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Thursday, 5th January,
Dunoan MacPrersoN, Member of Council, in the Chair.

The discussion of Mr, Trwin's paper on “ Disputed Points in Con-
neetion with the Construction and Maintenance of Macadamized
Roads ” occupied the evening.

Thursday, 19th January.
H. IrwiN, Member of Council, in the Chair.
Paper No, 140.

SAND FILTRATION OF PUBLIC WATER SUPPLIES,
By R. 8. Lea, A. M. Can. Soo. C. E.

The present century is especially noted for the wonderful progress
which has been made in scientific knowledge. None of the results
are of more practical importance than the developments which have
taken place in the facilities for transportation, and for the transmis-
sion of power over long distances.

The dircet outcome has been a continually growing tendency
towards centralization in most industrial operations ; which, in turn,
has resulted in an increase in the number of people living in towns
quite out of proportion to the total growth of the population. For
instance, in the year 1790 there were but three towns in the
United States with populations of 8,000 and over; and these com-
prised less than 4 per cent. of the whole number of inhabitants. In
1880 there were 286 such towns; ten years later the number had
increased to 448, and these included about 30 per cent. of the total
population,  Again, in 1840, there were only three cities with
populations as great as 100,000 ; in 1890 there were 30 ; while at the
present time almost half the people in the country live in places with
populations of at least 1,000.

These are figures which apply to the country at large. In certain
districts, however, the percentages are much higher. For example in
the State of New Jersey, 52 per cent, of the people live in places of
8,000 or over, in Connceticut 54 per cent., in New York 60 per cent.,
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and in Massachusetts 70 per cent, The last State, with a total popu-
lation of about 24 millions, has 40 cities of 10,000 and over, and 20 of
25,000 and over. In the countries of Europe the same conditions aud
tendencies obtain (o even a greater degree,

These figures, derived from census reports, ete., are given in order
to call attention to the magnitude and direction of this movement,
which has taken place to any considerable extent only during the last
few decades; but which has, nevertheless, practically created an im-
portant branch of engineering.

From this erowding together of people in restricted areas, in close
proximity to industrial establishments, have arisen many new and
complicated problems; among the most important of which are those
connected with the maintenance of sanitary conditions of existence.
Besides this, not only are these problems rapidly increasing in number
and difficulty, but there is a growing appreciation of the danger of un-
sanitary surroundings, and consequently, of the necessity of having
such matters properly dealt with.

In thickly populated districts and in the neighbourhood of cities
and towns the wastes of human life and human industry are a con-
tinual menace to the health of the inhabitants. Nature’s method of
preserving the balance between growth and decay, by utilizing animal
waste as plant food, is no longer effectual. The lakes and streams
begin to serve the double purpose of sources of water supply and
receptacles for sewage. Hence it is evident that among the most
urgent of the questions with which the municipal engineer may have
to deal are those connected with the securing and maintaining of the
degree of purity necessary in water intended for domestic use.

The proper methods to be employed in the accomplishment of this
object depend as much upon biological as upon mechanical principles,
so that a certain degree of familiarity with these principles and with
the methods of the chemist and biologist will be necessary to the
engineer engaged in such work, in order that he may be able to avail-
himself intelligently of their assistance,

European cities, having earlier felt the necessity, have devoted much
more attention to these matters, and are consequently further advanced
in their methods of dealing with them than is the case with the cities
in America. Nevertheless, by far the most important series of inves-
tigations into the subject of the purification of water and sewage are
those known as the “ Lawrence” experiments, carried on under the
direction of the Board of Health of the State of Massachusetts,
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This Board, from its foundation in 1869, always devoted a great
deal of attention to the condition of the water supplies of the State,
In 1886, the time being particularly appropriate, it appointed a body
of experts to the exclusive duty of conducting a series of observations
and experiments, with the object of finding the best methods for puri-
fying both water and sewage. 'These experiments are still in pro-
gress, and the annual reports of the department, giving the results of
their investigations, are exceedingly valuable to engineers and others
interested in such questions,

In Berlin and in a few other large European cities having water
works departments provided with the necessary scientific equipment
and management, many careful experiments have been made on the
working of the large water-filter beds of the systems. The results of
such experiments as these have an especial value from the fuct that
they are conducted on a large scale, and under conditions which exist
in actual practice, On the other hand, these same cireumstances
render them less reliable as a means of determining the true principles
upon which the process of filtration depends.

The object of this paper is to describe, as fully as reasonable limits
will permit, first, tiie circumstances under which water supplies become
polluted, and the nature of this pollution ; and second, the process of
purifying it again in large quantities by sand filtration,

Of course pure water is preferable to purified water ; or, as has been
said, with water ““innocence is better than repentance.” Unfortu-
nately, however, water whose natural state is above suspicion is often
exceedingly diffieult to procure, except at a cost which is practically
prohibitive. Conscquently, many eities and towns, especially the larger
ones, are forced to use such waters as may be practicilly available,
and to make the best of them, But this best is by no means to be
held lightly. By the methods to be described later it is possible to
&0 change the nature and characteristics of polluted water as to convert
it to the appearance, taste, and probably absolute wholesomeness of the
most innocent of mountain torrents,

Water has the unfortunate capacity of readily dissolving many of
the substances with which it may come in contact; so that outside of
the laboratory, chemically pure water is practically uoknown. Some
of these foreign elements may not only be quite harmless, but may
actually improve the quality of the water. It is, however, with the
others, which make the water containiog them unsightly in appear-
ance, disagreeable to taste or smell, or dangerous to health,— in
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other words, with the substances which constitute pollution,—that we
are especially concerned,

If we divide all potable waters according to their souroe, into yround
waters and surface waters, the general statement may be made, that
it is chiefly in the latter class that are found what may be properly
termed polluted supplies. The former are for the most part subjected
tosuch a rigorous process of natural purification as to place them
beyond the need of any artificial treatment.

Surface waters, or the waters of lakes, ponds, rivers, streams, etc., are
liable to receive more or less serious pollution from the following
BOUrces i —

1. They may be coloured by the drainage of swamps,

2. The waters of many streams beeome turbid with clay and other
suspended matters after heavy rains.

3. The watersof lakes, ponds, and storage reservoirs are liable, at
certain seasons of the year, to contain large growths of algae and other
minute water-plants which float about barely visible to the eye, but
which are capable of imparting to the water disagreeable tastes and
odours,

4. Auny of these classes of surface waters may have discharged into
them a greater or less quantity of human sewage; leading, under certain
circumstances, to very grave consequences,

In determining the quality of a given water supply, the proper
method of procedure is as follows :—

1. To make a local examination of the water shed, in order that all

" probable sourees of pollution may be discovered.

2. Then, if necessary, to have chemical analyses made of samples of
the water, by which the nature of the contamination, and to a certain
extent its amount and origin, may be ascertained,

3. To make a biological examination giving the number and species
of the living organisms that may be present. This will be of assist-
ance in interpreting the chemical analysis ; and also in detecting the
possible presence of organisms, which in themselves might constitute
an element of danger.

Before discussing the results of these analyses, it may be stated in
advance, that it is in connection with the organic matter in water, dis-
solved or suspended, visible or invisible, that serious pollution from a
savitary standpoint is to be apprehended, And it is in the information
which they furnish on this point that the chief value of the analyses
consists. But in order to interpret them properly it will be necessary
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to ollude briefly to the constitution of organic matter and to the
changes it is liable to undergo.

To begin with, it includes all those combinations of the chemical ele-
ments whose formation depends upon the processes of life ; and which,
therefore, occur either in plants or animals, Tts history is eyclical,
consisting of a constructive phase or period of growth, and a destructive
phase or period of decay ; the death of the plant or animal forming the
dividing line between the two phases, The cycle begins by the appro-
priation of inert, purely mineral substances from the earth by the green
plants, which derive the necessary energy from the sunlight ; and ends
with the complete disintegration of the more or less complex structures
which constituted its organic character, and the return of the elements
to the earth,

With regard to the nature of the changes it may have undergone, it
is only with those in the second or destructive phase that we are
concerned. At the beginning of this phase, at the death of the plant or
animal, we find that all organic matter is composed mainly of carbon,
oxygen, hydrogen, and nitrogen,  The more nitrogen it contains, the
more objectionable it is from a sanitary point of view. This destruc-
tive process is essentially one of oxidation. The first step is the oxida-
tion of the carbon by the oxygen of the body itself, or by that from
without forming carbonic acid gas, and leaving the nitrogen and hydro-
gen to unite to form ammonia. As decomposition proceeds, the ammo-
nia is itself oxidized—the hydrogen to form water, and the nitrogen to
form nitrous acid. The last step is the oxidation of the nitrous acid
to nitric acid. The nitrous and nitric acids do not remain free but
combine with some base present, as soda or potash, to form nitrites and

“nitrates, the latter being purely mineral substances ; so that the final
results of the decomposition process are carbonic acid, water, and ni-
trates, Thus the dead inorganic materials needed for the formation of
organic structures are only borrowed ; and ultimately are returned to
the earth again as inert as when they were taken from it,

Returning now to the chemical analysis, we find the results given in
some such form as the following, which is the one used by the Massa-
chusetts State Board of Health:—*

* The figures in this table indicate parts per 100,000,

There are also columns for the date of collection and examination, and for noting
the colour, turbidity, ete.
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Now it has been found that a very accurate, and at the same time
comparatively essy method of determining the organic matter in water
by a chemical analysis is to determine the amount and condition of the
nitrogen present, Thus, under the head of Albuminoid Ammonia,
are entered amounts which are proportional to that part of the nitro-
gen which is derived from fresh organic matter, i. e, from organic
matter which has not yet begun to decompose, These columns, there-
fore, represent the possibilities of putrefaction still existing in the water,
The amounts under Free Ammonia represent decay begun; un-
der Nitrous Acids (or Nitrites) decay still further advanced ; while
under Nitrates the amounts entered represent the nitrogen derived from
that portion of the original organic matter which has passed through
all the stages of decay, and which has been converted into purely min-
eral matter again.

The importance of the determination of the chlorine is, that an ex-
cessive amount points to contamination by sewage which always con-
tains a considerable proportion of common salt.

The actual amounts of the different substances as they occur in
b water supplics are exceedingly minute, as will be scen by referring to
the above table of avalysis, one of which samples (B) is a highly
polluted one. Hence, in themselves these substances are of very little
importance, It is in the history of the water which their presence in-
! dicates that their significance lies. Thus the chemical analysis can
| tell us not only whatis in the water, butalso a great deal about what
is going on in it. Itis only within recent years, however, that the
methods of organic analysis have been capable of producing such re-
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sults; when the first attempts at water purification were made,
very little was known of the organic matter in solution, and the
object aimed at was simply the clarification of the water, or the re-
moval of suspended matter visible to the eye.

This was the condition of things when James Simpson, in 1839, con-
structed a sand filtration plant for one of the London water companics,
Each of the beds of this system consisted of a broad shallow basin or
reservoir with water-tight bottom and sides. The depth was about 12
feet, and it was filled to about half this depth with the filtering ma-
terial, which consisted of uniform layers of small stones, gravel and
sand, the stones on the bottom and the finest sand on the top. Through
the bottom layer of stones and gravel extended a number of branch
drains leading into a larger central drain which was connected to the
outlet (Fig. 2). The inlet to the filter bed opened above the surface of
the sand, and both it and the outlet were provided with gates. The
process of filtering consisted in flooding this bed of sand and gravel,
and drawing off the water from beneath by means of the system of
underdrains, which were built with open joints. The rate could be
regulated by the gates or other apparatus on the inlet and outlet pipes,

As filtration progressed, the surface of the sand became gradually
choked up by the formation upon it of a layer composed of material
removed from the water, When this layer became so impervious as
to prevent the water passing in sufficient quantities, the filter was
stopped, the water level drawn down below the surface of the bed, and
the deposit layer removed, together with from % to 1 inch of sand.
When the surface was smoothed and levelled, the bed was ready
to be put in action again.

The frequency of the serapings depended upon the condition of the
water and the rate at which it was filtered ; and when the sand layer
had become reduced in thickness to what was considered a proper
minimum, the whole amount removed was replaced at one time, either
by new sand, or by the serapings after they had been thoroughly
washed,

The results from the use of these filters were so satisfactory accord-
ing to the ideas of purified water then in vogue, that in the following
years scveral others were built in England, and a little later on the
continent, especially in Germany. Some of the most important of the
continental filters built during this period wer designed by the Eng-
lish engiveers Gill and Lindley. They were all built on the same
general lines as the Simpson filter deseribed above, the details varying
somewhat with the individual notions of the designers.

- .
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Plan of underdrains of Hamburg filters.

In America practically no attention was paid to thematter. In 1866
the late Jas. P. Kirkwood was employed by the city of St. Louis to
report_upon the condition of its water supply. His report included the
result of his personal observations of the working of several European
filters, and was translated and widely read on the continent of Europe.
But his recommendations to St. Louis, so far as filter-beds were con-
cerned, were not adopted. And between that time and 1892, only
two plants were built in America, one at Poughkeepsie, N. Y., in
1872, the other in 1874 at Hudson, N, Y., both being after designs
by Kirkwood.

A little earlier, in 1870, the English chemists Wanklyn and Frank-
land invented new and improved methods of organic analysis which
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led to more attention being paid to the organic matter in solution in
water. A pew importance was also attributed to it at this time by
reason of the ideas which were then held concerning the processes of fer-
mentation and decomposition. It was supposed that decay could be
communicated to sound organio matter by contact with other orgrnic
matter already in process of decomposition ; this being the theory
advanced by the chemist Liebig, who held that ordinary aleoholic
fermentations were produced by the dead and decaying yeast cells,
instead of by the action of the living and growing cells as we know
now. And so it was considered that the presence of decomposing
vegetable or animal matter in water would tend to set up injurious
putrefactive changes in the digestive organs and thus produce disease.
Hence when analyses of the effluents from the sand filters showed only
a moderate reduction of the organic matter—seldom as much oas 50
per cent—the result was considered very disappointing, and as indi-
cating that this method of filtration, while eapable of improving the
appearance and taste of the water, was of but slight hygienic value,

Not many years later, however, these ideas and theories were broken
down by the researches of Pasteur, who demonstrated that the pro-
cesses of fermentation and putrefaction were dependent upon the
presence of living organisms ; and that some of these organisms were
capable of causing disease. A unew view was now tuken of organic matter
in water, the presence of which was considered to be not necessarily
dangerous in itself, except as indicating the probable presence of germs.
Yet, while chemical purity was now deemed of much less import-
ance thau biological purity, the former remained the standard, owing
to lack of satisfactory methods of prosecuting the study of thes,
organisms,

Then, in 1881, came the famous discovery by Dr. Robert Koch of his -
“ plate culture ” method, Hitherto, owing to the extreme minute-
ness of the bacteria, and the enormous rate at which they increased
in number under circumstances favourable to their growth, it was
almost impossible, with the methods then available, to make much
progress in the knowledge of the subject. But with the advent of
Koch’s invention these difficulties were to a great extent removed,
It now beeame possible to determine the number of germs, to study
their habits of life, fanctions, ete., and to classify them into species, in
a manver which, considering the kind of creature dealt with, seems
quite marvellous,

Besides placing the geim theory of disease on a firm basis, this
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discovery of Koch’s marks the beginning of the period during which
it has been possible o deal with the subjects of the purification of
water and sewage in a rational and scientific way. Numerous inves-
tigators at onee began the study of these questions under the new
and vastly improved circumstances. Inasmuch as the results of many
of their experiments have a direct bearing upon the subject under
consideration, a brief deseription of the nature and some of the char-
acteristies of the bacteria will be given bafore proceeding further.

BACTERIA,

They belong to the lowest and smallest forms of life, Structurally
they are composed of a single cell with a wall, possibly of cellulose,
and contents consisting of apparently structureless protoplasm and
a nucleus; and are thus comparable to the bone, blood, nerve
cells, ete., which represent the ultimate structural composition of
the animal body.

They are of such extrcme minuteness as to be visible only to high
powers of the microserpe. In their greatest dimensions they vary,
from ; to 2 micro-millimetres (from ysdsoo t0 rades of am inch).
A sphere 5 of an inch in diameter could contain more than 500
millions of the larger ones, and it would take a thousand of them
placed in a row to reach across the diameter; so that it is little
wonder that their presence was, until a few years ago, scarcely sus-
pected. They are generally transparent, but may be stained for pur-
poses of study by some of the aniline dyes.

It was at first doubtful whether they should be classified as plants
or animals ; but it is now definitely decided that they are plants.
Some of them have the power of motion, which appears to be by means
of little hair-like appendages or cilia. They reproduce by fissivn,—
a simple process by which a single bacterium divides itself in the
middle, thus producing two. Under favourable conditions this multi-
plication can go on with incredible rapidity. They comprise a great
number of species with definite characteristies and requirements for
growth, ete. All these species are included in the general term bac-
terium, or microbe, or germ.

They may be classified in various ways, depending upon their form,
the nature of their environment, the produets of their action, ete.

According to its form a germ may belong to :—

1. The micrococci, or ball shaped.
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2. The bacilli, or rod shaped.

3. The spirilla, or spiral shaped.

They occur usually as separate individuals, but may also occur in
pairs, tetrads, or in a row like a chain. Besides these forms they
are often found under certain circumstances in irregular groups or
massos, held together by a transparent glutinous material which they
gecrete through their cell walls, These sticky, jelly-like masses are
termed zoogleea. Unlike the algm and other green plants they eannot
exist upon purely inorganic matter, bat require for their nourishment
matter already organized in some form. Moisture is also a nccessity
to their proper growth ; and thus according to their habitat or preferred
environment they are classified as :

1. Saprophytes, living on dead animal or vegetable matter, or on
water containing these in solution,

2. Parasites, subsisting on a living host, in the body of which they
grow and multiply, in some cases without any injurious effect, but in
others causing diseise and dzath. It is not known whether these re-
sults are produced by their action in obtaining their food or by the
products which are thus set free. These injurious members of the
purasitic class are the so-called pathogenic or disease-producing
bacteria; such as the well-known germs of typhoid and cholera.
Some species of bacteria are able to exist either as saprophytes or
parasites, and are called facultative,

Another classification depends upon their ability to live in the
presence or absence of oxygen, e. g. ;

1. Aerobic, requiring the presence of oxygen.

2. Andierobic, unable to exist in the presence of this gas.

Facultative aniierobies can live either with or without oxygen.

I'here are various other ways of classifying them which are of no
special interest in this connection. The most important classification,
from our point of view, is that which divides them into parasites and
saprophytes, The great majority of bacteria belong to the latter
class, and depend for their nourishment entirely upon lifeless animal or
vegetable material. Their energies are thus devoted to the task of
attacking dead and decaying organic matter, tearing it apart (in the
chemical sense), breaking up its complex combinations, and ulti-
mately reducing it to unobjectionable inorganic compounds, This is
accomplished in many different ways, depending upon the attendant
circumstances and the species of the dominating germ. But the final
result is the same. All these destructive processes in the history of
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organic matter, which have been previously referred to, were formerly
considered to be purely chemical ; but it is now known that if the
bacteria are absent or in any way rendered inactive, no decomposition
of any kind can take place cven in air. Hence, it is evident that
the role they play in nature is, for the most part, a beneficent one,
They are the universal scavengers, and but for them all organic growth
would in time be overwhelmed by its own waste.

There are, however, also the pathogenic members of the parasitic
class, which, though few in number when compared with the others, are
yet possessed of the same capacity for multiplication when the condi-
tions are favourable. But while the absence of such conditions will
arrest their growth and development, it does not necessarily cause their
death. For instance, the temperature most suitable to the typhoid
germ is that of the human bedy, which is its natural habitat ; yet it
can exist for months in the middle of a block of ice, and then con-
tinue its normal carecr with undiminished energy and virulence,
Henee, of the different kinds of water pollution, human sewage is the
most to be feared, since it is at any time liable to contain such germs ;
and the method which can best ensure their removal is evidently the
one best suited for domestic purification,

With the adoption of bacterial purity as a standard for water
purification, it is no wonder that it was anticipated that the sand filter
would prove even of less hygienic value than it did from the chemical
point of view, Thus in a paper read before the Institute of Civil
Engincers about this time the following statement oceurs: “ Filtration
is another remedy put forward as infallible by those who have not
grasped the subject. How can filtration affect substances dissolved
in water? And as for the minute organisms found in putrescent
bodies, they could pass a hundred or a thousand abreast through
the interstitial spaces of ordinary sand as used for this purpose.”
Nevertheless, as cxperiments and tests multiplied, it soon became
evident that these same clumsy contrivances were actually removing
from Y7 to 98 per cent. of all the germs contained in the water. " Not
only this, but continued study and experiment since then have
resulted in such changes in the methods of building and operating
these filters, that they can now be depended upon to remove from 99 to
100 per cent, of the bacteria, and although numerous other devices for
filtering have been invented and tried, so far none have been shown to
be cqual in efficiency to the sand filter, Thus did these earlier
engincers build better than they knew, and produce results whose
excellence they did not even suspect.
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Investigation into the manner in which it was possible for a com-
paratively porous material like the sand bed to hold back such in-
finitesimal bodies as the bacteria revealed a paradoxical condition of
affairs, viz., that these germs, while constituting the most dangerous
clement in the pollution of drinking water, were at the same time the
chief agents in its purification. It was found that the purifying
action was partly mechanical and partly biological, the circumstances
attendiog the latter not being very well understood. The manner in
which it takes place and the means by which it may be enhanced, will
be referred to while describing the construction and operation of a
modern filtration plant.

In describing the materials of the bed and the best method of dis-
posing them, we shall begin with the sand.

BAND,

It is in the sand layer that the actual purification takes place; and

it is observed that the effisiency and economy of the process are de-
pendent to a iderable extent upon the size of the sand grains
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an  the thickness of the bed. It is the smaller grains which determine
the “ effective size” of a sample of sand; since, by filling up the
spaces between the larger ones, they fix the diameter and length of the
ehannels through which the water must pass,

At Lawrence, as the result of experimenting on the rate at which
water flows through various sizes of sand, the * effective size” is
tuken as that of the grain which has 10 per cent. by weight of the
sample smaller than itself, and 90 per cent. larger. This size is
obtained by a process of mechanical analysis described in the Report for
1892, which also gives what is termed the * uniformity co-efficient,”
the latter being the ratio of the size of the grain which has 60 per
cent. smaller than itselfto the * effective size,” (See Fig.) IFf we look
more closely into the purifying action of the sand, in order to be able
to understand just how it is affected by difference in the * effective
size,” * uniformity co-efficient,” thickness of the bed, ete., we shall see
that what takes place is as follows :—

When water is first let in to the filter, it rises to a depth of 3 or 4
feet above the surface of the bed ; and it is either held there for some
hours, or filtration is allowed to proceed at once, the first part of the
effluent being wasted. In either case, the sand grains at the surface
soon become enveloped in a membranous film composed partly of the
zoogleen form of the bacteria, and partly of the more or less finely
divided organic matter which the water holds in suspension. This
sticky jelly-like substance, extending around and between the sand
grains, entangles and holds back the smallest particles in the water,
even the bacteria themselves, The latter are not only prevented from
moving farther, but are detained under such adverse circumstances as
to not only arrest their growth and multiplication, but also to cause
their death.

Naturally the larger suspended particles, water animaleule, frag-
ments of plants, cte., are stopped at the very surface of the sand, and
a continuous mantle called by the Germans the Seckmutzdecke is soon
formed and covers the whole bed. Under certain circumstances, as
for example when the. water contains a large algee growth, this layer
forms a dark greenish carpet of a texture like felt, which when dry
can be peeled off in flakes. Ordinarily, however, since it contains a
certain quantity of silty matter, it penetrates the sand for a depth of
half an inch or so, But even when formed in this way there is often
almost a distinct plane of cleavage between it and the sand below,
which makes it very casy to remove with broad square-cornered shovels,
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This operation becomes necessary when the gradual thickening of the
surface layer prevents the required quantity of water from passing.

It will thus be seen that the surface film forms by itself an exceed-
ingly effective filtering material, but with a very delicate structure ;
and as such, should be carefully guarded against any influence which
might cause its fracture, Several European engineers have concluded
that it alone constitutes the actual filtering medium ; and that the
remainder of the sand bed serves merely for its suppors, and for
steadying the flow of the water through the bed. But experiments
made at the Luawrence Station do not by any means verify this view,
Indeced they have shown that if great care is taken not to disturb the
underlying sand, almost the whole of the surface layer may be removed
without at all affecting the bacterial character of the efluent. It is
also shown that a new filter does not arrive at what is called its * full
bacterial efficiency " until it has been in use for a considerable time ;
even though in the neantime surface layers may have been formed of
sufficient thickness as to completely clog the filters,

By examining the sand, it has been found that this sub-surface puri-
fication only occurs when the sand grains for a considerable depth
below the surface have become coated with a film of the gelatinous
organic material referred to above, It has also been shown that if,
during scraping, the bed is subjected to any iderable hanieal
disturbances, as by spading, by which these envelopes are broken and
detached, the result is a decided inferiority in the quality of the
effluent, It is a well-known fact, that the longer sand,is in use the
greater is its efficiency for filtering purposes,

All these considerations go to show that while undoubtedly most of
the purification takes place in the surface layer, it is not absolutely
essential. The facts stated are chiefly of importance in so far as they
indicate the true principles upon which the process of filtration depends.
They should by no means tend to lessen the care which ought always
to be exercised to preserve the surface layer intact. The purifying
power of the main body of the sand should be considered as a factor
of safety, and as an additional guarantee of good results.

As to the influence of the size of the sand, it may be stated generally
that the “ uniformity eo-efficient ” should be as low as possible. Also
that the smaller the “ effective size " the more efficient is the filtration,
the less liability is there to disturbing effects, and the sooner does the
sand arrive at its full bacterial efficiency. At the same time it must
be operated at a lower rate, becomes clogged more easily, and thus re.
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quires more frequent seraping, The latter performance, together with
the periodic renewal of the sand, will form the principal part of the
expense of operation. There is thus a minimum limit beyond which
it would be uneconomical as well as unnecessary to go. The best size,
taking everything into consideration, will evidently depend to a con-
siderable extent on the quality of the water and other local circum-
stances,

The “effective size” of the sand used in the principal European
filters varies, according to Mr. Allen Hazen, from .20 to .44 milli-
metres ; and the “ uniformity cocfficient ” from 1.5 to about 3.7.

As to the proper depth of the sand layer, there is even now con-
siderable difference of opinion among engineers. The great variations
in the depths of the sand in the older filters, shown by Fig. 1, are not
surprising, considering the fact that when the most of them were built
nothing was known of their biological action. If we adopt the view,
that it is only the surface film which filters, the determination of the
best thickness becomes merely a matter of comparing the extra opera-
ting expense due to the more frequent rencwals of a thin bed, with
the corresponding saving in first cost. In most of the European filters
the rencwal does not take place till the thickness of the bed has been
reduced to from 12 to 24 inches. The former is the limit imposed by
the Imperial Board of Health of Germany. It would scem to be
better practice to require a minimum depth of from 2 to 3 feet, in
order to have at all times the benefit of the steadying effect produced
by depth of bed., Besides this there is the additional advantage of
having a deep permanent layer, which is never disturbed, and which,
therefore, causes the filter to increase instead of decrcase in cfficiency
as it grows older.

GRAVEL.

The layer of gravel serves to support the sand and to conduct the
water horizontally to the under-drains. The excessive thickness used
in some of the old filter beds (see Fig. 1) is not at all necessary, 12 or
15 inches being quite sufficient. It should consist of 3 or 4 layers of
graduated sizes, the top one being fine enough to support the sand
without any liability of the layers getting mixed. Around the open-
ings into the underdrains the separate stones should be carefully
placed 50 as to avoid any possibility of movement when the water
begins to flow. If necessary the gravel must be thoroughly washed
before being put in place,
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UNDERDRAINS,

In arranging the underdrainage system of a filter, which includes
g the gravel bed, the object to be aimed at is to cause the water to sink
B vertically through the sand, and as nearly as possible at a uniform
rate in all parts of the bed, In order to effect this it is evident that
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F16. 3.—Section of Hamburg filter bed.

the resistance to horizontal motion in the underdraining system must
be everywhere nearly the same, Attempts have been made to caleulate
the proper size of the underdrains, using formulw for the flow of water
through gravel and sand of various sizes. A discussion of the matter
will be found in the Report of the Mass, State Board of Health for
1892, and also in Allen Hazen’s book on the * Filtration of Public
i Water Supplics,” p. 32-41.  With round tile drains, and a daily filtra-

tion rate of 2.57 million gallons per acre, Mr. Hazen suggests the

following limits to the area which pipes of the different sizes should he
¥ allowed to drain :
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. .
Diam. of drain Te drain an area not Corresponding

exceeding velociy of water
in diain,
4 inches, 290 square feet, I 0.30 ft. per sec.
h . 750 i 0.35 -
8 “ 1530 i ‘ 0.40 -
0 ¢ 2780 “ 0.46 o
12 “« 4400 . l 0.51 “

and a cross-sectional area for the larger and main drains of at least
sdss of the area drained. With the rate mentioned this would give a
maximum velocity in the drain of 0.55 ft. per second.
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F1a. 4.—Section of filter bad proposed in 1866 by Kirkwood for St. Louis, Mo.

These underdrains are variously constructed of open jointed
channels of stone or brickwork, or of tile pipes with perforations or
open joints, (See Figs. 3, 4,5,6.) There is no advantage in spacing the
laterals more than about 16 feet apart, as the extra quantity of coarse
gravel necessary would cost more than the saving in the pipe, In some
filters the underdraining has been accomplished by means of a double
bottom of open brickwork supported on arches or other arrangements
of the same material,

The lateral draivs usually rest upon the bottom of the basin, bt
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the main drain is often placed lower. (See Figs. 5 and 6.) If the top of the
druin is higher than the coarsest layer of gravel, that part should be
closed to prevent the entrance of the fine gravel,

OPEN BRICKIVORK
CoNCRETE

F16. b,—Section of filter bed New River Water Company (London),

In several of the old filters vertical ventilating pipes extend from the
underdrains above the surface of the water on the bed. These are
for the purpose of allowing the escape of air from below, so as_not to
cause disturbance by passing through the sand. They are not used in
the latest filters, as it was found that they were of no advantage, but
rather a source of trouble, through the formation of channels between
them and the sand, which allowed water to pass without filtration,

BASIN.

The basin which encloses the filtering materials must of course be
water-tight ; and in that respect the same care must be exercised in
its design and construction as would be necessary in the case of any
reservoir for holding water. Its depth will depend upon the thickness
of the bed and the height to which the water is to be allowed to rise,
but does not usually exceed 10 or 12 feet. The bottom is usually level,
or perhaps with slight depressions for the lateral drains, The walls
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may be either vertical or sloping, depending upon the material used.
Taking into account the necessity of uniformity in the filtration rate
at different points of the bed, vertical sides are probably preferable to
sloping. Local eircumstances will as a rule determine the best method
of construction and the material to be used. The latter may include
stone masonry, brick, concrete, earth embankments, puddle, ete.

F1a6, 6.—Section of filter bed for Albany, N.Y. (From Engineering News.)

Conerete is a very satisfactory, and in most cases an economical ma-
terial to use for any part of the structure,

If a roof is required it should consist of groined arches, supported
on pillars, preferably of brick, (Sece Figs. 8, 9 and 10.) Care is ne-

cessary to obtain a solid foundation for the latter, as the form of roof

will not admit of much uncqual settlement. A good plan is to form
the bottom of flat inverted arches which will give a firm and even sup-
port for all the pillars ; and the lateral underdrains will then lic along
the hollows midway between the rows of piers, (See Figs. 6 and 7.)
With a roof of this kind vertical side walls will be more economical than
sloping ones. But the plane surface between the wall and the bed
must be broken by projections, in order to prevent the liability of un-
filtered water passing along the junction ; which remark also applies
to the piers, It is to prevent this same contingency that the gravel
layer is only carried to within 2 or 3 feet of the walls, its place bsing
fill.d by the sand which here composes the whola depth of the bed.
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(See Figs. 6 and 7.) Around theinlet and outlet chambers there should
be no gravel within 5 or 6 feet of the walls,

Section through Piers.
F1a. 7.—~Section of filter bed for Albary, N.Y. (From Engineering News.) -

Manholes"must be constructed in the roof for the admission of light
and air. Also a “run” for entering and removing the sand scrapings,
ete. With piers spaced 14 or 16 fect on centres a light and strong
roof can be built of concrete at a very moderate cost. When the roof
is finished it is covered to a depth of two or threc feet with earth
surmonnted by a layer of loam, which may be seeded down or laid out
in flower beds, ete,

For open filters the sides may be of earth embankments, made water-
tight by a layer of puddle or concrete. If of the former, a paving of
brick is necessary, which must be of sufficicnt strength to withstand
the action of the ice where it is exposed,

OPERATION.

Before proceeding with the methods of operating a filtration plant,
reference will be made to Fig. 11, which shows diagrammatically a filter
bed with inlet, outlet, underdrains, ete. With a given flow of water
through the bed, the vertical distance H represents the head re-
quired to force this quantity through the surface film, the sand, gravel
and underdrains, It is variously termed “ loss of head,” *“head on
the filter,” *filtering head.”
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F16. 11.~Diagram showing various parts of a filter bed.

The depth of water in the majority of European filter beds is usually
from 3 to 4 feet, with the full, depth of sand. In some of these
filters, it waa allowed to rise and fall aceording to fluctuations in the
removal of the effluent. Such variations in depth, however, are found
to have an injurious effect upon the surface layer, and on the efficiency
of the filtering process ; in the newer plants, therefore, they are provided
against by an apparatus on the mouth of the inlet pipe by which the
water when it reaches a cortain height automatically closes the inlet.
These consist usually of some form of balauced valve worked by a float.
In connection with an open filter such an ar1angement must of course be
protected from frost,

The inlet opens into a small chamber at the side of the bed from
which it is separated by a wall. The water flows over the wall on to
the bed, and is prevented from disturbing the surface of the sand by
paving it for a short distance from the chamber, Sometimes the
water enters by overflowing an open masonry channel extending
across the surface of the bed, (See Fig. 4.)
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The loss of head, corresponding to a given rate of flow of water
through the filter, will depend upon the extent to which the surface
film has formed, and the friction in the sand, gravel and underdrains;
but under any given conditions it varies (within practical limits)
directly as the rate,

In some of the old filters, the outlet was connected directly to a clear
water basin, or pump well; and the difference in level between the
surface of the water in the filter and of that in the well was, of course,
equal to the loss of head.  Fluctuations in the draft upon the well
produced corresponding fluctuations in the filtering head, and there-
fore in the rate which was thus automatically adjusted to the demand.
In others, however, some sort of apparatus was placed between the filter
and the clear water basin by which the rate could be kept constant,
This is now considered to be of the greatest importance for the reason
that bacterial tests of the effluents have shown that marked deteriora-
tion invariably follows fluctuation in the rates. This is probably
caused by the mechanical disturbances produced in the sand bed and
surface film. For details of such tests, see Report Mass, Statz Board
of Health for 1894,

In the newest plants, therefore, some kind of an arrangement is
always provided for the regulation of the flow, examples of which are
shown in Figs. 12, 13 and 14. Since the rate varies directly as the
loss of head, it ie immaterial which is regulited. Some of these
devices, therefore, regulate the flow directly, while others accomplish
the same result by the indirect method of regulating the loss of head.
In order that the former may be kept the same from one day to
another, the latter must be gradually increased as the period of service
of the bed extends, su as to correspond with the increasing resistance
of the surface layer. This is effected automatically in the device
shown in Fig. 12, which was designed by Lindley for the filters at
Warsaw. The apparatus is contained in a water tight chamber, con-
nected on one side with the filter, and on the other with the clear
water basin. The rate at which the water can pass from one to the
other depends upon the depth to which the slits in the sliding pipe
extend beneath the surface of the water. This is adjusted by weights
at the other end of the chain which passes over a pulley. Thus the rate
can be kept constant ; and as the resistance of the bed increases the
level of the water in the chamber will automatically adjust itself to pro-
duce the necessary differences in level or loss of head.




is
'w

#«i‘l!gcﬁ

v S 3
e - S e 2 S X NCE o e
o o

- -
R e e e, o




SAND IN PLACE




Sand Filtration of Public Water Supplies, 57

N ELTER - o
1

I
H=toss or
HERD

J AN ORAIN
3 7O CLEAR WATER FRONM FILTER
RESERVOIR

7/

F16. 12.~ Regulator designed by Lindley for the Warsaw filters,

Fig. 13 shows the method of regulation devised by Gill for the Tegel
Works of the Berlin Water supply. The outlet from the middle
chamber is through a weir; and the depth of water on its erest, and,
therefore, the discharge, is indicated by the height of the float read on
the scalea. This is kept constant by means of the gate. The corres.
ponding loss of head is shown by the difference of the readings on scale
b. - Keeping the water in the filter always at the same level, a constant
rate can only be maintained by the gradual falling of the level iu the
right hand chamber and a consequent wider opening of the gate.

Fig. 14 shows the principle used in the new Hamburg filters. A
similar method was recommended by Kirkwood for St. Louis. The
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F1G. 13.—Regulator used in the Berlin (Tegel) works,

scale on the right reads downwards, and its zero corresponds to the level
of the surface of the water on the filter, which must of course be kept
constant, In the first chamber is a float with a pointer attached. The
reading of this pointer on the right scale evidently gives the loss of head.
The rcading of the same pointer on the other scale gives the corres-
ponding rate. This is accomplished in the following way: The out-
let of the first chamber is through the weir, which is movable in a
vertical dircetion. The smaller scale is fixed to this weir as shown in
Fig. 14, so that the distance between the crest of the weir and the zero
of the scale is the same as that between the pointer and the water linc
of the float, Both loss of head and the rate may therefore be regu-
lated by lowering or raising the weir.

As to the limit beyond which the loss of head should not be
allowed to go, the general opinion scems to be that it should not be
greater than the depth of water oo the bed, though the Lawrence ex-
periments have not shown any bad effects from exceeding this limit.

As a general thing it may be stated that, everything else being equal,




Sand Filtration of Public Water Supplies.

Fig. 14.—Regulating apparatus used in the new Hamburg filters,

the higher the rate the poorer the quality of the filtrate, But with
fuirly low rates this deterioration is slight, so that entircly satisfactory
results can be obtained with rates up to 3 or 3} million gallons per
acre per day. Probably higher rates could be safely employed if
very great care were exercised in the operation of the filter. The
relative effects of high and low rates from a financial point of view are
discussed further on.

SCRAPING THE FILTER.
When the clogging of the filter bed has become such as to require
a loss of head greater than the prescribed limit, the inlet is closed and
the water allowed to drain away until it has sunk some distance below
the surface of the sand. When this has become sufficiently firm,
workmen enter the bed with planks, wheelbarrows and broad flat
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shovels, With these they carefully remove the surface layer and
pile it up in little heaps, which they afterwards remove with the
barrows, The depth removed varies from  to 1 inch, and averages
about % of an inch, The surface of the sand is then raked to loosen
up the packing caused by the boots of the workmen, and after
smoothing down any irregularities the planks are removed and the
filter is ready for another period of scrvice,

The refilling begins from below by admitting through the under-
drains filtered water from another bed in action. The object of this is
to drive out the air from the pores of the sand, where its presence in
the form of bubbles would cause considerable unnceessary friction.
When the water has risen a few inches above the surface of the sand,
the lower connection is shut off and the refilling is completed by means
of the surface inlet.

