁllelc)l with fresh
from the next six- W1, and its place is T hoots are likely to
section of clea:. Sanréctice the workmen’s DO
sand. With this pra

. f the
e hicker layer o
I each year, necessltatmg Z :)e required.
disturb the grave ade than would otherwis put more frequently
upper and finest ir is also sometimes dO“elv the regular scrap-
this1 ow

h In Ger:r]an{ of slightly clogged sand be loration can be seen,
the upper laye

iohtest disco p
ing is removed as far as the Shgh:,elow is looseuned for another
gi

) . The sand i some days; after-
perhaps 6 inehes ‘3;‘:5 stand dry, if POSSlbleéf(I))ll-aCed above. The
inches and allowe ht on an

is broug
wards the washed sand 1S

d wi ould
washed sand is never repla(;znd below the layer removed w

i ed there would be
cause the slightly ctl:eggf'resmy washed sand,* and

act as if finer than .

a tendency to sub-surface clogging

and the gravel. Jide
in sections about six feet v

hout some such treatment, be-
tho

4

. 438 ; 1892, page 409.
Board of Health for 1891, p- 43
State
* Report Mass.
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The frequency O{EQUE.\C\’ OF SCRATING
scrapi ’
the raw water, the tho raping depends upon the charactc? of
tion, the grain.size of roughness of the prelimi i
the filter sand, the rat ";“;} SCd"“c“m;
) ate of filtration an

the maxim
ximum loss
of head allowed. With suitabl d
itable conditions.

the period betwee
week, and wi n scrapings sho
tional condi\:iiln: ‘:0"‘”3‘)' exceed :\l:io n.::,:thbe le'ss than %
as one day and a; h'Wever, periods have bee 5. Under exce”
of less than a weekl-gh as one hundred andm recorded as .low
that something is r Sd.dumtio,, are almost thn dil‘)’S. P.cnOds
tr‘lentioned were acta ically wrong, and the OnC'luswe evidenct
tion. In 1892 the :ally accompanied by vcf‘Cl:lods of on€ day
from 9.5 days at st‘:r.age P_CﬁOds at th‘c Gc:ﬂ:nadcquntc ﬁ“-m'
Brunswick, the avera tin (with an excessive an works vanr
The quantity of ge of all being 25 days *mtc) to 40 days at
forms the most conv“’éter per acre ﬁltc)rc;i be i
rate (page 49), loss ofe: ient basis for calculati o scrapinEl
3;) have already bee ca‘? (page 63), and si: fon. The e'ﬂcct ¢
. at the total quantit n discussed, and it ."c of sand graif (pag®
independent of the y filtered between s:‘“ .Sufﬁcc to say her®
mum loss of head l’:te of_ﬁltration, but :;P.lngs .is “PP“TC“"?'
apparently nearly in nd with the grain.si ries with the ma*
works in 1892, drav Pmponio,, to them ;e of the sand, and
average 51 million ving their waters fr: l.even German filte™
the single results gallf)ns of water per om rivers, filtered on 2°
while Zirich, dra ra.nglng from 28 at Bacrc between scrapings
rarely turbid, crawing ts water from e Stuttgart
Ings. Unfortunatej 260 million gallons ake which is but V€'Y
two thirds and no ¥, the quantities at per acre between scraP”
large pOnds on the“;- al[) the water 15 draBerhn' where (‘n 1892
1vers, are not availab;:nf from Compamtivcly
or comparison-

At London, i
y 1N 1884 th
, the ave
rage quantities of water filter

*
Appendix 1V,
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6 million gallons per

be .

. twee.n scrapings varied from 43 to 13

cre with the different compani€s, averaging gg, and in 1892 the
averaging million gallons

quantities ranged from 73 19 157
per acre. The greater quantity filtered at London may be due

zes of the sedimentation-basins, which for all the
days’ supply 2t London against
erman works.

d to the fre-

nding reser-

to the greater si
companies together hold a nin€
probably less than on¢ day’s supply for the
There is little information avail i
quency of scraping with wate i
‘(’:O‘rs- In some experiments
hestnut Hill reservoirs Boston,
unpublished, a filter with sand of an effectiv
:,T .'cWeraged 58 million gallons per 2
nine periods, the ra i
per acre daily, while anothe
t“"j- size of .18 mMMs passed 2% average
per acre for ten periods at the same Tate:
extended through all ceasons of the year,
;?uﬂt the comparative fineness of
igh quantities of water i
The quantity of water filt
greatest in winter, owing tot
the raw water at this seasom
regardless of season-
to a very low figur® i
pecially when the filters are not
1893 during the alg® perio
million gallons per acre for ©
exceptional, the much-
S er furnishing

pree wat
algee. ‘
1804, P 377

# piefke, Zeitschrift 47 Hygient:

reduced to0 14
* put this was quite
comparatively clear,
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QUANTITY NP
FITY OF SAND T BE KEMOVED

In regarg ¢, .
if we take the avt:riu(r]:-mrn,my 0{. $and to be removed and washed,
hltering rivcr-watcr: of L-SUh BIven above for the German works
tween SCrapings, and ¢} "000000 gallons per acre filtered be-
Meters oro.,-gin(;h we ﬁlgi depth of sand removed at two centi-
every 2375 \,OIUm’Cs o “("Ul&l one volume oof sand is required for
million gallons, Ay p ‘.‘dtL'r fltcred, or *10 cubic yards per
Quantity woy)g be 3.80 ramcn, the highest average result, the
S€ason 7,70 yards. A.[ 7%d-r‘ds' and at Strajay during the algz
only 041 yard, and at [::m(;-’” on ‘thc other hand, the quantity is
filtered between scry it ondon, with 87,000,000 gallons per acre
ber.2g Yards per millil())n]{isynthe quantity of sand washed would
rem]?hv ¢d is 0.79 inch thicli,_a Ons: assuming always that the layer

€se estimg
not include the t::n":;fl f(;)r the regular Scrapings only, and do
ceper SCraping before replacing” the

Sand, v hiC v i t
h W Ould lﬂcrease theln b)’ aqut } ]
V one thir d-

WASTING
ING THE EFFI.UENTS AFTER SCRAPING

tration takes lace § i
sand from ths waet;: thfviedm)e?t layer deposited on top of the
{ts oo tcmp(.)mr‘, ’en this layer i removed by scraping
P g e Thx y 'rcu-mved, and reduced (‘f%ic"‘-'"cy of
e —TE Wh.cn thc Significance of this reduced efficiency
their relations ¢ disea ¢ bactcr'l'il in the water were studied in
ey o > 1S€ase, and Pjefye Suggested * that the first
PIng should p, rejected for one day after

ordin;,ry s .
crapin
In a mor Pings and for one week after laci d
€ recent pPapert he replacing the sand.
re

first million gallons of wat duces these estimates to the
‘ater .
Per acre filtered after scraping
»
/numalf,‘r Ga -~
$-
fZl.-,:cAr,'f, Sur ”“'ld Wauervrnorgung. 1887, p. 50

Eiene, 1894' p. 172
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for OPen and twice as great a quantity for covered filters,
a".d to six days after replacing the sand, which last he estimates
Wil occyr only once a year. Taking the quantity of water
filtereq between scrapings at 13.9 million gallons per acre, the
Quantity observed at Stralau in the summer of 1893, he finds
that it i necessary to waste g per cent of the total quantity of
¢flucnt from open and 13.8 per cent of that from covered filters.

The eleven German water-works * filtering river-waters,
however, filtered on an average 51.0 instead of 13.9 million gal-
lons ber acre between scrapings, and applying Piefke's figures to
them the quantities of water to be wasted would be only about
One fourth of his estimates for Stralau.

The rules of the Imperial Board of Healtht require that
€very German filter shall be so constructed “that when an in-
ferior eflyent results it can be disconnected from the pure-
Water pipes and the filtrate allowed to be wasted.” The drain-
Pipe for removing the rejected water should be connected
below the apparatus for regulating the rate and loss of head, so
that the filter can be operated exactly as usual, and the effluent
€an be turned back to the pure-water pipes without stopping or
Cha"ging the rate. The works at Berlin and at Hamburg con-
form to this requirment, and most of the older German works
have been or are being built over to make them do so. -

In regard to the extent of deterioration after scraping,
Piefke's experiments have always shown much larger numbers
of bacteria both of the ordinary forms and of special applied
forms on the first day after scraping, the numbers frequently
being many times as high as at other times.

At the Lawrence Experiment Station it was found in 1892
thaton an average the number of water bacteria was increased by
70 per cent (continuous filters only) for the three days following
SCraping, while B. prodigiosus when applied was increased 140 per

* Appendix IV. { Appendix 1.



76 FILTRATION OF PUBLIC WATER-SUPPLIES. !

cent, the increase being most marked where the depth of s:'mﬂ ‘
was least, and with the highest rate of filtration. S |
The same tendency was found in 1893, when the increase 18
the water bacteria on the first day after scraping Was only 19
per cent and B. prodigiosus 64 per cent, but for a portion of the
year the difference was greater, averaging 132 and 262 per centy
respectively. These differences are much less than those ¢
corded by Piefke, and with the high efficiencies regularly f’b' ;
tained at Lawrence they would hardly justify the expensive
practice of wasting the effluent.
The reduction in efficiency following scraping is much 1¢5%
at low rates, and if a filter is started at much less than "
normal rate after scraping, and then gradually increased 1O 'h‘: ‘
standard after the sediment layer is formed, the poor work wil
be largely avoided. Practically this is done at Berlin and at
Hamburg. The filters are started at a fourth or less of the usud
! rates and are gradually increased, as past experience with bac
. terial results has shown it can be safely done, and the effluent 18
“then even at first so well purified that it need not be wasted.
Practically in building new filters the provision of a Suimb‘_c
connection for wasting the effluents into the drain - which 18
necessary for emptying them involves no serious expense an.
should be provided, but it may be questioned how often it
should be used for wasting the effluents. 1f the raw water is 9
bad that a good effluent cannot be obtained by careful maﬂiP“.l’
tion even just after scraping, the course of the Berlin authoriti®®
in closing the Stralau works and secking a less polluted supply
would seem to be the only really safe procedure.

SAND-WASHING.

The sand-washing apparatus is an important part of most
Eurqpe;n filtering plants. It seldom happens that a natural sand
can be found clean enough and sufficiently free from fine par

1

CLEANING A FiLTER, E

WasainGg DIRTY S
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ticles, although such a sand was found and used for the Lawrence
filter. Most of the sand in use for filtration in Europe was
originally washed. In the operation of the filters also, sand-
washing is used for the dirty sand, which can then be used over
and over at a much lower cost than would be the case if fresh
sand was used for refilling. The methods used for washing
sand at the different works present a great varicty both in their
details and in the underlying principles. Formerly boxes with
double perforated bottoms in which the sand was placed and
stirred by a man as water from below rose through them, and
other similar arrangements were commonly used, but they are
at present only retained, so far as [ know, in some of the smaller
English works. The cleansing obtained is apparently consider-
ably less thorough than with some of the modern devices.

vl‘ljyll:;!l};%ﬁ Illlll%’;l

F16. 13.—HOSE-WASHING FOR DIRTY SAND.

Hose-washing is used in London by the Southwark and Vaux-
hall, Lambeth and Chelsea companies, and also at Antwerp.
For this a platform is constructed about 15 feet long by 8 feet
wide, with a pitch lengthwise of 6to 8 inches (Fig. 13). The
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platform is surrounded by a wall rising from one foot at the bottom
to three feet high at the top, excey

by a removable plank weir 5 or 6 inches high,  From twao to

four cubic yards of the sand are placed upon this plattorm and 2
stream of water from a hose with a

itthe lower end, which is closed

1 or Linch nozzle i plaved
upon it, moving it about from place 1o place. The sand st
is always kept toward the Upper end of the platform, while the
water with the dirt removed flows down into, the pond made by
the weir, where the sand settles
the water. When the wate

out and the dirt overflows with
I comes off clear, which i usaally
after an hour or g little less, the Weir is removed, and, after
draining, the sand is removed. These arrangements are built in
pairs so that the hose can be used in one while the sand s bheing
changed in the other, They are usually built of brick laid in
cement, but plank and iron are als, used.  The corners are
sometimes carried out square

as in the figure, but are more often
rounded. The washing is

apparently fairly well done,
In Germany the so-called “ drum "

washing.machine, drawings
of which have been several time

S published,* has come to be
almost universally used. [ consists of a |

arge revolving cvline
der, on the bottom of the

inside of which the sand is slowly
pushed up toward the higher end by endle
tached to the cylinder, while water s freely played upon it all
the way. The machine requires 3 special house for its accommo-
dation and from 2 4 horse.

ss screw-blades at-

power for its operation. 1t washes
from 2.5 to 4 yards of sand Per hour most thoroughly, with a

consumption of from 11 to 14 times as large a volume of water.

The apparatus is not patented or made for sale, but fuli plans
can be easily secured.

A machine made by Samuel Pegg & Sons, Leicester. Eng.
pushes the sand up a slight incline down which water flows. I
is very heavy and requires Power to operate it.  The patent ha

e e e

* Glaser's Anmalen, 1880, P- 48; Zt. 7. Hygiene, 1889, p. 128,
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ut lighter and more co'nver:i-
rived from the wa'ter us'e
is used at Ziirich with

expired. A machine much like it b
lent and moved by water-power de
for washing instcad of steam-poOwer
g0ood results.

; nd i :
In Greenway's machine the Ta there is a current of water 1n
. s rhic 1 . . by a
e marrow cylinder ””}‘!“ power required 1s {furnished by
1e

aratus is
. irich. The app
] e at Zuric ]
water-motor, as with the machin it has an appliance for

; rtable; :
Mounted on wheels and is po 1()a(;ing it onto cars. It 1s
. r .
Piling up the washed sand o es Gibb & Co., London

i by Jam in
Patented and is manufactured t)r companies are now us g
. 1 wate
Sceveral of the Londor

laced by the
has been p

ejector washers, and such an apparatus This apparatus was
side of the “ drum " washers at Hamburg.

ombines the
. hers in Hannover, and ¢ designs
Mmade by Keérting Brot vith hoppers from

; rm .
€jectors long made by that fi London Water Company
by Mr. Bryan, engineer of the East lv in the shape of the

Mr, an, eng :

An apparatus differing from this only atented in England,

ejcct():s} 'u;d some minor details haS:ee‘;rp& Goodman, Bow,
o Hunter, Fraz

and is for sale by Messrs.

: ers

London, .t of a series of conical hofPP ed’

sis re forc

Both of these forms con ; od water 2 :
trom the bottom of each of which the ?and :; the excess of dirty
into the top of the next by means of ejectors, The apparatus

each hopper. .
Water overflowing from the top Oft of order, but is not portable
i ikely to get ou
1S compact and not likely

at the level of the
It can be easily arranged to take tzedf;?\?er it washed at some
ground, or even lower if de?ir.‘ed, Z}:an.labor. The washing is
Tegular and thor?ug};e quantity of water require ,re o
against its use st ed that the volume .of watert asquCh
Hambu[rg ; wtasxgl:if;:: that of the sand, "(Vihllzl 2,1}“‘:‘,(:1Ssllers, and
w “
(I:::nv);:lur:;) were required for the ru

s forced by a screw through

the opposite direction.
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the saving j
Ing in pow
¢
wates, P r much more than offset the extra cost for
In additi
d 1tion to th
e .
method of cleaning w'a:me processes of sand-washing, Piefke’s
though as yet it has hl't :;”t Scraping * might be mcnti'oned al
has only been used of crdly passed the experimental stage ,and
; 1 extremely g -5
Sists of stirri nely small filters
ring th . ’ ters. The process con-
while a thin sh:ct oT’ surface sand of the filter with[‘ v ltzérs "
. . *wa
arrangement "CCCSsitwatu rapidly flows over the surface. This
C . ate . ace.
viding for rapidly re tts'a special construction of the filters, pro-
face, and for prod .Inovmg the unfiltered water f chs,P r
ucir . r from the sur-
sheet of water over ])ga regular and rapid movement of a thin
"y ~ » 1
one of which [ say | t “—bSurfacc. In the little filter oo .a se
Saw in a brewery ; IS now i ust,
cheaply cwery in Berli .
I: s a:d apparently well done lin, the cleaning is rapidly,
. ty s it .
will be removed wi)h and it is obvious that any small sand-grains
object s to rem th the dirt, and jp “'“Shing’, a s(;ln -grail:l
ve . ICW S n
the grains below g certain  san lth.e m?;o
size. It is a

wni 4

done b .
Y €xperimen
In some Placest’ﬁ?ts N0 results are available on this point
though thi ered water is y d point.

IS seems quite un sed for sand.washing, al

answer: necessary .
S very well. Ty, as ordinary river-water

It is, h
sm y NOw
pr:\il-dworks’ to use the filtered wpor. ofhe" cheaper, especially i#
1de e :
a separate supply for the war hl’Om the mains rather thas
shers.

per cent of the ¢ volume of the sand and
t
volume of the water filtered (Paghi ;al),d . ol;o:
4), so tha

e

* Vierteyy
Yakresschrift fur
ffentlicke Gesundhei
39 flege, 1891
’ » P- §0.
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0.6
qui per cent of the total quantity of water filtered will be re-
lfr('d for sand-washing. '
wa hhc cost of sand-washing in Germany with the “drum’
Shere e o . .
ers is said to be from 14 to 20 cents per cubic yard, in-

cluding |, :
ing labor, power, and water. In America the water would

Cos .
t no more, but the labor would be perhaps twice as dear.
aratus 1 should estimate the cost of

The sand would be brought and
¢ man could easily feed it in,
bably be re-
rts with

»

Wi .
. ith an c¢jector app
vashi .

shing dirty sand as follows:

dum

2 ped near to the washer, and on
no lift; . .
o lifting is required. Two men would pro

ui .
?h red to shovel the washed sand into barrows or ca
¢ present arrangements, but I think with a little ingenuity

thi .
his handling could be made easier.

ESTIMATED COST OF OPERATING EJECTOR WASHERS 9 HOURS.

ooooooo ws et e s b

Wages of 3 men at $2.00..-- -
volume of sand)

110,000 gals. water (15 times the
at 0.05 a thousand gals.... .- .

...............

Total cost of washing 36 cubic yards... ....-- $11.50

or 32 cents a cubic yard.

The cost of washing new sand might be somewhat less. The
Lo} . : . 3
ther costs of cleaning filters, scraping, transporting, and re-
Placing the sand are much greater than the washing itsell.

Lindley states that at Warsaw 29 days’ labor of 10 hours for one
urface, and four

Man are required to scrape an acre of filter s

times as much for the annual deep scraping, digging up, and
The first expense OCCurs
nly once a year. At other places
ding data the figures range from
verage about the

replacing the sand. in general
monthly, and the second 0
Where | have secured correspon
19 to 40 days' labor to scrape one acre, and a

same as Lindley estimates.

Under some conditions sand-washing does not pay, and in
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still others it j st | :

devised whicthliv?lllw.m,hlmposs-lble' No apparatus has yet bee?
in Holland \\rithout“\ns‘}:hc Jirt out of the fing dune sands used
and in these works I:Z: "Tg @ large part of the sand itsell away,
quantitios o b [sx sand, which is available in unlimited
the dirty sand is sold (o the works, is always used. At Breslav
price paid for new s:m((;rdbulldlng purposcs for ane third of e
works. and no i eredgcd from the river, delivered at the
Rotterdam also use frcs},vc-r washed. Budapest, Warsaw, and
very crude washi river-sand without washing, except 2

ng to remove clay at Budapest
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2

CHAPTER VI

THEORY AND EFFICIENCY OF CONTINUOUS FILTRATION.
THE first filters for a public water-supply were built by James
Simpson, engineer of the Chelsea Water Company at London
in 1829. They were apparently intended to remove dirt from
the water in imitation of natural processes: and without any very
clear conception of either the exact extent of purification or the
way in which it was to be accomplished. The removal of tur-
bidity was the most obvious result, and a clear effluent was the
single test of the efficiency of filtration, as it remains the legal
criterion of the work of the London filters even to-day, notwith-
Standing the discovery and use of other and more delicate tests.
The invention and use of methods for determining the organic
matters in water by Wanklyn and Frankland, about 1870, led to
the discovery that the proportion of organic matters removed by

filtration was disappointingly low, and as, at the time, and for
many years afterward, an exaggerated importance was given to
the mere quantities of organic matters in water, it was con-
cluded that filtration had only 2 limited influence upon the

healthfulness of the filtered water, and that practically as much
n unpolluted water as would

care must be given to securing @
jrect without filtration. This

be the case if it were delivered d
‘med by more recent investigation, un-

theory, although not confir
doubtedly has had a good influence upon the English works by
free from excessive pollu-

causing the selection of raw waters
tions, and, in cases like the London supplies, drawn from the

Thames and the Lea, in stimulating a most jealous care of the
watersheds and the purification of sewage by the towns upon

them.
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It was only after the discovery of the bacteria in water and
their relations to health that the hygenic significance of fltration
commenced to be really understood, Investigations of the bac-
teria in the waters before and after filtration were carried out at
Berlin by Plagge and Proskower, at London by Dr. Perey
Frankland, and also at Zurich, Altona, and on a smaller scale
at other places. These investigations showed that the bacteria
were mainly removed by filtration, the numbers in the cfluents
rarely exceeding two or three per cent of those in the raw water.
This gave a new aspect to the problem.

[t was further observed, especially at Berlin and Zurich, that
the numbers of bacteria in cflluents were apparently quite inde-
pendent of the numbers in the raw water, and the theory was
formed that all of the bacteria were stopped by the filters, and
that those found in the efluents were the result of contaminatios
from the air and of growths in the underdrains. The logical
' conclusion from this theory was that filtered water was quite
. suitable for drinking regardless of the pollution of its source.

It was, however, found that the numbers of bacteria in the
efluents were higher immcdiatcly after scraping than at other
times, and it was concluded that before the formation of the
sediment layer some bacteria were able to pass the sand, and it
was therefore recommended that the first water filtered after
scraping should be rejected. . PRI ,A"'c')/*w . "{{‘

Piefke at Berlin gave the subject careful study, and came10
the conclusion that it was almost entirely the sediment layer
which stopped the bacteria, and that the bacteria themselves
in the sediment layer formed a slimy mass which completely
intercepted those in the passing water. When this layer was
removed by scraping, the action was stopped until a new crop
of bacteria had accumulated. In support of this idea he stated
that he had taken ordinary good filter-sand and killed the bac-
teria in it by heating it, and that on passing water through, n0
purification was eflected—in fact, the efluent contained more
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After a little, bacteria estab}ished

bacterj he raw water. . .
teria than t n the wvsual purification was ob-

themselves in the sand, and the : o
tained. Piefke concluded that lh.e action Of. t E;Hadcquate 2
bi‘)l‘):ical one; that simple straining was <‘1u1teof e e
produce the results obtained; that the acuonh the dlter o
mainly confined to the sediment layer, and that toit Ofpthis -
bc)">l{d the slight depth necessary for the Suﬁf et of
had no appreciable influence upon the rC?U 'e;s 1 ot Berlin
this theory is still seen in the shallow sand lay e rendency
and some other German works, although at London \

is rather toward thicker sand layers. —ely supported by

Piefke's deductions, however, aré not entirely sup

i 1 more recent in-
his data as we understand them in t}1e'1.1ght of nore Tecen:
eriment with sterilized san a

awrence Experiment Station with results
‘ but it has also been found that

vestigation. The exp
peatedly tried at the L ,
which quite agree with Piefke .S, b as in the raw water,
the high numbers, often many times as.hlgh “dinary course of
do not represent bacteria which pass m t f;)oteria tJhroughOut
filtration, but instead enormous growths ?f ma;ctter in it. It has
the sand supported by the coo?{ed orgaglc ite incapable of sup-
been repeatedly found that ordmary' " qutem erature capable
porting bacterial growths, after heating to @ h tlla)e food for most
of killing the bacteria will afterwards furnlsd may stop the bac-
extraordinary numbers. A ﬁ.‘t‘“aé’feéiﬁi’ui& as aiy other filter,
teri assing water quite ) .

butaif0 fs;het}f)e fac% cannot be determined w1thot1)1trsr<(3)(flolllar:erti:
special myethods, on account of the enormous {ludmf N ward by the
in the sand, a small part of which are carried [0rwa y

tion of the
passing water, and completely mask the normal action

ﬁlte;-}le theory that all or practically all of the bacteria are inter-

. hat those in the eflluent are

diment layer, and t , _
f;st:eciul;{(:?e rs;awlths in the sand or underdrains, recexv‘ed two
hard blows ing1889and 1891, when mild epidemics of typhoid fever
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followed .
Altona m:ldm;:l:tlgl,}:lg.h lglmi?ers f’f bacteria in the effluents at
that the fever was (iil:elcl:l 'Zrh"' with goud cvidence In each case
came during, and as u\}. uf to the water.  Both of these €ases
open hiters l?md under cL ;t‘:s‘uh of, severe winter weather with
extremely unfavorable f on mon§ which arc now rccognized 25
As a result of the ﬁo~r good filtration.
ments were made at ‘::r(): these L:pidcmics 4 serics of expert
Small filters were construc:xzu. by Frinkel and Picike in 1890-
ordinary filters. Bacteri ‘-f, and .\v:llcr passed exactly as in the
raw water or cflluents w';f’ lSPCle .ki"ds not existing in the
very small fraction of thet L-t wn applicd, and the presence of a
a doubt that they had n "'“ the cfuents demonstrated bcyO"d
ordinary conditions ()f‘f] l?ﬂ?scd through the filters under the
wards repeated by Pi "“:mtum. These experiments were after-
ditions with simil;r r': 1c almfc under somewhat different €O™
although large enou Eut - ’“‘c_ numbers of bacteria passing
were nevertheless inggen(::rzitzthh the point that some do pas$
of t;'f:] many thousands applied ut a small fraction of one per cent
is metho i
been used quit: iorfd::esct";g the efficiency of filters had already
rence Experiment st:t'n e."uy by Prof. Sedgwick at the Law’
sewage, and has since l(t),'; " C"““Cc‘lion with the purification of
mer;? with \Vatcr-ﬁltrmio:n extensively used there for experi-
immel also found at Altona that while i
for bacteri oo hat while in the regular samples
ther wae i;loc::m':::tlon, all ta'ken at the same timg in the gay.
teriain the raw wp':t nt connection between the numbers of bac”
ater and effluents, by taking samples at frequent
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the Lawrence Experiment Station,

bacteria in the effluent from 2

directly from the fltered water, an
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and it now appears that the
flter are from two sources:
d from the lower layers of the

filter and underdrains. Thus we may say

Bacteria in efluent = Bacteria Ir

in raw water,
where a is the per cent of bac
Both of these terms depen
and but imperfectly understood €
teria from the underdrains aré
almost #z/, while at Lawrence wit
75 degrees, and over, in July and
source may reach 200 or 300 but
year rarely exceed 50 un
cially it seems to be greater a

sheghs
fl
S

o _1

7 8 4
RATE OF FILTRATION - MiLL

F1G. 14.—SHOWING BACTERIA SUPPOSED TO €O

om underdrains +

teria actually passing
d upon a whole

low in col

der normal conditions.
t low than at

| arn=
AT

s 6 7 8 9
|ON GALLONS PER ACRE. DA!

% bacteria
100

the filter.

series of complex
onditions. In general the bac-
d winter weather, often

h water temperatures of 70 to
August, the numbers from this
he other ten months of the
In summer espe-
high rates of filtration

fort

-- o /AV/'
|

10

LY.

ME THROUGH FILTERS AND FROM

THE UNDERDRAINS.

(although a high rate for 2 short
varies in the opposite Way
the filters. This subject is P

is difficult, almost impossible, to sepa

y no means clear

time only inCreases it), and so

{rom the numbers actually passing

ly understood ; it
rate the numbers of bacteria |

into the two parts—those which come directly through and may

be dangerous, and those which have other origins and are harmless.
n to represent my idea of the way

intervals thro
2 more recem“gh?ut the twenty-four hours, as has been done in
seri : !
es of experiments, and allowing for the time

required for the
water to pass the filters, a well-marked conn€C-

tion was found ;
raw 'to exist between the numb ia i
water and in the efluents ers of bacteria in the

The subject h
) as more recently been studied in much detail at

The sketch, Fig. 14, 1 draw
It has no statistical basis whatever. The

hows the percentage number of bacteria

they may be divided.
light unshaded section s
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which I concei . o
ceive t N -
ditions at vano o be coming through a filter under aiven cofr
It us rates - . *
above GCrcsext‘ }mtu of filtration, while the \h‘ul:d section
sents the bacteri: . shi
line. represents \e bacteria from other sources, and the upper
teria in the cffl e sum of the two, or the total number of bac
uent.  The relative i ) .
would probably va l'hL relative importance of the two parts
conditions indii‘at‘ rl) widely with various conditions With the
efiluent is almost ;l) by the sketeh the number of bacteria in the
g nstant: for a variati ) '
per cent of th a variation of only {r 2
¢ number : . y from 1.4 to 2.5
Huctuation for chtcb'crl applied for the whole range s not 4 wide
acterial results, b R )
dangerous section is alway | l.x[ the number in the lower and
rate. ays rapidly increasing with increasing
This th
eory of filtrati
plexing facts. The ¢ mtllo‘? accounts for many otherwise P
that the efficiency fu?c usion reached at Zirich and elsewhere
plained in this \vrl)v ° Thhl-trzftmn is independent of ratc may be ex-
the number of b'i(;t - ls. is especially probable at Zuricl; where
and an extremel ‘l cria in the raw water was only about 200
- id a . ¢ . 2
to make 2 well n)m k"g; proportion relatively would have to pass
-marked impressi
effluent. pression upon the total number in the
These
underdrain :
harmless: we are onl b.actcrm are, so far as we know entirely
they are capable Ofndy interested in them to dctermine' how far
tion below the actual (';lrc.asmg the apparent efhciency of filtra-
actual efhciency, or
removed by the filter. y, or the per cent of bacteria really
This efhci
ciency i
ditions many of z ll's dependent upon a large number of con
v . :
tion with grain-si “d: Ea\c already been discussed in connec
-S1z¢ O 1 ,
loss ter sand, u : .
of head, etc., and a , underdrains, rate of filtratio
Perhaps th a mere reference to th :
numb e most important singl em here will sufhce-
Um . n e . . .
ers of bacteria passing i gle condition is the ratc, the
sand and in g increcase rapidly with i
The inf moderately deep layers t pidly with it. Next, fin€
ein s ten ive hi :
to b uence of the loss of head, oft ds to give high efficiency”
e important by the Law;e en mentioned, is not shown
nce
results, nor can I find
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satisfactory European results in support of it. Uniformity in the
rate of filtration on all parts of the filtering area and a constant
rate throughout the twenty-four hours arc regarded as essential
conditions for the best results. Severe winter weather has in-

directly, by disturbing the regular action of open filters, an in-
been the caus€ of most of the cases

e been known tO injure the health of
This action 18 excluded in filters
d soil, and such construction is
s in places subject to cold

jurious influence, and has
where filtered waters hav
those who have drunk them.
covered with masonry arches an
aD.parcntly necessary for the best result
winters.

The efficiency of filtration up

studied by a most elaborate seri
with small filters to which water has been applied containing 2

bacterium (5. prodigiosus) which does not occur naturally in this
country and is not capable of growing in the filter, SO that the
results should represent only the bacteria coming through the
filter and not include any additions from the underdrains. These
results, which have been published in full in the reports of the
Massachusetts State Board of Health, especially for the years
1892 and 1893, show that the number of pacteria passing increases
rapidly with increasing rate and slowly with decreasing sand

thickness and increased size of sand-grain-
Assuming that the number of bacteria passing 1s €x

by the formula
rate)’ X effective siz€ of sand

I —(-—//_’/’_—__‘_
the sand in inches

Per centb i ing = =
ent bacteria passing = 3 /thickness =
essed in million gallons per acre daily, and

bers of bacteria for the seventy-three
lable from 11 filters

der various conditions has been
es of experiments at Lawrence

pressed

where the rate is €XpT
calculating by it the num
months for which satisfactory data are avai
in 1892 and 1893, we find that
In 14 cases the numbers obser
the calculated numbers;
In 6 cases they were 2 t0'3 times as great;

ved were 4109 times as great as
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Tn 35 cas
es they were b
€
. numbers. tween § and

In1
o l7 cases they were § to  of them
I cases the '
e y were less than § the calcul
f agreement is only moderatel et
ormula could b e
ont s . , and in fact no such
ormula could be ¢ (ll)ccted to give more than very rougha proxi
, oc« ” - s ; ‘ ]
other elements, such s not ‘takc into consideration the nulmcrous
orher elements, sucl as uniformity and regularity of filtration
sraping, the cha ' '
the influcnce : , character of the sedi '
o »f the sediment In the
e mark,Cd ch are known to affect the results.  Perhap$
rener: 3 . - o
et o ﬁltcri, mm'l difference is the tendency of new f)l'
to give higher, and of old a d 1l
and we -com-

an th ST | )

2 times the calculated

Comp i .
aring this f .
“ Neue Ermittelun ormula with Pictke's results given in his
e oK% .
gen the formula gives in the first ries
: first s€

\0.34 mm. sand
, 0.50 m. thick
per cent passin : ,and rate 100 mm. per !

) . , 0.2
reported, exClu(ﬁn W:‘}l‘lc the average number oli) r[)’"?-:';;a;oui
scraping, was 0.26 gpe e first day of decreased cfﬁci;:n‘c)' after
high a rate th ' rcent. In the second series, wi
ot e numbers checked exa scries, with half a8

i ctly the calculated 0.06 per
n other experim
ents,t however, i
per cent was al ever, in 1893, whe
observed i so 0.25, only 0.03, 0.0 n the calculated
C"c in the effluents. 4, and 0.07 per cent were
omparing the resul
also include ults from the actual .
the . al filters,
fore be SOmew}ml:a;;-tena from the underdrains ar(1‘dv}:hCh ?;“;lbc?
ing through, I f igher) with the numbers calcul 0: there-
189,3’ for Wh{ch dnd that for the 46 da)-s Au wated a3 pass’
: ’ .2
by Piefke, the ctailed results of the Str::\laug 2 1 Oc.t‘ 4
’ average calculated number pa ‘\.'orks are giver
ssing is 0.20 per

e

* Journal fur
- Gas- und W:
t Zeitschrift far Hygiene, : ;;':’:;;orgn:. 1891, 108,
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y were observed in the effluents; al-

though three of the flters gave Detter effluents than the other
eight, and the numbers from them approximated closely the
calculated numbers. If we calculate the percentages of bacteria
passing a number of filters, using the maximum rate of filtration
allowed for the German filters where this 18 accurately deter-
mined, and for the English filters taking the maximum rate at
one and one-half times the rate obtained bY dividing the daily

uantity by the area of filters actually in us®

q\——‘///‘
|

I Per cent
Bac teria

Average Effective i
Bepinof | Size of Mool
Sand- | Filtration:

Inches. grain.

cent, while twice as man

passing
ad

=32 Vsand

Hamburg...o.ooeoetet”" TP 32 0.31 1.60 0.07
Altona..,.,,.‘_'.',’,',",Zf ................. 28 o3 | 257 | 9%
Beriin: Stralat,oooe o om0 20 0.34 2.57 0.25
«  Miiggel....ooeo0 0 TP 20 0.34 2.57 0.25
w Tegel.. oz sn i 20 0.37 2.57 | ©%
London, Southwark & vauxhall. ..o 36 0.34 2.81 0.22
O™ West MiddleseX.eee-s 7 i39 0.37 2.81 0.22

w Chelsea.. .- ettt 54 0.36 3.27 0.2

«  Grand Junction .eecee 2ttt 10 0.40 3.27 0.39
Lambeth ... oo =o000 000 36 0.36 3.75 | 942
Middlesborough ..« -+ ==+ 20 . .85 | I 58
26 7.50 "7 1.90

ZOEICh v vane srrmenerett sttt

are in every €as¢ higher than
hould be on

tually observed
as indeed they S

The numbers ac
the calculated per cents passing,
i accidental con-

account of those coming from the underdrains,

tamination of the samples, etc
It may be said that filtration s

works under ordinary conditions neve
cent of the pacteria of the raw water to pass and ordinarily not

over one fourth to one half of oné per cent, although exact data
cannot be obtained owing to masking effect of the bacteria

which come in from pelow and which bear no relation to those
of the raw water. he size of flters, fineness and:

now practised in European

¢ allows over! or 2 per

By increasing t
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depth of sand (ag gy I-I:unhurg), the ethiciency can e materially
increaseq above thege hgures. Ay the same time it must be
borne ip mind that ¢he clicctivenegg of a filter may be grcil”)[
IMpaired by inadequate uudcrdruining, by fluctuating rates o
filtration where these are u“nwcd, by ircczmg in winter in the
Case of open flters in colg climageg
all of which ¢qp, be prevenge
respective Points,

. [ *S,

vand by other u’f'cgul.mu;
) : Ic

d by carcful attention 1o t

. . ) is mainlyv that of
The actioy, of a continuous fijye, throughouy i« mainly tha

. . : is mainly con-
an excccdmgly fine Strainer, qpq like 4 Srainer is mainly ¢

matters in the raw water.
The turbidit_s', sediment, and bacteriy of the raw water are
largely Or entirely Temoved, whjj,e h
and color, s, far ag thcy are in sulution, are removed to O"l"..a
slight Cxtent, if at o). Hardness €n be removed by the 3d'd"
tion of Jijpe in carcfully determineq quantity  before ﬁ!trntu')ﬂ
(Clark’s Process), by means of whicl, the excess of carbonic acid
in the wage, is absorbe and the Jime added, together with that
Previously in the water, js Precipitate. .
Ordinary filtration wWill remoye from one fourth to one (h.nrd
of the yelow-brown color of Peaty water, A larger }”‘”I"’“.'On
can be removed by the addition of alum, which by (1CC(;:1II’°Sf"g
forms ap insoluble Compound of alumina iy, the coloring
alum goes into the efuent either as
free acid, or jp combinatjgy with the lime of other base in the
water, according to the;y respectiye quantities, Freshly pre-
Cipitated aluming ¢qp be Substituted o the alum at increased
femove the color Wl’th"f"
¢ will be discussed more in
ion with mechanical filers. Alum is but mrcl'y
'0St important works where it
ty waters,
est of the efficiency of filtration
who drink the filtered water;

ardness, organic matter,

adding acid to pe water. The

After all, the most conclusive ¢
is the healthfy|negs of the people

~ States and, after filterin

ov. 93
S FILTRATT
FFRICIENCY OF CONTINUOU.

THEORY anp g

ities take water-supplies from
d the face that many European cities for use in the United
nd the ac' Id not be considered fit lations having
Sources which would n hem, deliver them to popu to be
g them, de ich are so low as
death from water-carried discases Wthhof of the efficiency
“ath. (o} .
hut bTates r{ r admiration, is the best pro
the o Jects of ou .
iltration. ing its water
of carefully conducted filtr fer to London, drawing lth o
It is only necessary to re ivers. the Thames and the v
from the two small and polluted rive he Elbe, polluted by the
drawing its water from the ithin ten miles above
to Altona, dra cople, 700,000 of them wi he Havel and the
, 000 PO the .
Sewage of 6,000, Be:;in using the waters of Oder charged with
N . to ) e
;hc mtakesB, lau, taking its water frole .th and Galicia, where
pree; to res s Lo B icts in Silicia ased
i ining distric ey s reatly decre
the sewage of min f to Lawrence, with xtsdgto the hundred
: mmon, n
cholera ig S0 cO‘t has had filtered water, athe infectious mat-
i
death.rate smcs' h protect themselves [rpm, A few of these
. - n.
Other pIaC(:‘S e v;ﬁers by means of h]tratlodices V to IX, and
ters in their ra.\; ‘d more in detail in App:;n endix X.
€ases are describe ioned in App
hers in the literature mentioned data which have been
Mmany others esentation of even those upy too much
e pr . occ
An adequate p and published would tudied the recent
dlready worked up one who has carefully Sdu‘ ase has been
. ever i . fo) 18€
Space. | thml: ﬁ[t):—ation in its relatloﬂdt nder suitable and
i , er u
history of wa filtration carefully execute is at least a very
convinced tha.t s, even if not an absolut;seases and the few
. e y
formal condition " n against water-carried alities have been
Substantial Pmtectlto remove objectionable qu which are now
: 0 itions
apparent faxlur.es due to abnormal conditi
Without exception

revented.
understood and in future can be p
WATERS.
ATION OF
L EXAMIN
BACTERIA

ments for the
filter-plant should have arrarniz fore and after
Every largf rial examination of the wate
Systematic bacte
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hltration :
and they will n(:{‘;‘)‘;‘?‘::h")ns need '.ml be excessively expensives
but may be made to ihu (T\‘}thc Cm?xenc_‘- of the plant as a whole,
filters, the relative cthei ‘.‘ ht rclzu.u-e efficiencies of the separat®
operation, the effect of :;(lec% at different parts of the pcriods of
stantial 2id to the s );ri"\:?a;hcr, etc., and will then be a sub-
effluents at the minimunll costLn ent in always securing good
In addition : . ]
different m':;‘s";;’;’s,';te record Of. t.hc bacteria in the water at
water was connected witl:n determining dcfinitely whether the
break of disease of any ki ‘(;“tb”?ﬂks of discase. - Thus if an o4
by a great increase in)th .“ were preceded at a certain interval
case, for example, with :h"“"lbcr‘(,{ bacteria,—as has been the
Berlin (see Appef;diCes I ¢ t,\'thmd epidemics at Altona and
that they might have be and V1) —a presumption would arise
time it was repeated theen COnnect(?d with each other, and each
while, on the other hand U‘;:‘;Sumptlon would be strcnglhencd.
remained constantly 10“,' reaks occurring while the bacteria
Bacterial investipon wou.ld tend to discredit such a theory-
recognized, as has ffc u‘;"Slmauguratcd after an epidemic is
of value, both becuus: thmly been done, seldom lead to results
generally unknown at thee ocal normal bacterial conditions ar¢
and because the most im C()mme'fccment of the investigation,
already long past before tI;:;r;l‘qr:t fime, the time of infection. ¥
that such sporadic activities havsalmplcs are takcn.' The fagt
should throw no discredit ¢ c.d to few definite results
have_repeatedly proved of i::s(i?mczrlmnurd observations, whict
COﬂSidcrab . ) able value.
tions exists, 'Il‘iemslis:loT:et)pt‘on .Of the use of bacterial examind-
which I am now spe i acterial count ordinarily used, and of
peaking, does not and cannot show whether 3

water contains dj
wate disease-germs or not. I obj icag®
ater, not so much because a glass of it Tors > hamtrod tho

sand bacteria more or less, as because | contains a hundred thou-

am convinced, by a stady
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of its source in connection with the city’s death-rate, that it actu-
thousands

ally carries disease-germs which prove injurious to
d that the

of those who drink it. Now the fact being admitte
the numbers of bacteria

s and at different times
tions of fresh

water is injurious to health, variations in
in the water drawn from different intake
probably correspend roughly with varying propor
sewage, and indicate roughly the relative dangers {from the use
of the respective waters. If filters should be introduced, the
numbers of bacteria in the effluents under various conditions
would be an index of the respective efficiencies of filtration, and
would serve to detect poor work, and would probably suggest
the measures necessary for better results. :

I would suggest the desirability of such investigations where
mechanical filters are used, quite as much as in connection with

slow filtration ; and it would also be most desirable in the case of
re not filtered at all.  Such con-

n made at Berlin since 1884 ; at
888 ; and

many water-supplies which a

tinued observations have bee€

London since 1886; at Boston and Lawrence since 1
including Chicago, where

recently at a large number of places,
din 1894. They are now

observations by the city were commence
required by the German Government in the case of all filtered

Public water-supplies in Germany, without regard to the source
of the raw water. The German standard requires that the efflu-
ent from each single filter, as well as the mixed effluent and raw
water, shall be examined daily, making at some works 10 to 30
Samples daily. This amount of work, however, can usually be
done by a single man; and when a laboratory is once started, the
cost of examining 20 samples a day will not be much greater
than if only 20 a week are taken. In England and at some of
the Continental works drawing their waters from but slightly
polluted sources, much smaller numbers of samples are examined.

The question whether the examinations should be made under
the direction of the water-works company or department, or by
an independent body—as, for instance, by the Board of Health—
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wil| depengd upon loea] conditions, The former arrangement
gives the Supcrintendeny of the filters 1 best chance to study
their action, as ke can himyelf control the collection of samples
In connection with ¢l Operatio

. - , m
Vol the filters, ang arrange the
Lo throw light upon the

puints he Wishes to) investigate ; while
€Xaminatioy, by a Separate duthority
Protection against the possible
Water.works officials, Ap arran
Cases in Gcrm;my IS to haye

affords Jerhaps greater
carclessnesy or dishonesty of
sement being adopted in many
& buacteriy) l:ll)t)l‘(ll()r)' at the “'Ork's
control of the Superintendent, and in which
the Very numeroys Compulsory obscry
Board of Health Causes to be ey
Its own reprcsentati\'cs, wWho haye i
works, samples takep to check the water-works figures, as we
as to show the character of the water delivered,

It seems Quite desirap)e to have 5
ness is to make these ¢Xaminatiops ;
ous other duties, the €xaminatjong
neglected a¢ Some time whep, the

man shoy]d have hag thomllgh lraining in the principles of bac-
terial manipulation, but it js quite unnecessary that he should .be
an expert bacteriologist, cspccia”y if a competent bacteriologist
Is retained for Consultation i, Cases of doubt o difficulty.

: ‘hile the

atons are made, while t

. . e by

amined from time to time )
. . . water-

RO connection with the wat

man whege principal bust-
asin case he also has numer-
may be found 1, have been
Y are most wanted. Such a
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CHAPTER VIL
N.
INTERMITTENT FILTRATIO

filtration in
. . stood that
i i tion is under dequately
BY intermittent filtra ‘ atically and adeq -
. ial is system ltration is
] Itering materia i rse of filtr
\‘f::hltc'? tﬁ(lje id whgre the water during the (;0:;13 sand. In con-
Ntilated, a ;
brought in contact with air in the pores Oeviously considered,
ti ¥ filtration, which alone has been prl as possible before
t;)nuo‘us’ 9 ra o (’)ut of the sand as complete t)]fd is kept continu.
e riv . a
the ac‘c: lsmencement of filtration, and thfi)escomes clogged and a
o m' d with water until the Sam'i essary to allow the
us'y o er'eh incidental aeration, is nec
Talning, with an i in service. .
flter to be scraped and again pUtt;lC other hand, water is taken
i i Itration, on into it, coming in
» mtemuttfen; ﬁdrained sand and settlej mt;) p;sses frecly
ov the , an
Cmetra t:le F:;Pt‘;e air in the pores of the sax; is kept well down.
o tact wi he bottom when the water-leve s stopped, and the
o . s ,
rtoughl.to. tdeﬁme the application of water:}joroughly aerated
ter-a ]:lte d to again drain and become
€r is allowe se of water. i
Preparatory to receiving anothertgro was suggested by the U‘:
i treating wa imilar treatment.
Is system of ffected by a si )
. . f sewage e iment Station,
fql;lalled punﬁcatl:;;:ed at the Lawrence Experim
t has been investi

ity of Law-
or the Clt)’_o
: onstruction of a ﬁl.terf igable energy of
and applied to thh?(}:] are due to the indefatig. :
rence, hoth of whic .
: M; . . inuous filtration
Hiram F, Milis, C-E. termittent differs from cgntause the flters
. i n €C
- Inits Operat;:;g action is less perff:ct,t therefore filter at a
“T that the Strz:vhile being aerated, and mus . quantit)’ of water
Yield no wate.r hen in use to yield the sam hanical disturb.
greater velo‘f‘ty w d also on account of the mec
in a given time, an
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ance which is almost invariably caused by the application of the
water; but, on the other hand, the uxidiz'iug powers of the filter
or the tendency to nitrify and destroy the organic matters, aré
St.rongcr, and in addition, if the rate ls not too high, the bacteria
ti\llctll]nzrr'((:l"r]al;r);d:;)h:nrsthc thoroughly acrated sand than is the cas®

It was found at Lawrence in connection with sewage filters
that w.hcn nitrification was actively taking place the numbers of
bacteria were much lower than under np}l»nsitc conditions, and it
was thought that nitrification in itsclf might cause the death of
the bactcr.ia. Later experiments, huwcw‘:r, with pure cultures
()f. bacteria of various kinds applicd to intermittent filters
with water to which ammonia and salts suitable for nitnﬁcaﬁ(’n
were added, showed that bacteria of all the species tried were
able to pass the filter in the presence of nitrification, produci“g
at least one thousand times as much nitrates as could result in
any cas? of water-hltration, as frcely as was the case when the
ammonia was not added and thert; was but little pitrificatio®
These 1:esults showed conclusively that nitrification in itself is
n'ot an important factor in bacterial removal, although nitrific®
tion and ‘bacterial purification do to some extent ;,:) t(’)gethcr;
perhaps in part because the nitrification destroys the food ©
the bacteria and so starves them out, but pmb:n'bl\' much mor®
because‘ the conditions of aeration, tcmpcr;uurc' etc., whicb
favor nitrification also favor equally, and cven il; its absenc®
the death of the bacteria. '

Tlfe rate at which water must pass through an inu:rmitw“t
filter is, on account of the intervals of rest, considerably grcatcf
tha“_th‘“ rtiquired to give a corresponding total yield fro® 2
continuous hlter, and its straining effect is rcduccd— to an C"tc"t
comparable‘ to this increase in rate; and if other conditions di
not come in, the bacterial efficiency of an intermittent filter
would remain below that of a continuous one.

As a matter of fact the bacterial efficiency has usually been
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found to be less with intermittent filters at the Lawrence Ex-
periment Station, when they have been run at rates such as are
commonly used for continuous filters in Europe, say from one
and one hall to two million gallons and upwards per acre daily.
With lower rates, and especially with rather fine materials, the
bacterial efficiency is much greater; but it may be doubted
whether it would ever be greater than that of a continuous filter
with the same filtering material and the same total yield per
acre. The number of bacteria coming {rom the underdrains
and with very high summer tem-

peratures much less, than in continuous filters, and this often
al superiority to the intermittent filters.

is apparently generally less,
" gives an apparent bacteri
The effluents from intermittent often contain less slightly or-
ganic matter than those from continuous filters; but, on the other
hand, hardly any water proposed for a public water-supply has
f any sanitary significance what-
hich often accompany it;
we can

organic matter enough to be 0
ever, apart from the living bodies w
and if the latter are removed by straining or otherwise,
safely disregard the organic matters. In addition, the water
t majority of cases have enough air dis-
solved in itself to produce whatever oxidation there is time for
in the few hours required for it to pass the filter, and it is only
at very low rates of fltration that intermittent filters produce
effluents of greater chemical purity than by the ordinary process.
The yellow-brown coloring matter present in so many waters
appears to be quite incapable of rapid nitrification; and where it
is to some extent removed by fltration, the action is dependent
upon other and but imperfectly understood causes which seem
to act equally in continuous and intermittent filters.

The peculiarities of construction involved by this method of
filtration will be best jllustrated by a discussion of the Lawrence
city hlter designed by Hiram F. Mills, C.E., which is the only

filter in existence upon this Pla“‘*

- e
* [ am informed that several other filters upon the same principle have been more

recently built.

filtered will in a grea
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THE LAWRENCE FILTER.

The filter consists of a single bed 2§ acres in arca, the bot-
tom of which is 7 fect below low water in the river, and filled
with gravel and sand to an average depth of 44 feet.  The filtef
1s all in ‘a single bed instead of being divided into the three or
four sections which would probably have been used for a contin-
uous filter of this size. The water-tight bottom also was dis-
pensed with, and the gravel was prevented from sinking into the

silt by thin intermediate layers of graded materials. The saving |

In cost was considerable; but, on the other hand, a considerable
quantity of ground-water comes up through the bottom and io-
creases the hardness of the water from 1.5 to 2.6 parts of calcium
carbonate in 100,000; and while the water when compared with
many other waters is still extremely soft, the addition cannot be
reg'arded as desirable. The ground.water also contains irom
which increases the color of the water above what it would
otherwise be.

The underdrains have a frictional resistance ten times 3S
great as would be desirable for a continuous filter, the ide3
being to check extreme rates of filtration in case (;f unequal
flooding, and also to limit the quantity of water which could bé
gotten through the filter to that correspond; oderat¢
rate of filtration. ponding to @ m

The sand, instead of being all of the same-sized grain is of
two grades, with effective sizes respectively o.25 And o 3c; mim-
1he.coarser sand being placed farthest away from the under
drains, where its greater distance is intended to balance itS
reduced frictional resistance and make a]) parts filter at an
«equal rate.

The surface instead of being level is waved, that is, there are :

tﬁdges thirty feet apart, sloping evenly to the valleys one foot
deep half way between them, to allow water to be brou ght on

INTERMITTENT FILTRA rmM\
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rapidly without disturbing the sand surf‘?;ce?m;}fﬁn,
reason, as well as to secure equality of distributi@?ﬁﬁ?e
concrete carriers for the raw water goes to all parts of the filter,
reducing the effective filtering area by 4 or s per cent. The
filter is scraped as necessary in sections, the work being per-
formed when the filter is having its daily rest and aeration.
Dwing to the difference in frictional resistance before and after
scraping, and to the fact that it is impossible to scrape the entire
area in one day, considerable variations in the rate of filtration
in different parts of the filter must occur. The heavy frictional
resistance of the underdrains when more than the proper
quantity of water passes them tends to correct this tendency
especially for the more remote parts of the filter, but perhaps
at the expense of those near to the main drain.