Before filtration proper begins the water should be allowed to stand
on the bed for several hours; or the first million gallons or so should
be wasted. The amount wasted can be reduced by beginning the
filration at a low rate, and gradually increasing it to the maximum,

When the scrapings have reduced the sand-bed to the minimum
allowable thickness, the total amount removed, which has in the
meantime been thoroughly washed, is replaced at one time, Before
doing so the surface of the permanent layer, which is never removed,
should be loosened up by being spaded over to a depth of six inches
or so. If this is not done, there is a liability of sub-surface clogging
at its junction with the clean sand.

When the filter is started again, it is, except for the permanent
layer, in the condition of a new filter, and 80 requires extra care in
operating it, and the filtrate should be wasted for a much longer
time than is required after the scrapings, Piefké of the Berlin
Water Works places this period at six days.

Considering the labour neccssary and the time the bed is out of use,
this replacing of the sand is an expensive operation, and should not
occur oftener than can be avoided. In most plants the usual period
is about once a year,

SAND WASHING,

Sometimes it is possible to obtain new clean sand at less cost than is
necessary to wash the old, But this is rarely the casc ; hence an im-
portant part of the equipment of a fair-sized filtration plant is the
apparatus for the washing of the sand. The simplest of the methods
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employed for this purpose consists of a broad shallow box, which is set
in an inclived position. The dirty sand is thrown into this box, and a
jet of water played upon it from a hose, The water overflows from
the lower end of the box and carries the dirt with it. This is con-
tinued until the water runs off clean.

The more elaborate methods employ mechanical means to force
the water through the sand. Drum-washers, operated by horse or
stcam power, are largely used in Germany, They are set in an in-
clined position, and the sand, with streams of water playing upon it, is
forced from the lower to the upper end by means of revolving spiral
blades. Various other methods more or less on the same principle
are employed. Fig. 15 shows the sand-washer used at Hudscn, N. Y.

F16, 15,—Sand washing apparatus used at Hudson, N.Y.

The dimensions are shown on the figure. The dirty sand is shovelled
on to the stage, from which it is washed by a hose jet into the revolving
cylinder. From the lower end of the latter it fallsinto a wooden trough
1 foot square in section and closed at both ends, The screw forces
the sand into a pit at one end, from which it is elevated by buckets to
the floor of the sand storchouse above, The water overflowing the
box carries the dirt with it.

The “Ejector ” washer is probably the most efficient of all the
methods employed. It consists of a series of conical hoppers arranged
in a row. At the bottom of each hopper is an ejector through which a
stream of water passes under a pressure of 15 or 20 lbs, The dirty
sand is thrown into the first and largest hopper. From this it is eject-
ed through a vertical pipe into a trough, from which it falls into the
next hopper.  Here the same thing oceurs ; and the process is repeat-
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ed until the water, which is continually overflowing from the hoppers,
comes off clear. The whole arrangement must be enclosed in a masonry
pit, from which the dirty water is conducted by drains. Six or cight
hoppers are required for each machine, which will have a capacity of
from 5 to 6 cubic yards per hour. Sand washers of this type are used
in the new filters at Hamburg (Fig. 16) ; and are to be used in the
plaut now under construction at Albany, N. Y. Details of the latter
are given in Engineering News, Feb. 10, 1898,

The volume of water required in sand-washing varies, according to
the method used, from 12 to 20 times that of the sand ; the ejeetor
machines apparently requiring the most. The question of cost will be
referred to under maintenance,

INTERMITTENT FILTRATION,

The operations which have been described in the foregoing pages are
those connceted with the carrying on of what is known as continuous
sand filtration ; and in determining what methods produce the best re-
sults, our only test has been the degree of bacterial purification effected.
The reason of this is, as we have already secn, that in waters at all
likely to be used as publie supplies, the actual amount of organic matter
is relatively so small as to be of little sanitary significance. Neverthe-
less, there is a certain degree of chemical purification effected by this
process, Analyses of the effluents show a reduction of the dissolved
organic matter of from 30 to 60 per cent. This is brought about by
the action of the bacteria, which, though existing under adverse con-
ditions, are yet capable of producing this result in the prescnce of the
free oxygen in the water, the amount of which is usually quite suf-
ficient for the purpose. Now, in the case of sewage, which is only
very highly polluted water, the amount of free oxygen is very small in
comparison with the organic matter present. And it was found,
in making experiments on the purification of sewage by passing
it through beds of sand, that if air were artificially introduced a
very complete reduction of the organic matter would be effected by the
bacteria. This was accomplished by working the bed intermittently ;
that is to say, at regular intervals of time the bed wasallowed to drain,
and fill its pores with the air drawn in after the sewage. After taking
this breath the bed rested ; then the sewage was again turned on to
the surface, preventing the escape of the air which was necessary

to provide oxygen for its purification. A similar method used in
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connection with water is what is termed intermitient filtration. The
first filter of the kind was built at Lawrence, Mass., by H. F, Mills,
C. E., member of the State Board of Health, Since then, small
plants on the same principle have been built at Mt. Vernon, N.Y., and
Grand Falls, North Dakota,

The results do not seem to indicate any necessity for their use, not
being at all superior to those of continuous filters, while the method of
operation is not suited to cold climates, and either requires a greater
area of bed or a higher rate of filtration. ~ A description of the Law-
rence filter may be found in Trans. Am. Soc. C. E., 1893, p. 350.

GENERAL ARRANGEMENT.

From what has been said, it will be evident that where the water is
at any time liuble to turbidity, a settling basin, eapable of holding from
12 to 24 hours' supply at least, mustbe provided. Also, in order that
the filter may be able to work continuously at a uniform rate, a clear
water basin will be vecessary of a capacity sufficient to cover the
maximum fluctuations in the consumption. Fig. 17 indicates roughly
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F16. 17.—Sketch showing the relation of the parts of a filtration system,

the geueral arrangement of the parts of a complete sy-tem, If the
supply is from a storage reservoir, the filters are placed below the dam,
and are, of course, supplied by gravity, (See Fig. 18,) But even
when the supply is from a river or luke, the topography of the ground
often admits of the same economical arrangement. If this is not pos-
sible, the water must be pumped into the settling basin by a separate
pump of the low lift variety. The extra expense of two pumpings may
be almost eliminated if the same station, boiler plant, etc., can be made
to serve for both pumps,

The total area of filter beds required depends in the first place
upon the maximum rate adopted ; and, second, upon the area out of
use while being scraped and refilled. The higher the rate of filtration
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the less the total area, and therefore the first cost of the plant, The
principal item of expense conneoted with the operation of this plant is
that for scraping; and it is found that the amount scraped for any
given quantity of water filtered is independent of the rate. ~Also, the
allowance for the area out of use will not vary with the rate to any
extent, Hence an increase in the rate will not by any means produce
a proportionate reduction in the cost of filtration, A rate of 3,000,
000 gallons per acre of bed in use will give results entirely satisfactory
from the standpoint of efficiency, and at a cost which is usually by no
means excessive.

The size of theindividual beds will depend in part upon the extent of
the total area, the smaller plants having necessarily to use smaller beds,
A large bed costs less per unit of area than a small one, on account
of the proportionately greater length of wall in the latter case, With
a large bed it is, however, probably more difficult to obtain a uniform
rate of filtration over the whole area,

During the winter of cold climates the cost of maintenance is consi-
derably increased by the expense of removing the ice which forms in
the bed, It is also difficult to avoid injuriously disturbing the surface
of the sand, Beside this when the water is drawn down, the surface
somectimes freezes before it can be seraped. On account of such
disadvantages as these, filter beds should be covered in all cold eli-
mates, The best method of constructing these roofs has already been
referred to.

The proper number, shape, and area of the beds of a system can only
be determined for any particular case by careful study of the local con-
ditions, and by making comparative estimates of the different items of
cost of construction, maintenance, ete. There will be opportunities for
the exercise of considerable ingenuity in the general laying out of the
system, the relative placing of its parts, the arrangement of the piping,
drains, ete,, in order that convenience and economy may be happily
combined.

THE COST OF CONSTRUCTION.

This will of course depend on the local circumstancesand the kind of
materials used. As in all hydraulic work, great care is required in the
construction, and the best quality of materials must be used. In the
main, it is the same class of work as is required in the building of
distributing reservoirs,
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Fig. 10. ~“FILTER BEDS AND CLEAR WATER BASIN AT ILION, N.Y
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ELLEPTICAL GROINED ARCHES USED IN ROOF OF WELLESLEY, (MASS.) COVERED RESERVOIR.
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The following table gives the cost of construction for several Euro-
pean and American filters :

Ulace. Cost per Acre.
Covered. Open.
EOR000 005535 sxsvaywoians wion s $24,000—$40,000
Berlin (1884-87) ...... ceesnenens | $66,000—$70,000
Hamburg (1893) .. o onon 30,500

Warsaw (1885)..

senss 78,000
Zurich (1885) +.veee o

cenee 86,000

Nantucket, Mass, (1892) Sesae 45,590

Hudson, N.Y. (1874-88) ) 73,000

Ilion (1893) «evevscoe 96,700

Ashland, Wis., (1897) 80,000

Somersworth, N.H, (18 64.000

Poughkeepsie, N. Y. (1872) . . 90,000
do do (1896) ...... 41,000

Lindley gives the general cost of continental filters as $45,000 per
acre for open, and $68,000 for covered.

The following figures, giving in detail the bids received Feb. 15th,
1898, for constructing the water filtration plant now in process of
construction at Albany, N, Y, will be of more interest. When com-
pleted it will be by far the largest plant yet built in America; and
in general design and completeness of equipment it will be second to
none.

It will consist of a settling basin of 16,000,000 gallons capacity, eight
covered filter beds, each with (%; of an acre of sand surface, and a clear
water reservoir with a capacity of 600,000 gallons. There will also
be provided.an office building containing fully equipped chemical and
bacteriological laboratories,

The price for the sand and gravel included the necessary screening,
washing and putting in place

The sand washer is of the ejector type. Other details are shown in
Figs.

The bids are as follows :
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. e
Prices of g g
) r
Material. Quantities. | Success Other ‘e
ful Bidd A
Bidder. i oF-]
Shale Rock Excavation| 5,000 cu. yds.| $ 1.20 $ 030 to § 1.50 0.8
Earth excavation (above
grade) cevveeinnneead|60,000 27 JA3¢ % 476 .20
Earth excavation (be-
low grade) .......e00| 3,000 ¢ .30 20 ¢ .60 .40
Rolled clay and gravel
embankments . ...... (21,000 ¢¢ .62 A6« 00 .50
Bilt and Joam filling...|23,000 ¢* A6 olf 38 .50 .20
General filling (rolled) .|18,000 * .18 07 « .40 .20
Puddle in place ....... 13,000 ¢ 13 67 « 1.07 | 1.00
Broken stone or gravel
for lining «vevveenens| 1,900 ¢ .86 99 ¢ 1.40 1.26
Bodding vevevsveesven| 3,000 8q. yds. 15 b « .60 | 16
Beeding..cov seviennans 8 acres 25.00 12.50 « 70.00 | 50.00
Gravelin roadway rolled| 800 cu. yds. .60 1.00 « 1.50 | 1.00
Vitrified brick Jaid ae |
Paving. seceeneesees| 120 M. 20.00 18.00 « 30.00 20.00
Stone curbing. ...o.ee.| 800 lin. ft. .60 06 ¢ 1.60 | .50
Conerete in floors .... .|11,000 cu. yds. 2.81 2.34 ¢ 3.560 3.00
Concrete in vaulting ...| 7,000 3.85 3.90 ‘¢ 7.50 5.00
Uther concrete........ 3,000 «¢ 2.13 2.60 ¢ 4.30 3.00
Brick work evuvsouens 4,600 ¢ 8.12} .00 10.00 6.00
Imp’d Portland Cement| 500 bbls, 3.12} 2.36 « 3.00 2.75
American do  do [14,000 ¢ 2.14} 1.90 « 2.21| 32.16
Rosendale Cement..... 1,600 < 974 B8 ¢ 1.95 1.00
Furnishing and placing
2" drain pipe in piers, 6525.00 300.00 « 1,318.00 | 700.00
2 in. agricultural drain
UPResse sssaveveiins 2,000 lin. ft. .04 05 .10 .05
6 ins. drain pipe open
Joints .o00 sessesnsns 16,000 A1 Jd0 o« .12} 10
Fur. and laying all vit.
pipe cement joints. .. 5,337.00 | 3,850.00 ¢ 5,933.00 | 6,000.00
Plac.ng all gates, ete.
Fur. by board ...... 1,140.00 700.00 ¢ 2,000.00 | 470.00
Fur. and placing all '
castiron pipe and spe
Haldissssasinee ceses 20,701.25 | 14,750.00 * 20,000.00 |15,000.00
Iron filter covers . 672 each 4.40 5.00 « 6.50 5.00
Sand washing appara
TS sevese susnnsnes 2 sets 393.00 250.00 ¢ 1,000.00 800.00
Sand run firtures 8 each 407.50 100.00 < 511.00 | 200.00
Regulator houses 8 each 862.24 175.00 « 900.00 | 500,00
Office _and  laboratory
building .. covvenanns 4,881.00 | 2,700.00 “ 10,200.00 | 3,000.00
Filter gravel in place ..| 7,000 cu. yds. 1.05 1.00 « 2.00 1.50
Filter sand in place....|36,000 “ 1.00 90 ¢ 1.78 1.26
Split stone lining...... 2,000 £q. yds. .82 1.03 ¢ 3.60 2.00
Rough stone paving. ..| 200 ¢ .82 93 « 2.50 .80
Fasteners  fur, and
placed in concrete
vaulting ...cvuvuvaes| 3,000 200.00 150.00 »  225.00 | 100.00
Iron fence .. eoe| 850 lin. ft. 2.00 1.00 ¢ 2.00 1.00
Connection with pump-
well and closing oﬁ‘l
intake ceoevoss senses 3,000.00 | 1,000 “ 4,000 | 3,500.00
Total sosess cesnse $309,866 |$322,368 ‘¢ $387,345! $322,
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The items of special interest are given in italics.

It will thus be seen that a covered filter plant of this area (5.6 acres),
with settling basin, clear water basin, and all other appurtenances com-
plete, can be built for less than 856,000 per acre,

For further details and information concerning this plant see En-
gineering News, Feb. 10th and Oct. 20th, 1898,

MAINTENANCE,

The total cost of maintenance of a filtration plant is made up of the
operating expenses, and the interest and sinking fund charges.

The former—the operating expenses—comprise : —

(a) The cost of superintendence, and of attendants to look after the
regulation, ete.

(b) The cost of scraping and removing the sand,

(¢) The cost of washing the sand.

(d) The cost of replaciug the washed sand when rencwal of the bed
becomes necessary.

It is only in very large plants that a special superintendent is re-
quired, so_that the expense for that purpose would not form a very large
part of the total cost. The proper handling of the gates, and the
running of the plantin general requires a degree of intelligence con-
siderably above that of the ordinary labourer, The wages of the gate-
men therefore will be from $2.00 to $3.00 per day.

Scraping and removing the sand by wheelbarrows seems to cost,
under ordinary circumstances, between $40 and $50 per acre, depend-
ing upon the wages paid. At Mount Vernon, N. Y., the shovellers
and barrow wheclers are paid $1.10 per day, and the scrapers $1.25,
Mz, Chas. Fowler, for many years in charge of the filters in Pough-
keepsie, N.Y ., says that one man working 1 hour is required for every
150 square foot of surface cleaned and removed. This would cost at
$1.50 per day, about $43.50 per acre, Lindley gives 30 days at 10
hours each for cvery acre, which at the same rate is $45.00 per acre,
In the small plants at Ilion, N.Y., and Ashland, Wisconsin, the cost
is at the rate of about $50 per acre.

The cost of sand washing varies with the method employed, In
Poughkeepsie, when they used a simple inclined trough and water jet,
it cost as high as $1.50 per yard. By improving their methods they
reduced this cost, till to-day it is only 27 ets. per yard. In Hudson,
the cost is 20 cents per yard, and in Ilion 18, In Germany it varies
from 14 to 20 cents per yard,
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The periodical replacing of the sand in the bed must be done care-
fully of course, but should not cost, including whatever is necessary
to be done to the permanent layer, more than 40 cts. per cu. yard,

The cost of these various operations will of course depend upon the
scale on which they are earried on. It will obviously be easier to keep
the price low with a large plant than a small one. In the case of the
former a force of gatemen and labourers can be permanently employed.
In the smaller plants the operations of seraping and sand washing only
take place at intervals, and are performed by labourers hired temporarily
for the purpose, or by employees from other parts of the water system,

In using the above data to make an estimate of the total operating
expenses, we shall employ as a unit the cost per million gallons of
water filtered.

Assuming an average yield of 50 million gallons per acre between
scrapings, the total cost would be as follows :

Scraping and removing @ $45 per ac $0.90 per mlll gals. ﬂltered
Washing 100 cu, yds. sand @ 25 ets, yd... 0.50

Replacing, ete., (@) 40 cts ** ... 0.80 o o
Superintendence, ete i “ "

“ “

To this should be added the cost of bacterial analyses of the effluents,
which should be made as frequently as possible in order to test
the working of the filters. In many of the Kuropean plants'a fully
equipped laboratory is included in the equipment ; and some of the
superintendents, like Piefké, Chief Engineer of the Berlin Works, are
also expert bacteriologists.

The actual cost of the operations discussed above for some Amer-
ican filters is as follows:

Poughkeepsie, N.Y.,for 20 years averaged $2.90 per mlll gals, ﬁltered
Hudson, N.Y,, is given as . ..$1.38

Mount Vernon N.Y, a lm]e less thnn.. . 2,00 " »
Ashland, Wisconsin, estimated to cost, 2.25 i #

The following table, furnished by W. B. Bryan, Esq,, Chief Engineer
East London Water Co., gives the yearly cost of filtration of the
London Water Companies from 1880 to 1895,




SAND WASHING APPARATUS IN HAMBURG.

Fie. 16.

COST OF FILTRATION PER MILLION US. GALLONS—LONDON WATER COMPANIES,

sonddng wappy ongnd Jo wonvupg puvy

I
Name of comp.ny. 1880-1/1881-2{1882-3{1883- 4’1884—518%-6 1886-711887—8 mss-msas-soixsso- 1391-2‘13914 1893-4/1894-5
s | s/ 8| ¢| 8| s |s/s |8 /s [s]|8s | s|s | s
Cheleea. ...cuuneneonnen.| 117 [ 1.20 | 1,70 [ 1.01 | 1.06 [ 115 | 80| 1.08| 83| 66| .72!0.75| .62 | 106 .80
East London .... . 117 [ 1240 | 1224 | 1006 [ 1206 [ 117 | o7 | 1:22 | 1l20 | 1.50 421 1.54 | 1.42 | 2.63 | 1.69
Grand Junction .........| 1.01 [ (95 | 1740 | 1.73 [ 182 [ 1.35 | 1.40 | 175 | 156 ( 1.22 | 1.33 | 1.24 | 1.30 [ 2.00 | 1.63
Lambeth ...........0.o.] 83| 81| .96/ .93| 90| .90| 87| .90 | .05| 88| 86! 1.01|1.20|71.46 ] 254
New River..............| 1.3¢ | 1115 | 141 | 1111 | 1.02 | 1.01 | 98| 93| 98| lo0|1.02| .93|1.17|1.43|1.03
Southwark and Vauxbail.| 1.17 [ 1.37 | 1247 | 162 | 141 | 1015 [ 1034 1129 | 153 | 170 | 1017 | 1015 | 1226 | 1.53 | 1134
West Middlesex ..... ...| 1.67 | 1.54 | 1.74 | 1.67 : 1.30 | 1.07 1.70 1.01 | .83 | 3.56|1.00 | .97 |1.42| .95| .9 .
| ] B
=)
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To get the total cost of maintenance, we must include with the
operating expenses the charges for interest and sinking funde. This
will of course depend nupon the cost of eonstruction ; and the latter will
vary with the maximum rate of filtration adopted, and the proportion
of the total arca to be out of use while being cleaned. These being
decided upon, it will then be casy to calculate the first cost per million
gallons of daily yicld. For example, if, with the rate chosen, the daily
yield of the plant will be 2 million gallons per acre of the total area
of beds, the first cost per million gallons will be half the cost of con-
struetion per acre, and so on. The diagram gives the cost per million
gallons filtered, corresponding to different construction costs, which
will pay the interest and sinking fund charges neccssary to cancel the
whole first cost with interest at the end of 40 years.

For example, with a first cost of $60,000 per acre, and a net yield
of 2 million gallons per acre of total area, the cost per million gallons
with interest at 4 per cent. would be 84.15,

The amounts taken from the diagrams added to the estimated cost of
operation will give the total cost of maintenance per million gallons
of water filtered. With interest at 4} per cent, and a first cost of
880,000 per acre, this would amount to about $6, Add to this $2.50
for the expense of operation and we should have $8.50 as the total cost
of filtering 1 million gallons of water, or 1,000 gallons for less than ; of
a cent. With open filters, or more favourable local conditions, this
charge would be considerably reduced.

RESULTS,

Having now discussed the method and cost of sand filtration, the
next and last question to be considered is the nature of the results
which this process can be depended upon to produce. There can be no
question as to its efficiency from an @sthetic point of view. The
complete removal of even the most minute particles in suspension, to-
gether with a large part of the dissolved organio matter, ensures the
entire elimination of any characteristics the water may possess which
would be disagreeable to sight, taste or smell. Yet it is because of
the cffectiveness of the purification from a sanitary standpoint
that this system is especially noted. This is due, as we have
seen, to its destructive effect upon the bacteria, which is almost
sufficient to cause their entire disappearance during the passage
of the water through the filter. The average reduction in a well
desigued and well managed plant will be as great as 98 or 99 per cent.,
as shown by comparing the number of germs in the effluent with that
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in the applied water. But in reality it is even greater than this, For
it has been shown that of the few bacteria which are present in the
effluent, a certain number come from the underdrains, and have
therefore not passed through the filter at all.  These belong to
some of the species of water bacteria, and, consequently, will be quite
harmless. From tests madc on the experimental filters at Lawrence
with an easily recognized and hardy species, the actual reduction was
found to be from 99.9 to 100 per cent. Now, when it is considered
the filter is capable of producing such effects upon bacteria which exist
normally in water, it will be evident that the effect upon the path-
ogenic or disease germs, which are out of their natural habitat
and in a decidedly unfavourable environment, will be much greater,
Thus what may be called the * hygienic: efficiency ” of this system
must be remarkably high, The process is comparable to nature's
method of purifying the surface water which furnishes the under.
ground supplies ; and if properly carried out, the water produced is
probably of almost equal wholesomeness, The continuied experience ot
places where sand filtration plants have been in operation for some
time only goes to strengthen this eonclusion,

In America the method is only just beginning to be employed.
Up to the year 1892 there were but two plants of this deseription in
the country, viz., those at Hudson and Pouvchkeepsie, which have been
already referred to. Since that time 14 new ones have been completed
and three others are under construction, the latter including the large
plant at Albany. The experience to be derived from these plants is too
limited to be of much value for some time to come ; but the officials con-
nected with the majority of them have invariably expressed their entire
gatisfuction with the method of working and with the results obtained,

In England and the continent, however, the experience of many
years is available, this method, as we have scen, having been used
long before the rationale of the process was understood. In England
particularly, many of the supplies are from surface waters made avail-
able by means of large storage reservoirs ; and in ncarly every instance
the stored water is filtered before being supplied to the consumers,
The new supply for Liverpool, which was put into operation in 1892,
comes from an artificial lake formed by damming the Vyrnwy River in
Wales. Thislake is 68 miles from Liverpool, and lies in a sparsely
inhabited district remote from railways or towns. Yet the water from
this source, safe as it may appear, is also made to pass through a sand
filter before being allowed to enter the distribution pipes. In Germany
the use of any surface water without filtration is prohibited by law,
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But in addition to the high esteem in which the method is held
wherever it has been used, there are certain health and mortality
statistics which are perhaps of even greater significance. The typhoid
fever death rate is now considered to be a pretty good index of the
purity of a city’s water supply. Keeping this in mind the following *
tables prepared by John W. Hill, M.Am 8oc.C.E., will be found to
furnish interesting information in this connection.

TanLe IL.—Typaom FeEver Dearn RaTe
Crass L—10 or less per 100,000 of Population.

oIty SOURCE OF WATER SUPPLY. 18911892 1593‘1894 2

The Hague.. Filtered from sand dunes.
Rotterdam .. |Filtered from River Meas
Ohristinni®. | cos soesssirisiniesssoss
. |Filter Gallery by River Elbe

' Springs in the Schueeberg

Munich. ... |Spring Water from Mangfall Valley. ..
Copenbagen 1. s saossecivasssvisarsessinrinssass
Berlin t'iltered from L. Tegel and River Spree.

...
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Crass IL—10 20 per 100,000 of Population.

Breslau |Filtered Water from River Oder 15 | 12
Awmsterdam . Filtered from Haarlam Dunes ........| 19 | 11
BUockBOIM «s s asssesssssesssnssis sussonssssessres| 18 |18
BEUIRS 5.7 550 ne s iR sva e ¥ 050 1507 Rasssher o
London, ... Kent Wells, 17%.
|Filtered from Thames and Lea, 83%...| 16
Edinburgh...’b'lltﬂl‘rd from Reservoir in Pentlanc
Hills.oococoenss

sevsfeseelenes

Trieste euuvefsoossssssesecaness oos| 12
Brooklyn.. .. |[mpounded and Well Water.....c.....| 26

Crass I1L—20-30 per 100,000 of Population.

New York..[Impounded from Croton and Bronx | |
IVePB.ss csssseves ose vevsas sens 21| 22
Davenport...| Filtered from Mississippi River.... .8[34.6]16.7 26
New Orleans| Rainwater from Tanks and Cistern.. 3 | 2 15 | 28
Sydney,~.s.w| Imponnded from Ugrer Nepean. . 19 | 29
amburg, o From River Elbe, filtered since M

1893.0000ms0sesee

Buda Pesth .| Ground Water from Wells

: - 18| 6
. 3 15 | 14
Glasgow. ...| Lake Katrine «eoves vevase E 20 | 24

Brussels ... 21| 14
Paris........| Rivers Seine, Marne, Vanne, Ourqe

Canal, Art. Wells and Springs.... | ¢ 25 | 29
Manchester .| Lake Thirlmere........ 25| 18

* From an address on “ Water Supply for Cities,” given byJ. W. Hill,
? lgL'., before the Faculty and Students of the University of Illinois, Jan, 21,
896,




TasLe I—Continued.
Crass I1V.—30-40 per 100,000 of Population.
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Venice.eoese... 44 133130 26 18 | 30.2
|Liake Michig . 33 (33|31 )|37)|26 | 320
Fonlnnndl'lrevu, qua Felice & Paoli.| 35 | 36 | 26 | 34 | 30 | 32.2
Boston....... | Lake Cochituate and Sudbury River..| 43 | 33| 29| 30|28 326
Detroit . ..oo [Detroit Riversesesess sovscesesncves | 18 | 13 | 51 | 61 | 26 | 83.8
Dly!on. 0 .|Driven Wells.... | 20|82 (44| 64| 20| 36.0
Tarin coveenfieesinsn. vasenessenses .| 46 |41 |44 29|24 | 36.8
Liverpool ... |Lake V\rnwy sresn e eone| 24125 25| 53 | 58 | 37.0
Buffulo. ....|Niagara River ..... eo| o00e| 80 | 34 | 37 | 36 | 39.2
Providence .| Pawtuxet River »s.. » o 20 (47 | 39| 34 | 47 | 39.2
Covington ../Ohio River...oeeuesesensansseenee.| 43 145 140 1 27 [ 42 1 30.4
Crass V.—40-50 per 100,000 of Population.
8. Francisco. lmpoumlﬂl from Monnmm Slnmm 59 | 41 | 34 | 32 ( 35 | 40.2
rague . | . oo | 3337|563 ‘ 36 | 57 | 43.2
Mlnnnpo Mmmsmpm 81 | 45 | 36 | 60 | 45 | 45.4
B:lumore . Lake Roland, Guopowder River.,.... 57 | 34 t 42 | 47149 | 45.8
Newark .... Impounded from Pequannock River | |
since April, 1892..00.c0eienesnees | 60 | 81 | 45 | 28 | 15 | 45.8
8t. Louis....|Mississippi River... 34 | 30 ‘ 37 103 | 31 | 47.0
Newport, Ky‘OIuo River.. 1% leastioies .| 68 | 37 | 41.5
Pbllnlelphm'&chuylklll and Delaware River. ...... | 64 | 64 } 40 | 41 \ 32 | 48.2
Denver . . ‘bouh P|Itte Rlver essssscsssssnssoe [oonslases | 63 [ 57 | 35 | 48.3
Cleveland.... Lake Erie.. e sles s NeR Y 66 | 62 | 54 | 47 ; 27 | 49.2
Crass VI.—50-60 per 100,000 of Population.
St. Pelerﬂburg Filtered from River Neva.......... 87 (vove]onee 51 | 49 | 52.%
Cincinnati..... (Ohio River......... 67 | 62 | 40 | 43 ' 50 62.4
Moecow. +uvues (Springs, Ponds, Moscov and Yanza |
THAWOPE ccoviione vosanessessoernse 73175 |68 | 40 | 29 | 57,
Toronto ...... |Lake Ontario...oee vensss | 939443 (4217|578
Qulncy. 1i.... [Filtered from Mississi pi Ruer 76 | 28 | 48 | 58 \ 79 | 58,
Dublin ....... Filtered from River Vartry . ... 62 | 58 | 39 | 87 | 48 | 58.8
Crass VIL—Over 60 per 100,000 of Population.
Knoxville. ....|Filiered from l‘ennensee River ... |101.5) 45 | 36 | 67 | 59 | 61.9
Milan, Iuly - san evee| 62 | 62 o 62.
Jersey City ... | Passaic River ..., .. son | 95 | 53 | 60 | 76 | 75.
Washington. ..|Potomae River...... ... ‘ 83 |70 | 66|71 | 76.6
Louiville, Ky.|Ohio River +..sss- 8l |72 (84|72 79.4
Chattanooga .| Tennessee River.... .. e | 66 | 55 | 86 [ 48 | s0.,
Chicago ......|Lake Michigan.. . 160 (104 | 42 | 31 | 84.
Pittsburgh ....|Alleghany River.....coe . oenvene [o20an (100 [100 (111 | 56 | 91.7
Lowell, Mass..|Driven Wells, Merrimac River..... 158 |98 | 90 | 61 | 55 & 92.4
Atlluu, Ga. ..|Filtered from Chattahootchie River (149 (119 | 87 | 66 | 43 | 92.8
Lawrence, Mass|Filtered from Mernmw River. .... 115 [102 | 93 | 48 | 96.2
Alexandria,Eg't| River Nile. 348 | 77 | 79 [100 | 162.4
Cairo, Egypt..|River Nile.covuourvans, 233 |163 [154 |135 | 189.4
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TasLe IL—Typuorp Fever Deara Rate,
Death Rate per 100,000 of Population, arranged upon Basis of Death Rates for 1894,

Crass I.—Less than 10,

Crass TL—10-20,

Crass I11.—20-30,

Munich...veevieee 2.6 | Brussels.oos.ouoes Dayton, O.eeeesnaes 20
Christiania........ 3.0 | Buda-Pesth Tuarin.... 24
The Hague.... 3.4 | London... Glasgow . 24
Berlin . 4.0 | Edinburgh Milwaukee 26
unerdmn 4.8 rooklyn ... *Davenport. . 26
Vienna ..... 5.0 | Newark Detroit..... 26
Hamburg....... 6.0 | New York Cleveland .. 27
o D o 6.1 | Toronto...eevesss o Boston..... "o 28
Copenhagen. ..vves 6.7 ‘\lnncheﬂler New Orleans 28
Dresden ... .. « 8.2 FORINR. . cavivnonnoss MOSCOW 0usses . 20
Stockholm .. 8:8 | Trieattiosse vosonees 19 h)dney,NSW N 29
Amsterdam . .. 8.5 Paris covo cecovessee ¥
Brishane.... ...ee0 9.6

Crass 1V.—30-40 Crass V.—40-50. | Crass VL—50-60.
Rome.: oo s ovesvecs 30 | Covington, Ky.. 42 | Cincinnativ.cessvees 50
8t. Louis N 31 *Atlanta, On.... «ese 43 | Lowell, Maﬂs ove BB
Chicago. ..... 31 | Providence, R.I..... 47 Pmuburgh . b6
Plnlah!phm 32 | Lawrence, Mass ..., 48 \ Prague. . . BT
Denver .uv0u.s 35  [*Chattanooga, Tenn.. 48 *Knoxvllle ¢ 59
San Francisco. 35 | Dablin, Ireland..... 48 |
Buffa'o..... 36 | Baltimore.......... 49
Newport, 37 | St, Petersburz...... 49

Crass Vll —Over 60.

Jerae‘ City .
*Quincy, III
Alexan Iria, Egypt.. 100
Cairo, Egy pl ..... . 1356

*Mechanical filters,

These figures show that the lowest rates are for those cities deriving
their supply either from springs or from surface waters which have
been subjected to sand filtration carried out in accordance with the
strictest modern requirements. They also indicate the general inferiority
of the water supplied to American ocities when compared with

European supplies,

Chicago and Berlin have about the same popula-

tion, yet the typhoid death rate of the former is more than ten times
that of the Jatter; or, in other words, the chances of contracting
typhoid fever in Chicago are ten times as great as in Berlin,

Out of the many instances showing the beneficial effect of filtration
with regard to the prevalence of certain infectious diseases, two of the
most voted will be cited, one in Europe and the other in America.
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Hamburg and Altona, though under separate governments, prac-
tically form ome continuous city with a joint population of about
800,000, They both draw their water supplies from the sewage
pollutel Elbe River upon which they are situated. Altona is the
nearest to the mouth of the river, and its water intake being three or
four miles further down is below the outfall of both its own sewers and
those of Hamburg, The Hamburg intake is about two miles above
the city. In 1892 an epidemic of cholera occurred, during which
Hamburg, with a population of 622,530, had 17,975 cases with 7,611
deaths, while Altona, with 143,000 population, had during the same
time 562 cases and 328 deaths, and in many of the cases eredited to
Altona the disease was contracted in Hamburg, Wandsbeck (20,000),
just across the river from Hamburg, enjoyed the same immunity as
Altona. Both of these places purify their water supplies by sand filtration,
while in Hamburg the only attempt in that direction was the employs
ment of settling basins, A filtration plant was, however, in process
of construction at that time, and was put in operation in May, 1893,
since when the typhoid rate has diminished from about 30 to 6 per
100,000.

The other case is that of Lawrcnce, Massachusetts, which is
situated on the Merrimae River, a few miles below Lowell. In spite
of the great dilution, the water of this river which supplies both cities
is seriously polluted by the sewage draining into it from the towns
built along its banks; and as a consequence the typhoid fever rates in
both places were unusually high,

In Sept., 1893, a system of intermittent sand filtration was come

pleted. The effect upon the health of the citizens is shown in the
following (gures:

Sand Filtration of Public Water Supplies.

Deaths from Typhoid

Year. Fever per 100,000 Population.
18BT . .oonviner ranse ssessevsosneseseves 114

1888 . e 114

1889.. ..ooesevenes 127

1890 134
1891... 119

1892 . 1056

1898, .cc00eonsssen 80
1894¢- 47 (23)
1895 31 (17)
1896. . 19 (4)
1897, 16
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For the last four years the figures in the brackets represent the
pumber of deaths among people (principally mill operatives) who were
accustomed to drink canal water without filtration ; so that the actual
reduction in the death rate which should be credited to the filters
is much greater even than the figures indicate.

Many attempts have been made during the last 12 or 15 years to
improve upon the sand filter, but so far without success, Some of the
methods invented involve less expense for construction or give better
chemical results ; but the thoroughness of the bacterial purification
effected by the sand bed has not been equalled by any.

The only one of these methods which has been used to any consider-
able extent is the American cr Mechanical System of Filtration, which
is cmployed in several places in the United States. Sand is the material
used in this process also, but it is contained in cylindrical wooden or
iron tanks. The water enters the tanks, sometimes under pressure, and
is driven through the sand at a rate 50 times as great as the maximum
allowed in the case of the filter bed. For this reason the latter
method is sometimes referred to as Slow Sand Filtration. With such
& high rate the surface film must be formed artificinlly; and this is
done by adding a solution of alum to the water, which forms with the
carbonates present a white flocoulent precipitate. Such a filter will, of
course, soon become clogged ; but it can be quickly and casily cleancd
without removing any of the sand from the tank. The results pro-
duced, under test conditions at lcast, are undoubtedly good ; and it
has the advantage over the filter bed of somewhat lower first cost. On
the other hand, the charges necessary for repairs and depreciation will
be considerably higher on account of the less permanent character of
its construction ; so that if proper allowance could be made for this,
the difference in the actual cost of filtering a given quantity of water
by either process would not be very great. In any case it will pro-
bably not involve an addition of more than 10 per cent. to the ordinary
cost of the water, Indeed, caleulations have been made showing that
if a proper valuation is put upon the lives saved by its use, the con-
struction of & filtration plant is often in the long run a source of
economy. Such considerations, however, seem quite unnecessary. A
city's water supply should be pure, wholesome, and attractive in ap-
pearance, jurt as the streets should be clean and well paved, and the
public buildings architecturally beautiful. Besides, having gone to the
expense of obtaining a public water supply, indifference with regard to
its purity or unwillingness to provide for it would seem to be utterly
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unreasonable; especially when it ean be secured for such a compara-
tively small increase in the total cost as sand filtration involves,

It would be much cheaper, of course, to purify only that part of the
supply which is used for purely domestic purposes. But that would
require a double set of distribution pipes; and we should also lose the
satisfuction of knowing that the whole of the public supply could be
used for any purpose with perfect impunity so far as health is con-
cerned. And when we consider that the expense of filtering the whole
supply at the mest only amounts to two or three cents per month for
each consumer, it will scarcely be considered excessive.

In conclusion, the author wishes to acknowledge his obligation to
Messrs. Chas. R. Bettes, Ch, Engr., Queen's Co. Water Co,, Far
Rockaway, N. Y.; A, N. Russell, Secretary Water Commissioners,
Ilion, N. Y. ; G. E. Hoffmaster, Mgr. Suburban Water Co., Moung
Vernon, N. Y. ; Sam. Wheeler, Superintendent, Ashland, Wisconsin,
for their courtesy in furnishing him with valuable data and informa-
tion ; also, to W. B, Bryan, M.I.C.E., Ch. Engr, of the East London
Water Co., for the opportunity to make personal observations of the
working of the large plant under his control.




Mr E

‘Marceau,

CORRESPONDENCE.

Although having no personal experience in water purification, the
writer may be permitted to say a few worus in conncetion with the
very interesting paper of Mr, Liea, The question of pure drinking
water is one of general interest, and one upon which engineers especially
should endeavour to inform themselves,

During the latter part of last year the writer happened to read a
most valuable paper on the subject, published in * Engineering,” by
Mr. Henry E. P. Cottrell, A M.I.C.E., and the following are a series of
notes taken down at the time, which the writer has tried to put in pre-
sentable form :—

In 1894 the Municipal Council of Paris inaugurated a competition
on a working state between inventors of various systems of water
purification. Some 148 different processes were submitted to a com-
mittee of experts. Of these 20 only were reserved for experiment, the
others being rejected as uosuitable, The 29 proposals contemplated
either sterilization by heat or filtration by means of sand, charcoal,
cellulose, asbestos, pottery composition, centrifugal machinery, ete., or
chemical purification by lime, iron, baryta and iron, sulphate of
alumina and sand, ete.

The conclusions of the Committee's report, presented by Dr. A. J:
Marten, Sanitary Inspector General of Paris, were: 1st. That none
of the systems experimented upon attained the required standard on a
working secale, and that, from the Seine River water used, all alike
gave an insufficient supply of purificd water ; 2nd, that sterilization by
heat or by purely chemical treatment is not to be recommended, the
former process giving very uncertain results and the latter being too
expensive ; 3rd, that simple filtering did not effect a reduction of salts
of lime in the water, and that, while this method more or less reduces
the quantity of organic matter in the water, it very often produces a
loss of oxygen in solution,

The commissioners finally stated that, if any preference could be
given to any of the systems experimented upon, they inclined to the
mixed processes all alone applicable to the purification of the drinking
water of a city like Paris, These processes consist in the filtration by
sand and in the subsequent use of inoffensive re-agents acting by the
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oxidation of organic substances, ete. Their objeotion to sterilization
by sand filtration alone is, that, under the best _conditions, the water
thus treated still contains a certain number of germs, and is not there-
fore above suspicion.

This, it will be seen, is not an absolute condemnation of the sand
filter, but it shows where the weak point of it is, Sand filters, the
writer may state, have been in use in many small French towns for a
number of years, and have been found to give a supply of fairly pure
water. What the commissioners seemed to wish to put in evidence is that
the sand filter cannot be relied upon as a perfect destroyer of germs.

Since the above-mentioned repoit was written more satisfactory pro-
cesses of water purification have been discovered. One of these con-
sists in the filtering of water through an ordinary sand filter and
afterwards treating it by ozone,

The method was first applied at Oudshoorn, Holland, on a working
scale, and the results obtained with Old Rhine water, which is very
impure, show conclusively that, by the ozonizing process, all water
microbes, usually present in river water, and all pathogenic varietics, if
present, are absolutely destroyed. Moreover, the sterilization is obtained
in a constant and regular manner throughout the prolonged use of the
plant in question, a description of which may be found in the paper
referred to.

The cost of purifying water by this process was at first very high,
Experiments conducted at the Hygienic Exhibition at Paris show that
it would amount to about $6.80 per million gallons. Tuaking the
average daily consumption of water in Montreal at 20,000,000 gallons,
the working of a plant similar to that at Oudshoorn, and of sufficient
capacity to treat that volume of water, would cntail a yearly expendi-
ture of about $50,000, which, not to speak of the original cost and
maintenance of the plant, would, the writer is afraid, bea too heavy
tax on the City's treasury,

It may be stated, however, that the cost of the production of ozone
has lately been considerably reduced owing to improvements in elee-
trical machinery, and that the cost of water purification by this
reagent must have fallen in consequence,

At the present day a portion of the water supply of Paris, some
22,000,000 gallous daily, delivered by the works at St. Maur, near the
city, is being purified by the ozonizing process. The water is allowed
to descend slowly into large cast iron cylinders of speeial corstruction
where it is brought to a state of fine division. Ozonized air, produced
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by the discharge of an electric current of 50,000 to 100,000 volts, is
pumped into the cylinders, and the water into long and perfect contact
with it ; all the dead and organic matter, as well as all the living germs
which it contains, are completely destroyed. The writer has no data
as to the cost of the plant or of its working.

Bat, if all or half of what is told by Mr. Cottrell of a newly invented
process of water sterilization be true, perfeotly pure water will in the
near future be procurable everywhere and at hardly any cost. The
new method is the invention of Professor Henry Bergé, and of his son,
Dr. Albert Bergé, both of the University of Brussels; it is called the
* Polozone proccss.”

Polozone is the gaseous product of the ecombination of two volumes
of oxygen and one volame of chlorine (C10,). Its preparation is
simplicity itself. Tt may be employed either in the gaseous form or in
the solution, and is a more powerful oxidizer than ozone. Although a
perfect destroyer of microbe dife, it does not affect men or animals,

The process is equally satisfactory in point of cost. The steriliza-
tion of one million gallons of the worst river water by polozone does not
cost over 90 cents, and its application to the comparatively pure waters
of the St. Lawrence or Ottawa rivers would not come nearly so high.
Finally, if the water be first passed through a good sand filter, the
quantity of polozone required to perfectly sterilize 1,000,000 gallon-
would not exceed 10 cents.

But this is not all. In the form of a solation, polozone can be
applied to the purification of water in large reservoirs, in distribution
mains, and even in the glass on the table. Travellers may carry it
with them and have their pure water wherever they go.

The above results seem almost too good to be true, bat the tables in
Mv. Cottrell's paper, giving analyses made by several specialists, appear
to leave no doubt ss to their correctness,

It is the intention of the writer to communicate at an early date
with the Messrs, Bergé, and to ask them for more ample information on
the matter. The writer will be glad to communicate their answer to
the Society.

In conclusion the writer wishes to state that the reading of Mr,
Cottrell's paper will be found very interesting to all the members,

The writer is sure that all the members are indebted to Mr. Lea for

" Keeter, having contributed a paper containing so much valuable information,

Though there are cases where mechanical filtration can be used to
advantage, there seems no doubt that, in the majority of cases, and
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wherever practicable, the natural process of slow sand filtration is
the best to adopt. Slow sand filtration not only closely approximates i3
natural filtration under the best conditions, but bus the practical test
of European cxperience of nearly fifty years, and is still the system used
in new and important works, The writer knows the objection ean be
raised of the expense of eleaning uncovered filter beds in our climate in
the winter, This, however, he hardly thinks is enough to prevent
their use, as in both European and American plants they have tle
same difficulty to contend with though in a lesser degree. The objee- it 1!
tion to the extra cost of elearing in the winter could be removed and e 2ly
the advantage of covered storage obtained where it was possible to go

to the expense of covering the filter beds. This might be done at a

reasonable first cost by making the beds long and narrow in parallel

series, These might be cheaply covered with timber for a time, or

until the expense of conerete or brick could be afforded.

Mr. Lea's paper should, in the opinion of the writer, receive much Mr. Rudolph
commendation, besause it takes up the entire subject of sand filtra- Herlng.
tion of public water-supplics, and discusses it rather fully within a
brief compass, and states what are now known to be the essential and
most important facts relating to the subject. Our literature is, un-
fortunately, filled with a good many opivions which were formed before
a sufficient number of facts were known, upon whieh a science of sund
filtration could be developed, and it is refreshing to read a paper which
seems to be devoid of unsubstantiated opinions.

It seems quite probable that we shall more and more come to recog-
nize that, besides water purified in a laboratory, there is no purer
water than that which has passed through either a natural or an arti-
ficial filter. By the natural filter the writer would understand the
soil, the sand or porous rock, in its natural state, through which the
rain water percolutes, and from which it issues as springs.  Artificially
purified water is such as issues from filters which have been specially
prepared for the purpose. « Rain water, which was formerly supposed
to be especially pure, is known to be often polluted by the cfluvia
rising from a city, and by the fuct that the drops of rain, as it were,
wash the air in descending, and free it from much of its finely divided
organic matter, bacteria, ete,

The writer was pleased to see that Mr. Lea, when enumerating the
methods of procedure in determining the quality of a given water-
supply, puts at the head of his list a local examination of the water-
shed instead of a chemical or biological examination of the same. It

E




| ]!

A
Coffin,

82 Correspondence on Sand Filtration of

may be that both of the latter analyses are misleading. The cause of
an apparent objectionable result may be entirely local, and due to a
discharge from a single establishment carrying on an offensive trade.
While the analyses might condemn such a supply, a local examination
of the water would not condemn it, but cause the removal of the single
objeetionable establishment, and thus remove the source of an objec.
tionable analysis, It is, of course, well to make all three examinations,
but, if the writer had to choose, most weight would be given to Mr.
Lea’s first item, namely, to make a local examination of the watcrshed,
Then the writer would have a bivlogical examination made, and finally
a chemical analysis, which latter can then be understood far better
than if the old method is followed, by making only a chemical analy-
8is.

Not the least interesting part of Mr, Lea’s treatment of the subject
is the historic part, and the writer is pleased to see that he gives
proper credit to Mr. John Simpson as being the first engincer to in-
troduce the method of sand filtration for water purification in 1833,
While Mr. Simpson’s name was mentioned many years ago, it is hardly
cver mentioned now when the progress of water purification is dis-
cussed. The proper position of M. Pasteur and Dr. Koch, with refer-
ence to water purification, is also correctly given. Mr. Lea’s description
of executed works, and particularly of the maintenance thereof, will tend
to adjust the general opinions held on this subject to a more correect
basis, upon which future progress will have to be built.

There is perhaps no subject which has at the present time greater
interest for those connected in any way with the construction or man-
agement of water works than that of the filtraiion of water. The past
ten or fifteen years have seen an advance in the knowledge of this
subject and its laws, which, while not attracting so much attention
from the general public as some of the remarkable and widely adver-
tised discoveries of that period, may produce as important and valuable
results in the well-being of the people. Every year adds to the diffi-
culty of procuring potable water for public supplies, and of guarding
present supplies from pollution, New enemies to the purity or the
attractiveness of water seem to be constantly appearing, although
this may be only seeming, and they are new to us only because we are
new Lo experience ; yet the fact remains that serious trouble may sud-
denly appear in a supply which has till then been free from that par-
ticular form of trouble.

Although ground waters are not entirely free from this experience,
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it is much more common in surface waters, and frequently comes in
the form of vegetable miero organisms which make the water very dis-
agreeable to the senses, for the time at least, and cause a greater popular
outery than serious pollation by sewage would do unless the latter
were followed by and directly connected with an epidemic of disease,

The possibility of successfully purifying water either by sand or
mechanical fileration promises an avenue of escape from the evils of
polluted or inferior water at moderate cost. Mr., Lea's paper on Sand
Filtration of Public Water Supplies is very interesting and valuable,
and an excellent summary of the progress made in this subject to the
present time ; it describes very clearly and concisely the evils that may
affect a water supply, the causes of its pollution, the natural processes
by which the offensive organic matter is changed to inoffensiv: aineral
matter, and the modern methods of purification by the removal of
matter objectionable to the senses, and, more important still, the won-
derful reduction of the excessive numbers of bacteria that are present
in polluted water, and among which there may be the germs of
disease.

The writer does not intend to discuss the methods or details of
filtration, but rather to emphasize the very general meed that really
exists for the filtration of water supplies. It may be that the day is
distant when all surface supplies will be filtered, but that an eolight-
ened public opinion will some time demand water for domestic purposes i
that is as clear and wholesome as uupolluted spring water the writer ‘ ‘

4

has no doubt, It will then be necessary in all properly managed water
systems to place the protection of a suitable filter between the unavoid-
able contaminations of the water shed and the consumer. It is not in
the engincer’s power to arbitrarily introduce improvements however
necessary he may consider them, nor is it his duty to force them upon
an unwilliog public, but it ceitainly is his privilege to keep well in
advance, and while doing the best that he can with the means av his
disposal, endeavour to lead the way to better things,

The last two decades have seen a wonderful increase in the number
of water works both in the United States and Canada, especially in
the smaller cities and towns, It is now possible to supply small vil-
lages, even where the water must be pumped, at less cost than it can
be obtained from individual wells. During this time the standard of
design and construction, on what may be called the mechanical side,
has been raised, very largely by the cfforts of engineers, until now many
of the works built by municipalities are, measured by present know-
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ledge, almost perfeet machines for the collection and distribution of
water and for the extinguishment of fires, Much less attention has,
however, been given to the sanitary side of the subject. An engineer,
who was a thorough and consistent advocate of mechanical perfection
and efficiency, was accustomed to say that he did not believe in all of
this talk about the purity of water, that in his opinion a little forcign
mutter in the water only made it so much the more nutritious., Al-
though this was not a serious statement of opinion, it represented
roughly the rather contemptuous attitude of too many otherwise good
enginecrs toward what they considered over-refinements in water sup-
ply. A great change has taken place within a comparatively short
time.

Less than fifteen years ago the Engincering Department of the
State Board of Health of Massachusetts was organized, and an act
passed that required all plans for water supply and sewage disposal to
be submitted to the Board before their final adoption. The work of
this Board led to a great sanitary improvement in the condition of
watcr supplies throughout the State, and it is perhaps not too much to
say that the water works practice of Massachusetts is the standard for
the country.

The value of the studies of the Board are generally recognized, and its
experiments on the filtration of water and sewage which are the most
complete yet made, at least on this side of the water, have given a great
impetus to the practice of filtration, and placed in the hands of engi-
neers the knowledge necessary to enable them to constiuct and operate
filters on correct prineiples,

For some time it is likely that the greatest obstacle to the adoption
of filtration of water supplics will be its cost, or supposed cost, and this
will probably be the basis of the strongest opposition. When, however,
this question is examined rationally, and in its relation to the cost of
other factors of a water supply, and to expenses that people are quite
willing to bear for other things that give them satisfaction, it will be scen
that it is a small affair to put into the balance against a clean, whole-
some water supyly.

The average cost of construction of water works, as shown by the
statistics of fifty-two places ranging in population from 1,000 to

85,000, was about $38.50 per consumer.*
Mr. Clark, the chemist of the Massachusetts Board of Health, states,

* See r cn Financial Management of Water Works, Jour. N.E.W.W,
Aseoc., Vob X1, No. 1, Table B: X




Public Water Supplies. 85

as the result of his experience in charge of the experiment station at
Lawrence that, with water as badly polluted as that of the Merrimae
River, a safe rate of filtration is 3,000,000 gallons per acre daily.*

Assuming, however, an average rate of but 2,500,000 gallons, and a
per capita consumption of 60 gallons per day and the cost of the filters
at 875,000 per acre, the construction cost of the filters would be $1.80
per consumer, or 5.20 p.c. of the average cost of the other parts of the
system ($38.50).

Note.—Refcrence is made in the above computation to *slow sand
filters” only, but the cost of mechanical filters would not exceed the
figures given. The comparative cost of the two types will no doubt
largely depend upon local conditions.

No hesitation is now felt in spending from 25 p.e. to 50 pe. of
the whole cost of works in providing fire protection when a domes-
tic supply alone could be obtained for from 50 p.c. to 75 p.c. of the
cost, and little objection is made to increasing the eost 5 p e, to 10 p.c.
for increased efficiency in the fire service. If so much can be wisely
spent, as undoubtedly it can, to protect our property, why isit not equal-
ly wise and prudent (o make the smaller expenditure to protect our
hoalth ?

If it be urged that the expenditure for fire protection is off set by
the saving in insurance premiums, which is quite true, is it not equally
true that there is a saving in doctors’ bills and in time by the greater
degree of health in the community ?

So much for the first cost or cost of construction ; the annual expense
is, however, the real measure of cost. On the same bases of computa-
tion as belore, and allowing $2.50 per million gallons for operating the
filters, intcrest upon the first cost at 4 p.e. and depreciation on the
plant at 2 p.e. on the cost, we have as follows for the annual cost per
consumer,

Annual consumption per consumer = 60 X 365 = 21,900 gall,

Annual cost of operation per consumer = 21,900 X $2.50 = 80,0548

1,000,000
Annual interest charge per consumer = $1.80 X 4 % = 072
Annual depreciation per consumer = $1.80 X 2 % = 036
Total annual expense per consumer for filtration $0,1628

In the statistics already referred to it is shown that the average
annual expense of maintaining water works, including operation, interest

* See Jour, N.E.W.W, Assoc, Vol. XII, page 241,
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and depreciation, is about $2.60 per consumer, therefore estimated ex-
pense of filtration is less than 6} p.c. of the average of the total ex-
penses in cxisting works. The pereentages given above being based upon
averages would not exactly upply to any particular works, but show
approximately the relation of the expense of filtration to the other ex-
penses, The above annual expense of filtration, which is perhaps as fair
an estimate as can be made for general application, is practically 16 cents
per consumer ; the increased cost of water, due to filtration, is therefore
about one dollar a year for a family of six persons. A man who smokes
one cigar a day cannot secure a great improvement in the brand by the
expenditure of an extra } of a cent daily, neither ean the quality of the
family tea, molasses, flour or butter be much improved by the addition
of one dollar to the annual grocery bill, yet most people consider it highly
important that the quality of such things shall be good. Many fami-
lies pay more than one dollar a month in addition to their water rates
for spring water, often ofidoubtful quality.

It may be said that, in making an allowance of' 60 gallons per con-
sumer, the consumption has been underrated. It can be said in reply
that, if'in any place of less than 50,000 inhabitants the use or rather the
waste of water is allowed to continue at a greater rate, then that place
is in no position to eriticisz a reasonable expenditure for filtration.
Larger places may, perhaps, have a larger rate without incurring the
charge of extravagant waste, but it is probable that the cost of filtration
will be less than that cstimated per million gallons in the larger places.
Furthermore, the adoption of filtration would have a great tendency to
promote a reform that is perhaps more sadly needed in American water-
works than any other. The writer refers to the prevention of the waste
of water. This waste is a erying evil in the majority of our works,
and it is a reform in which it is extremely difficult to awaken any
interest in the public, or among those intrusted with the control of
works. The writer does not refer to the Superintendents, many of
whom are alive to its importance, but to those higher in authority,
Those who readily appreciate the economy of an expenditure for a
““high duty” pump, which by its increased efficiency will reduce the
coal bill, eannot be persuaded that an outlay for meters will reduce the
consumption, and thus also reduce the coal bill. While they are
willing to pay for an additional supply, they will not introduce meters
and thus render the present one sufficient. To such the filter would
be a powerful advocate of water waste prevention and the necessity
of keeping the consumption within reasonable limits,
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Two conditions of modern city life have combined to bring the sub-
jeet of “ Quality of Public Water Supplies” foreibly to the front, and
these conditions will keep it there until satisfactory remedies, gencrally
applicable, huve been devised to overcome the serious difficultics which
now surround the water supplics of many large and small cities. One
of these conditions is the rapid growth in population of citics and towns,
and the other the positive proof of the transmission of certain danger-
ous diseases by sewuge polluted waters,

Considering the large amount of untreated sewage and surface drain-
age which flows into many rivers and lakes, which are drawn upon for
public water supply, it is evident that such water in its natural condi-
tion is pot suitable for domestic uses, particularly for drinking and
culinary purposes. The chief objection to any sewage pulluted water
is the possibility, indeed, the probability, of its being the carrier from
the sick to the well of the specific organisms productive of typhoid
fever and other water-borne diseases, and so thoroughly grounded is
this belief in connection with some public water supplies that law-suits
involving large sums of money, based on inferior quality of the public
water, are now progressing in several citics of the United States.

The objection to polluted water supplies is sometimes overcome by
the substitution of water from mountain springs and deep wells in the
drift or in the rock ; but these sources, especially wells, do not always
furnish satisfactory water, neither are they generally applicable, Few
cities can look to undefiled mountain sources for a water supply, and
the large satisfactory supplies from deep wells are limited in number,
In fact, the location and development of cities conform to the laws of
commerce rather than to the laws of health, and artificial works must
be devised to overcome the difficulties due to the location and unfavour-
able environment of many communities,

The remedy which will give relief in one casc will not always be
applicable or perhaps the best in another, but, by proper study of the
local conditions and available sources of water, material improvement
in each instance can be had, which will go far toward mitigating the
evils due to the present polluted public water supplies.

Thus, in one city of the United States, the substitution of water from
one river for that of another river has reduced the typhoid fever rates
of that city by upwards of 90 per cent. In a certain city of Germany,
by substituting mountain spring water for the water previously used
from a sewage polluted river, the typhoid fever rates have sunk to the
lowest of any large city in the world—so low indced that in that city
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it is difficult to obtain typhcid cases sufficicnt to illustrate in the
medical elinies the characteristic symptoms and progress of this disease,
in another city of Germany, by the substitution of plain sand-filtered
water for the unfiltered water from a river carrying the sewage and
land drainage from several millions of population, the typhoid fever rates
have so declined that in the opinion of the medical officers of health all
the cvidences of this disease which now remain in that city ean be
traced to the careless use of the unfiltered river water or to infected
food brought into the local markets, In a large city of England,
where the water is chiefly obtained from two small rivers, both polluted
with surface wash and land drainage, by the application of the highest
gkill and vigilance in the operation of plain sand filters, the typhoid
fever death rates within 21 years have been reduced from 90 to 13 or 14
per 100,000 of population living.

Instances showing the advantage to the health of a commun’ty by
water supplies of great purity may be multiplied to a limited cxtent;
but the great majority of the cities outside of Europe are still to be
awakened to their dangers from polluted water supplies ; and no ficld in
engineering offcrs greater opportunities to contribute to the welfare of
mankind than that which embraces the quality of the water supplied
daily to any community, and no public improvement can confer greater
benefits upon the population of any eity than that which accomplishes
a marked reduction in the typhoid fever rates,

We are thus brought to the threshhold of the problem. How shall
cities not favourably situated with reference to natural sources of pure
water be supplied 2 Cities like London, Berlin, Paris, Boston, Mon-
treal, Chieago and muny of lesser note have no sources of water supply
which will compare with the water from some deep wells or mountain
springs, and it would be b.rbarous to assume that. the people of these
cities should be compelled to subsist upon water lower in quality or less
beneficial to health than that of the most favoured community in the
world,

Two practic]l remedics are always open to citics such as are by geo-
graphical loeation prevented from enjoying water from catisfactory
natural sources.  Oue, the parification by artificial means of all the
water which may be drawn for public uses, and the other by creating
a dual water supply, one branch of which will farnish either naturally
pure or artificially purified water for drinking and culinary purposcs.

Experience has abundantly shown that Plain Slow Sand Filtration
is capable of converting a polluted water into a safe drinking water,
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and without in any manner imparting other properties to the water
which may be only less objectionable than the pathogenic and other
sewage organisms which filtration chiefly aims to remove. By Plain
Sund Filtration is used one mode of nature for the production of pure
water. The same results are accomplished by the Sand Filter as by
the slow percolation of a polluted water through great depths of soil,
sand and pervious rocks to the porous strata where it is tapped by
artesian and non-flowing driven wells ; and water properly filtered should
equal in point of purity deep well or spring water.

The Plain Slow Sand Filters as found in the cities of London, Berlin
and Hamburg, have demonstrated an ability to deal with polluted river
watcrs in a way which should satisfy any reasonable demand, and at a
cost per million gallons of water treated within the reach of any Muni-
cipal Corporation which values the health of its people.

Aside from the fact that Plain Sand Filtration without coagulants
has demonstrated as high or higher bacterial efficiency than mechanical
filtration with alum, or some other coagulunt, is the important consid-
eration that with Plain Sand Filtration there is no chance that the last
condition of the filtered water may become worse than the first. Plain
Sand Filtration, like Mechanical Filtration with alum, may not always
remove the objectionable elements from sewage pollutad waters, but
with the first system the danger ends in imperfect filtration, while by
Mechanieal Filtrition with alum or some other chemical as a coagulant,
a new danger may be imparted to the water,

By the use of a chemical, such as alum or sulphate of alumina, for
the purification of water, it is possible, indced probable, that under
the ordinary conditions of use the filtered water will contain some un-
decomposed chemical or be deficient in respect to purity. The proper
adaptation of u chemical to Water Purification supposes a pre-existing
knowledge of the natural condition of the water before the chemieal is
applied, This knowledge is very difficult, if not in some situations
impossible of attainment, and, excepting it is known, chemicals cannot
successfully be applied to the purification of water.

If it were possible to obtain to-day a sampleof the water which
will come to the filter to-morrow, the regulation of the alum would be
much casicer and less liable to cause injury to the filtrate, But from
several causes the condition of the raw water is varying from day to
day, and sometimes from hour to hour, and by what means a mechani-
cal contrivance for feeding the alum solution to the water can take
cognizance of these changes and proportion the amount of solution
accordingly, bas thus far not come within the writer's knowledge.
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The Plain Sand Filter when properly built and operated after a
simp'e system, which requires no foreknowledge of the varying condi-
tion of the raw water from.day to day, will produce a satisfactory
filtered water, and without imparting to it cither acidity or astrin-
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Whenever meclianical filtration with slum is suggested, the stute-
1 ment is always made that by the judicious application of the chemical,
) no danger necd be apprchended from its use. The same may be said
- of many chemicals stronger than sulphate of alumina, but the very

use of a reagent as powerful as alum involves an element of danger,
which in injudicious hands may do much harm, at least to those
afflicted with tender digestive apparatus; and at lcast one-half of all
: the adult people of the civilized world have impaired organs of diges-
] tion, To such persons waters containing measurable amounts of un-

| decomposed sulphate of alumina will be posivively hurtful.  While
/ alum tinctured waters are sométimes recommended by physicians for
special organic difficulties, it is not known that the continued use of

] such waters has ever been of benefit, except perhaps in special instances.
g To show how the United States government officials vicw the use of
i } chemicals in the artificial production of potable water, the following
i 1 excerpt is taken from from the Engineering News of Feb, 23rd, 1899 :

“ Two Water Filtration Plants for the U. 8. Capitol building at
Washington are proposed. An Act now before Congress authorizes
the architect of the Capitol building to contract with a filter company

‘: ! for two plants, one at each end of the building, of 330,000 gallons each,
?i : The efluent must be “bright, clear water,” The water * shall be
| | F i double filtered through two scparate filter beds at a rate of not more
| 'iQ ‘ than 5 gallons per square foot of bed per minute, without the use of

: alum or other chemicals,” and “* a thorough and efficient method of
J: cleaning and aerating the filter beds shall be employed.”
[ (The italics are the writer's,)
I One of the most potent arguments offered by the champions of Mcchan-
! ical Filtration with alum as a coagulant is the smaller area required,
| § and lower first cost of works, but this is usually more thun off-et by the
g ll increased cost of chemicals, labour and repairs of machinery over the
| , relatively low cost of operation of Plain Sand Filters ; and as a gene-
i ral rule the cost per million gallons of water filtered, including operat-
i ing expenses and fixed charges on the cost of works of filtration and
land required, will be in favour of Plain Slow Sand Filtration.
With reference to a double water supply, the percentage of water
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used for drinking and culinary purposes by any city is quite small,
and this really is the only water which is especially liable to be the
carrier of disease organisms, Now, if this proportion of the public
water supply is of undoubted purity, and all people will confine them-
selves to its use for all dietetic purposes, it will meet the requirements
of sanitation as fully as if the whole supply was rendered pure, or was
naturally of good quality. At least 93 per cent, of the whole publie
water supply is applied to uses which are unaffected by the bacteriac
condition of the water, and to some able investigators of this problem
it scems unreasonable that all the water supplicd to a city should be of
high quality in order to meet the very small real requirements for purl-
water,

In many localities an amount of water from unexceptional sources
can be obtained sufficient to meet the consumption for drinkingz and
dietetic purposes, but the availability of this better water depends upon
a separate system of small mains to distribute it to the householders, and
on separate services and independent plumbing to each premises, and
to avoid an unwarranted application of the water of high quality to the
coarser usesof a household, each of such services should be metered,

Even in localities where the better water was to be had only by me-
thods of parification, this purification of the small quantity of water
required could then at moderate cost be carried to the highest state
attainable by artificial methods,

The dual system of water supply was presented and discussed in two
papers by the writer ; one to the American Society of Civil Enginecrs,
June, 1894, and the other to the Eighth International Congress
of Hygiene and Demography, Buda-Pest, September, 1894, and many
practical men, especially physicians, were found who favoured this me-
thod of supplying water of high hygienic quality for dietetic purposes,

The author of the paper has endeavoured to present on page 70, and by
the diagram which follows, the cost of filters and filtration. Neces-
sarily, the factors which affect the cost of other engineering structures
in different localities apply to works of water purification. The writer
has seen very excellent sand filters in Holland, which have cost only
$14,200 per acre, operating successfully at the rate of 3,200,000 U. S,
gallons per acre per day, or the cost of these filters was less than $5,000
per one million gallons of daily capacity. This, however, is no eri-
terion of cost, because the raw water which is put on the filters in that
country asa rule is better than waters which some communities on
this side of the Atlantic often consider quite good enough without
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filration. Upon the other hand, some of the filters at Zurich cost
$70,857 per acre and deal with 5,850,000 U. S, gallons per acre per day,
or the cost of construction was over $12,000 per million gallons of
daily capacity.

I'he author's proposition of 860,000 per acre and 2 millions daily
capacity is very high, and there will be few situations which will require
a cost of works equal to $30,000 per wmillion gallons of duily capacity.

With reference to the value of the typhoid fever statisties of large
cities as a measure of the quality of the public water supply, upon a
scparate sheet hevewith the writer has shown the typhoid mortality
statistics from 36 of the principal cities of America, and 34 of the
principal cities of Europe, Australia and Egypt, compiled to Dec. 31st,
1897, which confirm the good opinion previously entertained for the
water supplies of Vienna, Munich, Hamburg, Berlin, London and the
Dutch eities abroad, and of Newark, N.J., Lawrence, Mass., and a few
of the larger citics of the United States, These statistics also show
a gradual reduction in the typhoid fever rates in cities like Chicago,
Baltimore, Philadelphia and Cincinnati, which have made no improve-
ment in the quality of their public water supplies, but are indebted for
typhoid fever reluction to the sale and use of bottled spring and dis-
tilled water, which has largely increased of late years, as well as to the
use on some lines of the Pullman and Wagner Sleeping, Parlor and
Dining Cars of the bist water which is attainable along their routes,

The subjeet of water filtration, in all instances where the publie
supply is exposed to sewage contamination is no longer a theory, but
a condition which cities will in due time becompelled to mect as a
requirement of law ; and so well is this recognised that certain cities,
as for example Philadelphia, Boston, Albany, Cincinnati, Louisville,
and many smaller townsin the United States, either have already intro-
duced, or are engaged on projected works of water purification,

At all events, whatever the remedy to be adopted, no city is now
justified on the ground of impracticability, or cost, of rejecting modern
methods of purifying the whole supply of water, or of devising a dual
system, one branch of which will carry to every premises a water of
unquestioned purity.

It is a hard saying of science that there is nothing common or
unclean. Bacteria, as well as men, have their work to do, but the
business of the bacteria is more important than ours, The world
could do without us; without the bacteria it would soon be stifled
under its own waste, and all life, even bacteria life, would cease.
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1896. 1897. 1898,

Death Death Death
Population, Rate, Population, Rate, Population,

[ 17 | 1,934,077 | 16 | 1,990,562
| 32 | 1,619,226 46 | 1,750,000
40 | 1,188,793 | 34 | 1,200,000

\ 16 | 1,140,000 | 15 | 1,160,000 |
| 19 570,000 | 19 623,000
| 33 508,694 | 32 528,912
| 39 507,398 | 37 506,398
37 | 330,000 | 31 360,000
36 | 341000 | 48 360,000
36 | 330,219 | 43 350,000
29 | 350,000 | 20 360,000

41 275,000 | 33 275,000
74 218,150 | 51 280,250
] 280,000 | 61 287,500
2 279,000 | 20 275,000
27 257,500 | 18 275,000
17 230,000 | 21 230,000
11 187,098 |61-62| 191,841
7 211,100 | 45 222,223
32 160,000 | 27 154,000
97 165,000 | 41 180,000
39 85,700 | 42 87,000
31 55,000 | 16 56,510
4 87154 | 36 87,754
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FROM THE PRINCIPAL CITIES OF NORTH AMERICA AND EUROPE.

= e = —_—— = —— e ——
I
1890, 1891, 1892, 1893 1894, 1895, 1896. 1897. 1898
CIry. SOURCE OF SUPPLY. —_— _— ) — - T | T
| Population. | }::“':h Population, {:“‘:" Population. '::':;h Population, {:‘;;h Population, l'e'n?.h Population, :“:“‘;"\I Population, {a:‘:" Population. { :::’l‘:" Population, ‘:z:l““h
s | 0 | 1#

New York City, N.Y....... Imp'd water from Croton & Bronx Rivers| 1,705,980 | 2 765,645 v 27,3 2 891,306 20 1,957,452 17 1,879,195 T | 1,934,077 16 1,990,562 | 15

Chicago, Ill.... .... ov|Lake Michigan,.eves evennss o] T120N68¢ | x:l% :f-_" »’:nt;h 1(2;(2) ’21;3 o?g 103 1l',(soo 000 42 1,567,737 31 1,600,000 | 32 | 1,619,226 46 1,750,000 25

Philadelphia, Pa...........(Schuylkill & Delaware Rivers ..........| 1,046,964 | 64 | 1,069,264 | 64 | 1,092,168 | 40 { 1115562 | 41 | 1,146,000 | 32 | 10163864 | 40 | 1188793 | 34 | 12000000 | 33

Brooklyn, N.Y . ++|Imp'd. water from driven and open wells. 851,945 26 880,780 20 952:530 17 "990,891 17 1,045,000 15 1,090,000 16 I 1,140,000 15 1,160,000 | 15

St. Louis, Mo. evoes (Missisgippi River ...u. vevuvivuns venues| 450,000 | 34 452,000 | 30 460,000 | 37 500,000 | 103 510,000 | 31 560000 | 19 570,000 | 19 623,000 | 20

Boston, Maes. .. ++ees|Lake Cochituate & Sudbury River.......| 437245 | 43 461093 | 33 474,063 | 29 437,397 | 30 501,107 | 28 496,920 | 33 | 508,694 32 528,912 | 33

Baltimore, Md ............|Lake Roland & Gunpowder River. ......| 434151 | 57 145853 | 34 458,350 | 42 473,193 | 47 455421 | 49 496,316 | 39 507,398 | 31 506,398 | 37

San Francieco, Cal.... .... Imp'd. water from mountain streams. ... 300,000 59 430,000 41 330,000 M4 330,000 32 330,000 35 | 330,000 31 | 330,000 3l 360,000 7

Cincinnati, Oh10 .vvsese.o.. |Ohio River........ PN L 296,000 67 300.000 62 305,090 40 310 000 | 43 336,000 50 | 336,000 36 | 341,000 48 360,000 28

Cleveland, Ohio. .. vor|Lake Erie.cures vnvnnsions . vo| 217,488 | 66 52 309,243 | 54 322,932 | 41 325,000 | 27 | 325000 | 36 | 330,279 | 43 350,000 | 21

Buffalo, N.Y........... ....|Niagara River at head ... 50 285,000 | 34 300,000 | 37 315,000 | 36 | 29 | 350,000 | 20 360,000 | 17.5

New Orleans, La . v+« |Drinking water from tanks and cisterns. 254,000 20 | 2 23 254 000 21 254.000 15 275,000 28 | 41 | 275,000 33 275,000 51

Washington, D.C. «++[Potomac River..ovus uuves vuvvenvennns| 250,000 | 83 | 250000 | 83 260,000 | 70 285,000 | €6 210,514 | 71 | T4 | 218,150 | 51 290,250 | 43

Pittsburgh, Pa . s+vs |Alleghany River....uu ..., . eensefoennne cerann]inrnes| 247,000 | 100 255,000 | 100 264,000 | 111 272,000 | 56 [ 77 | 280,000 | 61 287,500 | 64

Detroit, ich... o [OPPIOIL JEIOBK. ¢io 00 61060 v 60596 5 502 s vanens 230,000 18 | 230,000 13 230,000 51 230,000 61 250,000 26 22 279,000 20 275,000 19

Mitwuukee, Wis..... ......|Lake Michigan.............. ees| 220,000 | 33 ‘ 233,333 | 33 245,000 | 31 260,000 | 37 267,500 | 26 P 261,600 | 18 275,000 | 33

*Newark, N.J..ooovuuernn. |Imp'd water from Paquannock River. ... 181,830 | 60 | 187,108 | 81 192,531 45 198,115 | 28 203,861 15 17 | 230,000 | 21 230,000 | 14

Jesey City, N.J ... eevees|Passaic & l‘m;uannoac?( Rivers. oo ecocoes 163,003 91 ’ 167,237 95 171,471 53 175,000 60 179,939 76 1 187,098 | 61-62 191,841 | 21

Loui-ville, Ky..... eeeeeees[Ohio River tuvveevnceranennsas 161,000 | 88 161,000 | 81 161,000 | 72 161,000 | 84 200,000 | 72 | 7 211,100 | 45 222,223 | 36 |.. .
Providence, R.I...... ......|Pawtucket River...,. 132,146 29 152,146 47 132,146 39 148,944 34 153,000 47 | 32 150,000 27 154,000 16 |.. seseelsone
Indianapolis, Ind..........|Driven wells..... x5 4hwese e s sovase savevelessese| 120,000 | 36 125,000 | 52 125,000 | 106 125,000 | 55 | 97 165,000 41 180,000 | 30 |ieesvseovese]ioee
Lowell, Mas8.veueevae. ouo. |Merrimac River & driven wells, 77,696 | 158 l 80,400 98 x:;:-zg() 90 87,191 61 90,613 55 39 85,700 42 87,000 ‘ 21 sessessseosfress
Luwre_nce, Mass, . . [Filtered from Merrimac River. ,......... 44,654 l 123 45,911 115 47,204 | 102 48,355 93 49,900 48 31 55,000 15 55,510 18 o snenfioas
Nashville, Tenn «|Filter Gallery, Cumberland River. ...... 71,000 46 | 80,000 | 56 83,000 53 85.000 | 24 87,000 | 32 47 87.754 56 87,754 64 vosens]rnee
Dayton, Ohio .uuivuesvuss [Driver. wells.vusvuvers vuvensn.., s 60,000 | 20 | 60,000 | 32 63,000 | 44 75,000 | 64 85,000 | 20 47 85,000 | 25 85,000 | 21
Covington, Ky.....o.covee. Obhio River ,..... . . 37,400 43 40,000 45 42 500 40 45,000 27 45,000 42 b1 50,000 88 lisensavsonvilsseonifoatons sonsinfonse
INewport, K¥ .ovvn vuveans [OBI0O RiVOrsaus vuunen snsnns onomos B vy DRl 050l I e | (Mt 27.500 58 30,000 37 | 30,000 (L 30,000 63 lisseiocecane]ivee
Denver, Col... ««+vees South Platte & Marston Lake. ... ovelesassscovesefosenne] 120,000 | 68 125,000 | 67 140,000 | 35 145,000 | 30 | 150,000 | 61 165,000 | 40 [.eoeeecevnne]inse
Atlanta, Ga...., «vees|Mech. Filter, Chattahootchie River. 75,000 | 119 85,000 87 95,000 66 108,000 43 100,000 70 | 110,000 60 100,000 B, Liveosesanssnlsons
Chattanooga, Tenn. ... ..... Mech. Filter, Tennessee River. .. ¢ 34,900 66 40,000 55 36,000 86 35,751 48 40,400 | 47-48 \ g?.gxg gg 40,000 | 42.8 | covveencncefesee
$Kunoxville, Tenn...... ....J'Mech. Filter, Tennessee River..... ...... 40,600 | 101 40,385 | 45 40,385 37 40,385 | 67 40,385 | 59 censsevene |‘ 22) “'000} 125 } 45,000 | 33 |.ceeeerenensfonee
Quincy, Il...... «++Mech. Filter, Mississippi River...... ...| 31,500 | 83 34,0 g 4 37,500 | 48 39,000 7 40,500 | 59 | 42,000 | 26 44,000 | 34 ..
Javenport, Iowa. veee|Mech. Filter, Minsisalﬁ;’:l River,. H 30,000 | 50 30:0(%) ":(2) ;g:ggg ?g 25:380 35 34000 | 18 35,000 | 31 | 35000 | 20 36,500 | 19 .. sese
Toronto, Ont...... «os|Linke OntAri0 1uvievienrsnrensennnnns]| 167439 | 93 181,220 | 94 184,000 | 43 188,333 | 42 196,666 | 17 196,666 | 28 | 196,666 |28-20| 195997 | 12 |..........o|ie.
Montreal, Que. ..vucuvuenes [St. Lawrence River........ ... .. 216,300 | 29 218,268 | 30 224816 | 22 231,560 | 21 241,748 | 17 249,000 | 18 | 256,470 | 21 264,106 | 24 |iiveeesannnafoene
Oskosh, Ww..............l.\(ech.l"ilter, Lled WINDORAEO. oos aviias]ieosnscsonnilusssnilinossors crss RO s e ot uiiedl A S sirnal [T 88 I oI i B PR T orel 30,000 v PRTSSN| p,
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Deara Rate per 100,000 or Porurarion Livixe.