The filter is not covered as the suggestions in Chapter 11
would require, but this is hardly on account of its being an in-
termittent filter. ’

The annual report of the Massachusetts State Board of
Health for 1893 states that during the first half of December,
1893, the surface remained covered, that is, it was used continu-
ously, and after December 16th it was so used when the temper-
ature was below 24°, and was drained only when the tempera-
ture was 24° or above. The days on which the filter was drained
during the remainder of December are not given, but during
January and February, 1894, the filter remained covered 29 days
and was drained 30 days. Bacterial samples were taken on 44
of these days, 22 days when it was drained and 22 when it was
not. The average number of bacteria on the days when it was
not drained was 137 and on those days when it was drained 252

per cubic centimeter.

From February 24th to March 12th th ‘
ging 492 per cubic centimeter, or 5.28

e filter was

e number of bacteria

were unusually high, avera

per cent of the 9308 applied. During this period th

used intermittently ; there was ice upor it, and par;s‘_'of the sur-

- 555 12
P “Nee
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face were scraped under the ice, and high rates of filtratio®
undoubtedly resulted on the scraped arcas.  After March 12th
th‘e ice had disappeared and very much better results were ob
tained.

While there may be some question as to the direct €ause ol
this decreased cthciency with continued cold weather and &
the results certainly are not such as to show the advisability of
building open hiters in the Lawrence climate.

The cost of building the filter in comparison with Europeah
flters was extraordinarily low—only $67,000, or $27.000 per acre
of filter surface. To have constructed open continuous filters
of the same area with water-tight bottoms, divided into sectiod$
with separate drains and regulating apparatus, with the necessary
piping, would have cost at lcast half as much more, and with the
masonry cover which I regard as most desirable in the Lawrence
climate the cost would have been two or three times the ex:
penditure actually required.

It was no casy matter to secure the consent of the city gov
ernment to the expenditure of even the sum used : there was
much skepticism as to the process of filtration in general, and it
was said that mechanical filters could be put in for about th
same cost. Insisting upon the more complete and cxpensi\'c
form might have resulted either in an indcfinite pnstpone"“’”t 0
action, or in the adoption of an inferior and entirely inadequ:ltc
process. Still T feel strongly that in the end thc; greater ex
pense would have proved an excellent investment in securing
softer water and’ in the greater facility and sccurity of Opemti“g
the filter in winter. :

In regard to the effect of the Lawrence filter upon the health
of the city, I can best quote from Mr. Mills’ paper in the Report
of the Massachusetts State Board of Health for 1893, and als®
published in the Journal of the New England \\'atcr-“’orks
Association. Mr. Mills says: “In the following diagram (Fig:
15] the average number of deaths from typhoid fever at Law~
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tober to May, in the preced-
heavy dotted line; and the
ven by the heavy

rence for each month from Oc
ing five years, are given by the avy o
number during the past eight months ar g

full hine.

«The total number for eight month o e eaving
forty-threc, and in the present year seventeen,

ied ni operatives
of twenty-six. Of the seventeen who died nine were p

s in past years has been

9

8[—}—_
—

1

]

Jan. Feb.
Oct Nov Dec.
FI1G. 15.—TYPHOID FEVER IN LAWRENCE.

e drunk unfiltered

as known to hav ;
ol t the sinks for

in the mills, each of who .
d in the factories a

canal water, which is use

T ; ho died
“ Tl%c finer full line shows the number of those who

to have used the
ho are not known
month after month w

i irht months
poisoned canal water. The whole number in the €1g

is eight. . »
“glt s evident from the previous diagram [not reproduced]

1 those
that the numbers above the fine full ling, here, follow aftceirb ose
'lt‘Lowell in the usual time, and were undoubtedly cause yl e
;ickness at Lowell; but W€ have satisfactory reasor;llto czn: tuh t

, ated through the filter but tha
that the disease was not propagatec
the germs were conveyed directly into the canals and to tll'ose,
ves
Whogdrank of the unfiltered canal water. Among the operall
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of on .
0 ne of the large corporations not using the canal water there
e Zt a case of typhoid fever during this period. \Varnings
cen placed in the mills where canal water is uscd 1O
Pre\‘rent the opcratives from drinking it
‘W :
durin ehﬁnd. then, that the mortality from typhoid fever has,
formg the use of the filter, been reduced to 40 per cent of the
e .
gl ;mortalxty, and that the cases forming nearly one half of
ﬁl4 Per. cent were undoubtedly due to the continucd use of
unfitered river water drawn from the canals."’
Th . . .
- e r.ecords of typhoid fever in Lawrence before and alter the
roduction of filters are as follows:

DEA : .
THS FROM T\ PHOID FEVER IN LAWRENCE 1853_98_
| e -
: ! Persons who are known to have beed
] exposed 1o infection.

Yean. iT?,'f“l[)f:l'ﬂb"i Deaths per 100 |~ e
1 s ! of Populauon. ‘ © Whiie iving out
: By diinking Canal of 1own just
i i Water. failing sk 18
| | l Lawreoce.
{
48 11.36
2(5 12.66
) 13.44
55 11.94
50 10.52
39 7.96
g $7s :
10 1.86 2 3
g 1.62 *
-l 1.39 1
-
_—— et

Filter put in operation September, 1893
Average rate before the introduction o

{h
Average rate afterward (1894-98) ltered water (1888—3).... 11.31

................................ 2.54
Th .
typhOi:SCfe:Zsrults.t:ho: a striking reduction in the deaths from
with the introduction of £} .

been most gratifying in every way tered water, which has
The m . :

filter is Par(::e 1r eccn.t .hlstory of the underdrains of the Lawrence

cularly instructive, Owing to the absence of a water

e .

tight bottom .
g to the filter, and its low position, a certain amount

of water constantly entered the filter from the ground below.
oun .
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This water contained iron in solution as ferrous carbonate. When

this water came in contact with the filtered water in the gravel and
underdrains, the iron was oxidized by the dissolved oxygen carried
in the filtered water and precipitated. This was accompanied by
a growth of crenothrix in the gravel and underdrains, which
gradually reduced their carrying capacity. This reduction in

5.0 T ' 150
> S
N N
S0 % 0.0 g
] 3
_ 3 g
R 10 NN 50§
Qo §
é S Q
2
£y
avo Wargr nor fi{tered N Warter ]}//rere
7658 7889 /890 (89 1892 /693 /634 /895 1896 1897 < /698

Fi1c. 16.—TypHoID FEVER IN LAWRENCE, 1888 TO 1898.

arent in cold weather when the

han formerly. There was diffi-
f 1896-7 and

carrying capacity first became app
yield from the filter was less free t
culty in maintaining the supply during the winter o
more difficulty in the following winter.

The sand of the filter was as capable of filtering the full supply
and the efficiency was as good; but
e to collect the filtered water
le for the supply,
ing area.

of water as it ever had been,
the underdrains were no longer abl
and deliver it. As the filtering area was amp
it was desired to avoid construction of additional filter
The underdrains were dug up and cleaned during the periods when
the filter was drained. As the filter is all in one bed, the times
when the flter could be allowed to remain drained, and when
the work could proceed, were limited. Great care was taken to

leave the work in good condition, and free from passages, at the

end of each day's work, but the numbers of bacteria in the ¢
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t}fjfluie]rl\ltmr;)ec\;e(r)tfh:;ess mcreascd. somewhat. Some weeks afterward
numbers did notsise:f t”)hOld.fcver in the city increased. The
introduction of ﬁlterczm? as high as they had been prior to the
they had been since tl “ﬂt.er, but they were much higher than
disturbance of th at t”_“c- and they pointed strongly to the

The n ob the underdrains as the cause of the increase.
effluent frl:)z :}r:? ‘I)fafuf:teria in the applied water and in the
filter was put in o ;r ‘;‘"CC ﬁltc.r by months, from the time the
Board of Healtt P e Cor.npllcd from the reports of the State
ealth, as far as available, are as follows:

BACTERI A v WATE
RIA IN WATER APPLIED Ta AND EFFLUENT FROM
LAWRENCE FILTER,

KAW WATER
o —_ "“M

’ ’&)3-“‘ . 15,4, 1%, ' 16, iy : 1898.
.I[_anuary ........... | Tm T e e e T
ebruary...........1....00°" ) 7,700 15~ ~ 2oy 6.519
""""" Tevennas - '/ 7.8 1331 "
Marf:h........ RS A f 7.000 15,040 12,6k |:3; ?].: 4.653
April........ . ..., e [ 6500 20770 . s.gm 12008 3,745
May.......... o R Gl
June.oon. 00 EEEETRE Lo | 000 | o
__________ ’ . AT 3.625 2.05
JAllly ................ !.__._._. ! 8.300 l 9,000 6400 3,680 6.77%
ugust. ........... fee we i 2,400 0 10,000 3,000 A 2.;0 2,840
September ... ' 57,5 T dIee S 2w po.zm 8575
Octouber et 500 1 6,500 1 5. 000
............ 2 ; . 12, 2% 6.100
Ih)lovember .......... ! fz'é;’z ' :(5'?(’“ ;19000 5 ;'(: légz 5.120
ecember.......... ’ 1000 B 700 v ' 10
Chm I i v oas
Average.... ..... 24,650 —_— i 929 —.5 e
P 10417 i ya08 o360 . 4859
January. .. EFFLUENT. |
February........... ... v 129 206 |
................ ~ 166 39
March....... ... oo 24 233 ‘ 315 ?.l, | 45
April covu il i 458 405 | 133 67 M
May..ooooo LT »r 84 e 47 a1
[ R TN e, 134 63 3
L 6 4
fre RS B L
UGUSt.aen uuui ) 25 | 50 | 39 106 22
gcptembcr ceee 685 B 36 ; a8 146 | -2 : 28
ctobcr.-....,::'-- 850 42 o . '
November..... 1.216 1o ! 460 ! 37 98 i gg
December.......... 161 175 | 6y | 30 33 22
...... P 304 - 5 3| 27 !
A — : 7 2
verage.......... 2,084 176 l _ 4 e
Average efficiency I i 121 91 . 61 46
9r.ss 98.31 | 98.91 ) i
; AN 98.72 994 93.95
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CHEMNITZ WATER-WORKS.

ce which I have found where anything
t filtration of water is systematically
any. The method there used bears

the same relation to intermittent filtration as does broad irriga-
tion of sewage to the corresponding method of sewage treatment;
that is, the principles involved are mainly the same, but a much
larger filtering area is used, and the processes take place at a
lower rate and under less close control.

The water-works were built about twenty years ago by plac-
along the Zwonitz River, connected by
station which forced the water to
The wells are built

The only other pla
approaching intermitten
employed is Chemnitz, Germ

ing thirty-nine wells
siphon pipes, with a pumping-
an elevated reservoir near the city (Fig.17).

L AL llll‘[lllllll'll.lll'!
800 1 1800 2000 2300 8000 Feet

R INTERMITTENT FILTRATION AT CHEMNITZ.

[
s

FiGc. 17. —PLAN OF AREA USED FO

of masonry, 5 or 6 feet in diameter and 10 or 12 feet deep, and
are on the rather low bank of the river. The material, with the
exception of the surface soil, and loam about 3 feet deep, is a
somewhat mixed gravel with an efective size of probably from
ater is able to pass through it freely.

0.25 to 0.50 mm., so that w
ge, about 120 feet apart, and the line

The wells are, on an avera

is seven eighths of a mile long.
It was found that in dry times the ground-water level in the
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the flow of thc()u' 'rinhcr furmishing water cnough or stopping
silted that nx)t\\-il;ll\.Lr bc'luw. The channel of the river was 50
’ istanding the porous material, the water could

not penctrate it to go toward the wells. '
line of ’\\'Clls an({ ':ll “"‘5 dug from a‘b()\'c the dam, crossing the
half a mile. Luer‘“""?g _p:'m“d to it on the back side for nbn'ul
ing upper \\'ell; ()a 5.”“11-'1!' canal .was dug back of the remaln-
above and bcl<;\\' t‘;’lng to the diffcrence in level in the river
pleasure. They '1,rc blc-[can_‘.115 can be emptied and filled At
and the and Side‘s amm t with carcfully prcparc(] sand bottoms
percolation of as muchpr'()tc‘:th by a'n open paving. 10 allow the
by scraping, as is usual W ‘}10? as })()SSlb\c, and the sand is cleaned
oftener. J with ordinary sand filters, once a year of
butTt:: )\,\tzlt(:rf:;nt]htehcr-wcu? was much increased by these canal®
ordinarily quite Prevel:ter l.s polluted to an extent which would
water-supply, and it v c;cn the thought of its being used for
ground from’ the czmvlaS ound th.at the water going into the
rated gravel to the lef’ ﬂ"fl passing through the always satu-
any point, after a time Sc-o“lt}‘mm (E()mi"g in contact with air 3¢
odor. ntained iron and had an objectionable

T . N

Tk, die Gl s he medow bl |
The water from abo N h out as an irrigation field (Fig: 16}
opposite side of the rive the dam was taken by a canal on the
however, is not now b:(l:ire:r::lough a sedimentation pond (which,
used), and then under the ri::rbz '“ecc.ssar)' and i '-‘0( alwalys
vated point on the meadow, f e -Slph(.)n o2 Sh_ghtly ce
a system of open ditche , irom \.Vhlch it is distributed by
area irrigated is not ex: cl"acﬂy as in sewage irrigation. The
time to time; the rate ;ft%’ deﬁ.“ed and varies somewhat fro”
Itration may be roughly cstimath

extended at this point, and to
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at {rom 100,000 to 150,000 gallons per acre daily, although
limited portions may occasionally get five times these quantitics
for a single day. The water passes through the three feet of

and afterward through an average of six feet

soil and loam,
hich it meets air, and

of drained coarse sand or gravel in W
afterward filters laterally through the saturated gravel tO the
wells. The water so obtained is ‘nvariably of good quality in
every way, colorless, free from odor and from bacteria. The
surface of the irrigated Jand is covered with grass and has fruit-
trees (mostly apple) at intervals over its entire area.

This first system of irrigation 1s entirely by gravity. On
he land it could not be conveniently

secure more area, the higher land

above the pumping-station was being made into an irrigation
field in 1894. This is too high to be fooded by gravity, and will

be used only for short periods in extremely dry weather. The

water is elevated the few feet n engine on the
river.bank. In times of wet weather enough water is obtained

from the wells without irrigation, and the land is only irrigated

when the ground-water Jevel is too low.
During December, January, and February irrigation 18

usually impossible on account of temperature, and the canals are
then used, keeping them filled with water sO that freezing to the
bottom is impossible; but trouble with bad odors in the filtered

water drawn from the wells is experienced at these times.
The drainage area of the Zwonitz River is only about 44

square miles,and upon it are a large number of villages and

factories, so that the water is excessively polluted. The water
in the wells, however, whether coming from natural sources, Or
from irrigation, or from the canals, has never had as many as 100
bacteria per cubic centimeter, and is regarded as entirely

wholesome. o
In extremely dry weather the river, even when it is all used

for irrigation SO that hardly any fAows away below, cannot be

account of natural limits to t

ecessary by a.gas-
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;\mdc to supply the necessary daily guantity of 2.650.000 gals
O‘r\S-. and to supply the deficiency at wch l}mcs, 5 well :ls‘ o
fh()ld the use of the canals in winter, o storage FeseryOir hold-
11.1‘0"‘95,01'3"3.@0 g:llhms has rtccm\y been \)11'111")11 4 feeder of the
1;1\({. I'his water,which is from an uninhabited dramage area,
15. h'tcrcd tlfrt)ugh ordinary continuous filters and n”“.; tor the
Flt) by gravitv.  Owing to the small arcea of the watershed itis
nTcupublc of supplyving more than a fraction of the water {ur the
Clt):iflu-ld \f'ill be used to supplement the older “.“rksn.
Succcr{u?l::t[ill]il::tt,‘i(t)lh“: 3 ol especial interest @ showing the
be incapable ()-{‘ trc" t() .d river-water so grosly polluted as 19
obtained at the Lq\\"lrl-m‘n_t b‘ th.c ordinary methods. Results
sewage is inc:lpul;lc (L{“th-'hx[)Cm?]_cm Station have shown that
the gctiun of air bei :, ,)f\mg."l”"h'id by continuous filtratiom
ordinary water “?h essential for a satisfactory result With
they Carry‘Cmiu(r)rll,l) lfl‘"‘)(l('ru[cl?- polluted this is not so: for
ion. In Chemn;] l( tssolved air to cffect their own puriﬁca-
canals, the Pollutii;nmi\swrlcr’ as shown by the results with the
inadequate to purify th:”..grcul that continuous filtration 1%
adopted is the only l)ncth l“l‘-llt\-cr‘ and .thc wtermittent filtration
such cases. od likely to yield satisfactory results in
Intermitt : .
orooks drain(i::; f::::ltll:):\lllsu::\: (S)g(njng adu‘-;(cd‘ for purif'\-i“g.
or rescrvoirs from which Bh» an lsch’argmg into the p«md:
water of Pegan Brook e draws its water-supply. T
1893 with most s'ui(:f' below Natick has been so filtered since
atisfactory results, and affords almost absoluté

protection to B« i
ston from any infection which might otherwise -

enter the wate
r fro . .
m that town. A similar treatment is soon ¢

be given i ..
sewige fr(:r(:) ztlh:;)()l;agf‘i“~l"ng u‘? city of Marlborough. The
is otherwise Provi;)ed Lfs is not discharged into the brooks. but
polluting matters from t‘;", but ncvertheless they receive many
The filtration used ¢ hOuscs' and streets upon their banks-
sed resembles in a measure that at Chemnit®
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and I am informed by the engineer, Mr. Desmond FitzGerald,
that it was adopted on account of its convenience for this partic-
ular problem, and not because he attaches any special virtue to

the intermittent feature.

APPLICATION OF INTERMITTENT FILTRATION.

In regard to the use of waters as grossly polluted as the

Zwénitz, the tendency is strongly to avoid their use, no matter

how complete the process of purification may be; but in case it
o impure a water for a public

should be deemed necessary to uses
fltration is the only process known which

And it should be used at compara-

I believe that an attempt to filter
d for the Merrimac water at Law-
htly polluted, would re-

supply, intermittent
would adequately purify it.

tively low rates of filtration.
the Zwaonitz at the rate useé
rence, which is by comparison but slig
sult disastrously.

The operation in winter must
tent filtration of sewage on open fields in Massachusetts winters

is only possible because of the comparatively high temperature
of the sewage (usually 40° to 50°) and would be a dismal failure
with sewage at the freezing-point, the temperature to be ex-
pected in river-waters in winter.

It is impossible to draw a sharp lin€ petween those waters

which are so badly polluted as to require intermittent filtration

for their treatment and those which are susceptible to the ordi-
tion. [Examples of river-waters polluted

limits reached in any American waters
nd successfully filtered with contin-

also be considered. Intermit-

nary continuous filtra
probably beyond the

used for drinking purposes 2
uous filters are {urnished by Altona, Breslau, and London.

Intermittent filtration may be considered in those cases
where it is proposed to use 2 water polluted entirely beyond the
ordinary limits, and for waters containing large quantities of de-
composable organic matters and microscopical organisms; but in
those cases where a certain and expeditious removal of mud is
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desired, and where waters are only moderately pollutcd by
sewage, but still in their raw state are unhealthy, it is not ap-
parent that intermittent filtration has any advar;t'agcs commen-
Surate with the disadvantages of increased rate to produce the
Sam'.-‘ total yield and of the increased difficulty of operation,
Particularly in winter; and in such cases continuous filtration is
to be preferred,

In the removal of tastes and odors from pond or reservoir
waters which are not muddy, but which are subject to the growths
of lo?v forms of plants, which either by their growth or decomposi-
tion 1fnpart to the water disagrecable tastes and odors, intermittent
filtration may have a distinct advantage. In such cases there is
often an excess of organic matter to be disposed of by oxidatiofs
and the additional aeration secured by intermittent filtration is ©
substantial assistance in disposing of these matters.
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CHAPTER VIII,

TURBIDITY AND COLOR, AND THE EFFECT OF MUD UPON
SAND-FILTERS.

Tuk ideal water in appearance is distilled water, which is per-
fectly clear and limpid, and has a slight blue color. When other
waters are compared with it, the divergences in color from the
color of distilled water are measured, and not the absolute colors

of the waters. Many spring waters and filtered waters are indis-

tinguishable in appearance from distilled water.
Public water-supplies from surface sources contain two sub-

stances or classes of substances which injure their appearance,

namely, peaty coloring matters, and mud. Waters discolored by

Peaty matters are most common in New England and in certain
Parts of the Northwest, while muddy waters are found almost
everywhere, but of different degrees of muddiness, according to
the physical conditions of the water-sheds from which they are
obtained.

Muddy waters are often spoken of as colored waters, and in a
sense this is correct where the mud consists of clays or other
Mmaterials having distinct colors; but it is more convenient to
classify impurities of this kind as turbidities only, and to limit the
term colored waters to those waters containing in solution vege-

table matters which color them.
The removal of either color or turbidity may be called clarifi-

cation.

Colored waters are usually drawn from water-sheds where the
underlying rock is hard and does not rapidly disintegrate, and
where the soils are firm and sandy, and especially from swamps.
The water here comes in contact with peat or muck, which colors
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it, but is so firm as not to be washed by flood flows, and so does

not chuse turbidity.

Large parts of the United States have for rock foundations
shales or other soft materials which readily disintegrate when
exposed, and which form clayey soils readily washed by hard rains.
Waters from such watersheds are generally turbid and very rarely
colored. In fact a water carrying much clay in suspension is
usually found colorless when the clay is removed, even if it Were
originally colored. It thus happens that waters which are colored
and turbid at the same time hardly exist in nature.

Color-producing matters and turbidity-producing matters
different in their natures, and the methods which must be U
to remove them are different.

are

THE MEASUREMENT OF COLOR.

The colors of waters are measured and recorded by comparing
them with colors of solutions or substances which are pcrma"c"t’
or which can be reproduced at will. One of the carliest methods
of measuring colors of waters was to compare them with the
colors of the Nessler standards used for the estimation of ammonia
in water analysis. The Nessler standards were similar in appear
ance to yellow waters, and their colors depended upon the amount$
of ammonia which had been used in preparing them, and a reccl’d
was made of the standard which most closely resembled the watef
under examination.

The method was open to the serious objections that the hues-

of the standards did not match closely the hues of the waters; that
the colors produced with different .lots of Nessler reagent differed
considerably, and therefore the exact values of results were mor¢
or less uncertain; and further, that the numbers obtained fof
color were not even approximately proportional to the amounts of
coloring matter present. Because of this peculiarity, in filtration
the percentage of color removal, as determined by the use of thes®
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standards, is not even approximately correct, but is much above

the truth. ]
In the Lovibond tintometer, nvhich has been extensively used

in England, the ctandards of color are based upon the colors of
turn compared with standard

This process answers quite well,
f possible uncertainties

certain glass slips, which are in
originals kept for that purposc.
but is open to some objections because ©
in the standardization of the units.
Another method of measuring colors i

dilute solutions of platinum aqd cobalt. ;
platinum can be varied to make the hue correspond very closely

with the hues of natural waters, and the amount of platinum
required to match a water affords a measure of its <.:olor, one Part
of metallic platinum in 10,000 parts of watef forming the unit of
color, ’

This standard has the advantages that it can be readily pre-
pared with absolute accuracy in any laboratory, and that by vary-
ing the ratio of platinum to cobalt the hues of various waters‘can
be most perfectly matched. It is important that thc.observatxor.\s
should not be made in too great a depth, as the discrepancy 10
hues increases much more rapidly than the depth of col?r.

For further information regarding colors the reader 1s referr.ed
to articles in the American Chemical Journal, 189‘2. vol. xx.\f,
Page 300; Journal of the American Chemical Society, ‘-,ofl.t:,
page 8: vol. xviii, 1896, PP- 68, 264, and 484; Journal oN e
Franklin Institute, Dec. 1894, P- 402; Journal of the New
England Water Works Association, vol. xiii, 1898, p- 94-

s to compare them with
The ratio of cobalt to

AMOUNT OF COLOR IN AMERICAN WATERS.

New England surface-waters have colors ranging from almost

nothing up to 2.00. The colors of the public water-supplies of
Massachusetts cities have been recorded in the reports Of' the State
Board of Health for some ten years. The figures given were
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r
ecorded first upon the Nessler standard, and afterwards upon a

modification of the same, known as the natural water standard.
The figurcs given are approximately equal to those for the plati- -
num color standard, the relations between the two having been
frequently determined by various observers and published in the

The accompanying diagram shows the

above-mentioned papers.
as plotted from the

colors in several Massachusctts supplies,
figures given in the published reports.

In Connecticut also the colors of many public water-supplies
have been rccorded in the reports of the State Board of Health
on the platinum color-standard.

Middle States, with rare exceptions, are

In the Northwest waters are obtained
even considerably higher than the
of the Southern swamps also yield

The waters of the
almost free from color.
0ften with very high colors,
New England waters, and some

highly colored waters.

REMOVAL OF ‘COLOR.

Peaty coloring-matter is almost perfectly in solution, and only
a portion of it is capable of being removed by any form of simple

filtration. In order to remove the coloring-matter it is necessary

to change it chemically, or to bring it into contact with some sub-

St?‘”ce capable of absorbing it. For this reason sand filtration
with ordinary sands, having no absorptive power for color, com-
monly removes only from oné fourth to one third of the color of
the raw water.

MEASU REMENT OF TURBIDITY.

The amount of mud of turbidity in a water is often expressed
as the weight of the suspended matters in a given weight of the
water. Most of the data relating to turbidities of waters aré
stated in this way, because this was the only method recognized

by the carlier investigators.
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his meth - '
od of
take ‘into account thstzt.;ment has some disadvantages: it fails to
: e different si ’
in suspensio sizes of fles . .
nb . i particles which are ed
the Merrimac ﬁidxﬁ'ercnt waters, and at diffcrent tim r Ca’;'rlll s
or ] imes. u
10,000 of fine nv.(rj in a great flood may carry 100 (s in
sand in . arry parts 1
called muddy; while anof;:spens‘on. and still it could hardly be
this amou er stream ¢ .
nt of f arrying only a tion of
accurate dctcrmi:ct.clay would be extremely 'ﬁudd ¥ If::::llon s
B " . 1ev,
and tedious Opcraz:. ion of suspended matters is a vir) ' roublesome
) jon, and ca i o
is necessary fo annot be undertaken as .
TUrbi(;yity .r an adequate study of the mud q “ frcqucntly as
is princi ) ucstion.
of water, and it E)vouf:jpa”) important as it affccts the appearance
methods should be useifcfm t.hat optical rather than gravimctric
methods of m . or its determinati e :
easu s ion. Various O tical
method emp]oyc:n-g turbidity have been proposed T]u pncral
. sed. e ge
water through Whilcsh to measure the thickness of the l:)'cr of
conditions of lightin some object can be seen under definite
be obtained in cloScdg. The most accurate results can probably
method has been use;ccspt‘;dcs and with artificial light Such @
Cincinnati i y Mr. G. W. F .
i in connecti . . Fuller at Louisvi and
by Parmelee andn;cltlon with his experiments, and .mb:;mc bed
3 . , and is descn
1899. This apparat m‘s in the TCChnol()gv Ouarterly for Junc
At the L us is called by Mr l?ulicr a di h' '
awrence E . * a diap anometer.
State Board of Healtl xperiment Station of the Massachusetts
express the turbiditi 1 as carly as 1889 it bccam; to
very simple devicc‘ ‘fcs ?f various waters approximatnlcccssadrythe
down into the wate: sticking a pin into a stic‘k an:i:)'ual:"n it
was adopted. Aft under examination as far as it coulrc’] Zelsfen
. . e .
.diameter was substitrwards a platinum wire 0.04 of an inch if"
so that the turbiditi uted for the pin, and the stick was r‘duath
.on the stick were in¢‘:s coluld be read from it directly TE}Z aﬁgures
. verse . . e
wire. When the wi y proportional to their di
e wire eir distances {rom the
the turbidity was re could be seen one inch below th rface
two inches, the tu b‘g?nCd as 1.00; when the wir . f;
rbidity was 0.50, and when it ¢ could be se€
n it could be scen tef

by electric lights SO arran
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This scale is much more con-

inches the turbidity was 0-10, €t¢
depth at which the wire can be

venient than a scale showing the
seen; and within certain limits the figures obtained with it are

directly pf0poftional to the amount of the elements which obstruct
Thus, if a water having 2 turbidity of 1.00 is
mixed with an equal volume of clear water, the mixture will have
a turbidity of 0.50- Advantage 15 taken of this fact for the
measurement of turbidities 50 great that they cannot be accurately
detcrmined by direct observation. For turbidities much above
1.00 it is very difficult to read the depth of wire with sufficient
accuracy, and such waters are diluted with one, tWO, or more times
their volume of clear water in 2 pail or other rcceptacle, the
turbidity of the diluted water is taken, and multiplied by the

appropriate factor.

For the greatest accuracy it is
should be taken in the oper air and not under a roof: They
should preferably be made in the middle of the day when the light
he sun is shining, the wire must be kept

light in the water.

necessary that the observations

is strongest, and in cas¢ t
in shadow and not in direct sunlight.

The turbidities of effluents ar¢ usually SO slight that they
cannot be taken in this manner; if fact, turbidities of less than
0.02, with the wire visible 50 inches pelow the surface, cannot
be conveniently read in this way- For the estimation of lower
turbidities a water is taken having @ turbidity of 0.03 of 0.04

and as free as possible from large suspended particles- The tur-
ire in the usual

bidity of this water is mea
way, and the water js then diluted with clear water to make
standards for the lower turbidities.
risons between standards and wat
lear glass: holding 3t leas
ted by surrounding the bottles with black
and lighting the water

t of observation,
ged that the light passes through the
In case the water under

The compa ers are best made
in bottles of perfcctly c t a gallon, and
the comparison is facilita

cloth except at the poin

water but is hidden from th
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examination is colored, the comparison is rendered difticult, and
it is often advisable to add g small amount of methyl orange to
the standards to make the colorg equal,

Instead of diluting a water of known turbidity for the standards,

a standard can be made by precipitating a known amount of silver
chloride in the water,

For this burpose about one per cent of
common salt is dissolved

in clear water and small measured amounts
of silver nitrate added, until the turbidity produced is equal to that
of the water under examination.

silver nitrate used to the turbidit
established by comparisons of standards made in this way with
waters having turbidities from 0.02 to 0.04, the turbidities of
which are measured with the platinum wire, and which afterwards
Se€rve to rate the standards, The silver chloride has a slight color,
which is an objection to its use, and perhaps some other substance

could be substituted for it with advantage. The standards have
to be made freshly each day.

One disadvantage of the pl
turbidities in the open air, as ¢

The relation of the amount of
y is entirely arbitrary, and 18

atinum-wire method of observing
ompared with the diaphanometric
method using  artificial light, is that obscrvations cannot be made

in the night. To get the general character of the water in 3

stream, daily observations taken about noon will generally be

sufficient; but for some purposes it is important to know the
turbidity at different hours of the day, and in such cascs the
Platinum-wire method js at a distinct disadvantage. Variations
in the amount of light, within reasonable limits, do not affect the
results materially, although extreme variations are to be avoided.
The size of the wire also influences the results somewhat. The
wire commonly used js 0.04 of an inch or one millimeter in
diameter. A wire only four tenths o
ments at Pittsburg gave results 25 per cent higher; with a wir¢
twice as large the results were lower, but the differences were
much less. Wire 0.04 of an inch ip diameter was adopted 38
being very well adapted to rather turbid river-waters, For very

f this size in some experi-
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lly transparent to a great depth,

: ua o
clear lake or reservoir waters, us Within certain limits.the

8 much larger object is preferable. i-e can be converted into

results obtained with an object of an_y Stz ¢ another light, by the

cor dine ficures for another object, o . ined with a
responding fig Thus the turbidities obtain

use of a constant factor. tely the same ratio to the

ima
Platinum wire always have approx e e e anometer
turbidities of the same waters determine );d e e with
A i been us
i -wire method has 1 ma
et If it lacks something m- .
methods, it more tnan

e observations can be

theoretical

most satisfactory results.
. ate

accuracy as compared with more ela(;)o;iabl

makes up for it by its simplicity; and T ntirely incompetent to

taken with it by people who would be y n thus be used in

ca
operate more elaborate apparatus; and it

e impossible.
many cases where other methods would b hiI();h have come under
Upon this scale the most turbid waters W

.. 2.50v
idities of about
the observation of the author have turb}lf: undoubtedly exist.
although waters much more turbid than thi:

d only
. tremely muddy, an :
A water with a turbidity of 1.00 is €X k and complaint

. ause remar .
one tenth of this turbidity would ¢ oses. In an ordinary

. i ur
among those who use it for domestic P zp is just visible to an
Pressed-glass tumbler a turbidity of O.Or closely, but it is not
ordinary observer who looks at the wate | complaint;

DHSPICU(HIS n 0 cause enera
Y V lkely t g
or v Ould 1t bC l

“d th S . ]
i nt may be taken as appr Xllnately the al ow able
1 amou (o}

. In a carefully
- -supply- )
limit of turbidity in a good public water-sup bidity of 0.0t will

a tur
polished, and perfectly traﬂSPa’er‘lt gslzsl? lower turbidities may be
.. . tacles f VCl‘Y

be visible, and in larger recep In gallon bottles o
seen if the water is examined carefully. ded by black cloth, a

. roun '
clear glass, under electric light and S-u}:ed but a turbidity even
’ distinguished,
turbidity of o.0or can be

1 i S la gc as this COu]d ha y p y
ra tlmes a  § I(ll be dctected exce ' l)

the use of 3 or “yherc wale] l's seen ina deth Of

several feet.
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RELATION OF
N OF p -
PLATINUM-WIRE TUKBIDITIES 10 sUSPENDED

T MATTEKS.
he relati
on of .
approximately cons::rbldlty to the weight of suspended matters is
have been entirel nt for waters from which the coarser matters
the suspended may removed by sedimentation. For thesc waters
turbidity. F tters in parts per 100,000 are about 16 times the
: or river- ' ’
very sluggish rivcrser}water-s the ratios are always larger. With
waters. For avera tltf ratio is only a little largc;' than for settled
l'e -] ¢
and increases with!”t]nver waters the ratio is considerably highef:
torrents the ratio j ‘¢ turbidity, and for very rapid ri—vcrs and
is ¥
largely of particles w!:ii;h md}cr’ as the suspended matters consist
ar -
the turbidity, e heavy but do not increase very much
The followi
owin :

for various classeg ot:'lblc gives the amounts of suspended matters
which have been dedwatcrs corresponding to the turbidities stated,
is very likely that ucc.:d fro.m the experience of the author. It

ratios different from the above would b€

obtained with

W H .
ch aters in which the ; .
aracter. sediment was of different

¥ i
Turbidit ’ Sus .
las‘inulm.!v!i‘re — pended Matters: Parts in 100,000,
tandard. e I S
Settled Waters. FR;." Waters, ! R “
1 H (A ¢ \g - -
fest Sediment. ’A“’";:‘ Sc:ll«::'n' Co:{nes("" 2:-:::“-
0.01 —_— -
0.16 e
0.05§
0.80
010 1.60 0.8§
0.20 3.20 1.9% !,22 2.40
2.30 1.80 3.60 :-‘ 4-90
0'40 6. 40 5.70 é-.o 10.00
-50 8.00 7.80 . so 15.00
;% 16.00 10.00 1160 21.00
R S S T N O B+
32.00 40.00 62. 59.
3.0 48.00 61.00 -0 97.00
110.00 ,‘7’;23 ug.gg
. 250.
s

TURBIDITY AND COLOR. 123

SOURCE OF TURBIDITY.

Much turbidity originates in plowed fields of clayey soil, or in
fields upon which crops are growing. If it has not rained for
some days, and the surface-soil is comparatively dry, the first rain
that falls upon such land is absorbed by the pores of the soil until
they are filled. If the rain is not heavy, but little runs off over
the surface. If, however, the rain continues rapidly after the
surface-soil is saturated, the excess runs off over the surface to the
nearest watercourse. The impact of the rain-drops upon the soil
%0056!15 the particles, and the water flowing off carries somie of them
in suspension, and the water is said to be muddy. :

The particles carried off in this way are extremely small.
Mr. George W. Fuller, in his report upon water purification at
Louisville, estimates that many of them are not more than a
hundred thousandth of an inch in diameter, and not more than a

tenth as large as common water bacteria.

The turbidity of the water flowing from a field of loose soil
may be 2.00 or more; that is to say, the wire is hidden by a
depth of half an inch of water or less.
the nearest watercourse it meets with water
land, such as woodlands and grassed fields,
less turbid. The water in the first little w

mixture and has a turbidity of perhaps 1.00-

The conditions which control the turbidity of any brook are
d. The turbidity of a stream receiving
ities of all the waters

e turbidity of a river
and is not

When the water reaches
from other kinds of
and these waters are

atercourse is thus a

numerous and complicate
various brooks depends upon the turbid

Generally speaking, th
bidities of its feeders,

f its bed or by sedimentation in
hich in times of great
k up and move about
d and other coarse

coming into it.
depends directly upon the tur
affected materially by erosion ©
it. There are, of course, some streams W

floods cut their banks, and all streams pic

from place to place more or less of the san
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Materialg upon their bottoms, The Materiads thus moved, how-
sver, have gy “lUC,inﬂucncc Hpon the turhigy,.

Some of the Water held by the soil will
watercoursey },y lln(.’cr_g_'rnund channels, and

am- from drying Up between rains, but the
average volume of the streame-flows |,

After the rain is over
find jps Way to the

etween rains will be much

Fed A

Ao Alzy 7

'Y Sea Gt e Jac.

19 —Frecrvapnyg 'Y Tekmnigy o THE WATkr 0p 1yp Appemesy
Rivex 5q Prizeuy DUking 188,

ing the Tains whenp the water is most

These conditions aye well illustrateq by a few data upon the
turbidity of three Pcnnsylv i

ania streams, fecently collected by the
author. Qpe of these streams is a2 smay brook having a drainage
€ *quare miles, The observations extended
ys. During this time there were five floods,
¥S. The duration of floods
four hoyrs in each Case, Selecting the days
» 1o the numper of one tenth
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iditi these
of the whole number of days, the sum of the turbidities for

T he whole
4ays was 67 per cent of the aggregate turb‘dl:m;::u:t of mud
Period. That is to say, 67 per cent of the who eh water of the
Was in the water of only a tenth of the days; t er cent of the
Other ninc tenths of the days contained only 3-3 'tpeo[ the water
whole amount of turbidity. The average turblf‘a}; the average
for the flood days was eighteen times as grea
turbidity for the remaining days.

. : a
a drainage are
The next stream is a considerable creek having

. over 117 days,
of 350 square miles. The observations extended
5 .

erage of one
d“"i”g which time there were seven‘ﬂoodsl, o;';r;naevor gtgwo o
flond in 19 days. The floods lasted in each ¢ t,emh or two days,
and the sum of the turbidities for the or-le e
Number of days when the water was muddlesfo\;l
the aggregate Io[ all the turbidities for the period.

. . ina e area Of
The last case is that ot a large river, with a drainag

. ed over a full
ov are miles. The observations exten: Lasting from
€r 11,000 squ . . asti
Year. |[p thisqperiod there were sixteen floods, eac

‘e one tenth of

One to six days, and the sum of the turbidities for tdhde is 45 per
SIX ¢ , ies

the whole nur}r’]ber of days when the water was’rr}nuﬂoods occurred

he
cent of the aggregate turbidities for the year. e duration was two
on an av rage of once in 22 days, and the averag
e

and one half days, . very large pro-

The results are very striking as showing that a y

in flood flows of com-
Portion of the mud is carried by the w;ter ltr}lmt in small streams
. o show
Paratively short duration. They als is greater, and the average
the Proportion of mud in the flood-flows

ther
. streams. In o
duration of floods is shorter, than in lalrzg:ierlow-water flows are
Words, the differences between flood- an

’

[
g u l m
Sulall Streams, aﬂd ]ad a l beC()/ e leSS a

the stream increases. er-works purposes in the usaal
r i d for water-
When a stream is use

X the stream each
Way, a certain quantity of water is taken ‘fror:t dependent upon
da > hich quantity is nearly constant, and is n
Y, which q
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the condition of
Portions of the t(Elt‘acl Sf’{t(:cflfn' or the volume of its flow. The pro-
very different, and jt th:; }téke" at high- and low-water stages are
vater taken for water-work 1appens that the average quality of the
quality of all the or S'Purposes is different from t! nge
Let us assum:m;cr flowing in the stream. 1e averag
such a size that in 'ﬁ:“' example, a stream having a watershed of
distant points reac] ¢s of moderate floods wat; from the most
hours, Let us assu::sfthe water-works intake in twenty-four
to cause floods and m Cd urther that rainfalls of sufficient inthsit}'
days, and that the t“tb?d)t water occur, on an average, once in ten
1.00, and that for the ity of the water at these times reaches
Let us assume furth rest of the time the turbidity ave “ o.10
the stream is 100 unt;: that at times of storms thc) avcr::aic:im; o;'
storms the average ﬂs Of' volume, and for the nine da\-f between
have in a ten days. pefiwdls 10 units of volume. \Vc'shall then
a turbidity of ;.00 . °d ) f‘or one day, 100 volumes of water with
total of 9o VOIumes, fn nine days with 10 volumes h, or 2
discharge of the strea:] water with a turbidity of o 1: c?rch“. :i»zal
:zr:l:‘ty 0.57. The t:,::)li(;az,n b;: 190 volumes, ;nd.thc a:cmuc
roi1 lty of al of o. - 4
RIS o e e i e o e
ten days should flow intu d be found in a lake if ;” . rer :\o {‘;;
other change. 01t and become thorOugm;, mixzdw:-i:}:out
Now let us comput
from the stream Pute the average turbidit - ,
require, let us'say i‘;’e water-works purposc: Of.r::' :a:c:' tzl;::
day water with a ,turbid‘fo*“me each day, and we have f:rctl;:'ﬁrst
with a turbidity of o ity of 1.00, and then for nine days water
t‘akcn by the water-w .10,  The average turbidity of ;‘}s w '
of 0.57, the avera °’k9: for the period is thus y of the wate
ge turbidity of the whole run :f? ly 0.19 in place
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) It.lS often noted that with long streams the water becomes.
‘uddicr farther down, and it may naturally be thought that it is

Lesuse ) .
use of the added erosion of the stream upon its bed in its

NSRS .
Lir course,  This, of course, may be a cause, or the lower
n the upper ones, but the fact that

Uiibutaties nay be muddier tha
ddy than farther up

}l)c water taken at the lower point is more mu
IS not an indication of this.
thatL::s us take, for éxar.nple, a watershed ‘
umed above, that is, so long that 48 hours will be required

he water-

fo .
r the water from the most remote feeders to reach t
which we

Let us divide this shed into two parts,
water reaching the

of twice the size of

works intake.
wi
ill assume to be equal, one of which furnishes

in et
take within 24 hours, and the other water reac
Now suppose a storm upon the water-

assumed for the
he lower half of

hing the intake

between 24 and 48 hours.
shed producing turbidities equal to those just
:}Tealler stream. On the first day the water from t

shed, namely, 100 volumes having a turbidity of 1.00, passes

the | .. . .
e intake, but this is mixed with 10 volumes of water from the
o.10, and the

upper half of the watershed, having a turbidity of

total flow is thus 110 volumes of water having a turbidity of 0.92.

On the second day the water from the lower half of the watershed

has returned to its normal condition, and the flood-flow of the
h a turbidity of

upper half of the watershed, 100 volumes wit
1.00, is passing, and mingles with the 10 volumes from the lower

half with a turbidity of 0.10, and the total flow is again 110

volumes having a turbidity of 0.92. The following eight days,
f 20 volumes each, with

until the next rain, will have flows ©
turbidities of o.10. The average turbidity of all of the water
ken for water-works

flowing off is 0.57 as before, but the water ta
purposes will consist of 2 volumes of water with turbidities of
0.92, and 8 volumes with turbidities of 0-10; making 10 volumes

with an average turbidity of 0.26.
By doubling the length of the watershed we have thus doubled
the length of time during which the water is turbid, and have
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. - ater-works
Increased the average turbidity of the water taken for water-wo .
ree of 2
purposes from 0.19 to 0,20, although the average turbidity of
the water running off remains exactly the same.
If now we assume

'§ are
a watershed <o long that three days
required for the wate

r from the most remote points to reach (h’c
intake, with computations as above, water taken for \\':ltt‘f""orﬁ
purposes will have an average turbidity of o.32; and with stil
longer watersheds this amount wij) increase, until with a watef-
shed so long that ten

. . intake
required for the water from the upper portions to reach the intaké
the average turbidity of the w
will reach the average

. ins, are
days, or the interval between rains,

ater taken for wuter works purposes
turbidity of the run-off, namely, 0.37.

In the above computations the numbers taken are round ones
and of course do not re

do serve, however,

. . » mud!
larger the watershed, other things being cqual, the more mvd iy
will be the water obtained from

S "he
present closely actual conditions. 1hhy
. oL the
to illustrate clearly the principle that

it for water-works purposes, and
the longer will be the periods of muddy water, and the shortef
the periods of clear water between them,

It cannot be too strongly emphasized that the period of dura
tion of muddy water 18, in general, dependent upon the length of
time necessary for the muddy water to run out of the stream
system after it is once in it, and be replaced by clear water; and
that the settling out of the mud in the river has very little to do
with it.

Muddy waters result principally from the action of rains UP"“n
the surface of ground capable of being washed, and the turbidities
of the stream at any point below will occur at the times when t,hc
muddy waters reach it jn the natural course of flow, and will dis-
appear again when the muddy waters present in the strcam S)'stfm
at the end of the rain have run out, and have been replaced with

]
clear water from underground sources, or from clearer surfac
sources.

‘extremely meagre.
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v R,
X RS IN WATE
;NTS OF SUSPENDED MATTE
o b o uding most lake and reser-

i class of waters, incl jcal formations,
There is a large logica

certain geo e et
voir waters, and surface-waters fromd § matters and turbidities.
e
; from suspen
which are almost free

. han o.10, and the
. e average turbidities are ]esS.t 0,000, and are
:;/}::ar:lgli Zc:xss::!;c::d matters are less than 2 pa’;‘t}ji;ncllaoss includes the
often only small fractions of these ﬁguresl'ish cities drawn from im-
. he supplies of many Eng ivers Thames and
raw waters of t ) d also the waters of ther f the Berlin
pPounding reservoirs, anhe raw waters used by both o f the great
Lea at London, a.nd :e United States the wate.rs . nearly all
water-works, and ”T 1t loints near the mouths of rlve’:};e Atlantic
lakes except at special p d many other waters 3:1°”g favorable.
New England waters,ha‘:e the geological formations arewaters are
coast and elsewberew € ended matters in these London
Data regarding thehsusffﬁCial examinations of tlhle1 b the
o

. re{of(;s of Suspended matters{);)(:en’ g;.n his
‘Wwaters contain "od waters is daily reported. ly, meationed
clearness of ﬁlt‘?re ions of the London water-supp Y;d Water,”’
analytical i"vcst]g"it:?r}[‘he Purification of Sewage ?thc Thames

in his b:ok up‘;’; suspended matters in the water o

reports the avera

: ooo. No
art in 100,
he water-works intakes as 0.77 pd by the Berlin water-
anr . ailable for the raw waters use d are generally quite
gures are av an

lakCS, K ,
works, but both are taken from f the rivers feeding the lakess
clear.  Even in times of floods o ™ se the gathering groun

igh, becau ieldin
fhe turbidities arc no' ve hx:gtirely of a sandy nature, yielding
Imost €
for the waters are a

through
treams flow

bidities, and further, the s

waters with low tur ,

ich
: lakes from whic
eaching the e
i fore finally ¢ the suspende
ccessions of lal;(esn e It is safe to assume that
the waters are taken.

aters.
f the London w
idities do not exceed those © is obtained, due to
matters and turbi somewhat turbid water ! is mainly of a
. n er 1

Even at tlmc: whe winds, the suspended matt

Sees avy
agitation by he
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sandy nature, readj
imé":;fc with ﬁl;tli:go:mo‘((td by settling, and it does not seriously
¢ examinati
with a very few t::incse::i:;he. Massac'husdts State Board of Healths
matters.  This is due to the g et r suspended
most of the waters, are so sn clfa-‘:t that the suspended matters, in
capable of dctcrmination‘} ‘.a Lin amount as to make them hardly
and the determinations if by the ordinary gravimetric processes
Merrimac River at Lay made would have but little value. ThE
fifty years, carried q“:rence' at the time of the greatest flood ift
100,000. This was’fw to the amount of about 111 parts i
matter consisted almost cna- very short time, and the Suspcnded
the deposited sand pon Y O 330d. which deposited in bapks,
limeter. No clayey ma‘t:ng-an efiective size of 0.04 or 0.05 mil-
The reports of the ér N ¢ver carried in quantity by the river.
contain no records of sy onnecticut State Board of Health also
r;ay be safely said thatsr:;:ded matters for the same reasofl. .
ngland wa average suspended New
Lake watt:z aarree almost always less tha[r)l 1 part Tnatlt;s’ og:) .
At Chicago the city f:era”y almost entirely free from sediment
more than 1 part in 100 °r drawn from Lake Michigan has slightly
by Professor Longin 188'8000 of suspended matters, as determin
suspended matter in thj B an(? by Professor Palmer in 1896. The
'S casc is probably due to the nearness of

the intake to t}
e mouth of the Chicago River, and to mud brought

up from the bo .
tt ;

away from the sh:m ‘n times of storms. The lake-water furthef

Turning now :c would probably give much Jower results

. o w ; )
Pittsburg the avera e aters having considerable turbidities, 3t
water, as shown bf thsuspendCd matters in the Allegheny Rivef
Filtration . ¢ weckly or semi. e
During » lCommxss:on during 18978 we‘:“:ckly analyses Ofo;l;
arge it ’ e 4 parts in 100,000
small that it f'asp::)tt 2]{ the time the S“SPCndedp matters were 50
the results are rety cemed worth while to determine them, and
recomputatiun of t;'Incd s zero. This is not quite correct ;nd s
€ amount of suspended matters, based ' n the

, based o
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nts calculated from the turbidities

when they were very low, leads to an average of a little less than

5 parts in 100,000, which is probably more accurate than the direct
num-wire scale was

observed amounts, and the amou

average, The average turbidity on the plati

0.16.
At Cincinnati the suspended matters are about 23 parts in

'Of)vOOO, and at Louisville about 35 parts, both of these figures
being from Mr. Fuller's reports.  In all these cases the enormous

and rapid fluctuations in the turbidity of the water is a most

striking feature of the results.
Observations on the Mississippi River above the Ohio have

.})ecn made by Professor Long in 1888-9, and by Professor Palmer
i1 1896, These results are not as full and systematic as could be
desired, but indicate averages of 20 to 30 parts in 100,000 at
the different points. Professor William Ripley Nichols, in his
work on water-supply, states the amount of suspended matter in’
the water of the Mississippi, probably referring to the lower river,

as 66.66 parts.
Investigations of Professor
Numerous interior Illinois streams exten

Long and Professor Palmer for
ding over considerable
Periods give average results ranging from I to 8 parts in 100,000.
The very much lower results for the interior streams as compared
with the Mississippi and Ohio rivers thay be due to the relative
Sizes and lengths of the streams, of in part to other causes.
Regarding muddy European rivers there are but few data.

The Maas, used for the water-supply of Rotterdam, is reported by
to 47.61 and averaging 10

Professor Nichols as having from 1.40
More recent information

.parts of suspended matters in 100,000.
is to the effect that the raw water has at most 30 parts of sus-

Pended matters, and that that quantity is very seldom reached.
At Bremen the Weser often becomes quite turbid. The
turbidity of the water is noted every day by taking the depth at
which a black line on a white surface can be seefl- Assuming that
this procedure is equivalent to the platinum-wire procedure, the
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‘i:g’lfil[:c;:tm\v::h the wire can be seen, namely, from 15 0 600
not very d-ﬁ rrespond to turbidities of from 0.04 to 1.70: a result

At ;{ iffcrent from the conditions at Pittsbury.
but at t:nmel:u:){? ?;:)j‘lt}o“a ‘”‘e water is gencrally tolerably cleaf
amount of mud depo -ttx); (Flbe becomes very turbid, and the
able. At DrCSdcnp D Lf ,m the sedimentation-basins 15 ConSldCl"
repeatedly scen thc’:c"tml hundred miles up the river 1 havé
ter. the color of the n;cr-watci extremely turbid with clayey m'at-
to the color of the ea:t‘:‘)'fvarymg.frqm day to day, corresponding

At Budapest, whe ﬁ§om which' it had been washed.
water was exccgsvin re filters \\"cre used temporarily, the Danubc
high rates of iiltrat?’omu,ddy with clayey material. At first very
Satis'facto,.y. Afterw nd“ere employed and the results were not
million gallons per ar ‘ thC. rate of filtration was limited to 1.07
There was no Plrelir:'cn dax]y.’ and good results were securee:
ports the average sus ‘:a(:y sedimentation. Professor Nichols re-
in 100,000, but doc:sp n i:d matters in the Danube at 32.08 parts

Many of the F not state at what place.
not different in its ';:rc‘:rzlnd German rivers drain prairie country
the soil is probably in m aspect from the Mississippi basin, and
to suppose that the t sny Placcs similar. There is no reaso®
materially different fr urbidities of these streams in gcncral ar¢

United States, altho oin.th.OSe of corresponding strcams in the
the average tu;bidit ugfx it is true that, other things being cqua'l,
increase with the S?zo ‘:atCr taken for water-works purposes will

Ammerican streams e‘e of the stream; and it may be that some'

rivers, are of lar e,r :Pemally the (.)hio, Missouri, and MississipP!

that the turbidi:;y oflz:;:h‘::t European streams, and consequen y

purposes may be greater. er taken from them for watcf-WOfb

The i

.and Arr::::a\:\mft::n:he flrai.n age areas of a number of Europea®

points where they are su:’l(eildmg more or less muddy waters at

tion, with a few other ;mfo.r public water-supplies after filtra”
erican points for comparison.

PURBIDITY AND COLOE: 133

measurements of the best

results are obtained in most cases from
available maps. ,
Place. River. %?ﬁgigemﬁf:;‘
—l—.-J_‘__——’—‘ // e —————
New Orleans, Lace-----000” . |Miesissippisereeroor 0 ... 1,261,000
St. Louis, MO.essernesrms it tt? B e Cee eeeeenene 7o<é,ooo
St. Petersburg.....+* U Nevareve-r om0 t" e eena e 108,000
Louisville, Ky ...--o-oee0®® U lOnio. e e vens ggooo
Rock Island, Heesrmemmmemers NLississippiers soe . 1000
Budapest....ooseeressstmm 00 Danube.-ooeoe0e JPURR 79,000
Cincinnati, O...c.ooevs 2277 ORigeseersammrenmerres Z)g,mo
Dordrechte seaeermermermoatt " MaaS. . eserenrt T vevenee 68’3002
Rotterdam. .osesse sooms7t27 00" PP UPPOTPETE LR 63‘000
SChiEAAm o e enronrrrrenr st P e ,
ALLONA .+ o v rancnmenmemrttts EIDe. cvvnerensssnmmt 52,0(;3
Hamburg. s ceeeereome 0 FARRRRRROROTPIPRREEL L 52,0
SLELLIM . v o v enrarrnrmmrms sttt Oder. v e enremnmers ot 42‘000
Magdeburg. .oo-eerrerttt 0 e e 36,000
WArSaW. oceeersornssest st """ Weichsel. c-neemss 34,000
OAESSA L n s anarar sersmrmtitet " Dreister —eoes ot 26,000
WOTTNS. v v veanernoossesrsrstt?"" RBin€.es-reor ontonr st 25,000
Grand Forks, N. Dak..cveeees” Red River of the Northe.cee--e 22,000
Frankfort on Oder.ceee e’ Oderesnnenrenssmmeset 21,000
Bremen...ooeessescees®” Ceeaeee WeSerareor-srers st 15,000
Suburbs of Paris,,,.............‘;Scinc ......................... 12,200
Poughkeepsie, N. Yooooooerom"" Hudson.eeeeemem 11,600
Pittsburg, Penn...---ror00" EAiiegheny .................... 11,400
POSEM. .o anrenenenaermoerstt™ \Wartha ....................... 9,400
Hudson, N. Vo ooeeceeremeo™ LHudson.-eeerese T 3,;(;2
Albany, N. Y. eeememwesne oo et 8200
gfeslau ........................ Odereonnenesmremmsrsn st 7,500
e A AR ,
I-'aW%ence, Mass...coosrrer T Merrimac.««scsrst T ‘:,ggg
SLULLEATL. venares oo 27777 000 Neckar.c-eesressrsm " ,650
Brunswickeseeeeserser soo7m0"" OCKET v rmeemeanrr oot o
Salmon .« eeesre T

Somersworth, N. H.ooweerees®?

ROCESSES TO REMOVE MUD.

With both sand and mechanical filtration the difficulty and
expense of treatment of 2 water increase nearly in direct pro;.)oxr.
tion to the turbidity of the water as applied to the filter; and it 1s

secure a water for filtration with as little

thus iiighly important to ' ;
turbidity as possible, and thus to develop to their economical

limits the preliminary processes for the removal of mud. One of

the most important of these processes 15 t
Reservoirs s€fve two purposes in connec

PRELI MINARY P

he use of reservoirs.
tion with waters drawn
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from streams-

. ra. co
they allow sedimentation, and they afford storag
If 2 water hay

ing a turbidity of 1.00 is allowed to remain l“ba

sedimentation-basin for 24 hours, its turbidity may be mducedda;’

as much as 40 per cent, or to 0.60. If it is held a second

the additional reduction is much Jess, d
If samples are tuken of the water in the rescrvoir be(orca‘;

after settling and sent to the chemist for analysis, he will probably

have
report that from 70 to 8o Per cent of the suspended matters
been removed by the process.

moved in much larger ratj
the fact that there is
material in the

The suspended matters are re-
o than the turbidity. This arises from
A certain proportion of comparatively coars
water as it is taken from the river. This ?oars:
es the weight of the suspended matters w'tho‘;
urbidity in a corresponding degree. In 24 hou[
the coarser materials are removed completely, and at the cnfi °
that time only the clayey or finer particles remain in suspension:

. : : idity:
It is these clayey particles, however, that constitute the turbidity
which are most objectiona

difficult of removal by
Sedimentation thu

material increas
increasing the t

ble in appearance, and which are most
filtration or otherwise,

$ removes the heavier matters from the
water, but it does not remove the finer matters which P’i"dpa“y
affect the appearance of the water and are otherwise most trouble:
some. A sedimentation of 24 hours remoy
coarser matters, and the clayey material r
that time can hardly be removed by furthe
economic limit of sedimentation is about 2

e
es practically all of t:f
emaining at the cn;i.he
r sedimentation.

4 hours.
Sedimentation has Practically no effect upon the clearer water®
between flood periods. .
Let us consider the effect of a sedimentation-basin, or reservol

. )
holding a 24-hours’ supply of water, into which water is constanty
pPumped at one end, and fr

stantly withdrawn from the
such size that the time of pa
intake is less than 24 hours

om which an equal quantity is con"
other, upon the water of a stream O
ssage of water from the feeders to the
- During the period between storms
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ses through the sedimen-

. and pas ater in
i ratively clear smes the w
the water is co‘rr;lpat change. When a storm €
tation basin withou

ater is sup-
tly becomes muddy, and~ mu;i: yui‘:’cd for water
the stream promp Y put owing to the tlme- qcleaf for some
plied to the reser.volf}; outflowing water remaﬂ(‘; long before the
to pass throug}.x it, t Zual mixing, however, an appears at the
hours. There is a gra somewhat muddy wat?r ieams of this
expiration of 24 }:lourst r period rarely ]ast'S " sthat time the
outlet. The turbid-wate and at the expiration of ddier than the
size more than .24 ho::;\.basin is as mUddy. or ml; the flood the
water in the sed‘menta‘l am. After the height Ob-d water much
water ﬂowing"‘" the stt}:: flowing away of the t-urelntation in the
stream clears itself by ter clears itself by Sedlm-mum turbidity
more rapidly than' the wa i at the time of maxi ' and put it
veservoir. That is to S;}t” of water from the streasettling equal
we take a certain quan e}:vill the improvement by from natural
aside to settle, at no t}l,r:as taken place in the stream several times
the improvement whic . orovement in the stream IS Com it will
causes. Generally the ]t:nptation-basi“' and the wa}tlzrwater in the
as rapid as in thi Sidlfr:;.ction of the turbidity of t
at times have only

basin.
Let us no

im-
dimentation has done to
w consider what the se

is for most
atcl’. that 18
During the period of cleal‘;"st day of each flood
r
prove the wa'ter. done nothing. For the ined from it than was
of the time, it has learer water has been Obtla ing floods the water
. e
period very much ¢ For the first days fol Odey than the water
ing i am. mu .
flowing in the stre. n-basin has been more dimentation-basin has
in the sedimentatl: nly time when the se
. The ©
in the stream.

at is, when the

. o the first part o‘f f?oods,s;:g- During this
been of use is during in the stream is increa e of its storage
turbidity of the wate; lse:rvicc principally becasl;ieam previously,
period it has .been ; water received from.the s has been secured
capacity, yielding upd Such sedimentation as amount.
when it was less mllx‘in}; generally not important in
cidenta

is merely in
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e obvi .

storage is much ::::S from the above that for these diti
us back to the old E“’“;p()rt.am than scdimentation Tclo'n k:t{ons
enough to carry watcr.g\ ,‘Sh idea of having storagc.,'“cn,lol.s ;'mg:
flood-waters. Reservc .‘O"ks over flood pcriods without ﬂ‘rS ‘argf
ered necessary for tl sirs of this kind were, and still 4 1c ube':
Engh&‘-h rivers, altho 1e successful utilization of \.-l d'rc' con=t
the waters of some lfl{gr:et:-lesc waters do not appro‘;\ithcri:\ f:rt;?:g'
bt:t:rllnbxtx:l little used in thelc[j';i:;cil:]s' This idea of storage has
e above case, if we States.
of as a sedi ‘ , if we use our )
be great::l?;;:gi:)d"'ba-*iﬂ, the aver::;ic;vl:);:itf?;:!‘:agc instcad
full, and pumping to .it Thc reservoir should i)rdinta cl t"‘;tcrkCa:
exceeds a certain limit ilou}d be stopped whenever t:lu:) tucbidci:)
reservoir is then to [; o be determined by experience; rd th)c'
turbidity again falls o 1 drawn upon for the supply o
with a stream in whicl the normal. In the caq; :P,\ untt t, i
hours, a reservoir hOId" all of the water rcachc; t; SS?mCd al?mc,
safe, a somewhat lar ing a 24-hours” supply 0; iﬂlc mtz'xkc in 24
much lower average f::b-odr?c’ would yield J.Watcr i:rac'ncc, to be
pumped constantly from lt}lty than would be obtaincadwn.gha Vc:;
With a river havin e stream without a reservoi with wa
required to bring the wf\t:!l watershed so long that O‘;' h re
rc.schOir twice as large er down from the most rcmit louc;s ,
still greater reduction i would be required, and ¢ fee crs, a
As the stream l:n in the average ‘\Hbid’it , would result in 2
the size of a rescri:.)mes larger, and the t)u.rbid i
becomes larger, and cir necessary to utilize this periods lonE®
?hortcned, and thus th : nn.WS during which it c.anact;lon e
l.ncrcascd. For modc: tcng'nccring difficultics of th ¢ filled are
is far more effective tha ely short streams, cost f ¢ problem are
an sedimentation, and we omru::)st- sto:g;
come bac

to the old Engli
X glish practic
of maximum turbidity. ¢ of stopping our pumps during pcriods

TURBIDITY AND COLOK.- 137
UPON SAND FILTERS.

e effect of mud upon the oper;tion
ticular consideration.v The first
and consequently the frequency
n; while the second relates to

clarified effluents.

EFFECT OF MUD

There are two aspects of th
of sand filters which require par
relates to the rapidity of clogging
of scraping and the cost of operatio
the ability of the filters to yield well-

HE LENGTH OF PERIOD..

ered between scrapings
{ the raw water. The

EFFECT OF TURBIDITY uPON T

The amount of water which can be filt

is directly dependent upon the turbidity ©
greater the turbidity, the more frequently will filters require t0 be

scraped. In the experiments of the Pittsburg Filtration Commis-
sion, with 4 feet of sand of a0 effective siz€ of about 0.30 mil-
limeter, and with rates of filtration of about three million gallons
per acre daily, and wit s of head limited to 4 feet,

sand filters were operated as {ollows: For five periods the turbidi-
ties of -the raw water ranged from 0.035 to o0.062, and averaged
0.051, and the corresponding periods ranged from 102 to 136, and
averaged 113 million gallons P€f acre filtered between scrapings:
For ten periods the turbidities of the raw water ranged from 0.079
to 0.128, and averaged 0.102 and the periods averaged 78 million
gallons per acre between scrapings- For fifteen other periods the
turbidities of the 13V water ranged from ©0.134 t° 0.269, and
averaged 0.195 and the periods averaged 52 million gallons per

jods the turbidities of the

acre between scrapings: In two other Per
raw water averaged 0.67, and the periods between scrapings

averaged 10 million gallons. In all cases the turbidity is taken
as that of the water applied to the filter. Usually this was the
turbidity of the settled wateh put in some €ascs raw water was
3ppfied, and in these case the turbidity of the raw water is taken.
These results aré approximately rcpresented by the formula

12

Period petween scrapings } _
= furbidity + 0.05"

million gallons per acre
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scrapings is nmr]\' clearwaters the amount of water passed between
B arly mversely . 3¢
twice as ely proportion:
great an an ional to the turbidity. With
mount of turbidity, filters will have to b>e. leancd
: clea

twice 3
s often, t}
1¢ N i S
reserve area for cleaning will ' b
Wi requ]f& to &

twice as
great, and ti )
replacing sand, which‘c~ cost of scraping filters and of washing and
of operati i is the most im &
o ion, will be doubled portant clement in the cost
ith waters havi .
average period wmznlr)mg turbidities of 0.20 upon this basi the
) i . is is,
scrapings.  This ; ¢ about 51 million gal
. his is about the gallons per acre between

Germ ave
an works filtering river w crage result obtained at the

culty i . ater .
ty in operating filters which ¢rs, and there is no serious diffi-
) l’cquirc to bc . .
scraped with this

. . ascd
q y T "!bid \\'atcrs thc pcf.() i

With an
avera e
ge turbidity of 0.50 the average iod is only 24
period is only

million
gallons per
P acre between scrapings, a conditi hich
4 ndition W !

With m
uch more .
turb ,
id waters the difficulties are increased and
i

if the durati
on .
operation of San;fﬁ:urb'd water should be long-continued, the
expense, als ters would clearly be j g-con inued,
» also, would be prohibitive impracticable, and the

y] SE l)c bo
n S must !

out injurious re
. sults, even th o .
app;lcatlon would be fatal ough it is so turbid that its continued
t is very lik '
ely also th
streams differ at the sus
rin ; pended ma . .
ties would give qut::e'(; natures to such an extent t}:t:rs .Ldlm:.?t
edi . a 1-
were so regular as t lﬂ?rc"' periods, although the Pit:q!‘: il :xlts
(o] S
give confidence in their applicati urf fcsther
ion to o

conditions withj
ithin .
a most conveni feasonable limits, and
venient method of con:, X when so applied they afford

.
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0 PRODUCE CLEAR EFFLUENTS FROM

POWER OF SAND FILTERS T
MUDDY WATER.

ed water is not too great it is
With extremely
often produced

When the turbidity of the appli
entirely removed in the course of filtration.
muddy raw waters, however, turbid effluents are
with sand filters. The conditions which control the passage of
the finest suspended matters through filters have been studied by
Mr. Fuller at Cincinnati at considerable length. They are similar
in a general way to the conditions which control the removal of
bacteria. That is to say, the removal is more complete with fine
filter sand than with coarse sand; with a deep sand layer than
with a shallow sand layer; and with low rates of filtration than

with high rates. The practicable limits to the size of sand grain,
f filtration are established by other

depth of sand layer, and rate 0
conditions, and the question remains whether within these limits
a clear efluent can be produced.

At Pittsburg the turbidity of the e
operated as mentioned above, which received water whic

passed through a sedimentation-basin holding about a 24-hours’
supply, but without taking any advantage of storage to avoid the
use of muddy water, was nearly always less than 0.02, which may be
taken as the admissible limit of turbidity in a public water-supply.

This limit was exceeded on less than 20 days out of 365, these
pring freshets, and on these days

days being during the winter and s

the excess was not such as would be likely to be particularly
objectionable. For the water of the Allegheny River, then, sand
filtration with one day’s sedimentation is capable of yielding a

water not absolutely clear, but sufficiently clear to be quite satis-

factory for the purpose of municipal
At Cincinnati, on the other han
pended matters was fve times as great as at Pittsburg,

effluents which could be obtained by sand filtration without
recourse to the use of alum, most favorable conditions,

fluent from a sand filter
h had

water-supply.
d, where the amount of sus-
the

even under
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ry much m A AES.
. . ore :
were, in fact, so t b““bld than those obtained i 4
’ urbid at Pitisburg, an
purpose of publi as to be serivusly ol ject b
With I e Wa!ef-Suppl). s} ol JcCtlonab!e for the
rivers no mo :
re ;
burg’ and rivers havin turbid than the A“ﬁ'ghen\ Ri )

N ¥ * v gr -
of flood-flows can be g floods of such short dura;' l\;r Btll we
a ) avoid . jon that the use
t}:e adequate for clarificati ed by the use of reservoirs, san | filters

an the Alle on. For waters whi  Sane
. -rheny, as ) aters which arem T
Louisville, sand ﬁl);; ! for instance, the Ohio at Ci ,ud‘ r?n.ddler
result of his Cinci ation alone is inadequat ’ “"“C"man and at
) innati ; : ate.  Mr. Fuller,® ¢
*“ For the sake of experiments, has stated th l u“L;'[ i

e explici . ) ¢ case as foli Y
data of the fairly nor plicitness it is desired to sl 0 jow
when English filter m;’l year of 18¢g8, the pro show, with (17

. s (that i ' portion - time
the purification of the t is, sand filters) would be i of t.ht, tmf
This necessitates fixi unsubsided Ohio River inapplicable 1

water ¢ .- .
matter in this ri ing an average limit of “"J' at Cincinnatl-
eviden ver water, and i ) permissible suspcndcd

ce. s a difficult mat (
T3 atter > t
In pa . rom presen
rt thl% is d
relative a ‘ ue to variati .
mounts of th ions in the cl
- ~ ‘a .
and in part it is due t Z.SUSpendcd silt, clay, a (’;‘thr and in the
o . ', an . .
layer, which affects m t'ﬁerc"t amounts of clay st organic ¥ attﬂt;
ateri ) S H
the clay of the applied erially the capacity o() thor;(l! in the s:m.

. w ¢ .
ux.lsubSlded river-water vater. During these in t.tr t.o retain
with the exception of was not regularly a >l' vestigations the
necessary to depend the results of tests t'ox'pp lde to flters: and,

upo . ) a ew . N -

ence to this point Sg f" general information obt -days only, it 1S
: a . ain . .

an average of 125 part r as the information goe .Cd with refer
the amount of susp dS per million is a Consg s, it appears tha!

: en ervati .
which could be regul e]d matters in the unsub .:;ve estimate of
ular . subsi v .
y and satisfactorily ha dICdl river-wa e
ndled by English

filters. B
y ut at tim .
[ .
and at other times tos ;hls estimated average :
o high. . re would be too loWr

‘“ While E
nglish fi
lters are able to remove
satisfactorily on 3%

R port
on t P /'
or ater \ll’lﬁclll()n at Cinci age 78
* {3 W P nnat g
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EFFECT OF MUD UFPO

unsubsided water,
that they can regularly handle suspended
g only a8 high as from
t of the clay stored in
million. But it
the river, of at

tentive capacity of the sand
:th the clay in the applied
1f this capacity is
merely temporarys
rkedly turbid

average about 125 parts of silt an

actual expericncc shows
clay in subsided water in a
30 to 7O parts (depending upon
%hc sand layer) and averaging abo
is truc that for two of three days ©
the beginning of long (reshets, the 7€
layer allows of satisfactory results W
erably 10 excess of 70 parts.

the advantage is
producing ma

mounts rangin
the amoun

n short rises in

water consid
greatly overtaxed, however,
as the stored clay 15 washed out l1atel
effluents.”’

Translating Mr- Fuller’s results into term
125 parts per million of suspended matters in t
sent a turbidity of about 0.40 and the 30 t0 70 parts of s
matters in the settled W ¢ turbidities from 0.20 to0

S corresponding

0.40, the average of 5o par

to a turbidity of about 0.30.
Upon this basis, flters are capable of treating rav
ttled waters with

waters with average to 0.40, OF s€

average turbidities up t° o. re turbid than this
d without the us¢ of

s of turbiditys the

he raw water repre-
uspended

ts of suspended matter

30
essfully treate

are incapable of being succ

coagulants of other aids t© the process These results arc in

general accordance with the results of the experiments at Pitts-
generally used in

burg, and demons
, if not most,

Europe are adequate for the clarificatio
United States,
jes as to make the proces

n of many
ther waters carrying

river waters in the
s inapplicable to

mud in such quantit
them.

N BACTERIAL EFFICIENCY OF FILTERS.

EFFECT OF MUD UPO

The question is naturally raise
ities of mud in

ence of large quanti

d as to whether or not the pres
11 not seriously

the raw water wi
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interfere with ) )
Cincinnati and tll’lictt:)l;‘j:tn}al Cﬂ."_:ie"c.\' of filters. Experiments at
t(;‘y information uponhth]i;:v;filx‘::n ':(’St conclusive an’ sisiee
effluents become e . : 'p to the yoint whe e
influence upon \t:\cq;l:; tl.lrbld' the mud in the riw watc:ul:;t:l‘o
this point, with cﬂhx;;tcn»al cmcitnc."i and even somewhat beyond
able for the purpose of as ’Z Furbld that they would hardly bc':‘»llil'
remains substantially cl()l: ?C water-supply, the baczcrial‘cﬂ'xcicncy
waters. Only in the lela to that obtained with the clearest
fO" ‘l)ther reasons, sand ﬁhltt:c(r): z::e}”i:’]c uantities of mud. Wi
is there a rt e ) 1ardly be conside i
tioned abo:'nc(,)d:)lzlrt:iclriducm)n, in bacterial d‘}‘:c'ldc‘nr:‘d ap.-‘\)‘slc:lb:::
smaller than the bact:- Consnfunng turbidity afc.o(ten much
}Il"avc :n adhesive powcrlf;:rairr:de:(n addi:ion' the bacteris pmbably
or these reas jnexcesso that o - clay i
ditions which :]f:ocsltainlt)fimclcs are able to pafsst:;t:::)u:j:trlif::
On the other hand ‘r;:tlydprcvcnt the passage of bacteria.
removal of turbidity is 'a o 'not necessarily follow that the
Although this is often :;ompamcd by high bacterial efficiency-
particularly in connection e casc, there are marked exceptions:
good clarification is obtair‘;v‘;h the use of coagulants, where very
are produced containing co o an‘,l notwithstanding this, efluents
mparatively large numbers of bacteria.

LIMITS TO T T
HE USE 5
OF SUBSIDENCE FOR THE PRE] R
ATMENT OF . PRELIMINARY
TREATMENT OF MUDDY WATEKS

When w i
ater is too mudd

most obvious oo T : to be applied directly to filters, the
possible by sedi remove as mucl

imentati L ch of the sediment 3
as essential parts of ﬁ[t::-mt Sedimentation-basins arc considcf‘-'d
waters. The ation plants for th

effec . e treatment dd
remove principall t; of sedimentation, as noted ab °'f n,.u :i
this the dcposit}; e larger particles in the raw wat a O‘IL;, :’s. !
operation a pon the surface of th er. By Joif¥

re greatly reduced e filters and the cost of

These lar i
ger
particles are mainly removed by ivel
a comparatively
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and the improvement effected after
The particles remain-
st almost entirely of
hrough the water
temperaturc
ral tendency

imentation,
ratively slight.
his time consi
lement t
basin, due t0

fiset the natu

short period of sed
Fhe first 24 hours is comp?
ing in suspension at the end of

very fine clay, and the rate of their sett
and currents in the

is cxtremely slow;
almost entirely ©

changes, winds, etc.,
of the sediment to fall to the bottom.
ct of sedimentation

There is thus 2 practical limit to the efle

which is soon reached, and it has not been found feasible to
extend the process s0 35 to allow much more turbid waters t0 be
brought within the range which can be economically treated by

sand filtration.
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CHAPTER 1X
T O Afe1
HE COAGULATION OF WATERS

THE co .
agulatio . .
substance which forrlncf~ “Me.r consists in the addition to it of some
presence of which }l? ‘dn Inorganic precipitate in the water, the
matters, and allows t)ll:3 4 physical action upon the suspended
b ¢cm to . .
dence or filtration. be more readily removed by subst-
The mos
t comm .
this substance is ad(:indcoagmam is sulphate of alumina. When
ponent parts, sulph L to. water it is decomposcd into its cOmM”
combines with theI ],‘L:,:‘C acid and alumina, the former of which
Case enough of this is e] o -Other base present in the water, Of in
partly undecomposed j ac.kmg, it remains partly as frec acid and
forms a gelatinous Prcclf] .lts original condition; 'wln'lc the alumind
the suspended magts, ipitate which draws together and surrounds
and allows them to prrescnt in the water, including the bacterid:
than would otherwise bc :’r;]uch more casily removed by filtratio?
e
chemical attracti ¢ case. In addin i
ra . dition, th asd
purification m(;t;,o;\ for dissolved organic matters a:dai:':lcnhac:ﬁ
c ’
be possible with sa::jol';hcon?p[cte at very high rates than would
however low. ration without coagulant at any rate,
Coagulant
s have be
from very early times j: employed in connection with filtration
‘“ Annales d'hygiénc. bs.carly as 1831 D'Arcet published in the
of Nile water in Eg tp: IIQu.c_" * an account of the purificatio”
filtering it throughyi ﬁaddmg alum to the water, and afterwards
has been mall household fil '
repeated] . ters.  More recently alu®
Y used in connection with sand filters p);rticu'
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larly at Leeuwarden, Groningen, and Schiedam in Holland, where
the river waters used for public supplies are colored by peaty

matter which cannot be removed by simple filtration.

USED FOR COAGULATION.

very full account of the substances
Without taking

en suggested, the

SUBSTANCES
Mr. Fuller* has given a
which can be used for the clarification of waters.
up all of the unusual substances which have be
most important of the coagulants will be briefly described below.
Lime. —Lime has been extensively used in connection with the
purification of sewage, and also for softening water. Lime is first
slaked and converted into calcium hydrate, which is afterwards
d applied to the water under treatment.

The amount of lime to be used is fixed by the amount of carbonic
So much lime is always used as will exactly
cid of the water into normal
lightly soluble in water
ather than

dissolved in water, an

acid in the water.

convert the whole of the carbonic a
This substance is but s

The precipitate is crystalline r
4 to aid in the removal of clayey

although its action in this
The precipitate is quite heavy, and is
tion, although filtration must be
used to complete the process. Water which has been treated with
lime is slightly caustic; that is to say, there is a deficiency of
carbonic acid in it, and it deposits lime in the pipes, in pumps,
etc.; and although the precipitated calcium carbonate is much
softer than steel, it rapidly destroys pumps used for lifting it.
Principally for these reasons it is necessary to supply carbonic
acid to water which has been treated in this way, and this is done
by bringing it in contact with flue-gases, or by the direct addition

of carbonic acid.
ening waters is known as €lark’s

The use of lime for soft
ed in England many years ago, and the

carbonate of lime.

and it precipitates.
flocculent, and is not as well adapte
Matters as some other substances,
respect is considerable.
largely removed by sedimenta

process. It was patent

* Water Purification at Louisville, page 378.
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patent has ’
now exni ..
constructed for fac'}])'”eq' Various ingenious devices have beeft
process has hardly lbl“tmg various parts of the operation. The
ven used | . ’
large field for it in ¢ Useq in the United States, but there i5 3
waters, and wh onnection with the softcning of very hard
cre SUC}) w N '
substanc:es . aters a]SO contai -
e n . e
Large will be mncidentally removed by tl iron or clay, thes
T quantities . * the process.
of
matters which is c:ntircly]“:;-jT have an action upon the suspcnded
process . itlerent from i '
g » and the action upon bt ron that secured in Clark’s
his action was noted i acteria is particularly noteworthy-
found that sewage I experiments at Lawrence . where it was
" wa»» ’
tion of considerable ) aln.u?st completely sterilized by the applica-
series of experi quantities of lime. An extremely interesting
. ments . cly interes
lime to water was ma:POn the application of large ;uantitics of
results were extremel fe by Mr. Fuller in 1899:+ The bacterial
y favorable, although the necessity for remov:

ing the exc .
ess of lim .
€ afterward is a somewhat serious matter and

in thesc (S 4 i
erim i
P ents it was not cntirely accomplist
plis 1ed.

Aluminun,
2 Co .
employed. It c;;’f’t‘:""ds. —Sulphate of alumina is most commonly
¢ obtained ; s Mos
a very moderate pric btained l.n a state of considerable purity at
methods used for its ¢, and important improvements  in the
Potash and soda alum n;anu{actu“' have been recently introduced
. s have n ' ’
and, in fact o advantape .
» are less ; ge over sulphate of alumina
greater. Chloride of lemc.’cnt per pound, whilf their costs ar¢
hate i ifyi alumina is practj .
’ So l/n purifying power, but 1s IZOFC ically equivalent to the sul-
dium . ; expensi
states that Aluminate has been exami p;m;)vc'
at experi . ined by Mr. F who
the case of perience has shown that its use s j Fuller, W2
hi of the Ohio River water S use is 1mpracticablc in
ompounds o )
namely, ferrousfa[r(;)’,.—¥ron forms two classes of unds
applied to water ur;d ferric salts. When the fers Comp;:s ar;
, . ous
€r certain conditions, ferrous hyd Sa. re-
’ s hydrate is P

—

L] S N
pecial Report M
and Water, page 747 ass. Sta

t Water Purification at Cincinnatj
» P- 48s.

e

te Board of o -
Health 1890, Purification of Sewsg®
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s not entirely insoluble in water
ditions the precipitated
ent in the water to

cipitated, but this substance i
containing carbonic acid. Under some cont
ferrous hydrate is oxidized by oxygen pres

ferric hydrate, and so far as this is the case, good results can be
as readily oxidized when

obtained, Ferrous sulphate is not

applied to water as is the ferric carbonate present in many natural
waters, and for this reason ferrous sulphate bas not been success-
fully used in water purification. In the treatment of sewage,
where the requirements are somewhat different, it has been one

of the most satisfactory coagulants.

Ferric sulphate acts in much t
alumina, and is entirely suitable for use where sulphate of alu

could be employed, but it has not been used in practice, due prob-
ably to its increased cost as compared with its effect, and to the

practical difficulties of applying it in the desired quantities due

to its physical condition.

Metallic [ron.:. The Anderson Process.—The use of metallic
iron for water purification in connection with a moderately slow
filtration through filters of the usual form is known as Anderson’s
Process (patented), and has been used at Antwerp and elsewhere

and has been experi

he same way as sulphate of
mina

on a large scale, mentally examined at 2
number of other places.
The process consists i

metallic iron, a portion of whic
carbonate. Upon subsequent aeration this is supposed to become
ferric hydrate, *with all the good

oxidized and precipitate out as
ch follow the use of alum. The

and none of the bad effects whi
oved by sedimentation, while filtration

precipitate is partially rem
completes the process. The process is admirable theoretically,
very small scale often gives

and in an experimental way upon &
ers very difficult of filtration,

most satisfactory results, muddy wat
and colored peaty waters yielding promptly clear and colorless

effluents.
In applying the

contact with

n agitating the water in
tion as ferrous

h is taken into solu

process on a larger scale, however, with peaty
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waters at least, j :
s>lution in thc' tl't Seem‘s impossible to get enough iron to go inte
which is taken e ‘Yh(Ch can be allowed, and the small quantity
incompletel u;‘) f:lthcr remains in solution or else slowly and
follow the syd:;remb"atcs out, without the good cffects which
udde
and in this cas ) :;“d complete precipitation of a larger quantitys
increased abov;etlt ) ClOIor is seldom reduced, and may even bé
: ’ 1€ color o . . 4 .-
1n solution. f the raw water by the iron remaining
The ingenuity
yet found iny I:L)jeor those who have studied the process has not
tical objections. aq:ate means of avoiding these important prac-
filtering area M:wn” cven at Antwerp a great extension of the
tion, is goo(; eVidc as the use of alum at times of unusual pollu-
the effect of the j enc? tha't simple filtration, in distinction {rom
At Dordr htlron. is relied upon much more than formerly-
ec
the rate of filtrati 2lso, whete the process has been long in usc
the result, so far O“IdOCS not exceed the ordinary limits; nor i
obtained a few [:lsl could ascertain, in any way ;upcrior to that
. €s away at Rott . ;
with substantially the same raw wat erdam, by ordinary fltratiofs
The result i er
s o
been closely watc!;t:jml:)d at Boulogne-sur-Scine, near Paris, have
Paris, and have be y the public chemist and bacteriologist of
of very consides blen very favorable, and a number of new plants
the suburbs of pa '¢ Capacity have been built, to supply some of
of filtration are 3:::, lbut dcven in these cases only moderate rates
. -mployed whi ]
without the iron. ich would yield excellent effuents
Compound,
lar to tlﬁ)sc o: ‘i’f A[a"ga”.“f'_Manga"esc forms compounds simi-
but their use ifon. that = to say manganous and manganic salts
found possible nlconnc“'o" with water filtration has not bee?
pounds, known.as :lnaddltlon' manganese forms a series of com”
in their structure ;ﬂgar.lates and pPermanganates, quite different
contain and action from the others. T nds
an excess of oxygen which th . These compou

organic matters capable ey give up very readily t0

of absorbing oxygen, and because of this
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ave been extensively used in the treatment of

sewage. Applied to the treatment of waters their action is very
slight, and the compounds are so expensive that they have not
been employed for this purpose. Theoretically the action is very
attractive, as the oxygen liberated by their decomposition oxidizes

some of the organic matter of the water, thereby purifying it in
a flocculent precipi-

pitate of

power, they h

part, whilc the manganese is precipitated as
tate having all of the advantages pertaining to a preci
hydrate of alumina, and without the disadvantage of adding acid
to the water, as is the case with the compounds of alumina and

iron. These chemicals, when used in comparatively concentrated
ions, but in water purifica-

condition, have powerful germicidal act
1 that no action of

tion the amounts which can be used are so sma
this kind results. The amount which can be applied to a water is
limited to the amount which can be decomposed by the organic
and is not large.

matters present in the water,
The Use of Metallic Iron and Aluminum, with the Aid of

Electricity.— Elaborate experiments were made at Louisville with
metallic iron and aluminum oxidized and made available by the
aid of electric currents. The use of iron with electric currents was
tried in sewage purification some years ago, under the name of the
Webster process, but was never put to practical use. The theory
is to oxidize the iron or aluminum in contact with the water, with
the formation of flocculent hydrates, by the aid of an electric
current, thereby securing the advantages of the application of
salts of these metals to the water without the disadvantage of the

addition of acid. ,

Other Chemicals Employed.—A solu
produced by electrical action has been suggested.
a powerful disinfectant, and when used in large quantities kills

It is not possible to use enough chlorine to kill the
g it unfit for human use.

tion containing chlorine
Chlorine is

bacteria.
bacteria in the water without renderin
The nature of this treatment has been concisely described by
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r. Drown. * - B
. ¥ who show
not differ in their ac?‘“s fhlll the electrically prepared fluids do
the use ion 1N any way .
of whi ay fro : : ~mi
- which would be hardly co)n id m well-known chLmlcalS,
e use of 026 sidered
one . )
gested, but 1 do nota]:‘d peroxide of hydrogen have also been SU8°
-n . -
on a large scale. The sow that they have been successfully used
. ame i B}
consideration of which is :nc(ﬁ true of many uther chemicaty the
lar y necess: . .
sary in this connection.

COAGULANTS W
In actual ANTS WHICH HAVE BEEN Uskl
al work sul > BEEN UskD.
coagulant which has bPhatc of alumina is practically the only
are pl’acticany its ec u‘cc" Cmploycd. cxccptin" the al’umg “-hich
. : D 2y

Nearly all importa lt ivalent in action, differing only in strcngﬂ‘
have b nt experiments )
een made wi upon the coagulati water
vith sulphate of alumina, and ag 1 Ucfm 0; dis
a4, in the urther 15°

cussion of this subj S
s sub ]
ject only this coagulant will be ¢ .
on:ldCl‘-‘d'

AMOUNT OF
. YF COAGULANT
LANT KEQUIRED To REMOVE 'I'l'R}’”)lT\'

In the
coagulation .
of turbid waters a certain definite ;\mOU“t

of coagula
nt must be
employed. If less than this amount is us€

either no precipi .
sufficient qulk i’:‘:‘; will be formed, or it will not be formed in
the precipitate shoul(; c; th.c desired results. It is necessary that
practically all at one ti: .bufﬁcu:nt, and that it should be formed
to accomplish this pur )OTL.. The amount of coagulant necessa’y
raw water.  \Vith pmé[-be is dependent upon the turbidity of the
the ordinary commerci: ;Cally clear waters sulphate of alumina ©
per cent soluble oxidcld{ Strcn.gth’ that is to say, with about 17
0.3 or 0.4 of a grain of aluminum, used in quantities as small a8
turbidity increases | per gallon, will produce coagulation As the
A special stud a‘lrger amounts must be cmplo{).ed -
Pittsburg exPcrimYCn‘;as made of this point in con)ncc-t'o with the
found that two gra‘s.+ As an average of these rl nll "t was
ins per gallon of sulphate of aclz\:nij\a‘ were

) L 2
Jour. of the
New E
t Report of ngland Wate
th H r Work
¢ Pittsburg Filtration Com;-A”oc" Vol. viis, page 183-
ission, 1899, pa
» . ge 55-
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ulate waters paving turbidities of 1.00, sO

required to properly coag
Jewell filter, and 2.75 gtains

that thcy could be filtered by the
were required for the Warren filter.

Aside from the amount required t0
the clearest waters, the amount of coagu
portional to the turbidity- As an averagc for t

produce & precipitate in
lant required was pro-
ne two flters the
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03 WITH WATERS OF VARIOUS DEGREES OF s
p THE AMOUNTS NECEBSARY -1
R CLARH-'ICATION. 1
oo 00
&0 100 160

o0 20 80
Turbidity of Raw Water.
10 REMOVE TURBIDITY.

FiG. 20.—AMOUNT of COAGULENT REQUIRED

ximately ©-3°© of a grain, and in
h o.ot of turbidity- Thus a water
f a grain per gallon; 2
1.30 grains; of 1.00,

required quantity was appro

addition 0.0z of 2 grain for €ac
having a turbidity of 0.20 requires 0.70 ©

water having 2 turbidity of 0-50 requires
4.390 grains, etc. These ar¢ average minimum

results. Occasionally clear effluents Were produced with smaller
quantities of coagulant, while at other times larger quantities were

tisfactory results.

2.30 grains; of 2.00,

necessary for sa



152 r )
‘ ILTRATION OF PUBLIC WA 1 RS U P PLIES.

The amoun
to X .
has’'been stated [i coagulant required for clarification at Cincinnatt
¢ y htr. l‘ullcr in his rcl)”rt_ A number Of hi,

results i
arc brought together in the following table, to which has

also been add
ed a column showi
R lowWInNge approxi : respond-
Ing results at Pittsburg. ¢ Apprommatly the come
ESTIMATED AVERAQ

AV l;RA‘("I:: AMOUNTS OF KEQUIRED « HEMICAL FOR

N _k%)llgl“lkl\l GRADES O} WALTER,
- ,W/

fhemual Required. Grains per Galior.

—_
S;:age(nqed Matter, | | — -~ - - ——
310 100,000. AW Water f 3 . '
Sand P.m"‘"" 5“‘;‘:(’:;%_“ Ater for Submided Water for  Mimmum fof
Cincranau VT e Mcchanica! Fiters. Kaw Water fof
Report, Page 140, R!’lm;'(,“)r:'r“ ‘ R Cincsnean Mechanicai Filtert-
—_— v Vagr 20, cport, I'age 341 Prittsburg-
_— !
1.0 i - T e - —
[o] ! N
2.5 ° | o 0.33% ; 0.40
5.0 o o 1.2% ! 0.50
l7< 5 ° lo 150 o.70
0.0 -30 [N o.
12.5 :gz I.6o 2.;3 l-z
15.0 1'70 1.80 2.45 1.15
17.5 1 8o 2.00 2.6% ! 1.30
20.0 1.9% 3.1o 2 §g : 1.40
30.0 2.25 2.20 3 E., ! 1.60
4g~0 2.50 :fs 3.80 E s
20.0 2.80 75 3.40 : 2.50
75.0 3.08 i
100.0 3;2 : |
120. : !
° 4.75 | g
i

e a———
how that a greater amount of
Preparation of water for mechanical
>sary in connection with sand filters. The
containing equal amZ:Sn:Zd’;atc that settled waters and raw waters
difficult to treat. Th of suspended matters are about equally
waters reCIuired. ¢ results at Pittsburg indicate that the @Y

much smaller quantities of coagulant for give?

amounts of suspend
ed matters than i
., was the i bsided
waters at Cincinnati, the results case with su

Mr. Fuller's resujts seem to s
coagulant is required for the
filters than is nece
results with sand fit

agrecing more closely with the

amounts required t
. 0 pre .
cinnati. pPrepare raw water for sand filters at CiP
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AMOUNT OF COAGULANT REQUIRED TO REMOVE COLOR. «

The information upon this point is. unfortunately, very inade-
quate. In some experiments made by Mr. E. B. VVes.t(.)n at
Providence in 1893 with a mechanical filter,* with quantities of
sulphate of alumina averaging 0.6 or 0.7 of a grain per gallon, the
removal of color was usually from 70 to 90 per cent. The stancf-
ard used for the measurement of color is not stated, and there is
no statement of the basis of the scale, consequently no means of
determining the absolute color of the raw water upon standards

commonly used. |

At Westerly, R. 1., with a New York filter, the actua
quantity of potash alum employed from Oct. 10, 18‘96, to Marf:h
1, 1897, was 1.94 grains per gallon, the amount being regulated

to as low a figure as it was possible to use to secure satisfactory
There is no record of the color of the raw water.
te would place it at 0.50 upon the platinum
scale. The chemical employed in this case was alum, and two

thirds as large a quantity of sulphate of alumina would probaf:ly
have done corresponding work, had suitable apparatus for applying

it been at hand.
At Superior, Wisconsin,

decolorization.
A very rough estima

the water in the bay coming from the
St. Louis River, having a color of 2.40 platinum scale', was
treated experimentally with quantities of sulph:ate of alumm; up
to 4 grains per gallon, by Mr. R.S. Westo.n in Januaryl',tl gng(;
but even this quantity of coagulant utterly failed to coagulate a

decolorize it.
At Greenwic

sulphate of alumina employed, as ¢
in the annual report of the Conne t State Board.of Hea?th
of a grain per gallon, and this quantity

for 1898, was about 0.44
sufficed to reduce the color of the raw water from 0.40 to (?.3(?,
is very slight, and it is

platinum standard. This reduction .
d State Board of Health Report for 1894.

# Rhode Islan

h, Conn., during 1898 the average amount of

ompu
cticu

ted from quantities stated
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obvi
vious that this quantity

L o vl
deCOlonzatnon‘ [ coagulant was not enough for

Some experime .
Providence, {])::_n;mn:_ bearmg on color removal were made at East
the l’roceedings ;;f t)l M I"', B. Weston, and are described in
September, 1899. In"';h"_\‘mt'nc:m Socicty of Civil Engincers for
reduced from 0.58 to o 11(: Cilsc.(}w color is reported to have been
grain of sulphate of alu;n- 'l)latmum standard by the use of on¢
alumina, equivalent to :‘"- containing 22 per cent of effective
per gallon, about 1,30 grains of the ordinary article
The various .
80 to 90 per cii?e;:'nﬁn‘ts seem to indicate that a removal from
quantity of sulphate of )::I Col_or can be eflected by the use of 3
grains per gallon for umina equal to rather more than two
waters having colors of 1.00, platinum

standard and
’ roporti

colored w Proportionate quantities [

waters.  With much or more and less deeply

tion is not cflected, and ey
of the color. -

less s h
1” sulphate of alumina decolorizd-
arger quantities do not remove all

The dat
. 4 are much .
1t is to be hoped that less complete than could be desired and
. expers . : ’
m periments w
ore light upon this important su;:'ts Will be undertaken to thre™
Ject.

SUCCESSIVE :
E AI'PLICATION OF ¢ .
. COAGUILANT.

Fuller, in hi
’ Is e :
that whe Xperiments at Louisville, has ascertained

n sulphate of .
al :
the sediment absorbs s umina is added to extremely muddy water
decompose, and carrie (-)me of the chemical bcforc’ it has time t0
’ $ it to tl
cas . e b . .
¢, no benefit is derived from ottom, and so far as this is the

is absorbed. In other words that part of the coagulant which
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the Allegheny River water. At Louisville, however, it was an
as shown by Mr. Fuller's results. )

To avoid this loss of chemical Mr. Fuller has suggested the

greater part of the suspended matters by sedimen-
aid of a small quantity of

he final coagulant prior
tered at Louisville

important factor,

removal of the
tation, without chemicals, or with the
chemical, followed by the application of t
With the worst waters encoun
ant to be effected in this way is very
¢« \Water Purification at Louisville,”’

p. 417: *“ The practical conclusions to be drawn from this experi-
ence are that with preliminary coagulation, followed by subsidence
for a period of about three hours, the application of coagulants

may be divided to advantage, and a considerable portion of the
when the total amount of

suspended matter kept off the filter,
required coagulant ranges from 2 to 2.5 grains or more of ordinary
In the case of a water requiring

sulphate of alumina per gallon.

mount of coagulating treatment, a proper division
the saving of coagulants and
shing the filter.”’

page 441, Mr. Fuller
d for the clari-
per gallod

to filtration.
the saving in coagul
Mr. Fuller states in

great.

more than thisa
of the application would increase
would diminish the frequency of wa

In his final summary and conclusions,
nt of sulphate of alumina require
fication of the Ohio River at Louisville at 3.00 grains
of water filtered if all applied at one point, or at 1.75 grains by
taking advantage of subsidence to its economical limit prior to the
final coagulation. The saving to be effected in this way is suffi-

tify the works necessary to allow it to be carried out.
or waters highly turbid for only short

ble coagulation would be less

estimates the amou

cient to jus
With less turbid waters,
intervals, the advantages of dou

apparent.

T WHICH VARIOUS WATERS WILL

THE AMOUNT OF COAGULAN
RECEIVE.

be safely used is dependent

The amount of coagulant which can
When sulphate of alumina

upon the alkalinity of the raw water.
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is added to water it is e

) above, with the
compaosed, as cxplained above, Wi
formation of alumin

4 which is alone useful in the work of.puf'ﬁ‘:::
tion, and sulphuric acid, which combines with the calcium ca
1€ water.  There should alwayvs be a:
excess of alkalinity or lime in the raw water. I for any reaso

bonate or lime present in tl

i-
i . i ; : . Uberated SU
there i not, therc is nothing to combine with the libera -
‘ ' it ; is it cofti®
Phuric acid, and the decomposition of the coagulant is n

. . . . uent.
plete, and a portion of it goes undecomposed into the eff
The efuent then h

4s an acid reaction, and is unfit for d(,m'cstlc
supply.  When distributed through iron pipes, it attacks the 'mn:
rusting the pipes, and BiVIng risc to all the disagrecable conse
quences of an jron containing water, 1 vhe
The amount of lime in a water availuble to combine with t .
sulphuric acid can be determined by a very simple chemical "*_’c:.,
tion, namely, by titration with standard acid with a suitable ind!
cator. The amount of coag
of lime can be readily an
regarded safe
to the lime.

ulant corresponding to a given qu.anm{
d accurately calculated, but it is ";:
to use as much sulphate of alumina as corrcs.pon .
The quantity of coagulant used is not susc.:pnbltffal
exact control, but fluctuates somewhat, and if the exact thcorctlcl
quantity should be employed during 24 hours, there would surc‘)"
be an excess during some portion of that time from which b3
results would be experienced, It s therefore considcrct.’ only
Prudent to use three quarters as much sulphate of alumma'a:
corresponds to the lime in the water.  With sulphate of aluml“‘
containing 17 per cent of solyble aluminum oxide and the coﬂ:e
sponding amount of sulphuric acid, the amount which can
applied to a water ip grains pe

he
r gallon is slightly less than t
alkalinity cxpressed in terms of

. “—
parts in 100,000 of calcium €

Many waters contain sufficient lime to combine with the fc'd
of all the coagulant which js necessary for their coagulation-
Others will not, ang it thus becomes an important matter to dc.tef;
mine whether a given water s capable of decomposing sufficien
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. ﬂ 1 ﬂ .
1' 15 uSua]ly the ood- owWSs of rivers
Ihc Water at SuCIl tlmeS lequ”es

i i d it also
i ification, an
tities of coagulant for its cllar o v, The
uant ow- '
much largefg much less lime than the e food-flows s
peually CO““;‘?S is obviously that the water
reason for this 1s

ithout coming
urface witho
i c over the ¢ ithout
largely rain-water which has comh soil, and consequently wi
i [ ’

_water flows contain
i hile the low-wa o
i it much lime, W ; e toug
S takenlfrom ;)tortion of water which has per
a considerable pro -
the soil and has thus become ¢ ags’
In some parts of the countryr,e -
the soil and underlying rock a

eca
rsheds ar abl .
and rivers from such wate thout injurious result

by
corrected

r can be

raw wate

. en used for
. ime or of soda-ash. L'r?e haz:rz.te amounts
the addition to it of Lim When used only in r’no ionable. The
this purpose in many Casez is thus seriously obJecth“s in Clark’s
it hardens the watel, a'rl as would precipitate O“ft’i: should be
use of so large a quantler};ployed in practice. 1 ery accurately
process, has not beet f lime would require to be;with carbonic
attempred, th; a:o:;tu(:nt would have to be treate
controlled, and the

ly- $S aImOSt
it suitable for supp rk proce
acid to make it s‘(’;tabto require the use of the Clauir: to be treated
as t req
Waters so har linity, and do no {umina.
cient alkalinity, hate of alu
always have suff tion with the use of SUIpb'ections to the use of
with lime in conncs h is free from the 0 J€ to be used with
a-as ire
The use of *° xpensive, and would requ
. e e
> lime, but is mor

I do not know
ested, but

Its use has often been Surgagctice In small works the
inp .

1-
marble-dust, or other ca
: tages in case of

coagulant for its treatment. )
which control in this respect.

ith t
into very intimate contact W

d with lime. )
for instance, in New Englan

ost entirely free from lime,
pable of receiving only very

wi
small quantities of coagularﬂ:'t h
The deficiency of alkalinity

caution. loved
that it has ever been empioy

i ntainin
: terial co van
use of a fltering mad eem to have some ad
s

en the water so
careous matter, WO although it would hard

deficiency of alkalinity,
treated.
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The alkalinjy;
alinities o
100,000 of calcium c:rz Number of waters computed as parts if
onate (al’l"uxinmtcly cqual to the sale

ate t Lo A
0 aluminga N grains per gallony are as follows:
CHAPTER X.

MECHANICAL FILTERS.

THE term mechanical filters is used to designate a general class
of filters differing in many respects quite radically from the sand
filters previously described. They had their origin in the United
States, and consisted originally of iron or wooden cylinders filled
with sand through which the water was forced at rates of one to
two hundred million gallons per acre daily, or from fifty to one
hundred times the rates usually employed with sand filters. These
filters were first used in paper-mills to remove from the large
volumes of water required the comparatively large particles, which
would otherwise affect the appearance and texture of the paper;
and in their earlier forms they were entirely inadequate to remove
the finer particles, such as the bacteria, and the clay particles
which constitute the turbidity of river waters. Various improve-
ments in construction have since been made, and, in connection
with the use of coagulants, much more satisfactory results can
now be obtained with filters of this class; and their use has been
extended from manufacturing operations to municipal supplies, in

Mmany cases with most satisfactory results,
The information gathered in regard to the conditions essential

to the successful design and operation of these filters in the last
few years is very great, and may be briefly reviewed.

PROVIDENCE EXPERIMENTS.¥

The first data of importance were secured from a series of
experiments conducted by Mr. Edmund B. Weston of Providence,
R. 1., in 1893 and 1894, upon the Pawtuxet river water used by

* Report of the Rhode Island State Board of Health for 1894.
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that city. Th o e
> e experi
had perimental filter was 30 inches in diameter, and

a ]aycr of s
sand 2 :
the use of 3 reverse fect 10 inches deep. The sand was washed by
rake at the same “mcurrcnt. the sand being stirred by a revolving
about 0.7 of 3 grainc' The amount of coagulant cmplovcd was
free from turbidity a:;r fa”nn' The raw water was practically
’ the . s
and bacteria. filter was operated to remove color
The ¢
emoval of
amounted to from 7o :Olor. as stated in Mr. Weston's reports
over a period of tcn: 0 90 per cent.  The experiments extended
about 128 million lr;mnths. The rate of filtration employed was
the first six mom}?a' ons per acre daily. The bacterial results of
S operations w .
account o . S were rejected by M 'eston ON
{ defective methods of manipulatio y Mr. Wes
n.

During th :
g the period from November 17, 1893, to January 30,

’ cr [ r. ¢ c
g ath la’ m iC"C\' 0{ ﬁltration was about 5. )

per cent, and
' t} : .

respect satisfactout manipulation was considered to be in every
cent, but for four:. lThc efficiency was occasionally below o Pef
The average amou:(t- ected weeks was as h,gh as '93\'6 per cent.
from Mr. Weston's ¢t Zf sulphate of alumina used, as calculated
The highest Cfﬁcic;n ables, was two thirds of a grain per gallof
caustic soda to the ﬁ;ty f°|lowcd the application of a solution of
ering materi .

t erial. .
‘:ea;ment the bacterial cfficiency w The first day following this
ards it decrease ; as
stopped. The hié:‘ llx)ntll ,!anuar}v 30, when the experiments were
soda was of such sllo::t:”al efficiency following the usc of caustic

. uration
as to its practi as to suggest very .e doubts
cal v . gest very grave do

alue. It is cxtremely unfortunate that the

experiments sto
results pped only a week after thi i the
were never repeated 1S experiment, and

above g9 per cent. After-

efficiency of about o I consider that the average bacterial

17 to January 30 w;czﬂthnt obtained for the period of Octobef

every way satisfac'to R the manipulation was considered to be in
Ty, more nearly represents what can be obtain

under these sy
ticularl conditions than the results f .
y after the use of the caust; mds or certain periods, pa™
1C a.
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LOUISVILLE EXPERIMENTS. ¥ ,
ated by the Louisville Water

These experiments were inaugur
facturers of certain patented

Company in connection with the manu
filters. Mr. Charles Hermany, Chief Engineer of the Company,
had general charge of the experiments. Mr. George W. Fuller
was Chief Chemist and Bacteriologist and had direct charge of the
work and has made a most elaborate report upon the same. In
these examinations many devices were investigated; but the two
which particularly deserve our attention are the filters known as
the Warren Filter and the Jewell Filter.