TYPHOID FEVER STATISTICS.

Joax W. Hini,

Consulting Engineer,
Cincinnati, Ohio,

* East Jersey Water Co., established 15th April, 1892,

(1) City proper.
¥ @) Bubarbe, |

t Health Department, established 1893,




TYPHOID FEVER STATISTICS.—Continued.
FROM THE PRINCIPAL CITIES OF NORTH AMERICA AND EUROPE.

Dearn Rate per 100,000 or Poeurarion Livine,

| 1890, | 1891, 1892, 1893. “ 1804, [ 1895, 1896, ‘ 1897, 1898,
CITY SOURCE OF SUPPLY. | — - S (BN —w————— S—
Population, Il’?:t’;-h Population ll’::.‘eh Population, Il)“:“:‘ Population, l ’l‘::[:u | Population, ’ ll’::'&“ Population. l;{‘:“"h Population, l;::‘t‘;‘ Population, ll){'n.tlnh Population, {):::h
- = S - WISUS, S S pRa—— . s SIS Jarsicl (MU ook, (— et
London, Eng.... +..cevues|[From Kent wells and filtered water from 1‘ [ ‘ [ ’
Thames & Lea Rivers....os vovuea..| 4,180,654 | 16 4,222,167 15 4,264,076 11 4,306,411 16 4,349,166 | 15 | 4,392,340 14 4,421,956 | 14 4,463,169
Liverpool, Eng..cveecevvss |Lake Vyrnwy (Wales)....... & | 513,493 24 517,116 25 513,790 | 25 510514 53 507,230 58 | 503,967 37 632,612 32 | 633,078
Manchester, hng .|Lake Thirlmere (Cumberluml) 379,437 31 | 506,469 39 510,298 | 25 53 25 520,211 18 524,865 19 529,661 23 534,299
Edinburgh, Scot . I[m; ’d. water from Pentland Hills. ..... 271,135 19 | 261,970 18 264,787 | 13 14 270,588 15 | 273635 20 276,614 16 ‘ 292,364
Glasgow, Scot . ..Lmk BERNING 005 vova e caunipsnsaaes s | 530,208 | 26 567,143 31 669,069 | 18 677,883 20 656,820 | 24 695,876 19 705,052 23 | 714,919
Dublin, Ireland. .. vuesens| [mp'd. water filtered from River Yartry,| [ | | |
| Ourueq Canal, Artesian Well, springs..| 353,082 62 347,312 58 349,504 | 39 349,594 87 349,591 | 48 349,594 21 349,594 45 | 349,54
Puris, France ....va.000.0. |Rivers Seine, Marne and Yanne.... ..., | 2,260,945 30 | 2,424,705 20 2,424,705 | 28 2,424,705 25 2,424,705 | 29 2,424,705 11 2,611,629 | 11 2,671,620
Bru«els (with suburbs) Bel.| [sesane cosnnnnsnesnmnnnacessarinncannne 477,288 | 26 465,617 41 476,862 | 23 ) 27 498,400 | 14 507,985 16 518,387 18 531,024
Amsterdam, Hol......0.000 {Harrlen Dunes.......... : 406,302 | 19 417.539 11 126,914 | 15 16 446,295 | 8.9 451 493 11 3 500,091
Rotterdam, Hol . . |Filtered water from River Mease...,. 203,486 G 209 136 4 216,679 6 5 228,597 5 272,042 2 12 290,004
The l[uple llo] «|From Sand Dunes.. +......c000s 156,497 ‘ 3 160,531 12 165,560 | 4 2 174,790 3 180,455 5 4 191,529
Copenhagen, |)en,... «|Driven wells, ..ouve. uz 387 9 320,000 8 330,000 7 31 9 341000 | 7 3:&:;,711 16 33: 7 340,500
Stockholm, Sweden.... ....|Lake and well water., b, 350 18 245,317 18 248,051 19 249,246 8 252,937 | 8 25%,304 9 267,100 | 6 274,611
Christiana, Nor.eeee vevees cssessesens lH 300 12 151,130 9 156,535 4 161,151 6 167,583 3 174,717 7 182,856 33 192,141
St. Petersburg, Rus....... ’hllered vmu'r from Neave Rn(r. le'
‘ schia Springs & Ponds...... 842,000 BT Lioruvsssnsrifeensnalesnassnnsymstronsss 954,400 | 51 954,400 49 954,400 | 87 954,400 | 142 954,400
Moscow, Rus...... oo sesees [Moscov & Yanza Rivers.. .[ 753,469 | 73 753, 469 5 153 ,469 68 753,469 40 753,469 29 763,469 50 763,469 46 988,610
BRI IR sinsesnnisrainns Filtered water from Lake I‘ebel & Ihverr ‘
Spree .... .. v atkess b LEERATE 9 | 160132 | 10 | 166223 | 8 | 1,740 9 | 1,701,643 4 | 1,734,492 5 | 1,695,313 5 | 1,726 098
Hamburg (State), Ger. .... [Filtered water frum ltwer Hbe esscenees|  D91,647 28 622,530 23 637,686 34 634,878 18 598,372 6 608,710 9 626,562 6 661,015
Altoona, Ger .ouvvves s Filter Gallery by River Elbe ..... 143,249 | 19 114 388 64 145,627 43 146,667 15 147,807 7 148,934 18 [eovosnvavsor]onsnce]es
Dresden, Ger .v\ . Filter Gallery by River Elbe.. 269,250 9 276,623 8 301,400 5 308,930 | 4-5 316,600 ~ 324,341 5 342,340 4
Breslau, Ger...... .|Filtered water from River O« inr oy 324,400 15 339,000 12 346,442 15 353,551 10 360,660 6 367,769 9 377,062 8 s18
Munu,h B ch covn v e . [Spring water from Mangpau Valley...... 298,000 8 351,000 7 373,000 3 385,000 15 393,000 2-3 396,000 3 406,000 | 3 430,000
Vienna(with suburte), Aust | { ‘
HUDEATY . eee vaes vuessnss [Springs in the \cluu-aln‘rg ....... vuvsoss] - OIR1TH 9 | 1,378,530 6 | 1,406,933 8 | 1,435,931 7 | 1,465,537 5 | 1,495,764 6 | 1,526,623 5 | 1,674,129
Prague, Aust.-Hung. .. . cereernseee| 314,425 | 33 310,485 | 37 321,167 | 53 327,953 | 36 339,172 | 67 351,478 | 45 364,632 | 28 377,109
Buda-Pest, Aust.-Hung.... (]round \mwr !rom wells 463,017 34 513,010 23 526,263 26 539,516 15 552,769 14 566,022 20 9 275 29 629,486
Trieste, Aust. Hung..oo vocef 000 anee. . 160,092 l 12 156,190 11 157,343 26 158,314 17 159,739 19 160,825 5 lbl 886 [ 13 164,491
Rome, Italy ...... Fontanadi, Trevi,. Aquo Felice & Paoli..| 417,392 | 35 | 427 684 | 36 438,123 | 26 449430 | 34 436,777 30 \ 465,563 | 62 473296 | 27 483 560 \
Milan, Ital tees sesssnessesesnsans sasenssens sessce|ense ..-....I e¥ses(eoes sesesese]sosase 424,887 62 430,829 62 Jeoes conssenn]oonnesl 441,948 B9 |seescecscens|isvone]|inosrnoniens
T urin, Itafvv . Setees sanass seaass sessaserssases 314,827 | 46 3’0 HOB 41 329,724 44 334,090 29 335,957 24 | 34.,203 32 344,208 | 24 344,203
Veaice, luly...... cesenaansll .\prmgn in the Mountains, 15 miles dis-| \ I
tant—cast iron conduit, ..eee.. 156,800 44 158,288 33 162,664 30 163,601 26 158,187 18 158,159 23 163,254 27 166,069
Cairo, Egypt.csess seeese..[River Nile by Canal .uvves s . 374,838 | 260 374,838 | 2356 374,838 | 163 74,838 | 154 374,838 | 135 374,733 90 374,838 | 141 570,062
Aleundna, h s oovse | IRIVRE Nils by Onual s ssven sssnos sssesne 231,396 | 208 231,396 | 348 231,396 1 231,396 79 231,396 | 100 231,396 | 103 231,39 89 319,766
Sidney (wllhsﬁurb-) Austrlmp’d. water from Upper Nepean B [aisecssntyatlonises X cees 406,480 20 411,710 19 421,030 29 423,600 20 |icoscocoves]|eossne|ionncesssansls
ris e e O HES e e s in RELTRIES LS [ Mt B i S 93,657 | 19 93657 | 10 Y I R | i Kb IO e ] e
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The tubercle bacillus which ravages a degenerate lung is diligently
and innocently reducing organic or inorganic mutter. It is a mere
accident that this process of reduction takes place before the corporal
death of the organism, Nauture works in a blind way, and what we
call disease is merely one of the ways by which she works, Discase
is ouly a manifestation of her activity, just as inflammation siguifies
that she is working in a hurry and getting hot over it.

There is a continual warfare between the bacteria and the flesh ;
we are the cnemy, not the bacteria. They are impassive ; it does not
matter to them whether they live or die, but we refuse to accept
Nature’s judgment. We cannot win, We can, however, delay the
issue, It is in this way sanitary science can help us.

It teaches us not to allow the bacteria to gain a foothold ; it shows
us how to prevent their entrance. Medical science teaches us how to
be strong against them, how to keep in health. It goes a step
further, it teaches us how to stifle them and to cast them off. Nature
has not left us naked, but it is only now we are learning how to use
the weapons she has placed in our hands. This lcarning and teaching
is the work of science in the present generation.

The paper under discussion—The Purification of the Water we drink
—deals with one of the most rudimentary processes of civilized life,
and yet most communities are as oblivious as savages as to its
necessity. We do not catch diseascs. We drink them, and we eat
them, We have solved the question of drinking, and need not suffer
from typhoid fever or other filth diseases any more. The problem we
are now working upon is the food supply and the prevention of con-
sumption. That will come in time.

The bacteriologist is a scientist merely ; a sanitary enginecr is
something more ; he is the man of affairs as well. He translates the
formula of the laboratory into plain language and applies it for the
sufeguarding of the people. Municipal authorities are only wasting
their time discussing the value of filtration per se that was settled
long ago.

Yet it may be worth while drawing an illustration from very near
home,

Newark and New Jerscy had the same water supp'y till 1892, and
a typhoidal mortality of 90 per 100,000, Newark changed its
supply in that year, and its mortality fell to 45, 28, 15, 17, 21 per
1,000 per year, New Jersey’s rate remained from 91 to 95 per
100,000 till 1897, when it too changed its source of supply, Next
year the typhoid mortality dropped 78 per cent.
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Under proper hygienic precautions typhoid fever will become as
rare as leprosy ; alrcady the tendency is all that way, as the English
record shows, The mortality in England and Wales was 32 per
100,000 in the eighth decade, 19 in the ninth decade und 17 these
ten years,

In Munich the rate is one-third that for the whole of England, or
ten to fourteen deaths per year in a city of 40C,000.

It is the engineers as much as the doctors who have accomplished
this work.

Typhoid is only taken as a type of these discases, but there are
many others which are water-borne, viz. : all those accompanied by
diorrl.eeal symptows, cholera, typhus, dysentery, and the remcdy for
one and all is filtration,

It is quite true that these discases are carried other ways than by
water, viz., by flies, by dust, and from eurth closets, but, if it is
checked at the source by the purification of the water, all these subsi-
diary causes will disappear.

The tendency is towards municipal ownership and public control of
water supplies, but the time is not far distant when purveyors of water,
public or private, will be held as strictly accountable for its absolute
purity as dealers in any other public commodity.

What the bacteriologists have proved is this: typhoid fever is
always due to a bacillus ; the disease germs are carried abroad in the
water ; they will cause the disease in those who drink the water. You
engineers have accepted this as true ; you have acted upon it ; you have
purified the water; you have saved more lives than a generation of
doctors. You have much still to do, and your work will not be done
till you have provided purified water for everyboedy to drink,

It is for you and not for the doctors to decide how that shall be
done, :

As a contribution to the discussion on Mr. Lea’s paper on “Sand
Filtration of Public Water Supplies,” Mr. Skaife wished to submit
the following deseription of a system of filtration which Mr. Lea had
not touched upon in this paper, and which he believed to be quite
new, The filtering plant is installed at Louisville, Ky., and is the de-
sign of Mr, McDougall, a former resident of Montreal. The follow-
ing description of the system has been abstracted from a Louisville
PApEr je=
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The system consists in passing the water, first through what is
called a “Clarifier,” and then through a  Polarite Filter,” as follows :

The clarifier, which takes the place of sedimentation basins (which
have the great disadvantage of requiring a large area of ground), con-
sists of two large steel tanks, having a layer of selccted sand at the
bottom. The water in passing through this clarifier becomes so clear
and bright that it would seem from its appearance that no further
purification was necessary. A small quantity of lime water is added
to the water as it enters the clurifier, to precipitate matter held in sus-
pension in the water. This lime water acts also as a germ destroyer
to a large extent.

From the clarifier the water passes through the polarite filter, which
consists of a layer of specially prepared magnctic oxide of iron (called
* polarite ), placed in an ordinary filter bed, and covered with a layer
of sand. This polarite is porous and indestructible; it has been used
in filter beds in Europe for over ten years, and was then as fresh as ever,

The water receives its final purification by both filtration and oxida-
tion, and it comes out clear and sparkling. Aualysis of 1,000,000
parts of water before filtration gave 250 parts of matter held in sus-
pension, After passing through the clarifier, only 5 or 6 parts of
suspended matter remained. A cubic centimeter of water before
filtration showed betwcen 3,000 and 4,000 bacteria, after passing
through the clarifier only between 50 and 75, and after passing
through the polarite filter there were practically none.

It is claimed for this system that it can be operated without the use
of sedimentation basins, thus’ saving their large initial cost and the
further cost of their operation, which is "stated to be much less than
that of slow filtration through large areas of sand filter beds,

The use of lime as a precipitant is found to give better results than
the use of alum as a coagulant, and at the same time it is very much
cheaper. Alum, which is used in operating tho so-called “ American "
filters, bas the great disadvantage of hardening the water when car.
bonate of lime is present. It has been contended that the use of lime
would harden the water, The experiments on which this contention
was based did not prove anything against the use of lime by itself,
as they were made with water treated with lime and alum together,
The sulphuric acid in the alum at once combined with the lime,
forming a soluble sulphate of lime, hardening the water co-ordinately
with the amount in solution. Lime by itself will really soften water,
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by causing a precipitation of the bicarbonates which are held in solu-
tion, This precipitation is in the form of an insoluble carbonate, and
co-ordinately with the precipitation the water is softened, Besides
this, lime is a disinfectant, a deodorant and a germ killer,

The advantages of the rystem may be summed up as follows :—

Cheapness of installation. Small area of ground required. Simpli-
city and ease of operation. Large saving in the use of lime instead
of alum or sulphate of iron, Savingin the quantity of water required
to wash the beds and tanks of 80 per cent. over other systems,

The Louisville plant has a capacity of 250,000 gallons per day,
with a filter of only 230 square feet.




REPLY TO THE DISCUSSION.

With regard to the paper by Mr. Cottrell, an abstract of which has Mr. R, 5, Lea

been presented by Mr. Marceau, it may be said that, though nominally
‘upon the general subject of the * Purification of Drinking Water,”" it
is largely devoted to a description of a single process, which is so far
only in the experimental stage. Its bearing upon the writer’s paper
upon sand filtration of water lies in the assertions it contains regarding
the unsatisfactory degree of bacterial purity effected by that process.
The Examining Board of the Paris Municipal Couneil did, it is true,
condemn this process in common with all the others examined, as being
incapable of producing what the Board considered to be a sufficiently
high degree of bacterial purity, The standard required was, however,
remarkably high, if not unnecessarily so, and so far has not been
definitely shown to be possible of attainment on a large scale and under
practical conditions. If, however, Dr. Bergé's Polozone process should
prove suceessful in practice, it will be able to fulfil these requirements
to the extent of furnishing a water absolutely sterile and of fairly
high chemical purity.

Since the discovery some 15 or 18 years ago of the germ-removing
propertics of sand filters, a succession of new inventions for the purifi-
cation of water have been put forward with claims of superior efficiency ;
but one by one when put to the test of actual practice these claims
have been shown to be unfounded, On the other hand, the Sand Fil-
tration process has steadily risen in the estimation of those who have
studied and investigated it with reference to the quality of the water it
produces as determined by analysis, and by its effect upon the health of
the people who drink this water. Bacteria are undoubtedly present in
small numbers in the efluent from such filters ; but it is believed (and
the reasons for this belief become of greater force as investigation is
carried further) that the greater number, if not all of these, are from
the underdrains, and have not come through the filter at all ; and also
that those which may have come through are not dangerous germs, but
belong to some of the species of harmless water bacteria, Very much
more of this nature can be said of the efficiency of sand filtration, but
that is no reason why we should not welcome a process capable of pro-
ducing the results expected of Dr, Bergé's ; and it is to be hoped that the
claims for it may be justified.

F
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In the meantime it will be very interesting to learn more of the pro-
cess from the correspondence with the inventors, which Mr. Marceau
has promised to communicate to the Society.

The above remarks apply also to Mr. Skaife’s description of the
Polarite Filter. The tests of this process as reported seem to show a
rather greater reduction of the percentage of the albuminoid ammonia
in the water than is effected by the sand filter.

The writer agrees with Mr. Keefer that the covering of filter beds
has advantages apart from the neccssary protection against frost, which
help to offset the extra expense. There would not seem to be any
cconomy, however, in building long and narrow beds, as a wooden roof
could rest upon piers which would of course be cheaper to construct
than division walls, and which would later serve to support the per-
manent Masonry cover.

With regard to Mr, Hering's reference to the proper method of
determining the quality of a given water supply, there is no doubt that
the information furnished by chemical and bacteriological analysis, in
the absence of expert local examination of the watershed, cannot be
depended upon. Which of these analyses is of relatively greater
importance will depend upon circumstances. Often one is necessary
for the proper interpretation of the other, In any case the data they
furnish will enable the engincer, after personally examining the water-
shed, to form sound conclusions as to the fitness of the source for a
public supply.

M. Coffin points out very clearly and conclusively how small rela-
tively is the additional expense necessary to secure that characteristic
which, in water for domestic use, is surely the most desirable, viz., its
purity, He shows that while a demand for drinking water which can
be guaranteed not to contain disease germs can zcarcely be considered
luxurious, yet people hesitate or refuse altogether to devote to the at-
tainment of this object a sum ridicalously insignificant in comparison
with what they are quite willing to expend for many other less impor-
tant purposes, and, in the absurd waste of water which is allowed to go
on in many places in America, enough money is being thrown away to
purify the water many times over.

Mr. Hill's remarks are of great interest in view of his long and inti-
mate acquaintance with the various phases of the subject, With regard
to the relative advantage of slow sand and mechanical systems of
filtration, the recent investigations which have been made at Louisville,
Pittsburg and Cincionati indicate that, with waters carrying large
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quantities of fine particles in suspension, the latter may be the more
satisfactory method.

The estimates of the cost of filtering, including capital charges, ete.,
show very little difference in favour of this process,

As to the objection to the use of the alum which is necessary to form
the coagulent, it is probable that the danger lies in the possibility of
imperfect purification, due to an interrupted supply rather than in any
injurious effect which an overcharge might have on the health of the
consumers, There is no doubt, however, that the latter possibility
might form in the opinion of some a serious objection,

Mr. Hill characterizes the writer's estimate of $60,000 per acre and
2,000,000 gallons daily capacity as very high, which no doubt it is,
especially for large plants. It was given, however, less as an estimate
than as an example to show how small is the actual cost of filtration even
under unfavourable circumstances. Nevertholess, for small places where
the beds must be small and few in number, i* does not seem likely that
covered filters could be built for much less than 850,000 per acre at
least. The 2,000,000 gallon capacity is, of course, per acre of total
area of beds, including those out of use for cleaning and removing, which
will be necessarily larger with the small plants.

Mr. Hill's remarks regarding typhoid mortality statisties are very
interesting, and the tables of rates of a greav number of places in dif-
ferent parts of the world up to the end of 1897 are exceedingly valu-
able and complete. ‘

Thursday, 2nd February.
P. W. 8r. Georag, Vice-President, in the Chair.

On motion by Mr. W, McNab, seconded by Mr. T. W, Lesage, the
following resolution was carried: “ That the money over from the sale
of the dinner tickets should be expended in the improvement of the
sceial part of the Rooms,”

It was moved by Mr., L. Skaife, seconded by Mr. Stuart Howard :
“That a special general meeting be called to transfer the admission
fees, less the examination expenses, to the building fand,”

The discussion of Mr. Irwin's paper on “ Disputed Points in Con-
nection with the Construction and Maintenance of Macadamized
Roads " occapied the remainder of the evening.
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Thursday, 16th February.
Erxest Marceau, Member of Couveil, in the Chair,
Faper No. 141.
PAVEMENTS IN VANCOUVER, B.C.
By A. X, 8tuart, A.M.CAN.So00.C.E,

When brought into eo nparison with other coast cities, Vancouver,
British Columbia, young as it is, has gained for itself a reputation for
its paved streets. Although only twelve years old, Vancouver can
boast of nearly all of its central business strects being paved with
either bituminous rock of wood blocks, the first of these pavements
being laid in 1893 and the whole of the work being carried out under
the Local [mprovement system.

The object of this paper is to compare the two kinds of pavements
and discuss their relative merits and adaptability to the well-known
humidity of the climate of this portion of the Pacific Coast, and in
order to do this it will probably be advisable to deal with each pave-
ment as it was laid,

StreeTs PAvEDp wita BrrumiNous Rock 1IN 1893.

The by-law for this work was actually passed on the 11th of July,
1892, and came into operation on the 14th of August, 1892, the deben-
tures being for 20 years. The rate per foot included interest at five
per cent., the sinking fund being four per cent. for the repayment of
the loan in twenty years, The total sum raised under this by-law
was $111,100. The contract was let in July, 1892, to Contractor D,
McGillivray, but by the time all the details were arranged it became so
late in the fall that, owing to continued wet weather, it was deemed
advisable to withhold the commencement of the work until the summer
of 1893. In the meantime, Colonel Tracy, City Engineer, and the then
Chairman of the Board of Works, went early in March of 1893 to
Portland, Oregon, and Seattle and Tacoma, and on the 16th of March,
1893, reported to the City Council as follows :

“ Having examined the different forms of rails in use on street rail-
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ways in Seattle, Tacoma and Portland, on streets  which have been
paved with bituminous rock, and also on streets paved with stone,
plank and macadam, we report as follows :

“1st, Owing to the gauge of the railway in these cities being 3 ft. 6
inches, while those of Vancouver are of the standard gauge, 4 feet 83
inches, vhe conditions are considerably different, as it is not possible
for vehicles to travel within the tracks in these cities. None of the
tracks examined have been properly put down, they in nearly every
case having settled and become uneven. With the timber set in con-
crete as provided for in our contract, this will be obviated, and the
track should keep in good condition. The portion of the street occu-
pied by the street railway is the weak point in all pavements. A good
job caonot be made with rails set on the tie direct unless with a grooved
girder rail at least T inches.deep. The paving along the outside of
the rails was in the best condition where the bituminous rock covering
was carried up close to the rail without any stone courses. The only
question on which there can be any doubt is as to the method of finish-
ing on the inside of the rail and the form of the rail at that side.
Most of the girder rails examined have narrow flanges on the inside
(14 inches), which for the traffic of vehicles are practically uscless, as
they allow neither sufficient width nor play for the wheels which would
travel partly on iron and partly on the pavement, Girder rails with a
wide flange for the wheels were in usc on one street, but did not appear
to answer any better, as the weight of heavy wagons on one side ap-
peared to twist the rails out of shape. For the purposes of the street
railway and its passengers, we believe the “T” rail to be the m st
advantageous. A fairly good and lasting job of paving can be made
with the “ T " rail, but, witha deep girder rail grooved with a flange for
wheels, there would be no doubt of the security of the pavement. 'I'his
would be the most expensive, and the question of the best rail under
the circumstances (for Vancouver) will depend on how the Street Rail-
way Company will keep up their share of the roadway when completed,
that is 8 inches on each side of the rail.”

The girder rail recommended could not be obtained, and the Street
Railway Company were allowed by the corporation to put down a light
“T " rail, which since, in many respects, has proved to be very un-
satisfactory.

The total cost of the 1893 pavement was 8$101,667.94. Details as
to the prices of the tender will be seen in “ Table A.”

The sand and gravel required for the concrete, and also the cement,
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were all supplied by the contractor, but the Corporation furnished the
contractor with crushed rock for the concrete at cost price, namely
$1.50 per cubic yard.

CONSTRUOTION,

Early in May of 1893 the work was commenced, and completed in
October of that "year, the total length of streets paved being 1.18
miles. All the work in connection with the laying of the double track
was done under a separate contract between the contractor and the
Street Railway Company, under the direction of the City Engineer, the
same method of tamping round the ties with concrete being adopted
as shewn in diagrams,

The old planking having been removed, the street was first graded to
the required contour. All roots, rotten wood, vegetable mould or goft
soil were removed, and replaced by good dry sand and gravel or bro-
ken rock. The surface of the ground having being brought to the
proper level, it was well wetted and rolled, and where directed well
rammed until brought to an even and smooth surface, the contractor
being required to take proper care of, and provide for all gas, water
and other pipes, and also all poles, to shore them up carefully, the con-
tractor being held responsible for all damage to same in carrying out
the work, the contractor also excavating for and setting the curb-
stones to the true line and grade, the curbing being well rammed, espe-
cially next to the footwall.

Conerete.—The concrete was composed of four parts of broken stone,
two of clean gravel and three of clean coarse sand to one of the best
English Portland cement, the quality and brand being approved by
the City Engineer, with whom rested the power to reject any which
did not fulfil the tests which he deemed sufficient. From careful ex-
periments this proportion was found to be exceptionally good. The
depth of the concrete was six inches. All materials were required to
be thoroughly dry, and then wetted sufficiently and rammed in place
to the proper shape, where it was protected until properly set, and kept
clean until the bituminous rock covering was placed on it. In places
where it was found necessary or expedient to have the concrete a little
deeper than six inches, the extra quantity was figured and allowed the
contractor. The broken stone used was of such sizes as would pass
through a two-inch ring, and was supplied by the city on scows at the
city landing, foot of Gore avenue, at the rate of $1.50 per cubic yard,
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the contractor being required to unload and haul thesame. The work
of grading, concreting and setting the curbstones was kept sufficiently
in advance of the covering to allow the concrete to set properly.

Stone Curbing.—The curbing used was of granite, and was six
inches thick, twenty inches deep, and in lengths not less than three
feet. The top surface was dressed evenly with a slight round on the
outer edge, the joints throughout being kept as square and true as
possible so as to make a close fit in order that they might be pointed
and made water tight, The curbing at the street intersections was
rounded to a two foot radius.

Gutters.—The stones for gutters were of granite, eight inch courses,
eight inches decp and averaging twelve inches in length, the top surface
being cut true to a reasonably smooth face, and the sides and ends, so
that when laid there were not spaces of more than half an inch be-
tween any two courses, The spaces afterwards were floated with pure
cement, It may be stated, however, that these stone gutters were
only put in where the fall was slight.

Bituminous Kock Covering,—The best quality of bituminous rock
covering obtainable from San Luis Obispo, California, was used, cou-
taining not less than fifteen per cent. of bitumen. This was broken
up and then disintegrated by steaming in a tight kettle under a pres-
sure of not less than sixty pounds, and after being taken out of the
kettle was dried in a pan heated by steam and placed while hot on the
road, then raked to an even surface and rolled with a heavy hot roller
until thoroughly compacted. This bituminous rock cost the econ-
tractor laid down in the yard at Vancouver not less than $10 per ton.
The rolling had to be done to the satisfaction of the City Engineer, and,
when completed, the surface was required to be smooth and even, and
the bituminous rock not less than two inches .n thickness or weigh
less than twenty pounds per square foot. The work was required to
be carefully and neatly finished around the gutters, and where not
accessible to the roller was rammed with a hot iron. The whole work
had to be guaranteed and kept in repair by the contractor for one
year, the contractor farnishing a suitable bond to that effect.

No. 2.—Brrominous Rock PAving or 1895,

The bituminous rock pavement commenced in 1894, and finished in
1895, consisted of .61 of a mile in length, the work being carried out
under a new contract, but by the same contractor, the main difference
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being the work in connection with the heavy girder rail laid (shown in
Diagram No, 1). In the case of this contract, however, the contractor
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was required to give a two years’ guarantee instead of only one, as in
the contract of 1892-3,

No. 8.—Woop Brock Paving or 1894,

This was only a short piece, .05 of a mile in length, and was laid on
Granville st., ot its approach to the Canadian Pacific Railway Com-
pany’s depot, as an experiment, and in order to compare a sample ship-
ment of Australian mahogany, black butt and spotted gum, which had
been presented to the city by J. C. Rounding, Esq., of Sydney, with
the local fir and cedur. These were put down as shewn in Diagrams
Nos. 2and4. The conditions as to grading, concreting and granite
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curb were the'same as in the former pavement, and need not be en-
larged upon. The contractors were Messrs. Armstrong and Morrison,
The work was commenced:in November, 1894, and finished at the end
of December, taking about a month to complete, the work being carried
out under trying atmospheric conditions, the contractors, neverthe-
less, doing their work very well. As to the block paving, the contrac-
tors were called upon to furnish good sound fir and cedar free from
defects of any kind, The blocks were sawn 9 inches long, 3 inches
wide, b inches deep, squarely and perfectly uniform in size and sur-
faced. The fir and cedar were well creosoted under pressure to the
satisfuction of the City Engineer before being laid. The Australian
woods were hauled and sawn by the contractor, and all the different
kinds of wood were kept separate on the street. One little strip of
unereosoted cedar was put down where shewn on Diagram 2. The

CRoSs  SECTION LONGITUDINAL _ SECTION
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blocks were laid with one quarter inch space between each row, the
gradient of the street being over 5 per cent. The blocks were laid in
rows running across the street, the contractor doing all the cutting and
trimming necessary to break joints, After the blocke had been laid
sufficiently ahead, a mixture of coal tar pitch and asphalt was poured
into the joints. The joints were then filled with fine gravel well pound-
ed in with a special tool and saturated with the asphalt mixture until
filled compacily to the top of the blocks, which then received a coating
of liquid asphalt and tar put on hot, the whole being covered with
finely broken granite which was supplied by the city. An expansion
joint of well- tempered clay was put in next each curb to allow for the
expansion of the blocks. It may be remarked that, for this work, the
city supplied the Portland cement used by the contractor at the rate
of $2.90 per barrel. On this contract the contractor was required to
give a written guarantee for one year, and to make all necessary re-
pairs during that period. Asa matter of fact, no repairs to speak of
have been necessary to this pavement, and the City Engineer was so
pleased with the results achieved from this pavement, especially the
local fir and cedar, and more particularly the latter, both creosoted
and uncreosoted, that, when the matter cume up early in 1898 of the
desirability of further extending the system of paved streets, he recom-
mended the use of local cedar blocks as a test on a larger scale.
Woop Brock Paving or 1898,

The chief' points of difference between this wood block pavement,
which was commenced in July, 1898, and completed at the close of the
year, and the wood pavement of 1894, may be said to be that a good deal
of the work entailed the fitting in of the blocks along the heavy 70 Ib.
“T " rail pat down on Hastings street and Westminster avenue, and also
that in this contract the specifications required the wood blocks to be
laid with close joints instead of the quarter inch space as before, except
on Richards and Seymour streets, where the gradient was sufficient to
require a quarter inch space being left. In this contract, tho contractors,
Messrs, Campbell, Rannie & Co., were required to give a two years'
guarantee to keep the pavement in proper repair. In connection with
this pavement, the granite curb at strect intersections was put in with
8 ft. radius instead of 2 ft., and found to make a much more satisfactory
job.
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COMPARISONS,
By way of general comparison, table *“ B” was prepared touching on
the principal points. However, it will not be amiss t~ enlarge on some
of the main features,
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Referring first to the question of repairs, it will be seen by refer-
ence to Table “ A that the repairs to the bituminous rock pavement,
especially that of 1893, have been very extensive, more so than was
anticipated at the time it was put down. The greatest trouble has
been along the 40-1b, “T ” rail on Hastings, Cordova, Cambic and
Carrall streets, The disintegration caused by urine from the horses
and mineral oils caused Colonel Tracy, City Engineer, to have analyses
of samples of the pavement made by Herbert Carmichael, Esq., Public
Analyst and Assayer for the Province of British Columbia, early in
March, 1898, The samples were taken by the City Engineer and num-
bered. The results were as follows —

Sample L IL I Iv. v,

Moisture... «.cooosessneess *52% *58% 4% *45% 61%
Min. matter.......... 81565 8528 8184 8445 8645
Veg. matter........u0. 40 1:40 57 *78 30
Asp. cement.......0 .. 1805 1332 17:59 1477 13:25

Writing to the City l‘]n‘ginecr on the subject, Mr, Carmichael said :
“The analysis of your samples of Bituminous Rock Pavement com-
pared with the analysis of similar material appears to show that you
have the necessary amount of bituminous cement in the eomposition of
your paving mixtare, but there is a considerable difference in the com-
position of theasphalts from different localities, and it is gencrally ad-
mitted that the bituminous rock from California does not make nearly
so good a pavement as the Trinidad asphalt. A mineral oil would un-
doubtedly dissolve or partly dissolve asphalt cement, and would so dis-
integrate it that it would easily wear away.

There is no method that I know of that would get rid of the oil ina
sample except by heating it to a fairly high temperature, and I doubt
if even this would be entirely successful.”

There ean be no question that the humidity of the Vancouver climate,
especiolly at certain seasons of the year, when there is a great deal of
moisture and very little sun, is very detrimental to the wearing quali-
ties of the bituminous rock pavement. The bituminous rock kept close
to thelight “ T ” vail has suffered very much from the vibration of the
rail. On Granvillest., however, wherca 70.1b. girder rail was used and
the bituminous rock and concrete built up clean to the rail, no trouble
of this kind has been experienced, and neither the pavement on Granville
st. nor the portion alongside the girder rail have required any very
material repairs.

In frosty weather this pavement has proved slippery for horses,
but it has been found that a little sand sprinkled over it has remedied
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this defect, especially salt water sand, of which any quantity can be
obtained here, the salt in the sand appearing almost immediately to
thaw out the frost from the surface.

The relative defeots or merits of the wood block paving can be com-
pared to a certain extent by reference to Table “B.” The wood
block paving put down at the close of 1894 as an experiment has
certainly stood the traffic very well. This piece, however, has not
been exposed to the very heavy traffic, and in frosty weather it has
proved slippery, but a little sifted sand, as before remarked, has been
found very effectual in remedying this defect, The local fir and
cedar have proved just as satisfactory as the Australian woods so far,

It may be remarked, as to all these pavements, that, wherever it has
been found necessary at any time to remove the covering for the pur-
poses of repairs, the conerete exposed in each case has been found to
be in a first-class condition, and to have set exceedingly hard and
solid. It is evident that no pavement worthy of the name can be laid
satisfactorily without a good foundation of Portland cement conerete,

As to the form of rail, so far as traffic is concerned, the experience
at Vancouver is that a heavy grooved girder rail is the best. So far
as the Street Railway Company is concerned, a “T ” rail is best for
their purposes. It would appear, in order to make the best and most
lasting job, the rails should be sct in concrete with iron cross-ties to
hold them in place, avoiding the use of wood altogether. Judging by
experience, it would appear that, where a proper rigid track is put
down, it is best to lay the bituminous rock or asphalt right close up
to the rail,

As to the wood block paving, there may be objections to it on
sanitary grounds, but, owing very largely to the great clamor here
for the use of local materials, it was determined early in 1898, when
extensions to the paved streets were contemplated, to give it a test on
u somewhat considerable scale,

The object of dipping the blocks in the mixture of coal tar and
asphaltum was not so much with a view to preserving the wood as to
prevent absorption and to make the pavement as far as possible im-
pervious to moisture, it not being intended that the surface water
should penetrate it.  With this end in view, the blocks were laid close
where the gradient would admit of it.

The advantage of the city owning its own plant for repairs, instead
of doing the repairs by contract, will at once be evident by a reference
to Table “A.”

Diagram 4 will give an idea of the method of laying the blocks.




COMPARATIVE TABLE “A.

Miles. |Width of pave-| wNature of Rate per foot How carried |Estimated|Len, of Contrast
R e A o
ft.| Bituminous $ c.| local im-| Years. | Years. |Granite curb cost 75¢c.
Streets paved in Carrall, 43jrock from|Carrall, 6 99| provement per lin. ft. laid.
1893 seontract let| 1.18 [Cordova, 43|California 6”/Cordova, 6 99 by-law, pro- 20 20 |Gr. gutter cost 50c.do.
in July,’92, work Hastings, 5l|concretefoun |[Hastings. 8 50|perty owners Excav’n and concrete,
completed Octo Cambie,  43|(ations, gran- Abbott, 6 99! p-id’i of cost, $1.17 per sq. yd.
ber, 1893). Abbott,  43|ite curbs. Cambie, 6 99lcity 3. Bit. rock. cov.$1.26 do
|
Streets paved in Granville, 51 Graaville, 8 50 Granite curb, 87¢. per
1895 (contract Hastings, 51 Do Hastings, 8 00 lin. fu. laid.
commenced in| .61 _Do 20 20 |Do gutter, 50c. do
April, 1894, work Excav’n and_concrete
finished Septem- $1.33 per sq. yard.
ber, 1895). Bit. rock cov’ng $1.35
: Granite curb, 85¢. per
Street paved in Granville, 51/Wood block, Granville, 5.55§ lin. ft. laid.
1894, commenced| .05 samples of No gutter stones.
in November, fin- Australian Do 20 20 |Ex'n and concrete,9%0c
ished in Decem- wood and lo- perul;. yard.
ber. cal fir and Austral. wood blocks
cedar 6" con laid only, 54c p. sq.yd.
crete found’n B.C. firand cedar sup-
granite curbs lied and creosoted,
1.44 per sq. yard.
B.C. cedar _supplied
and not crecsoted,
54c. per sq. yd.
Yrs. Y Curbs &
Streets paved in Water, 41|Wood Block, 40 12 Curbs &|concrete |Gr. curb laid average
1898, commenced Alexander, 41| local cedarWater, 3.64 2.44 concrete | founda- | 98jc per lin. ft.
in July and com-| .98 |Richards, 41/ 6" concrete|Alx’der,3.32 2.22 founda-! tion 40 [No granite gutters.
pleted Dec., 1898, Seymour, 41| foundation |Rich’ds,3.24 2.16 Do tion 40 years; |Exc. and concrete av-
Hastings, 62[granite curbs|Seym’r, 3.24 2.16 yrs;wood| wood |erage, .l.Olt p- 8q. yd
W’ minster, 62 Hast’gs, 5.00 3.34| blocks, | blocks, C:f:r bl tarred
Wnster,4.98 3.32 12 yrs. (12 years.| and laid, $1.2°}% do
Ml
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COMPARATIVE TAELE “ A ”—Continued.