These filters were operated for two periods, namely, from
October 18, 1895, to July 30, 1896, and from April 5 to July 24,
18g7. The investigations were directed toward the clarification
of the river water from the mud, and to the removal of bacteria.
The water was substantially free from color. The character of the
water at this point was such that in its best condition at least
three fourths of a grain of sulphate of alumina were necessary for
its coagulation, and with this and with larger quantities of coagu-
lant fair bacterial purification was nearly always obtained. = The
problem studied therefore was principally that of clarification from
mud. The average efficiencies, as shown by the total averages,
(page 248,) were as follows: Warren filter, bacterial efficiency,

96.7 per cent; Jewell filter, g6.0 per cent.
LORAIN TESTS.t

These tests were made by the author of a set of Jewell filters
The filters were six in number, each 17 feet in

diameter, having an effective filtering area of 226 square feet each,
or 1356 square feet in all. The construction of the filters was in

all respects similar to the Jewell filter used at Louisville. The
and during the examination was

raw water was from Lake Erie,
tion of the Ohio River Water

* Report on the Investigations into the Purifica
at Louisville, Kentucky. D. Van Nostrand & Co., 1898.
t Ohio State Board of Health Report, 1897, page 154.

at Lorain, Ohio.
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always. comparatively clear, but contained considerable numbers of
b.acn:rm. The problem was thus entirely one of bacterial effi-
ciency.  The question of clarification hardly presented itsclfs
Although the water became turbid at times it did not nPP'“‘“h in
muddiness the condition of the Ohio Kiver water, and an amount
of coagulant sufficient for a tolerable bacterial efficicncy in all case®
was morc than sufficient for clarification. .

As . e .
‘ ”:ummar) of the results obtained is as follows:

PR— e l _ e e
. . Average Rate : Sulphate .
Week Fnding ‘ of Biittaun, | Aamine. Hacre I et l“m‘!:'o‘i',
. K'H valte . cfee.a PRSP W ;.
| AR i saeRGae Beldl e
. —_ _ e . 4_/
une 19......
J ;8 .. 1.06 2 &~ 1341 " Q3.9
July 3.l Lo 230 385 o 9¢ 4
S 1.11 2.2~ <t~ 9 97-5
........ ~y : ; A .
17 ... P too? : 184 13 9.9
.. | I K .64 1~y 2, 6.3
Average ... .| e e e e e
—_— L so3 13 w4

The average bacterial efficiency was 96;4 kl;;r cent \;i;;"s-s grein®
of sulphate of alumina per gallon.

PITTSHUKG EXPERIMENTS.*

. Th'c Pittsburg experiments were inaugurated by the Pittsbur®
Filtration Commission. The operation of the filters extended froc
]anuar.y to August, 1898. A Jewell and a Warren filter were
used similar in design to those used at Louisville. The raw watef
contained large numbers of bacteria, and was also often very turbics
although less turbid than at Louisville. At ti}ncs more coaguli"t
w:as necessary for clarification than was required for bacterial €%
cnctfcy; while as a rule more was required for satisfactory bacte®
p.unﬁcation than was necessary for clarification. The OPPOnuni.
:fcs were therefore favorable for the study of both of these cond”
l::::.me::liini‘:(;:n: o Co‘agula.nt necessary for clarification

onnection with coagulation.

The resul '
sults secured upon the relation of th?, qua"‘f’f/

*R ) )
eport of the Pitsburg Filtration Commission, City Document. 1899
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coagulant to the number of bacteria in the cfAluent were more

complete than any other experiments available, and are therefore

here reproduced from the Pittsburg report nearly in full.
It was found that the amount of sulphate of alumina employed
or factor in determining the

was more important than any oth
de to estab-

bacterial efficiency, and special experiments were ma
lish the effect of more and of less coagulant than used in the
These experiments were made upon the Warren
filter during May, and with the Jewell filter during June. The
es for these months are thus abnormal and are not

The remaining six months for each filter may
ximately the work of

ordinary work.

monthly averag
to be considered.
be taken as normal and as representing appro
these filters under ordinary careful working conditions.

During the six months when the Warren filter was in normal
order the raw water contained 11,531 bacteria and the effluent
201, the average bacterial efficiency being 98.26 per cent. The
bacterial efficiency was very constant, ranging only, by months,
from ¢7.48 to 98.96 per cent. During the same period a sand
filter receiving the same water yielded an effluent having an.
average of 105 bacteria per cubic centimeter.

The Jewell filter, for the six months in which it was in norm.:a.l
order, received raw water containing an average of 11,481 bactefla
and yielded an effluent containing an average of 293, the bacterial
efficiency being 97.45 per cent, and ranging, in different months,

from 93.23 to 98.61 per cent.

WASTING EFFLUENT AFTER WASHING FILTERS.

After washing a mechanical filter the effluent for th :
minutes is often inferior in quality to that obtained at other times,
and if samples are taken at these times and averaged with other
samples taken during the run, an apparent efficiency 'may b.e
obtained inferior to the true efficiency. To guard against this

$ource of error, whenever samples have been taken at such times,
day has been taken, not as the numerical

e first few

the average work for the
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average of the

Proportion to trlfjuit:;ozzi C:;Ch. sample has been given weight in
Tepresenting; 54 that the 0 time which it could be taken as
the average numper of b rtb.u“f fepresent as nearly as possible
As a matter of fact })’“Ct‘c.r.;, in the cfffuent for the whole run.
taken during these p(:”.m;“v“{cr' tomparatively few samples were
the results represent the n-s 0 rc(lucc.d efiiciency, and thus most of
A study has been made ’o”"liil “Mciency exclusive of this period:
of samples taken dir(_-ctl' ';’““"Cr. (T{ the results of examinations
following s 5 tabular q}; alter washing, sumewhat in detail.  The
from each filter by mon‘t}afk‘fncm .Uf the average results obtained
those days when ~S:lm le % Including only the results obtained on
washing, the resylts If S were taken withip twenty minutes aftef

of other duays being excluded.

AVERACE Npags
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It will be seen froxe:o; work very rarely exceeded twenty minutes-
record sheets are the tables that the results as shown by the
cver very much higher, and are occasionally
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material increase in the average bacterial efficiency of the mechani-
cal filters would have been obtained if these results had been
excluded. The results for the whole time would be affected much
less than is indicated by the table, because the table includes only
results of those days when samples were taken just after washing,
while the much larger number of days when no such samples were
taken would show no change whatever.

It has been suggested that these inferior efluents after washing

should be wasted. Such a procedure would mean wasting prob-

ably on an average two per cent of the water filtered, and a corre-
sponding increase in the cost of filtering. Mr. Fuller* in his
Louisville report comes to the conclusion that with adequate
washing and coagulation it is unnecessary to waste any effluent,
and that inferior results after washing usually indicate incomplete
washing. While our experiments certainly indicate a reduction in
efficiency after washing so regular and persistent as to make it
doubtful whether incomplete washing can be the cause of it, it

may be questioned whether or not wasting the effluent would be

necessary or desirable in actual operation. At any rate the results

as given in this report are not materially influenced by this factor.
INFLUENCE OF AMOUNT OF SULPHATE OF ALUMINA ON BAC-
TERIAL EFFICIENCY OF MECHANICAL FILTERS.,

The number of bacteria passing a mechanical filter is dependent
principally upon the amount of sulphate of alumina used; and by‘
using a larger quantity of sulphate of alumina than was actually
used in the experiments the bacterial efficiency could be consider-

ably increased. To investigate this point, the results obtained
each day with each of the mechanical filters were arranged in the

order of the sulphate of alumina quantities used, and averaged by

classes. In this and the following tables a few abnormal results
were omitted.+ A summary of the results is as follows:

* Fuller, Water Purification at Louisville, page 425.
t Warren, Feb. g; June 1; July 6. Jewell, July 1; Feb. g, 16, 17.
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These results are shown graphically by Fig. 21.
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Fi1G. 21.—BACTERIAL EFFICIENCIES OF MECHANICAL FILTERS.

INFLUENCE OF DEGREE OF TURBIDITY UPON BACTERIAL EFFI-
CIENCY OF MECHANICAL 'FILTERS.

It will be noticed by referring to the tables that as the sulphate
of alumina quantities increased the turbidities increased and the
numbers of bacteria increased, as well as the bacterial efficiencies,
That is to say, with the less turbid waters, small sulphate of
alumina quantities have been used, the numbers of bacteria in the
raw water have been low, and the bacterial efficiencies have also
been low. With turbid waters much larger quantities of sulphate
of alumina have been used, the raw water has contained more
bacteria, and the bacterial efficiencies have been higher. It may
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be then the ;
wat the ‘ase : .
culphite of ,,h”: .mcnascd cfficiencies with increased qu:mtitics of
alumina are not due alone to the increascd sulphate of
easier to remove : Thus it may be
taining many ‘hed“ flarge percentage of bacteria from a water cofi-
2 an from a water containi
To investi ' ntaining only a few.
igate J
curbidity and g;umbtlus matter and eliminate the influence of
were first classified C.YS of bacteria in the raw water, the results
waters having t b.“./lth reference to turbidity. The results with
u 1 h
g turbidities of 0.10 or less, and called for convenience

alumina, but i
,» but in part also to other conditions

turbid waters
ers, are arranged by alum quantities as before

After-

wards the r 1 i 0 0.50, &f
esults obtained with turbidities from o.11 t 5
. . ?

called for con i
v
called for © tucs:ncc muddy waters, are grouped; and finally the
rbid water havin iditi '
: g turbidities o S ’ d
called for convenience thick waters O s s "
are as follows: .

The results thus afﬁ“KCd
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RESULTS WITH jE\\‘ELL MECHANICAL FILTER,

SUMMARY OF
ARRANGED ACCORDING TO TURBIDITIES AND SULPHATE OF
ALUMINA QL‘AZ\"(‘I'I‘II‘:S.
: Racteria. Sulphate of
:tu;';?;: Turbidit porer® Per cent Per cent A‘l)u];l:iz:
Represented ye — remaining. removed. uschGrams
Raw Water. Effluent. per Gallon.
_— e ———
6 0.03 14,037 6217 44-29 55.71 0.00
3 0.07 5,170 991 19.15 80.85 o.21
25 ©.0§ 2,403 143 5.95 94-05 0.38
20 0.00 6,531 185 2.84 97.16 0.64
27 0.00 5,811 122 2.10 97.90 0.88
14 0.06 14,978 412 2.75 97-25 1.1
10 0.06 15,787 390 2.47 97-53 1.37
10 0.05 10,847 47 0.43 99.57 2.17
14 0.16 | 7,525 256 3.40 g6.60 0.60
17 0.2 | 11310 208 1.84 g8.16 0.91
15 0.24 15,441 262 1.70 g8.30 1.13
10 0.28 17,842 232 1.30 98.70 1.43
8 0.29 9,556 59 0.62 99-38 1.59
4 0.29 20,212 135 0.67 99-33 2.00
5 0.66 23,680 336 1.42 98,58 1.42
7 0.96 30,200 475 1.57 98.43 1.74
4 1.25 37,587 496 1.32 g8.68 2.81
o —

th turbid,

bacterial efficiencies wi
ntities of

The following table shows the
ubstantially equal qua

muddy, and thick waters, with s

sulphate of alumina:
-

Corresponding Bacterial Efficiencies.

Grains of Sulphate of Alumina.
.
Turbid. Muddy. Thick. Turbid. Muddy. Thick.
- o __,/,__,m__//_,.___/——
WARREN FILTER.
0.42 0.36  frereer 93.00 95.27 |-t
0.84 0.85  |eeeerient 98.36 g7.46 [t e
1.11 113 et 98.78 98.60 PR .
1.58 1.73 1.74 98.63 99.20 98.55
hevereereen 2.38 2.64  feeerere 99.43 99-70
............ 4.30 8.16 97-89 g6.70
JEWELL FILTER.
0.64 o.60 |-t g7.16 96.60  J.a-eesiieiee
0.88 0.9I IR 97.90 g8.16  |ooeerenens
1.1t 1.13 97-25 G8.30  [.eeeererereret .
1.37 1-43 1.42 97-53 98.70 08.58
2.17 1.59 1.74 99-57 99-38 98.43
feesenrenees 2.00 2.81 . —/Mﬁ_‘_
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t appears e

turbidit;-pgivc :::)Tta::fh“tf‘blc that waters of various degrees of
quantities of sulphate l_af ) c‘llf“’ bacterial efficiencies with equal
onc direction as the ot;' alumt,.,a_ the results varying as often in
said that turbidity js \\'it)}:.rr).ut '“ﬂ”hin certain limits it may thus 5¢
obt;;ined in mechanical ﬁltrutil::n tence upon the bacterial efficiency

t must be : . .
sulphate of nlun:)i?,;nc“.li':hm'"d- however, that the quantities of
produce full coa[.:ula’tion V;r_\' ff.w exceptions, were sufficient t0
report that considerable . h.' .}'u”cr has shown in his Louisville
added to turbid watcrsqﬁz‘ll;tmcs of sulphate of alumina may b€
tion: and therefore if a . l.om producing appreciable coagula-
to produce a certain bac(tlua-"m'v 0.{ sulphate of alumina sufficient
added to a water so t :fal cfficiency in a clear water should be
scarcely any effect \vo:lrd id that it was unable to coagulate it
therefore only applies in t} be produced. The above statement
alumina is used to ad 10s¢ cases where sufficient sulphate of
As the numbers o:q:atdy- coagulate the water.

variation in the numbers Z‘;t:na O‘.tc'_‘ vary with the turbidity, the
less than in the first tables: bathrla in the different classes is much
of whether the numbers ;f l;: e f.“"hcr investigate the question
important influence upon th baqcrfa in the raw water have a7
largest classes in the fore c actenal efficiencies, each of the two
according to the bactcrialgomg tables was divided into two parts
results from the Jewell §} ‘“un_]bws in the raw water, namely, the
of alumina quantities ra tt-r With turbid waters and with sulphaté
and the results from tl:’f':\‘f from 0.75 to 1.00 grain per gallom
with sulphate of alumina Qtnai:ri::‘csﬁltcr Vith turbid waters and

upward. The results are as follows.O‘ 125 grains per gallon and
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>

e
Number Bacteria. P P Sl:\lphate of
of Day er cent er cent lumi
Rrp:elg)(-n}lt.d' | Turbidity, | ———————| remaiming. removed. useduG:':ians
" Raw Water. | Effluent. per Gallon.
o JEWELL FILTER.
(1 0.05 | 3.938 ] 81 l 2.06 l 97.94 ‘ 0.88
13 ; 0.07 { 7,827 167 2.13 97.87 0.87
WARREN FILTER.
15 0.06 3,545 59 1.66 98.34 1.67
14 0.06 20,022 265 1.32 98.68 1.48
M/
It will be observed that the bacterial efficiencies are substan-
mbers of

with the lower and with the higher nu

bacteria in the raw water. That is to say, other things being
se in the raw water the

equal, as the number of bacteria increa
in the same ratio. A

number of bacteria in the effluent increase 1
Id perhaps show

further analysis of other groups of results wou
ction or the other, but on the whole it is

believed that the comparison is a fair one, and that there is no
well-marked tendency for bacterial eficiencies of mechanical filters

to increase or decrease with increasing numbers of bacteria.

tially the same,

variations in one dire

AVERAGE RESULTS OBTAINED WITH VARIOUS QUANTITIES OF
SULPHATE OF ALUMINA.

As it appears that neither the turbidity nor the number of
bacteria in the raw water has a material influence upon the per-

centage bacterial efficiency obtained, we can take the results given
above, which include all the results obtained (except a very few

abnormal ones) for computing the various efficiencies obtained
with various quantities of sulphate of alumina. These results are

graphically shown by Fig. 21, P- 167, on which lines have been
drawn indicating the normal efficiencies from various quantities

of sulphate of alumina as deduced from our experiments.
In computing the amount of sulphate of alumina which it

would be necessary to use in operating a plant at a given place to
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give these efficiencies

b}; the diagr;:rcx:Lcn:::L;;t:“ck‘.l““"ltitif:s of sulphate of alumina shown

to use during those da l en as those which it would be necessary

or sufficiently clear Tb ”'\ the year when the raw water was clear,
’ ar, so that the amounts of su'phate of alumina

mention :
ed would suffice to properly coagulate it

TYPES OF MECHANICAL HILTERS

Sections o '
presented hcri\:'li‘tix“ a';rlcn ;‘"‘d Jewell filters used at Pittsburg are
cal with those usc;l at llc l,t.crs here shown are practically identi-
exact information repa 1-‘0“‘”‘ and lLouisville, and nearly all the
these types. These sfc:( Ing mechanical filters relates to flters of
Pittsburg and L()l;is\-/ill ~l0£§ show clearly the constructions uscd at
with the designs of t ‘L' ut there are some points n conncC!iO"
in detail. rese filters which require to be considered more

The sim :
the bottom :rl\c‘;tSt::\c:f:: : Tech‘j’“ical filter is a tub, with sand if
the sand, passes throu :';1 9‘ dramagc system. \Water is run ovef
system,  When the san(‘;;)"- and is collected by the drainagt
of a reverse current of w t."COnlcs.cloggcd it is washed by the use
rapid as to preclude tl:: er. This reverse current of water i$52
gravel, tile-drains, etc., s use of a drainage system consisting of
at lower rates, a;\d i.n' such as are used in sand filters operd!
used. The sand comc:tj‘ad m“a”i.c strainers in some form ar¢
made as coarse as it i;s ‘:ﬁ‘:ﬁl" against these strainers, which ar¢
the sand to pass. possible to have them, without allowi?g

The rate ot .
square foot p‘:i :::l::\cg |slusuall)- from five to scven gallons per
strainers at the bottorr; arcnﬁthc Warren filter the opening$ in the
during washing the water h to 8 per cent of the total ared an
second upward through ghas an average velocity of ¢ 20 foot PEf
friction of the water in pas;;m. This velocity is so slow that the
is practically nothin A ng through the openings in the screeht
& result of this is that if there 8 any
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e of the sand to the water, the bulk of the water
e in the sand. .

unequal resistanc
oints of least resistanc

goes up at the p
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Fic. 23.—SECTION OF
EXPERIMENTS.

JeweLL MECHANICA
¢ not for. the revolving rake
d largely corrects it. The

ts of the filter are

1d be fatal were i

the sand an
nd some par

This tendency Wou
which loosens and mixes
correction, however, is imperfect, 2
washed more than others.

The rake is also necessary to
d finer particles.

prevent the separation of sand
into coarser an It is practically impossible to get
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filter sand the grains of which are all of the same size. \When -
filter is washed the tendency is for the wash water to go upP in
limited areas. The larger sand grains tend to collect at these
points while the finer grains collect in places where there is 10
upward current, or where it is less rapid. In many filters tl

13
tendency is very strong. The revolving rake is necessary t0

cor-
rect it, and to keep the sand thoroughly mixed, otherwise when
a filter is put in operation after washing, the frictional resistance

through the coarse sand being less, the bulk of the water goes

through it, with the result that a part of the area, and the part

which is least efficient as a filter, passes nearly all of the waten
and with inferior results,

In the Jewell filter provision is made for the distribution of

the wash water over the whole area in another way. The strainers

have areas at the surface amounting to 1.2 to 1.4 per cent of the
whole area, but the water before reaching them passes through
throats much smaller in size than the strainer outlets, and

amount-
ing in the aggregate to only about 0.07 per cent of the

filter area-
When washing at a rate of seven gallons per square foot Pef
minute, water passes through these necks at a velocity of 22 fect
per second. The friction and velocity head in passing thesc necks
is estimated to be about 30 vertical feet, and is so much greatel

than the friction of the outlets proper, and of the sand, that the

water passes through each strainer with approximately the same

velocity, and the wash water is equally distributed over th

Il wholc
area of the bottom of the filter.

. ] . 1

This result is accomplished, however, at a great loss of heav
in the wash water. When a filter is washed from the prSSurc'
mains without separate pumping, the pressure is usua

lly sufficient
and there is no disadvantage in the arrangement.

When, how~

ever, the water is specially pumped for washing, the required head
is much greater than would otherwise be necessary.

It would not be possible to increase the size of the necks,

thereby decreasing the friction, without increasing very largely the
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size of the pipes in the underdrainage system into which the
Strainers are fastened. These pipes are so small that during
Wwashing the velocity in them is about 13 feet per second, and if
the throats of the necks were increased without also enlarging.
these pipes, the friction would be so reduced that most of the
Water would go through the necks nearest the supply, thus failing
to reach the object to be attained. 4

A more rational system would be to increase the sizes of all
the waterways in the outlet and wash-water system. The Jewell
filter is also provided with a rake to keep the sand mixed during
Washing, as this is necessary even with the complete distribution
of wash-water over the area of the filter.

Both the Warren and the Jewell filters are provided with
Teceptacles through which the water passes after receiving the
Coagulant, and before entering the filter. In the Jewell filter the
Teceptacle, called a sedimentation-basin, is of such size as to hold
as much water as is filtered in 15 minutes. In the Warren filter
the receptacle is entirely independent and larger, holding dbout
an hour's supply.

The rates of filtration used in the experiments have ranged
from less than 100 to about 130 million gallons per acre
daily. T, employ a rate much higher than this involves the
‘Use of a much coarser sand, or an increase in the height of
Water upon the filter to an impracticable extent. There would
seem to be no material advantage in the use of lower rates
within certain limits, while the cost of filters would be greatly
increased.

The sand used in the Warren filters has been crushed quartz.
In the Jewell filters a silicious sand from Red Wing, Minn.,
with rounded grains has been used. These sands are somewhat

Coarser than are commonly used in sand filters, and the uniformity

coefficients are very low. It is necessary to use sand with the

very lowest uniformity coefficients to avoid the separation of sand
Particles according to sizes as mentioned above, and for this reason
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the sand must be selected with much greater care than is required
fot sand filters.

The round-grained sand is more readily and completely washed
than the angular crushed quartz. It has been claimed that the
crushed quartz is more efficient as a filtering material, but the
evidence of this is not very clear.

The amount of water filtered by a filter between washings is

in a general way, about the same as that filtered by a sand

filter
between scrapings, in relation to its area.

The amount of water
required for washing is, on an average, about equal to a vertical

column § or 6 feet high equal in area to the area of the filter,
exclusive of water on the top of the filter wasted before the current
is reversed. With clear waters, as for instance, the Alleghen

low water, the amount of washing is almost directly pro
to the amount of sulphate of alumina used.

¥ a8
portional

With muddy waters
the sulphate of alumina required is proportional to the mud, an

the frequency of washing and the amount of wash-water are Pro

portional to both. The amount of wash-water required averages

about five per cent; with very muddy waters more is rcquircd-
At Louisville, with the worst waters, the per cents of wash-watef
rose at times to 30 per cent of the total quantity of water filtere®

The rate of filtration with mechanical filters should be kept 2°
constant as possible, and can be regulated by devices sim

i : : 3
ose described in connection with sand filters. Owing
smaller areas and capacities

4]

jlar t0

to the.

Rt the amounts of water to be ha“?:::

el are smaller, and the regulating devices are thus g

Nonea:fe ;:'a;’s Pee“ made of metal, either cast iron OF COPP::{.

ments has bee Cche.s employed in the above-mentioned exp-cd
N entirely satisfactory in this respect. The deV!

1Y
employed have been hat ©
s too small ne throus
too high velocities to , and the water has go

allow close i
A adjustment. e 4
ge Slretween the two types of filters, the Jewell filter feqmr?:nt
elevati %8 of head. The water has to be pumped at @ sU* clthe
on to reach the top of a tank about 18 feet highs whilé
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efluent must be drawn off at the extreme bottom. The Warren
filter is much more economical in head, the plants at Pittsburg and
Louisville only requiring about g feet from the inlet to the outlet.

The earlier mechanical filters were usually constructed of

wrought iron or steel plates. More recently wooden tanks have

been commonly employed, although steel is regarded as preferable.
Concrate or masonry tanks have been suggested, but they have

Not as yet been employed.

EFFICIENCY OF MECHANICAL FILTERS.

The efficiency of mechanical filters depends entirely upon the
use of coagulants. Without coagulants they can only be used to
femove very large particles. The efficiency of the filtration depends
Much more upon the kind, and amount, and method of application
of coagulant than upon the arrangement of the filter, In fact, the
arrangements of the filter are more directed to the convenience
and economy of operation and washing than towards the efficiency
of the results. ‘

The conditions which control the efficiency of mechanical filters
have been discussed in connection with coagulation. With suffi-
Cient coagulant the removal of turbidity or mud is complete,
Color also can be removed with these filters. The bacterial
“fficiencies secured with them have been discussed at length in
COnnection with the Pittsburg experiments.

With careful coagulation and manipulation it is possible to get
98 per cent bacterial efficiency without difficulty. The resylts are
Somewhat irregular, for reasons not as yet fully understood, On
Some occasions higher bacterial efficiencies are secured with smaller

Quantitjes of coagulant, while at other times the efficiencies are

€SS withoyt apparent reason. There seems to be a limit to the

;Cterial emcicncy which can be secured with any amount of sul.
f ate of alumina and rapid filtration, and it is doubtful if a plant
ould pe Operated to regularly sccure as high a bacterial efficicncy

g .
99 per Cent with any amount of sulphate of alumina,
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PRESSURE FILTERS.

Pressure mechanical filters are cons

receptacles, through which the water is forced under pressure and
not by gravity,

. Many of the earlier mechanical filters were of
this type. In small plants this system has the distinct advantage
that the wa

ter can be pumped from a river or other source of sup-
ply through a filter direct to the reser

any other system would inv
filters are extensively used f
the conditions,

tructed in entirely closed

voir or into the mains, while
olve a second pumping. Pressure

or hotel supplies, etc., where, from
gravity filters are impossible,

! The practical objec-
tions to this system have been found to be so great that it is rarely
used under other conditions. Some experiments were made at
Louisville with a filter of this type, but they were not long con-
tinued, and aside from them the

re is no Precise information as to.

.what can be accomplished with filters of this type.

L 81
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CHAPTER XL
1ION.
OTHER METHODS OF FILTRAT

WORMS TILE SYSTEM.

d and patented by Director Fischer of
an

Tnis system, invente of water through

] . ration
the Worms water-works, consists of the fl]t heating a mixture of
artificial hollow sandstone tiles, made -);d sizes, to a point just
ifted to determuined = forms.
broken glass and sand, sifte . itable moulds or 10
below t}gle melting-point of the glass, Smm: forming a strong
=}
The glass softens and adheres to the Si,n [;asSed These tiles
s R .
‘hich water can d. the
orous substance through w ] to be treated,
z dS hollow and are immersed in the water
re made ho

g i y (&
h tlle. The a

i remo ed from the Centl'e Of eac

uent be‘n v 1

i o its of
g i in size t thie uni
¢ ted tocgether in groups correspondmg in
Oonnecte oo

urrent of
hed by a reverse €
: They are was ears at
a sand-filtration plant. d for some ¥
. been use

These tiles have , and were
filtered water. © d at a number of smaller place's o has
Worms, Germany, an at Pittsburg. Some difficulty o1d

y . 1l enough to yie
tiles with pores sma time large
In fact,

investigated expen’mentall
been experienced in getting . P e same
an efluent of the desired purity, 2

i ter to pass.
nantity of wa .
enough to allow a reasonable has not been found feasible

) it ,
with other than quite clear waters, and it has been

. ame timev
to accomplish both objects at tl-mhScoagulants an
Necessary to treat the water wit lving it to the tiles. The
sedimentation or filtration before aPPt}I1 gtilcs and the collection-

: ioints between the 1o is a
problem of making the join ] raw water als
Pipes water-tight when surrounded by the
matter of some difficulty.
' THE USE OF ASBESTOS. face
y p. A. Maignen that the surfa

d preliminary

It has been suggested by Mr& with a thin layer of asbestos,
of sand filters should be covere
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applied in the form of a pulp,

with the first water put onto the
filter after scraping.

The asbestos forms a sort of a paper on the
sand which intercepts the sediment of the passing water. The
advantage of the process is in the cleaning. When dried to the
right consistency this asbestos can be rolled up like a carpet, an
taken from the filter without removing any of the sand.
This procedure is almost identical with that which has

naturally in iron-removal plants, where alge grow .- the watef
upon the filters, and form a fibrous substance with the feri.

occurred

gx.\de
removed from the water, which can be rolled up and removed it
the same way as the asbestos.

The advantages of the processs
from an economical standpoint, are less clear.

FILTERS USING HIGH RATES OF FILTRATION WITHOUT
COAGULANTS.

n

Numerous filters have been suggested, and a few have bef:e

) r

constructed for the use of much higher rates of filtration than 2
usually employed with sand filters, but without the use ©

§ coagu'
n
lants.  The results obtained depend upon the requirements 2

upon the character of the raw water. 1 a reservoir watef

a o . ra i
ﬁrlx alge growth, it cap often be removed by a coars¢ and rap
ter.

e

. The organisms in this case are many times larger t.han :‘;'

ba-cterxa, and many times larger than the clay particles Whld? C he
stitute turbidity. The requirements in this case are rather 1 t

nature of straining than of filtration. d

The conditions necessary for the removal of bacterit p

Ch it
.turbldxty are very well understood, and it can be state .
the utmost confidence that no

h

. roug

sand system of filtration th an

and at rates many times as high as are used in ordinary 5
filtration,

. - factory
wh b and without the use of coagulants, will be satisfac
ere either bacterial efficiency or clarification is requ“ed'

-applicati ’
Pplication of such systems of filtration would therefor® e
'be somewhat limited,
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h HOUSEHOLD FILTERS.

The subject of, houschold filters is a somewhat broad one, as
the variety in these filters is even greater than in the larger
filters, and the range in the results to be expected from them is
at least as great. I shall only attempt to indicate here some of
the leading points in regard to them,

Household filters may be used to remove mud or iron rust

" from the tap water, or to remove the bacteria in case the latter :
is sewage-polluted, or to do both at once. Perhaps oftener they
are used simply because it is believed to be the proper thing, and
without any clear conception either of the desired result or the
way in which it can be accomplished. I shall consider them
only in their relations to the removal of bacteria, as I credit the
people who employ them with being sufficiently good judges of
their efficiency in removing visible sediment.

In the first place, as a general rule, which has very few if
any exceptions, we may say that all small filters which allow a
good stream of water to pass do not remove the bacteria. The
reason for this is simply that a material open enough to allow
Water to pass through it rapidly is not fine enough to stop such
small bodies as the bacteria. The filters which are so often sold
as “germ-proof,” consisting of sand, animal charcoal, wire-cloth,
filter-paper, etc., do not afford protection against any unhealthy
Qualities which there may be in the raw water. Animal charcoal
removes color without retaining the far more objectionable

|+ bacteria,

The other household filters have filtering materials of much
finer grain, unglazed porcelain and natural sandstone being the
most prominent materials, while infusorial earth is also used.
The smaller sizes of these filters allow water to pass only drop by
drop, and when a fair stream passes them the filters have consid-
crable filtering area (as a series of filter-tubes connected together).

o On account of their slow action, filters of this class are, as a rule,

Provided with storage reservoirs so that filtered water to the

I Ranei o e o g
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capacity of the reservoir can be drawn rapidly (provided the

calls do not come too often). Some of these filters are nearly

germ-proof, and are comparable in their efﬁciéncy to large sand-

filters. There is no sharp line between the filters which stop
and which do not stop the bacteria; but in general the rule that

a filter which works rapidly in proportion to its size does not do
so, and vice versa, will be found cotrect.

In thinking of the efficiency of household filters we must dis- -

tinguish between the filter carefully prepared for an award at an

exhibition and the filter of the same kind doing its average

daily work in the kitchen. If we could be sure in the latter case

that an unbroken layer of fine sandstone or porcelain was always
between ourselves and the raw tap-water we could feel compara-
tively safe. The manufacturers ot the filters claim that leaky
joints, cracked tubes, etc., are impossible ; but I would urge upon
the people using water filtered in this way that they personally
assure themselves that this is actually the case with their own
filters, for in case any such accident should happen the conse-
quences might be most unpleasant. The increased yield of 2
filter due to a leaky joint is sure not to decrease it in favor with

the cook, who is probably quite out of patience with it because
it works so slowly, that is, in case it is good for anything.

The operation of household filters is necessarily, with rare €X-
ceptions, left to the kitchen-girl and luck. Scientific supervision
is practically impossible. With a large filter, on the other hand,
concentrating all the filters for the city at a single point, a com-
petent man can be employed to run them in the best-known
way ; and if desired, and as is actually done in very many places,
an entirely independent bacteriologist can be employed to deter-
mine the efficiency of filtration. With the methods of examind-
tion now available, and a little care in selecting the times an
places of collecting the samples, it is quite impossible for a filter-
Supef‘intendent to deliver a poor effluent very often or for any
e i o e it g g, T 5

entral filtration is thus infinitely g7¢%
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O0THER METHODS oF FILTRATION.
_ Further, it may
than that from even the best household ﬁltefsbe sent int,o every
hether an infected water can he purposes
be doubted Whethe for washing and all the purp
S . causing disease,
to which water is put except drinking, wlth:eu; for drinking-
although less than it would if it werebalsoe;arded as a somewhat
filters must be T nces of
The use of household ad conseque
desperate method of avoiding some ©f t:;e :)ed {or the most part
a polluted water-supply, and they arelfl Olt)he dangers from bad
. ure realizeé more
b i ho in some meas ) _citizens to 2
\\;va:;:ws:: ::ho cannot Persuade their {enog}::: Such citizens,
’ : ro . .
Jution of the P hing their
t d adequate SO ly watching
bhort(:\ugh . f theqbest flters, and by carefully
y the use o

) oid the
. bOlled, can av
. . . drinking-water . not
action, or by having their d ter, but their vigilance does

house in the city to be used

wa
principal dangers from bad ighbors.
protect their more careless neig
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_ CHAPTER XII
REMOVA
L OF IRON FROM GROUND-WATERS

THE fltrati
ration of
development ground-waters is a comparatively recent

Ground-w
. -waters a
soil generally much more perfecr; ﬁl;ered by their passage through
waters, and any f y than it is possibl
. et
however, Occag urther filtration of them is useless g flter orhet
ionally contain iron in solutiot fb- uch waters
v as ferrous ca

V‘Vatets C 1 1o
Olltaln ng 1 n have been d
use as mlnelal W

rbonate.
aters for @

Such w
aters .
have an astringent taste, and have

been y
eStCemed f
Oor som
e purpO.CS. AS Ordina 1‘
8 T \\'alC!‘Squ ! '

however, th
the .
y are objectionable. The iron deposi h
osits in the pipes

when the current i :
makes the water ttslri)liilw‘ and.‘s flushed out When it is rapid and
often gets through the E_md d1sagreeable'; and still worse [t)he,
wash-tab, coloring the Pl’i‘Pe~SYStem in solution, and depo;its in the
An organism called nen a rusty brown and quite spoiling *
crenothrix grows in pipes carrz::lmg o

iron

containing i
g iron, and after a while thi g waters
1S Ofganism di
jes, and decom-

poses, and ol .
gives rise .
thus happens th to very dlsag\'eeab]
. at ground-wat e tastes and odors. It
as public water-suppli ers containing iron ar o
plies, and are sources of seri e unsatisfactory
erious complaint.

AMOUNT
OF IR
ON REQUIRED TO RENDE
Three hund f OBJECTIONABLE xpee AT
ndredths of .
rarel ipi e
Yy precipitate or cause ¥:jmy ltn e Mandre s
rouble.

sionally precipi o
y precipitate, and this amo Five hundredths 0¢€%°
unt may be
) taken as about the

3110Wab1e limi
imit of irOn .
part is quite s in a satisfa
ure to precipi ctory water. (8 of 8
Two or three tent}I: eCipitate and give rise to ne tc:nth1 '
s mak serious compiatts
| ¢ the water entirely unsuitable fof
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laundry purposcs, and are otherwise seriously objcctionable, and

-will hardly be tolerated by 2 community-

Under some conditions

ground-waters carry as much as 1 part in 100,000 of iron, and such

waters are hardly usable. In iron-removal plants an effluent con-

taining less than 0.05 is rcgarded 45 satisfactory- One containing

less than 0.02, as is the €as¢ with many plants, 18 all that can be

desired. The percentage of removal is of no significance, but

only the amount left in the effluent.

CAUSE (923 IRON IXN GR()UND-\\':\TERS.

s almost always contain iron,

Natural sands, gravels, and rock
Iy combined with

often in considerable amount. The iron is usua
n this condition it is insoluble in

oxygen as ferric oxide, and 1
taining materials will not

water. \Water passing through iron €of
ordinarily take up iron. Whem, however, the water contains 2
matter in solutioh, this organic matter

large amount of organic
and reduces the

takes part of the oxygen away from the iron,

ferric oxide to ferrous oxide. The ferrous oxide combines with

¢ under these conditions, forming fer-

carbonic acid, always presen
s into solutions

rous carbonate, which is soluble and which g0¢

Surface-waters nearly always carry free oxygem and when such

waters enter the ground they carry oxygen with them, and the
organic matters in the water use up the free oxygen pefore they

commence to take oxXygel away from the iron of the ground. It

is thus only in the presence of organic matters, and in the absence
i iron is pOSsible‘ 1t sometimes

of free oxygen, that the solution of ir
happens that the organic matters which reduce the iron are con-

tained in the soil jtself, in which cas€ ;ron may be taken up even

by water originany very puré as for instance, by rain-water.
Generally speaking, iron is everywhere present in sufficient
quantity in the strata from which ground-waters are obtained, and

wherever the conditions of the organic matters and oxygen Neces:

sary for solution occur, iron—containing waters arc secured, and the

iron is usually present in the carth in cuch quantity that the wate
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and when first drawn from the ground they arc bright and clear
n other ground-waters.

and do not differ in appearance fros On
exposure to the air they quickly become turbid from the oxidatiofl
of the iron, and its prccipitation as ferric hydrate- At West
Superior, \Wisconsin, a water w taining both iront and
dissolved oxygen. It was turbid as pumpcd from the well. This

condition of affairs seemed abnormal, but was repeatcdly checked,
and the theory was advanced bY Mr. R. - Weston, who made
i i the wells of

the observations, that it resu

tW.O entirely different waters, nam
rainfall on sand dcposits back of the wells, contain'mg dissolved

oxygen and no irom, and water from the lake which had seeped
t,hm“gh the sand, and which contained 2 considerable amount of
iron in solution but 1m0 dissolved ox¥Y The wells thus drew
water from opposite directions, and the tWo waters were entirely
different in character, and the mixture thus had a composition
which would not have beet possible in a water all of which came

£ .
rom a single source.

as found con

esulting from the

gen.

N-C()NTAINlNG WATERS.

The removal of iron from groud dinarily 2 very
simple procedurc. It is simply necessary to aerate the water, by
which process the ferrous carbonate is decomposed. and oxidized
with the formation of ferric hydraté which forms 2 flocculent
precipitate and is ceadily remove by filtration. The aeration
required varies in different cases: The quantity of oxygen &
quired to oxidize the iron is only & small fraction of the amount
which water will dissolve, and allowing water to simply fall
through the air fora few feet in fine streams will usually supply
several times as much oxygen 35 is necessary for this purpose:
Aerating devices of this 4 sufficient in 2
number of cases, as At Far Rocka , and at Red Bank,
N. J. In some cascs however, &

not for the purposé ©

TREAT,]\{ENT OF 1RO
d-water is or

further aeration 18 necessary,
gen into the water,
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someti
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o : ,
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or a suffici 1e simple

ent lenpgth . I exposure of w
. o ;
in open channels, %Vill :czlme,lm any form of apparatus or simply

Mr. H. W omplish the desi
ik . Clark* h esired results.

a .
some cases coke seems t : called attention to the fact that in
water which is entire])-, 'Od wave a direct chemical action upon the
experiment independent i .

st of its a
caused the irhere seemed to be some pro '\Cl'a(i.ng
on to oxidize and floccul tp""y in t
ulate in m

ater to the ai*

refused
to do so with simple any €ases when
aeration and filtrati
tration.

When

the ri

i . ght conditi

iron is very rapid, and itltions are reached the oxidation of the
separates out in flakes of such sizé that

they can b
e removed b
y filtration at almost any practicable rate-

Mechani
nical filter .
s have b
een used for this purposc with rates 0

wh
{ ere plants for the rem In Germany’
orms of sand filters ha oval of iron are quite Commoﬂ modiﬁc
operated at rates up tove usu.ally been employed which have peed
25 million gallons pcr'acr daily
e daily.

In experi
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¢ by the Massachusetts State Board of

Health ra
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orks A . m Groun y , - - -
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rates the underdrainage system must be more ample than is other-

wise necessary-

The rate of filtration employed 18 usually not 2 matter of vital
importance, but by selecting a rate that is not t0° high it is possi-
{ head. 1t ;s thus not necessary to

ble to use a moderate loss ©
ses of operation are not

clean the filters too often, and the expen

as high as with an extreme fate {n some €ases it is desired to

accomplish other results than the removal of iron by filtration,

and this may lead to the selection of a rate jower than would

otherwise be used.
Under normal conditions of operation all of the iron separates

on the top of the sand. No appreciable amount of it penetrates
the sand at all. With openf filters at Far Rockawdy an
Bank there is an alg® growth in the water upon the filters which,
with the iron, forms 2 mat upon the surface of the filters and
when the filter is put out of service and allowed to partially dry,
this mat can be rolled up like @ carpet and thrown off without
the filters have been in usc for several

removing any sand, and
any sand and without any important

years without renewing

decrease in the thickness of the sand layer:

Some waters contain iron in such a form that it cannot pe suc-

cessfully removed in this manner. Thus at Reading, Mass.» it
was reported by Dr. Thomas M. Drown that the iron was present

in the form of ferrous sulphate instead of ferrous carbonate and
1

that it was not capable of being separated by simple aerationl and

filtration. A Warren mechanicai filter was installed, and the water
the'addition of lime and alum.

is treated by acratioft and with
increased, and the hard-

The cost of the process is thereby much

ness of the water is increased threeioid.

have been reported wher
dequate; put the ad-

Several other €ases e it was pelieved
that simple aeration and qltration Were ina
at as to make it wort!

vantages of the simple procedurc are sO gr¢
ne if more complecte aeration, of th

a very careful study 1© determi
er filtration, would not serv

use of coke-towers and perhaps slow
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in these cases without resorting to the use of chemicals and their
attendant disadvantages,

IRON-REMOVA], PLANTS |y OPERATION.

Iron-removal plants are now ip
Hague in Holland, at Co
lottenburg, Leipzig, Hall
at Reading; Mass, ;
Park, Atlantic Highla

use at Amsterdam and The
Penhagen in Denmark, at Kiel, Char-

¢, and many othey places in Germany;

Far Rockaway, L. 1.; Red Bank, Asbury
nds

draining a large ares, The water has it origin in the rain-water
falling upon the sand.  The sand js very fine and contains organic
matter in sufficient amount so that the ground.-water is impreg-
nated with irop, "€ 10 a central point in the open canals
d and the iron oxidized, There are als0
et which Perhaps aid the process. S'and
uction are used, and remove both the irof

In flow;

filters of ordinary constr

and the algz and the ry

Hague are very similar to those at AIﬂS::.
dam, byt Covered collectorg are used to supplement the open C"‘". n
.BOth of these plants *ere built before much was known about ,roe
In ground. the means for its removal, but they ha;‘
Performegd their work with unit'ormly satisfactory results. i
More recent German .

nd
The plant o Asbury Park s the first of importance €©
structed in Americq,

to
The water jg raised from wells from l-;oorc
1!00 fCEt decp by compressed air by a Poh]c li[t. It is dclwe

pen canals in the dunes:
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1ding some hours’ supply.
. . ;
into a square masonry receiving-basi ho

lete. Itis
. is very comp )
this means & direct into
T ion of the water by _ ce filters
a(?:r:,:::;;o;umped through Continental prcss:ted ater was not a
ir for the acr facilitate
t ice-pipes. The reservol wards to fa
};e;tse;v!t:? P::: inal plant, but was added éfte;dore heation.
i 0' ) d%o rive more complete aﬂ.atl?:t d from wells by a
Pe:m;{w. ar;) k gvay L. L., the water 15 i le ool of a vestical
ockaway, L. 1., e :
Wordtf atr \Pump and is discharged over Hir oo the water in a
16.4 }ltng’ e from \;vhich it falls through the :ll through the air
'"}C‘ P’P;' rb around it. The simple a- ing-chamber the
rece mber ¢ . eiving-
aerait::gthz \avatcr sufficiently. From thﬁitzg each with an area
i h of two " ieh brick walls
i : either or bot with bric
w;ater i1s taken to fect. These filters are Opcf“(;ne foot of gravel,
° 20, £ are . : 1
and ¢ 0006:5 l;ottoms, three fect of sand ale The water flows
and 3:‘3" derdrains are of the usual tz’pt' in diameter and 12
e unde ce
‘ to a well 2% i the town.
through regulator-chambers stand-pipe in :
feet (gi;eep %rom which it is pumped to 2 million gallons per day,
Ti‘lt iant‘ was built to treat easily three tity. Either flter yields
and 1? casionally treated a larger quantl };.aned The rate of
as occas ) . e ) ‘
the whole supply while the other is being ¢ ould have otherwise
filtrati ° . t??&;)case was made lower than Wu iy namely, the
b o ot as there was an a}tcmateds ficmsions, and to
€en necessary, °
Water fr::; tw)ci brooks, which could be us:garded necessary, thar;
M ¢
i ‘ filtration was he removal o
urif i lower rate of water. The
fvonlg Zh!Chz en required for the well-wat
ave be
t Red
iron § . Company &
On';; c°“;91f:‘ef the Rumson Impmvem;“t kaway, but is much
O ¢ y
Bank ;p)anie quite similar to that at Fa; :ted with L-inch holes
A ipe perfor .
i -inch pipe Peri e receiving-
tisa G-inch ! to the
sn;ali::n The o:tle o ot in a pine-tree shape
Which throws the wa

flters has 77¢
wo
tank tharoughly aerating it. Fach of the t

{f beac
. is thrcg feet 0

filtering material : a circul
Square feet of area. The flows to

water .
sand. From the regulator~chamber the brick dome and holdi
well 18 feet in diameter, covered by 2
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17,000 gallons, from which j¢ is pum
.of the filters will treat te
which is equal to the capa

ot Ped to the stand-pipe. Either
Ousand gallons of water per hour,

cit
Yy of the Pumps; and a6 the consump-
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tion s considerably less than this figure, they are only in. use for
a part of cach day, the number of hours depending upon the con-
SUmption, These filters are shown by the accompanying plan.

he cogst of the work was as follows:

Filters and pure-water reservoir, with piping

and drains complete, oo o $3,799.47
v D>
New pump and conncections, .. ..o 492.68
I‘-ngincm—j,,g and supcerintendence. oL 992.91

Total cost of plant. .. ... oo $5,285.00

The engincer who operates the pumps takes care of the filters,
and no additional labor has been required. The entire cost of
OPeration g thus represented by the additional coal required for
the preliminary lift from the wells to the filters. The effluent is
always free from iron.

The plant at Reading,* Mass., was installed by the Cumber-
Ja.nd Manufacturing Company, and combines aeration, treatment
Vith lime ang sulphate of alumina and rapid filtration. The
eration is effected by pumping air through the water, after the
Water has received the lime. It afterwards receives sulphate of
2lumin, and passes to a settling-tank holding 40,000 gallons, in
Which e water remains for about an hour. There are six filters
of the Warren type, each with an effective filtering area of 54
SQuare feet,

The cost of coagulant is considerable. The chief disadvantage
he Process is that it hardens the water, which is naturally soft.

fom the completion of the plant in July, 1896, to the end of the
Year the hardness of the water was increased, according to analyses
of the State Board of Health, from 4.1 to 11.3 parts in 100,000,
?nd for the year 1897 the increase was from 4.0 to 12.7. The
'ron, which, is present in the raw water to the extent of about 0.26

of ¢

par ! N . -
\t\m\l?o'ooo: is removed sufficiently at all times.
¥ of (b N T - . . e
Joumal of the New England Water Works Association, Vol. ii, page 294.

escring:
Cription of plant by Supt. Lewis M. Bancroft.
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« Prior to the erectj

d by rapid filtration. Mr. Ban-
» if the feservoir recommended by

. ad been buﬂt, the filters could be run with very
little or no Coagulation, anq consequently v,

St obviaug disadvant

ithout increase in hard-
age to the procedure.
ant is one million gallons, and the
»000 gallons daily.

The plant at KeyPort, N.J., is similar, but smaller.

. of
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CHAPTER XIIIL
TREATMENT OF WATERS,

Havixng now reviewed the most important methOfis in rs:hfet?:
the treatment of waters, we may take a general view o var
application tq various classes of waters. Different r.:;fw W:zeiiat l};
S0 much, ang the requirements of filtration are so di er;in;tion ¥
is not Possible to outline any general procedure or c.omlf N
Procedures, but cach prrblem must be taken up F’Y 1tself.
theless, Some general suggestions may be of servx;e. cere contain

In the first place, we may consider the case f) waatter o
ing very large quantities of oxidizabl'e organic m r- -
Waters are obtained from some reservoirs c?ntammg .ve. y Laroe
Vegetable anq animal growths, or from rivers recexvmigfr pos;-
AMounts of sewage. Waters of both of these classes ?ri,mstances

le, to be avoided for public water-supplies. When c:rtctent Thees
Tequire their use, they can best be treated by mter.ml by oxygen
tion, this Process being best adapted to the destruction by
€Xcessive quantities of organic matter. dissolved oxygen
Where the pollution is less, so that the xss'd o e
fontaineq i, the raw water is sufficient for t:‘he oxida il as
Ofganic Matters, continuous filtration will give substantls ityhas
8ood resylts ag intermittent filtration, and. in ot}‘ler r:sﬁ;;:rcaﬁon o
imPOI‘tant advantages. The application o.f mtermxttCZWhat fmited.
the treatment of public water-supplies 1s.thus somf -y
and, a5 5 matter of fact, it has been used in only a few cas double

For the treatment of very highly polluted wat;rs ot
fltration has been used in a number of cases, ?OEOI}{M;’ s
Grang Junction Company at Londor, at Schiedam 12 ) entj,oned
3t Bremen and Altona in Germany. At the two first-m
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places , JON OF PUBLIC WATER-SUPPLIE
wo separ - S.
ate
systems of filters are provided differing
/1¢ iffe

somewhat in
constructi
than the ction, the fi
after filter rst filters bei .
. . ne at a highe level
The first filters supply Wftcr of e tive
comparat!

pu‘ity, and R
ery Constant
comPOSiti()“, to the aft - ]
er ﬁltels, Whlc

are able to
treat it wi
cost. it with great efficiency and
at very low opcrating

s PIOCedure is pl'Gl: 1
1 psl{ect \‘1 i h h b en
Yhic as [

used for the
remoVal .
of discase-producing qualities {from highly

polluted wa
ters; and
the cost of the process ma b .
y not be as mu¢

greater than
that of si
because the cost of cl S‘fflple filtration as would at fi
the attendance pumennxng the after filters is me al rst aplpear.
’ re i n
ping, etc., are practically cor)nnomma 'ba th
/ mon to DO

sets of filter
S, and are n
a single s ot materiall
gle set. y greater than
they would be fof

For ver
. y bad wat
intermittent 3 ers the first filters mi
, while the after filters shoilgmfht appfopriatel):rbc
e continuous. his

was the y
procedur igi
[ orlgmall intended fO La
r wrence, b

intermittent fi
Iter fi
rst constructed yielded such !
ch very good rest ts

that it ha

s not been .

L. con

as originally projected sidered necessary to complete the plant

At Brem
en and
adopted Th at Altona a di
) e filters a ifferent proced n
construction. When a";au upon the same lc‘i’el ‘t;e fh:::s beee
i i , a
instead of being taken ter is put in service the crflﬂ X t;€ saxnt
i
another filter which h to the pure-water res . u?nt rom
the first filter h b as alfeady been some ti ervoir, 18 taken to
as been i ime in servi r
taken to the pure.Wat“ in operation for some ti S”.‘”CC. Afte‘
the effluent from a ﬁlter reservoir, and in turn .t‘ﬂ.\e i1ts efﬂucnt- ;;
i .
°;Water passing a {resle;I more recently cleaned "I?hsupphe(: :‘;
the water of the y cleaned filter i 0 e loss of €
the hich.wa second filter j s Comparatwe\y slight, and
gh-water m is allowed t ’
the other filt ark, at which level i o fall a few inches belo¥
er. evel it will take the effuctt from

the hi h{ 1arge pipe, the < t\of\s between the filters are madc by
gh-water line. Th “mrnxts of which are Considerably aboV®
ese siphons are filled by exhaustiﬂg the
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air . . ey
, and when opened to the air there 13 no possxbxhty of a flow of

w
ater through them. The process has given cxtremely good

res H - . . .
ults in practice, yielding effluents of the very greatest purity

and -
at a quite moderate cost of operation.
iple Alling of a siphon

. An objection to the method 15 the poss!
0 : . .
me time when the water standing upo? the after-filter 15 higher
he fore-filters and while the

th .
an that in the purc-water well of ¢
oir. Such a

fore. .
filter is Connected with the pure-water reserv
ter into the purc‘water reser-

co?nection would send unfiltered wa
;(;:nd:“t- . 1 do not know that any trouble of this kin(.l ha's ever
this < :tpeflft‘nccd at Bremen O at Altonas and the objection tF)
Careéj\ em 13 Per.haps not well founded
and conscientious.
zf(lt;an make t\?e connection at an
pply, or simply through carelessness
able.

For the treatment of river-water
diment, and where t

s and lake-waters containing

o
nly a small quantity of se he removal of

t;:;zf:a or dis.ease-producing qualities is the most in}portant
Subjectoi filtration, sand filters can be used. Where the rivers ar.e
mentat o ﬂOC'>ds and moderate amounts of muddy \n{ater, sedi-
ion-basins Or storage ter will often be

f
ound advantageous.
For the treatment of extremely muddy waters and waters’
and for

muddy for long periods of time,

ry highly colored waters, resource
which are necessary
used without injury to the
areful investigation of the,

which are continuously
::zq:ebmoval of color from ve
" ;zac},c had. to coagulants-
water :\pecxal case am.l which can be
ust be determined py most ¢

raw water.
For the filtration of these W

:;‘ mechanical filters can be employed-
is case is done by the coagulants the kind of filtration employed

iS [e) . . .
f less consequence than wheré filtration alone 18 relied upom

aters after coagulation either sand
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and the cheapest form of filter wijl naturally be employed.