Descripion. | O3 | Bz gogiere e

Streets paved in * .ﬁm from 1895 From 1895 to 1898,
1893 (contract let | $101,667.94/f0 end of 1806, = This done by contract, cost
in July, ’92, work |paved with bitumin-| 19¢. rr &q. ft.
completed  Octo- (ous rock in 1895, al- In 1898, done by City’s
ber, 1893). g g i et own plant, cost 12¢. per

Iparedwith” e *%in 1898, done by City"
d i I n e ity’s
13?&"’('20'.’.'&;'" »;:,','af" originally own phn{, cost IyOc. per
commenced in | $54,004.50 &q. ft.
April, 1894, work
finished Septem-
ber, 1895).

Street paved in
1894, commenced
in November, fin- $3,504 None. None.
isbed in Decem-
ber.

Streets paved in Only just com- Only just completed ;
1898, commenced | $89,016. 00 pleted; still under, cannot be estimated yet.
in July and com- contractor’s guar-
pleted” Dec., 1898. antee for 2 years,
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COMPARATIVE TABLE «B.”

| |
Kind of footing

Description of Imperviousness| d Resistance to . Capability of Adaptability to
Pavement. to water, rdness. :Ieﬁ?l.etry. heavy traffic. | Noiselessness. b:’l‘;ﬁn“;n) steep grades.
. No. L. Gets very slip)
Bituminous rock pave- . Hard, but |pery. Easily Almost nil. More noisy Easier to Adaptable to almo=t
ment of 1893, and | Practically |gets elastic in|remedied by than the keep clean |any grade, not steep-
No. 2, | impervious |hot weather. | sifting salt- wood block than the er than 5 per cent.
Bitumirous rock pave-| water sand paving. wood block
ment of 1895, | over it. | paving. 2
No. 3. Not nearly as| .
Wood Block Pavement| Absorbs the [hard. Seems|Slippery, but| Compares | Less noisy. | Notas easily Can be made to
of 1894, and water and re-|{to be as easy not as bad as| favourabl cleaned, more suit almost any
No. 4, tains it to ajon horses as the bitumin- [with the bi- inclined to grade below 5 p.c.
Wood block pavement|certain  ex-/the bitumin- ous rock. tuminous gather mud.
of 1898, tent. ous rock. rock. |
D Cleanli and Wi ol i
postonet QAT comatmess | Foad | Sl [MAPSNIN  comensy. | FomoLilinwe
No. 1. Much greater, No. 1. 40 I1b. 1™
Bituminous rock Pave- Excellent. |More costly | Hasnot |than that off Has not |6” crown for 66 ft.|rail spiked to string-
ment of 1893, and than the |proved very| the wood proved as | streets. er resting on ties
No. 2, wood block good. block paving| suitable as |8” crown on wider|bedded in concrete.
Bituminous rock pave- paving. (See (See Table (wasexpected.| streets. No. 2. 70-1b. ved
ment of 1895, Table “A.”) “A.”) girder rail (mi-.)
No. 3. 7" erown for 66
Wood Block Pavement Not as clean|Less costly. No. 3. So far the |No. 3. More|ft. streets. No. 3. No rails.
of 1894, and or sanitary as| (See prices |Excellent. |maintenance | so than the |3} crn. on wider No. 4.
No. 4, the bitumin-|{Table ¢*A.”) No. 4. |has cost no-|bitum’s.rock.|sts. A little more| 70 1b. “T” rail.
Wood Block Pavement, ous rock Remains to | thingto |No.4. Hastolcrown would be| (See diagram.)
of 1898. paving. be seen. speak of. |be proved. [all the better.
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DISCUSSION.

Mr. Kerry said that he did not think there could be any necc.saity Mr. J. Kerry,
for an expansion joint being laid between the curb and the blocks, as
he hud always understood that there was no expavsion in creosoted
blocks.

Mr. Skaife said that the blocks might have expanded somewhat Mr. L. Skaife,
from the weight on them,

Pt
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Mr. Vindin said the “ T " rail was certainly the worst possible to Mr.J.8.Vindin
use, The Montreal Street Railway first used a 72 Ib, girder rail with
44 inches buse, since then increasing the weight year by year, Atthe
present time they huve an #31b. girder rail with 6 inches base. They
also found that the asphalt laid right up against the rail was the worst
possible thing that could be done. They were now welding their rails,
making a continuous rail with a joint about every 1,200 feet with an
allowance of § inch for expansion in that length. T'his has been found
very satisfetory, about 500 joints having been laid and only one hav-
ing given out upto the present time, and that wasan imperfect joint.

Mr. Lea asked if any one had ever scen clay used as mentioned in Mr. R. 8. Lea.
the paper and, if so, how did they keep it from washing out?

Professor McLeod asked Mr. Vindin at what temperature the rails Prof. McLeod.
were laid, allowing % inch for expansion to every 1,200 fect. The range
of temperature would no doubt be small owing to the uniformity of
the temperature of the ground.

Mr. Vindin replied that the rails were laid in the summer, and there Mr.J.8.Vindin
was no noticeab'e expansion in the paved strects.

Mr, Lea said tlat cxpansion joints used to be put in large water Mr. R. 8, Lea.
pipes in California, but they are not put in now, and it is found that
the whole tendency to expand is taken up by the friction of the earth.
The result of a change of temperature is simply to strain the metal.

Referring to Diagram No. 1, longitudinal section, Mr. Leprohon r.c.Leprolion
thought it would have been easier to excavate the whole of it than to
have the mounds standing there.

Mr. Vindin said the heaviest rail used by the Montreal Street Rail- Mr..J. 8.Vindin
way Company was 89 lbs,, that is, with the guard rail. The very
heavy rails are imported, and are 9-16 inches in height,

Mr, Lesage said, in connection with asphalt being laid close to the ar. 1. w,
rail, asphalt deteriorates with the vibration of the rail. It is very “**5*
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hard to make a proper joint, because the asphalt close to the stone or
rail does not get sufficient rolling. When the Street Railway Com-
pany double tracked St James Strect, they cut out the old asphalt,
leaving about } inch joint. There was no artificial joint made, and the
asphalt is well worn. He thought the trouble was that the vibration
of the rail disintegrated the asphalt. 1t was found, when blocks be-
side the rail were used, that two blocks were not sufficient, and three
blocks 134 or 14 inches were used. The asphalt next to the blocks will
hold them against the rails and diminish the vibration.

“}:’r-om;’ Mr, Sproule asked if the blocks were asphalt, or if the joint was
filled up with asphalt or something else. He thought that if the stone
was against the rail and the asphaltat the other side, the vibration
would be communicated to the asphalt, He also asked as to the
action of the wagon wheels running along the rail affecting the joint.

M: E.Marceau, Mr, Marceau thought that the wheels might have some cffeet on
the joint between the rail and the asphalt, but not with three blocks
laid longitudinally.

o Rl Mr, Lesage said that that system of laying blocks was not at all
satisfactory ; the asphalt between them was constantly wearing out.

Mr. H. Irwin Mr. Irwin said that, in making repairs and in laying asphalt along-
side the rails, it would be a good protection tolay the asphalt at least
} of aninch higher than the ordinary surface, and that would leave
the finished surface flush or almost flush,

Mr. L.Skalfe.  Mr, Skaife said it would not make a satisfactory job to lay the
asphalt higher than the rail, as it could not be properly tamped.

Me M. Trwin,  Mr, Irwin said that if that was the only trouble it should be within
the reach of mechanical contrivances to make a perfectly smooth edge.

Mr.C.Leprohon  Mr. Leprohon said that, aceording to the paper, it would not scem
that compression is required altogether. On page 4 it is stated that
rolling had to be done with a heavy hot roller. We have to use tamp-
ing with very heavy weights, about 56 lbs., and the men go over it
three or four times, The same result seemed to be obtained.

Mr, L. Skaife.  Mr, Skaife thought that the author must have forgotten to say that
the asphalt was tamped, as it could not possibly be rolled without
being tamped first,

Mr.J, Kerry,  Mr. Kerry said that it would be desirable to ask the author what
filling composition was used. In uncreosoted blocks the expansion: is
very great, and it is necessary to make some provision for it.

Mr. L. Skaife.  Mr. Skaifcasked that the author be requested to say how the pre-
sent pavements are wearing.
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In reply, Mr. Stuart said that the bituminous rock was tamped with Mr. A K.
hot irons, and well raked before being rolled with hot rollers, There
was no composition used where the blocks were laid close. The blocks
were dipped in a mixture of coal tar and asphalt, and the same mix-
ture poured on afterwards, Where the blocks were laid with strips
between (which was only on steep grades), the interstices were well illed
with fine gravel, tamped in with a special tool, and hot tar and asphalt
poured in,

So far there cannot be said to be any perceptible wear to the most
recent wood block pavement laid down in 1898, Where laid close-
jointed the surface is remarkably smooth, and, in fact, almost as smooth
as that of the bituminous rock when first laid down.
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CORRESPONDENCE.

The writer proposes to confine his remarks to the concrete
or rather to that part of the specification defining the quality
of the cement, “the best English Portland cement, the quality and
brand being approved by the City Engineer.” Surcly it is high time
to drop this clause ; it has done duty long enough. It would seem an
easy enough task to write a specification of requirements as to fine-
ness, tensile strength, neat and with standard sand, and as to con-
stant volume by the well known Fajias’ apparatus. It is really a
matter of very little conscquence whether the cement is made in Eng-
land or Timbuctoo, provided it has the requisite qualities; ‘‘ the best
English Portland” unfprtunately is seldom or never found in Canada,

The writer agrees with Mr. Stuart that a first-class pavement should
be laid on a substantial well-founded conerete base, but, if Canadian
Portland cement can be laid down in Vancover for even the same
price as English brands, it should have the preference.

It has been satisfactorily tested. Even Battles-Thorold cement,
which is pot nearly as expensive, 1as given perfect satisfaction on Bay
street, south of King street, Toronto.

Provision should be made in cold and variable climates for the
contraction and expansion of the concrete base of pavements, especially
on streets occupied by railway tracks as evidenced by scetions ob-
served on Yonge street, Toronto.

The same provigion should be made for the wearing surface of all
asphalt pavements, The writer is also of the opinion that railway
tracks on first-class streets should be laid on ample longitudinal beds
of concrete, and steel spacer bars should be used instead of weoden
ties. Stone or bard brick toothed sctting should be placed next the
rails, as otherwise the mineral oils dropping from the car boxes, ete.,
and the vibration rapidly soften and assist in the disintegration of an
asphalt pavement,




Thursday, 20d March,

P. W, 8. Geozae, Vice-President, in the Chair,

It was moved by Mr. L. Skaife, scconded by Mr. T. W, Lesage,
and carried: “That a Committee, consisting of Messrs. Stuart
Howard, J. Vindin and C. deB. Leprohon, be authorized to expend
the balance arising from the Dinner Fund.”

The discussion of Mr, Lea's paper on * Sand Filttation of Public
Water Supplies ” occupied the evening.

Thursday, 16th March.
P. W. St. Georag, Vice-President, in the Chair,

A special general meeting of the Society was held in connection
with the proposal to purchase the property No. 877 Dorchester street.

The following resolution was proposed by Mr, C. H. Rust,
seconded by Mr. J. R. Barlow, and carried unanimously : ¢ That the
Council be and is hereby instructed to purchase the property, No. 877
Doirchester street, making use of the Building Fund, amounting to
$1,500, for this purpose, and also to raise $6,500 by mortgage on the
property in order to complete the purchase price of $3,000 with an
additional sum of $3 000 for repairs and improvements,”

The following resolution, of which notice had been given, was then
proposed by Mr. L. Bkaife, secconded by Mr, L. G. Papineau, and
carried : “ That the fund arising from entrance fees, less the examina-
tion expenses, be credited to the Building Fuod until the building is
complete.”

Messrs, H. Irwin, J. 8. Vindin, J. R. Barlow, L. G. Papincau,
J. W. Heckman and J. G. Kerry, having been appointed scrutineers
of the ballot for the election of members, doclared the following
eleeted :

b i "




118 Election of Members.

MEMBERS.
Hexey W. Jousstox, Jr.

Coxway Epwagp CarrwriGHT,

ASSOCIATE MEMBERS,

Arravr Wy Coxxor,
L. Erxgsr F. Fusey,
Josern A. G. Govvrer,
Gornox Graxr,

Jos, Pierre Picug,
Frs. Cuarnes LABERGE,

Hexry Jons Lawn,

Joux Hugn SvLnivax,

Goorroy E. Lasrecae-ViGer.

AS: OCIATES,

Owen Norrox Evaxs,

Epwarp J. FETHERSTONHAUGH,

Avpert J. e B, CoRRIVEAT,
A. V. RAMACHAXDRA AIVAR.

Transferred from the cluss of Assccinte Member to the class of

Member : !

B. JonxsTON SAUNDERS.

Transferred from the class of Student to the class of Associate

Member :

Warrer W, Corpirrs,
Cuartes H. Evvacorr,
Haminrox Lixpsay,
Arravr L. Muoce,

Georce A. McCarray,
Rosexr F, Ociuvy,

Pavn Eviexye Parent,
Kexxern B, ToorsTox.

STUDENTS,

Joux LORN ALLAN,

SamukL JAMES ALLEN,
James PENROSE ANGLIN,
Aveusrus R. ARCHER,
Loryxg McKENzIE ARKLEY,
Cravne V., C. Ausriy,
Recisarp H. BaLrour,
Gry Rausrox Baivocs,
STaN1sLAS ALBERT BAULNE,
Avvrep E. Beck,
ALEXANDRE RELANGER,
Tuomrsox T. Buack,
ArcHiBarp A. Bowmax,
Huen Harkxess Boyp,
Firz-Hersert P, Bremaxax,

Aaros Forsey Burrerr,
Staxtey J. Brreovyse,
Arcnisary Burserr,
Herserr A. Brrsox,

E. Vicror BrrweLL,
Ancmiparp E. Brens,
Hvuen Doxarp CAMERON,
Geo. A. 8, CanpBELL,
Epmuxp G. M. Care,
Geo. Marcus Cary,
SueLpox B, CLemesT,
Tuomas J. CoLwiLr,
Lovis E. Corg,
Oxesienore Horace Core,
H. A. CoussiraT,




Election of Members.

Freverick Cowaxs,

Wwn. Curnig, Jr.,

Jas. 8 Darcaver,

Ww. A, Davinsox,

Ww, H. DeBrois,
LeororLp Dexis,
Varvore Dexis,
Aveusre Dosterr,
. Artier E. Dusve,

J. Ducaasren e Moxrrovee,
G. Rupert Duxcay,
Hersert M. Eway,
Epwarp P. Fernersroxnaven,
H. J. Wansworrn Fixon,
Geo. Evpcar Fiser,

Ww. G. Fruixr,

Axprew 8. Foruax,
Cuas. Epwarp Fraser,
Doxarp Camerox Fraser,
Jas. Wy, Fraser,

Joux Wu. I'rASER,
Davip Meryer Fry,
Erxest E. Gacyox,

R, HampesoN GILLEAN,
LioxeL L. Gissorxg,
Artaur Gornoy Grier,
Geo. MiLxe Haminroy,
E. GreviLe Hampsox,
M. J. Epmoxp Harovy,
Jony V. Hickey,
Ormoxo Hiomax, Jr.,
Rurerr F. Howarbp,
Geo. Tavror Hypg,
Jas. Crark Hyog,
Freperick R, Jupan,
AvisoN P. R. Kerg,

Jos. LAMOUREUX,

Warpex K. Lowpex,
Samver B. McCoxxery,
Wa. B. MoLcax,
Norwax M. McLeon,
Arruvr W. MoMasTer,
Evcuine Mavo,

Axcus K. MiLLer,
James L. F. MiLLag,
Geo. A. MoxrcoMERY,
Geo. J. NeLsox,

Jas. E. K. Ossouxe,
Owex O'Svnnivax,
Erxest E. Panmer,
Chas. S, Parersox,
Fraxk Pepex,

H. Mergvira Perey,
GEo. 8. Procror,
Gorvoxy Mol Pyke,
Puinie W. K. Roserrsos,
Hexey P. Rosr,

Tuos. H. Scawirzen,
Joux A. Snaw,

Hexry Lawresce Snernern,
Hexey B, Sims,

PauL F. Sisg,

Geo B. Smirn,

ARTHUR SURVEYER,
Ricuarp B, Vax Hoaxe,
Fraxgk W. WarLken,
Evcar I. Wexcer,
Fraxg Herserr Whire,
Geratp V. Waire,
Hersert A. WaivLEY,
Jony 8. Wavre,
Rosert M. WiLsoy,
Lovis Yorsrox,

Wu. MeG. Yooxa.
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Paper No. 142.

THE COMPRESSIVE STRENGTH OF CONCRETE.
As determined by tests made at McGill University,
By W. B. Axperson, Stud. Can, Soc. C. E.

Concrete, especially in the construction of piers and foundations,
is coming every year into more extensive use. It is therefore desir-
able to determine its strength, and more particularly its resistance
to crushing, as it is to a compressive force that it is most often
subjected. The results of very few tests with this end in view are
given in any of the treatises on Concrete or Building Materials, or
in the Engineering Journals, A few results may be found, but they
are scattered and very!irregular, and little information can be
obtained from them,

During the past three years a few tests have been carried on by
the students of Civil Engineering at McGill University. The first
series, two years ago, was to determine the effect of different per-
centages of water upon the strength, and the best percentage to use.
This was found to be about 20 per cent, of the sand and cement,
Last year tests were made comparing the strengths of concretes
made respectively from an English Portland and a German one.
This year tests were made upon sand cement in order to compare
it with the Portlands, and also to determine the best proportions in
which to mix it in making concretes.

This cement was “Cathedral” brand sand cement, made by the “St,
Lawrence Portland Cement Co.,” of Montreal. It is made of equal
parts of Portland cement and kiln-dried pump sand, These are run to-
gether into a revolving cylinder half full of flint pebbles, where
they are thoroughly mixed and ground to an impaipable powder,

The conditions under which the tests were made this year were
the same as those of the first series (published in paper No. 117,
Trans. Can. Soc. C. E.), except that the blocks were made 9x9x12-in,
instead of 12-in. cubes, as the cubes were found, in some cases, to
be too strong for the testing machine to break. The blocks were
tested with their long edges vertical, and rested on a
steel plate which was on a ball and socket joint, the plate
above the block being fixed, Sheets of rubber were inserted above
and below the block to give a more uniform distribution of the load.
The bhlocks were allowed to stand in the moulds for about two
days, and were then removed and placed in water, where they were
kept until the time of testing.
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The results of all the tests made in 1898, and the more striking
ones of other years, are here presented in tabular form:—

RESULTS OF EXPERIMENTS ON THE COMPRESSIVE

STRENGTH OF CONCRETE. '8
, £ | Breaking Load Relative it
l Mizvoas. £ £ |lbs. per 8q. in.| & - 08Ls, i
" 1 v |[—| £ . !
ATNREHEIN 1R ’
sl E || [&[8] 2 lels2|3 | § § f
HE | S || @8] = |=|F|51881]3,] B B
[-l,_ % | = 12| S |g1&|8 3% »2| EI_EB .
s| © .|l E| = £l Z| 52 |2E| 5[z i
sle| B IEE|E|E) % |e|t|e| B8 (352258 ]
S| = 3| & 3 IShE y
z!f | B2 |a (&= ‘:3 S|& (&2 [FOET|X i
— . — I S, e I ‘8
l|1896,‘§ ] l‘ 2| 4|2 746. 626 507 60-80 | 157| 174 126 2 s
2 zﬁ_é l‘ 2 65 % |.eenen] oo 703]....] =100 137| 152| 121 ¥
e« Bl 2] 6]« L]l 728,000 =120 122] 135] 116 i
4'1897:;..,-_. 1L 1] 22} 142.3) x | x |....[60-30 | 367 407| 206 i
6 ¢ |z |1} 1| 2| «“ | 146 7]1037) x [....| =60 | 275| 305| 176 |
6« |22 |1 1| 3|« [148.0] x | x [....| =90 | 2:0f 244 156 g
T (B 1 1] 4] ¢ |1563.3) x | x [....] =120 I183( 204| 144 g
8“1 (1 1) 5] “|161.2 x | x |....| =150 157] 174] 135 :
O « | =2 | 12| 2| 20 | 144.5] 494| 565|....]60-40 | 220, 259 150
100« =5 |1 2| 3| ¢« [146.0{ 611) 555|....| -60 l 183 216/ 139
1|« | 85 | 1| 2| 4| ¢« | 148.5) 819 613/.... 157/ 186 131
120 ¢« | €2 11 2 6| ¢ | 150.5| 6%1] 6 1371 162] 124 :
13« |25 |1 2! 6! ¢! 150.0 500 122| 143 120 i
14« | =8 |1 3| 3| ¢ |139.5] 333 157 185/ 122 i
15/« | Z2 |1 3| 4]« |139.0]....] & 137 162| 117 i
16{« |3 |1 3| 5 ¢ | 145.0 \ 122( 143| 113 il
17« | &% 11 3] 6]« | 147.0]..... 357 ...| -90 | 1101 129] 110 ;
181808, 1 1| 3| 5| ¢ | 146.5) 14| 2i4 400, =75 | 122 122) 104 X
19] « 2|1 3] 6| ¢ | 146.4] 110/ 182 218 =90 [ 110, 110 102
20 « Salll 3 T« |150.3 210] 322 ....| -105] 100, 100( 100
21« (2871 1) 21 4| ¢ | 150.6] 316 441 ....[60-80 | 157| 157| 119 o daEe
22 ¢ |¥F 1) 2| 5| 22| 148.5( 275' 477 494, -100| 137 137| 114 98
2« 182 | 1| 2| 6|20 | 154.0] 521 639 670{ -120( 122| 122| 111 :
24 « :,j 1l L3 3] ¢ | 149.8] 412 490,....[60-72 | 200{ 200| 134 4 .
25( ¢ = 1 13 4| « | 151.5) 446 679,....] =96 | 169 169| 126 K
26 « |8 1 14| 4] « | 153.5) 536 741 coef =108 1567| 157| 123 ¢
I1 2 3 |4 6] 6| 7 8 9 10 ll‘ 12 |13 [ 1415
7|llnck_n ;nrkwl lhus( x) remained unbroken under a load of 1,95) 1bs. per square inch ,‘
Column 13 shows the relative quantities of cement in the different il
mixtures, and some attempt has been made to estimate the cost ;
of the different mixtures on this basis. The relative costs are
ccmpared on the following two different assumptions:—
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First assumption:—Column 14 shown the relative costs if it is
assumed that the sand and stone can be secured on the spot and
their cost ignored. The cost of different brands of cement is taken
as below.

Second assumption:—Column 15 shown the re'ative costs of the
different mixtures and brands on the following assumed costs per
eubic foot of materials,

English Portland.. .. .. .. .. ..58 cents.
German Portland.. .. .. .. .. ..B0 *
Sand cement.. .. v .o o0 o M6
Broken stone.. . 8 £

9 u

Sand..

The cost of labour is not taken into account, as it will be the
same in every case, and these costs can at best be only a rough
approximation,

The main requisite for gn economic and good concrete is to have
just enongh cement to completely surround every grain of sand, and
just enough of this mortar to fill every interstice between stones.
Column 12 gives the proportion of mortar to stone, and it will be
seen that with each different mortar the strength increases as the
proportion of stone increases, or as the volume of interstices be-
tween the stones decreases, because the mortar is not so strong
as the stone. The strength also increases with the richness of the
mortar in cement, so that the strongest concrete will be one with
very little sand and a great deal of stone. Those with the 1-1 mix-
tures of mortar are very much stronger, though also more expensive
than the others. The sand cements are found to be weaker than
similar mixtures of Portlands by from 12 per cent. to 40 per cent.
The manufacturers claim that with a mortar, such as a 1-10, with a
great deal of sand, this cement is stronger than the Portland. This
remains to be determined.

If the concrete is desired to have very great strength, a Portland
cement and a rich mortar might be used, but if weight is the main
consideration, with only moderate strength required, a concrete of
sand cement will be much cheaper and quite efficient. Of course,
much cheaper mixtures than the ones tested can be made, but they
will be weaker accordingly after a certain limit is passed, which
limit has not been reached in these experiments. One of the
cheapest and a fairly strong concrete is No. 23. This mixture wou'd
seem to be the best one to use if excessive strength were not re-

quired.

The loads given in the table are the actual crushing loads, The
blocks showed cracks or signs of failure before this load was reacter,
but it was thought better to make the comparison on this basis.
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For purposes of comparison it is best to take the results of the
four-week tests, as the concretes then show more uniform results
than at one week, and the two-month tests are not complete.

These tests are still very incomplete, and it might be profitable
to make further tests with concretes containing more stone. The
strongest of the sand cement mixtures is No. 26, and with this rich
mortar it looks as if it would stand a good deal more stone, thus
increasing both the strength and weight, and reducing the cost
Tests of this nature will likely be carried out at McGill University
in future years,
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DISCUSSION.

Mr, I Irwin, Mr. Irwin said that tests on the compressive strength of concrete
were interesting, especially as concrete was =o often used in founda-
tions, though even where used for that purpose it was seldom sub-
jected to its full capacity for resistance to compression except on
rock.

There were some instances in the paper where a fuller explanation
would save trouble in geiting at its exact meaning.

For instance, the method of measuring the proportions of the
cement, sand and stone should be given; and, in the column headed
“Percentage of Water,” it should be stated whether this percentage
is of weight or volume,

As regards the “first assumption,” the cost of sand and stone
could hardly be ignored under any conditions, since the sand would
have to be handled, and the stone, if broken, could not well cost
less than 3} cents per cubic foot, or 95 cents per cubic yard.

The marked decrease in strength of the samples with 8 of sand to
1 of cement must be noted; as the volds in sand amount to about
half its volume, such a result is to be expected.

It does not seem quite clear that the compressive strength in-
creases as the proportion of stone increases beyond the proportion
of 1 of cement to 6 of stone to such an extent as to warrant adding
more stone to get greater strength. In test 12, it will be seen that
with proportions of 1: 2: § the strength after four weeks is 680
Ibs. per square inch, while with 1: 2: 6 the strength after four
weeks is 698 1bs., an increasa of barely 3 per cent. Also from tests
16 and 17, with proportions 1: 3: 5 and 1: 3: 6, the respective
strengths were 386 and 357 lbs. per square inch, showing a loss
of over 7 per cent. for the larger proportion of stone.

Since the voids in broken stone amount to from 40 to 50 per cent.,
it is to be expected that, where the volume of the mortar is less than
40 per cent. of the broken stone, there will be voids, and conse-

; / quent loss of strength in the concrete,

It As no engineer would like to strain concréte up to the cracking

or yielding point, it would be more interesting to give the load at

f ;4 this point also.

L

1 Mr.W.B. In reply, Mr. Anderson said that the proportions of cement, sand
i Anderson. » 4 stone were determined by weight, and the water is a percentage
I by weight of the sand and cement. This was explained, together with
‘ | all conditions of mixing, in paper No. 1:7, to which reference was
Ly made.
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As regards the “first assumption,” cases might occur in which
the sand and suitable stone or gravel would be found on the spot,
and the labour being the same in every case, these items are ignored
as stated; even if taken into account they would make very little
or no difference in the relative costs of the concreles,

The actual crushing load is taken for purposes of comparison
because it is considered more reliable than any indication of crack-
ing. It is very hard to say whether a crack is merely a surface
flaw or a break in the body of the block, while the testing machine
indicates the moment the crushing load has been reached.

The pressure at the time of the first crack was noted, and !3
given below; but the results are open to the objections described.

PRESSURE AT THE TIME OF FIRST CRACK.
In Ibs. per square inch.
No. of test. One week. Four weeks. Two months.

18 133 167 300
19 73 154 183
20 122 137

21 296 388 o
22 188 379 4
23 116 084 548
24 105 204 .
25 385 613

25 428 679




Thursday, 30th March,
DuNcaN MacPuerson, Member of Council, in the Chair.

Paper No. 143.

THE CONSTRUCTION OF THE MAIN INTERCEPTING SEWERS
OF THE CITY OF LONDON, ONT.

By W. T. AsusrinGge, A. M. Can. Soc. C. E.

Introductory.~—The initial steps leading towards a decided improve-
ment in the sewerage of the City of London consisted in the con-
struction of intercepting sewers designed to carry the present and
future sewage flow to filtration beds for purification. The greater
portion of this construction having been completed, the present
time is a suitable one for its description.

As in many other cities and towns, the demand for the improve-
ment was not spontaneous, and its necessity was emphasized very
largely by damage-verdicts and suspended judgments against the
corporation for nuisances caused by the pollution of the River
Thames and various watercourses.

The main sewers at present and previously existing on King,

Dundas and Wellington Streets are of brick, and intercept a large
L portion of the present sewagé of the city. The branch sewers are
H chiefly of glazed tile, many of which are jointed with clay, and
considerable trouble has been caused by tree roots penetrating
3 and expanding inside in their own peculiar fashion. Until within a
1 few years, the sewers were but poorly provided with ventilation,
and where manholes were built they were usually found at from
one to three feet below the road surface,
i b That in some cases there has been positive danger from this
source i8 shown in the fact that, some years ago, while cleaning the
King Street sewer, two workmen were overcome, and one of them
died from the effects of gas (supposed to be illuminating). The
men seem to have inhaled the gas at a closed manhole shaft.

As will be seen by examining the map accompanying the paper,
13 two of the old main sewer outlets (discharging about 25 per cent.
A of the total sewage flow) empty into the South branch of the river
‘ above a mill dam, while the third, viz., King Street, enters the
! river just above the forks. When the splash boards are in position
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on the Waterworks Dam (situated about three and one-half miles
below the forks), the river water is backed nearly level to this
point. This condition lasts throughout the summer months. Dur-
ing the winter the boards are taken off, thus increasing the fall
in that distance by four feet. In London South, nuisances were
caused by sewers discharging into watercourses, and also a similar
condition existed along the Carling's creek, which received the
contents of several street sewers, as also the sewage of the bar-
racks. To remedy this state of affairs, various reports were pre-
sented, and on September 2nd, 1896, the ratepayers voted the sum of
$150,000, to be applied to the work. This, with some $55,000 (other-
wise provided), was the amount believed to be requisite to construct
the sewers, purchase the necessary land. and set in operation
filtration beds below the Coves, practically as outlined by Mr,
Willis Chipman, who was retained as Consulting Engineer.

The writer, as assistant to the City Engineer, Mr. A, O. Graydon,
had charge of the work of designing the details, and of super-
intending the construction.

The system is practically a “separate” one. Callar, roof and closet
drainage will be accommodated, but from the portion of the city
now sewered, surface water will also be taken, The regulation as
to the amount to be carried during the rainstorms is to be made in
“overflow” manholes, which will be described further on.

The admission of the surface water as explained was not entirely
satisfactory to all concerned, but was conceded. This fact and the
difference of opinion of Engineers consulted by the Civic Authorities
is responsible for increasing the sizes somewhat over what would
be required for “separate system” needs pure and simple.

Routes, Grades, Ete—~Tne sewage eof the city proper is inter-
cepted by two branches—the one following approximately the
bed of Carling's creek, and the other the bank of the South branch
of the river—meeting at corner of King and Ridout Streets. From
this point the flow is carried along King Street, across the River
Thames (at an elevation of 24 feet above low water), through South
London, and across the low lands to the Farm, the South London
sewage being intercepted by a pipe laid along the Wharneliffa Road.
As a profile is given showing the grades, depths, ete,, I will here
briefly state that the least grade is 1 in 1,000, and the greatest 1 in
500. These are arranged to give a cleaning velocity when gewers
are flowing half full,

Contracts,—The work has all been done by contract, and, in order
that it might be pushed forward as rapidly as possible, it was
divided into sections ranging in value from $600 to $40,000. The
letters on plan d profile refer to these, but, in some cases,
several of them were thrown togsther in one contract. The draw-
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ings made for each consisted generally of plan and profiles, with
details of manholes, overflows, etc. All contracts were made in
lump sum, and extra work was paid for by schedule of rates ar-
ranged before calling for tenders.

Netting Out.—In setting out the work, centre stakes (or stakes
at definite distances from the centre) were driven every 100 feet
apart, and the centre line then marked on the struts by tacks.
These were used by the workmen in putting in the timbering, ete.
For trimming out the bottom of the brick sewers a plumb line was
used at each “bottom" (ranging from 12 to 25 feet in length usually).
In laying out the tile sewers the plumb line was not used, hut
every pipe was sighted for line and level by a rod held vertically.

This part of the work was attended to by the Inspector. The
grades were obtained as follows:—Stakes were driven, level with
the ground, every 100 feet, at safe distance from edge of trench,
and the depths calculated below these, and entered in the Inspector’s
book. Planed sight boards were then fixed into position over the
trench at these points, and whenever a grade was desired at any
point this was found by using a sighting rod. Three sights were
always kept in position for purpose of detecting errors of calcula-
tion or levelling, or settlement of the:stakes. In the deepest
sewers the sighting rods were usually made in two, and in some
cases three lengths, arranged to slide through an iron ring pro-
vided with a thumbscrew to fasten them into the right place. The
advantage of this in a cut 20 feet or deeper is apparent,

Timbering—The triuches required usually continuous timbering.
This was done by the ordinary methods, using horizontal walings
and vertical sheeting. The walings were usually of 2-inch stuff,
but some contractors preferred them of 3-inch. Sheeting ranged
from 1 to 2-inch, according to the nature of the ground, and the
contractor’'s idea of economy and propriety. In good standing
solls, the lighter materials (when properly put in place) were strong
enough, but in many of the deeper trenches, where strong pressures
were the rule, the heavier materials were none too good, and iha
extra sense of security, experienced by the workmen, more than
compensated for any extia expense incurred by their use, Wherve
possible, one waling in the centre has been made to answer for
each set of sheeting, but in bad ground, walings were placed at
top and bottom of each, Sometimes the single and double waling
methods were used in the same tranch. On one small but deep
section, the sheeting was laced by means of vertical walings well
strutted. thus tyinz the various c-ats of sheeting together, and
making it more difficult for individuai sets to sink.

Caring Banks.—In sewer work the proper putting in of shoring is
always an important one, On many sections of the London work
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the banks sank a great deai. This has not always been evenly
distributed, as occasionally one side would go down as much as
three feet more than the other. The causes of the irregular sinking
were not always apparent, but could be generally traced to undue
pressure on the sinking side, or to the direction of the flow of the
ground water, Frequently water entering the trench from one
gide would wash in the fine material, and that side would sattle,
while the other, being dry, would remain firm,

Other reasons were the running of machines, dump.cars, etc.,
close to one side. In one instance the contractor piled all the earth
from a 20-foot trench on one side, and the ground being saturated
with water and being of a mixed nature, a tremendous pressure was
brought to bear on the struts, which were bowed from 4 to ¢ inches,
and the foreman of the work asserted that they were in some
cases pushed right through the walings. About 50 feet of this
work eventually caved in, and a new method of dealing with the
excavated earth was adopted. This settling of trenches made con-
stant watching and attention necessary, the men inserting new
raking struts, and tightening up those already in. The work of
drawing the shoring in backfilling the deep sand trenches has been
frequently dangerous, and much timber was consequently buried.
On one section, while taking out sheeting from a 35-foot sand cut,
about 25 feet of it caved in, and buried a man below, whose life was
saved only by the struts and timbers closing over his head, Usually
sufficlent warning is given by the creaking of the shoring, but this
is not always so.

Brick Sewers.—The manner of laying brick sewers will first be
described. The trenches, if in clay or other firm soil, are first
trimmed out to the shape of the invert, a template is then fixed in
position, true to line and grade at from 12 to 26 feet from the pre-
viously finished work, and stretching a line tight along the bottom
course, the bricklayers lay the bricks, working from each end to-
wards the centre, The string is then moved to the next course,
and the work vroceeds as before, The first few courses are laid
dry, and the sidewalks then completed to the springing line, the
joints being made in no case less than one-quarter inch. and usually
made as thin as possible on the face. The invert joints are then
filled with cement grout. When bricks have frogs, these are laid
up, and all bricks are pressed firmly into place. The springing
course is all headers, and is the only one in the sewer. The centres
used are four feet long, made with hinged legs. On the arches the
key courses are also grouted. Where two-ring work is used. a half.
inch collar joint is laid between the rings. This collar joint gives
a good bed for the upper courses, and should not be omitted, or
laxity allowed, where water-tightness is desired. Even then water

H
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will find its way through at times, and the writer has one section
in mind where the sewer was laid in 16 feet of clay, underiying 20
feet of sand, with plenty of water, After the work had been com-
pleted some time, the water was found in places oozing in smail
drops right through the bricks themselves,

As soon as the earth has been rammed over the arch to a depth
of two feet, the custom here has been to draw the centres. This
allows the work to proceed more rapidly, and in small sewers with
good backing no evil results follow from the practice. The bricks
used are made in the city, and are of a white or greenish-white
variety, the hardest samples being more tinged with gieen. Their
porosity is perhaps their most objectionable feature, as they will
absorb from 12 to 18 per cent. of water.

Bricks made from the same clay were used in the construction of
the old sewers here, some of which have been down 50 years and
appear to be sound.

All mortar used was mixed in proportion of three of sand to one
of Portland cement—the latter being all of Canadian manufacture,
very finely ground and kiving good tensile tests,

Conerete—Concrete used for backing or foundation was generally
made of 1-3-3, but on the sections now in progress, where a single
ring sewer is quite surrounded by concrete, the same is being
made 1-2-4,

Cradles—Cradles were used wherever shaky or quicksand bottoms
were met with, and were usually made of inch planks, nailed to
1 x4-inch ribs, 18 inches apart, cut to the proper shape, The
ribs were usually fastened on the under side of the planks, The
cradles, which were made in the lengths of 4 fect 6 inches, were
worked into the bottom by the workmen standing or jumping on
them. In using cradle foundations the difficulty has not been
one of keeping them up (as seems to be the popular idea), but of
holding them down, and it was usually necessary here to strut them
down until the brickwork was somewhat advanced.

The cradles on one section, however, were made as described
above, with the exceptions of having the ribs on the inside and
being filled with 4 inches of concrete, which had set at least 24
hours before being lowered in the trench. The reasons for this con-
struction will be explained a little further on.

Treatment of Water.—On many sections of the work, a considerable
amount of water was met, but has usually not been more than could
be handled by hand pumps of the ordinary diaphragm pattern
Frequently two of these were required. In some cases where the
bottom was clay underlying sand, a pump had to be kept working
over the completed portion while the backfilling was being done,




The City of London, Ont. 13

to prevent same being washed into the sewer. A description of the
method used on sections L. and M. (which are now being built), 1
will suffice to show how the water when met with in or near the !
bottom of the trench is kept from the work. This sewer is being
laid along streets adjacent to and occasionally crossing the line
of Carling's Creek, and throughout the entire length of two miles,
Its invert will be from 5 to 8 feet below the creek level. The
cutting is mostly sand, and so far as completed (a distance of
three-quarters of a mile), there has been enough water to keep a
centrifugal pump (with a three.inch discharge) working steadily.

The construction consists of a single ring of brickwork surrounded
by concrete of varying thickness, To get this concrete in to the
best advantage, the bottom portion (4 inches) is mixed and moulded
into the wooden cradles on the bank, and is allowed to set hard
before being lowered into the trench. The weight of these is about
seven hundred pounds, and they are made in four foot lengths.
To enable them to be easily caulked, small strips of canvas filled
with grass are nalled to one end of each, and when the cradles
are being laid they are pressed tightly together, This forms a very
good joint, and is only required temporarily to allow the inside
ring of bricks to be laid.

The pump is set about 50 feet ahead of the completed brickwork,
and when in operation draws water from both directions, that
portion which i8 near the sewer being conveyed through 2j-inch
land tile, laid on each side of the cradles.

This method has proved very successful, and effectually prevents
the water and quicksand from boiling up through the bottom.
Occasionally entrances into the sewer were left to allow the ground
water to drain away. These weepholes are afterwards closed up,
but not for some weeks after the work is laid. The pump has to be
protected by a wire netting (on bottom and all sides) to prevent
chips, ete,, getting in and stopping the action.