.. . . er
conditions mechanical filters will usually be cheap
s for use in this way; butw

WATER-SUPPLIES,

than sand filter here waters, in addition

, sand filters may be
. . t
ined with them is no

where bacteria] efficiency was the P”"‘;
For this purpose the efficiencies obtain€

coagulant can be emplo hen otherwise insuffi-

yed on those days w
cient clarification would

be obtained,

nt is saved during the greater part of the
Iso, the Preliminary process of sedimenta-
be developed as far as possible.

time. 1In such cases, a
tion and storage shoulgd

The application of

COST OF FILTRATION.
The cost of filtrati

on of water depends upon the character of
the raw water,

upon the nature of the plant employed, upon its
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of manipulation. These
extent as to make 'any
Nevertheless a little
exact results,
probable cost

size, and upon the skill and econ}(l)ma)r’1
conditions affect the cost to such 2%
accurate general estimate quite ;mPh not leading to
Consideration of the subject, althoug .1 idea of the
May be helpful as furnishing ‘a' YO‘-JE’, re made. or-
before estimates for local cond)t;onr:;ivalls, with reasonabrl:afal:’ave
filters, with mas o small in area,
ableofzrr:disfix;is of construction, %nd no:vittc;xin the last fe\iv year
st in the United States The relative cost
Sveraged to cost in housand dollars per acre. ith embankments
Perhaps about th“tty tlol::what greater, and Wl(ti ced. The cost
fJf tsm;llfplantsnr:w:): the cost is somewhat redu
nstead of maso S

actically
de use of pr. .

. d can be ma ltering
is less where natural deposits of Za?s increased where the fi

an

: s . s, OF where
M their original condition, | for long distance

rai about a
Materials have to be tranSpor::d t;}; Covered filters cost
. . ild upon.
the sites are difficult to bui

rrent prices
ical filters at cu be
Mechanica hich must
filters. . to whic
half more than open uare foot of filtering aria"ch perhaps average
Cost about $20 pefr > dations and buildings, W ]tl upon Jocal condi-
: n
Etldded t};e 1cfost of Ocl;) more, but are dependen
0 cost half as mu ’

ildings.
tions and the character of the building

dded the co . h are [¢]
s must be a . whic
d'To thes'e ﬁiure.ns and pipe-connectlons,
Sedimentation-basi ’

. .n
. : SO Wldely 1
hich differ
greater than the costs of the filters, but w ate impossible. d
¢ater than th | estim : "
cnera aximum
di s to make any g ) et the m
ﬂeI:clnt I be provided sufficient to me of maximum over
ilters must be excess
Not the average consumption. The

.o d depends
. t cities, an
'n dlﬁeren
. ies greatly 1 nts.
average requirements varie d arrangeme by the
. ities an . made by
ir ca aclthS tlmates .
largely upon reservo nsiierable number of C; cost of installing
As a result of a cc;\merica“ conditions, dt ]Tars per inhabitant,
ay erage o
ﬁl::,or for ;1: tafcn very roughly as ﬁvcases
S may ’ . yarious cases.
but the amounts differ widely in v:d filters in
The cost of operation of sa

ervoirs,
umps, res

England probably
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, and include the cost of a]} labor, sand, and

Supplies for the filters, byg do not include any pumping or interest

Costs,
COST op FIL'I‘RA'I‘I()?\',

(ComPUted from daia furnished Wm, B Bryan, C.E., Eas Loandon Water Works.)

Dollasg Per Million U, s, Gallons,
\ |
i ! South. - 1
East I  wa

Grang

illion
y lars per mi

t has averaged about two dol

Water, the cost h

iver water
Teservoir. N. V. with the Hudson River v '
At Poughkeepsie, N. Y.,

gallong, rbid, the cost for t'\‘;vent)tr
which is occasiona”y moderately tu ilion gaUO“S' This cos
Years hps averaged three doliars per ms the average winter tem-
includeg the cost of handling ice, and aestcd for open filters, the
Peratyre Considerably below that Su-ggrable» and has increased
€Xpense of this work has been CO{]S;de e
Considerably the total cost OfIOPe::,t(;O R.Cd Bank N. J., forci::lz

At Fyr Rockaway, L. I, ] ly been appre )
femoyga] plants, the cost of operation h‘as _};:fi:’ns, and it has been
The Plants are both close to the pumpmgecessarily engaged at thli
Possib]e to operate them with tlhxc labor Tslt except a very Sff?a
p”mping-station without additxo\nal Cok:;way. No computation
AMount of labor on the sand at Far Roc

; for
_‘ . required
Y ; v West | agre. M nal coal
ChCell)sea ondon Juncuon“““f’bc”' \::r L - Middle. Average : ses of the additio
Co. Co. e Cor Vaurhayy) e eos has been made in these ca as
| ) Cu, . . 8 was
\\\_K —_— — Pumpmg. ost of operation for 1895
; , ) C
‘SS‘“ I Loo | 083 | 4, 116 | ey :;g At Lawrcnce, Mass., the
18812 l.1g I 39 1 0.95 0.82 I.1s 137 1 1.59 i
1332-3 I.10 I.23 .39 ’ 9.96 1.48 ‘ 13; frey "33 IOUOWS: d v 33,467
1334 100 [ 1.06 ;3 o2 | ¥ 1.62 i 167 I. X cing sand.. . ... o
1?884~g Toe [ o 1.85 | o0 | ot ] tg0 | e ll?;" Cost of g and replacing sand.. oo 2,903
1885- 1.15 1.16 I. O.g0 | | ‘IS ' r.07 : fceo
sty | orgs | 16 38 oy [ oo S 116 Cost of carc of jce. $6,370
1888887-8 1.0y 1.22 o4 0.90 0. 92 I.28 , I.00 x.:3 ...........
1888- 0.8 I.28 1. . ‘0.8 I ration. . ...
1889-90 o.ﬁg 1.50 132 ggas 232 11'5; : 30‘ 563 I-49 Total cost of operat . f gallons...... 1,097
rggo—x 072 |y 4, 1-32 | 4 g 1.02 I.16 © 1.00 ]!'gg Water filtcred, millions o & - 85.80
15912 075 | 1.5y 123 1 1o 92 1as o ole6 gl illion zallons. . ..o ver e v i
18923 0.67 | 1.4z 130 0 1 [ na6 | opog r.42 [ 1.20 Cost per million gallons. . t Lawrence, and it
1893—4 I.15 2.63 2.00 I.46 1.43 1-52 ° o0.95 1'53 been excessive a to avoid
1394~5 0.60 / 1.68 1.6y 2.53 1.03 [.34 i 0.96 ; I.4 ’rhe cost of care of ice has be ver the filter to
— P e S R , mmended to co
Average, 003 / 38 | 1o 106 | 5o R a5 been Tepeatedly reco
! ]

ery greatly
t of handling sand has been very
The cost o

n
i work upo
this €Xpense, it in one bed, and all

8124 per million gallons, . use the filter is built i

a ; als when
i 1 . t interv.

€ar to year 4, ¢ i s amounts of ice, fcrease > beca np ratively shor

y y are cauge( by differences in the or . ) the co 2

'es of ney *30d purchaseq. Wages #verage about $1.00 p ’ It has to be done during th

ich is not at all economi-
€ Cost was gy o8 Per million U. S, gallons. the filter jg not in use, an arrangement Wh;:i::is thus much higher
In Germany, with more turbjd n'ver-watcrs, the costs of opera- Cal The cost of oper

tion are SOmMewhat highe, than the London figures, while at

€ water js very clear, they are lower,

garding the cost of operat’t‘)"
of sand filterg are legg Complete. At Mt Vernon, N. Y., with

i . al units,
N the use of labor, been constructed in sever
than i, would be had the plant

{ being
urpose o

“3h of which could be disconnected for-th: tiis the first cost
1

cleancd in t;c ordinary manner. As agains
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of construction was extremely low, and the saving in interest

charges should be credited against the increased cost of labor in

cleaning,

The cost of operating filters at Ashland, Wis., has been
estimated by Mr. William Wheeler at §2.26 per million gallon®
This estimate is based upon the performance for the first year that
they were in service.

In the operation of mechanical filters one of the largest items
of expense is for the coagulant, and the amount of this dCPc"ds
entirely upon the character of the raw water and the thoroughnes®
of the treatment required. The data regarding the other OF
general costs of operation of mechanical filters are few and unsatis”
factory.

I recently made some estimates of cost of clarifying waters
of various degrees of turbidity by sand and mechanical filters.
These estimates were made for a special set of conditions, and
do not know that ‘they will fit others, but they have at Jeast 2
suggestive value. The results shown by‘ Fig. 26 include only
the cost of operation, and not interest and depreciation charges:
These figures, when used for plants in connection with which
preliminary treatments are used, should be applied to the tur
bidity of the water as applied to the filters, and not t© the
raw water, and the costs of the preliminary processes should b€
added,

. With sand filters the frequency of scraping is nearly propor”
tional to the turbidity; and as scraping represents most of the
expenses, the costs of operation are proportional to the turbiditys
except the general costs, and the cost of the amount of scraping
which is necessary with even the clearest waters.

V.Vi_th mechanical filters the amount of sulphate of alumind
‘;;ci“‘c‘:isfo;clarieﬁcztl‘tion.increases with the turbidity, and “}°5t (:“
o fhe ami\::t‘oor(\ miri‘ase in the same ratio. The d‘ag"\‘;‘oﬂ
necessary for clificas su p. ate.oi alumina in grains _p.er ga

ton with different degrees of turbidity-

20%
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n on the two
the expense

nan the expense

f o eratio
With the clearest watefs the costs © P

With muddy waters,
more rapidly t

systems are substantially equal.
of operating sand filters increases

of operating mechanical filters.

ONS
o

RS PER MILLION GALL

w

COST IN DOLLA

T
Fic., 26.—COST oF OPERA

There is another element whic

‘acation §
Son, namely' the question of purlﬁcadl or pubhc water_supphcs
sewage-pollution. Nearly all rivers use
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receive more or less sewage,

regarded as Necessary to remove ag completely as possible the
bacteria,

. . it is
and in filtering such waters it i

The quantities of sulphate of alumijns required for the clarifica-
tion of the least turbjq waters are pot suffici

tolerably good bacterial efficiencies.
plete removal of bacte
considerable quantity

ent to gi\'e even
To secure 2 reasonably com-

ria with mechanjcal filters, the use of a

o : 't us
of sulphate of alumina is required. Let u

assume that 98 per cent bacterial cfficiency is required, and that
to produce this efficiency it js necess

coagulant to the gallon,
quantity of coagulant for ¢l
less be used, and the cos
the lower quantities wh;j
would not give the requi

I have added this
bined with the upper port

ary to use one grain c.Jf
With water requiring less than this
arification this quantity must neverthe-
ts will be controlleq by it, and not by

line to the diagram, and this, com-
ion of the line showing cost of clarifica-

. [ 3

tion, represents the cos

t of treating waters with mechanical
filters, where both bacterial efficiency ang clarification are re-
quired.

y increases much less rapidly
he corresponding line for sand
ch other, With the clearest

mechanica] filters, and for the
muddiest waters they are more €xpensive, It does not appear
in each case, that the cheaper

Sand filters are more efficient

from the diagram, but it is also trye
system is also the more efficient,
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ATION?
WHAT WATERS REQUIRE FILTR

wer to
i eneral ans

3 isfactory g .
o e o bt s estions may be useful
do mnot require filtra-

horoughly filtered in

. a few sugg
this question cannot be given, but bviously
In the first place, ground-waters :es been t tional
tion - they have alrcady in most ca <ed. and in the excep .
the ground through which they have passed, ing water through fis-
. wi
Cases, as, for instance. an artesian well dra cupply will generally
R r Std ’ . . \
SUrec : ’ ledge from a polluted origin, a nev e so doubtful a raw
€sin a ledge P DrovV
be chosen rather than to attempt to 1Mp
Materja],

d. It ¢ . rater iS at
River-waters should be filtere ts in which the wat

tural state

nnot be asserted that
a

; istric .
there are no rivers in montainous di " auitable in its na e
orce clear and free from pollution, an mmon, least of all in f
for water supply ; but if so, they are nOt“CO equired. The use ©
h & . ;1€ . 1
Tegions where water-supplies are usud ?fter sedimentation OHIYv
Tiver-wat in their patural state or 2 Hudson, Potomac, Dela-
dr W? - h rivers as the Merrimac, filthy as well as an
awn from such r s e a
Ware, Schuylkill, Ohio, and Mississippl, Bd o
o ehuylill ’ be abandoned.
“nhealthy practice, which ought t'o he case of supp lluted
The question is more difficult in t h supplies are grossly po t
s s ) such su subject to
lakes of storage reservoirs. Many Others are
and should rbg either abandoned or mtere: much improved by fil-
o - Id be heds
nd wou d water-s ,
gz 'ths, or are muddy, a apollute
trgt' gro“thli | are drawn either from uched by storage that
~ Mation.  Still others edu
Or th llution is so greatly diluted and 1
¢ pollution i

their use.
10 known disadvantage results from Sllution of water- hoid
In measuring the effects of the p nt aid. Not that typ .
typhoid-f A death.rate is a most importa d water, but because it
Owd-fever death- ; € i
fever is the sole evil resulting from p(?:lu:or which Corrcspondmgf
1s 1 (o]
. . f other ev he causation
15 also a very useful index o instance, t
Statistic. can)’not be obtained, as, for ins ,

) ion by cholera.
“-lv:lSlOn
diarrhceal diseases or the danger from

lies drawn from

Suppliesy the
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I thir
a&entionikt(\;vct;zil cn'i).t go far wrong at the start to confine our
o o e ities where there are over 25 deaths from
Jphe conSidcrla)tion 0;),?:? of population. This will at once throw
cluding those of New Y gi number of relatively good suppli¢s in-
e e or a‘nd Brooklyn. It is not my idea that
e o Yor;‘)( s cause disease. Many of them, as for instance
teresting canstion ‘,Nz::l known to receive sewage, and it is an in*
reresing questio resuul‘y of most careful study whether there 3r€
wish to make now is sininlg from.this pollution. The point that I
is evidence that, with ep_y_that in tl?Ose cases the death-rate itself
the resulting da’ma e );lStln.g conditions of dilution and storag®
ot o thg o whlc'h we have knowledge is not great

e Con:e t:.e: ex’pense involved by filtration.
with very sl wztl::hltd should not be forgotten that, eSPCCi“‘lly
present damage which5 oo .thcre may be a danger as distinCt from
b grotos of hoses drec-luﬁxres f:onsideration. Thus a single hous¢
affect it for years untnr aining into a supply may not appfedably
results in infectil; tl an Outb}'eak of fever on the water-shed
an coidomic thge lft: water with the germs of disease and in
creasing size of the wlety below. This danger decreases with if-
any such pollution wo elZShed a?d volume of the water with which
draining into the wateu be mixed, and also with the populatio”
of infection continuallr, as there is a probability that the amoun®
be subject to =5 vicl y a;dded f.rom a considerable town will not

N PlymOUthenIt> u'ctuatxon as that from only a few houses:
fever and 114 deaths ,arr::c.)’nln 1885, ther.e were 1104 cases of typhoid
the discharge of the dej tg p Popula.non of 8000, as the result ’
water of a relatively smleli : from a single typhoid patient into the
epidemic was calculat da .lmp(’“ndi"g reservoir. The cost of this
cost in cash $67,100.1 ed with unusual care, The care of the sick
amounted to $’3,0 0'2072):“(1 the loss of wages for those who recovc"ed
before theis Sidm; .08. The 114 persons who died were earnifg

Bt ss at the rate of $18,419.52 annually

an outbreak would hardly be possible with' the Croto?

TREATMENT oF w4 TERS. 200

on account of the great

water-shed of the New York water-supplys
st be guarded against

‘_mutim‘ and delay in the reservoirs, put it mu
n small supplies.

Of the cities having more than 254
fever, some will no doubt be found where milk epi
special circumstances were the cause: but 1 believe in a majority of
ﬂ.\em, and in nearly all cases where the rate is year after year con-
siderably above that figure, the cause will be found in the water-sup~
1_)1y. Investigation should be made of this point; and if the wate‘r
is not at fault, the responsibility should be jocated. If the water 18
guilty, it should be either purified or new supply obtained.

caths per 100,000 from typhoid
demics or other
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CHAPTER XIV.
WATER-S .
UPPLY AND DISEASE—CONCLUSIONS:

ONE of t
direct Polluti:neozn;j;]-CharactefiStic and uniform results of the
results among the user1c water-supplies is the typhoid fever Whic}‘
cities with almost unifS of the water. In the English and Germa.ﬂ
already nearly extermiormly good drinking-water, typhoid fever
American cities havi nated, and is decreasing from year t¢ yea’
tively few deaths fro:;g t:f‘Pohuted water-supplies have compar®”
so low as in Euro is cause, although the figures never 89
pe, perhaps on account of the fresh cases which

are always .

comin in

moving AmeriCangc from.less healthy nCighborhoods in ever
ommunities. In other American cities 1 ¢

death-rates from .
to be and what t}:Z;'):(::‘td i‘l'-ver 3"_‘: many times what they ought
various places, and in t:a y are in other cities, and the rates i.ﬂ
general a close relation e same place at different times, bear 1#
drinking-water. The to the extent of the pollution of the
- from typhoid fever isp:“’ef of suitable filtration to protect 2 city
from this cause in Lond'mply Sh.own by the very low death-rate®
other cities drawing the(i):'rfwerlm’ Breslau, and Jarge pumber® :
nated than tho water {rom sources mOT
and by the maiiegf a:iy but the very worst American supplies
death rates which h great reductions in the typhoid-fevcr
ave followed at once the installation of Alters

at Zurich SW.
. itzerland; Ha
and other places. mburg, Germany; Lawrencé Mass.

e contaml'

The following is a li
wing is a list of the cities of 50,000 inhabitants and up*

waATER-SUPPLY AMD DISEA (B—CONCLUSIONS: 211
ward in the United States, with deaths from typhoid {ever and the
he deaths and populations are from
ces of the water-supplies, from
Four cities

sources of their water-supplies- T
the U, S. Census for 1890 the sour
the American Water-1Works Manual for the sam¢ year.
of this size—Grand Rapids, Lincoln, St Joseph, and Des Mo'me.s.#
are not included in the census returns Of mortality- Two cities
with less than 50,000 inhabitants with exceptionally high death-
rates have been included, and 3t the foot of the Jist are given €OF

responding data for some large European cities for 1393

TYPHOID FEVER DEATH-RATES AND WATER-SUPPLIES OF CITIES.

- //
\ Deaths from
| Typhmd
Ciy. Population. ; Fever Water-supPly-
) \ Per
Total . |100,00°
——— | \ivmg.\ﬂi/__/_.’___‘__,__,.—-—-‘__
[ .
Birmingh (- ! | . l Five Mile Creek
. Renverg.,amm\ l;g;'{z 2(;2 ‘ :?-; 1‘\ North Platte River and wells
. Allegheny . ... Aol BN oheny River
3 Camgae?,ny"" ‘?’»"87 1 192 ‘8;" {'\)BlﬁvfreyRiver )
4. E“‘Sbur;};'_: - "2(;2‘1% | 321 lxé; \ Allegheny and Monongahela rivers
aAw AN 5 forrimac River .
5 Newr::;,(ce 24654 54|02 Mt.rvnmlli',lvge [lons daily
6. Cha lestan xb’x,&j,o "8t 100 | Pabha!C cell Cldlﬂ XGOOOOO gal_
7. arlt?st()nA 54‘955 | 5_" ()8 1‘ }\)r[CSlan “}{c' $ Vi1 gh g
e | G e
9. Jersey City. .. %7'()9() L ?52 t‘ Pt:sr“;r\l( jver
19. Louisville .| 163,003 ¢ 134 2| Passa,
11, uisville . . .. 161029 122 76 Obio River  verS
12, }é}}l,l-‘z“‘elphia..t Loihabs b 77O T4 | Delaware and Schuylkill HIver
1 ’cago...... | 1,009,850 | 3 24 Lake Michigan
]3; Qduma ,,,,,, i (),233,3 | 727 2] gouth River
15: “}Ri“?y ------- RIEL! \ 671 71 g{uds&m l'{l::,c(greek
16, St pmy,l,rmn,,' 01,431 43 70\ lr;m‘ywm [ervoirs
x178 T"’yam ...... ‘?BJS?‘ . (()9l Iﬁtggon River and impounding res~
CLoe At 70,0560 1 42| 9 . . 5
1. 11"’5 Angeles.. 'o.}()' \ 34\ 67 | Los Angeles River and springs
A 1é‘dshm\lc.. A 20 a9l 63 {mberiand River
21, i‘{f‘l"“(““-n- 261,353 164\ 631 Lake E“,\‘.ever reservoir
:-;é gar‘.f():(‘;d“. . 8'{“38i é(: ?}; (‘\ {é:i:isccti\cu{ River aﬂd impoundiﬂg
2, Nidilrlu,Riveri o ;1‘333 l i; \‘ 59 Watup? L;}klg'ver
23. San 53})01?5“ 165738 941 37 Mlssnssxpp‘ng Lake Merced, anc
26, Indi rancisco 208,997 C 160 5() ; LOI)}IS '“—‘- ’ ountain stream:
27. m“?“apqlis.. 1054360 1 97 £y White River (m
28, Mecm"?tl. L 20bgoB 131 31 Ohio chr
2, Roadoo 64495 33| % | Actesian | cll> 4 Spring®
30 admng. ..., §8,661 1 2 4,)\ Maiden Creek anf pring

__&T’:e‘_— 433,439 , ©2 47 | Imp()undin;: peseTvOir D
—_—‘; 37 T "_'_,_,/_,_,_./——f*
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IES.
TYPHOID FEVER DEATH-RATES AND WATER-SUPPLIES OF CIT

Typhoid
Fever, I
City, Population, Water-supp y.

Per
Total. 100,000

living,
\\ ——— — \—\__—_—___
31. Omahga

U] 1404521 6 45 | Missouri River
32. Columbuys | 8,150 | 38 43 | Surface-water and wells
33. Providen;e... 132,146 [ 73 40 | Pawtyxet River
34. Kansas City ., 1327161 531 4o Missouri Rjver )
35- Rochester. . 133,896 | 3 39 | Hemlock ang Candice lakes
36. Evansvijle " 50756 | 25 39 | Ohio River .
37. Boston. |’ 448,477 74| 39 Impounding reservoirs
38 Toledo. ' " 81,434 29[ 36| Maumee River
39. Cambridge - 70,028 | 54 34

Impounding reservoir

40 =t. Louis. .|| 451,770 | 145 32 Mlssxssippi River

41. cranton

..... 75,215 24| 32 Impounding reservoir
42, Buﬂalo....... 255,664 | 8o 31| Niagara River
43. Milwaukee.... 204,468 | 6 30| Lake Michigan .
44. New Hayep ' 81,2981 ,, 27 | Impounding reservoir
45. Worcester. . 84.655 1 25 26 mpounding reservoir
40. Patersop, 783471 20 26 | Passajc River (higher up) FVOIrs
47. Dayton . " 61,220 151 25| Wells . [e res-
48. Brooklyn, 806,343 1941 241 Wells, ponds, and impounding
49. New York | ") L515.301 | 38 23 Impounding reservoir in
50. Syracuse. . .. 8,143 T18 20 mpounding reservoir and springs
51. New Orleans.. 242,039 | 45 19 Mississippi River
52. Detrojt ., ] 2058761 45 191 Detroit River .
53 Lynn.. [ " : 55,727 9 16 mpounding reservoir
34. Trenton,..""" 57.458 9! 16 elaware Rjver
. d
London., 4306411 | 5, 17 | Filtered Thames and Lea rivers ans
lasgow , 667,883 133 23 atrine [ from well
Paris.. "' 2,424,70% 25 Spring water
Amsterdam 1 437,892 691 16 Filtered dune-water
Rotterdam,, 222,233 5 3 | Filtered Maas River
ague,. 169,828 3 2 | Filtereq dune-water .
Berlin, """ 1,714,038 | 167 2| Filtered Have ang Spree rivers
Hamburg el 634,878 ) Is| i

Bresi Filtereq Elbe River
Dres oy 3535511 321 Filtered Oder River
resden

Vieden... . 308,930 14 5 Ground-water
‘enna,, - 1,435,031 104 7 Spring-water
Any fy]g disc

With the

ussion of these dat, would require intimate aquaint-

ances Various Jocjy) conditions whicp it is impossible to

take up ip detail here, byt some of the leading facts cannot fail to
be instructive_

Each of t

typhoid fever

- 00

he placeg havin

m
g over 100 deaths per 100,000 fro
Used unfiltere

. t
d river~watcr. Lower in the list, bu
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e CONCLUSIONS.
WATER-SUPPLY AND DISEASE—CONC
ATER.SUPPT y
ied only from
. een supplie

sti]] very high, Charleston, said to have lsthc reported water-con-
artesiap wells, had an excessive rate: bfl wells or other means
SUmption g ¢4 low as to suggest that private Cleveland both drew

> 8 . . e

of Supply were in common use. Chicago and

: their own
aminated by
their Water from lakes where they were cont

from ponds, of which I do not
Sewage, g Paul's supply came fr

22 cities
ions all of the
know the character. With these exceptions

With he li filtered
Ove head o [ llSt, had un
it I 50,000 inhabitants, at the ft

river.water. ‘o reservoirs as a rule h.ad
The citjes supplied from impounding f the list, together with
Ower death rates and are at the lower 'end f(:om rivers or lakes at
Some  citjes taking their water .Suppllei smaller or more remote
Points \here. they were subject to. ony ities in the list were re-
infection, Only three of the Amf.:ncan C:,d-water-
rored as eing supplied C“tircliy ;Wthcl(irs(;ucomparisons between th;:
Itis not urpose to make too been influence
Varioyg ci(t)ie;n};np thr:: list; some of them may hhaavvee in one way or
Y Wsual local conditions in 189.0' -Othirlfat date, and there are
another improved their water-supplies since t typhoid-fever death-
Several cities in which I know the presen f 1890 given in the
fates to pe materially lower than those tohata number of cities,
table, On the other hand, it is equally tr.uee had severe epidemics
inCIUdi“g some of the larger ones, have Smxcnuch higher rates than
°f typhoid fever which have given very :
those for 1890. he order of cities in the I'nst
These fluctuations would change t the general facts, which
from year to year; they would no? change Nearly all of the great
A1 as trye to-day as they were in 18'93 with unfiltered surface-
Cities of the United States are supp'ie are taken from rivers and
Waters, and a great majority of the Wat;rs sewage. The death-rates
Iakes at points where they are pOHUted hy thcy are Compared with
from typhoid fever in those cities, whet e:,vith European cities, are
Stter supplied cities of this country, or
E"OTmoust high,
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Such rates were formerly, common jp European cities, but they
have disappeareq with better sanitary conditions. The introducti(.)n
marvelloys chzmges in Europe, and in
in the city's health with filtercd water
There g €very reason to believe
on of better water in Amecrican cities
evolutions; and looking at it from a
alue of the lives and the saving of
il pay handsomcly when compared with

€d the sickness ©f 20,000 and the death of
€ within 5 month, and ap amount of suffering and
which resulted, that cannot be

ince been put in Operation, Hamburg had several

fom cholera, ang the removal of
S a Ieading. altho

ugh not the sole, motive for the
construction of filters,

oW little citjeg Supplied with, Pure water haye to dread from
T is shown by the €Xperience of Altona ang other suburbs of
good water—supplics, which haq but few cases of
Ught from ¢he latter Place, and by the ex-

he plague~stricken city, abso]ute]y without quaran-
S which were directly imported,

215"
, IONS.
WATER.SUPPLY AND DISEASE—CONCLUS

I do not know of
City with 3 good wat

Suffere Severely from  cholera., happened before the
familiar with the facts the discussion of what h PP

ent
Il as of the pres
mtroduction of modern sanitary methods, as we

kSla) although I beheve that m these cases a]so
dence as to the palt “atel plays mn the pread

ingle modern European instance wher}el a
a single B
apy ly not directly infected by sewage
o chole I shall leave to others more

there i Plenty of cvi
of the disease i f tties of
A . the cities
A considerable proportion of the wz.zter'supp!lll;sera should gain
the Unitcd States are so polluted that in casedcfor hoping for the
a fOOthold 4pon our shores we have no groun

f
e han the plague o
Avorable ¢Xperience of the English cities rather t

Amburg i 1892. e perhaps 1,000,000,
THE fzceq from a man contain on an averag frmal bacilli of the
: n
o0 Dacteriu per gram,* most of them being th:hat a man discharges
intestines, Bacillus coly communis,  Assuming ily, this would give
200 gramg or about 7 ounces of faces daily, The number
: . on.
200'000,000,000 bacteria discharged daily per perSiS usually higher,
of bacteri, Actually found in American sewage are other sources
Often double this number per person; but there

ay
reverse m
. 'ths or the

acteria i Sewage, and in addition growt

take Place in the sewers, according to circumstances. usly large that
his Number of bacteria in sewage is So.enome]:en a large river
the addition of the sewage from a village or city T:toion Thus taking
is Capable of affecting its entire bacterial compos(xi th(; average daily
€ Populatiop of Lowell in 1892 at 85,000, an d, and assuming
OW of the Merrimac at 6000 cubic feet per S'CCO'“ t’he sewage from
that 200,000,000,000 bacteria arc discharged daxl.y ]:he river by 1160
ach Person, they would increase the number in

s
es from person
de from fac

* This umber wag the result of numerous counts ma

. 892. Mr. G,

. ital in 1891 and 1 . :

mﬂ"ing With typhoid fever in the Lawrence City .Hosletgcation some further investi.

w, Fulle, fterward made at the Lawrence Experimen bers were considerably lower,
Bating ¢ 2ces from healthy people in which the num

’ i v per
4
m, bl , 000 per ram and somectimes as low as 10,000,000
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great as this, dye jp water-works, was morc than six times 3
part to the sewage of other cities higher up.

There
were ha:":nllzsse:ci?;lze::;)nl to believe that the bulk of these bacteri
of them were not ple of I‘a“"'enCc, who drank them; but somé
) ~f People suffering from typhoid fevef
s¢ase.  What proportion of the total

FCECCS [s)

i’fOWth of disease-germs in water, but 3
< ta.tes and Europe are concerned there is
this ever takes place. There are harm-

polluted waters, Typhoid.fe
Period, and finally dje witho
Iments which haye Seemed t
Wwater have beep made und

Ver germs live for a longer or shortef
ut growth. The few laboratory exper
o show ap increase of typhoid germs in

th
ose of natyra] watercourse

:’linly Lrue of pure natural waters, Some furthe

i : lgromh even of the most hardy watcr AT

o 2/000.000 party of distilied watef) 25
oderate growths.

. ‘e 21
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fever among the
f typhoid germs
pidemiCS or con-
is continued of

The proportionate number of cases of typhoid
users of a polluted water varies with the number 0
in the water, Excessive pollution causcs SEVere €
_tinued high death-rates according as the infection * fever
Intermittent, Slight infection causes relatively fcw cases ol the'
PittSb“rg and Allegheny, taking their water-supplies from below 2
outlets of some of\)their own sewers, have suffered severely (1,03'.; ‘
and 127.4 deaths from typhoid fever annually per 100,000, respec-

' i imi ondi-
tively, from 1888 to 1892). Wheeling, W. Va., with similar ¢
ate of 345 per 100,000 from

y had only comparatively
d grossly polluted Hudson.

tions in 1890, was even worse, a death 1
this cayse being reported, while Alban
Mild epidemics from the less directly an : both
Lawrence and Lowell, taking their water from the M?mmac(,i ;
had for many years continued excessive rates, increasing gra.ll:ie‘i;
with increasing pollution; and the city having the most pol
Source had the higher rate. -

In Berlin and Altona, in win
typhoid fever followed decreased efficiency ©
epidemics were often so mild that they would have . has for
Observation under present American conditions. Chicago ted, as
years suffered from typhoid fever, and the rate has ﬂucwiior't’s in
far a5 reliable information can be obtained, with th'e fuctod f the
the pollution of the lake water. An unusual dnscharge-o e
Chicago River results in a higher death-rate. Abandomnfulted
Shore inlet near the mouth of the Chicago River i -18?]2; Iephoid
in the following year in a reduction of 60 per cent in th es};nt -
fever death-ratz.* This reduction shows, ot that ;h:h:rrl the old
takes are safe, but simply that they are less ?ollutcd e
Ones to an extent measured by the reduction if thz fejer caus:’,d by

It is not supposed that in an epidemic of typhol' ) e directly by
polluteg water every single person contracts the diseas
———

ter, with open filters, epidemics of
’ { fltration, but the

entirely escaped

By Arthur R.
Ameyican

. Sanitary Aspects:
The Water.gupply of Chicago: Its source and and Allen Hazen.

i‘ynolds‘ M.D., Commissioncr of Health of Chicag®
ublic Health Association, 1893. Page 146
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drinking the water. On the contrary, typhoid fever is often comd
m'unicated in other ways. If we have in the first place a thousand
cases in a city caused directly by the water, they will be followe
by a large number of other cases resulting directly from the pres
énce in the city of the first thousang cases. The conditions favor
ing this spread

local variations jp the death-rates,

: r
Some persons also will suffe
“who did not gy

in
ink any tap-water, These facts, always noted

the direct result of the water.
The broad fact

that cities with pollu
have high typh

oid-fever dcath-rates,
supplies do pot (except in the occasi
or where they are overrun by case
cities with bad water, as is the cage w

is at once the best evidence of th
measure of ijtg extent,

The conditions which remove o destroy the sewage bacteria In
@ water tend to make it safe,
(1) dilution (2) time, allowin
in this Process, although effe

ted water-supplies as a rule
and cities with good watef-
onal cases of milk epidemeSv
S contracted in neighboring
ith Some of Chicago’s suburbs),

nd
e damage from bad water a

e:
The most important of them ar'd
. } . ai
g the bacteria to die (sunlight may ;
e
ctive sunshine cannot reach the low

» Where they ¢ventually die ; and (4) “3t'u'
In rivers, distance is mainly useful m
der some conditions, in allowing op?or-
Thus a distance of 500 miles requires
three miles an hour to pass, and will
to take place. The old theory that

ral or artificial filtration,
aﬂording time, ang also, un
tunities for sedimentation.

. ~ : jon
d are concerned. Some purihcat

a . as
olved in the Passage, but its extent I
been greatly overestimated,

The time required for the bacteria to die simply from natural

se
the cause of the fever. The
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'S,
CLUSION.
PPLY AND DISEASE—CON!
WATER-SU"

ks
four wee
three or

. S than

€auses ig considerable ; certainly not les

S fidence.
€an be depended upon with any con

it is
. siderable, and .
this action iy often considerabl age reservolrs are,
D

In storage reservoirs
for this reason t:;t
as a rule,
i et than thome doa St:')rom rivers or polluted la'l;is;
Much more healthy than those drawn fr e :
ven when the sources of the former ar ';my e exampthe:
1 mem e e BO'Ston the entire time from e
In Mmany other water-works operatlo'ns e days.or .
Pollution to the consumption of th.c W atee o . N
less, ang time docs not materially 1.mpro;/ s o b'e .
Sedimentation removes bacteria t)n y SO, ition their ;‘I;le
ieray S o SlZete,r than that of waterf.fected,
Cifie gravity probably is but slightly greto e ooty <
dWrence reservoir, holding from 10

ion of go
. reduction
. ntatlon, a . .
by the bined effect of time and sedime pite of this the city
combine(

Ins bl
.. water. . I'Oba y
Per cent of the bacteria in the raw from fever. It would p e
Suffereq severely and continuously rod it not been for thlS- '
X . er ha i . b sedlmen -
haye suffered even more, however, [ bacteria by '
o ; ich
ton.  Nothing is known of the removal the slowness with wh
. 4 » . . S can-
i ; onsidering 1ot that we
tion from flowing rivers, bat, ¢ it is eviden
the process takcsb[)lacc in standing water,

id streams,
ially rapi

h in streams, and especialy orable.
ot hope for very much 1

ill less fav
imentation are stil and cet-
Where the opportunities for sedime

mptly
. d in Europe remoVeS pro p y under all
Filtration as practiced it ’

o robabl .

. bacteria—P flective
tain)y. , very large proportion of thed ‘< thus much more.e -
prOp diti over g9 per cent, an long flows 1In 1 1

€r cond; ons, age or ly low
: " ks of stor 1. extremely
M purification than even wee in general,
Thi 1 ing filtered water have, 1n §

Places usi;

d
. has occurre
er which d
death-rateq from typhoid fever. The fev greatl}’ pOIIute

from b
) . w water ) : can D€
At 3 feyy places drawing their ra conditions which t prop-
SOUrces hgs resulted from improper of the efficiency ol P
AVoided antl affords no ground for doubt

erly conducted filtration.
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. . : nnec-
Correspondmg evidence has not yet been produced in co
tidn with the mechanical filters v

the United States;
them, under proper

. in
hich have been largely used'th
. F
but the bacterial cfficicncies secured 1\: e
.. . . a
conditions, and with enough coagulant,

. to
arrant the belief that they also will serve
greatly diminish the danger from such

have not shown themselves equal in this

The main point is that diseas
our drinking-water.

reasonable expense, t

been such as to w

infection, although they
respect to sand flters. .

e-germs shall not be present it
If they can be kept out in the first place at
hat is the thing to do. Innocence is better
than repentance. If they cannot be kept out, we must take them
out afterwards; it does not matter much how this is done, so 1ong
as the work is thorough, Sedimentation and storage may accofn-
it but their action s too slow and often uncertalnt

Filtration properly carried oyt removes bacteria promptly and
thoroughly and at a reasonable expense.

APPENDICES.

APPENDIX 1

E
MENT IN REGARD TO TH

RN BLIC
RULES OF THE GERMAN GOVE TERS USED FOR PU

WA
FILTRATION OF SURFACE
WATER-SUPPLIES.

. lation is
hich a trans .
. those of W Ith in
t similar to . d of Hea
. Rules somewh;rst issued by the Imperial Bo?: rigid, and 2
g;ven below Werel were regarded as unnecessafdy by 37 water
. ules igne
?2t These rresented to the government Sliion* As a result
sve 1kxon w;as ps and directors requesting a revmembers.‘l' Kohler
r foti
aor Sfengmee vas organized consisting ..Of 14 and Reincke repre-
cc?n erence ‘K h. Gafsky, Werner, Giinther, cteriologists were
Presided, anc; oc. ’1 Board of Health. The ba kel, while Beer,
eria ankel,
iented tthii Z‘;’ Fligge Wolffhugel, and Frd
€presente ’

. mbers.
. the engineer me
. ) d Piefke were the in the first
Fischer, Lindley, Meyer, an he 17 articles given below in les were
This conference prepared t he first 16 articles

i later t o f
days of January, 1894. lA l::::;ities signed by Bosse, minister o
u ]
issued to all German local a

. . they are
terior, and
» and Haase, minister of the in sing ,Surface-water.
“ H 1 u
the Gmstl:chcrz),. ding upon, all water.wor:s L3, 1804, by most
consj as bin ' ed A s "
T:Slgcr:d ial examinations were commenc P
¢ bacterial e

. 1v had them.
of the cities which had not previously

Gas- % Wasservey Sorgung, 1893, 604.
as. .

. 8s.
* Journal fér Gas- v Wasserversorgung, 1804, 195
G- e

" 221
t Journal fiir
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Although :
the article
precautions against sn(:\s dOdnot deal with rate of filtration, or the
V- and ice, the
y have a v

both becau
se they are an i
official expressi
s s
personal standing of the men who pI:c 510(1;, z}lnd on account of the
pared them.

ery great interest

§1.

In judgin
g of ti ;
lowing '€ quality of a filtered surface.water the fok

points should be especi
pecially ob :
a. The operation of 3 filter is o

en the filtrate contains the Sma“eto be regarded as satisfactory

st possible number of bacterids

wh

w .
» it is to be tak water, and until such informa-
€n as the rule that a satisfactory

ever yield a
. ] n efflu i
bacteria per cubic centimeter ent with more than about 100

b. The filtrate must be ag
color,‘ taste, temperature and
1
worse than the raw water,

chemi ..
cal composition, must be no

bacteriological ex_minatjon mentj
io

§ 4. In order to secure unifor ned in §1.

mity’
tho;’fOf method, the following i$
or bacterial examination :

clear e
as possible, and, in regard to0
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°f I ¢c. and one of 3 cc. The gelatine is melted at a temperature
'Of 30" to 35° C., and mixcd with the water as thoroughly as possibie
In the test-tube by tipping back and forth, and is then poured
upcf“ a sterile glass plate. The plates are put under a bell-jar
“’}“C.h stands upon a picce of blotting-paper saturated with water,
and in a room in which the temperature is about 20° C.

- The resulting colonies are counted after 48 hours, and with the
ad of a lens,
lowli the temperature of the room in which the plate's are
than the above, the devclopment of the colonies 1s S
and the counting must be correspondingly postponed.
If the number of colonies in I cc. of the water is greater than
about 100, the counting must be done with the help of the Wolfl-

kept is

lower,

hﬁgffl's apparatus.

§ 5. The person entrusted with the carr
€Xaminations must present a certificate that
Sary qualifications, and wherever possible

e »
mployé of the water-works.

§6. When the cffluent from a filter does not correspond to the
he cause of the

ring the period

ying-out of the bacterial
he possesses the neces-
he shall be a regular

hyvoien: .
Ygienic requirements it must not be used, unless t
un :

satisfactory work has already been removed du
Cov . . .

¢red by the bacterial examinations.

@ In case a filter for more than a very sh
e . .
uent, it is to be put out of service until the cause 0

ort time yields a poor
f the trouble

is
found and corrected.
It is, however, recognized from past experience that sometimes

una?roidable conditions (high water, etc.) make it impossible, from an
fngmccﬁng standpoint, to secure an efluent of the quality stated in
Y1, In such cases it will be necessary to get along with a poorer
qQuality of water; but at the same time, if the conditions demand it
(outbreak of an epidemic, etc.), 3 suitable notice should be issued.
S Every single filter must be so built that, when an inferior
;‘;ﬂ:?nt results, which does not conform to the requ
sconnected from the pure-watcr pipes and the filtrate allowed

irements, it can
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€ Wasted, a Mentioned iy, §6. This Wasting should in general

to b
take Place, 5o far 54 the arrangement of ghe works will permit it :
(1) Immediately after g

inug] bacteriy] €Xaminations, whether it is
ater after thege Operations, and, if so, how
Probably elapse before the water reaches the

» after SCraping, of having filtereq water intro-
til the sanq 15 filled to the surface,

nged to give the most favarable results, and

s Quite free from sudden changes or
On this account Teservoirs myst be provided large

] étermined for ¢ach works by bacterial
Xaminatiops,

§ 13, Filters shal] pe consty
nNsure the €qual action of ev.

ucted throughoyt jn such a way as
ery part of their areq,
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de water-tight,
. rs must be ma .
§14. The sides and bottoms of filte id the danger of passages of
and speciy] Pains must be taken to avoid the

Iter might
gh which the unfiltered water on the filter mig

loose places throy To this end special

[s.
find g Way to the filtered-water channe he ventilators for the
Pains should he taken to make and keep the
ﬁltered-watcr channcls absolutely tight. hall be so great that
§15. The thickness of the sand-layer ts, asCraping to less than
Under circumstances shall it be reduced by as local conditions
30 cm, (=12 inches), and it is desirable, so far
ano“’: to increase this minimum limit. r layer of sand, which
Special attention must be given to tl?e u?pccondition most favor-
Must pe arranged and continually kCPt.m t".e ble that, after a filter
able fo, filtration. For this reason it is desira nd is about to be
X ing a
35 been redyceq in thickness by Scrap“’g't is discolored, should
reﬁ“ed, the sand below the surface, as far ZS I
. nd.
be remoyeq before bringing on the new e sand-filtered water
$ 16 Fvcry city in the German empire us{m.gi working results,
Y 10, E s w
is *Quested to make a quarterly report o lter before and after
eSpecial]y of the bacterial character of thehwzaiserlichen Gesund-
Altration, (o the Tmperial Board of Healt 'iation with the com-
heitsamt), which will keep itself in comr.num. in regard to these
miSSiOn chosen by the water-works englnecrs. vical ;’nformation is
Question, . and it is believed that after such statxsfarther judgments
; e
Obtained for a period of about two years som
€an pe reached, tablishment of a permanent
3 a .o, .
§17. The Question as to the es hat conditions,
. . nder w
Mspection of public water-works, and, if Soilu information indicated
Can pe best answereq after the receipt of the
In § 16
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APPENDIX II.

EXTRA .
DESC:{SA;I;OM BERICHT pgg MEDICINAL-INSPECTORATS
URGISCHEN STAATES FUR DAs JAHR 182"

rep;‘-?i::io;v}ing a..re trans]'atior,s from Dr. Reincke's most valuable

regret thet | ame vital Statistics of Hamburg for 1892. 1 much

instructive tablesunijble- 0 reproduce i full the very complete and
Diarrheea an:“Cl;ixagramS which accompany the report.

, olera Infantym (Page 10). “It is usually

€ Principa] food of infants~milk. Our observations,
Use must be sought.” (Tables
rom cholera infantum by months fof
se it appears.tili he mcan. temperatures, 1871—@92'){

at the highest monthly mortality ¢
curred 7 times in July, 13 times 'in
e compae :;mber, and substantia”y the SamF l.:

e corresponding temperatures, it !
he three Years 1886, 1891, and 1892, with high
» €Specially the first two of them, had theif
€rature much carlier, jp fact earlier than usual
Co"espondence between deaths and tempcratures
€Peated higy, temperatures in May and

higher thap in the following August, whef
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“The following observations are still more interesting. As is
S¢en from the diagram, in addition to the annual rise in summer
€re is also & smaller increase in the winter, which is especially -
Markeq ;, Altona, Ip 1892 this winter outbreak was greater than
the SUmmer one, and nearly as great in 1880 and in 1888. The
few Years wiep this winter increase was not marked, 1876-7, 1877-8,
1381‘2’ 1883*4, were warm winters in which the mean temperature
did ot go below the freezing-point. It is also to be noted that
the time of ¢},jg winter outbreak is much more variable than that
of the Summer one, Ip 1887 the greatest mortality was in Novem-
€15 in 1889 in February 5 in other years in December or ]anu.ary,
an.d in Altona, in 1886 and 1888, in March, which is sufficient
SVidence that it was not the result of Christmas festivities.
“ Fi!rthcr, the winter diarrheea of Hamburg and of Altona are

not Paralle] 44 the case in summer. In Hamburg the greatest

‘morta“ty 8enerally comes before New Year's: in Altona one to two

Monthg later,

“In Bockendahy's Generalbericht iber das 6ffentliche Gesundheits.
Wesen g, Provin; Schleswig-Holstein fiir das Jahr 1870, page 10,
.we fead ; « Yet ™More remarkable was an epidemic of cholera infantum
" Altona i, February which proved fatal to 43 children. These
Cases Vere distribyteq in every part of the city, and could not be
explai"ed by the health officer until he ascertained that the water
compa"}’ had supplied unfiltered water to the city. This occurred
Ora foy days only in January, and was the only time in the w.hOIC
Year that unfiltered Elbe water was delivered. However little

r ,
“ason there Mmay be to believe that there was a connection between

ese o . i filtered
e ClrCumstances, futyre interruptions of the service of

W, . . n
r a'te,- should pe most critically watched, as only in this way ca
ellab]c Cco Without attempting to draw any

. nclusions be reached.
SClen

tific Conclusions from the fact, 1 cannot do less than record
t * prior ¢4 the outbreak of cholera on August 20, 187’-’ unfiltered
Ogethe, with filtered water had been supplied to the city August

1 .y
ftog, The action of the authoritics was then justified when
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orbade in f ° ppLILS.
uture t
cases of most urgent n he supply of unfiltered water except i
. 14 ecessity. as i
and in such a case, or i cessity, as in case of general co q iion:
that the ) , or in case of int ) g nflagratiofte
er .
Ty public should be suitably w ruption due to broken pipes
1e author of thi ‘arncd.’
t .
health officer of H };)ls paragraph, Dr. Kraus, b 1 th
am . ’ aus, became ater the
1874, and now before mur§1’,', and in an opinion written py him in
i e, he & Mir
sand-filtration in Hamb, e most earnestly urged th dyo ion of
. e a
support of his positio urg, and cites the ub:\,c ob P in
n. servations
Hamburg for 1875 he In the annual report of vit : t1
says .. vita statistics ©
ys that it is quite possible that the Jdition
; At the a

of unfilter W om o
ed Elbe wa
ater t i i f
llk 1S thC cause Of th h.al t lt
N R 1o mor ali )

f om
Choler i
Iy a lllfﬂ“tu]“ as
’ C n]bar(.d \Vith L()nd i
S (e} 1, an i

was often
afterward
expre i
pressed by him. Since the h evi
‘N SO muc evi-

dence h
as accumulat
proved. ed that his view may fairl
ay fairly be Considered

“For the i
informatio
i n
tions, a2 mention of the s of readers not familiar with 4
ent time used by Hamb ources of the water-suppli ith local conc”
u - mes
rg and Altona will b(:l ; rp to the P
useful. Both cities

take B -
ent - pp “
their ire wate u 1€S rom }1(. I
h ter-s l f the B “)c \h ona

point about 7 miles below the disc arge o e
iles 1 t d t ge O
w th isch { th f b
b sewag t

Cities, Hamb
urg from ab
out 7 miles above Th
: e raw water at

Altona is thus
cities, having ni\(:;u::;:ﬂby the sewage from the pog ;
general 20,000 to 40‘00:' over 700,000 inhabitarr::) pulation of 'bot.h
The raw water of Har.mbuor more bacteria per S.s.nd cont.ams g
y.ear and tide, from 200 trg 1‘35' hOweVCr, acchd'Cu 1 ceﬂtlfxletcr.
higher numbers are obt ro 5000, but here al e to. the hme of
to the intake. How oft?:med,whe“ the ebb tisd0 OCCA-SIOnauy much
n this takes place is noet ;:::::ast Slcw:gc;:
ely knowt

but most {

requently in

. 5

in winter and in times ufmf;ner when the river i

s . o er is lo

how that it occurs much ood. Recent bacteri w, more rarely

sumed from float experim more frequently th crial examinatio”

the city raw, while tha ents.  This water i an was formerly 2%
t for Altona is caref :1 15 pUmpcd dil‘CCtly to

ully filtered

“VYears ago l e
xpressed i
1 the opinion that the <
repeated tyP i

infant
: um .
for a few winter periods having
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epidemics i
cs in . . . . .
the actio Altona stood in direct connection with disturbances of
n ooi : :
insufficic tlol the flters by frost, which result: in the supply of
n .
y purified water. Wallichs 10 Altona has also come to
d observations and recently

this
concg 1

lusion as a result of extende
of cholera in

Rob

Alto(:: I:]O::xhés explained the little winter epidemic

filters are cl; Sa;“‘f way, thus supporting our theory: When open

are not Sufﬁc"ic in cold, frosty weather the pacteria in the water

hitration “Otlt"tly held back by the flters. Such disturbances of

fever of 1886 only preceded the explosive epidemics of typhoid
, 1887, 1888, 1391, and 1892, and the cholera outbreaks

of 18
71 a N
nd 1893, but also the winter outbreaks of cholera infantum
It cannot be doubted that

each other of
no such out-

fantum in

whi

thelsc: ::1?:: been so often repeated:

effect. It iosn;ena bear ‘the relation to

breaks havf; tm's explained why in the w
aken place, and also why the cholera in

winter j
ter is not parallel in Hamburg and Altona.

cause and

arm winters

.

dea is {urnished by Rerlin, where in
d with filtration. In
diarrheea and cholera
unusual increases in mor-

ewater-supply." (These

“A . . )

the sa farther support of thisi
me wi

the {011(;e ey frost has repeatedly interfere

wing table are shown the deaths from

talit .

yi .

tables 2hcomp3“50n with the bacteria in th
ow that in March, 1386, March, 1888, February—-March,

1889, a
y AN hBN
d February, 1891, high numbers of bacteria cesulted from

fro
st dist
u . .
rbance at the Stralau works, and 18 every €as¢ they were

folloy
ved . .
by greatly increased Jeath-rates from diarrha:al diseases.

\A' H.)

(13 NO
Supply ofo.ne who sces this exhibition can d
inadequately purified water has every time €05

of m
any children.” .
y children.” (100 to 400 OF more cach time.—A- H.) *“Even

More
con 5 .
clusive is the evidence published py the
hose parts of the city sup-

Offic
€, o
plied f:hat this increase was confined to t
O . T
m Stralau (with Opcn flters _-A. H.), “ and that the parts

Suppli
ed .
rom the better Tegel works took no part in the outbreaks,

oubt that here also the
t the lives

Berlin Health
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C exactly th ] -SUPPLIES.

O}f February and M:r(;c:se with the well-known typhoid Jemi
chi ) ’ oi sdemic
iildren nursed by thei 183g. . . . It was als yphot epi em
but only those fed eir mothers or by we o found that tho%
which in any case on the milk of animals t-nurses did not cuffers

Under Chol were mixed with mor or other substitutes, 2"

. Cra, a € or leSS wat v
given differ sli page 28, he says: ater.

) ightl ys: “Th . o
widely published.” f(YTOZn preliminary ﬁgur; reviscd statisti” het®
duced, show 16,956 ¢ e full tables, which cpreV'OUS‘y ssued 207
occurred in the mo ases and 8605 deaths annot be here r¢P
were under § years 1nth ending Septemb . 8146 of the deaths
50; 1369, 50 to 7<; Od;776 were § to 1§ 76r 21, Of these, 1799
of ;an 1744, 15 .

the cases were thus a1397 over 70 or of Unknos o 25 3520 25 to

young children, sufferi mong mature peopl ‘Yn age. The bulk

“ The epidemic bmg the least severel y ef' children, except very
outb Ic began o y of any a

reaks have also had th? August 16, in they ge class.) .

eir origin. The ori port where earlie?

original source of the

infection h
as not b
fro een as :
m one of two certained wit ;
sources, h certainty but b bly
* 4 was pl’O a

arrived fr Ei
rom chol ither it
era-stri came fr . Rk
icken Russia. wh om certain Jews just
» who were
encamped in large

numbers near
the Ameri
where cholera had beenncan pier, or the infecti
:e germs came in shi present from the .Ztlon came from Hav™®
1 H mi
s T‘b“rg, which is so rl:,cl; water-ballast Whidcl; of July. Perhaps .
lsclharged directly into thm‘)re probable, as th was discharged 2*
“It is remark e docks ’ e sewage of Have®
able :
nu , that i
" mber of cases, very few :F in Altona, co
. 1871_ the children suff children had chole mpared to_ the tote!
supposing that thé chol ered severely. Tl:-a' while inthe epidemic
by water, but b era of 1892 i is may be explained by
y other means of inf in Altona was not introd
Infection intro uce

“Itis well k
nown that .
1;osed to have been from t:lhe drinking-wat
n support of this view the first the camer (of Hamburg) sS4
noted: he following pOiC\‘t of the cholera-germ®
nts are especi
pecially t0 beé

(3 l.- The ex .
plosive rapidj
d
Pty of attack. The of
° te“-§Z<>mpared epl

© tio
ns w
were then the reverse of
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e from the

ch slower

demic i .
in Munich in 1854 which could not have com

wa R

_a“;eivicf}:zcﬁc:stica\\y different in Fhat its rise was mu
times as lar re“”“— by a. gradual d.eclme. In Ham\?urg, with six
August 27 230“;1 populatiom the height of the cplde'mlc was rea}che.d
Munich 25’ w }’ 1'2 days af.ter the first cases of sickness, while 1n
cases were C‘o) ”ﬁ were required. 10 Hamburg als° the bulk of the
while in “um” ned to (2 days, from August 25 t© September 5

: ch the time was twice as 1ong:

e cpidcmic to the political boundary

d Wandsbeck, which also agrees
supplies while

betw;:;\; exact limit of th
with the t;n_nburg and Altona an
other dif{er:undary bctw(':cn the respective water-
habitants 26nces were entirely absent. Hambufrg had for 1000 in-
and 2.2 d .31 €ascs and 13.39 deaths, put Alton2 only 3.81 cases
. 3 deaths, and Wandsbeck 3,00 cases and 2.09 deaths.
a“alosg:y’i};e Olld expcn.'icncc of cholera in fresh-wa
many carlier epidemics: In this connectio

mentione . )

oned epidemic of 187! in Altona has @ special in
of Bockendahl‘s in his
deaths August 3

Then unﬁltered Elbe
outbreak of
d its height

In all 105

though some of tl ' terest, even
1871 are open t t‘e. COr.lclusmn.s report of
which were o objection. First ther
water w: not 2.1t once followed b
cholera ZS supplied August 11 10 13
August ;te"df:d to all parts of the ¢
persons d;CZ“d 26, and afterwards gra
n Hambur 0{( chol.cra and 186 (179 of them chil )
at this timi’ our times as 1arge only 14! persons die
, thus proportionatcly a
A those of 1892
h?‘“{l \.\'ater and a comparative im i
watcl,tir:sl‘;biected that the cholera-
then with iiz‘ To my knowledge they were
the after.e _gerffect methods, int
by R. Kocf“bemlcs at Altona, they
“Itis qui y ‘h.e use of bettef methods:
quite evident that the germs were also distﬁbuted py other
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methods than b .
became inf y the city water, especially by d h
ected while at their y by dock-laborers who

eniderm:
pidemics where they went
sailors,

work. and thus set up little secondary
especially on the or fived. . .. These laborers o
smaller river-boats, had an enormously

greater pro :
labor Proportionate amount of cholera th
ers do not live cxclusive an others. . . . These

ly n
all parts of the city.” Y near the water, but to a measure i

}E??:jo:: A}:tona and Wandsbeck.—A. H.)

Febmary :lolcra December 25 to January 4

€ Water-supp’land no more. As noted abovés
y» and to defective filtration in

and 19 January 23 to
this is attributed to th
presence of frost, ,

did, had i
' the improv
em :
ents in the drinki"g-water been earlier com-

pleted.”
. Further accounts of the wate
urg and of the new r.
filtrati
Appendices VII ang VIIitlon "

liupplies of Altona and of Ham-
$ at the latter city are given in
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APPENDIX IIL

METHODS OF SAND-ANALYSIS.
(From the Annual Report of the Massachusctts State Board of Health for 1892.)

A KNOWLEDGE of the sizes of the sand-grains forms the basis of
Many of the computations. This information is obtained by means
O,f Mechanical analyses. The sand sample is separated into por-
tions having grains of definite sizes, and from the weight of the
Several portions the relative quantities of grains of any size can be
Computed.

Sangzlrlect:ion of Samples.—ln ship;?ing a
no tenj best kept in their natural m01'5t con
Unde enc'y to separation into portions of u
Same I no circumstances should different matefla ’
sample. If the material under examination 1
©Us, samples of each grade should be taken in separ
Pr.ol)er notes in regard to location, quantity, etc.
Wide-necked bottles are most convenient for sand samples,
Bravels a larger quantity is often required. Duplicate samples for
€®Mparisorn after obtaining the results © ten useful.

Separation into Portions having Grf

h\Thrce methods are employed for partic
_a"d-picking for the stones, sieves for the sands,
ton for the extremely fine particles. Ignition, or determination of
albumineid ammonia, might be added for determining the quantity
of Organic matter, which, as 2 matter of convenience, is assumed to

Consist of particles less than 0.01 millimeter in diameter,

nd handling, samples of
dition, as there i{s then
nequal-sized grains.
ls be mixed in the
s not homogene-
ate bottles, with
Eight-ounce
but with

f analyses are of
ains of Definite Sizes.

and water elutria-
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The method of h

and-picking is ordinarily applied only to partl-
cles which remain o

N a sieve two meshes to an inch, The stones of
this size are spread out so that all are in sight, and a definite num-
ber of the largest are selected and weighed. The diameter is calcy-
lated from the average weight by the method to be describeds
Wwhile the percentage is reckoned from the total weight ~ Anothef
set of the largest remaining stones is t

hen picked out and weighed
as before,

and so on until the sample is exhausted. With a little
practice the eye enables one to

Pick out the largest stones quite
accurately.

With smaller particles this process becomes too laborious, o
account of the large number of

. . e
Particles, and sieves are therefor
used instead.

The sand for sifting must be entirely free from mots
ture, and is ordinarily dried in ap oven at a temperature somewhat
. above the boiling-point  The Quantity taken for analysis should

rarely exceed 100~200 grams.  The sieves are made from carefully-
selected brass-wire gauze, having,

. d
as nearly as possible. square an
even-sized mesheg

The frame_s are of metal, fitting into each other
S can be used at once without loss of material

by hand-shaking. A series which L
sieves with approximately 2, 4,
meshes to an inch: but the exac
as the actual sizes of the particle
ber of meshes to an inch

as proved very satisfactory has
6, 10, 20, 40, 70, 100, 140, and 200
t numbers are of no consequence
§ are relied upon, and not the num-

arger particles pass, until the limit
will pass  The Jast and largest par-
d measured, and they represent the
The size of Separation of a sieve bears 2
to the size of the mesh, but the relation

is reached when almost nothing
ticles passing are collected ap
separation of that sieve,

tolerably definite relation
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. irregularities in the
is not to be depended upon, owing to the irreg

dif-
. are woven on a
Meshes and also to the fact that the finer S‘ZVCS articles passing the
ferent pattern from the coarser ones. and t.e pto the mesh than is
finer sieves arc somewhat larger in proportion

sizes of the
reasons the
the case with the coarser sieves. For these

of
nts, regardless
Sand.grains are determined by actual measurement

the size of the mesh of the sieve. d the sieve-separations
It has not been found practicable to exten

onding to a
to particles below o.10 millimeter in diameterd(ccf);:esszch Pz:grticles
Sieve with about 200 meshes to an inch), anﬁ st sieve contains
clutriation is used. The portion passing t:e s::lple, with the ex-
the greater part of the organic matter of the ed matters, and it is
eption of roots and other large undecompos nition at the lowest
Usually best to remove this organic matter by;garations. The loss
Possible heat before proceeding to the watef'z liz,xlculated as below
in weight is regarded as organic matter, a-n | matter is decom-
001 millimeter in diameter. In case,the mmezabe omitted, and an
Posed by the necessary heat. the ignition musmultiplying the albu-
3Pproximate equivalent can be obtained byh' case it is necessary
Minoid ammonia of the sample by 50.% In 't tllsaer fine portions, as
to deduyct an equivalent amount from t?e oercentages would add
Otherwise the analyses when expressed in P

UP to more than one hundred. . re put in a beaker 90

Five grams of the ignited fine particles :lbic o
Millimeters high and holding abOUt. 230 ter at a temperature of
beaker is then nearly filled with distnll-ed V_Va © it air through a glass
20" C., and thoroughly mixed by blowing ino lwill not settle uni-
tube. A larger quantity of sand than 5 gra;:Z can be used if de-
formly in the quantity of water given, but on the temperature of
sired, The rapidity of settlement depends up

; iation in
material variatio
the water, so that it is quite important that I;Oand water is allowed
1
ixed san e
temperature should occur. The m e Chemicai
\\_——-//A

timeters. The

. iven in the America
i i ination was give
* The method of making this determinal
m’"ﬂ/, vol. 12, p. 427.
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t
C'erst?:f fc?r ﬁ.fteen seconds, when most of the supernatant “qllid-’
y g with it the greater part of the particles less than 0.08 mill
meter, is rapidly decanted into a s
sand is again mixed with an equal
again. Poured off after fifteen secon
remaining fine particles,
which the remaining sand
weighed, and calculateq as
finer decanted sang will ha

uitable vessel, and the remaining
amount of fresh water, which is
ds, carrying with it most of the
This process is once more repeated, after
is allowed to drain, and is then dricd and
above 0,08 millimeter in diameter. ThE
and the coarser parts at tvhe Su{ﬁcicntl)’ settled in a few minutéS
beaker and treat d wi ) ¢ bottom are washed back into the

cated with water exactly as before, except that one

minute interval is now i r n T'he sand rema -
allowed fors i g ini

ettli ing !

calculated as above 0.04 millj . . |

s direct determination is very tedious

he estimation by difference when suffi-

Determination o
of the sand-grains ca
the weight

of t
F sht he particles or from m;j ments
Or convenience the g; e

When the weight and P&

diameter can be readily
] to

icle are known, the

bmet:f 2 sphere jg $7d°, and is also equa
Y the specific gravity, With the Lawrenc€

. niformly 2 s JarroW
limits, and we have ¥ _ Y 3:65 within very !

nd. . )
mula d = g%, 285~ ¢ Solving for & we obtain the fof

ters and w its wej . s ¢
ticles, wh 'ght in milligrams, A, th i f par-
» WHEN not too smg) can b € average weight of P

1 e . . L. .
method is very accurate and alt determined with precision, this

diameter of 5 particle in millimé-
S.
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ese cases the sizes are

As the sand-grains are
e care is required

which can be accurately weighed, and in th

determineq by micrometer measurcments.
ar in shape, considerabl :
The most accurate method is
le diameter at right an-
obtained

n which

fot spherical or cven regul

to ascertain the true mean diameter.
¢ midd

to measure the long diameter and th : .
The short diameter 18

gles to it, as scen by a microscope.

by a mic‘romctcr scyrcw, focussing first upon t.hc glass fupOd he
the particle rests and then upon the highest point to be ounh. three
Mean diameter §s then the cube root of the product of the ual
Observed diameters. The middle diameter is usual.ly abo'iitineqthe
to the mean diameter, and can generally be used for it, avoiding
troublesome measurement of the short diameters. determined
The sizes of the separations of the sieves ar?: ahvays rse of an
from the very last sand which passes through 1n the cou Soien the
analysis, and the results so obtained are quite accu‘rate- mlade of
elutriations average samples are inspected, and stimares articles
the range in size of particles in each portion.  Som¢ ey P t, and
both above and below the normal sizes are usually present,

i ximation to
even with the greatest care the result is only an appro o
ade in strictly the same

the s " .ults m
truth; still, a series of resu possible moder-

should be thoroughly satisfactory, notwithstanding
ate errors in the absolute sizes.
Calculation of Results.—When a mat .
into portions, each of which is accurately Wt’:lg
the sizes of grains in each portion determine olated, and
Particles finer than each size of separation can be cauirs Car; "
Vith enough properly selected scparatious the res f the curve
Plotted in the form of a diagram, and measurements 0 i This
taken for intermediate points with a fair degr.ee of accuracy.
Curve of results may be drawn upon 2 ‘”}'
aCtual figures of sizes and of per cents by Wflght.r The met
of the figures may be used in one of both d'rccuon&d for any set of
of Plotting is not of vital importance, and the metho dor ycurw:5
Materials which gives the most casily and accurately drawn

erial has been separated
hed, and the range in
d, the weight of the

form scale, using the
or the logarithms
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. it of
is to be Preferred.  In the diagram published in the Repo

the Mass. State Board of Health
mic scale’ was used in

logarithmic scale can b
With this method it has

arith-
for 1891, page 430, the loga the
. o es
one direction, but in many instanc " s
_ . wctions-
¢ used to advantage in both direc

t
. almos
been found that the curve is often

a straight line through the low

VEIy accurate results are obtaj
separations,

ion and
er and most important 595“0;)' of
er
ned even with a smaller num

Examples of Calculation of Results,
ples of representative ana]
used with the different
various materials,

. »xam-
—Following are "xé n
atio
yses, showing the method of calcul vith
. ed W
methods of separation employed

MS
I. ANALYSIS OF A GRAVEL BY HAND-PICKING, 11,870 GRA

TAKEN FOR ANALYSIS.
\\M

corme. Total Per Cent o
Number of Stones Total Average Rstimated Corre- eioht of Tota
in Portion. Weig!u of WcighlgOf ‘%e,;ﬁ?]l Ol‘ spgi"z‘:mg “Sc(lgr?:-so “,;:f:lllmn
(Lar%est Selected Portion, Stones, Smm:?' Milli- | Smaller than Sma“ Size.
tones,) rams, Milligramg. Milligrams, meters, this Size. thi
—
&‘%—\ T —— T m— — -_-—l oo
............................................... ceen 11,870 ‘72
e 3.320 332,000 250,000 56 8,550 56
S 1,930 193,000 163,000 49 6,620 ! 44
L 1,380 138,000 124,000 45 5,240 | 26
2000 2,200 110,000 93,000 41 3040 | 13
20 i, 1,520 76,000 64,000 36 1520 4.4
20....uue...,. 1,000 50,000 36,000 30 520 5
20...0iaeL,,, 460 23,000 10,000 20 60 2
Io ... ..., 40 4,000 2,000 1" 20 .
Dust..... ... S SRR Fvaeol ML
_ A R
The weight of the sm i i

general as aboyt half-way between

Nes in that portion and the average
finer portion,

shown by the §
€ last columnsg,

f the stones are

he sto

¢ next
The final results are

the last and thirqg from th
we find that 10 Per cent o
in diameter, and 6q per
“uniformity coefficient,”
numbers, or 1.46, while th

gures in full-faced type if
By plotting these figures
less than 35 millimeters
an 51 millimeters. The

{ : &
OW, 15 the ratios of thes
effective size’

cent are less th

as dcscribed bel
e« "is 35 millimeters.
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1EVES. ‘
Il ANALYSIS OF a SAND BY .MEANS rSZaSin dish in an air-
i le was dried in po. eries of sieves
b t:\ e Ofd the:j)ng]pgrams. It was put mtcz] atjms (equal to
A - £y, 1o re
in a m\:\:}e);gn}:;ﬂ Zhakcr, and given On;-}:;uzives were then taken
about seven hundred single shakes).

. iched. After
eve weig
apart d th tion passing the frest SIﬁ est sieve, but pass-
Part, and the por the fin
g on

i ighed,

to the first and again We1g tehc

lc; the sample was upox; he
) by handling of only O

Noting the weight, the sand remam:in
ing a] the Cc')arscr sieves, was addf!
this process being repeated untl.l a loss
Scale, weighing 110.7 grams, Showlfg
gram. The figures were as follows:

. . Cent
Size of uantity | Per
—_— . S Bsied | ot
Sepaezcion | Quaniity | Per Cent e | S | eRE | weigh
1 i 4 H . i
Sieve of this ;”f :.;11:2' Total Marl | ,:i‘tefs- [E—
Marked, Sieve. assing Weight.
Milli- Grams. ¢ —_ 51.2
weters. —_— | 56.7 ‘
: R | 46 80.5
———— — ] 5 '\40 ........ 93 89é 94.3
I90.... .. 105 -5 1.2 |20..cceeee 2.04 | 1o4. 7 | 1000
;40 ....... .133 ;? 37 ‘lg ...... I 390 | 110
..., .. .18 . 2‘.0 ....... !
6o.. - .320 23.2

we find from the Cuf’v?
han .25 and .62 mlllg
ribed above, .25, a0

. -faced type,
Plotting the figures in heaV)" fal are finer t
that 16 ang 60 per cent reSpeCt-lve yize as desc
Meter, and we have for effective size,
for uniformity coefficient 2.5.

U’ IION.
111, ANALYSIS O A

ieves
analysis. The 51eve:d
revious analysis, an

he scale they were

for
was taken
The entire sample, 74 grams’hose in the p
Used were not the same .as ' ortions on t
instead of mixing the various P

. as follows:
S¢Parately weighed. The siftings werz millimeters. ..+ ;igra"f’s
Remaining on sieve mar‘l:ced :2, abgve 2:98 “ 22_.0 :
:: “ ;o: ‘:i “ 2c;22 ;
) ) “. : 1?:)', “ 13 :: : v
Passing sieve 140, below -13
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. The 14.1 grams passing the 140 sicve were thoroughly mixed'
and one third, 4.7 grams, taken for analysis. After ignition just
below a red heat in a radiator, the weight was diminished by 0.4
gram. The portion above .08 millimeter and between .04 and ©
millimeter, separated as described above, weighed rcspcctively 1.27
and 1.71 grams, and the portion below .o: millimeter W3% esti®
mated by difference [4.7 — (0.47 -+ 1.27 4+ 1.71) | to be 1.25 grame
Multiplying these quantities by 3, we obtain the correSPO"dmg
quantities for the entire sample, and the calculation of quantities
finer than the various sizes can be made as follows:

{ )

¢ 1 s terght C Per Ccﬂ‘ k
Size of Grain. \ Weight. lil‘zr"::r'slv. " Sltlﬁxx)xlcran wd\g?‘:e‘:
i Grams, Particles. Particles. al icles-
\\ Miil#neters. Grams. fu/
Above 2.2 il ]‘ T |
.20 millimeters........ ! 1.30 \ 7 \ 108
_98-—2.20 . ! 30 e 74- 98
- SEREEREREEE | 7.00 | 2.20 72.30 89
% MERRELREREE 22.00 98 65.30 60
ooyt ) e, 20.20 46 43.50 32
I S SEREEREERRRE 9.20 24 ‘§ 23.30 19
o4 o8 MEEEEEERRRRD 33‘8: A3 14.10 14
PR W 5.13 .08 ! 10.2 7
Loss on ignition (assumed to be 375 04 i 5.16
less than .ot millimeter). .. 1.41 1] \ 19
.. . 1.41

By plotting the heavy-faced figures we find that 10 and 60 pef

. .
Zﬂnt ta.re re.spectlvely. ﬁ.ner than .055 and .46 millimeter, and we have
ective size .055 millimeter and uniformity coefficient 8

o T:\l: effective size and uniformity coefficient calculated if this
la.rly inv;tyi)rr:w‘:d to be m-osf useful in various calculations, Pa"ticu-

y ating .the friction between the sands and g!’a"els and
water. The remainder of the article in the Report of the Mass:

St:-t; Board of E.Iealth is devoted to a discussion of these relation?
which were mentioned in Chapter 111 of this volume
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APPENDIX 1V

FILTER STATISTICS.

e TERS.
STATISTICS OF OrERATION OF saxe I

\

- @,
I (% c
—— R e L

e » @ E& e '3'0‘&
-l = : Lo S0 Ofe
22| B |z |23 |88 |eEd
»oR b ¢ 23 gz | 2%%
24 ] g 20 = Zed
S E = = a Zo 1889
Place. Year Ending. {2281 § [ wE 1 2%a <
ENd IR L ERR-T AR
525 ¢ | 3% 1225|425 213
5 <
SieE 2 | g% | et |RT
ferS, = ] < l
riaid <« <
&=
] A

(
\\

-
o>
)

— o/
IS
ES
e

AhOn 8 | . 44 3
PR Mz.;‘rch. ;8?)2 L 130 475 3-3%
" 1897 | 1,960 5 40| 3.08‘*
“ 1898 | 1040 3 %‘;‘ 3;‘43‘
Amsterdam, River.....- | Dec., 18")?) 3 ;’-313(; i ogl 5"43\‘
“ g0b | T : .
L isgy . 160 440 3‘4'3
Amsterdam, Dunes.... - Dec., 139? | i;gg 6'20 4
w 1896 | 2 ;
“ 18?;7 | 2290 625 3
Ashland, Wis....... .- Feb., 1597 398, 1 ?,2 25
Berlin, total....... | Mar., 1800 |13:09% 3% 0l 25
. v ar., 1897 | 12,900 354 2
« 1898 \13‘200‘ 36'20\ .72
Bremen .. .. Mar 1895 | 1,199 3-27) 3
....... waee e | d A s 18()(); !'220‘ 334\\ .
o 1807 | 1.2% 3.50 ¥
Lo e e
Breslau..... Mar., 1595 | 2,840 T of $-
...... P . A ' 1806 | 2'960‘ 8.10 p
« 1897 ‘ 2,990 8-200 o
o 1898 | 3,060, 8'34 x.
Bruna........ e Dec., 1899 \ ”1;’)‘ 3'25 I.
o 1897 | LeI7 ' 1.
Brunswick......eneenens Mar., ‘892 %‘43‘ Z;ts) 1.
LT e 2R
. 1899 870 ncz).zo‘ 3 :
Budapest. ...... . Dec., 892 7T L
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. STA .
TISTICS of OPERATION () SAND FILTERS. STATISTICS OF OPERATION OF SAND FILTERS.
m&-———.—-——_———‘f"- - -
. = . v £ . . N . gk a.
il s by sy 13|34 A R TR T
St - B A RERN- BT
R I T BT b =<5 2 |5 |75 (48 |0EE
Place, VearBoding, (58, 0 £ P 4% &2 22§ p . 5.0 2 | & |33 |8 £eg
4 3z3 7 02 EE £ '3 lace. Year Ending. S2y = ;.: 50 £g [(Epo
SV L) x - MRS | sE§ g . -] wig | =B
M Egisitled S TR A EH e
353 2 | L 'EEt PES A $4 A3 2 28 | 534 Ss< | LS
535"? i 5< ‘5£< | 2u< fn'? ESO& E s«.‘ 52-: £o ’i,n-
Comenbagen, | = &% - —_ |
"""" €C,  18gg 2,330/ ! : 1]
“ »330; 6.40 2.88 2.22 45 M, . 5 4o
Dordrech, v zal 6l 3 es 235 | 53 J 4 Bdeburg Mar,, 1895 :2;‘: {J A oo 30
........ 97 | 2,58 5 i . To9 .
fankfort on gge, "'t ¢| Dec., 1894 :o? ,7;3 2'8(, Pari s I 1897 | 1880 | Vil &5 3;
| Dee, ragg 310 o'sg o'y, aag i 2.9 107 My C 1898 | 2070 132 | 33| o8
Hamb, . 1896 325 . gq 0:;7 2:40! g4 M €fnon, N, y... ... Dec., 1895 | 493 st | 9.2 66
mburg, ., e Dee., 18971 356 o 08 0.37 265 8.8] 41 1896 | 608 2.00 | 16.6 | 49
S0 1Bgy |y 450 3140 34.0’ .92 350 33 s 1897 808 2_'34 18.4 sI
“ 1895 11,300 32.10 34.0 | 0.94 275 43 Pogeq o 1898 | 933, 1.20 | 10.3 30
. 1896 11'5007 31.70 34.0 ' 0.93 206 43 R R T Mar., 1895 305 1.35 | 10.4 33
Hudse . 1897 /12,000 32.30 34.0 | 0.96 285 42 ;) 1896 | 346 1.27 | 10.1 32
n, N. Y Cees D 1898 11,900 32.60 310 ;O 6 246 48 “ 1897 325 - 2 9.6 38
?F" 1892 697‘: I.91 43‘7 : 2.578 Pou . * 1898 360 i ;gx 14..0 50
DNion, N, v T 1893 5430 1.49 0:7.': 2.01 Bhkeepsie .......... Dec., 1892 | 696 2.70 | 12.0 | 56
K°ﬂi'gsb.e s, Feb 1895 535 1.46 0.74 1.8 t 1893 667 2'55 14 45
) geenll.., coeo Ma o’ 1899 182 0_50‘ o ,l 1.40 130 “ 1894 633 . 1 49
11895 | rope 5180 014 iolss| @ S 28 |3
“ 1896 1085 50 2";0 110 | 35.0 31 1896 [ 664 . I f:24
Lawrence " FO8s) 297 3170 1iro ! qt.0f 27 1897 1 G151 .23 | 10.88 57
------- ++.f Dee Llyo. 3.4 70 1.16 | 44.0 | 20 1898 ; 611, 1 381 9.3 6o
;394 1050 2.8 40 o 15 | 10 | 105 1897 | 560 ( 1. I3 ool 70
¢ 1832 1097 3.00 2.5¢ 1.20 | 27 41 1898 | 625 | 1. 25?
Liverpool “ 18 l'lol, 3-02(I 2.50 1.20 | 30 37 1893 4850: I3. 1. 26.5 43
* London ”a'li“”'-- Dec,, ,393 NGt 3 o 2.50 1.22 | 41 27 1895 | 1130 ° 3. 37 15.5 66
not inty 2l filters po; ec 9 5§20 23 .0 4 3 54 1806 | 1030 2. .25 or
ot ineludijg ground| ¢ 1892 5.783 155 40 10.92 2.14 15 b4 g 30 2. 1.19 | 16.1
at “ 1893 ' 19? ‘,“,)2'75 ,fg :8gg 1220( 2. I.24 | 20.3 5
“ :gg“ 4700 188 )r17:gg :60 1895 | 2375 6. :32 Zg:g ;;
“ oyl |76:900 210 12375 1 50 1896 | 2500 | 6. a3l 60l 36
London, Cpejs B Bay |72482 198 123 75 1 60 1897 | 2750 | 7. hpodl IEbep 13
Londbn...,,c.a,“”"" Dec., xsg; 73 340 201 Ilzs.oo 1.61 1897 | 215 [ o o_'gf 7.3 12
I(:xrambd junction......::: 1[))::-, 189y 1370 ;;ggé 8. 00 1.85 1398 ];’;g]’ 2 1.96 | 13.7 76
Nam ¢th... 0 000¢ .| Decrr 1897 's60 23- ’ 31.00 1.58 I f)g 1290 | 3 2.04 | 17.7 69
S:x::hkwu --------- Dez' 1897 110,374 28:18 31'75‘ o7 129 1z70 | 3 1.50 | 18.7 68
West Miadlo, 2uxhall. Dec.” 1897 |15.550 43-00; 16,00 230 1598 | 1330 3. .54 1202 65
Leb iddlesex vl Des” 1897 13.800 3 +50 2.60 | 1898 310 7 2.33 | 31 16
beck..... LT Mag, 1807 | g o0 24;()) ';ns).gg‘ ’xgs i :gg? I ho 5 6.50 | 8 250
. . LOr {
11520 4-15 1.40' 2.95 ' 16.2 94 1892 | 2150 | 5 Z;XS) :g ?;;
Leso, 338 140l 3013 44| %6 1893 | 2310 | 6 18 | 17 133
1aal 459 140l 3.22 1 27.04 OI 1894 | 2250 | 6 : 62 27 91
) 4bof 10l 300 [ aas | 48 1895 | 2460 | 6. 385 | 30 79
* Some of the Companies secure I‘ 1896 | 2360 | G.45 : 1 35 71
1897 | 2500 | 6.84 4-13 8
4.50 | 47 5

this is included in the quangit; some groypg
h 43 wa i
the companies by y,a,‘," ties for the $¢parate cog;;.!::bb:}:ey Dix with the filiered water, 888
» 1e

. 80,
excluded from the totals for a1 1898 | 2730 735
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. PARTIAL LIST oF CITIES USING SAND FILTERS.
—_— e - S
’ i be A%ﬂ':",
Place. When ! Population. Arca Number | Dai T wron-
Buile 0 T L Fiiters. | of Filters. | sump
e N i
UNITED STATES. 6
:’lméghkccpsie, N Y. ..., © 1872 24,000 | 1.36 3 :.5(7’
tudson, N. Y., . . . . v 1874 9.970 1 ©0.73 2 .70
St. Johnsbury, Vi, ... .. Teeeel 18902 3.857 | o.14 3 o
Nantucket, Mass. . ... e . 1893 3265 o1 ! 0.3
!igt\vrcncc. Mass.......... ...~ © 1893 44:1,54 i 2.50 I 3'50
ton, N. V.......... ... . 1893 4.087 ! 0.14 2 .66
goundt IYt:rnon, Noy.......... ;1894 10,830 ; I.10 3 " .
rand Forks, N. D,,.,... . | ‘ it 42 LSRR
Milford, Mass....,." [0 ' 133; ;25 | 0.2 ! v
ﬁzlrlrl):;\‘r:gr,] V%xsv e e, L1893 g:r)é(; 0.50 3 ;:03
JNOYL T 7 !
Lamberwitle, N, 77,0770 ;Rg(s, ;;j; 2';§ 2 o
Far Rockaway, N.'y... [/’ 1896 2:288 0:92 2 l o.‘x)g
Red Baok, N.j.... [ 1897 £00 0.03 z T
Somersworth, N. . ... 1 1897 6,207 L
Little Falls, N. v 12071 o.50 boeoes °
NG YL cee 1898 8,783 0.76 ! .
Berwyn, Penna.... . "/ 170 1898 826 52 3o
Harrisburg, Penna .\ [/ 17" ' 18qq Y 2:2,0 8?2 2 | 015
Albany, Ny [ 1899 94’92 5'60 8 st
Rock Island, Nlinois. ... . ... 1899 1.6 3 i 3 3.5
3.634 1.20 ——
“naa, . e ‘87
Totalowwwoo 250,774 17.31 | is | 2
‘ ) BRITISH C()I.L'.\IBIA.
Vietoria ..o | ] 16,841 1 .52 | 3 ! 180
SOUTH AMERICA.
MaOS AVIES. oo e
A P 500,000 ! .1 I
Montevidio ........ e | ________ ' __________ ' F?ltcfs reported ... --*
HOLLAND, -
Amsterdam............. 4 555,821 10.18 12 11.20
¥}c]mi-|l'dam ............................ 290:000 6.30 18 139
e Bue T 191,000 .88 6 429
Schiedam...... ERLEEE RPN ' 2 0.68
Utrecht.............0" RN 25,300 133 5 1.40
Groningen ... 000 Tt 139,000 oo e A IS
Dordrecht..................... ...... 57.900 o-59 ; h 1.00
Leeuwarden.... . 777 " e 34.100 0.56 2 e
Viaardingen..... . 7171 30.700 -3t SO IR
A AL EPRRNUN! NOSMOR ISISIIELIN: FETDOCSUN RO IOl
Gorinchem........ NORERRRTETE [PTONRON IRRSAEETE CERRIRTOU: ORI [IRRPRE
Zutphen....... ..., .. .7 N 1800 ° SOUT SOPRTE
Leyden........ e, el 18,000 .. ‘]. .....
Enschede ............... R : B
Middelburg. .. 000 17000 .......... [P S .
Total....... e .
L E 1,414,021 22,95 ' 47 B 3!45
* Exclusive of Bravity supple,
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APPENDIX IV,
Car 'D FILTERS. ,
PARTIAL LIST OF CITIES USING SAND
GREAT BRITAIN,
.
m—— - T ‘ Number A'\IVCI(BJE:
— Area ymber | pigily Con-
When | ponalation, | f }«‘:ﬁm. | of Filters. | ' mption.
Place | Built. | - \_/ _
\——_‘—‘—l e j i 20 200.00
Londer . L 5,030,267, 125.00 | 129 | 500
Ii‘.‘e R i v _______ : ']1)0,00()“ x?())o 10 18.00
13 l:puul e et b e e " ; ‘ 34()‘000’ LD 8 17.99
1 ublin ... ..., e SARRAAHER | 320,000/ 6.00 6 13.31
heeds LTI Coashebey 02T 4as
Tadford. ... L. 220,005 250 [ 3.00
Cleester.. .. o ‘ 72,083 2.04 4 18.00
Edfmirn 7 e - I S B SO
) L £ I 43,000 : e PP .
arlingron ... o e < .25 laene
"ark)el;iulzn ............ co 30,815 (’) 00 luerne e .
e S e 40,000 D P P
Umfr?cs ......................... 17.821 .
....................... 2,000
ECringlon L e ogo.um‘
ITmingham. . . ... . i o ' 20,000
. \ | 130,000
L’?:}J(:urn AP AR 250,000
e o
alifax T e zzg'ooo‘
?re(ord........,...........i ........ ; S' N
‘ lddlcsburough .............. R E ;Zg:ggm
AoWCastle. L. L e e ! -
Oldham ...................... \’ ------ \ lg;.ig‘
Xford, ... .. ... ... ‘ 113,504
Teston. .. e e 8
eading. I SR TS50
%\(')iug[h:m PlON. et e nan s = ()o,ouoj
....................... 0" —
WOrceszer .................... ; """"" 451}/ 71 382.73
’ 8o
[ 10,199,738 161
Total......... ... ......... R ’
GERMANY. 22 33.00
661,200 4200 36.00
Hanybur TRt IO BT R e N T 52 8.20
Bel’lm 380,000 5'1(2) 11 5.66
el 217,067 3.7 12 3.50
fSdeburg 157,500 3'2; 13 5-40
Alremcn 102,427, 3'00 7 3-99
SRR R PPRRR PR FEKKEEE 176,000 2.79 ) 0 4.00
°“’H8berg.“..............-""":. 162,516, 2'3(2, " 9 3.00
Wltgare e 145,000 2.2 6 4.50
teum 70,0004 "4(; 4 2.30
‘ubcck 100,883 I-4 6 0.60
S LRt A 3o0,105)  I.TI 3 1.54
raisund. .. ... ... .. . e 49,891 ”;, 6 .40
Otock il 46,852 ©0-9 4 0.90
L P R 75,000, ©-79 4 0.50
sO}Tcn.._..... B PR 16,000 0'6? 3 feeeaneans
che;eqn SCLRREITRRRRRPRR LEPEELE 164,743] ©-59
BUZ . e
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. PART T OF CIT |
. IAL LIST OF CITIES USING SAND FILTERS
—_— GERMANY —Continued.
& ‘ -_—-—‘—'—/
Place, When l N A'en(’!
*] N bc i .
Buile, | Population, | of ‘?-‘urlcr:rs‘ ‘ o??‘?l’tcr; ?:::pli‘:"
W\ —_— "—~ -
orms...... ... e i
Ratibor . .. R IR ]1 oo o5 ; o
rankfort on Oder.... . O | aoiey oy 1
Kiel...... e 59,161 0.37 s o
Tilsiy 00 ?. R N 69,214 0.31 ...iaunn 1-59
Brieg . ..., 0 e 300000 035 .o 0.2
Svlucgstad: ........................ 0,154 0200 4 o0
andshecl T TTTrreteee L o
fdsbeck ...l 22'::) 2:4 0.3
Total....oo....... . | |—— SR e el
........ 4,639,080, 106.22 | 185 [ o753
warsaw . OTHER EUROPEAN FILTERS.
St' Petc -------------------------- i 6‘w
Qiemmtersburg LTI 0o os Gt A O
Choisy e Rei and. '. ................... ; 350,000 3-75 i [1 8.00
Naolsy le Roi LT PPRURS IR i [ 10
Copen{a farne..... ... . i7" § 200,000 B ’ i
Stockhol;gnérf‘...:‘-“.”“““””H““; 34000)2( 33;; 15 ‘-..-6.80
Antwerp 11 CR N | 274_'000 28 ... 9 7.00
Zurich ................................ 1 240‘(X)0 2. ;0 8 l z.w
Brunn............:: ............... 96,839 e ] jad
Conslaminoplc, South sic'le' ....................... 1.62 ooens | 304
Total....... ... .. | =0 | = :——_i- o
.............. 2.98_"839‘ 33.74 i 88 89.84
Blandarwada, India...., Asla
A, T SN
SRt AT seelieeiiiL, 1.37 feeeennnns fewe e
Shanghai, China.., | /77 Barod 1z $o
Mg ik China . e ) T 0.58 B R
(\:’okohama, Tapan ...................... 0.67 6 feesecttt .
alcutta, India.... AN 1£0.000 ©-58 D
Tokyo, Japan.. . [ T 466,000!. ... T [T e
Baraqs, pan++-eeo T 466000 ISR ! N
Allahabad ‘tagia. 77 oo W..ﬂ:::?:::ﬂ::.ﬁ ..... e
Total....... ... L S _______—I—-’/
............ x,397,oool 6.69 23 I
gnited States.... SUMMARY.
ritish Columbia. ....................... 259'7 26.87
?{ool;]th :merica........:...... .......... 16'8:: ,gg; 4; o
Holland 152777120 SOSOS etas irpven I HCH B B SOt
,(G;::at Britain AR IS srd14.021 2:'72 4; it
Sermany "1 S SRR vt I T R L L
Asis ... ToP€an countries.... | | " ‘,"gg"'gm 106.23 185 "7.;3
A X RO, A TR P 4 39 : 88 .
T 1,397,000 38.33 23 jeeesc” .
oo 4102930 354.48 | 55 645.85

APPENDIX IV,

247

G MECHANICAL FILTERS.

LIST OF CITIES AND TOWNS USIN
ARRANGED BY POPULATIONS.

Abbreviations.—P., Pressure filtersi Go

<y W, Warren system; C., Continental system;

Gravity filters; Ja

303
a2 > 4
Bog.8
- 33
Place, < i in
2 & alo
28 | 2 |E2=
2" & Eg=
4 n | &
T - T 1
De""ﬂ, Colovrvnnininen .. 108,204 v+ 0" Leeeees
Atlanta, Ga......... e 65,533 1887 1 8
St. Joseph, Mo.......... [ c2,324 1898 | 10:2
Oakland, Cal...ovevrennn-. © 38,682 1891 ¢ 8
ansas City, Kan......... 38,316 1898 6
ilkesbarre, Pa.*.... ....1 37.718 .----" 10
Norfolk, Va.....coceann.. 34,871 1899 6
Augusta, Ga..overennnnons 33,300 1899 6
Quiney, HlL......ovvureeen 30,493 1892 | 4
ubuque, lowat........-- 30,311 1899 | 2
Terre Haute, Ind...oane .- 30,217 1890 | 4
Elmira, N.y.......o.oeee. 29,708 1897 | ©
haltanuoga, Tenn,.oee .. 2,100 1887 9
avenport, lowa ........ 20,872 1891 7.5
Little Rock, Ark..e.e.---- | 25.874 1891 | 5-5
i““ipcg, Mann......ove 25,642 1887 .5
Oshkosh, Wis.... ... e...| 22,530 1891 | 2-4
aACon, Ga,. ..o iinaen s 22,746 1893 | 4
Burlington, 1a............ 22.565 1894 | 3-
noxville, Tenn.......... 22,535 1894 5
exington, Ky...o.ven.t-- 21,567 1895 | 2
Ingston, N. Y......000.. 21,261 1897 | 4
ork, Penna.............. 20,7931 1899 | 4
Biddef‘)rd, Maine...v..as.| 20,500! 1896 | 3
ewport, R, I............ 19,407+ 0o 4
angor, Maine............ 19,103 1897 | O
Cedar Rapids, la......... 18,020 1896 ‘ 2-5
Elgin, iy ... 00000 17.823 1888 | 4.3
ecatur, Il......ooovnnnss 16,841 1893 } 2
Belleville, I11.... ... ..... 15,361 -~ |
Columbia, S. C..vveuven-e 15,353, 1892 1 3
cokuk, Ja....oveeraen.nn 1g,101 1893 | 3
g““mwa. Taneeeussinenns 14,008 1895 | 2
ock Island, Il.%......... 13,634 -0
Raleigh, N(.iCI.l..... ....... 12,678 1887 :
Shreveport, La....co.o.x-- 11.9791 1889
New Castlc, Penna. . ...- Lo| 600 1898 | 4

* Not in use.

Water Works Manual.

Average Consumption,
Milhon Gallons:

Jewell system;
Am., American system.

Arvea of Filters, Sq. Ft.,
1899,

>

N, Y., New York sys.

Filter System.

Special.
N.Y. P

3
TU

Z
ooo

N.Y. G.

g,
<

Qe
T

V4
<0

b
%"_&_“_‘
A Y
v

>
8

<3
Zy
-<
)

=
_29-_-0~ .
=

Zom

s Pg %

wn

o

3
s
i
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Qoo

o
Motk
0w

@

e EEE
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00 00
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z
e
]
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4+ Under construction.
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FILTRATION OF PUBLIC WATER-SUPPLIES:

CITIES AND TOWNS UsING MECHANICAL FILTERS:
< . .t 3 X
X z z = -
P oziles A
| = g iZe § Filicr Syste®
Place. s L% = Cle 2.,
2. i = v s .1.3
- 5 - 9% -
il S e e ]
> % b+ £ < Lo
& = Z- RE L
[ i e A « l’ < /
: (A
5 ' . G.
Charlotte, N, C........... 1 11,8587 186 1 log ' 830 ‘\\‘ \\'r P.
Nebraska City, Neb.......} 1,494 1891 ©0.4 © 7 n6 - o & A P
Streator, Il......... PSR § Y RO 2 1.3 100 \\csl‘t‘:"\'Y P.
Hornelsville, N. Y.4...... {10,900 1899 3 ... To0 WL
Augusta, Maine ........... 10,527 1857 0.6 1.6 100 N. Y. P.
St. Thomas, Ont....... 10,370 1891 2.5 06 700 .4' v. P
Cairo, Il .. ....... ..l 10,324 18%¢ 0.8 2.8 197 X; y. G
Alton, IlL..oounvainiis 10,293 1898 . 3 i1 ' 1056 N.Y. P
Asheville, N. C........ © 10,235 1889 1 1 0.35 312 ;\ y. P
Greenwich, Conn.......... | 10,131 1887 2 0.4 £g2 | .y, G
Huntington, W. Va........ 110,108 1849 @ 2 \ ...... 04 MY
Beaver Falls, Pa.......... I 9.735 «.en. 2 4.8 e | v Y.
Champaign, IL.*.......... 9,719 ..o et 1078 e i N, P
Chatham. Ont...... ...... 9,052 18g5 | 1 0.4 | 280 N. G.
Adrian, Mich......ouuue.. 8,756 1899 '{ 1.75 0.45 | 05 ‘% G.
Athens, Ga...... ..v.uunn. 8,639 1893 | 1 o451 420 \ "G
East Providence, R. 1 8.422 1899 ; 0.5 |...... 170 ‘J\; G.
Winston, N. C..... e, 8,018 1895 | 0.5 0.3 | 150} "G,
Danville, Penna.......... 7,998 1896 1 \ 1 ;o226 ! ) G
Clarksville, Tenn.$........ 7.924° 1899 1.5 0.5 . 704 .J'Y P.
Stevens Point, Wis......., 7.896° 1889 | 0.5 1 0.25 ! 156 | N. ‘G.
Carlisle,Pa......covviis 7,620 1896 1.5 {ooeonn 339 i &; G.
Calais, Me. ..... RPN -] 72007 1893 | 1.5 | 0.85; 275 .y, P
Long Branch, N, J........ 7.231, 1888 | 3 1.3 1 904 N. J.
Creston, la.......oovevenn, 7,200 1891 0.5 10.3 | 150 ‘p.
St. Hyacinthe, Que........ 7,016 1898 | 1 0.84 | 294 ¥ G.
Rome, Ga.t......ccvvvene. 6,957! 189 1.5 1.3 , 528 'J'Y G.
Westerly, R. I.....ovavul) 68130 1896 | 1.5 | 0.375 396 N ‘G.
Merrill, Wis........ 6,809‘ 1897 | S PR i 339 I G
Dennison, Ohiot «........ 6,767) 1899 | 1.25' 1 | 528 I G.
Parsons, Kan....... 6,736 1894 | 2 0.6 | 452 1 G.
Waterloo, fowa...... J 6673) 1891 | 1.5 0.7 565 'J.Y P.
Somerville, N. J...... ...] 6,417| 1885 1.¢g | 0.75 | 552 N. Y. P.
Athol, Mass........ e 6,319] 1888 1.5 [ 0.5% 350 N. Y. P.
Owego, N. Y...... [ 6,200! 1887 1 0.75% 234 | N W
Brunswick, Maine........ 6,012l 1887 | 0.6 1 0.33 100 § v ‘P
Bucyrus, Ohio............ 5,974| 1887 | 0.5 ) 0.55 ‘ 156 | N. Y. G
Warren, Ohio....... ciennel 5,9731 1806 | 1.5 | 1.3 362 . w. P.
Hopkinsville, Ky.........| 5,833 1895 | 0.5 | o.15 | 140 | N. Y. P.
Brainerd, Minn......... 5,703| 1897 | 0.5 |...... I 156 I N. Y. P
New Brighton, Pa.. 5,616] 1889 | o.5]...... ! 156 N.Y. *
Niagara Falls, N. Y....... $,502| 1896 | 4.5 | 2.62 | 1019 J. G.
|
* Not in use.

+ Undcr construction,

CITIES

Place,

)

Durham, N. C......
Winfield, Kag-«..- -
Louisiana, Mo.....-

Trenton, Mo.....vve

Lorain, Ohio........
Sidney, Ohio.*
Mexico, Mo

Riverside, Cal.....-
Columbus, Miss.}. .-

Winchester, Ky...--

Salisbury, N. C

Mt. Clemens; Mich..

Eufaula, Ala......cooeee

Greenville, Tex...--

Exeter, N. 1
Bordentown, N. ]
Lake Forest, 1l1....

Henderson, N. C..ovevreee

Reading, Mass. .- -+

Goldsboro, N.

Rich Hill, Mo ...-

Mt. Pleasant, I

C.oovvenrnes \

A.ceevences ;

Murphysboro, 1. . oe e ‘
Brandon, Manitoba. .-+

Danville, Ky.....o-cor-7"

Royersford, Pa...cooenreor

arsaw, Ind
Ashbury Park,
Keyport, N. |.

Deseronto, Ont...-.-veevte
Milledgeville, Ga..c-vveer

N Jeooeon gl

Carlinville, Tl .eveeenoe
Gettyshurg, Pa.....ccovote
Independence, Kan...- ---
LaGrange, e VP TR
Pavla, Kan.. ...oocverrece

Benwood, W. Va.t..-oxv-

Gadsden, Ala
Lamar, Mo. ..
Longueuil, Qu

ashington, Mo....c-ev7-
Renfrew, Onteveseeeeneess

R DR

[ I

4PPENDIX IV

AND TOWNS USING

], lg3lE
ils 1284
T nod | ge” n )
: 252 B2 g Filter System.
— ’?-g‘v-‘i EE,O 2 .
. > 5"30 o=5 “‘§
5. Q ;gg e E’
E g c2Z | cZ8
%:% E Ei:"i 225 E
S = |z
s G.
s o7 | w. G
585\1803,0.9 o1 |5 . Y'.P.&G.
18y | 1804 11 -l P R
20()0 L1858 L 0B |t 242 j .
5039 "l 1889 0.4 ';_5 o N G
4863 189H 3 0.5 66 oy }‘;
Jbi? . 18%g ©-3 o.g e 1:1\4 :
AT L ysss 1 06 | 25 Y
12)13 1892 | 0-99 .(.)H‘/ 2 % 3
1899 0.5 s 1 : Ry
4532 . 1804 1 0-75 ‘();:5 152 1;11 % ;.
4518 | 1889 | ©-5 35| 1% N' VR
4410 1897 1 05 - 12 Y
4394 gg 0.8 1O T oy NV E
4330 1887 | o 114 0.179 kA N_y_P .
425; ! y8go | 08 | 05‘ 150 \'}V 5
4:?)3 1892 | ¥ \ ..... i w :
4;9x | 18()2 ! ?.25 \‘('),1951 332 w6
: | . P.
o 1183)0 0.5 | 0.124 150 o :{( 3
4‘))(1)8 ' 1893 0.5 0. ke I}é Y' 2
.;‘997 | y858 0.5 | 50 N: VT
gso | 1890 oz | | a0 Ny E
3 -3 i 1893 | 1 o'x 0 J )
37{’)6 | 1804 | O-5 o e ) Yoo
32 2] 1893 | I 0.5 228 £
Jera | 800 19810 | e G.
3514 | "l 0_26 670 " P
350(1 ';84)5 0.5 (()).84 s NJ | 'P.
341 i- IS(}() 0.5 . 156 : JaCkson.
e 0.5 61 pmor
| 1893 b1 | 38 Jack
9 leeoor™ O . ‘ 7 | I).
1293 | 1894 | ©3 o.(2)755 o I?my x
221 1891 0.75 | ©- 5 . N. Y' :
| 1393 0.25 ....5 34 . -G‘
3090 1887 0.25 0.4“ - Yj, .
2()41 1899 | L e X N' S
293 1887 1.325!- - % N. o5
22?‘1) 1891 0.25 03 » N' Y. :
i xx%gg 0.2 | 0-075 x<5>o NYb |
it [

« Not in usc.
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1 FILTERS.

+ Under consiruction.
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FILT R4 TIoN of LPUBLIC WATLR SUPPLIES. e UNITED SraTES
N
- FILTERS I
CITIES Anp TOWNS vsIng MECHANICAL FILTERS. ARDING SAND

i d, built
Y. Designed by James P. Kirkwoo
SIE, N. Y.

NOTEs REG

. t
PR 1 POUGHKERp its kind in the United Statcs.8 é
. ¢ 3 & . . its K in I .
.‘ 2 / 5 H g : | N 1872, was the earliest of dent, Charles E. Fowler, m“-rgne
i = 2o TP S erintendent, ; rse of ti
| H 7.5 §§E CF | System. was cnlarged by the Sup f rubble, and in cou
. [ = E2= 35 £ | Piler System iginal filters were o new filter are
Plage. g ! [ 823 SLE h_:g l The walls of the ongina badl The 'walls of the ter of
=, & <= X1 O . - a . ate
3 Poe | EES i 3% f developed cracks and leaked b -yk The filters treat the w less
~ v E-G £ ¢ | . P ricK. or
£ I < {, °frubble, faced with vitrified age-polluted and more Vol. 12
! e [ e . : is scw - . ol. 4
\\‘\ T b N.Y. P the Hudson River, which ’SN E. Water Works Assoc.,
Oswego, Kan...... Cos 3 ' 1o N . P :scription: Jour. N. E.
oden, Mo, ., | 2 1 005 100 N. ‘j mUddy. Dcscrlptlon J ilt in 1874,
Urlington, LT o 2239 7 05 L. 79 N Y. P. 20q Kirkwood, built i
raicil Grove, Kap "t | I o.3 0.08 1 =5 N. Y. ) signed by James P. for treating the
akeﬁegd. Ropx 000 o.15 025 . .;é' N Y. P HUDSO.\‘, N. Y. Desig en and are used for Jess
ttionsville, Md.. [ o.25 ..., 0o N.Y. P. enl din 1888 The filters are op ted and more or
m}c]a:,tN. N ........... o4 ..., 025 28 N. Y. GG. arged in | . hich is sewagC’Pouu €
g Stown, N,y T I o.25 0. o . nuc
omierwick, Mg, |77 03 ... 5 wa. b, Hudsop River water, w News, Vol. 31, p. 487. These filters
operille, Ont. 117 o5 ..., . .. r4o N, P. ., P : Eng. ’ o o.
oRers Park, 1y, " o ©-35 - 100" N. Y. . Muddy. Description & Fairbanks & Co.) ed.
4 2 N.Y. ) T. (E.&T. ntly enlarg
:ltg;:;;x,l((}:x; ........... o5 .....00. ;536 N Y. }}: ST ]()HNSBURY’ V. nd have been rece 3§ with a
A 0.5 ..., : : . a w
fepange, Tex 11T 0.35 ........ 340N Yo Were built about 30 years ago, fterwards covere
Richfield Springs, N.vy.. 0.35 ...... .. 100 N'Ny'y, iginally open, but were a hem from freez-
Tontie Ny 8 T V.. oxs ... ] o Ny he filters yere originally op inadequate to keep the - roof
Tunkhannock. e R e g ; o ) . d ina main .
echanicg Falls, me 7" o. 2 T 176 W. G Toof, The single roof prove inside and under the t
irDcthlehem p,. 770 . L& so. . G'p . f was added inside is quite clear and no
Fairmount, W. vy, 0 r L ' 280/ N. \C ' g, and A second roo d water, which is qui f two, the
Atlantic Highlangs N .. 3 130, : ring pon is one o
Rumford Fajrg: pgor N- J (‘)’g 0"’9 e w.Y Gi’. ‘ . They are used for filte . g The water supply is sic River.
ﬁzei:om N 0.5 { ,,,,,,,, I ,52: NW : Subject tq much pollution. d is taken from the Passump
MR AL LR I oy | 170, M P . 1s
O"CEZ‘{)‘J"; %aa] -------- 0-151,  o.060 34? g YY P. Other js the town supply an ilt in 1892
olm g Pa..  ° 6' 280 - . T . 1 :
ickering Creek, p,. é 75 ,004 234 “g g No Published description. igned by J. B. Rider, bu ir water
verbrook, pepg, an ceeid 8 - esign Servoir
Andergrift, pa,, " o-25 [lreeed o w. G NANTUCKET, Mass.  Desig isms from the re dis
Tazerville, p Qb g‘ﬁ ....... | ';8 N. Y. g Thl flt is used to remove organis are troublesome, and i
hihughun, §cn s oo P T N. Y. ' s er is nisms -
hlnhauahu:, ex b ?.12 ...... ! 652‘ J. G s i ly used when the orga rs which formerly re
e e e | 007 .. w. G “PPly. It is on Y used the tastes and odo
.‘ \\\l Satisfactory in preventing
TO[Q]S ................ / 108 !77'806j .