Tile Sewers.—Glazed tile sewers were laid up to 18 inches diameter.
These were jointed with neat cement—gasket being first used to
pack the joints. With all 18.inch sewers and with some 15-inch,
concrete was used to pack the haunches,

The sections show the manner of doing this. Standard pipes were
used, except on one deep section, where a thickness of one-tenth the
diameter was demanded. Considerable delay and difficulty were
the result,

Manholes.—Manholes were built at from 300 to 450 feet apart,
depending upon lengths of blocks, the principle being to have one
at each sewer junction, The greater part of these (the manholes)
are rectangular in form, being 2 feet by 3 feet 6 inches inside at

g i
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the bottom, and drawn in to 2 feet by 2 feet at the top to suit frames,

1 foot 9 inches by 1 foot 9 inches inside dimensions. Each frame

| and cover weigh (together) about 520 pounds, and ventilation is pro-

i vided by 81 holes l-inch square each. Iron steps of three-eighths

inch by one and one-half inches iron, bent and set in the shafts

every fifth course of the brickwork, provide a means of eatering the

sewer. The walls are of two rings of brickwork down to 16 feet .
depth, and below this an additional ring is built. On the deepest

sewers, however, the manholes were made circular at the bottom,

and were drawn in gradually to suit the square tops.

P. D. Connections.—Six-inch private drain connections were left
at distances apart varying from 25 to 40 feet, according to the pro-
| perty sub-division, and where necessary enough tile was laid to
| bring connection to within 11 feet of the road surface. On the
' deepest sections, viz., J. and: parts of K. and P., no private drain

connections were left, as it was thought more suitable to iy a
’ shallow sewer later on.
|

Sewer Junctions and Connections.—Tile sewers are laid straight
from manhole to manhole, the bottoms of the latter, where direc-
tion changes, being curved suitably. Change of direction in brick
sewers has been made by curves of radius of from 30 to 100 feet,
; with a manhole placed at each end of the curve. Where the north
! and south sewers join at King and Ridout Streets, a bellmouth
! junction was built, having a stone tongue 8 feet long, and a brick
h arch thrown over both sewers of greatest radius 3 feet. Where
the main sewer is at same depth below the grade of a future branch,
! a drop connection is made by means of a vertical pipe outside the
| manhole wall (see fig. 4, plate 1V.). Occasionally two branch con-
j nections have been made joining with one vertical pipe, and in
| each case the connection is open through wall for inspection and for
; use if any =toppage should come in the drop. Plate V. shows the
| connection of old Richmond Street south sewer with new sewer,
18 and similar connections (on a smaller scale) have been used
throughout where old sewers carrying storm water and sewuge were
e connected. As will be seen from the detail, the ordinary flow is
" carried through an opening in the bottom of the storm sewer, and
this is so regulated that any required excess during rain-storms will
stil® "o~ in tha old channel. There are in all some sixteen con-
e nections arranged in this way.

18 Overflows—Overflows and relief-outlets have been left at various
| points. These are simply openings built in the sides of the sewer,
e and closed by wooden doors whose tops are set at the required height
! of overflow. If necessary, the doors can be lifted, and the whole
! flow diverted temporarily
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Flushing Arrangements—Flushing gates (closing against the cur-
rent) were placed on certain sewers at intervals of 1,000 to 1,600
feet, They are held shut by a bar of iron with a forked end jammead
against an inclined rod, and when sufficient amount of water has
accumulated behind the gate the bar is pulled or knocked out—
the door swings back or is lifted (if for tile), and the flush is im-
mediate and substantial. Both kinds have been found satisfactory.
Fig. 1, plate 1\, shows flush-gate for egg-shaped sewer, Fig. 2, plate
1V., shows that for an 18-inch tile sewer.

Along the north sewer, inlets have been made to utilize the creek
water for flushing purposes. Each inlet consists of a large and small
chamber, the former being 4 feet by 6 feet by 14 feet long. having
an outlet to the sewer two feet from the bottom, and being separated
from the small chamber by a 14-inch wall at the other end. This
latter is really two chambers covered with gratings set in the bed
of the creek, One of these small chambers connects with the large
one by a grating, and is intended for an ordinary flow (which can
be controlled in a similar manner to that by which storm water is).
Should a large flush be required, it can be had by opening a gate-
valve connecting the other half of the small chamber with the large
one., This large chamber has a sand catching capacity of about 3
cubic yards, and will be required to be cleaned out occasionally.

River Crossing.—To carry the sewer across the river at King Street
a bridge was built, and this was made to serve highway purposes as
well. The bridge has a central span of 162 feet. and viaduct ap-
proaches of 468 feet, making a total floor length of 630 feet, A
steel rivetted pipe 36 inches in diameter was carried under the floor
throughout the length. This pipe was made of }-inch metal, painted
with two coats of graphite over one coat of red lead, and its con-
struction (and that of the floor beams supporting it) is clearly shown
in the photograph accompanying. Inside the pipe no rivet heads
show below the horizontal diameter.

The plers, and pedestals for the viaduct columns were all construct-
ed of 1-2-6 concrete, with 3-inch facing of 2 to 1 mortar, and covered
with six inches of concrete composed of one of cement, one of sand
and three of crushed screenings. This concrete became extremely
hard, and proved harder cutting than limestone three months after
completion,

A good hard clay foundation was found for the east river pier at
about 6 feet depth, while for the other river pier the clay was ten
feet lower, and oak piles spaced 2 feet 6 inches centres each way
were driven and covered with a timber platform to receive the con-
crete. In the construction of the superstructure, attention is drawn
to the floor beams, which ars shown well in the photograph. They
are spaced 18 feet apart throughout the whole length of bridge and
viaduet.
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The steel pipes were brought on the ground in 32 feet lengths
(4-8 foot plates), and as much as 200 feet of them were laid in posi-
tion in one day. To facilitate jointing, the butt-strips on the
pipes were made in two parts—on one length this strip being shop-
rivetted to the lower, and on the next length to the upper half, thus
saving some trouble in fitting. The curves were made to a 74 foot
radius, the centre of each cross seam lying on the arc of the circ.e.
The. work went easily together, and in only a few cases was it
necessary to alter the positions of the saddles on the beams. About
five joints were rivetied and caulked in a day.

Backfilling Methods.—Various methods were adopted for excavat.
ing and replacing the earth, On one sewer of 20 feet cut staging was
first tried alone, and afterwards cars were added to carry the ma-
terial back along a line of rails laid by the trench, and dump into
the same. These cars were moved back by men pushing them.

On two sections a machine (built by the contractor) was used for
lifting and backfilling. A line of trestle work was made to straddle
the trench for about 200 feet, and the whole arranged to move
forward on a track as required. In the upper part of the trestles
two longitudinal beams were fastened close to each other to form
a tramway for a small carriage to run on. As each bucket was
filled in the trench, it was lifted by the cable to the carriage, and
hauled back along the line by a wire rope passing round a wheel
at the rear end of the trestle, and over the framework to the engine
stationed about 50 feet in advance of the other end of the same.
After dumping, the bucket was returned to be refilled. The buckets
were made oblong, about 3 feet by 1 foot 6 inches by 2 feet. The
machine worked successfully.

Horse derricks (as they are called) were used on several deep
sections. These consisted each of a tripod (made to stand over the
trench) having a pulley at the top and a wheel at the bottom of
one of the legs, through which a one or one and a quarter inch rope
passed. One end of the rope was fastened to a ring with three
chains—two of which had a ring at the other end and the third
one a hook. In operating, the chains were fastened to the loaded
wheel-barrow in the trench by slipping the rings over the handles
and the hook through the wheel, and hauling the load up by a horse
at the other end of the rope, This method was used on section “J,”
where the depth averaged 29 feet for a length of 2,900 feet, and gave
fair satisfaction.

One contractor operated a system of hoisting buckets by an engine
with four drums, then shoving them back by hand and dumping.

On the north sections L., M., N,, O., the material was (and is
being) excavated and filled into water-tight steel buckets (holding
about 10 cubic feet each), which were then hoisted by means of a
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derrick set on a car, and run back and dumped—the hoisting engine
supplying also the motive power to run the truck back and forward.
This machine has proved to be a very convenient one.

To give some idea of the cost of moving earth a table has been
prepared and placed at the end of the paper giving the probable cost
to contractors by various methods. The cost of excavation includes
all timbering work, backfilling, wear on apparatus, etc., and in case
of tile sewers the labour of laying tile. It would obviously be unfair
to make the figures given in the table a basis for close comparison
of cost of work by various methods as so many other and unknown
quantities enter into the problem, such as the difference in foremen—
their ability to handle men, etc.—quantity of lumber left in, etc.
Some figures are here given showing approximate cost of taking
cut clay on deep section by the use of horse derricks described
before.

First six feet was thrown out by hand (add this to the depth
given for total depth of sewer),

No. of

Approx. cost .
Depth. Derricks, | Horses. | Men, pe,rpcllbic yie Materials.
1772 4 23 14 58¢. Dry hard clay.
1776 3 2 10} 58¢. do
196" 5 38 | 19| 827 | Clay with water.
Hard clay with wa-
210" 4 23 14 86.2¢. ter coming down
sides,

[Uppﬂ’ half ﬁ:e
onrae | working san
i 8 5 | = Bée. l lower half hard

. dry clay.
297¢" 4 2% 14 39.2¢. Dry hard clay.

Main Protections.—Water mains, where intersected, were protected
from sagging by timbers brought up from the arch, or occasionally
by building brick piers under them. Tile sewers crossing above the
work were usually supported by building two parallel brick walls
to the haunches of the pipe and packing between with concrete.

Inverted Syphon.—To reach the sewage farm a long stretch of low
lands had to be crossed. These low lands have at some former
period been the bed of the river which, coming through what is now
the west part of London West, must have swept for about a mile
straight south of the present channel, and then bending sharply to
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the west returned to its present position within a few hundred yards
of its point of deviation, Some of the old channels are still below
the river level, consequently standing full of “water, and are known
as the East and West Coves, and at the point where the sewer is
built, there is some 500 feet of higher land separating them. The
West cove is connected with the river. This low land being from
2 to 16 feet below the grade line of the sewer, it was decided (after
considerable opposition from the ratepayers) to lay an inverted
syphon, and in order to make the most of the ordinary dry weather
flow, the size was reduced to 20 inches in diameter, the intention
being to lay an additional 24-inch pipe when required, and thus
bring the tctal capacity eventually to that of a 30-inch pipe, which
it was originally intended to lay at once. The object is of course
to have as great a present velocity as possible. Cast iron pipes were
used specified to weigh at least 1,620 1bs. per 12-ft. length, They were
laid in the same manner as water pipes. The descending leg of the
syphon is a brick well 1Q feet in diameter and 13 feet deep below
grade, connecting with the pipe by a 20-inch gate valve From this
well a 16-inch pipe leads to a relief sewer running to the river—
a separate connection being made also with this relief from the
upper grade. These are for purposes of overflow for storm-water,
and for diverting flow when necessary to examine the syphon.

Over this syphon well a house will be built to cover valve gear,
ete,, and to allow the sediment and coarse screening to be removed
easily. The ascending leg is not now being built, but it is intended
to make it a 20-inch pipe.

From its foot a 20-inch pipe is laid to the river, and at present
the whole flow will be discharzed there.

The syphon crossss the East cove by a 20-inch steel pipe 300 feet
long laid on caedar cribs 6 feet by 8 feet (50 feet apart) sunk to hard
bottom and filled with stone, The steel pipes are fastened to these
by iron straps passing oven the top and bottom to $-inch rods in
the timbers.*

Across the West cove for a length of about 300 feet, oak piles were
driven in pairs well braced and capped with timber cut to the shape
of the sewer, while for the water-way a culvert was formed by two
concrete walls made wide enough for a road way as well. Man.
holes were left at intervals of about 600 feet, there being a special
casting in each, closed with a cover bolted down. The length of
the syphon is 3,200 feet, and the maximum head will be about 2
feet, The syphon pipe is laid on a 1-500 grade.

Note.—Plate III. gives illustrations of some typical sections ot
sewers as laid.

[

*N.B.—This pipe will not be laid until spring of '99.
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TABLE ACCOMPANYING PAPER ON LONDON SEWERS.
Section | Outside p Length Depth. [ [ Approx.
Desig- | width ”T;:;;‘p' of [ ————— [Har vl.\l[l‘l.llinl”‘lt‘“{:lll'lh | cost per Nature of Soil.
nation. | Sewer. 2 Sewer. | Average. |Maximum ‘ NISERIE. | eub. yd.
. [ Stages in trench
6 rick. . 7.9 2%. Jump-cars to 53¢ Mostly dry, hard clay.
1 476" | Brick 2400 . | 177.9" 227.9" I I 5 .‘“ ly dry, hard clay
| backfill. ‘
|
” or i 94 » ; |Chiefly done by | ¢
4.6 L 500 « 167.5% ) 227.0" ) = i . { Clay bottom, under clay and
2 3.6 “ 3450 « | 187.07§| 22707 L‘i::"l‘e",ﬁ""% ma o7¢. 11 " sand (dry).
o |
1‘ First half dry, hard clay—
" p “ 9qr En a=s on Qb 9’0 balance good clay bottom
3 3.8 “ 2916 297.5 .2 Horse derricks. (S6e. to 98c. | with as ol on 36 & said
{ above and plenty of water.
\
4 3.8 < 2414 <« ’ 99r an 387 6" *“:llemtlfrl“;"_','_‘:iclll':' &8¢ ( All  sand—a great deal of
= - | “° b | i % . ¥ | water—cradles } di~tance.
‘ | 2nd half staged. ‘
, en |18” tile (in — 27 o ans q» | Backfilling ma- ) - f Clay botiom, under sand with
5 ¥ Concrete). 2215« \ 217.0 307.0 chine* § ol plenty of water.
7 am o on e ‘ 7 gy [Staging small l
6 {,’E” };;, ::}: 3 (,?)il; e« | }:,'1,,, } l:,'{!., ! part horse Jder- 5 Very hard, dry clay.
& & ALl 3.9 707 ricks.
7 2’.1" (Cé?nc:z'lt:) 418 « 117.0" 4.8 Stagel. 65c. ‘ Gravel bottom—very wet.

* This is the machine with the carriage, travelling bucket, ete,
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Thursday, 13th April. b1
HeNRY IRwIN, Member of Council, in the Chair, y

Discussions on Mr. Anderson's paper on “The Compressive V-"‘
Strength of Concrete,” and Mr. Stuart’s paper on “Pavements iu 1
Vancouver, B.C.,” occupied the evening,

Thursday, 27th April. o
Paper No. 144.
HOLDING POWER OF WOOD SCREWS.

By W. M. Maceuain, B.A.Sc., 8tup. Cax. Soc. CE, axp T, T.
Irving, B.A.Sc., Stupn. Can. Soc. C.E.

Engineering records, as far as the authors can ascerwain, contain
only two accounts of experiments having any reference to this
subject. In 1874-77 the U. 8. military engineers made experiments
on drift bolts, and incidentally compared them with wood screws
(Eng. News, Feb., 1891), and in 1897 Prof. Martens, of Germany,
experimented on the variation of the strength of wood screws in
order to find out the most efficient shape of thread and depth of
cutting. No effort in either case was made to establish any relation
between the strength developed and the size of screw when driven
in different sized holes in different woods, both parallel to and across
the grain of the wood. This it is the object of these tests to deter-
mine in some small degree, 4

SCcREWS.—317 tests were made. The screws tested were {", 1, [y
4" and §{’, and may be taken as representative types of each size
ordinarily used in practice.

Woons.—The woods on which the experiments were made were
Red Pine and White Oak, representative respectively of the soft and
hard woods. Both were carefully selected, well seasoned, free from
knots and shakes, and of as homogeneous a structure as could be
obtained. In order to obtain results that could be legitimately com-
pared, the pieces used were in each case cut out of one large stick
and were about 6" x 6" by 8 long. They were so dressed that the
grain of the wood was parallel and at right angles to the faces.

BorinGg.—The boring was accomplished by means of a feed drill
driven by an electric motor. The holes were bored first on one face
parallel to the grain, the screws driven in-and immediately drawn.

Then intermediate to these holes on one of the contiguous faces
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the same screws were driven, that is at right angles to the grain of
the wood. The holes were spaced 33" centres for the small |” screws,
and as much as 7” centres for the|” screws and staggered 2’ in
all cases. In case the drawing of one screw would develop cracks
along the wood, this arrangement of the holes would eliminate any
danger of injury to.the next screw drawn, as it gave a distance of
7" in the one case and 14" in the other along the line of least re-
sistance between the consecutive screws. This gave ample space
between, as only in a few cases did any indication of splitting occur,
When driven across the grain the layers of wood at the surface
were lifted up slightly, but only after the maximum load had been
reached, and consequently did not affect the final result and the
conclusions deduced therefrom,

The size of holes into which the screws were driven was as given
in the following table:—

ST'.;,x- of Serew Min. Diam, Size of Hole | e ==
in inches, in inghes, in inches. ‘ No. Threads per in,
i 1 1 and 4 ’ 8
3 21 | § and ‘ 6
§ } ‘ } and 6

3 31 % and § r‘ 4

®y

The smallest holes were of the same diameter as the minimum

diameter of the screw, and the others were 1-16 larger or 1-16

smaller than the stem of the screw. These were the only sizes of

boles used. It yet remains to determine what is the best size of

hole to use to give the greatest strength with the least amount of
work done in driving the screw.

DriviNag.—At first a few of the screws were driven by hand, but it
was difficult to apply just enough pressure to prevent the fibres of
the wood from lifting caused by the resistance to entrance of the
screw. This method therefore was abandoned, and all the rest were
machine driven, applying just sufficient pressure to maintain on
entrance a uniform feed as determined by the pitch of the thread of
the screw. For the smaller sizes, viz.: 1" and )" screws, the same
feed drill was used for driving as for boring the holes, a special
clutch having been designed and constructed to receive and hold
the heads; but the larger sizes, {” and }”. offered too great a resist-
ance to entrance to be driven in this way. A torsion machine was
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therefore fitted up with higher speed pulleys, and though somewhat

slower served the purpose very well,

Drawing THE Screws.—The Emery Hydraulic Testing machine

It was found necessary to design a

was used to draw the screws.
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144 Holding Power of Wood Screws.

special grip for the purpose. The design was based on the strength
required to withstand a tensile stress equal to that necessary to break
the largest size of screw tested, viz.: {“, and the bending moments
set up in the jaws due to this strain, and also to be easily adjustable
to the different sizes tested.

Allowing 50,000 1bs, as the tensile strength of wrought iron, there
would be required in the jaws a strength sufficient to withstand a
strain of 22,000 lbs. absolute, the minimum diameter of the {" screw
being 9-16'

The jaws were designed to have a factor of safety of §,and
consisted of a hollow cylindrical head of machinery steel cut in-
ternally with Whitworth thread (6 to the inch) and 3 ' deep, with a
solid base slotted at right angles to receive the heads of the four
jaws. The jaws were tight fitting, and hung on }" turned pins, 10"
in length and { sq. in. smallest sectional area, and had case hardened
blocks, fastened by a screw, to resist abrasion. The clamp that
held the jaws firmly in the head of the screw was of the same ma-
terial, machine steel. They, with 4 set screws, with case hardened
tips resting in cup-shaped depressions in the jaws, as near as may
be in the plane of the point of application of the force exerted on
the screw head. This was to eliminate as far as possible the effect
of bending in the jaws that would otherwise be great.

In applying the force necessary to draw the serew, care was taken
to observe a uniform rate of loading so that each screw would be
drawn in as nearly as possible the same length of time. This was
done by attaching to the valve of the machine a pointer so that
the fluld was allowed to flow uniformly in all cases. But, owing
to the want of perfect uniformity in the structure of the wood, it
was impossible to so regulate the feed that each screw would be
drawn in the same time. To determine what effect, if any, this dif-
ference of time had upon the maximum load, experiments were made,
the results of which are given in Table IL

Table T.—SUMMARY AND REMARKS.

1. When driven across the grain the strength developed varied
as the depth driven, i.¢., depth of thread in wood. In no case was the
screws driven deeper than the length of thread. Otherwise the
friction between the stem of the screw and the wood would affect the
maximum load, and the effect of a drift bolt would be added to the
effect of the thread of the screw.

Thus taking 960 as the unit theoretical load:—

Ratio — 1 2 3
Theoretical load — 960 1920 2880
Actual load - 960 1970 2940
Difference p— 0 60 60
Per cent. of difference B 0 2.6% 2%
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The first two results given—600 and 740—are the results of hand-
driven screws where insufficient pressure had been applied to pre-
vent the wood from lifting, thus reducing the strength from a
theoretical maximum of 930 Ibs. to an actual load of 740 Ibs., a differ-
ence of 190 Ibs., or a loss of 24,

Thus taking 930 as the unit theoreticul load:

Ratio = 1 2 3
Theoretical load = 930 1860 2790
Actual load — 740 1870 2744

Difference = 190 10 46
Per cent. of difference - 24) loss 67 gain 1.7 loss

This serves to show the extreme importance ol the exercise of
eare in driving the screws, especially where the depth is not great.

Table 11.—In the first division of the table the rate of loading
varied between 21 seconds and 130 seconds, and the greatest devia-
tions from the mean load were:

— 350 and + 200.
and the least were: — 20 and + 10.

In the second division of the Table with & practically uniform rate
of loading varying between 15 seconds and 18 seconds the greatest
deviations from the mean load were:

— 246 and 4 3564.
and the least were: — 16 and 4 54.

Throughout the tests the rate of loading did not vary more than
from 10 to 26 seconds, and the above shows that a variation of as
great as 109 seconds did not appreciably affect the maximum loads.
So that within the limits possible, which are small, the time does
not at all affect the results given,

Table 1II.—1. In Pine, screws in the smaller hole gave from

2% to 149 greater maximum strength than the same screws in the
larger sized hole.
2. In Oak, screws in the larger hole gave from 4% to 15° greater

maximum strength than the same screws in the smaller sized holes.

3. In Pine, screws driven parallel to the grain developed 3% to
287 greater strength than those driven aeross the grain.

4. In Oak, screws driven across the grain developed 8% to
16% greater strength than when driven parallel to the grain.

6. The strength developed varies as the circumferences of the screws
and hence as the diameters, the length of thread being the same.
Thus taking 2688 as the unit theoretical load:

Size of screw.. .. .. .. .. & - A i
Ratio of diameters.. .. .. 3 4 5 6

Loads.. .. .. .. .. .... — 2688 3890 4520 6430
Theoretical loads .. .. .. — 2688 684 4480 6376
BITOT.. . vo o co v v .. 00 . 306 40 B4

Per cent. of error.. .. .. .. 0% 8% .9 8%

-
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This ratio is a simple one, and agrees well with the results of our
tests. The strength developed appears to be independent of the
number of threads per inch. The finer the pitch of the thread of
the screw the more bearing area will it have, but there is then the
danger of injuring the fibres of the wood to such an extent as to
vitiate the benefits of the larger bearing area.

6. All but two of the §” screws driven in oak failed in tension at
an average load of 55,000 1bs. per sq. in.

Table 1V. gives in compact form the absolute maximum loads
born . by each size of screw: (a) driven in oak, (U) driven in pine,
both parallel and across the grain.

The last column gives the absolute load per inch of thread.

Curves.—A sheet of curves is also given showing the work done on
a {" screw driven 3" parallel to the grain in Red Pine. The area of
the average curve computed by the method of average ordinates
gives:

WOrk dOB®.. ¢ o0 o0 o 20 oo oo s0 o0 == 1400 ft. 1bs.

When driven across the grain the work done would be much greater,
because the maximum load was, in almost all cases, maintained for
quite an appreciable distance of travel of the screw, although, as was
the case with Pine, the maximum load was not as great as when
driven parallel to the grain. This is doubtless due to the greater elas-
ticity and lesser rigidity of the fibres transversely than when edge-
wise to the action of the load. The curve would then at the
maximum load show an almost horizontal line somewhat similar to
that shown in dotted black, only more marked, and would, more-
over, fall away less abruptly than those shown on the sheet, thus
enclosing a much greater area and hence a greater amount of work
done,
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148 Holding Power of Wood Serews.
COMP \RISON OF STRENGTH DEVE[OPFD BY A {” SCREW

l\:?axn S:n; Denth | Kind | Direction ‘ \laxlmnm ‘
Tests. | Hole _Drlwn,‘ “A::Od. ‘ Gr:m Load ‘\ Remarks.
-‘ |
5 1’ 1" 'Red Pine | Parallel | 600
5 re e do do : 740
6 s 1" | do | Across 940
6 ‘ i ; = o do 960
5 | " 2’ do Parallel 1870
5 ‘ 1" i do do 2010
8 g - do Across 1970
8 ‘ & | 2 do do | 1760
| 8 1" 3" ! do Parallel 2870 |
! 8 | 2 do ‘| do 2744 |
8 1 3" do | Across 29490 |
8 | 1 } do do 2845 1
TABLE II—-COMPARISON OF ST l(l,}\(.Tll DEVELOPED WITH
| RATE OF LOADING. <
Size| Size | Timeto | 22 | Mean | Max- |Deviation
of of | Max, [ 2% | of12 | imum | from | Remarks
Serew.| Tlole ! Load. | SB& | Tests. | Load. | Mean
¥ | 7 |00 217| 373850 | 3810 |- 40
! ' 28" 3860 |+ 10
! 28" 3500 350
| 1" 4700 150
‘ 40" | 4000 4+ 150
55 3900 + 50
| 17 05" 4050 4+ 200
i [ 17 14 3980 | + 1230 .
| 117 1T 3760 - 9%
‘ r 37 3960 + 110
| 27 00° 3830 - 20
27 107 3900 + 50
e | —
i 15 | 37 |4546 | 4600 | + 54
| 1 | ]4“00 + b4
| 15* ’45.'40 - 16
| I 1 [ 4600 |+ 54
¢ 8 15" 4490 | = 56
1 16" [ 4900 | + 354 |
i 14" [ 4300 | - 246 |
i ‘ 18" | 4820 | + 274
| 15° | 4420 - 126

[ 3 4200 | - 346
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OPED BY SCREWS
DIFFERENT 8

b do

149
TABLE IIL—GENERAL COMPARISON OF STRENGTH DEVEL-

AND §* DIAMETER IN
LES DR[V&N 3.

Mean of | Size of | Kind of| Direction | Size of | Max.

z tests, | Hole. | Wood. | of Grain. | Screw. | Load.
4 1” |Red Pine| parallel | § 2820
13 V do do | ¥ 4500
12 I | do do i | 5150
6 3 do do X 5520
5 i” do across A 2865
12 " do do | § 3890
7 I do do | | 3720
8 & do do | o 5330

—— - e |
5 l;',.,' do pnrullel i | 2688
12 T do do ¥ 3890
12 % do do ‘ i 4520
4 s do do i 5430
6 s do across 3 | 2678
12 o e do do 1 | 3530
12 o5 do do i 3580 ’
4 s do do 4700
1 }” [Wh.Oak| diagonal | §* | 4800 |Screw failed.
4 § do do i | 1180 | do  do
4 S” do do i"’ 9035
1 ol do parallel i 15
6 o do across g ’ 7700
4 5 do do 3 8150
5 ¥ do do 3 6520 ‘
3 i | do do | 8800 |
4 i do | parallel ¥ | ms |
4 i’ do | " do | 7425
4 Te, do do e 7350
4 ¥ do do g 6300

7
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TABLE IV.—ABSOLUTE MAXIMUM STRENGTH DEVELOPED.

= - —
w . Bg|lwye §§ .8 | w84 o1 4 Strength |
°g g3 (o8 2 °§= 23 g | Max.
€% £ g2 |Eg 8| 2 £8 | 822 | Kindof IDirection |1oad in pox:llneh
R 11 ) e e S
" 4 | ST PPPE FRTREE 3" | Wh. Oak. |parallel l 4800 |.. . Screws
s, | 41 ¥ Liseilosar]osanes] 40 ‘ do do | 4750 [seeesees| § all failed
| 1 ‘ leeee]onns]innnns] do | do do | 4960 | 1653 |Ser'wdrew
3 4 3 cesefesss]osanes| do | do do 7180 [veeese “All fail-
XZ"’: | 4| . do | do do | 7263 |vevesens ed
e | 1| % do | do do | 7460 | 2480 |Ser'wdrew
—_—— — |— s e | ey . | S— | s
A St 4" | do |parallel | 9320 | 2070
,“,_" | 4] % do | do do | 9845 [ 2180 "
1| 4 i do do ACross ‘ 9505 2110
so | 4l gl do do | do | 9815 |cueeren
A S PR [ ‘ EARR LA,
il 4| 1] & do |parallel | 9870 | 2460
4] % do do " do [ 9720 | 2430
Yo' | 4| % .| do do across | 9820 | 2455
8" | 4| §leeee|esee]|ssesces]| do ‘ do | do 10736 | 2684
PR AR, Wit OSSP ik S| SIS SR, S
r 0l gl % | Red Pine.|parallel | 2620 | 940 || Hand
O 9 g | do do do 2688 896 \ driven
f ‘ 8 g | do do |across | 2865 955 do
s | 4 | do do ‘ do | 2678 893
——— |
112 3 do parallel | 4500 | 1500 }Hnml
o | 12] & do do 3850 | 1283 driven
18] & [ do across | 3890 | 1296
13 1. s do do | 3530 | 1176
— A (Rt | -
3" | 4 o T T O ‘ 43" do parallel | 7387 1640
s | 4| % | do do do 6710 | 1490
| 4| § ¥y across | 7037 | 1564
s i 4| 3 do 6222 | 1382 |
A .parallel | 7250 | 1810
| 4 do 7360 | 1840
5 4 ACross 6237 | 1559
) ¢ do 1T | 1779




Thursday, 25th May,

Paper Ne. 145.

THE INLAND WATERWAYS OF NORTH-WESTERN CANADA.

By Geo. H. WEBsTER, M. Can. Soc. C.E.

At the Annual Meeting of the Winnipeg Board of Trade held in
February, 1897, a resolution was unanimously adopted in which it
was claimed,—* That in the opinion of this Board the question of
Immigration is the most important one that engages the attention
of the people of this Province, and of the Government of the Pro-
vince and Dominion” . . . . . “and that the most important
factor in the settlement of the country is the securing of low rates
of transportation for the products of this country to the markets
of the world. That, in the opinion of this Board, an immediate an-
nouncement of reduction in the rates on grain from a central point
in Manitoba, say Portage la Prairie, to Lake Superior points, from
17c per 100 1bs. to a maximum of 12jc¢ per 100 1bs., and proportion-
ately from other points in Manitoba and the North-West Territories,
would do more to encourage the farmers and promote immigration
to the country than the annual expenditure of such a sum as this
reduction would give, if expended in any other manner.”

Prior, as well as subsequent, to the date of this resolution, various
schemes have been promoted to reduce the cost of transporting our
products to the seaboard. A railway line to Hudson's Bay, and
a competing line to Lake Superior, have particulirly received at-
tention, while a water route to Hudson's Bay also ha. its advocates,
All of these schemes have met with opposition from one cause or
another. The Hudson’s Bay Railway route entails a haul of about 700
miles north, necessarily involving high rates of freight, which it has
been hoped might be counterbalanced by a low rate of ocean freight
to Liverpool, the latter being dependent on the successful navigation
of the Straits for a sufficient period of time. The possibility of this
is at present, in many minds, a question of doubt, no matter what
its advocates may claim; but it seems to the writer after reading the
whole of Mr. Fisher's comprehensive report on the subject that he
has collected a vast amount of information, which must convince the
most skeptical that the straits present difficulties in the way of
navigation that will always operate to destroy its value as a great
trcde route. No commerce of any magnitude or importance can be
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successfully established over a route that is absolutely blockaded
for upwards of seven months of each year. While Hudson’s Straits
are blocked with ice there is absolutely no means of communication
between the Bay ports and the markets of the world; and this is a
most important point to bear in mind when comparing this route
with one to the south or east in connection with the Great Lakes.
When navigation is closed on the latter we still have the railways
connecting us with the great centres of domestic trade, and with
ocean ports that are open all the year round. Let Manitoba drop
this polar chimera; it never was anything but a political and spec-
ulative dream, and never can ve anything else.

The Hudson's Bay route entails a deflection of export traffic to the
north, in a direction far removed from the current of domestic trade
and fromy its centres, and the writer is not aware of any instance
in which trade routes that depart from the lines of domestic
traffic have oeen successfully established. A well-known authority,
Lyman E. Cooley, C.E., of Chicago, asserts:—"If you consult the
history of canals aud railyays you will find the line of domestic
transportation determines the line of foreign shipment.” The Mis-
sissippi River, with its navigable tributaries and railway connec-
tions, penetrating an immense producing district, affords proof of
the hopelessness of endeavoring to divert export traffic from the line
of domestic trade. The great grain producing States of Illinois,
Indiana, Iowa, Kansas and Nebraska are much closer to the mver
ports than they ore to the Atlantic, but the proportion of their
export traffic which finds its way to the ocean via New Orleans is
infinitesimal compared with that which reaches the Atlantic and St.
Lawrence River ports.

Capt. Bads, the distinguished engineer and projector of the Mis-
sissippi Jetties, once held the view that the advantages of the Mis-
sissippi route would compel the trade of the States named to seek
its outlet by this channel. Thirty years ago, in addressing the
River and Harbour Convention at St. Louis, he spoke as follows:—

“The improvement of the Mississippi River involves the contem-
plation of one of the sublimest physical wonders of a beneficent
Creator, The boundless reservoirs which supply its channels through
such long periods of the year, and make it so valuable to man, and
which, if opened simultaneously, would overwhelm the valley and
mar its usefulness, are, with that thoughtful care which orders ail
things wisely, unlocked in beautiful succession, month after month,
by the touch of Spring, as she leaves her home in the tropics to
bless the colder regions of the north.

“This great stream, with its head shrouded in Arctic enows, and
embracing half a continent in the hundred thousand miles of its
curious network, and coursing its majestic way to the Southern Gulf,

tkrough lands so fertile that human ingenuity is overtaxed to har-




The Inland Waterways of North-Western Canada. 153

vest their productiveness, has been given by its Immortal Architect
into the jealous keeping of this Republic, . . . "This great valley
lies between those parallels of latitude that are known to be most
conducive to health and to the development of the mental and
physical energies of man., In its capacity to produce the cereals,
grasses, cotton, sugar, tobacco, hemp, vegetables and fruits of every
kind; in the richness and variety of mineral wealth, the grandeur
and value of its forests, its inexhaustible quarries; in a word,—in
all the natural resources which conspire to increase the wealth and
power of a people, the bounty of Providence has been most wone
derfully manifested.

“The stream which, in every direction, penetrates this favoured
region, and is the grandest natural feature of North America, holds
in its embrace the destinies of the American people.

“It is the great arterial system of this Republic. . . . .
Through its copious channels, for all time to come, are destined to
circulate the sustenance and abundance of its people.

“The commerce of this great empire will, in time, certainly ex-
ceed that of any other in Christendom; and the mouth of the great
river constitutes the only natural gateway through which the im-
mence products of that region will henceforth find their way to the
various nations of the earth.”

The Jetties were completed in 1876, and a channel 22 feet in depth
obtained at a cost of 5% millions. And what was the result of this
effort to divert export trade from the line of domestic transport?
It is shown in the following report of the movement of cereals for
the year 1896, twenty years after the completion of this great work:

Shipments of Grain, Flour and Meal (in bushels at 43 bushels to
the barrel) for all the principal Atlantic and Gulf Ports for the
year 1896:—

Wheat Rye.
n Oats and :
and Corn. Pense
Flour. Barley. |45 Meal.
Atlantic Ports ... ....oeecunee. | 04,800,501 | 83,174,471 | 37,872,514 | 4,964,052 220,811,608
Montreal. ..... Sersestisesasenne 14,420,307 | 6,705,104 | 2,085,571 | 2,503,544 | 26,603,626
New Orleans (Mississippi River) | 5,056,530 | 25,202,502 262,143 17,700 | 30,628,875
Galveston (Railways).......... 3,693,371 | 6,222,282 ..... T oy 9,015,653

117,079,700 |121,484,350 | 41,100 228 | 7,465,276 | 288,049,662

These are facts the significance of which cannot be overlooked
in determining upon the proper route for a trade outlet #uch as we
require. It cannot be claimed that the United States Atlantic ports
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draw this trade from their Gulf ports entirely on account of the
shorter ocean voyage to Liverpool, for,if this was a very potent factor,
why is Montreal so far behind in export shipments? It is miles
nearer Liverpool than New York, and has the St. Lawrence and
Welland canals, with a depth of 9 to 14 feet, to help it, as compared
with the Erie Canal of only 63 feet effective depth. Is it not be-
cause the largest centres of domestic consumption, trade and com-
merce are found in the Atlantic States of the Union, and not in
Eastern Canada or the Gulf States? There can hardly be any doubt
that this is the controlling factor in determining this problem.

It seems quite clear, therefore, that “the line of export trade is
determined by the line of domestic trade,” and we must bear this
ir mind in considering the question of an outlet for our products,

As Eastern Canada grows into a manufacturing centre it will be-
come to us what the Eastern States have become to the Western,
the centre of domestic consumption, and our trade outlet and inlet
should be located where it will enable us to reach that manufactur-
ing centre in the cheapesti manner possible.

The Canadian Pacific Railway will always be able to dictate
terms to any railway to Hudson’'s Bay, and has nothing to fear from
competition in that direction. Its main line and branches penetrate
the richest and most productive portion of Manitoba and the North-
West Territories, and its haul from a common point of deflection,
say Portage la Prairie to Hudson’'s Bay and Lake Superior, is but
little over half the distance to the Bay. At Lake Superior it finds
a water route to the consuming centres of Canada and the United
States, and to the ports of Montreal and New York. It has connec-
tions on Lake Superior with one of the largest mercantile fleets in
the world, and lower rates of freight to Buffalo and Port Colborne,
than are charged for a corresponding distance even on the ocean,

These facts should convince us that our requirements would be
best served by securing cheaper freight rates to Lake Superior
points, where connection by water with ocean ports and all the
requirements for prompt handling of a large domestic and export
traffic are already established.

Any other route than this will always receive the active opposi-
tion of Eastern Canada, and we may as well take it for granted that
the spirit which prompted our people there to undertake and carry
to completion the gigantic task of building the Canadian Pacific
Railvay will be exerted in the strongest possible mannef to pre-
vent the loss of trade to them which the railway was intended to
promote. It will be wise, therefore, for us to endeavor to gain their
sympathy and assistance in accomplishing our object to secure
lower freight rates.

The only schemes having Lake Superior as an outlet that have
received any degree of attention are a railway to Duluth, and the
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Manitoba South-Eastern Railway and connections to Fort William,
now under construction, The latter is being aided by our Pro-
vincial Government, with the avowed object of securing a reduction
on wheat to 10 cents per 100 1bs., or 6.2 cents per bushel from Win-
nipeg to Fort William. This will be a step in the right direction,
and will prove a great boon to the Province and North-West Ter-
ritories if the proposed road gets any of the wheat. But it must
be remembered that Winnipeg is the Eastern extremity of the wheat
growing districts, that the Canadian Pacific and its connections, and
tte Northern Pacific, both having outlets on Lake Superior, are
the only lires which penetrate those districts and collect traffic;
that the only district likely to benefit materially by the construc-
tion of this outlet will be that served by the Dauphin Railway, which
is under the same management; and that under existing laws there
is no power to compel the other lines to transfer freight to a rival
line to Lake Superior. Even if the Provincial Governmeut suc-
ceeds in securing the construction of this line and the establishment
of the 10-cent rate, there can be no guarantee that it will prove
effective in fully accomplishing its object until western connections
for the new systems have been obtained.