E Water tbol].:
']t'on' 'Our. N- ’

SU]ted f thel.l preSCHCC- I: ! ! )

rom

6.
VO]. 31) p' 33 A .lt in
ASSOC-y Vol. 8, p. 171; Eng. N-e‘:jd by Hiram F. Mills, bui
Desig

t Under €onstruction, d for treat
. . is use )
Special filters, neither Sand yor mechanical : Wl'lming!on Del,; Pop., 61,431 LAWREN(’E’ Mass. . Septembcr» 1893 It is
area, 10,000 sq, fy,, Romina} Capacity, 1o Million gajjong, Seec Eng. News, 1892—3, and put in operation
Vol 40, p. 146, i

m t
: large amoun
. ich contains a

ing th t f the Merrimac River, which

€ water o
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of sewage.

Dt:scription :
Health

Report of the Mass. State Board} :

* 1893, p. 5435 Jour. N. E. Water Works Assoc, Vol

P- 445 LEng. News, Vol, 30, p. 97.
ILion, N. v, Designed by the

. any
Stanwix Engineering Comp
and are ysed for treath

ar
. — ally clét
18 reservoir water, which is gener \'1 31
. . L . ows., Vol 3b
and not subject to pollution, Description - Eng. News,

p. 466.

Mouxt VERNON, N Y. (New Y
Designed by J. N. Chester, built in I

general construction to the L.
both vertical and horizonta]

crk Suburban Water Compﬂ")i-)
894. These filters are simxla'r IY;
awrence filter, although the (iimensTOﬂ

are reduced, and the area is divided int0

. i water, which
three parts, The filters are used for treating rescrvoir water,

- ble
is generally quite clear, but which is polluted by a considera

. o in the
amount of sewage. Since the use of filters the reduction it

s oo . Eng.
typhoid fever death-rate has been very great,  Description: Eng
News, Vol. 32, p. 155,

MILFORD, Mass.
very simple in constry
water as an auxiliar

Works Assoc., Vol. 1

Designed by F. 1. Northrop. This ﬁlte’r 8
ction, and is ygeq for filtering Charles vavef
Y supply. Description : Jour. N. E. Water
O, p. 262,
GRAND Forks, N. D. Design
are covered with roofs,
which is very muddy,
caused typhoid fever,
ASHLAND, Wis,

¢d by \W. S. Russell. These filters

Thc}’ treat the water from the Red Riven

and also seéwage-polluted, and which formerly
Description . Eng. News, Vol. 33, p- 341

Designed by William Wheeler, built in 1895
The Ashland filters were the first vaylteq masonry filters to be con”
structed in the Unijteq States, ang

water, which is polluted with sewage,

river water discharging into the bay near the intake. The filters arc
below the bay level, angd receive wat

er from it by gravity. Descrip-
tion: Jour. N. E. Water Works Assoc,, Vol. 1, p. 301; Eng. News.
Vol. 38, p. 338.

LAMBERTVILLE, N, J. Designed by Churchill Hungerford, and

253
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arth embankments, for

qth ¢
built in 186, These are open filters w1 Eng. News, Vol. 36,

.cription
filtration of reservoir water. Descrip Company.)
Water CO '
P-4 I 1 (()uccns‘ COUntycharge, Charles B.
Q) TKAWAY, “ ! it H 1 ’ :
Far RO(.I\A;\\\] s R. Bettes, Engincer 1n Hazen Consulting
Sl arlce:s . ’
II;)LHTde é)y (Jaricf Lngineers; and Allen y filters were used
rush & Co., Ch “ i oned
Enginuer. Constructed in 18961i atcrs. They arc v iéitnacre
. 2l wa ¢ wint
\ al of iron from we : ook waters
ior :]C Km(t));“ for the fltration of certaint b; water has been but
0 bc suitable fo : broo
available a8 auxiliary supplics, but the ff Vol. 40, p- 412
dllg R J . . i Eﬂg- I{CCOr ] . Des]gﬂe
v n: n
Tarcly used. I)L.scnpt(l;umson Improvement (l:om.iaczn)struction to
1 R imilar !
RED Bank, Nb J.1t in 18g7. They are simi aremo"al only. De-
w iron
b: P;llenRIIa]z(C”’ filters, and are used for ir
the Far Rockaway '
. 412.
scription : Eng Record, VOl 40, l:) the Stan
Hamicron, N. Y. Designed y1 ke water.
h ) a
Pany, and were built in 1895 to filter
News, Vol. 39, p- 254 . Stephe
LitTLE i‘?\LLS, N. Y. Desjgn.ed Z};S a:d are use
built 1n 1599, 7.
filters are open, and were rd, Vol. 38, p- hese
ri : Description : Eng. Reco William Wheeler. T
ver water. N. H. ~Designed by Wit the United States.
SWORTH, IN. I. ilt 1n
SOMERSWO ulted filters to be 1?“’1 d flows to the filters
Were the second va he Salmon Falls River anl el.  Description:
L8 e . Vi .
The supply is ff:lrt‘ :s being below the m\jfl 28 5. 270,
o Thee ers ol. B
;Y gravity, ;h; 40, p- 358 Eng. Record\»N Ledoux. These open
" News pexya. Designed by J. Description: Eng. News,
. BERWYN, d for filtering creek water.
ers are use

Vol. 41, p. 150.

HARRISBURG, PENNA. .
Allen Hazen ; open masonry widy
a small creek which is often m
Published description.

These masonT

. : n-

wix Engineering Cor
.. . .

Description: Eng

n E. Babcock. Th'ese
d for filtering

. Designed by
. Hospltal.)

State Luneiitlfcor treating the water from

us

i No
and is subject to pollution.
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ALBANY,

This wag the third and is the Ia

co‘nstructed in the Unijted Stat
River 'water, which ig slightly mud
Descnption: Eng. News,
Rock ISLAND, Ipp,
filters with embankmentg
water, which is very muc;
Published description.

dy and much polluted by sewag®
V9]~ 39 P- 91 Vol. 40, p. 254.

Designed by Jacob A. Harman. Op®
used for filtering the Mississippi RivEf
dy and also polluted by sewage. No

—_—

CAPACITY oOF FILTERS.

t fhc 3
gallons daily, of which er supplies in 1899 is nearly 1600 million
IS per cent jg represented by mechanical
cluding Wilmington, tj, Y sand filters. . In the United States, in-
“ ' e total filtering Capacity is nearly 300 million

gallons daily, of wh;j

cer cent b;’me \}:’hl?h I8 per cent s represented b d filters, 79
Chanical filters, ang y san¢, '

filters. 3 per cent by a special type of

\ .

\ *

filters and 85 per cent b

N.Y. ; '
Designed by Allen Hazen. Constructed 1898-9%

rgest vaulted masonry filter p]antyet

es. It is used for filtering the Hudson

APPENDIX V. 255
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LONDON’'S WATER-SUPPLY.

is supplied with water by
under government super-
lated by law. There
s own separate dis-
One of the compa-

LoNDON alone among great capitals
Private companies. They are, however,
Vision, and the rates charged for water are regu
are eight companies, each of which supplies it
trict, so that there is no competition whatever.
Nieg supplying 460,000 people uses only ground-water d.rawn from
deep wells in the chalk, but the other seven companies depend
Mainly upon the rivers Thames and Lea for their water. All
Water so drawn is filtered, and must be satisfactory to the water
€Xaminer, who is required to inspect the water supplied I‘)y e:ach
€ompany a frequent intervals, and the results of the examinations

are published each month.

In 1893 the average daily supply
Which about 40,000,000 were drawn from the chalk, 125,000,000

from the Thames, and 70,000,000 from the Lea. Forr.nel.’l}’ Some-Of
the water companies drew water from the Thames within the city
Where it was grossly polluted, and the plague . b

fOrmerly ravaged London were in part due to this fact. e.se
intakes were abandoned many years ag0: and 81.1 the C?m?a“‘es
Now draw their water from points outside of the city and its imme-

diate syburbs, .

The area of the watershed of the T
the water companies is 3548 square miles,
Upon it in 1891 was 1,056,415 The Tham
has control of the main river for its whole length,
ries within ten miles in a straight ling of the main

was 235,000,000 gallons, of

hames above the intakes of
and the population living
es Conservancy Board
and of all tributa-
river, but has no



but fey, larg,

there 4re but six towns wip, popu]
gate Population of 1
large towns op the r inj

¢ towny, In the

Tiver, These Principal towns are 4 follows
. ¢ above
Town Population 1891 a}:g’:?clnlakes'
Reading e Goos 49 miles
Oxford....................45,791 87 )
New Swindon.............. 27,295 116 .
High Vycomp, ., (1T 13,433 33 .
indsor, T e, < 12,32 18 ‘
Maidenhead ............... 10,60, 25 ‘
Guildforg, | """ el 14,319 20
) bove
Gmldford 1S outside of the Conservatgrs’ area.  All of the a
towns treae their S€wage by, irrigation
Among the

espectively. These towns are only
partially Sewered apg

tempt i Mmade ¢ treat
lang, but the work hag

are notg alloweq to d
Ptacles fo, their ¢

d disposing of it; and a4 5, additional pre-
ed to anchor Within fiye Miles of the in-

; e

rain into it, but ar
s e

€wage, and facilities ar

compelled tq Provide rece
Provided for Temoving ap
caution no hogat is allow
takes,

. is
ramcd
the More Temote fecders. The arca dtherc are
tural, witp but litt]e Manufacturing, and rvatofs
ATea coming under the conse .

re-
nagg
2tons above 10,000 and ae ogther

re
70,000, and there are but two or th
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{ its entire
control o
iver Lea have from the
the river B easured fro
nservators of iles, m
. 'Thc co which is about 460 square mlat;O” of 189,287. On
T p: a u
it a::algc ddre ) vater intakes, and has a pop

ast Lonp on y

10,000 in-
. 1 more than 4

- le town Wlt

' this t S]Iffd thele i. ! N

wa Ccrs

ters of the river, with a
habi is being Lutton ncar the headwa 1o of therver Sever}.
1ab1t;311F5, t}l'; b:;gi The sewage fromdLuNo e (;S

®pulation ¢ ,00¢ . n |
feeiu :mallf-‘r [jaccs is treated upo;)::: s At Hf::;zal’
known, to be ordinarily discharged e 15‘ o :
‘ e -egard this treatme ‘
e rion s thf > conscervators do not 1ebexpen5ive ement
et o b recently conducted an xpensve e
as Satisfactory, and haV_c.. to compel the.m to e treat. her
e, . auwormf the court holding tha ey
effluent, The suit was ,1:5 ,It o mt;r:SLea o
t? hhealt: o Peel;);;i]ci‘; (;n the Thames and t
Of the ¢ irt}'—llme

ing cheni-
is but a single ;-)Iace usn?g Form.
‘<l precipitation, and tl; se towns used other p atment has been
ety quite 4 number ofytc;c but Hereford land tre
treatment, byt iy ever it is believed
Substitute. fficiency of the sewage far:lv:;glz ‘:erCOIates
n regard to the c} Cr the whole of the S1servancy Boards
that j, ordinary weat ;Cc inspectors of the CO; the surface into
througy, the land, f‘“d t-]n allowed to pass ov:?: art impervious,
Strong]y, object to its be; cfvever, is for the mos age farms, and in
the Strecams. The land, h etts and German sew water it can take
45 compared to Massacgusland often has all the e, and much less
times of heavy storms the ordinary flow of sewaagc; either does go
Without receiving even t eAt such times the %ev;bcharged directly
the increased Storm-ﬂow};a s more frequently is atlrixeﬂt. The con.
over the surface, or Petr c\{)cn a pretence of .:;:ble evil and do not
Into the rivers withou d this as an unavol ing to the increased
S€rvators apparently e the theory that, Ow”'g;:atively harmless,
Vigorously oppose it. I;;jvs, the matter is compa
dilutiOn with the storm-
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aithough it wo
reach the watc:ljosiem that the reduced time required for it t®
. b ks ‘nt .
increased dilytion akes might largely offset the effect 0
ThC wat

er c :

ins with an aompames have large storage and sedimentatio“
the proportion vi{jl’tgat'e Capacity equal to nine days’ supply. put
desired that the wlcts w:del)f with the differcnt companies. It is
ater held in reserve shall be alone used while the

river is in 1
ood, as i T
as far m » 45, owing to its increased pollution, it is rega"ded
ore dangerous tha P ion, 1

bag

record is kept of the ¢ n the water at other times; but 5 ™
exact information is n.1es \vh'cn raw sewage is discharged, and 00
Panies do pot take -ava”able In regard to the times when the com-
considerable amountm ffaW water, it can safely be assumed that @
Ol raw se C s

wa . . wage d M o hc

t;rhWhICh s drawn by the COmpi . oes become mixed with t

e water draw nies.
n .

having an area of llérom the river is filtered through 113 filters

acres. None of the filters are covered, 30

with an avera
e
g January temperature of 390 but little troublC with

- . . . l :‘ “'lth al)pha
1ce 1s expel 1€nce .
fc\v new ﬁl

filter separately and securing regular
on, but nearly all of the filters are of
Page 48, and the rates of filtratio?

are subject to
more o .
r less violent ﬂUCtuation, the extent of which

cannot be determined.

. The area of filters is bein
Ing consumption
been as follows :

conti .
; the appri . ntinually increased to meet incred¥
Ximate areas of filters in use havind

*trecevssen... First flters built
37 acres
A T 47 “

ARETERPPURRP

1894'01-0--.--.,. ...-....‘ lo4 ‘“
Ctreerell. 116 M

There has been a tendency to req
uc

tion. In 1868, with 51 acreg of filterg € somewhat the rate of filtr

the average daily quantity of

1
. 157,000,000 gallons, or 1,620,000 gallons per acre;
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or 2,180,000 gallons pet acre. .
the daily quantity filtered was
and in 1893, with
the yield

‘I’Yater filtered was 111,000,000 gallons,
N 13884, with o7 acres of hlter surface,

116 acres of Alter surface and [95’000)000 gallons daily,

er acre
Per acre was 1,680,000 gallons.

O\Ving tothe area of filter surface out of use while being cleaned,

th - . . . .
€ variations in consumption of water, and the imperfections of the

al ratés of filtration are often very
figures given.
red river-water

r )
egulating apparatus, the actu
much higher and at times may easily be double the

the healthfulness of the filte

Evidence regarding
stive manner in 1893

w

bEL‘S collected and examined in a most exhau

}i’a Royal Commission appointed to consider the water-supply of

t . L . i
e metropolis in all its aspects with reference to future needs. This

C . .
Ommission was unable to obtain any evidence whatever that the
to become SO, and

Water as then supplied was unhealthy of likely
ed upon for many

they
hey report that the rivers can safely be depend
years to come.

The numbers of deaths from all ¢

a . - . .
Nnually per million of inhabitants for the years I
r waters from different sources in

auses and from tvphoid fever
885-1891 in the
Populations receiving thei London
were as follows :

Deaths from

Deaths from
Typhoid Fever.

Water used. All Causes,

Filtered Thames water only. ..... 19501 12
“ Lea water only.....-- .. 21,334 167
Kent wells only......-- veeses. 18,001 123
Thames and Lea jointly.....--- .. 18,045 138
18,577 133

“ « Kent jointly..oo---e-

The population supplied exclusively from the Lea by the East
London Company is of a poorer class than that of the rest of Lon-
dOn’ and this may account for the slightly higher death-rate in this
Section. Aside from this the rate is remarkably uniform and shows
MO great difference between the section drinking ground-water only
and those drinking filtered river-waters.  The death-rate from
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typhoid fever i
is al .
S0 very uniform and, although higher than that of

some Contine .
ntal citi :
ties with excellent water-supplies (Berlin, Viennd, *

Munich, D
r resden , .
which I h ) 1s very low—Ilower th . . .
ave records, an in any American city o
In this cOo .
nnectt i
there is only a ver;:;nltl\vas shown by the RCgistrar.Gcncral that
sheds of the Thames am;l Lam(_)lmt of typhoid fever on the watef-
watcer as distinct from pol} e-a’ so that the danger of infection of the
case. Thus for the pollution is less than would otherwise be the
deaths from typhoid fZeVen years above mentioned the numbers of
and 120 on the Watcrghve(; P?r million of population were only 105
as : sheds of the T ’
against 176 for the whole of Eng:?nmdes a:(i\thc Lea respectlvel)’v
an “ales.

LONDON FILTERS, 1896

Twenty-six
th An
nual Report of the Local Gove
rament Board, pages 206-21
- ’ 3'

B
o
o - A
s 2 of Fitarene l Bacterial Efficiency:
g g —— ——
Company, g8 .’5,- £ 5 Ze
3| A8 |35 2
- & [
=] [T - | or e : .
55 | kg |Eal GEs B | B | B
E 5 |ukigE i f) 8
Chelsea......., —_— ETETT 2 g <
gVest Middlesex. ..., """ eenras 2.0 \' ! SR
G°llthw3,.k& Vauxhall.... . " 5.6 4:0 | 1.95 | 2.19 | 86
rand Junction.. ., ... " . 2.5 | 1.25 | 1. 9 | 99-92 99.62; 99-
Lambeth......, ... t"ttreeee. 41125 | ¢ .56 ' 99.94! g1-48 99-79
g:—sv;' Ilfnver ...... gg :gs 1.63 ;g? mo.og; 24_33 g;;Z
ondon...., ... .... 2.2 4:4 2.08 | 2.60 ; ggg7i 92:42 99-81
*ee+| 15.0 | 3.0 I.89 | 2.37 .100.00, 77-14 99:97
- 133 | 1.67 l, 99,93‘! 97.03] 99-50

Ly
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THE BERLIN WATER-WORKS.

t by an English company in 1856,

THE original works were buil
200,000.

a
nd TVere sold to the city in 1873 for $7,
The water was taken from the river Spree at the Stralau Gate,
but is now surrounded by, the growing city.

whi
hich was then above,
iginal filters remained in use

T
he water was always filtered, and the of

;;fil 1893, when they were supplanted
lggel. Soon after acquiring the works the city introduyced water

::Zm wells by Lake Tegel as a supplementary supply, but much
uble was experienced from crenothrix, an organism growing in
iround-waters containing iron, and in 1883 this supply was replaced

y filtered water from Lake Tegel: With rapidly-incr,easing pollu-

tio . .
n of the Spree at Stralau the purity of this source was questloned,
reserve in case

z?d in 1893 it was abandoned (although still held as a
_urgent necessity), the supply now being taken from the river ten
miles higher up, at Miiggel.
The watershed of the Spree above Stralau, as I found by map
the average rainfall is

m . H
beasurement, is about 3800 square miles;
a ] . ,
out 25 inches yearly. At extreme low water the river discharges

457 cubic feet per second, or 295 million gallons daily, and when in
flooq §700 cubic feet per second may be discharged. The city is
a“_owed by law to take 46 million gallons daily for water-supply, and
this quantity can be drawn either at Stralau of at Miiggel.
Above Stralau the river 15 polluted by numerous manufactor
and washing establishments, and by the effluent from.a considerable

Part of the city's extensive 5€W3aBC farms. The shipping on this
Part of the river also is heavy, and sewage from the boats is dis-

1
by the new works at Lake

ies
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charged directly into the river,
“the Spree at this point is some
centimeter, and
in 1893,

The watersheg
Miiggel I foung by
the low water.disch
river at thjs point
sedimentation-basi
weather,

ria in
The average number of bactCCUbic
thing over ten thousand per

of the Spree above the new Wate"‘“forksa:(:
Map measurement to be 2800 square n.nles. The
arge is said to be 269 million gallons daily. l
flows through Lake Miggel, which forms 2.1 nafudy
N,and the raw water js quite clear except in wil

There were 16 towns
2000 each jp 1890,
does not include t
districts, None o
they have. any.
22 miles above M
the river.

on the watershed with populations al;‘i):;
and an aggregate population of 132,000, W try
he population of the smaller places or coun a5
f these places purify their sewage so far nd
Firstenwalde with a population of 12,935, 3

) ) . into
Uggel, has surface sewers discharging directly

Above Firstenwalde the ri
lakes which probabl

distant cities,

v rous
er runs through nume .
o uti e mo
Y remove the effect of the pollution from th

There js Considerable g}
miles above Fijrstenwalde

Wilhelm Canal), but hardly
The raw water at Migge] ¢

per cubic centimeter, and j
filtration.

ipping on the river fo.r so.m;
(which forms a section of the Fnedr:jce
any between Maggel and Fiirstenwal e
Ontains two or three hundred bactefid
s thus a Comparatively pure water before

. aw
Itis slightly Peatyand the filtered water has a light str
color,

. , is
Lake Tege|, which supplies the other part of the city’s supply

el
an enlargement of the river Havel. The watershed abo"f T;gis
I find to be about 1350 Square miles, and the annual rmn&'lllion
about 22 jnches, The low water-discharge is said to be 182 mi

- I-
gallons daily, and the city is allowed by law to take 23 million g2
lons for Water-supply,

: ! . jons
There were ten towns upon the watershed with populati

above 2000 each in 1890, and with 4N aggregate population of 44,000
Of these Tegel is dircctly upon the lake with , Population of 3000

filters
99:6 per cent of them were removed by the
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n b 0 i f 6000 and is
a ulatlon (o]
i urg, 14 milcs above, has p p
d Oramen y

iver is heavy.
ke and river ’
ioping on the la d bacteria
T i The shipping e hundre Ly
fapidly increasing. inarily contains two or thl: becomes turbid in
The lake wate‘: Or?l: The lake is shallow an
Per cubic centimeter.

f 12.40
d area o
windy weather. ¢

ith a combin 4 ,
There are 21 filter-beds at Tegel wi on gallons of water daily

illl to dC‘
: of 23 m .7 acres
acres to furnish a maximum 12.7

{
ined area © : 1t at
and 22 filters at Miiggel with a combine ore filters will be bui

w ' ; be
H Twenty-two m o which can
liver the same quantity. Cpui’ify he full quanmyred h
DI . . rs to cove

ke Within @ f'ew yeaAll of these filters aré m centre to centre
taken from the river.

( h
oy t 16 feet feet of eartn,
arches supported by pillars a:)(;: is covered by nearly :t Stralau were
. . . he who :sinal filters
In each direction, and t The origina

. - f. . m in winter.
Making them quite frost-proo experienced with t;fanches of concrete
. was .. H
Open, but much d‘fﬁCUIﬁtl);ers at Tegel consists O}f] s of cement above,
e
The bottom of the

and with 2 inc The central drain
. centre. on

lichtly from each side to theh s a uniform cross-sect

and slopes slightly .

s and e no lateral
goes the whole length of th? f:Lt:rwholff bed. Therf:na;,ey a twelve-
of about i of the :frezll)rzught to the Centrzl vclratlhis there is an-
drains, but the water lj [ge asa man's ﬁst.; : ,:Vo feet of fine S""n(.j'
nch layer of stones as Ia ied sizes support.mg before the sand is
Other foot of gravel of gra‘ to half its thickness nd is nearly 5 feet.
which is reduced by Scrzzlprfl of water above thesa
Teplaced. The average

oy 1‘
million ga
above 2.57 -
llowed to filter at @ rate or cent of the area in
The filters are not allow

nd at this rate with 70 P ‘ﬁltefcd' The filters

er can be Jtered water
. d the fi
d night, an

i t
storagc reservoirs a

apart fro

above 20 inches of packed clay

lons per acre daily, a o wat
Service the whole legal quantity o
e day

le
" tof agli water from the lake to
t

The apparatus for regu-

t
Work at precisely the same l-af'llterc
is continuously pumped as s which li
'Charlottenburg- The pumpd of 14 feet. .
the filters work against a hea described on page ’ .h:s.s been pub-
lating the rate of filtration was Miiggel works

ipti the
As yet no full description of



264
FILTRA
Yy (e
N OF PUBLIC WATER-SUPPLIES

lished, b
.. , but they re
signed b semble closel '
y or und , y the Tegel
er the direction of theglatcw(;)-rk&t Bo‘tht: c::atd:
irector © c -

wor'l;: Mr. Henry Gill
e average d ail. .
year endi y quantit
' ti.mate :;;:)i:’t ::Chc 31, 1893, W:s Z;,::: Z;osuplll)“ed f?r the . ﬁsc:
tity 9,650,000 w: ¢ cent for the slip of the gallons daily, w.hlcb
The greatest COnss fun.“Shed by Stralau a gumps. Of this quat
26.6 gallons per humptlon in a single day wn 19,350.000 B Teg®
18.4 gallons per he:ld' while the average q::n‘:?tvk;o,ooo g““o"s"v::
the prices ranging fr;mAn water without excepti :n or t:\de t?’carctcr
sumers to 13.6 cents 27.2 cents a thousand gall e yaxl‘ll “:
average receipts for an°" large consumers an d?n ons for sm :;;;hc
lic purposes and not “’.3ter pumped, includin anufacturers.
against the cost of Za‘d .for, were 15.4 Centsg that used for P!
fenses, interest onp:: _uc“on, 9.8 cents, which :o:’hollsand g.allo:::
eave% a handsome netp'tal, and provision for si ;fs operatmgr o
paratively high price fPTOﬁt to the city. On inking fund. i
wat?r is obtained tho the city water and the accouf\t o t'hc o
engines, m::mufact:n—ine latter is almost exclusi ease with which w.ell—
very low per-capi g purposes, etc. .lve.ly used for running
The v01umep‘t? consumption. , and this in part explains the
rain-wate of sewage, howe
head, sh:wienxgce::e: “ri.ng heavy :}(::),wi(:‘; ﬂ‘:;:ame year, including
narg‘y low Consumpti::th the private w;ter-su;::i);szg gan(:ns P;f
'he friction of th - an extraor@®
Tegel and e water in the .
point. Whet: :VJSS:;‘:“ ot Charxox:br:;;esp?: 3-foot pipe betwee”
t}?I 34.5 feet, when the v rl“h.t h crenothrix was pumSems o l?te.restmg
err Anklamm, who h:::c‘ty was 2.46 feet per se ped, the frlcnofl ros€
was reduced to 19.7 feet charge of the works atﬂ:‘nd.’ According t®
pipe had been flushed Whe"‘ filtered water w the time, the friction
, and this has not incrzzs:S:d and after the
with contind

use. He calc
ulated the fricti
15.0 fect, Lampe 17.8 : friction for the veloci
8 feet, Weisbach 18.7 fe:‘:y according to Darey
. , and Prony 21.5 {feet.
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ALTONA WATER-WORKS.

of :\‘:E Altona water-works ar€ specially interesting s an example

ater drawn from 2 source polluted to
cities with 2 population 0
river Elbe with

the sewage from { 770,000 including its -
own, is discharged into the in ten miles
intake and upon the same side-

The area of the wate |be above Altona is about
52,000 square miles, and th
?:;:: 28 inc}u.:s, varying from 24

r quantities in the mountains
hed there are 46 cities, which i 1890

= i iti i

ch, and in addition there 1s@ perma
at 20,000, making in
try districts Of t

ts each. T

boats estimated
out i :
ut including either coun

less than 20,000 inhabitan
puriﬁed befor

o
f these people is
in cities 5™

th .
X at as many people living
ected with sewers a3 jive in 1arge*
n oy
ected, the sewage of over four milliot

ithout peing so €o1”
ple is discharged

{lution ar¢ the fol-

untreated into the EID€ an
The more important of these gources of po
10wing R
ci populatiod On what Approximate
ity. . in 1890 River. Distancé, Miles

Shipping. e+ <o 7T 20,000 —
Altona . .o---o0" TR 143,353 Elbe 6
Hamburg «eeec--7 """ .. 570,834 “ 7
Wandsbecksesrserem "7 20:586 « 8
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imaté

. oy Fopiation O whac Ao
Harburg.... e, 35,101 Elbe ;;
Magdeburg Ttreeesiil 202,325 o 154
Dresdcn.................. 276,085 “ 33
Berlin ang suburbs ., . . 1,787.859 Havel 242
Halle,, .. . e, »ees 101,401 Saale gS
Leipzig..., ... Treeec.. 355,48 Elster 3 o
Chemnitz................. 138,955 Mulde 34
Prague .,

Seeeeeo. 310,483 Moldau  §00

. fore
The sewage of Berlin and of most of jts suburbs is treated be
bei

eries
ng discharged, and in addition the Havel flows through a stural
of lakes below the city, allowing better opportunities for nd
purifi

cation than in the case of any of the other cities. Halle treait:
less than a tenth of its sewage, Magdeburg will treat its St‘f“"’gearc
the course of a few years, Leipzig, Chemnitz, and other places
thinking more o less seriously of purification. es
The number of bacteria in the raw water at Altona fluctua d
with the tide ang is extremely variable: numbers of 50,000 N

. . bout
100,000 are not infrequent, byt 10,000 to 40,000 is perhaps 3
the usual range,

The works were orf

ginally built by an English company in 1860,
and have since been

he
greatly extended. They were bought by -tver
The water js Pumped directly from the nthis
" a hill 280 feet above the river. From

City some years ago.,
to a settling.basin upo
it flows by gravity th

i in
filters are open, with nearly vertica] masonry walls, as described

in 15
Kirkwood’s report.  The cross-section of the main underdrain
75w of the area of the beds.

extremely “difficult to satisfactorily

: t
Scrape the filters, and very irregular rates of filtration may resul

at such times. Ip the last ¢
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: idemics
d the mild epi :
. 1d weather, an flered have
continued co . long su .
frfe quenhtlydfozlows from which the ity hhas éht epidemic of
o r i ever ) s a . s
phel d after these times. T -Ll light epidemic 1n
gencrally occurre e in March, following abruary followed a
typhoid in 1886 80:"‘3 cevere cpidemic in F; January. In 1888
¢ (o] I 1 n
Hamburo.. n 0 i{amburg in December a idemic in Hamburg
Severe eplde.mlc ic in March followed an €p burg’s epidcmic of
1
;1 severe eP‘de; vember to January. Hamd October, was fol-
. o n
aSSStmg frc.)m in warm weather, Scptember a
1389, coming in

Altona

In 1891

. in Altoﬂa- h Very
light increase idemic, althoug

loweq by only fi V;"};;afiy from a severe epidemi e outreak also

Suffered again in Fe

A less sever 893.
. . in- Hamburg. in February, 1893
e yphoid had been and a still slighter on€ dme idemics, three
Came in February, 182922’1392 of five well-marked ep
In the ten years 1882— ’

€ ()l[t F b d arch I[lle two sma €1 Out-
l)ro]: . ]l
m epbruar an tw() i“ M w
a y ’

ak
. tant outbrea
No impor id is
d January. hen typhoi
in December an d onths, w
:reaks came d in summer or in the fall m
as ever occurred in

f frost
ing clearly the bad ?ﬂe(?t Oreasing
Usually most prevalent, T;z:;: ?I)- Wifh Stfeal(:tl: l;ecars has
“Pon open filters (se.e ni)ation-basin capacity (::lit is not unlikely
Consumption the Sedlme]l as the filtering area, an uld be obtained
become insufficient adsi:;:ns a much better result 0
that with better con

*
: . ers.
In winter even with open filt

in the sum-
a filters was 1 i
The brilliant achievement of the Alt?;, from the cholera which
€ rill c

ted the
mer of 1892, when they protec ses at length

i discus
Reinsch i red a
. , page 881, ently discove
ir Bakteriologie, 1_895 'Ptef and has appar outlets for the
" In the Centralbiat: fir Its at Altona in Winter, nstruction of the ol uantities
the cause of the inferior resu tsowing to defective €O resence of excessive ‘:-t upon
"W factor in producing them. (ailed to act properly ;‘ilsfharged in large quan ; );assed
Sedimentation-basins they have :c basins has bec-nl. ns of bacteria in it havu filters,
of ice, and the sediment from t of the many “".' 0 diment applied to sma
the filters, and a small fl'actlonerimeﬂted with thl: s:der all conditions
x u
through the filters. He :3;; fo secure good wor
and has become convince

layer of a “'luCh deeper
$ d)
Yy ymust be u
(S cunsi erc ecessar
ncrall der d o €
than that g

and his work
i action of
sand in distinction from the
of the

m ast the princi-
i le, or at least t
he action the sole,
the gt the impona“cen°f (:fLCn been thought €0 be
ich has

the scdiment layer, which >

m od a
Pal, requirement of good filtratiot



. alt
Contained , Vastly o hough the faw water at Altona must have
; g eater- Quantity of infectious matter than that

Elbe
ater, byg ¢ ]
hat durmg cold Weather, with continued mean

temperatures b :
pletely aHoned’ﬂ::'dH;c :;reezmg.poim, SUCh protection is not com-
withstanding the rccen: effects have OcCcasionally resulted, Not-
4Ppears to me that the, Construction of open filters in Hamburg it
open filters i such ch‘e Must always pe more or less danger from
Much Jegg than Altong’ Mate, Hamburg's danger, however, will be

S on account of its better intake above the

OUt]ets of t
. g and Alton . ost
lution ¢ Altonga, a, which are the m

he seywe,
S o
mMportane Points of pol
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APPENDIX VIIL
HAMBURG WATER-WORKS.

THE source and quality of the water previously supplied has been
suﬁ‘iciently indicated in Appendix II. It was originally intended
to filter the water, but the construction of filters was postponed
from time to time until the fall of 1890, when the project was
Seriously taken up, and work was commenced in the spring of 18g1.

hree years were allowed for construction. In 1892, however, the
Pidemic of cholera came, killing 8605 residents and doing incalcu-
lable damage to the business interests of the city. The health
Authoritjes found that the principal cause of this epidemic was the
Polluteq water-supply. To prevent a possible recurrence of cholera
in 1893, the work of construction of the filters was pressed forward
Much more rapidly than had been intended. Electric lights were
Provided to allow the work to proceed nights as well as days,. and
3s a result the plant was put in operation May 27, 1893, a fsz year
before the intended time. Owing to the forced construction the
€ost was materially increased.

The new works take the raw water from a point one and a half
Miles farther up—s‘tream, where it is believed the tide can neve'r carry
the City’s own sewage, as it did frequently to the ofd intake.
The Water is pumped from the river to settling-basins against heads
Varying with tide and the water-level in the basins from 8 to 22
feet, Each of the four settling-basins has an area of about 10

ACres, and, with the water 6.56 feet deep, holds 20,500,000 gallons,
or 82,000,000 gallons in all. The works are intended to supply a
Maximum of 48,000,000 gallons daily, but the present average cone

Sumption s only about 35,000,000 gallons (1892), or 59 gallons per
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ca
| éeSSivif;:;)?;?},f::dul::im-]. ‘This consumption is regarded 23 ex
general use of meters 'I‘illt " Wl-“ be ru?uced materially bY the 1o
earthen embankmcmg‘ wm‘c :Cdlmentatxon-basins are surroundcd b)(;
With brick above a cla 1S DF)ES of 1: 3. the inner sides bcing pave
y layer. The water flows by gravity from

these basins
8% feet in di;,:: the ﬁl,t.e rs, a distance of 1§ miles, through conduit
eter. The flow of the water out of the basin3 and

from t
conne:tt;ciow‘er end of the conduit is regulated by automatic gates
o m:mh floats, shown by Fig. 11, page 0o.
of 1.89, or c;:. ::-eslg' in number, and each has an effective ared
of 1.60 million auom all.  They are planned to filter at a raté
gives a daily quagntit nSfper acre daily, which with 16 filters in use
the works. The si()i,eo ?8,000’000 gallons as the present limit ©
slopes. Both sidt;s SdO the filters are embankments with 1:2
above which are 4 i 3‘; bottoms have 20 inches of packed clay»
laid in cement. 4T}r:: ;S' of puddle, supporting a brick pave!‘ﬂcnt
wise on the sides wh ricks o laid flat on the bottom, but edge-
The main efﬁuente;e Fhey will come in contact with ice.
of the filter of 4.73 s -drain has a cross-section for the whole length
even at the low rate c:flagle fee't, Of k5 of the area of the filter: and
will reach 0.97 foot. Th trat'?" proposed, the velocity in the drain
ered with granite -Slab e drain has brick sides, 1.80 fect high: cov-
numerous large openi s. The lateral drains are all of brick with
ventilated, and I am ng for admission of water. They are not
this omission. nable to learn that any bad results follo¥
The fillin
being of coui:fﬁ ::re t:illters consists of 2 feet of gravel, the top
 es of sand, which an the bottom layers, above which are 4°
before being refilled ;}rle to be reduced to 24 inches by scraping
full depth, is 43 inciles de Wwater over the sand, when the latter is 0
the minimum sand-thick ccp, and will be increased to 59 inches with
ickness. The apparatus for regulating the rate

f filtrati .

? ltt'.a.tlon was described page 52, The ¢ost g

including 34 acres effective filter.surface, 40 ac of ;hc entire plant
’ res of sedimentatio™

.

{

" per acre, or $3.80 Per head for a popul
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: ing- inery, sand-
basins, over 2 miles of 8500 conduit, pumPInE machinery

- marks, of ’
washing apparatus, laboratory etc., Was abcf“t 9{500,5:1 967,000
$2,280,000. This all reckoned o7 the effective ALter
ation of 600,000

i ter had peen
The death-rate since the introduction of fltered wan ' "
y of the city, but 28 it is thoug

h h.
Wer tha!l ey the lStOf .
er before mn

that other conditions M2y help to this result, 00

yet drawn.
FROM TYPHOID
DEATHS IN HAMBURG FROM ALL‘ CAUS(;F;,U g;TID
- )\ Deaths from

Deaths fromi  Typhot
a)} Causes Fever pef

Year. -per 1000 100,000
1.iving- Living- /
- [
1880, .0 uecrraeree ettt 24.9 26
Y881 24-1 30
18820 se s arraeein e 237 21
IBB3. ..\ uusseee et 25-2 23
I884. .. vvunerarenreentttt 25.1 26
8BS, .\ raure et 25.3 42
I8 . ... seer ettt 29.0 7
26.6 E;i
24-5
23. 5 43
22.0 'Z
23-4 Cholera yeaft. X
8 e % Filtered watet from May 28
Ty TR 20.2
YA RPPPPIEEE 17-9 7
TS PR 19.0 n
1 PR L 17-3
T TR OP PP PR 17.0 7
XBQB. o rs wnanee e 17-5 5
Average for 5 years, exclud-
ing cholera year, pefore 47-2
filtration, 1887 to 1891. - 24.0
Average for § years with fil- 7.2
tration, 1894 to 1898.-v* " 17.7
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APPENDIX IX.

NOTES ON SOME OTHER EUROPEAN WATER-SUPPLIES. *

Amsterdam.—The water is der
dunes, These canals have an
and drain about 6200 acres.
from the fine dune-sand, conta
deposited in the canals,

has been suggested that

ived from open canals i 'the
aggregate length of about 1§ MileS
The water, as it enters the canals
ins iron, but this is oxidized 304
The water after collection is filtered. It
by using covered drains instead of opeP

. » the removal of which might pro'vl:
as expensive as the Present filtration, [y 1887 filters were but

to take water from the river Vecht, but the city has refused 0
allow the English company which owns the water.works to sell
this water for domestic purposes, and it is only used for public
and manufacturing purposes, only a fraction of the available suP”
Ply being required. Leydan, the Hague, and some other Dutch

cities have supplies like the dune supply of Amsterdam, and
they are invariably filtered,

by the sewage of Brussels. It js treated by metallic jron in Ander

son revolver purifiers, and s afterward filtered at a rather 10W

average rate. The hygienic results are closely watched by the ity
authorities, and are said to be satisfactory,

Rotterdam.—The raw water g drawn from the Maas, as the

ter
' but the flow is also great, and the low wa
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Rhine after it crosses their
and its tributaries In

Belgium is very great;
flow is exception-

Dutch call the main stream of the .
border. The population upon the nand
Switzcrland, Germany, Holland, France,

account of the

ally large in proportion to the average }?Or:,itlof?as its origin.
melting snow in summer in Switzerland, whe grains, and there was

The original filters had wooden un'def- ﬁlt:ers were recon-
constant trouble with crenothrix unh-] thehere has been no
Structed without wood, since which time tand well managed.
farther trouble. The present filters z?re large
There i ample prelimivary Sedifge;;j:’: .arc comparatively sm;ll,

Schi —The filters at S¢ in which they
but ar:lec::a:;usual interest on account ?\f[tah: j‘:::ty below Rotter-
are operated. The intake is from. the Ma oney to seck a more
dam. The city was unable to raise .the mH P. N. Halbertsma,
distant source of supply, and the Cﬂg‘“fezrr’n sc.) doubtful a source
Was unwilling to recommend a supply r'm le sand-filtration was
Without more thorough treatment than Sld Pis to filter the sup-
then thought to be. The plaTT ad(})‘ptz h two filters of ©0.265
Y ater preliminary Sedimen;;tlonnt its l:l))ei passed through tg"ete
acr he resulting ciflue . ed for the first,
Otht;re;cl?;rzn:f tthe same size. River sanj xf:ul:':tion. The cost
and the very fine dune sand for' the seco_:;,ltisfactor)’ to the city,
both of construction and operation was ilable source; and the
and much below that of any Other'anactor)’, notwithstanding
hygienic results have been equally satis

intake. .
the unfavorable position of the inta from the Elbe, and is fil-

. n :
Mag’deburg.—The supply 1s dra\; inary sedimentation. The
tered through vaulted filters after pretimt

less than at Altona
Pollution of the river is considerable, although

bled at times by
ity has been trou
Or even at Hamburg. The city om salt-works farther up,

imes rendered the whole
. but arrangements have
]

®normous discharges . of salt solu somet

e
Which at extreme low water havthc taste
river brackish and unpleasant to
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Now been made wh;

this tr ch, it is ho i
oubhle, ped, will prevent the recurrence of

, Some of wh. R
In recent vye ich are in Galicia, where cholera
years the city has been frec from

fever ore tha
cases ; bu n a very limi .
i but the pollution s so grcm:ted number of typhOId-
at as to cause some anxi-

ety, notwithstand;
is talk of t;aend;llg' the. .favorable record of
1893 there were fos"ablhty of securing a the flters, and ther.c
and not covered ur filter-beds, with are nother - supply. Until
' I: d'893 a fifth bedasw:: o d“"’;h“d."
nd is divj . added. is 1§
» SO that it i:l(:edl into four sections, which are
eally four beds of .25 acre each-

The vaylt;
aulting j
] S conc
one direction, rete arches, supported b
y steel I beams in

Is often prevalent,
cholera, and from m

at different tj
times b
€en used by this rapiq)
pidly growing city. The¢

ars have ;
supplied a portion of the supply

S wer

ow the filters f ed that enough well-water

above the intalf be abandoned in the near’

¢ smaller citjeg bc receives the sewage of
» but the volume of the river

supplement thj
s supply,
;vould be obtained to le
\;x-ture. The Danuybe
lenna and innumerap]

-
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and bathers and other

lake

t H .

» there is some pollution from boats
teria in the raw water,

Sourc . .
this es’la"‘_i» judging by the number of bac
poliution is increasing. The raw water is extremely free

&Onl :

The rsedlmcnt, and the filters only becomé clogged very slowly.

o ate of filtration is high, habitually reaching 7,000,000 gal-
Per acre daily; but, with the clear lake water and long

pcriods ’
between scrapings, the results are excellent even at this

rate,
The filters are all covered with concrete groined arches.
was followed by 2

Fi :
sha 'lgatl?ﬂ was commenced in 1886, and
timep heclme in the amount of typhoid fever, which, up to that
, had been rather increasing; for the six years before the

Chan e
ge there were sixty-nine deaths from this cause annually per
nly ten, or on¢ seventh

100, -
2 :100 living, and for the six years after 0
ti any; and this reduction is attributed by the local authori-
°Ssto the filtration.*
an Et- P.etersburg.——The supply is drawn fr
ve nghsh company, and is filtered throug
Ty high rate.
Warsaw,—The supply is drawn fr

om the Neva River by
h vaulted filters at a

om the Weichsel River by
d filters after preliminary

the ¢;
e ¢ .
Sedimty' and is filtered through vaulte
acre ;:,;atm" at a rate never exceeding 2,570,000 gallons per
ily.
CE-WATERS.

THE USE OF UNFILTERED SURFA

ter without fitration in Europe is com-
is now prohibited by the

Glasgow draws its
hester and some

par;n.le use of surface-wa
tively limited. In Germany this use

Imper:
Perial Board of Health. In Great Britain,
and Manc

S

‘:ﬁi{ o“"ﬁltercd from Loch Katrine; . : '

the wa wns use unfiltered waters from lakes of 1mpounf11ng reservoirs

Engnshershedf of which are entirely free from pc?pulatlon. Th'e best

Such w practice, however, as in Germany, requires the filtration of
aters even if they are not known to receive sewage, and the

—

#Licht- u. Wasserwerke, Zirich, 180z, Pag®e 32
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tary supply from
also obtain theif

ne, Leipzig, Dres-

but has 5 Supplemen
Vienna and Munich
while Budapest, Colog

great French cities, Brussels, a part of
sh cities derive their supplies from

» Many of the
» and many Other En

f some of th
ele
ter supplies were gives
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APPENDIX X.
LITERATURE OF FILTRATION.

" THg following is a list of a number of articles on filtration. The
18t is not complete, but it is believed that it contains the greater part
of articles upon slow sand.filtration, and that it will prove serviceable

t . . :
© those who wish to study the subject more in detail.

A
NRLany, Glasers Annalen, 1886, p. 48. ..
A description of the Tegel filters at Berlin, with excellent plans.

Bakgg Engineering News. o
Water purification in America: a series of desc'rlp.tlons of filters,
as follows : Aug. 3, 1893, Lawrence filter and description of appara-
tus of screening sand and gravel; Apr. 26, 1894, filter at Nantucket,
ass.; June 7, 1894, filters at Ilion, N. Y,, plans;. June 14, 1894,
filterg at Hudson, N. Y.; July 12, 1894, filters at Ziirich, Switzerland,

B Plans ; Aug. 23, 1804, filters at Mt. Vernon, N. Y., plans.
FRTSCHING ER, Journal fiir Gas- und Wasserversorgung, 1889, p. 1126.
A record of experiments made at Ziirich upon the effect of rate
ef filtration, scraping, and the influence of vaulting. Rate and vault-
1"8 Were found to be without effect, but poorer results followed scrap-
ing.  The numbers of bacteria in the lake-water were too low to

allow conclusive results.
Journal fiir Gas- und Wasserversorgung, 189{, p- 684. q
A farther account of the Ziirich results, with full analyses an

4 Criticism of Friinkel and Piefke’s experiments.

B
OLTow. Pamphlet, 1884.
Bs Descriptions and statistics of London filters.
OTTCHpR and OuNEsorGE. Zeitschrift fiir Bauwesen, 1876, p. 343.
A description of the Bremen works, with full plans.

BURTON. Water-supply of Towns. London, 1894. . hod
Pages 94-115 are upon filtration and mention a novel metho

of regulating the rate.
Engincering News, Apr. 26, 1894.
A description of a filter at Nantucket, Mass,
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«CrAMER. Centralblatt fur Bauwesen, 1886, p. 42
A description of filters built at Brieg, Germany.
Crook. London Water-supply. London, 1883.
DeLsrUCK. Allgemeine Baunzeitung, 1853, p. 103. otices
A general article on filtration ; particularly valuable for ®
of early attempts at filtration and of the use of alum.
Deutsche Verein von Gas- und Wasserfachminner. ] rinted
Stenographic reports of the proceedings of this society ar¢ Pd the
regularly in the Journal fir Gas- und Wasserversor§4n8» an
discussions of papers are often most interesting.
DrowN. Journal Association Eng. Societies, 1890, p. 356-
Filtration of natural waters.
FiscHER. Vierteljahresschrift fiir Gesundheitspflege, 1891, Pr 8z2.
Discussion of papers on water-filtration.
FRANKEL. Vierteljahresschrift fiir Gesundheitspflege, 1891, P- 38
On filters for city water-works. .
FRANKEL and Pierke. Zeitschrift fiir Hygiene, 1891, p- 38 Leistung®®
der Sandfiltern. . the
E. FRANKLAND. Report in regard to the London filters for 1893 10 don
Annual Summary of Births, Deaths, and Causes of Death in Lond®

. e
and Other Great Towns, 1893. Published by authonty of th
Registrar-General,

P. FrankLAND. Proc. Royal Society, 1885, p. 379.
The removal of micro-organisms from water.
Proceedings Inst. Civil Engineers, 1886, Ixxxv. p. 197-
Water-purification ; its biological and chemical basis.

Trans. of Sanitary Institute of Great Britain, 1886.
Filtration of water for town supply.

FriouvuiNg. Handbuch der Ingenieurwissenschaften, vol. ii. on
Chapter on water-filtration gives general account of filtratioPs

with details of Konigsberg filters built by the author and not else
where published.

FuLLeEr. Report Mass. State of Board of Health, 1892, p. 449-
¢ & «“ (14 1]
1893, p. 453-

Accounts of the Lawrence experiments upon water—ﬁltration for
1892 and 1893.

American Public Health Association, 1893, p. 152.

On the removal of pathogenic bacteria from water by sand
filtration,

s American Public Health Association, 1894, p. 64.

Sand filtration of water with special reference to results obtained
at Lawrence, Mass.

&% [19
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A report

1866. C(P;ntail;go: fEll;mpean filters for the St. Louis Water Board ip
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Vierteljahress hp'aper.s on filtration, wi(}%e, 1891, 1).'87'.
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Questions of water-filtration ngineers, 1893, Xxx. p. 330

Lesuie. T ‘o
A rsaltlr:)sl:tlgst. QlV}l Engineers, 1883, 1xxi
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This i i or discussion o .
his is a mOst satisfactoly be essential 10 successful filtratione

v modern cxperience has shown 10
AsoN. Engineering Ne
Filters at Stuttgart, n . ‘ )

MEvER and SAMUELSON: eituns 1855 P 347 pxcept in
Project for filters for
detail, this project is the same 25

Meyer. Deutsche Bauzeitungs 1892, P
Description of the propose Hamburg

——— The Water-works of Hamburg tional Hea

the Internatl t comains a

A

A paper presented : ogrd
Rome, March 1894 and pubhshed as af O Grawings nd views in
full description of the filters 35 uilt, Wit
greater detail than the preceding paper: the purification
MiLs. Special Repott Mass. State Board of Health o7
of Sewage and Wwater, 1890 P- 1. . 238-1809
An account of the 1awrence expenm"g‘“—"’ ; 45
Report Mass. State Board © ealth, Ihf)(3:;it ; b rence and its
The Filter of the Wwater-supP of the
Results. ) D 35°
N Purification of Sewage \ -
gviLLe. Engineering 1878, XXV p- 324 .
A dcsgcription ’of the publin filters with Pm: 131
gtate Boaf of Health 1878, P

Nichors. Report Mass:
The filtration of potable water:

OssTER. Gesundheits ngenieur, 1§93, pP-5 S"el theoretical dis
What is the Rat€ of Filtration® t:: p)’ :

Orance. Trans. Inst Civil Engineers: 1890 &

i Kong
Filters at Hong 280, P- 599

PrEFF ng I
gr. Deutsche Bauzeitd g, 1899 ¥ ~7 - ermany-
A description of filters at lif“tlitf'fc’ia‘ Filtratiod: Berhin, 1881.
Pierke. R 1 an T
. esults of Natura .
Die Prin-

Pamphlet. 1887, P 595
rgungs » X .
Journal fur Gas- up Wasserver™ ¢ ;gnitte\st Filtration
1a 1ication of filtratio™
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racticd ¢ k ]
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A discussion 9 ‘
hickness of sand-layers, etc
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a number of ¢¥-
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Prerke, Vierteljahresschrify fiir Gesundheitspfege, 1891, p. 59.

) On filterg for city water-works,

Frankgs and Pigpkg, Zeitschrift fiip Hygiene, 1891, p. 38, ) e
Leistungen dep Sandfiltern,  An account of the partial obstru

Ermittclungen Gber Sandfiltration, in

The above mentioned €xperiments being objected to on certa s

grounds, they were Tepeated by Piefke alone, confirming the P’ev'our

observations on the passage of bacteria through filters, but unde
other conditions,

T Zeitschrift fijr Hygiene, 1894, p. 151 Uber Betriebsfiihrung von
Sandfiltern.

PLAGGE anp Proskaugr, Zeitschrift fiiy Hygiene, 1. p- 403. h
. Examination of water before and after filtration at Berlin, wit
theory of filtration, .
EINCKE. Berich¢ tber dje Medicinische Statistik des Hamburgischen
Staates fiir 1892, .
Contains 2 most valuabje discussion of the relations of filtration
to cholera, typhoiq fever, and diarrheea, with numerous tables and
charts.  (Abstract in Appendix I1.) '
REINscH, Centralblatt fij, Bakteriologie, 1893, p. 88r.

RENk. Gesundheits-Ingenieur, 1886, p. 54.
———— Uber die Ziele der kinstliche Wasserfiltration,
RuHLMANN. Wochenblatt fii, Baukunde, 1887, p. 409.
A description of filters at Ziirich,
SaALBacH, Glaser’s Annalen, 1882,
Filters at Groningen, Hollang, built in 1885,  Alum used.
SamueLsoy, Translation of Kirkwood's « Filtration of Rijver-waters
into German, wigp, additional noteq especially on the theory of filtra«
tion and the sand to be employed, Hamburg, 1876,
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GRAHN. Journal fiir Gasbeleuchtung und Wasserversorgung, 1895 serip

) Water purification plant at the city of Magdeburg. A de it to

tion of the old plant, and the changes which have been made mf the

increase its eapacity, and make it conform to the requirements otioni
German official instructions regarding filtration. Many iftustra

and plans, 18961

HauperTsMA,  Journal fiir Gasbeleuchtung und Wasserversorguns ripe

Dic Resultate der doppelten Filiration zu Schiedam. A des¢ (o
tion of double filtration at Schiedam, with the bacterizfl rcsu]t.snc‘
the two years, 1894 and 1895, showing an average bacterial efficienc
of 99.76 per cent.

HAZEN.gg Report to Filtration Commission, Pittsburgh. City documen!
1899.

A description of experiments upon the treatment of the Allegheny

River water by sand and mechanical filters.
Ohio State Board of Health Report, 1897, p. 154. Iy
Report on the Mechanical Filtration of the Public Water S“Ppn.
of Lorain. Gives the results of a five-weeks test of the Jewell mecha
ical filters at Lorain, treating Lake Erie water. n
Kemna. The Biology of Sand Filtration. Read before the annual €0 ‘
vention of the British Association of Water Works Engineers
stract in Engineering News, XL, p. 419. pot!

Describing organisms which develop in open sand filters, o
animal and vegetable, and their effects upon the process. A quit€ -
account of the author’s extended experience, and the only papel trea
ing this subject.

MacGaRr. Journal fiir Gasbeleuchtung und Wasserversorgung, 1897 p: 4

Reinigungsbetrieb der offener Sandfilter des Hamburger F,lze}'-
werkes in Frostzeiten. A new method of cleaning open filters 10
winter without the removal of the ice.

Panwirz. Arbeiten aus dem Kaiserlichen Gesundheitsamte, XIV., P 153

Die Filtration von Oberflichenwasser in den deutschen WasseT”
werken wihrend der Jahre 1894 bis 18¢6.

A description of the filtration works in Germany, and the 1¢°
sults obtained from them, particularly from the point of view of bac*
terial efficiency. Results are graphically shown by a series of charts.

RevNarD. Le Génie Civil, 1896, XXVIIL, p. 321. .

Purification of water with the aid of metallic jron. DescribiP8
the works of the Compagnie Général des Eaux for suppiying the
suburbs of Paris with filtered water, the capacity of the works
being over 23,000,000 gallons daily. ‘
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APPENDIX XI.

THE ALB
ANY WATER-FILTRATION PLANT

(Abridged f
rom Proc i .
cedings American Society of Civil E
vil Eagineers, Nov. 1899.)

ALBANY, N. V, .
f:fi?m c;rtain reServ’o::zsolr)‘nfr,::lllly supplied with water by gravity
y. n tim tel o streams w
from these soi’rc‘:;ﬂ;)mcreasi_“g Consumption(,fsfhzc:n;:l n‘:’ thbof -thz
from the Hudson Ri ecame inadequate, and an addiP ! (1) tamel
from the river thr;‘:’fhwas introduced. The waterl \:) N bStul.)Pcﬁ
pumping-station was egre ta t‘.mnel under the Erie B;:no aan,:i1 a
reservoirs, one of whichc ed in Quackenbush Street to u;n it to
one of the gravity su l_sel'ved also as the distributinp ?t for
1873, drew water fropp ies. .The intake, which g point i€
In recent years, the m the river opposite the hwas used ﬁrst- in
greatly exceeded thata:;;)ur.“t of water drawn fronia:;.Of the cx;y.
The Hudson Riv tained from the gravit is source has
er, at the point of intake i::urfjcs.-
! a drainage ared

of 8240 square .
mlles Of .
the Hudson . this, 43
above T 41 square mil .
168 are tributar roy, 3493 are tribut les ae tributary 7
imum flow e Mohawk
second, or 1,060,000 00may be estimated at 16 -
times the . »000 gallons per 57 cubic feet per
maximum consumption 24 hours, or at least Gty

The citie
s and larger t
with estimated °r towns upon the ri
populations and distance river above the intake
s, are as follo
ws:
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MOST IMPORTANT CITIES, TOWNS AND VILLAGES OF THE
N ABOVE ALBANY.

\—YATERSHEI) OF THE HUDSO

I

Approsimaté
Pluce o | ot -
— ke, Miles- 1, 1660 3800 \ (F:guma[cd_)
T e I — m— .
l'[)y_ . 6
Wageoopins R e o7 | 0095 5.470
Grermliet.. ..o Afé‘::;]aﬂ - : g0 | 1297 19.040
ohcon Island,.......|Rensselaer - 5 4 160 4.463 4,788
nsies"""‘ ------ Albany.ser °° 8 19,410 22,509 26,450
mSingburg......-- Remselacre. | B Ty | 1080 14,950
Sch:rford ---------- Saratoga..- . q (1,822} 1,822 (1,822)
oo:'ectady -------- Schenectady - 28 13,655 19,002 25,;(5)8
ms!lc Falls.....vnv chssclacr" .. 44 4’530 7,0!4 10, °
Glcnscrlgaﬁn’ - Montgomery: |’ 4 9,460 17.3:2)2 ?;-:léo
alls.....ouees Warren..-- " 3,990 9.5 .
aratoga Springs. - N gan - o 1% | arors | 100
GloRSIOWD. .. .oceee e AT 6 5,013 7.7 ;
loversville. . ... Falton..o. - 38 so18 | apded | 200
Ad;lt: Adams, Mass..|Berkshire 68 10,191 16,074 zlsgzg
ittl s, Mass.......- Berkshire « - . 75 5,591 9,213 5 60
% eFalls........- Herkimer...: A 82 6,910 8,783 11,1
O\ca ............... Oneida- .- - {107 33,914 44,007 5%,090
32 MEeow oo Ouneida 127 12,194 14,991 18,430
villages..... .. R AUPIN R 52,523 61,869 76,194
—— 13 s
i a2 2,838 354,072 479,415
ral populauon .. 7 1; o 50

Without entering into 2 d

1
hat the amount of sewage with reference t0

a
I:Ild the volume of flow, is @ fraction les
" ass., where a filter-plant has also been €
ion §
on is much greater than that ©

¢ the water from 2
:f¢+ the water

Municipal water-supplies 3¢
.The filtration-plant comP

point about two miles above

to the Sedimentation-basm, from which it flows to the filters an

thence through a conduit to the pumpiﬂg‘

N OF pLANT. .
Intake.—The intake consists of 2 simple concrete

i.n the form of a boX; having 20 P covercfd witl.l rails' 6
inches apart, and connected a 36-inch pIpe, with

DESCRIPTIO
structure
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iWeIl in the pumnpi . fore goi
Water pase. pumping-station. Be- ore going tc? the pumps the
rangeg - s through a screen with ba.rs 2 mches. apart, so
“thi SCreens to- be raked readily. The raxl.s ovef' the intake and
pass&gewa are intended to stop matters which n:ught obstruct the
B, Ieave)’s of the pum?s, but no attempt is m.ade to stop
e arm S, or othe.r ﬂoa'tmg matters wh'ich may be in the water.
awrence“§¢ment, in this respect, is I‘xke that c.>f the filter at
tereen;, » Mass., vf/here the raw water is not subjected to. close
-"’“mp.wg]‘ There is room, however, to place finer screens in the

Pume .l, should they be found desirable.
Capagi; Plfng~station.——The centrifugal pumps h%ve a gu.arantecd
feet, R rY Of 16,000,000 gallons per 24 hours' against a lift of 18
) Ord'xz,ooo,ooo gallons per 24 hours agamst a !f’ft of ?4 feet.
Unde, thmary pumping at low water is against the hlghc.r lift, and
Sumgg;, ese conditions either pump can supply the ordinary con-
D, the other pump being held in reserve.
s dJ:V I;Ur.nping-station building, to a po.int ab.ove the highest
car] el, is of massive concrete construction, without openings.
. Y all the machinery is necessarily below this level, and in
prote:vt:;er the sluice-gates are closed, and the' machinery is thus
Wity .from flooding. The superstructure is of pressed brick,
8ranite trimmings.

the w:tte!' for Raw Water.—Upon leaving_the pumping-station
©r passes through a 36-inch Venturi meter having a throat
areg op ot 17 inches, the throat area being two r'u'nths of the
p“mped the pipe. The meter records the quantity of water
» and is also arranged to show on gauges in the pumping-

. -

RMeter of

Stat;
°n the rate of pumping.
“eration.—After leaving the meter, the water passes to the

§

‘ ?d;:lfntatfox]-basin through eleven outlets. These outlets consist

the no“u‘:h pipes on end, the tops of which are 4 feet above

Outleg, ’r.’mal .ﬂow-h’ne of the sedimentation-basin. Each of these

to 5 5 i‘upes is pierced with 296 #-inch holes extending from o.g
'3 teet below the top of the pipe. These holes are computed
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t’}:’:h:t when‘ 11,000,000 gallons of water per day are pumpe(? all
ater will pass through the holes, the water in the pipes
Standing fush o h th The water is thus thrown out in
& with the tops, wa
:;s)fesmﬂ“ strcams, and becomes acrated. When more than the
outls a‘mou?t is pumped, the excess flows over tht.t tops of the
“Pipes in thin sheets, which are broken by the jets.
Regafding the necessity for aeration, no observations have
‘::: tt-’;ken upo.n the Hudson River, but, judging fro'n? cxpen'en?c
¢ Merrimac at Lawrence, where the conditions are in
Many respects similar, the water is at all times more or less
::::t"d- and, for the greater part of the year; it is .nearly saturatc.ed
Oxygen, and aeration is not necessary. During low water in
Summ‘e, » however, there is much less oxygen in the water, and at
these times aeration is a distinct advantage. Further, the river-
Yater will often have a slight odor, and aeration will tend to
®Move it. The outlets are arranged so that they can be removed
feadily jn winter if they are not found necessary at that season.

Sedimentation-basin.—The sedimentation-basin has an area

O'5 acres and is g feet deep. To the overflow it has a capacity
°f 14,600,000 gallons, and to the flow-line of the filters 8,900,000
Ballons, There js thus a reserve capacity of 5,700,000 gallons
PCtween these limits, and this amount can be drawn upon, without
j"coﬂvcnience, for maintaining the filters in service while the
Jumps are shut down. . This allows a freedom in the operation of

¢ pumps which would not exist with the water supplied direct
O the filters,

The water enters the sedimentation-basin from eleven inlets
long one side, and is withdrawn from eleven outlets directly
Pposite. The inlets and aerating devices described previously
ing the water into the basin without current and evenly dis-
ibuted along one side. Both inlets and outlets are controlled
" gates, so that any irregularities in distribution can be avoided.

The concrete floor of the sedimentation-basin is built with even
slopes from the toe of each embankment to a sump, the heights of
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these slopes being 1 foot, whatever their lengths. The sump is
connected with a 24-inch pipe leading to a large manhole in which
there is a gate through which water can be drawn to empty the
basin. There is an overflow from the basin to this manhole which
makes it impossible to fill the basin above the intended level.

Filters.—The filters are of masonry, and are covered to
pProtect them against the winters, which are quite severe in
Albany. The piers, cross-walls, and linings of the outside walls,
entrances, etc., are of vitrified brick. All other masonry is'con-
crete. The average depth of excavation for the filtérs was 4 feet,
and the material at the bottom was usually blue or yellow clay.
In some places shale was encountered. In one place soft clay
was found, and there the foundations were made deeper. The
floors consisted of inverted, groined, concrete arches, arranged to
distribute the weight of the walls and vaulting over the whole area
of the bottom.

The groind arch-vaulting is of concrete with a clear span of
11 feet 11 inches, a rise of 2§ feet, and a thickness of 6 inches at
the crown. It was put in in squares, the joints being on the
crowns of the arches parallel with the lines of the piers, and each
Pier being the centre of one square. The manholes are in alter-
nate sections, and are of concrete, built in steel forms with cast-
ings at the tops, securely jointed to the concrete.

Above the vaulting there are 2 feet of earth and soil, grassed

on top. The tops of the manholes are 6 inches above the soil to

Prevent rain-water from entering them.  The drainage of the soil

is cffected by a depression of the vaulting over each pier, parti-
ally filled with gravel and sand, from which water is removed by
a 2-inch tile-drain going down the centre of the pier and discharg-
ing through its side just above the top of the sand in the filter,

In order to provide ready access to each filter, a part of the
vaulting near one side is elevated and made cylindrical in shape,
making an inclined runway from the sand-level to a door the
threshold of which is 6 inches above the level of the overflow.



T'his sand-run s provided with- permanent timber runways and
With secyre doors.

The Manholes of the filters are provided with double covers of
Steel plages ¢ exclude the cold. The covers also exclude light.
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F1G. 5.—ENTRANCE TO A FILTER.

H
i

When cleaning the filters, light can be admitted by removing the
covers, Supports for electric lights are placed in the vaulting, so
that the filters can be lighted by electricity and the work of
CIea"i"g can be done at night, and in winter under heavy snow,
Without removing the covers. The electric lights have not yet
been installeq.
The regulator-houses, the entrances to the sand-runs, and all
€Xposed work are of pressed brick with Milford granite trimmings
. 3nd slate roofs. The regulator-houses have double walls and
double windows and a tight ceiling in the roof, to make them as
Warm as possible and to avoid the necessity of artificial heat to
Prevent freezing.
The main underdrains for removing the filtered water are of
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“Vitrified pipe surrounded by concrete and are entirely below the
floors of the filters, |

Connections with the main drain are made through thirty-eight
6-inch outlets in each filter, passing through the floor and connected
With 6-inch lateral drains running through the whole width of the
filter. These drains were made with pipes having one side of the
bell cut off so that they would lie flat on the floor and make con-
centric joints, without support and without having to be wedged.
They were laid with a space of about 1 inch between the barrels,
lea"ing a large opening for the admission of water from the gravel.

The underdrainage system is so designed that, when starting
a filter after cleaning, the friction of the sand is about 50 mm. at
a rate of 3,000,000 gallons per acre daily, and the friction of the
Undcrdrainage system is estimated at 10 mm. This very low
friction, which is necessary, is obtained by the use of ample sizes
for the underdrains and low velocities in them. In the outlet and
Measuring devices moderate losses of head are not objectionable,
and the sizes of the pipes and connections are, therefore, smaller
than the main underdrains.

The gravel surrounding the underdrains is of three grades. The
Material was obtained from the river-bed by dredging, and was of
the same stock as that used for preparing ballast for the concrete.
It was separated and cleaned by a special, cylindrical, revolving
Screen. The coarsest grade of gravel was that which would not

Pass round holes 1 inch in diameter, and free from stones more

than about 2 inches in diameter. At first it was required to pass
a screen with holes 2 inches in diameter, but this screen removed

many stones which it was desired to retain, and the screen was
afterward changed to have holes 3 inches in diameter. The inter-
mediate grades of gravel passed the 1-inch holes, and were retained
by a screen with round holes § inch in diameter. The finest
gravel passed the above screens and was retained by a screen with
round holes % inch in diameter. The gravel was washed, until
free from sand and dirt, by water played upon it during the
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i
Process of screening, and it was afterward t:jlken over sc:x;s:e:::1 e:)
the chutes, where it was separated from the dxrt):i wate: :itnat, i,
Necessary, further quantities of water were played upo

Points. .
The average mechanical analyses of the three grades of gravel

Their effective sizes were 23, 8, and

are shown by Fig. 8. .
3 mm. respectively, and for convenience they are designated by

. jen: rade
these numbers, The average uniformity coefficient for each g

Was about 1.8. . s
The 23-mm. gravel entirely surrounded the 6-inch pipe-drains,

; cases it was
and was carried slightly above their tops. In ;or:eth\is was not
used to cover nearly the whole of the floor, bu

insisted y on, ) . h
The 81-)mm gravel was obtained in larger quantity than the

inches
other sizes, and was used to fill all spaces up‘ foa plagz{j% l:l:out
below the finished surface of the gra\.'el, this layerwhatgthicker
2 inches thick over the tops of the drains, and some

else;v}l:cr;.mm gravel was then applied in a layer 24 inches deep,
e 3- .

and the surface levelled. o
The preliminary estimates of cost were based upon the u

. ination

flter-sand from a bank near the filter-site. Furtheftc:‘a‘:f lime
- . i »
showed that this sand contained a considerable quir;stfucted for
and it was found by experiment with a small }t:'ltzr: e b-y

e

that Purpose that the use of this sand wou:dof alrime contained in
. the amount o . hi

about 2 parts in 100 000, and ient to continue this
the sand r:lamely, abo'ut 7 per cent, was suﬂiC::ﬂyears. This was

’

hardening action for a Consmcmblc.numbeln’d' the specifications
Tgarded as a serious objection to its nee in the sand. This
were drawn limiting the amount OfT;:‘:;ver_sands which were
¢Xcluded all of the local bank sands. and in the end the sand as

Used were nearly free from h;nc, from lime, but more satisfac-
ly free f
Secured was probably not on
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- - ould
tory in other ways, and also cheaper than the bank-sand woul
nave been.

The specifications of the filter-sand require that « The filter
& 3 . g . )
sand shall be clean river-, beach-, or bank-sand, with cither shafl
. i E : - <t \aF
or rounded grains. It shall be entirely free from ciay, dust,
organic impurities, and shall, if necessary, be washed to remove

such materials from it. The grains shall, all of them, b€ of

MECHANICAL COMPOSITION OF FILTER SAND AND GRAVELS.

{ARROWS SMOW REQUIRENENT OF SPECIFCATION

g =

g ee

g

13

n

DPereentapes by Weight

Diameters tn Millimeters

Fia. 8.

hard l.natcrial which will not disintegrate, and shall be of the
following diameters: Not more than 1 per cent, by weight, less
than 0.13 mm., nor more than 10 per cent less than 0.27 mm:
at least 10 per cent, by weight, shall be less than 0.36 m™-» and
at least 70 per cent, by weight, shall be less than 1 mm., and 10
particles shall be more than 5 mm. in diameter. The diameters

of the sand-grains will be computed as the diameters of sphere® ?
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equal volume. T
. The <
by weight, of limel:’:mzmd shall not contain more than 2 per cent,
carbonates. "’ magnesia taken together and calculated as
The sand
was o 1
dredging. It was ﬁ:zttalncd from the river at various places by
in scows to a point ir; thtakm up by dipper-dredges, and brought
plant. It was there d ) baclf channel a little north of the filter-
bottom of the river, f umpc(.j In a specially prepared place in the
and pumped thre ) hrom which it was lifted by a hydraulic dredge
u M .
feet to points scleCt{id ) l]S"UCh Pipe an average distance of 525
+» and varicd f i
north of the fil rom time to ti fl
ters. The w ime, on the flats
through sc water containing th
recn : g the sand was then put
in diametor anj having meshes which excluded all stones § mF;n
sand was deposite(:jw;lr'danfd was then taken into basins wl;Crc the
nd afterward
Two e rd carted to the filters
jector A R e hiters,
provided at cgnv:ar-ld washing machines, shown in Fig. g, are
dirty sand is mier‘en'thPlaCcs between the filters. In thcn'l the
with water i !
after which jt , and is thrown ;
runs , up by an e¢jector,
it is again lifted b through a .Chute into a rcccptaclc) fromjwhich
ejectors, part of t}}::n;thcr ejector. It passes in all'through five
. irty water bei
sand is finall I being wasted ¢ i
col each time. The
to deno y collected from the last ciect o
cposit from the water jector, where it is allowed
Water is admi i
s adm
pipe system connltte-d to ?aCh flter through a 20-inch pipe from a
of the Fltare “e.ctmg with the sedimentation basin pji::t inside
-wall 15 placed i ’
balanced v a standard gat
alv . . gate, and beyond that 2
water ahos l: connected with an adjustable float toyshnut olf;' the
valves and ﬂoat'::ChCS the desired height on the filter. These
.. ere constructed f : ’
similar in prine; €d Ifrom special desi
Berli principle to valves used for t} signs, and 27¢
erlin water-filters, e same purpose in the
Each filter j
ris i .
cannot be closed Pr}t:‘vxdcd With an overflow, so arranged that it
a fixed limit in ca's:t};Chbp,revems the water-level from exceeding
e balanced val i
also provided valve fails to act. An i
. outlet is
near the sand-run, so that unfiltered water can be
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femoved quickly from the surface of the filter, should it be neces-

sary, to facilitate cleaning.

b The outlet of each filter is through a 20-inc
¥ a standard graduated to show the exact distance the gat

o .. .
Pen. The water rises in a chamber and flows through an orifice
tre of which is 1 foot below

In a brass plate 4 by 24 inches, the cen

the level of the sand-line. At the nominal rate of filtration,
3,000,000 gallons per acre daily, 1 foot of head is required to force
the water through the orifice. With other rates the head increases
or decreases approximately as the square of the rate and forms a
With water standing in the lJower chamber, so that
it is assumed that the same rates will be
evel between the water on the
qual head above the centre of

h gate controlled
e is

Measure of it.
the orifice is submerged,
obtained with a given difference in 1
two sides of the orifice as from an ¢
the orifice when discharging into air.

Measurement of Effluent.—In ordertos
tion two floats are connected with the water on t
the orifice. These floats are counterbalanced; one carries a grad-

uated scale, and the other a marker which moves in front of the
onding to the difference

scale and shows the rate of filtration corresp
in level of the water on the two sides. When the water in the
lower chamber falls below the centre of the orifice, the water in

This

the float-chamber is nevertheless maintained at this level.
r part of the tube water-tight,

is accomplished by making the lowe
level, so that when the water

with openings just at the desired
falls below this point in the outer chamber it does not fall in the

float-chamber.

To prevent the loss of water in the float-chamber by evapora-
tion or from other causes, 2 lead pipe is brought from the other
chamber and supplies 3 driblet of water to it constantly; this
overflows through the openings, and maintains the water-level at

The floats thus indicate the difference

precisely the desired point.
des of the orifice whenever the water

Jevel on the two si
ber is above the centre of the orifice; otherwise

how the rate of filtra~
he two sides of

in water-
in the lower cham
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they indicate the height of water in the upper chamber above the
centre of the orifice, regardless of the water-level in the lower
chamber. The scale is graduated to show the rates of filtration in
millions of gallons per acre of filtering area. In computing this
scale the area of the filters is taken as 0.7 acre, and the coefficient
of discharge as 0.61.

At the ordinary rates of filtration the errors introduced by the
different conditions under which the orifice operates will rarely
amount to as much as 100,000 gallons per acre daily, of on¢
thirtieth of the ordinary rate of filtration. Usually they are much
less than this. The apparatus thus shows directly, and with
substantial accuracy, the rate of filtration under all conditions.

Measurement of Loss of Head. — Two other floats with
similar connections show the differcnce in level between the water
standing on the filter and the water in the main drain-pipc back
of the gate, or, in other words, the frictional resistance of the filte
including the drains. This is commonly called the loss of head,
and increases from 0.2 foot or less, with a perfectly clean filter, t0
4 feet with the filter ready for cleaning. When the loss of head
exceeds 4 feet the rate of filtration cannot be maintained at
3,000,000 gallons per acre daily with the outlet devices pfOVidcd'
and, in order to maintain the rate, the filter must be cleaned.

Adjustment of Gauges.—The adjustment of the gauges show*
ing the rate of filtration and loss of head is extremely simple-
When a filter is put in service the gates from the lower chambe’
to the pure-water reservoir and to the drain are closed, the outlet
of the filter opened, and both chambers allowed to fill to the level
of the water on the filter. The length of the wire carrying the
gauge is then adjusted so that the gauge will make the desired
run without hitting at either end, and then the marker is adjus*”
As both the rate of filtration and loss of head are zero under thes¢
conditions, it is only necessary to set the markers to read 26 of
the gauges to adjust them. The gates can then be opcncd fe!
regular operation, and the readings on the gauges will b¢ correct

INrERIOK OF

s FILTER:
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It is necessary to use wires which are light, flexible, and which
will not stretch. At first piano-wire, No. 27 B. & S. gauge, was
used, and was well adapted to the purpose, except that it rusted
rapidly. Because of the rusting it was found necessary to substi-

tute another wire, and cold-drawn copper wire, No. 24 B. & S,

gauge, was used with fair results. Stretching is less serious than

it would otherwise be, as the correctness of the adjustment can be
observed and corrected readily every time a filter is out of service.

From the lower chambers in the regulator-houses the water
flows through gates to the pipe system leading to the pure-water
reservoir., Drain-pipes are also provided which allow the water to
be entirely drawn out of each filter, should that be necessary for
any reason, and without interfering with the other filters or with
the pure-water reservoir.

The outlets of the filters are connected in pairs, so that filtered
water can be used for filling the underdrains and sand of the filters
from below prior to starting, thus avoiding the disturbance which
results from bringing dirty water upon the sand of a filter not filled
with water.

Laboratory Building.—The scientific control of filters is
regarded as one of the essentials to the best results, and to provide
for this there is a laboratory building at one end of the central
court between the filters and close to the sedimentation-basin,
supplied with the necessary equipment for full bacterial examina-
tions, and also with facilities for observing the colors and tur-

bidities of raw and fltered waters, and for making such chemical

examinations as may be necessary. This building also provides a

comfortable office, dark room, and storage room for tools, etc.,
used in the work.
Pure-water Reservoir.—A small pure-water reservoir, 94 feet

square and holding about 600,000 gallons, is provided at the

filter-plant. The construction is similar to that of the filters, but
the shapes of the piers and vaulting were changed slightly, as there

was no necessity for the ledges about the bottoms of the piers and
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The water js pumped through rising mains to reservoirs holding

37,000,000 gallons, not including the Tivoli low-service reservoir,

Which s usually supplied from gravity sources. The reservoir
is such that the pumping can be suspended at Quacken-

ect for considerable periods if nccessary, and in practice
cen suspended at certain times, especially on Sundays.
ount of water required is also somewhat irregular. The

capacity
bush Str
it has b

The am
drainage areas supplying the gravity reservoirs are much larger,

TCIativdy, than the reservoirs, and at flood periods the volume of

the gravity supply is much greater than that which can be drawn
Thus it happens that, at certain seasons of the

In dry weather.
Year, the amount of water to be pumped is but a fraction of the

Mominal capacity of the pumps, and at these times it is possible to
shut the pumps down for greater lengths of time.

Capacity of Pure-water Reservoir. —The storage capacity
Provided between the filters and the Quackenbush Street pumps is

cOmparativcly small, namely, 600,000 gallons, or one hour’s
A larger basin, holding as much

Supply at the full nominal rate. .
s one third or one half of a day’s supply, would be in many

feSpects desirable in this position, but the conditions were such as
fo make jt practically impossible. The bottom of th.e reservoir
could not pe put lower without deepening and increasing grea'tly
the e€xpense of the conduit-line. On the other hand, the flow-line
of the reservoir could not be raised without raising the level of the
ﬁlt"sv which was hardly possible upon the site selected. The
available depth of the rescrvoir was thus limited between ver.y
Narroy bounds, and to secure a large capacity would have necessi-
tated 5 very large area, and consequently a great expense. Under
these circumstanccs' 'and especially in view of the abufmdax?t
Storage capacity for filtered water in the distributing reservoirs, it
Was not deemed necessary to provide a large storage, and only so
Much wag provided as would allow the pumps to be started at.the
Convenience of the engineer, and give a reasonable leflgth of time
for the filters to be brought into operation. For this the pure«
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water reservoir is ample, but it is not enough to balance any con”
tinued fluctuations in the rate of pumping. .
Method of Regulating and Changing the Rate of Filtratio™
—With all the Allis pumps running at their nominal capacity:
quantity of water required will just about cqual the I\Om.i“a
capacity of the filters. When only one or two pumps are runnl‘.‘g'
the rate of filtration can be reduced. With the plant opcratm?
up to its full capacity, the water-level in the pure-water reserv!
will be below the level of the standard orifices in the filtef outlet®
When the rate of pumping is reduced, if no change is made if d?c
gates controlling the filter outlets, the water will gﬁd““y rise 17
the pure.water reservoir and in the various regulator Chambcﬁ'
and will submerge the orifices and gradually reduce the head o
the filters, and consequently the rates of filtration. until those
rates equal the quantity pumped. In case the pumping is stoP 1
altogether, the filters will keep on delivering at gfad"a"y reduct”
rates until the water-level in the pure-water reservoir reaches th"
of the water on the filters.

When the pumps are started up, after such stoppag®
re‘%uccd rate of pumping, the water-levels in the P“’e'wawf -
voir and in the gate-chambers will be lowered g"‘d“a“y' wd
ﬁl.ters will start to operate it first with extremely low rates: e
\Vl'“ increase gradually until the water is depressed belo¥ e
orifices, when they will again reach the rates at which they *
last sc't. The regulators during all this time will show the r;tc.°
filtration on each filter, and, if any ;ncqualitics occuf -
.dcr.nand correction, the gates on the various outlets <
adjusted accordingly.

.‘ The arrangcmcn't. in this respect, combines some ' th‘:
catures of the English and German plants. In the Englis o
thc. filters are usually connected dirccti' with the dc“.wz}c‘
l.)asm. z.md that in turn with the pumps, an:i the speed of Al
.x‘: rcqux.rcd t? respond to the speed of the pumps. increasi"® g

ecreasing with it, being regulated at all times by the heig®

N ETC.
TY SAND,
rASHER: DIRr
CouRT SHOWING SAND-\\ASH
Cantrar CourT

(51, FILTERS: ETC:

B (70 face P5° 310
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Water in the pure-water reservoir. This arrangement has been

Subject to severe criticism, because the rate of filtration fluctuates -
with the consumption, and especially becausc the rates of filtration
obtained simultaneously in different filters may be different,
There was no way to determine at what rate any individual filter
was working, and there was always a tendency for a freshly
scraped filter to operate much more rapidly than those which had

not been scraped for some time,

This led to the procedure, first formulated by the Commission
of German Water-works Engineers in 1894, and provided for in
most of the German works built or remodelled since that time, of
providing pure-water storage sufficient in amount to make the rate
of filtration entirely independent of the operation of the pumps.
Each filter was to be controlled by itself, be independent of the
others, and deliver its water into a pure-water reservoir lower than
itself, so that it could never be affected by back-water, and so
large that there would never be a demand for sudden changes in
the rate of filtration.

This procedure has given excellent results in the German
works: but it leads oftentimes to expensive construction. It
involves, in the first place, a much greater loss of head in passing
through the works, because the pure-water reservoir must be lower

than the filters, and the cost of the pure-water reservoir is
increased greatly because of its large size. The regulation of the

filters is put upon the attendants: entirely, or upon automatic
devices, and regulation by what is known as ““responding to the
pumps '’ is eliminated. )

More recently, the German authorities have shown less dis-
position to insist rigidly upon the principles advanced in 1894,
In a compilation of the results of several years’ experience with
German water-filters, Dr. Pannwiz * makes a statement of partic-
ular interest, of which a free translation is as follows:

“* Most of the German works have sufficient pure-water reser-
e the normal fluctuations in consumption,

-

voir capacity to balanc
—_— - I}
0 gpbeiten aus dem Kaiserlichen Gesundhestsamte'’ vol, x1v. p. 260,
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so that the ra
te . .
of filtration is at least independent of the hourly

fluctuatj ;
ons in consu .
mpt . .
ption.  Of especial importance is the super-

ficial area
of the .
there is no Objcctf"“l’c-wate, reservoir. If it is sufficiently large
ion to allowi | '
th wing the w: R P .
at o_f the water upon the mze:; vater-level in it to risc to
sumption during '
stop,

-
the nicht tl With very low rates of con-
without damage tD tl the filters may work slowly and even
. o the sedime ‘
and 5 diment Jaye He . .
starting take place slowly and reg yers when the stopping
\4

reservoir area. ularly, because of the ample

““The wver :
co
especially t}losz'ariSi:snc:crablc fluctuations from day to day
g from unusual ’ ’
are not provid sual-and unforesce
ed for . seen occurrences,
reservoirs. To provi(c:im“’dy by even very large and well-arranged
of filtration must be }c for these without causing shock, the rate
essential to suce .c langed carefully and gradually an(; the first
€ss 1s a good regulation apparatus o 1

*“ Respondi
. ng to the pumps **
it. ps’ ha v
t- It allows the pure-water re s a great deal to recommend

possible level Servoir to be put at the highest

» it reduces t ini
plant, and yet provides 0 a m.lmmum the loss of head in the
trouble on the part of :}Utomatlca”y' and without the slightest
. 1€ attend
fequired quanti ndants, for tl i
t ' 1e delivery
are connected d}-, o l“’ilter by the filters at all times 1:3 Ofiltthe
i . ) ers
Pulsations of the re:t y to the pumps there is a tendenc (;or th:
m .
objectionable, cv:n ifptsl to disturb their opcration \vhich);s highly
1e pum i
where filters bumps are far rem is exi
a i oved;
water rest:w()irr.e connected directly to the pum San.d :11115 exiers
water through t;:eattacllcd to them indirectly li)y't::‘ a 1‘l)u::-
v * l
pure-water reservoir and having "6 @ . ¢
¢ no connection

except thro i .
pull on th ugh lt., this condition is absolutel .
e filters is at all times perfect] cly avoided, and the
}Y

Mu .
Eltrar ch has been said as to the effect o
ion upon the i
made 2t Laweency efficiency of filters. Experiments 1 b
as the maximun and elsewhere which have shown :h o lccn
reasonable x’egl-llm.rate does not exceed a proper o at'das (:Jng
tons, and with the filter in all e "‘;
respects in goo

steady.
f variation in the rate of
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order, no marked decrease in cfficiency results from moderate

There is probably a greater decrease in -
efficiency by stopping the filter altogether, especially if it is done
suddenly, than by simply reducing the rate. The former some-
times results in loosening air-bubbles in the sand, which rise to

the surface and cause disturbances, but this is not often caused by

fluctuations in rate.

simple change in rate.

On the whole, there is little evi
reasonable limits, fluctuations in rate are objectionable,
be excluded entirely, especially in such cases as at Albany,
gements to prevent them would have resulted in very greatly
The inferior results sometimes obtained with
' a5 it existed in earlier
undoubtedly
d con-

dence to show that, within
or should
where

arran
increased first cost.
the system of ‘‘ responding to the pumps’
works, and still exists in many important places,
he fact that there is no means of knowing an
filtration in “different filters, and

three times as fast as

arises from t
trolling the simultaneous rate of

that one filter may be filtering two or

another, with nothing to indicate it.
This contingency is fully provided for in the Albany plant.

ze that even with a filter just scraped and
loss of head, with the outlet-

n, and with the water-level in the pure-water reser-
with the most unfavorable conditions

which could possibly exist—the rate of fltration cannot exceed
5,000,000 or 6,000,000 gallons per acre daily, or double the
This rate, while much too high for a filter which
is not nearly as high as was possible, and

in fact actually occurred in the old Stralau filters at Berlin, and in
many English works; and, further, such a condition could only
occur through the gross negligence of the attendants, because the
rate of filtration is indicated clearly at all times by the gauges.
These rcgulating-devices have how the
rate with unmistakable clearness,
stupid, can make an error by an incorrect com

The orifices are of such si
put in service, with the minimum

gate wide ope
voir clear down—that is,

nominal rate.
has just been cleaned,

been specially designed to s
so that no attendant, however
putation from the
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gauge heights. i ;

this I)rOCciurc is i:ulzhb::levefi that the advantage of clearness by
which might be secured bore Important than any increased accuracy
tion, which should tak >Y refinements in the method of computar
coefficient of dischar . ”[))[0 aCCc?unt variations in the value of the
‘.‘mPOSsible, g¢, but which would render direct readings

In designine
the best feitur:;st}:; {(\}lbany plant the object has been to combine
convenient features ofctr]man regulation with the economical and
allowed to respond to t]}c elder English system, and filters are
guarding against the danc e I)“".‘Ps within certain limits, while
angers ordinarily incident thereto.

RESULTS OF OPERATION

The filte
rs were .
vere designed to remove from the water the

baCteri i
a v thh i
cause dlSCilSC. he} have alr(.ad)
V l ' ol 4 rcaCth

bacterial effic
cienc
y of over g9 per cent, and it is ¢xpected that

their use wi
ill result j
It in a great reduction in the death-rate from

water-borne dj : .
color and A1 x?eascs in the city. They also remo { th
all of the suspend ) ve a part of the
. ed matter T
wa ; . s and t .
t;‘rl Is satisfactory in its physical properti urbidity so that the
1e filters hav tes.
. e reached wit}
capacity, and ) 1 perfect ease thei d
o h.y, g on several occasions have bee heir ra‘tc
e third more than this amount; n operated to deliver

that is
4,000,000 gallons per acre, daily at is to say, at a rate of

COST OF CONSTRUCTION.

The approximat
€ cost .
follows: st of the ﬁltrat"’"'Plant complete was as

Land...... .,

Fuming o Lo s
ilte . R R . b
Purcrs atl‘d sedimentation-basin, with piping. .. 19,745
c-water 1 ! R
S coeruxt and connection with (g) ...... 323,960
. ‘rect Fumping-station . . . .. . Juackenbush
ngineering and minor expenses . . . . 86,638
.................... 28,000

.connected in such a way as to make an
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pure-water reservoir are

exact separation of their

costs impossible; but, approximately, the sedimentation-basin
cost $60,000, the pure-water reservoir $9,000, and the filters
The sedimentation-basin thus cost 84,100 per million

complete cost $45,600 per acre of
office and laboratory bufld-

The filters, sedimentation-basin, and

8235,000.
gallons capacity; and the filters
net filtering arca, including all piping,
ing, but cxclusive of land and engineering.
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Albany, N. Y., filters at, 254, 288.
Alkalinity, 155.
Altona, double filtration at, 198.
filters at, 2635.
Alum, use of, in filtration, 9z, 144.
American cities, water-supplies of, and
typhoid fever in, 211
Amsterdam, filters at, 272.
iron removal at, 192
Anderson process, 147.
Antwerp, filters at, 272,
Ashestos as filtering material, 181,
Asbury Park. iron removal at, 192,
Ashland, Wis., filters at, 252
Area of flters to be provided, 47.

Bacteria, apparent and actual removal
of, by filters, 8.
from underdrains, 87,
in Elbe at Altona, 228,
n fieces, 213.
in water, 84.
number to be allowed in filtered wa-
ter, 222,
of cholera in river water, 231.
of typhoid fever, lifesof, in water, 216.
of special kinds to test efficiency of
filtration, 86.
to be determined daily, 222,
Bacterial examination of water, 93.
Berlin, regulation of depth of water, 59.
cholera infantum from water, 229.
friction in underdrains, 44.
regulation of rate, 53, 55.
water works, 201.
Berwyn, Penn., filters at, 253.

Boston, protection of purity of water-
supply, 110.

experimental filters at, 73.
Bremen, double filtration at, 198,
Breslau, filters at, 274.
Brussels, ground-water, supply of, 276.
Budapest, filters at, 274.
Burton, regulation of rate at Tokio,

Japan, 38.

Carpenter, Prof. L. G., 24.
Chemnitz, intermittent filtration at, 107.
Chicago, reduced death-rate with new
intake, z17.
Cholera infantum from impure water,
226.
Cholera, in Hamburg from water, 230.
caused by water, 214.
Clarification. definition of, 113.
Clark, H. W., 24, 190.
Clark's process for softening water,
92, 145.
Clay particles, size of, 123.
Cleaning filters, 68.
Coagulant, absorption of, by suspended
matters, 154. ‘
successive applications oi, 154.
Coagulants used in practice, 150.
Coagulation of waters, 144.
Cologne, water-supply of, from wells,
276.
Color, 113.
amount of coagulant required to re-

move, 153.
amount of, in various waters, I115.
measurement of, 114.

317



318
INDFEY.

Calor, removal of, 117.
-Continuous filters, 5.

fltration, nature of, 83, oz
Cost of filters and filtration, 4. 48, 102

200, 314. o

(?uvered filters, cificiency of 17
Covers for filters, 1., 1. o

gt Albany, 293,

in the United States, 17,

omitted at Lawrence, 101
Crenothrix, 105, 150, '

Df:lrrhu:a from impure water, 226

Dibden, W. J., 129, '

Disease from water, 210.

gol{l)le filtration at Schicdam 273
ramage areas of a number of .rivcrs

b 133. ‘
resden, water-supply of, from filter-

gallery, 276
Drown, Dr. Thomas M., 150, 191

Eﬁ‘ective size of sand. 21, 238,
}Eurupcan sands, 23,

Efficiency of filtration, 83, 88, 91
effect of rate upon, 50. ‘
egcct of size of sand-grain upon, 30
[5 ‘;.:t of thickness of sand layer upon,
at Lawrence, 106.

European filters, 91, 260,

Efftuents, wasting aiter scraping, 74

Fieces, number of bacteria in, 213,

F‘jll". Rockaway, L. ., filters at, 193, 2353

Filling sand with water from bcl()\;‘ ﬁ:;:;
- 307. o

Fxltcr‘ beds, bottoms of, must be water-

tight, 12
covers for, 12,
form of, 11.
size of, 10.

Filters, aggregate capacity of, 254
(!cpths of waters on, 43. , .
list of cities using, 24y.
reserve area required, 47.
first constructed at London 83
for household use, 183, o
general arrangement of, 6.

Filters, ctatistics of, at various cities,

231
Filtration. cost of, 200.
degree of purification required. §.
weneral nature of. g2
Fischer tile system. 181,
FitzGeraid, Desmand, 3 181 190
Flond nows not taken for supply, 10
Frankel and Piethe, experiments on e«
movial of disease germs, R0
Frankfort on M, water supply of,
from springs. 276.
Franktand, Dr. Perey, 84
Frictnon of filtered water in pipes, 264
water an gravel, 37,
water in sand, 22
water i underdrains, 40,
I‘:rnst, effect oi. upon filters, 12, 229, 266.
Fruhling. on the heating of water by
sunshine. 10,
‘undcrdraining at Konigshury, 39
Fuller, G, W, 118, 123 131, 139, 140
143, 132, 134, 1601, 163

German Imperial Board of Health. 36
51, 34. 73. 93,
regulations in regard to filtration, 221
(.Qill, apparatus for regulation. §3.
Glasgow, water-supply of, from Loch
Katrine, 253
Gravel at Albany, 299,
layers, 33.
iriction of water in, 37.
sereeming ol {or filters, 37
(?,rand Fork<, N D.. filters at, 252,
Ground-water supplics, 3.
the use of. in Europe, 276.

Halbertsma, H. P. N, 34. 39
Hamburg,  apparatus  ior  regulating
depth of water, 3.
health of, 220, 2}'].A
regulation of rate « i filtration, 56.
underdrains of filters at, 42
water-supply of. 2.
Hamilton, N. Y., filters at. 233.
Hardness. removal of. g2, 145
Harrisburg. Penn.. filters at, 253.
Hermany, Charles, 161.
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High rates of filtration without coagu-
lant, 182.

Household filters, 183.

Hudson, N. Y., filters at, 25L

Iee on Aflters, 13.
Iniet regulators, 59
Impounding reservoirs, 2.
Intermittent filtration, 97.
application oi, 111, 197-
at Chemnitz, 107.
at Lawrence, 100.
of Pegan Brook, 110
Iron, compounds of, as coagulants, 146.
in ground-waters, 186.
in ground-water at Lawrence, I05.
metallic, the Anderson process, 147.
present as ferrous sulphate, 191.
removal plants in operation, 192.
Jron waters, treatment of? 189.

Jewel filter, 151, 161, 162, 172, 173. »
Kirkwood, James P., 8, 36, 47, 51, 53, 61,

63, 67.
Kammel, 30, 51, 8.

Lambertsville, N, J.. filters at, 252.
Lawrence City filter, description of, 100.
Lawrence Experiment Station, 97.
air in water filtered in winter at, 40.
depth of sand removed at, 70.
depth of water on filters, 40.
effeet of loss of head upon efficiency,
61.
effeet of size of sand-grain upon effi-
ciency, 32.
effect of size of sand-gra

quency of scraping, 32.
{ filters at various rates, 50.

in upon fre-

efficiency o
efficicncy of filtration at, 86, 89.

experiments  with continuous filtra-

tion, 110.
filters of fine sand, 31.
filters of various sand-grain sizes, 32.

gravel for filters at, 39.

growth of bacteria in sterilized sand

at, 8s.

intermittent filtration investigated, 97.

Lawrence Experiment Station, method
of sand analysis at, 20. .
quantities of water filtered at various
tosses of head, 06.
wasting cfflucnts not necessary, Js.
Lawrence, typhoid fever at, 10z
Leipzig, water-supply of, from wells,
276.
Lime in sand, 29.
sterilizing effect of, 146.
as a coagulant, 145.
application of, to water, 157.
Lindley, 43, 51, 54, 57, 81.
Literature on filtration, 277, 285.
Little Falls, N. Y., filters at, 253.
Loam in filters, 35.
London, cost of operating fiiters at,
202.
water-supply of, 255.
Long, Prof., 131.
Lorain, tests of mechanical filters, 161.
Loss of head, 52.
limit to, 6o, 67.
reasons for allowing high, 65.
Louisville, mechanical filters at, 16I.

Magdeburg, filters at, 273.
Maignen system, 18I
Manchester, water-supply of, 275.
Manganese, compounds of, as coagus
lants, 148

in ground-waters; 188.

Massachusetts State Board of Health,
see Lawrence Experiment Station.

Mechanical filters, 159.

application of, 199.

efficiency of, 179.

list of, 247.

pressure filters, 180.

rates of filtration used, 175.

types of, 172

wasting effluent after washing, 163.
Millford, Mass., filters at, 252.
Mills, H. F., 97, 99, 102.
Mount Vernon, N. Y, filters at, 252.
Mud, sce turbidity.
Muddy waters, 113.
Munich, water-supply of, from springs,

275.
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Nichols
. Prof., suspende 1
1spended  matters in , Reservoirs, purposes served by, 133
R B TVES w,

3 huropcan streams, 131

l N 3 " - ) '

Nitrification, effect of, upon bacteria, 938
, 8,

((_.))dors,.rcmova\ of, by filtration, 112

rEganic matters i water, 83

r > ‘er .y H X e
cmoved by intermittent filters, 8.

)
Paper r'{lanufacluring, filtration of wa-
ter for, 3.
Paris
arts, ground-water su )
: supply of, 2;
Palmer, Proi, 131 ’ e
P. LC O M
Pdh.\d}b‘.h through the sand in filters, 67
. ' 67
Pc;.':m Brook, purification of, 110,
elrm(l. how computed and length of, 72
cngth of, dependent upon wurbidity
. 137. '
ietke, 48, 50, 54, 03, 69, 73, 74, 73. Bo
83, 85, vo. s
Pittsbur 1
gh, experiments wi
. vith mechan-
ical filters, 162, -
;’llaggc and Proskower, 8.
)glrlm:.uth. Penn,, typhoid fever at, 208
Zollution of European plies,
an  wiater-supphes
93. e
Polluted waters, utilization of excessive-
ly, 111. 4
Porcelain filters for household use, 183
Poughkeepsie, N. Y., filters at "‘x .
Pressure filters, 18o. o
Providence, mechanical filters wat, 159,
s wat, .

Rate of filtration, 47, 224.
at vartous places, 241.
effect of, upon cost, 48.
effect of, upon ctheiency, 50
lower after scraping, 76.
regulation of, 52.
Red Barllk, N. J., filters at, 193, 253
Regulation of filters, 52, '
old forms of regulators, 52.
modern forms of regulators, 54
at Albany, 303, 308, 3i0.
of mechanical filters, 178,
Reincke, Dr., report on health of Ham-
burg for 1892, 226.
Reinsch on the :
cause of poor filtratic
at Altona, 267. son
Reserve area required in case of ice, 18
, 18

Rock Isiand, $iL. flrers at, 234
Rools for filters, 1fn
Ratterdam, filters at, 272
. 272
St Johnsbury, V., filters at, 251
St gl i opos
t. Louts, regulators for pf“P'l’S“d fil-
ters, 335
St. Petersburg, filters at. 275,
Samuclson, 31,
Sand, 20.
at Albany, 3ot
analysis of Furopean, 23
.m:nl}'qs of. from leading works, =B.
apphances for moving, 68
u»mp:;c(‘ncs\ of, in natural banks, 61.
depth of, i fitters, 34
depth 1o be removed from filtees, 69-
dune, 26
dunc. washi ..
l};m. washing of, impossible. 82
vel of grain-sizc upon frequency of
scraping, 32.
(-ﬁ s . L . ~T N
ect of grain-size upon the efficienty,
30.
effective size of, 21, 238
eXtra scrapi fore e i
ra scraping beiore replacing iresh,
71.
for iltration, 20, 33
for mechanical filters, 175
friction of water in, 22
grain-size of, 20, 233
in European filers, 24.
l ", . . . ()
n L‘f\\ rence filters, two sizes of, 100
lime in, 20,

method of analysis of, 233
quantity to be removed by scraping
74
replacing, 71,
sclection of) 33,
!TIZC'(.lf passages between grains of, 6
su.nln.cd. experiments with, 85.
thickness of layer, 34
uniforinity coctiicient, 21, 238
Sand washing, 26, 76, 304
cost of, 81. '
water for, 8o,
Sand.,
o t.itone filters for houschold usé, 183
.SL uc(.lam. double filtration at, 273
craping filters, 7, 68 '
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Seraping  filters. amount  0f labor rte-

quired for, 81,
depth of sand removed, 33, 06, 69.
frequency ol 49, 72 241
Sedpwick, Prof. W. T.. 80.
Sediment, removal of, g2, 133
Sediment layer, 0. 31
influence of, upon
ton, 84,

thickness ol 33 6. 09.
8, 133, 293

bacterial purifica-

Sedimentation Dasins,
cffect of, 134

Sewagre, numbe

Simpson, James. 83.

Soda-ash, ;lpplication of, 157

Smersworth, N H., filters at 253

for raw water, 136.

e, limits t0 the us¢ of, 142

of alumina, action of., upon

r of bacteria in. 215

Slurugc

Subsidenc

Sulphate
waters, 144

Surfacc-waters,
ed matters, (13, 117

use of, unfiltered, 275-

Suspend 13
in relation to turbidities, 122.
in various waters, 129

Tie Hague. iron removal at, 192.

1 of rate at, 38.

Tokio. regulatio?
for filters, 36, 40, 100.

Trenched bottoms
Turbidity, 92 113
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Berlin and Altona, 12,

Typhoid fe

321

yver in Hamburg, 271
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Underdrains, 35 39
bacteria from, 87.

{riction ©
size of,
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41.

ventilators for, 44

Uniformity coeft
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Vienna, water-supply [
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Warren filter, 151,
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filters at, 275
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effluents, 74
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Mason’s Water-supply. (Considered Principelly from a Sanitery Stand-

point.) 3d Edition, Rewritten..... ... ..........ccconnnes 8vo,
Examination of Water. (Chemical and Bacteriological.)..... ... 13m0,
Merrimsan's Elements of Sanitary Engineering . ..... ............- Bvo,
Nichols’s Water-supply. (Considered Mainly {from a Chemical and Sanitary
Standpoint.) (1883.).. ..... e P 8vo.

Ogden’s Sewer Design. .. ............ i iiiiiiiiineieernnnn .312mo
Prescott and Winslow's Elements of Water Bacteriology, with Special Reference
to Sanitary Water Analysis. ... .. . . .- 1amo.

* Price’s Handbook on Sanitation.............ceevennennrecoi s 12m0,
Richards's Cost of Food. A Study in Dietaries.............cc.vun-- 1amo,

Cost of Living as Modified by Sanitary Science .............. . y2mo,
Richards and Woodman’s Air, Water, and Food from a Sanitary Stand-

POIOt. . i i ieicsieata ey 8vo,
® Richards and Williams"s The Dietary Computer...........coconevee- 8vo,
Rideal's Sewage and Bacterial Purification of Sewage............co0. - 8vo,
Turneaure and Russell's Public Water-supplies............covevenoer- 8vo,
Whipple's Microscopy of Drinking-water....... eeenereaee s 8vo,
Woodhull's Notes and Military Hygiens............ PR eeraeaes 16mo,

MISCELLANEOUS.

Barker's Deep-sea Soundings.....

.................... v.....8v0,

Emmons’s Geological Guide-book of the Rocky Mountain Excussion of the
International Congress of Geologists.......... e Large 8vo

Ferrel's Popular Treative on the Winds........... Ceeenenraanes .8vo

Haines's American Railway Management...........ccoovvvuinnnns
Mott's Composition, Digestibility, and Nutritive Value of Food. Mounted chart.

Fallacy of the Present Theory of Sound........coovevnnnee.o. . t6mo
Ricketts’s History of Rensselasr Polytechnic Institute, 1824-189¢. Small 8vo,
Rotherham’s Emphasized New Testament.......c.c..coeannnn.. Large Bvo,
Steel’s Treatise on the Diseasesof the Dog......oovvvnvnvn s, 8vo,
Totten’s Important Question in Metrology
The World’s Columbian Exposition ot 1893
Worcestsr and Atkinson, Small Bospitals, Establishment and Maintenance,

and Suggestions for Hospital Architecture, with Plans for & Small
HospltAl. .o eeeinnineeiiiieiineninesins cerrereasenanes 13m0,

HEBREW AND CHALDEE TEXT-BOOKS.

Green’s Grammar of the Hebrew Languags......ccocacessesesrsss " 8vo,
Elementary Hebrew GIammar. . ....... . ... ccenereressnret oot 13m0,
Habrew Chrestomathy. ... ... 000urinnnnrnonsrrmremrese s Bvo,

Geveniue’s Hebrew asd Chaldes buieon to the 0K Taumut Scriptares.

(Trogeldet)...oiiiiiinnnnnnnnnniinnens Small 4to, balf morocco,
Bible...iverinsiinnaaannns eesesrsssuessecenrens .8vo,
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