In regard to the line to Duluth, objections have been raised to
grant Provincial aid to a railway to this port, on the grounds that
it would divert Canadian trade into American channels, and build
up American cities at the expense of our own; and our Government
will be upheld by public opinion in deciding to concentrate their
efforts in promoting the construction of the lines to Fort Willlam
in preference to Duluth. The construction of the Red River Valley
Railway did not divert any traffic collected by the Canadian Pacific
Railway to the south, and had it not been for tha construction of
the two branch lines to Portage and Brandon, the traffic over the
main line from Winnipeg to Emerson would not pay operating ex-
penses. The net earnings for main line and branches for the year
ending June 30, 1897, were less than $12,000.00. In the preceding
year they were less than $3,000.00. The experience of this competing
line does not afford much encouragement for the investment of
capital in a third railway from Winnipeg to Lake Superior, and
nothing but public aid of a most unusually liberal character eould
have induced Messrs. MacKenzie & Mann to undertake its construc-
tion. But granted that the desire of the promoters is fulfilled, and
that 10c per 100 1bs. on grain becomes the railway rate from, Win-
nipeg to Lake Superior points,—granted also that rates from points
west of Winnipeg are not increased by way of compensation for
this reduction, there still remains the fact that the traffic must all
be handled by rail. And there is a limit below which railways in
tkis country cannot haul in its present conditions, and the present
volume of traffic, without absolute loss.
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But given a largely increased trade, especialy in westbound
traffic, then lower rates on our products can be profitably given.
This west-bound traffic can only be secured by a large increase in
our population to serve as consumers for the manufactures and
merchandise which must come from or through Eastern Canada,
It results, then, that, even with a ten-cent rate on grain from Win-
nipeg to the Lakes, heavy rates on transportation generally will
still confront us until the country is filled up with a large population,
while the growth of population is itself retarded by the continu-
ance of high rates.

Is there no other way of reaching a solution of the difficulty, one
that will lead to a general lowering of freight rates between points
far west of Winnipeg and the Lakes? The writer ventures to say
that there is, and that this solution is to be found in the develop-
ment of navigation on the numerous rivers and lakes between Lake
Superior and the far 'West; in other words, the writer believes that
a magnificent system of waterways is capable of being opened, at a
reasonable cost, that wil] reach from the Lakes to the farthest
bounds of the rich prairies of Manitoba and the Territories,. We
have been singularly favoured in possibilities in this respect. Probably
no such extensive territory in the world apart from the St. Lawrence
and Mississippi valleys is possessed of such advantages for fur-
nishing cheap transportation facilities as our vast prairie stretches.

A most important feature at the same time in connection with
these rivers and lakes is that they are all located on the line of our
domestic and export traffic routes.

Between Fort William and the Red River, a distance of 453 miles
by the old Dawson Route, we have actually 305 miles of navigable
waters. The remainder of the distance is made up of 40 miles of
land be*ween Fort William and Lake Shebandowan; seven miles in
several short sections between this lake and Fort Frances; and
101 miles from Lake of the Woods to Winnipeg. This route is
practically all within Canadian Territory; a portion passing throvgh
tne Lakes and Rivers on the International Boundary. Its establish-
ment would assist in reclaiming and developing a portion of this
Province east of the Red River, as well as an extensive part of the
Province of Ontario rich in minerals, timber and agricultaral lands.
It would carry our products to a Canadian port, and build up a
second Duluth and Superior at Fort William and Port Arthur.

On the first section of 40 miles between Fort Willilam and Lake
Shebandowan we encounter the only serious obstacle to connecting
Lake Superior with a stretch of navigable waters, or waters capable
of being rendered navigable, reaching almost to the foothills of the
Rocky Mountains. The bare possibility of establishing continuous
navization from our most westerly prairies to the Lakes suggests
such stupendous advantages that it is surely advisable to consider
earnestly whether this serious obstacle may not be overcome.
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The total rise in this section of 40 miles is 863 feet, and to ascer-
tain whether a feasible route by water can be established over it K
will require very careful examination by competent engineers. ii i
was examined by Dawson, and he reports as follows (1869):— i

‘“As may be supposed, the streams running down from such a &

height in so short a distance have a very rapid course, and as a

consequence could only be rendered navigable at an expenditure ’; ]

which, whatever the future may require, is quite out of the question nt

for the present.” !
This opinion was written when the Government of the day was p

first endeavouring to open up the cheapest possible line of communi-
cation between Eastern Canada and the West, and when our public
men had no conception of the development that nas since taken
place. The question of an outlet for our surplus products was not e
then at issue,
It will perhap= be found on making surveys that the greater por-

tion of this rise can be overcome by the use of pneumatic lift locks
guch as have been proposed for the ship canal around Niagara 1 .
Kalls, and are now under construction on the enlargement of the "
Erie Canal at Lockport, N.Y. Or a feasible route for a ship railway L
might be found over which barges with their cargoes can be trans- f'.f\:
ferred between Fort William and Lake Shelandowan. 4

The distance from Lake Shebandowan to the north-west angsle of 4 Y
Lake of the Woods is 312 miles, all deep navigable water except
about seven (7) miles in ten sections; three of which are each
two miles in lengtu, and the remainder from 10 to 12 chains each. ¥
The total lockage is about 463 feet, made up of 29 feect up from 1
Shebandowan to Kashaboiwe, and 434 down to Lake of the Woods,
an average of only 1.48 feet per mile. The Rideaun Canal has 457
feet of lockage in 126 miles, an average of 3.63 feet per mile, so that,
in proportion to the distance, the section under consideration re- : !
quires but little over one-third the lockage of the Rideau Canal.

The Erie Canal from Lockport to Albany, a distance of 321 miles,
has a total lockage of 655 feet, or 2.04 feet per mile, while on this
route from Buffalo to Albany, 352 miles, there is about 270 miles of
canal and 82 of canalized river, as compared with 7 miles of canal
and 305 miles of wide and deep lakes and rivers on the Dawson
route, giving the lacer a tremendous advantage in capacity and in
the speed at which boats may travel.

The Welland Canal, between Lakes Erie and Ontario, has 327 feet
of lockage in 27 miles, or over 12 feet per mile. The St. Lawrence
canals from the head of Galops Rapids to Montreal have a total
lockage of 220 feet in 110 miles, an average of two feet per mile,

From these figures it will be seen that this, the longest section of
the suggested route, has a decided advantage in lockage and capacity
over any of the important canals mentioned.
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The accompanying profile, constructed from information derivea
from “Dawson’s Reporis,” and “Upham’'s Altitudes,” shows approxi-
mately the elevation of the different lakes, etc., on this route. Some
of these levels were altered by the improvements made in 1872,
especially near the summit, and might be still further improved by
raising the waters of Lac des Milles Lacs and Shebandowan so as
tc lengthen the navigable reaches and avoid construction of locks
in that portion of the route.

Of the character of this section of country and its suitability for
navigation, Dawson, in his report of 1868, writes:—

“Westward of the Height of Land on the streams tributary to
Rainy Lake there is a section of country remarkable from the fact
that a very considerable portion of its area is occupied by lakes.
Those on the various routes which have been followed are set down
on the annexed map, but these give only a faint idea of their num-
ber. Every river and rivulet has its lakes. Go in whatever direction
he will, the explorer, on passing over a mountain range, is sure o
stumble on a lake. . . ;S0 numerous are they that it would be
difficult to say whether the country would be better described as
one vast lake with ridges of land running through it, or a land
intersected by water. . . . Such a region is but ill.adapted for
railways, but nature has made up for the deficiency by providing
such means for canals as rarely exist. Between the hills and the
mountain ranges there are long reaches of tranquil water, which
could be connected together by means of lock and dam, with but
little excavation. . . . A very marked characteristic of the region
is that the streams are not subject to sudden or considerable floods,
and this is a feature which the engineer who has to provide for
waterworks of whatever description will look upon with unmixed
satisfaction. . . . The lakes are everywhere studded with wooded
islands, and so sheltered that the smallest canoes are seldom wind-
bound.”

And in his report of 1869:—* Between the Height of Land and
Rainy Lake the lakes are so numerous and so large that it would
be difficult to say whether land or water predominates. The lakes,
however, afford the means of making a very good water commu-
nication at a moderate outlay.

“ From Fort Frances to the north-west angle of Lake of the Woods
the navigation is uninterrupted, save by two little rapids (Manitou
and Long Sault), easily overcome.”

It is quite evident, therefore, that on the section between Lake
Shebandowan and the north-west angle a navigable route can be
opened at a very moderate expense by following the old Dawson
Route.

Recent discoveries, however, of large gold-bearing districts along
the Seine river, and immense deposits of high grade magnetic iron
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ore on the Antikokan river, render it advisabie to seek an outlet in
tnis direction from Rainy Lake to Lac des Milies Lacs. This .atter
route was also examined by Dawson, but abandoned for the one
bearing his name for certain reasons which may not be applicable
now. In his 1369 report, he says:—

“Two routes have been followed from Lac des Milles Lacs, one by
its discharge, the River Seine, and the other by the old Cance Route.
. Either route can be made practical in the manner I have
recommended for the Seine, at a moderate out.ay, but, after duly
weighing their respective advantages, the old Cance Route will be,
both as to economy of work in rendering it available, and facility of
managing and navigating it afterwards, the best.”

The amount of local traffic, however, which would now be tribu-
tary to the Seine River route, and the assistance its improvement
would give in developing this rich district, point to the necessity
of further examination, with a view to its possible adoption in
place of the Dawson route, for the business it would develop com-
pared with the other would perhaps warrant a larger expenditure to
open it up. In distance, too, the Seine River route has a slight ad-
vantage over the Dawson. Between two common points, Fort
Frances and Brule Portage, the distance by the Dawson route is
133 miles, and by Seine river 125 miles., In this 125 miles there
are four miles longer sailing through the deep water of Rainy Lake
than by the other route, all of which heips to shorten the time of
the through trip. The Seine river route is entirely through Canadian
territory, while a portion of the other passes through the rivers and
lakes on the boundary, and in adopting the latter we would open
up American territory at our expense. For these reasons, there.
fore, the Seine river route should be carefully examined, and adopted
if at all feasible.

In addition to its other advantages, a large revenue would no
doubt be obtained from the mines because of the power which can
be developed at the various falls and transmitted by electricity for
use in them, and in tramways connecting them with the canal,

At Fort Frances the Dominion Government has already con-
structed a basin for a canal and lock to overcome the 23 feet fall in
the Rainy River at Couchiching Falls. This basin is 800 feet in
length, and the lock 200 ft. by 36 ft., with 7 ft. of water on the mitre
sill. This work was commenced in 1875, and stopped in 1879, when
it was reported to be ready for the lock gates. Nothing appears to
have been done to it from that time until the present, but it is un-
derstood that the Government is now about to complete it, and also
the work of removing boulders and obstructions at the Manitou and
Long Sault Rapids on Rainy River.

The next section to consider is that between Lake of the Woods
and the Red River. There are four routes by which this connection
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could ve made: (1) the Winnipeg River; (2) the Rousseau; (3)
the north-west angle to Winnipeg via Seine River Valley; and (4)
that via Reed ruver, Whitemouth Lake and River and the Seine
Valley.

In choosing the best location for this section of the route it will
be necessary to take into considerativn the navigapie connecuons
west of the Red River. It should be located, not necessarily on
the cheapest line for construction, but on the most direct, for sav-
ing of time in passing through the canal to Lake of the Woods is
of greater importance and represents a greater saving in transport
chaiges than the interest on additional capital expended in first
cost of construction. It is very probable, however, that in this case
the shortest route will be found to be the cheapest to construct, and
without doubt the cheapest to maintain and operate. For these
reasons the two last-named routes (3) and (4) only will be con-
sidered. They form the most direct route to the moutn of the As-
siniboine river, which may be consigered the trunk line of communi-
action from the west, bechuse upon it can be converged water
routes traversing for hundreds of miles the most productive and
thickly populated portion of Manitoba and the North-West Terri-
tories.

Route No. 3, from the north-west angle of the Lake of the Woods,
is about 101 miles in length, and the fall to the Red River is 337
feet. The first 24 miles from the north-west angle passes through
a low, swampy country, which is comparatively level, so that it may
be found possible to excavate a channel without locks connecting with
the Whitemouth river. This river would then be followed for six
miles to the line between Ranges 12 and 13 east of the Principal
Meridian. Thence the route would follow a direct line by lock and
canal 27 miles to the Seine River, concluding with 44 miles through
the Seine River Valley to its junction with the Red River at Win-
nipeg.

Route No. 4, via Reed River, will have Buffalo Bay as its harbour
on Lake of the Woods. Entering the Reed River the course of that
stream is followed for several miles, thence to Whitemouth Lake,
and passing through it and Whitemouth River to the point where
Route No. 3 strikes that stream; from that point to Winnipeg it
will follow Route No. 3. This route will be some eight miles
longer than No. 3, but it may prove much cheaper to build, fol-
lowing as it does the courses of rivers and lakes to a greater ex-
tent. The sailing distance across Lake of the Woods is, however,
about 14 miles shorter to Reed River than to North-West Angle;
thus giving a saving in distance from the mouth of Rainy River to
Winnipeg of 6 miles in favour of the Reed River route, No. 4.

The comnstruction of a canal across this portion of Manitoba will
drain a large section of the Province, which is now almost impass-
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able, owing to the numerous swamps which cover its surface. It
has a considerable growth of timber suitable for fuel, lumber and
railway ties, which would finu a ready market in Winnipeg, where
1L could be delivered very cheaply on barges, but which is now inac-
cessible to it, owing to the high cost of transportation.

Dr, Dawson, of the Geological Survey, describes part of the dis-
trict as follows:—" That part of the country east of the 6th Range
of Townships is more or less swampy, with occasional tracts of dry
land; these swamps and muskegs are as a rule very shallow, and
might be easily drained. The water shed dividing this section of
country from Lake of the Woods is within a few miles of that Lake,
and is only 12 feet above it. There is a fall from the water shed
to the western limit of this section of 220 feet, but a very small
proportion in its present state is fit for tillage, though if drained at
least one-half will be found to have a rich and productive soil, in
many places equally as good as that west of Red River. The chief
present value of (he region, however, seems to be as a reserve for
fuel ard timber for construction for the more fertile land bordering
the Red River.”

This is the final link to connect Red River with Lake Superior,
and an examination of the profile will show the amount of lockage
to be overcome, and the general character of the route. It has been
snown from the testimony of competent men that it is an entirely
feasible route, anu that it has an abundant supply of water at all
summit points for the operation of locks sufficient to carry ¢« very
large traffic; that it will give easy access to immense mining and
timber distriets; that it will be a reasonably cheap route for con-
struction, as in the total distance of 453 miles, 305 miles are now
navigable streams or lakes, and only 148 miles, one-third of which
follows natural water courses, requires canalization. It will furnish
numerous water powers to grind wheat in transit, and it is reason-
able to assume that at such points flourishing communities will be
established, as has been the case at similar places on the Erie,
Welland and St. Lawrence Canals,

The open season for navigation over this route is given in the
Public Works Report for 1882, as extending from May 15th to October
20th; but in the same report, page 651, an account is given of the
tranzportation, late in the Fall of 1871, of Wolseley’s Expedition, a
fact which is still fresh in the minds of many Manitobans:—

“The force assembled in Collingwood on October 20, and reached
Lake Shebandowan on the 26th, the first detachment of boats leav-
ing there at midday on the 27th. The season was very far advanced,
some of the boats and steam launches had been laid up for the
winter, and thin ice had formed on some of the smaller lakes. But
by great exertions the force was hurried through, and arrived
wit*in 10 miles of the North-West Angle on the 12th of November.

K
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Here the ice had formed so solidly that it was impossible to get
the boats through it, and the men had to march to the shore over
the ice.” ,

Now, if such an undertaking could be accomplished at this late
season, when there were no boats moving to keep a channel open,
can it be doubted that a fleet of boats, continually moving over the
route, propelled by steam, would without difficulty keep it open until
the 15th of November at least, which is within a few days of the
closing of navigation on the St. Lawrence east of Montreal. The
Erie Canal is by such means frequently kept open a week or ten
days after neighbouring waters are frozen up. The Sault Ste. Marie
Canal is usually open from May 3 to December 3, so there would
be only 18 days’ difference in the open season between it and this
proposed water route; but it is eighteen days of very valuable time,
and if there is the same rush on the water route during this period
as there is on the Canadian Pacific Railway to get the grain forward
before close of navigation on the Lakes, the open season on it may,
in most seasons, be still further prolonged.

Feeders from the West.

Having described the possible routes for a continuous waterway
between Winnipeg and Fort William to serve as an outlet from the
prairie country to the Lakes, attention will now be directed to the
wonderful system of rivers and lakes that traverse all parts of the
Western country, and an endeavour will be made to show how they
can be united to form a vast system of waterways, reaching out for
hundreds of miles north, south and west, penetrating the most pro-
ductive and thickly populated portions of the Province and Terri-
tories. Such a system of waterways would furnish feeders to the
outlet described, just as the network of railways west of Winnipeg
now serves as feeders for the railway outlets to the east and south.
But they would be vastly more valuable than a line of railway, as
their capacity for the transportation of grain and heavy bulk cargoes
would be several times over what any single line of railway could
carry, while profitable freight rates over them should bear about
the same proportion to railway rates as they do in other countries,

The Red River.

This river is now practically navigable from @ point considerably
south of the International Boundary to Winnipeg, but it would no
doubt require improvement at some points to make it suitable for
general use. It should attract considerable traffic from the northern
part of the state of Minnesota, as well as from southern Manitoba,
and it should have © considerable influence over traffic rates from
the Mennonite settlements, one of the largest grain-producing dis-
tricts in the Province.
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By the extension of the railway lines of Southern Mauitoba to the
river banks and the establishment of elevators for transferring
cargoes to barges, the rail haul would be reduced to a minimum,
quick return of cars to congested points would be possible, and the
result would be beneficial alike to producers and rallway companies,
The latter particularly should benefit by such an arrangement, as
the present equipment of cars and engines would be more regularly
employed in hauling paying loads, while the unprofitab's business of
hauling long trains of empty cars from Fort William or Duluth as
far as Red River points in Manitoba would be avoided. Grain trains
unloading at river ports would very soon get return loads of lumber
axd bulky freight for interior points, for it is tolerably certain that
on completion of the canal between the Red River and Lake of the
Woods, the principal lumber industry of the Province would be
established on the river, and St. Boniface would be to Manitoba what
Tonawanda is to the State of New York, the great centre for the
storing and distributing of the products of the forest.

The Red River north of Winnipeg can hardly be classed as a feeder
to the outlet to Lake Superior, but no description of our western
waterways would be complete without a reference to it and Lake
Winnipeg.

During high water it is now navigated by small steamers to
Selkirk, where connection is made with the larger steamers sailing
on Lake Winnipeg. The only obstruction on the river which pre-
vents large steamers and barges sailing up to Winnipeg is the St.
Andrew's Rapids, and to overcome these a somewhat expensive dam
and lock are necessary, but the benefits its construction would con-
fer on the chief city of the Province and a large section of Bastern
Manitoba would fully warrant the necessary outlay. It would give
an immense impetus to the speedy development of the great natural
resources of Lake Winnipeg. In connection with the western system
of waterways about to be described, it might bring the iron ores
of Lake Winnipeg and the coke of the Crow's Nest Pass mines
within profitable reach of each other,and promote the establishment
of iron industries in the Province.

Lake Winnipeg is 280 miles long by an average of 35 wide. Its
principal resources are lumber, cordwood, fisheries, which are worked
very largely, sandstone and limestone. Iron ore is found on Black
Island. Several gold discoveries have also been found recently
near Hole River.

The Assginiboine River.

This great river flows directly through the central portion of
the Province; it passes the town of Portage la Prairie and City of
Brandon; a country rich in agricultural possibilities is tributary to
it; and with its tributaries, the Souris and Qu'Appelle, the most
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thickly populated and fertile portions of the Province are reached.
The two latter streams at their lowest discharge have sufficient
water to supply all the locks that would be necessary to make them
navigable. Their average fall per mile is low, and but few dams and
locks would be required on them compared with many sireams which
have been improved elsewhere. The Assiniboine is the most im-
portant of these three streams, and, in the early days of settlement
in the Province, it was navigated by large steamers for two or three
months in the spring and early summer. It played an important
part in transportation as far as Fort Ellice until the advent of the
railway, and will do so again when it forms part of a continuous
waterway to Lake Superior. It has a large and constant flow, and
its low fall of about a foot and a half per mile makes it an easy
and cheap stream to convert into a navigable one throughout its
entire length to the mouth of the Qu'Appelle at Fort Ellice. There
is no doubt that these three streams can be converted into great
arteries of trade and commerce at much lower expense than it would
cost to construct and equip a single track railway, and, as already
stated, their carrying capacity would be considerably greater, as it
only requires two barges similar to those in use on the old Erie
Canal to carry as much grain as a train of twenty-four (24) cars
holding 666 bushels each.

The principal objection which can be raised to the nse of these
rivers as navigable channels is the excessive distance the present
rivers traverse in their course. They are all very crooked, and
wander from side to side of their valleys, covering probably from
two to three times the distance of a straight line between any two
points; but the very same causes of this peculiarity in these streams
can be utilized in making them straighter, that is, the solubility of
the soil in the valleys, which is extremely susceptible to the action
of water, and is generally speaking free from boulders or hard pan.
An ice-jam in spring will sometimes divert the stream from its old
bed to an entirely new one, a feature which will render it necessary
to exercise care in the selection of sites for dams and locks, and
to take precautions to confine the river during its highest flood to
its proper channel,

By far the greater number of the larger bends in the river can
be got rid of by excavating a deep narrow ditch across the neck of
land at their base so as to allow the flood waters in spring to pass
through it. It is an axiom that water hates angles, and it might
be added in this case sharp curves; and one season’s flood is usually
sufficient to excavate a channel along the line of the ditch through
which the whole flow of the river will pass. This method has already
been successfully employed at several points on the Assiniboine be-
tween Winnipeg and Portage la Prairie, and the writer adopted it
to straighten a large bend in that river where it is crossed by the
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Manitoba & North-Western Railway at Millwood. This plan
of straightening the river reduces its length, and consequently in.
creases the current; this, however, would be overcome by the con-
struction of dams where necessary to convert the river into slack
water stretches. It is estimated that the length of the Assiniboine
River between Winnipeg and Fort Ellice can be reduced from 400
miles to about 300 miles.

The Qu'Appelle River.

From its junction with the Assiniboine to the mouth of Big Cut
Arm Creek, the Qu'Appelle River has a width of 70 to 90 feet, and is
from 8 to 12 feet deep, with a current of about 13 miles per hour.
From Big Cut Arm to Round Lake its width varies from 70 to 109
feet, and its depth from 2 to 4} feet, the bed being soft mud, and
free from boulders except at the rapids near Round Lake, where it
is filled for about 100 yards with large and small granite boulders.

Commencing at Round Lake and going west is a succession of
lakes, all wide, and varying in depth from 20 to 60 feet, and all
connected with water courses, which can easily be made navigable
by lock and canal. The total distance from the mouth of the
Qu'Appelie to Eye-brow Lake, the most westerly one on the river, is
about 254 miles, and the rise is421 feet, an average of 1.65 feet per
mile. About 8 miles west of Eye-brow Lake the height of land is
reached at an elevation of 19 feet above that lake. This ridge is all
that separates the Qu'Appelle river navigation from the South
Saskatchewan, which turns abruptly to the north opposite the lake.
The distance from the height of land to the Saskatchewan is about
10 miles, and the descent is about 85 feet.

Between the crossing of the Regina & Long Lake Railway and
the Saskatchewan, about 98 miles, there may be some difficulty in
maintaining a system of locks and canals, owing to the absence of
a sufficient supply of water. A careful survey and study of local
conditions may, however, produce some means of solving the diffi-
culty. There is always one way of doing so, if less expensive plans
fail, and that is by connecting these two rivers; and the importance
of doing so might easily be sufficient reason for adopting it. It will
b~ comparatively easy to open a channel right through the dividing
ridge, as its greatest depth, and that for a short distance only, would
not exceed 90 feet. The waters of the South Saskatchewan would
then flow through the Qu’Appelle Valley, as it is believed they did
in past ages, and continuous navigation would thereby be established
between Lake Superior and the foot-hills of the Rocky Mountains,

The South Saskatchewan.

The question of the navigability of this great river appears at one
time to have been in doubt, but Prof. John Macoun, in his book,
*“Manitoba and the Great North-West,” writes:—
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“While exploring the great Buffalo Plains in 1879 I was particu-
lar to make enquiries regarding the navigation of the South Sas-
katchewan, and in my report to the Government for that year made
allusion to it in the following words:—* We pitched our camp on the
hill-top, about a mile and a bhalf from the river. . . . Below us
lay the mighty Saskatchewan, rolling its turbid flood between banks
250 feet high, seeming altogether out of place in this arid region.
The river at one crossing was 770 yards wide, and the main channel,
over which our horses had to swim, was not less than 500 yards.
Shoals and sand bars were numerous, but nothing to indicate that
the mver at this point vas unsuited for navigation.’” Prof. Macoun
continues:—"“Why the south branch should be thougit unfit for navi-
gation I cannot understand. Mr. Hind, who passed down this river
in August, 1858, never speaks of its depth as being less than seven
and a half feet, and the current is never more than three miles per
hour, except when close to the north branch. . . . When on the
plains I never heard of this river being fordable below the mouth of
the Red Deer River. . . . When at the Blackfoot crossing of
Bow River, a branch of the South Saskatchewan, 27th August, 1879, I
found that it was with the utmost difficulty horses could cross with-
out swimming. No person ever mentions a rapid beinz anywhere
in the river below this, so that I have come to the conclusion that
there is nothing to prevent all the supplies wanted for the South-
West being sent up the South Saskatchewan.

“Coal is abundant in the river banks at the Blackfoot Crossing,
and further eastward, so that there will be no difficulty as to fuel
for steamers. Should the attempt be made to navigate the river it
will be found to have better water for a longer period than the
North Saskatchewan, as its head waters drain a greater extent of
the mountains.

“ Further on in the same report I say:—‘In my Journal I showed
why I believed the South Saskatchewan was navigable, and I now
reiterate the statement after a careful review of all said for and
against it. Whoen its navigation is an accomplished fact all supplies
for the Police and Indians can be taken to within less than thirty
miles of Fort Walsh and Cyprus Hills, and those for Fort McLeod
landed at the Forks of the Bow and Belly rivers within two short
days of the Fort. Here (at the Fort) is abundance of coal (Galt coal
mines) so that there will be an ample supply of fuel for all
purposes. . . . If the coal deposits can be developed by this
means, all the prairie land seen by me will become in the course
of years thickly settled with a prosperous population, as there
is no physical defect in the country but the want of wood.'”

Assuming then, that, after connecting the Qu’Appelle and the
South Saskatchewan rivers, no further obstructions to navigation
exist so far as Medicine Hat, 280 miles distant, that point may at
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first be chosen as the terminus of navigation for convenience of
the railway connections. The distance by rail from the Anthracite
Coal mines is 267 miles, from Lethbridge 113, and from the Crow’s
Nest mines 218 miles. The coal shipments to the east can be con-
centrated at Medicine Hat, and by means of steamers and barges can
be delivered at points in Eastern Assiniboia and Manitoba at a cost
which will never pay the railways to haul for, but which will be
remunerative to vessel men and economical to consumers,

The Souris River,

Not much about this river is known to the writer bevond the
fact that it flows through a very fertile and thickly populated part
of the Province, and by its means a short railway connection with
Estevan and the Souris coal fields may be established. As to the
possibility of rendering it navigable for barges, there does not
appear to be any doubt. Professor Hind describes it briefly as fol-
lows:—"The Souris or Mouse river joins the Assiniboine 140 miles

from Fort Garry, by the windings of the river. . , . At its mouth
the Souris is 121 feet broad and three feet six inches deep in the
channel, and a current of half a mile per hour. . . . Near Snake

Hill, 61 miles from the outlet, it is 100 feet wide and four feet deep
in the channel. Near the Hudson's Bay Co. house (near Hartney)
found extensive deposits of bog iron ore, capped by shell marl
covered with drifted sand. The river is 25 feet broad and very
shallow, flowing 20 to 25 feet below the general level of the prairie.”

Prof. Macoun adds to this:—"From the foregoing it is obvious that
in general the river is quite deep enough for river steamers, and
should the rapids, which are said to exist some distance above its
mouth, be found passable, another 100 miles will be added to th2
river navigation.”

Prof. Macoun’s idea was evidently confined to the probability of
its being navigable without improvement, and it is reasonable {o
assume that by means of locks and dams navigation may be extended
as far as Melita, if not further. From Melita to the Estevan coal
mines the railway haul is only 98 miles, so that in addition to re-
gnlating the rates on grain from this portion of the Province, its
improvement would result in a great reduction in cost of delivar:ng
cozl in the Province as far east as Winnipeg.

Northern System of Waterways.

Eighteen miles north of the Assiniboine at Portage la Prairie lies
Lake Manitoba, 120 miles long and about 24 miles in extreme width,
Among the natural resources of this lake may be mentioned its
fisheries, limestone of excellent quality, and, in almost inexhaustible
quantity, spruce lumber and cordwood. Gypsum of exceptionally
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good quality is found in immense quantities about nine miles east
of the lake north of Fairford. Lake Manitoba is 14 feet above the
Assiniboine river at the mouth of Long Lake, and, by following the
course of this last-mentioned lake and its creek to the west, connec-
tion from the Assiniboine can be made with Portage Creek, a wide
sluggish stream on about the same level as Lake Manitoba. A
channel dredged through the bar at the head of Portage Creek ywlll
give access to the Jake. One lock may be necessary to maintain the
level of water in Lake Manitoba.

At Meadow Portage the head of Water Hen river is found the next
obstruction. This narrow neck of land separates Lakes Manitoba
ard Winnipegosis, the latter being about 19 feet above the former;
two locks and a channel two miles in length is all that is required
to connect these large bodies of water,

Lake Winnipegosis.

This lake is about 100 miles long and 12 to 15 miles wide. Prof.
Macoun describes it as follows:—

“The general appearance of this lake is much finer than that of
Manitoba, as there is little or no marsh, except at the southern end

Numerous islands are a marked feature, and sandy
beachcs are much more common than on the other lake. .
As we proceeded up the lake the country constantly improved. The
shore marshes became less and less, and finally disappeared; in their
place beaches of white limestone glitterad in the sun, and fine forests
came down to the beach. The timber increased in size, and at Pine
River spruce of large size were abundant. On the various islands
were very large elms, and mountain ash over ten inches in diameter
were frequently seen.

“Duck Bay is noted for its brine springs, which are said to be
of considerable extent. These are situated between two rivers which
issue from Duck Mountain, and are only five miles off; about six
miles south of the salt springs in the direction of Mossy River are
springs said to be as good as those where the salt is made. Large
salt springs occur at a point about seven miles from Water Hen
River on the east side of LakeWinnipegosis.

“ As we went north the richness and the luxuriance of vegetation
increased; the banks became higher, and the forest trees of larger
size. Many exposures of rock were noticed around Dawson's
oy .. o

“‘The northern end of Lake Winnipegosis is filled with lovely
islands, which are margined with fine drooping elms of a large size.
The sail across Dawson's Bay on a lovely day in July reveals more
natural beauties than T ever before beheld on our inland waters.
Green islands with white sand or gravel beaches, covered with droop-
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ing elms or other fine trees; the mainlands rising gradually up from
the water, coverad with an unbroken forest of tall poplar, intermix-
ing with the gloomy spruce, deep bays backed with the distant forest,
and high over all the steep escarpment of the Porcupine mountains
form a picture as seen from the Lake which has few equals in any
part of the world.”

In addition to salt, timber and limestone, this lake numbers
amongst its natural resources fisheries of very large proportions
second to none in the Province,

Immediately south of Lake Winnipegosis lies Lake Dauphin, witk
which it is connected with Mossy River. This river is over 100 feet
wide, but shallow in depth. The banks are from two to fifteen feet
high, which would indicate that no difficulty would be experienced
in making it navigable by means of lock and dam. Dauphin Lake
is only eleven feet higher than Winnipegosis; it is 30 miles long and
12 wide. It is very shallow, and it would be necessary to dredge
channcls to reach the shore.

Immediately west of Lakes Dauphin and Winnipegosis lie the
famous Dauphin and Swan River districts, and the opening of an
inland waterway to their borders would prove of great value to them.

The North Saskatchewan.

Four or five miles north of Lake Winnipegosis lies Cedar Lake,
an enlargement of the great Saskatchewan. The water level in
each is practically the same, only varying a few feet during flood
geasons. The barrier between them is practically a swamp, and the
greatest elevation at the lowest crossing is about 43 feet. All that
is necessary then to connect our system with Kdmonton, 800 miles to
the west, is a channel 4 or 5 miles long, with a guard lock to con-
trol the waters of the Saskatchewan in time of flood, and to prevent
its flowing into Lake Winnipegosis.

In 1882 five large stern wheel steamers were in service on the
North Saskatchewan between Grand Rapids and Edmonton, It was
navigated with considerable difficulty at some points, owing to the
presence of boulders in the channels, as well as several rapids, but
it was estimated by competent authorities at that time that for a
sum of $50,000.00 most of these obstructions could be removed, and
a safe channel be provided. About $30,000.00 was spent on the work
by the T deral Government under the supervision of the Hudson's
Bay Co. .n 1884, so that it cannot require more than twenty or
thirty thousand dollars additional to complete the work and make
this great river safe for navigation.

The average fall of the river is about 1} feet per mile; the differ-
ence in elevation of Cedar Lake and Edmonton being 1,200 feet.
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The country traversed by this river is as yet sparseiy settleq,
owing to its inaccessibility from existing railway iines, which toucn
it at two points oniy, Edmonton and Prince Albert. But at both
these points large settlements exist, and they are being rapidly filled
up. In its suitability to sustain a large population this immense
district is second to none in the whole North-West, It is well watered
by numerous streams, and has an abundance of timber within easy
reach, while its soil is rich and fertile. Lignite coal of superior
quality in almost inexhaustible quantities is found near Edmonton,
which, by means of this river, could be marketed along its whoie
length at remunerative rates.

To summarize, it has beenshown that, for the purpose of feeders
to the canal from Winnipeg East, there now exist west of Winnipeg
i the following rivers and lakes, which are capable of being improved
and connected together as navigable routes for steamers and barges:

Miles.

Feeders :—

Red River.. 100
Assiniboine Rlver 300
Qu'Appelle River.. ol ik W 218
South Saskatchewan to Medlcme Hat volee 280
Souris River.. SN Ihs e W 100
Long Lake and Portage Cree FELEF A A 27
Lake Manitoba.. Sld A4 paw lex 9 v 130

120

Lake Winnipegosis. . & 5% &% VA we
Lake Dauphin and Mossy Rl\er i SV o 45
Great Saskatcnewan and North Saskat(hewau

Connections :—
Red River north of Winnipeg.. .. .. .. .. 45
Lake Winnipeg.. i ST 83 ke 3k o

2,505

C R R T s T TR

These Lakes and Rivers are situated in the most fertile and thickly
populated parts of Manitoba and the North-West Territories; they
branch out in all directions, like a well-planned system of branch
railways.

They touch nearly all the important traffic producing and con-
suming points now reached by railways, in addition to immense
districts still open for settlement, and the announcement that the
works necessary to utilize these great inland waterways were about
to be commenced, works that are comparatively small in themselves
but immense in their results, would mark the beginning of a degree
of development in our fertile prairie country surpassing any ex-
pectations which have been hitherto entertained.
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Dimensions of Locks in Propoesed System,

This sabject will be considered from the standpoint that nothing
but a first-class up-to-date system shall be established. No old-
fashioned small-dimensioned make-shift canals can compete with
the modern railway of to-day. The lessons learned by tne failure of
the old barge canals to successfully compete with railways must be
kept in mind when determining upon the dimensions of canal prism
and locks for a water route of such immense importance to the
future of our prairie country.

The old style of canal for barges carrying 100 to 200 tons has had
its day, and while it accomplished wonderful things in securing cheap
transportation it has been unable to hold its own against the ag-
gressive spirit manifested by the management of the modern railway.

8mall boats, slow speed and horse flesh are no match for the
powerful locomotive and cars of 30 and 40-ton capacity of to-day.

The modern canal, then, must have ample dimensions, and barges
must be towed by powerful steamers, The Erie Canal, originally
completed in 1836, had only a depth of 4 feet, admitting barges of
76 tons capacity; it cost $7,200,000.00. The first enlargement was
commenced before the original canal was fully compileted. It was
enlarged to 7 feet in depth, admitting barges of 240 tons capacity,
ana cost $44,500,000.00. This was completed in 1862, A second
enlargement is mow under way, increasing the depth of water to
9 feet, and admitting barges of 400 tons capacity, the estimated
cost of which is about: $23,000,000.00. The total expenditure for
construction on this canal, when the present plans are completed,
will be close on 756 millions. The former cost of 52 millions was
more than repaid to the State of New York in tolls and reduced
freight charges, and since 1883 the canal has been free of tolls,
It is claimed that during the past 30 years over 200 millions of dol-
lars have been saved in transportation charges on grain alone
shipped through this canal. The lesson to be learned from the ex-
perience of the Erie Canal, and a similar one from the history of
our own Welland and St. Lawrence river canals, then, is to build
our proposed canal of sufficient dimensions to admit barges carrying
not less than 400 tons, to avoid the necessity of enlargement for
many years to come, and the resulting increased cost which such
work entails,

A depth of 9 feet of water will be required for boats of this capa-
city, and this is probably the maximum depth that can be obtained
upon the rivers west of Winnipeg, and, while a greater depth can
be obtained throughout the portion of the system east of Winnipeg,
it may be considered advisable to maintain a uniform depth through-
out the whole of the proposed system west of Lake Superior, and
9 feet will therefore be taken as the ruling depth of water.

oo
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1t is customary on the Erie Canal for one steamer to haul three
barges. The locks should therefore be built to pass two boats in
tandem; and the boats would each be about 1156x174x8 feet. This
general plan should be followed throughout the whole system, &0
that steamers on the rivers west of Winnipeg can pick up their tows
at various loading points, and continue their journey through to
Fort William without interruption,

T'ime consumed in Passage.

For this purpose Winnipeg will be considered the concentrating
point for barges going east or west, as it now is for the cars on
the railway systems, and the estimated time for a steamer and three
consorts to sail to Fort William and return will be used as a basis
to estimate what it should cost to transport a bushel of wheat or ton
of merchandise between Winnipeg and Fort William by water. To
arrive at these figures the present practise and expenses on the
Erie Canal as used by Major Symons (see 1897 report on the proposed
ship canal between the great Lakes and Hudson River) for estl-
mating charges on the enlarged canal will be made use of, as they
fairly represent conditions which will be found similar in general
respects on the Winnipeg-Lake Superior route.

The distance from Buffalo to New York is 504 miles, and from
Winnipeg to Fort William 453 miles. The former consists of 350
miles of contracted canal, and 154 miles of deeper and wider water
in Hudson River. The latter consists of only 148 miles of contracted
canal, and 305 miles of deep rivers and lakes; but the advantage
which this gives to the Winnipeg-Lake Superior route in sailing
time over the Erie will be partly counterbalanced by the increased
lockage on the former. It will be fair, then, to assume that the
time required by a four-boat fleet to make the round trip between
Winnipeg and Fort Willlam will at least not exceed that required
between Buffalo and New York. Major Symons estimates that on
the enlargnd Erie Canal a fleet will make 9 to 11 round trips per
season, but on account of the shorter season here one trip will be
deducted, making the average, say, 9 trips, depending on the business
management and despatch at terminals,

Estimated Expenses of Four-Boat Fleet (Symons’ Report).

“Fleet 1 steamer and 3 consorts—Ist class.—Steamer carries 300
tons, or 10,000 bushels; each consort 400 tons, or 13,333 bushels
each. Fleet loaded, 1,500 tons, or 50,000 bushels by 9 equals 13,600
tons, or 450,000 bushels.

“Return freight, 1-3 loads miscellaneous, 4,500 tons, charges at
Buffalo 1.3¢ per bushel of wheat. Wstimated transfer charges at
Buffalo 25¢ per ton on return freight.”
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(As similar transfer charges must be provided for at Fort Willlam
and Winnipeg, these figures will be used, but it should be possibla
to reduce the Buffalo charges to §c per bushel, and give a good
margin of profit for transferring from barges to lake steamers, or
lc per busnhel for transfer and 3 or 4 days’ storage in elevators.)

“ Steamer value.. .. .. .. .. $10,000 00

Three consorts.. .. .. .. 10,600 00

$20,500 00
“ Season's Expenses:

Wages and subsistence of crews.. .. .. .. .. .. $3114 W
Fuel, oll and waste.. .. +¢ «¢ c0 o0 o o0 o5 00 . i2 B0
OPSINArY YODRIIB s <o vs o5 o5 0d oo oo os 0 o8 225 ¢0
Insurance on fleet.. .. . 2
IDAUrAnce O WHORL.. o «: oo o w3 o0 40 se we
Interest on investment at 6 per cent.. .. .. .. .. 1230
Depreciation, etc., at 6 per cent.. .. .. .. .. .. .. 1,230
MABCOIIBROOUB. s s+ o4 35 34 w5 o6 wu on s ws 4s ed 150

$9,239

“ Transfer Charges:
On 450,000 bushels wheat at 1.3¢ .. .. .. .. .. .. 5850 00
On 4,500 tons of up freight at 26¢c.. .. .. .. .. .. 1,125 00
216,214 w0

“ Assuming return freight reduced to wheat, there would bhe
450,000 plus 160,000 equals 600,000 bushels of wheat carried, and the
cost of transportation, including transfer charges, would be 2.7Cc
per bushel, or 90c¢ per ton.”

As all the items making up the expense of $16,214.00 per seison
are very similar to those which obtain here, with the exception
of coal for steamers, it should be possible to establish a ratz not
exceeding 3¢ to 3ic for carrying a bushel of wheat by water from
Winnipeg to Fort William, and load it on lake steamers.

The present rate by rail is 153c¢ per 100 1bs., or 93c per bushel
The difference of 6c per bushel on 30 million bushels of wheat, which
we will soon be exporting, represents an increased return of
$1,800,000.00 per annum to the farmers of the North-West on this
item alone—or capitalized at 4 per cent.,, a sum of $45,000,000.00,
which is probably in excess of what it would cost to build the
whole system of waterways that has been described.

On coal the freight by rail is now $3.00 per ton Fort William to
Winnipeg. By water it should not exceed $1.00.
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On lumber the freight by rail from Rat Portage to Winnipeg is
$3.00 per 1,000 feet B. M. By water it should not exceed 60 cents per
ton, or 40 cents per 1,000 feet B.M.

From the coal mines of the West and the forests of British Colum.
bia, upon which we already draw largely, and would be glad 10
draw stil! more largely, for our supplies of fuel and lumber, similar
results in reduction of freight rates may be expected. By means of
the Ohio and Mississippi rivers coal is carried from Pittsburgia
to New Orleans, 1,970 miles, at an average cost of 71 cents per ton.
Why should we not get our coal from Lethbridge, Crow's Nest Pass
and anthracite by rail to Medicine Hat, transfer it to coal boats
similar to those used on the rivers mentioned, and which are sold
for the lumber they contain at New Orleans, and secure the same
rate for towing on the Saskatchewan, Qu'Appelle and Assiniboine
rivers to Winnipeg, much less than half that distance?

Further comparisons might easily be made, but enough has been
shown to illustrate the immense benefits which may reasonably be
expected upon the opening up of this wondertul system of water-
ways, which is our national heritage; and the influence which it
would bear upon the building up and development of our great
Western country it would be impossible to over-estimate.

Canal Dues.

No allowance for canal dues has been made in the foregoing esti-
mate for transporting wheat, coal and lumber,

This is a question which is open to discussion, and it is not in-
tended to enter into it very fully here. But when we consider what
a vast amount of money has been granted to aid the construction
of private railways in the North-West, and is still being granted
for extensions of our splendid railway systems, is it unreasonable
to suggest that an equally liberal policy might be adopted in con-
nection with the waterways. Over 44 per cent. of the paid-up capital
of Canadian railways has been granted to them by the Federal and
Provinecial Governments and Municipalities.

The United States gives practically no public aid towards the con-
struction of railways now, but spends millions annually in improve-
ment of its inland waterways, which are free to all.

France, with over 8,000 miles of canals and improved rivers, abol-
ished all tolls in 1880,

The State of New York abolished all tolls on the Erie Canal in
1883,

Having created the railways, we must now create something more
effective than statutes to control them, and there is nothing that
will do this more thoroughly than free waterways.

Having described a possible system of onnected navigable water-
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ways between Lake Superior and the far west, consisting of a main
outlet east of the Red River, and a system of feeders thioughout the
west, branching out into ail the important producing districts, the
scheme, as outlined, will now be considered from the following
standpoints:—

The Economic Results of the Ewxtension of Waterways, and its Influence
on Railways and Freight Rates.

These points have been very ably dealt with in a Monograph on
Inland Waterways by Emory R. Johnson, published by the American
Academy of Political and Social Science in 1893, and the writer
cannot do better than conclude this paper with some extracts from
this source.

“The influence of canals, improved rivers and lakes, as regulators
of railroad tariffs, is a subject of interest alike to those countries
whose railways are under private ownership and management
and to those which themselves own the means of transportation,
The control of rates on private railroads has presented to legislators
a problem they have as yet been able only partially to solve. After
sixty years of effort on the part of the English Parliament, first to
prevent combination, then to secure reasonable rates, England has
the highest railway charges of any country. The establishment of
maximum rates by law is no guarantee of moderate charges. In
this country the attempt to control rates by rail led to the vigorous
attack of the Western States against the railroads by means of the
‘Granger legislation.” This policy was soon abandoned, and the
State railroad commissioners were given wider powers and in-
creased functions. The State commissions having no power to lay
down rules concerning charges on inter-state commerce, the national
commission was established in 1886, with power to supervise inter-
state traffic, and to compel revisions of rates when charges are
unreasonable, or when they are unfair to particular shippers. All
this is evidence that some control over the administration of private
railway companies and some regulation of their tariffs are con-
sidered necessary. The results of the commissions’ efforts, whatever
may be said of their value, and they are indeed important, have in
no sense solved the question of rate charges.

“Only the threshold of the problem has been reached, and the in-
vestigations of the commission have only enforced the need and
importance of inland waterways to set limits to railroad charges,
and to exercise a constant pressure in the direction of cheaper rates
and more efficient service.

“There is a vital difference between the rallway and the public
waterway. The lakes and large navigable rivers of every country
are public highways accessible to all. Any shipper who will may navi-
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gate them with hisown boats,and at present usually without payment.
Canals owned by the State are likewise highways, eithes ee or
toll, and those owned by corporations or individuais are usually,
at least in theory, ways on which individual shippers may compete.
With the railway it is different; the conditions necessary to its suc-
cessful management have, at least up to the present, prevented its
being a highway open to the common use of individual shippers.
As is well known, the railway was at first supposed to be of the same
character as the turnpike. The first laws, both in England and in
the American States, were framed with that idea in mind. It was
not long before the error was discovered, and in 1839 the fact of
the inability of individual shippers to compete on a railroad by
running their own cars and trains was definitely recognized by Par-
liament.

* Another truth, and one of greater significance, began to manifest
itself early in the history of railroads, viz., the fact that combina-
tion and monopoly, and not competition, is the natural law gov-
erning the relations of rallw;ays to each other. This law was not
80 easily comprehended as was the fact of the difference between the
railway and the turnpike; indeed, there are still many to-day wha
fail to comprehend the monopolistic character of railroad business.
It may be said, as a general statement, that the chief aim of legisla-
tion for the control of railway charges has been to maintain com-
petition in a business which is by nature monopolistic.

* K * * - * * * *

‘“ A few persons early discovered the real nature of the railway.
As early as 1836, Mr. Morrison, a man whose voice on later occa-
sions was often heard on railroad questions, made a speech in Par-
llament that can be read with profit even to-day. ‘Suppose,’ he
said, ‘ that in spite of all the difficulties opposed to the formation
of a new company, one is formed, obtains an act, and actually comes
into competition with the present line, would not the obvious in-
terestd of both parties, unless prevented by such precaution as I
have proposed (periodical revision of rates by the Government),
inevitably bring about some understanding between them by which
the high charges would be further confirmed, and all chances of
competition removed to a greater distance.

* - * * * * * . -

“The tendency towards combination is equally strong in the case
of railroads and competing private waterways, and unless prevented
from so doing, they will unite to secure higher rates. In England
this was observed by Parliament to be the case as early as 1840, and
the subsequent struggle of the two agents of commerce furnished
ample evidence of the strength of the tendency. The English rail-
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roads usually vought the canals, because they wanted to control
rates, and seldum because they wished 10 use the waterway 1or
moving freight. The chief purpose of Knglish legisiation, since 1872,
has been to stop the destruction of the canals by the railroads, and,
by keeping the waterways independent, to preserve them as regu-
lators of freight tarius,

* - * L4 » L * L -

“ The best regulator of railroad rates is the independent waterway,
Competition between raiiroads and water routes is quite different
in kind to that of railroads with each other; it is bound to produce
cheaper rates, and can do this without detriment to the railroads.

* * * * * * * * *

“There is abundant evidence showing the power of water trans-
portation to lower freight rates. The past and present opposition
which the railroads have shown the waterways in order that rates
might be controlled indicates clearly enough that the railroads are
conscious of the potency of water competition. The railroads see
in the waterway an agency which can move certain kinds of freight
at lower rates than they can be transported on land; and without
analyzing the results of this to see what the secondary effects on the
freight business by rail of the cheaper transportation charges for
these certain kinds of goods, the railroad strives to quesh the water-
way out of existence. The success of the railroad companies of
England, of Pennsylvania and of Ohio in this regard has been noted.

- . - . - * - L] *

“The cheapest freight rates by rail to be found in the world are
those for grain between Chicago and New York, and why ? Because
the cheapest inland water transportation rates in the world are
those between the same points. All the railroads of the United
States have been steadily lowering freight charges during the past
twenty years, and largely, of course, because improvements in track
and equipment have made this possible. These roads, however, that
have made the most improvements and the greatest reductions in
rates are the great trunk lines leading into New York from the
West, those that compete with the great Lakes, the Erie Canal and
the Hudson River. The average freight earnings per ton mile of all
the railroads of the United States for the year ending June 30, 1890,
were .941 cents. The ton mile earnings on the New York Central and
Hudson River Railroad were .730 cents, and on the Pennsylvania
Railroad, .661 cents; on the Lake Shore and Michigan Southern,
653 cents, and on the Michigan Central, .726 cents; whereas the
average earnings per ton mile on the Chicago, Milwaukee and St.

L
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Paul, and the Chicago and North-Western, roads coming but siightly
into competition with the Great Lakes and other waterways, were
1.0 ana 1.03 cents respectively. The following table, showing the
wheat rates per bushel from Chicago to New York for the years 1810,
1880 and 1889, by water, by water and rail combined, and by rall,
indicates very plainly how freight rates have fallen, and how this
movement has been led by the waterways:—

By lake and canal. By lake and rail. By all rail.
I8 ai 50 wales 17.10 cents. 22.0 cents, 33.3 cents.
ABN0:. oy 2cad ns 1227 * g ", 199 *
B« oo oves uv 689 * 87 " 150 "

* The important influence of the Erie Canal on freight rates has
often been emphasized; only a few facts need be given here. They
are for the year 1891:—

“ The Erie Canal was opened in May, at which time the pool rates
on grain from Buffalo to New York were seven and four-fifth cents
per bushel. The grain rates on the canal for the various months of
the season were, May, 2.51 cents; June, 2.53 cents; July, 2.68 cents;
August, 3.94 cents; September, 4.19 cents; October, 4.44 cents, and
November, 4.13 cents. The railroad pool rates, though nominally
unchanged, were not maintained. Mr. Edward Hannan, Superinten-
dent of Public Works, New York, says:—'My information on that
suijeet, which has been received from private sources, is that con-
tracts were made by the various railroads to carry grain in (ne
months of June, July and August, for four cents a bushel; September
four and one-half; and October five cents.’

“On petition of the Merchants’ Exchange, of Buffalo, the Super-
intendent of Public Works kept the canals of New York State open
five days longer than the allotted time. This shows very plaidly
that shippers regard the canal as a freight regulator. When the
canals closed for the winter, the railroad charges again rose to the
pool rates,

“Of course, the Great Lakes and the Erie Canal, though very
important, constitute only one of the waterways that compete with
the railroads of the United States. On the Mississippi River and
its numerous long branches there is an immense traffic, setting limits
not only to the charges on freight by rail carried up and down the
valley, but also to a large extent on that carried out of the valley.
The grain rates in 1888, from St. Louis to New York, chanzed from
ten cents a bushel in September to twenty-nine cents during Decem-
ber and January, when the Mississippi River was closed to traffic.

“These great natural waterways exercise the most important
influence of any of the inland navigable routes of the United States
c~ the charges which railroads make; but the smaller streams are
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wot without their effect. Whenever the improvemen. of a stream
has given shippers a choice of means of transportation, the freight
rates on the articles having such option have been cheapened.

“One of the questions which the Senate (Cullom) Commitiee on
Interstate Commerce sent out in 1885, when making tho investiga-
tion which preceded the framing of the bill establishing the Inter-
state Commerce commission, was:—'In making provision for securing
cheap transportation, is it or is it not important that the Govern-
ment should develop and maintain a system of water routes?” The
answers to the question, and the testimony before the Committee,
embodied the views of ninety men, most of whom were eminent in
railroading and the transportation business; and seventy-three out
of ninety agreed in regarding ‘a national system of internal water
communication as the most certain and effective method of regulat-
ing raiiroad rates, and of insuring to the people the advantages of
cheap transportation.’

“The total volume of freight by rail within the United States and
every other country is, of course, much larger than that by water.
The reasons why this is now so, and will continue to be so, were
noted in discussing the traffic in the Rhine Valley. The water-
ways, however, can regulate rates by carrying only a fraction as
much as the competing railroad; and it by no means proves the
inability of the waterway to fix rates to show that the volume of
freight nassing over the railroads is several times that on the com-
peting routes of navigation. The rate charged by the waterwavs
sets a limit—not so low, it is true, as the tariff on the waterway—
beyond which the railroad cannot go without surrendering its traffic
to the waterway. The traffic will bear only a much more limited
rate by rail when transportation by water is possible,

“ A well-informed engineer, John L. Van Ornum, Chief Topo-
grapher of the International Boundary Survey, which has just been
made between the United States and Mexico, says:—* it {s the uni-
versal experience in America that water communication tends to
keep down railway rates. Instances are not rare where railways
have carried freight for the same rate that competing boats have done
until the boats have been sent away or sold on account of lack of
business, and then at once the railways have raised their tariffs,
In all the number of instances I know of, when water navigation
has been resumed, the competing railways have heen obliged to
lower their rates. Herein lies the great value of our waterways,
not so much in actual tonnage carried, as in their far-reaching
indirect effect in forcing down railway rates.’

. * * * . % .8 - .

“No one, it is to be hoped, will interpret the foregoing discus-
sion to imply that the small, ill-equipped, antiquated canals con-
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structed three-quarters of a century ago, to meet the requirements
of the commerce of that time, can exert any important control over
railroad traffic. The waterways which have such power are those
tnat more or less fully meet the requirement of the commerce of
to-day.

“ Furthermore, in order for inland waterways to control the
charges on private railways, they must be indepenaent of the owner-
ship or control of the railroads. From the experience of the Engilsh
canals, it is not to be expected that the freight rates by rail in that
country are much influenced by the waterways. There is, in fact,
but little competition, and the resuit of this is a very high rate of
charges. The average ton-mile rate on the railways of the United
Kingdom for heavy traffic is nearly double the average freight earn-
ings of the railways of the United States. This diffecence is to be
accounted for partly by the existence in the United States of great
masses of raw products, which are carried long distances; but more
by the fact that a large part of these products may be carried either
by water or by rail. 1

“The conclusion to which the Cullom Committee came as the
result of its investigation in 1885 on the effect of water competition
upon railroad charges is in perfect harmony with the position taken
in this discussion. The report to the Senate was that ‘ The evidence
before the Committee accords with the experience of all nations
in recognising the water routes as the most efficient cheapeners and
regulators of railway charges. Their influence is not confined within
the limits of the territory immediately accessible to water com-
munication, but extends further, and controls railroad rates at
such remote and interior points as have competing lines reaching
means of transport by water. Competition between railroads sooner
or later leads to combination or comsolidation, but aeither can
prevail to secure unreasonable rates in the face of direct competition
with free natural or artificial water routes. The conclusion of the
committee is, therefore, that natural or artificial channels of com-
munication by water, when favourably located, adequately improved,
and properly maintained, afford the cheapest method of long dis-
tance transportation now known, and that they must continue to
exercise in the future, as they have invariably exercised in the past,
an ahsolutely controlling and beneficially regulating influence upon
the charges made upon any and all means of transit.’

* - * * - * * * *

“Influence of Inland Waterways on Railway Revenues.

“The relationship between waterways and railroads as freight car-
riers is but half expounded by showing that inland navigation is the
most important regulator of the railroad charges for the transpor-
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tation of several important categories of freight; it still remains
to investigate the effect which this lowering of charges has on the
net receipts of the railway companies. If net profits of the railroads
are seriously cut into by the competition of waterways, the results
can hardly avoid being injurious to the best development of the
means of transportation and communication. Although it is doubt-
less true that in special cases the rallroads, by means of monopolistic
powers, secure an unduly high rate of gains, this can hardly be said
of the railroad business in general. It would be unfortunate, both
for the public and for the rallroads, were the uovernment or any
other agency to inaugurate a policy that would lessen the returns
on capital invested in railroads. It is to the interest of the public
that railroad capital should return good profits, in order that rail-
way companies may continue to pay their employees well for their
work, that the companies may be able to improve the service ren-
dered the public, and to extend their system of roads 1o every nook
and corner of the country. The State can have no object in re-
stricting the freest development of the railroad. The interests of
passengers and shippers ought to be guarded by careful (egislation,
but to disregard the interestsof the railways in so doing is to com-
mit as grave an error as to neglect the welfare of those who ship
goods or travel by rail.

“ Water competition is not ruinous, but helpful to the railroads.
If waterways be extended, and their regulative power over rail
rates be increased, they will prove no hindrance to the development
of the railroads. This statement may seem somewhat paradoxical,
but is, in fact, not at all so. The two means of communication are
very different agents of commerce; they compete with each other
for the carriage of several kinds of traffic, and with sufficient
force to influence strongly the charges by rail; but the waterway does
more than compete; it both aids and complements the railroads,
Tms fact cannot be too strongly emphasized. It must be kept in
mind throughout the consideration of the re'ation of waterways and
railways. The two means of transportation do not perform the
same work, but services that are largely distinct and complementary
to each other.

“Not all the freight transported by water would be moved by
rail if the waterway did not exist. Canals, rivers and lakes create
a large share of their traffic. The cost of transportation determines
to a large extent the amount of goods shippad. Cheaper rates give
to oxisting categories of freight a larger and wider market, and
iniroduce into commerce new articles, such, for instance, as sand,
stone, straw, fertilizers and wood, which were formerly unable to
bear the costs of transportation. Again, the waterway creates traf-
fic for the railroads as well as for iteelf. It makes raw materials
cheaper, increases the number of those that are available for use,
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and thus adds to the products of agriculture and manufacture seeking
transportation. The effects of increasing and cheapening raw ma-
terials are complex; cheaper wholesale and retail prices, and higher
wages are possible, and these in turn prepare the way for a larger
and more varied consumption of goods. This means important ad-
ditions to the shipments, especially of manufactured goods, the kind
of freight which from its nature falls mainly to the railroads.

“The statistics of the traffic of the railways and waterways al
Frankfort-on-the-Main, before and after the canalization of the
Main from Mayence to Frankfort, show in a striking way that an
increase in water traffic may be accompanied by an equal or greater
rise in the traffic of competing railroads. The improvement of the
Main from Mayence to Frankfort was completed at the close of
1886. The following table gives the tonnage by rail and by water
for the three years before and for the three years succeeding the
canalization of the Main.

= i pa—

Trafficon | Onthe | Increase Increase
waterways | water |over pre- Onthe |over pre-
and rail- WAYS, vious | railways.| vious
WAYS., Tons, year. year,
Tous.
1884.. 1,014,518,7 | 160,613.7 864,000 [.....000..
1886. .. 0onven.su. s | 1,047,845.0 | 150,805,0 213 897,040 83,085
1886 ous vevvinans .| 1,088,046.8 | 155,966,8 5,161.8 982,000 | 85,000
. Average of the 3 years. ,,,...... | 1,000,136,8 | 162,425.2 |... so] BB L aiiisvann
1887 euuu. . iuys ooe | 1,373,690.8 | #60,062.8 | 204,106.0 | 1,013,628 81,638
1888....... we ce.ee| 1,748,783,1 | B16,708,) | 156,735.3 | 1,231,985 | 218,307
1889% ... ...... ... | 1,011,708.4 | 577,610.4 60,812,3 | 1,334,148 | 102,218

“The table shows that the total increase of the tonnage of 1888
on that of the average for the years 1884-85-86 was 698,596 tons; by
this increase the waterways gained 364,373 tons, and the railways
334,223 tons. The gain of 1889 on that of the average for the years
1884-85-86 was 861,621.6 tons; and in this instance the railways show
greater gains than do the waterways. The waterways and railways
increased their tonnage 425,185.2 and 436,436.4 tons respectively.
Th+ great gains in the tonnage of the railroad since the canalization
of the Main as compared with the gains before is seen if the yearly
increase be noted.

** (The relative decline in the increase of the tonnage both of
waterways and railroads in 1889 was due to a strike. The increase of
tha railroads in 1890 was again large.)
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“Was this increase in traffic due to other causes than the canali-
zation of the Main, and could it have taken place without the water-
way? If so, the entire increase in freight might have been secured
by the railroads. According to Consul Puls, of the Chamber of Com-
merce of Frankfort, the products of the interior, such as wood, loam
and building materials, secured a greater market through the canali-
zation of the river. The industrial activity of Frankfort increased
because of cheaper raw materials, especially coal. The amount
af traffic from Frankfort to the sea was greatly enlarged, by rail
and by water, and the railroads profited both by a growth in their
freight and by an equalization in volumes carried up and down from
the sea to Frankfort. This equalization was an advantage to the
railrvads, becausc it enabled them to run fewer empty wagons, and
thus to reduce the expenses of operation,

‘ An important consideration, and one that has not received due
attention, is that much of the freight taken trom the railroad for
water transportation involves little or no real net loss to railway
companies. Railroads, especially the American, are doing an im-
mense amount of business which brings them little or no direct
prefit.  Operating expenses constitute a large share—sixty-seven per
cent,—of earnings, and this is because a great deal of bulky freight
is carried at a rate so low that the costs of operation often include
ninety per cent of earnings, Indeed, it is asserted that coal, coke,
stone and iron ore are sometimes carried at a loss by the railroads
in order that by so doing they may keep down the prices of crude
products, and thus sustain industry and enlarge the volume of higher
grades of traffic. The operating expenses on the German railroads
constitute only fifty-five per cent. of the gross earnings. Were the
American railways to give over a good share of their bulky freight
to the waterways it would not materially reduce their net profits.
Grain is another article of transportation on which the railroads
make only small profits. Grain rates are much lower in America
than in Germany, but local freight tariffs are much higher. Ameri-
car. railroads are making the local freights pay for the trouble of
hondling grain at low profit.

* L] * * » * * - *

“The increase and extension of waterways ald the railroads
through the increased travel which results from building up manu-
factures, developing trade, and promoting the growth of large cities.
Take, for instance, the influence of that greatest of all inland water-
ways, the Great Lakes, on the growth of the passenger traffic in the
States bordering the lakes. It has been, in large part, the improve-
mert of the harbors and channels of the Great Lakes that has caused
the phenomenal growth of Duluth, Milwaukee, Chicago, Detroit,
Toledo, Cleveland, Buffalo, etc. The railroads have not only aided
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the growth of these cities, but have in turn been greatly benefited
through the development which has come to them oy means of the
improvements of the water route. Indeed the most important rail-
soad systems of the United States are those which share in the com-
merce of the region round about the Great Lakes,

“This fact reveals the true relation of the two agents of com-
merce. They are complements of each other. When the waterway
and railroad are perpendicular, they feed one another; when they
run parallel, competition results in reciprocal development of each—-
at least, will so resuit when the waterway corresponds, as to di-
mensions and equipment, to the commercial needs of the present,
and provides for the transportation of goods through comparatively
long distances. The Rhine Valley, as well as our own Lake region,
furnishes an illustration of this truth. The statistics of the traffic
during the last forty years on the Rhine River and on the railroads
of the Rhine Valley show that the growth of the transportation
on each has been about equally rapic ‘ Neither of the two means of
communication has prevented the development of the other.

“Though the railroads and waterways ought to be competitive
means of transportation, they ought not to antagonize each other,
Only the benefits which the railroad receives from the waterway
have been cited; but the aid is reciprocal. The well-located and
well-constructed waterway need not fear co-ordination with the
railway; indeed, the attainment of the highest degree of usefulness
is otnerwise impossible. The railroad must be present to aid in dis-
tributing the finished products manufactured from the articles trans-
ported by water, or there will be but small freight by water. Not
only these manufactured goods but such articles of consumption as
pass directly from the waterway to the consumers must be distri-
but~1 by the railway, for water routes are few in number, and reach,
directly, but a very limited number of consumers. The general
relation of waterways and railroads, as collectors and distributors
respectively, is shown by the shipments into and out of Paris by
water and by rail in 1890. The waterways brought to Paris 4,037,719
tons, and the railroads 5,826,548 tons, the percentage carried by each
being 41 per cent. and 59 per cent. respectively; but of the freight
from Paris, which, of course, consisted mostly of manufactured
articles, the waterways carried only 953,834 tons, while the railroads
transported 2,335,252 tons, the percentages being 29 per cent. and 71
per cent. respectively. This took place, however, with very poor
connections at the ports between the waterways and the railroads,
8o poor, indeed, as to greatly limit trans-shipment. The close con-
nection of the waterway with the railroad, so that shipment from
one to the other may be easily accomplished, is hardly less essential
to the waterway’s best use than the improvement of the way itself.

. . * * . * * - *
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* The division of freight between the two means of transportation
is not, of course, into two distinct classes—one class going by water
and one by rail—for each agent carries many kinds of articles that
the other does. btill, the waterway reduces the ratio which the
bulkier ghods would otherwise bear to the more profitab.e classes ol
rail freight, and this is to the advantage of the net returns on the
capital invested in railroads.

* The State (referring now to State ownership of Railways and
Canals), furthermore, by extending inland waterways, would save
not alone in amount of necessary investment in railroads, but also
in expenses of operation relatively to gross receipis. As was seen,
the costs of operation are a very large share of the gross receipts
from the freight that would mostly go to the waterway, and the
waterway would enable the railway to develop a kind of traffic where
net receipts above costs of operation are larger. Thus it comes about
that both burdens of expense which the railroads must meet, interest
on investment and costs of operating, are rendered lighter when the
waterways co-operate with the railroads in the transportation
of freight. The development of inland navigation has also been
shown to increase rather than to lessen the volume of traffic by rail.
Waterways, therefore, enable the State to reduce tariffs on its ra-
roads and s*ill receive as large a nat return on their business as
would be possible without the traffic by water.

“ Because of the fact that the inland waterways and the State
railways of Prussia are under the control of different officials there
has been a good deal of rivalry between the two means of cowmu-
nication. The managers of the railroads have been anxious to show
a surplus, and have opposed the extension of inland waterways.
Of late this opposition seems to have weakened. Prussia has entered
upon the construction of canals, and the connection of the two means
of transportation has been made closer, without detriment either
to the traffic or net receipts of the railroads. The Prussian Min-
ister of Public Works, Thielen, said in 1891:—* The subsequent de-
velopment of the railway service must go on simultaneously with
the improvement of the navigable ways. The navigable wav 1s
the sister, equal by birth, of the railway.’

“The commercial position of the waterway, and its influence on
the tariffs and revenues of the railroad are well stated by the fol-
lowing resolution of the Fourth International Congress on Inland
Navigation:—' The existence and development together of railways
and waterways is desirable, first, because these two means of trans-
port are the complements of each other, and ought to contribute each
according to its special merits to the public good; second, because,
viewed broadly, the industrial and commercial development which
will result from the improvement of the means of communication
must in the end profit both railways and waterways.’”

* - * " " - - - .
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Manitoba and the Great .vorth-West, John Macoun.
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B.ue Book of American Shipping, 1898.

Report Buffalo Merchants’ Exchange, 1897,

Description of Manitoba, pub. by the Dept. of the Interior.

Report Can. Members of Deep Waterway Commission, 1897,

Report, Jas. Fisher, Esq., M.P.P., on Hudson’s Bay, 1899.

Freight Rates on U. 8. Railways, Canals, Great Lakes and Rivers,
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General Report Public Works Dept., Canada, 1867 to 1882.

Corthell on enlarged waterways—Trans. Can. Soc. C. E., 1891,

Report, Winnipeg Grain Exchange, 1899.

Inland Waterways, Emory R. Johnson.

Bureau of Mines Reports, Ontario,

Geological Survey Reports, 1886, and Lake of the Woods and
Rainy Lake.

Expedition to Hudson’s Bay in SS. “Diana,” 189:, Commander
Wakekam.
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DISCUSSION.

Mr. W. T. Thompson said he had read with interest Mr. Webster's "™ yomon,
paper, but could not accept his conclusions regarding “The Hudson's
Bay Route,” and in opposition to the views expressed by Mr. Web-
eter, based on Mr. Fisher's report, he would quote the favourable
opinions of several experienced scientific gentlemen on the subject.

General Sir J. H. Lefroy, President of the Geographical Section
of the British Association, who spent two years in’ the Territories
taking magnetical observations, stated in his address to the Associa-
tion in 1880.—“Hudson's Bay itself cannot fail at no distant date
t challenge more attention. York *actory, which is nearer Liver-
pool than New York, has been happily called by Prof. Hy. Hind
the Archangel of the West. The mouth of the Churchill, however,
although somewhat farther north, offers far superior natural advan-
tages, and may more fitly challenge the title. It will undoubtedly be
the future =hipping port for the agricultural products of the vast
North-west Territory.”

In an interview in London, on March 4th, 1898, Rear-Admiral
Markham, the well-known explorer of Hudson's Strait and Bay, is
reported to have expressed his surprise at the account received at
Ottawa of the experiences of the exploring steamer “Diana” while
along the Labrador Coast, and in Hudson's Bay and Strait,

“This account,” he said, “was at variance with all previous ex-
perience. In his opinion the Hudson’s Bay Route is open certainly
four months, and possibly six months a year. He declares that
it would be an immense boon to commerce, cheapen the transport
of cattle and wheat to Great Britain, be invaluable from an Imperial
standpoint in saving time in the transport of men and stores to
the naval base at Vancouver, and afford a duplicate British route
should the Canadian Pacific Railway beseized by the United States
in time of war.,”

Prof. Hind, in his report on Navigation of Hudson’s Bay, 1878,
says:—"“The Newfoundland, Dundee and the Norwegian sealing
steamers, being properly protected, pushed their way through into
the apparently illimitable fields of ice in March and April, in pur-
suit of seals, seeking the ice, for it is there only that they can
capture the seals, . . ., . It is not unreasonable to suppose
that, with ice navigation so thoroughly understood, not only by
the captains of sealing vessels, but by steamer whalers, the passage *
through Hudson's Strait successfully accomplished for 200 years
and more by bulky and unweildy sailing vessels, and vessels of
war, should now become an easy problem . . . the modern seal-




188 Discussion on The Inland Waterways of

ing steamer has led the way to the solution of tha: all-important
problem, which has in view the creation of an occan port and an
extensive seaboard for the future commerce of the North-west.”

Dr. Robent Bell, Assistant Director of the Geological Survey,
who has spent many years exploring the country around Hudson's
Bay, in his evidence before the committee of the House of Com-
mons, in April, 1883, stated in reply to the question:—Have you
the dates of the opening and ciosing of navigation of Hudson's Bay?

“In regard to the Bay itself, there is no date for the opening or
closing of navigation, because the Bay is open all the year round,
like the ocean in corresponding latitudes, It is strictly correct
to say that the Bay is open during the winter, because, although in
the shallow water at the head of James' Bay a narrow marzin of
ice forms, it does not extend outward, and is due to the land-lock-d
nature of the bay and the shallowness of the water. Further
north there is a margin of ice along the shallow water, but it never
extends so far but a man on the beach can see the fog on the open
water on a clear morning. On parts of the eastern coast, I am
told, the sea washes against the rocks all the winter, just the same
as on the coast of Nova Scotia or Newfoundland,

“The Harbours are not closed by ice till the middle of November,
and sometimes not till near Christmas, There is no difficulty in a
vessel leaving the coast of the Bay up to the latter part of October
or the middle of November. Shore ice would not interfers with
navigation for over six months of the year.”

Regarding Hudson’s Straits, it appears that, under ths influence
of the tides, any ice which forms in winter is kept almost con-
stantly in motion, so that they do not freeze across. On this sub-
ject Capt. Wm. Kennedy, of Manitoba, who resided for eight years
on the shores of Ungara Bay, states: “The Strait ice is never fast,
and it keeps forming and breaking from shore durinz the winter
months, covering it with moving ice more or less compact.”

Arthur Dobbs, in his account of countries adjoining to Hudson's
Bay, published in 1744, says:—"“It is probable that during the whole
winter, from October to March, there is no ice in the Strait to
obstruct their passage into or out of the Bay, for a ship which
chaniced to be closed up with ice in the inlet, by the breaking of
the ice got out and came through the Strait at Christmas without
finding any ice in the Strait to prevent her passage.”

From the foregoing it would seem that Hudson’s Straits are not
continuously blocked with ice in winter as Mr. Webster believes to
be the case, and it is at least possible that if a harbour on Hudson's
Bay could be kept open in winter, the voyage might be made at
that season.

In this connection it mav be noted that the Russian ice-breaking
steamer “Ermak,” designed for keeping the harbour of Cronstadt
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open in winter, is reported to have proved successful, having made
her way through ice 10 feet thick at a speed of 23 miles an hour.—-
On the shores of Hudson's Bay, the narrow margin of winter ice
which forms cannot be very thick, for, on the testimony of several
whaling captains, it breaks up with every gale of wind.

“Capt. Hackland, who has had sixteen years' cxperience in the
Bay, states that the distance the ice forms from the shore is entirely
dependent on the depth of water.—He says at Churchill, where the
water is deep, the ice does not form for more than half a mile
from the shore, while at York it forms at times as far as three
miies, on account of less depth of water, though the mouth of the
Nelson River is never really closed.” i

The foregoing extracts are taken from a pamphlet entitled, “Our
Northern Waters,” compiled by Mr. Charles N. Bell, secretary of
the Winnipeg Board of Trade, and published in 1884,

In an interview accorded a reporter of the “Winnipeg Telegram"
by Mr. William Mackenzie, of Mackenzie & Mann, the well-known
railway contractors, who control the charter of the Dauphin Line,
or Canadian Northern, published in the “Telegram” of June 15th of
this year, Mr. Mackenzie said: “The terminus of the Dauphin Line
will be some point on Hudson's Bay, probably York Factory or
Churchill.”

“Is that the first step to the Hudson’s Bay navigation service?”
enquired the reporter. “Yes, certainly,” was the reply. “A great
many people hav: no faith in that route, but not so with us. We
have the authority of the men best fitted to know, and are per-
fectly satisfied with the prospect. The steamship service is quite
possible,”

Mr. Webster says, “Let Manitoba drop this polar chimera; it
never was anything but a political and speculative dream, and
never can be anything else.” The writer considers the term polar
in regard to the Hudson's Bay Route altogether inapplicable, inas-
much as Hudson's Straits, the most northern portion of the route, lie
between 60 and 62 degrees of north latitude; they are therefore
from about 300 to 450 miles south of the Arctic Qircle, and he be-
lieves Mr. Webster to be equally far astray in the conclusion he
has arrived at; even Mr. Fisher, whom he appears to rezard as an
authority on the subject, does not go to such extremes, as will
be seen from the following quotations from his report:—“It would
surely be a most favourable route in many respects, not only for live
cattle, but for our dairy products.

“I reafirm my decided conviction that a Hudson Bay route can
never, for the reason I have stated, even if opened, be a factor in
competing in the traffic of Manitoba, except possibly the very
North-westerly district to which the railway system of the province
is now being extended.
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“At the same time, I will not deny the possibility of a commer-
cial route being established by way of Hudson's Strait.

“In my judgment, however, the true conception of a Hudson's Bay
scheme . . . is one involving a great transcontinental line. .

There are considerations which might be served by the
construction of such a line.”

Referring to the last paragraph, the writer would say *h~t a
transcontinental line from say Port Churchill on Hudson's Bay to
Port Essington at the mouth of the Skeena River on the Pacific
Coast would be only about 1,400 miles in length, or less than half
the distance from Montreal to Vancouver, and apart from its ad-
vantages from an Imperial standpoint, and in the transport of
through freight between Great Britain, China and Japan, it would
tap our great northern waterways, open up the fine Peace River
country, and aid in the development of important mining districts,
so that along it a considerable domestic trade would sovi be estab-
lished.—In regard to the proposed water route between Winnipeg
and Fort William, the locking up 863 feet and down the same dis-
tance between these points would seem to be rather a serious
obstacle; but possibly this may be overcome, and any means bdy
which freight rates can be reduced is certainly well worth con-
sideration.

In an article entitled, “A mew food route to Burope via Hudson's
Bay,” by Col. Scoble,C.E., of Winnipeg, published in the Great West
Magazine, of November, 1898, will be found an account of a pro-
posed water route from Winnipeg to Hudson’s Bay, in which the
total distance is given as 6813 miles to York Factory, of which il
is claimed 616} is navigable, and the cost of canaling and improve-
ments on the remainder in order to provide a navigable channel of
7 feet deep is estimated at £1,000,000 sterling.

The Assiniboine, Red, Saskatchewan and other rivers flowing into
Lake Winnipeg would all be feeders to this route, and the lockage
would all be down going to Hudson’s Bay.

Referring to the proposed diversion of a portion of the waters
of the South Saskatchewan down the Qu’'Appelle Valley, the writer
believes it would be quite practicable to do this; the subject was
he thinks, referred to in Hind's report of the Assiniboine and Sas-
katchewan exploring expedition of 1868. The late Archbishop Tache,
in his sketches of the North-West of America, published in 1869,
refers to it, and appears to have been afraid that, if the scheme
was carried out, the inhabitants in the valleys of the Qu'Appelle
and Assiniboine rivers would be flooded out. The amount of water
admitted would, of course, be regulated by head gates.

The valley of the Qu'Appelle is continuous with that of the Sas-
katchewan, and, as shown by Warren Upham, in his report en the
glacial Lake Agassiz, was formerly the outlet of a glacial lake in




North-Western Canada. 191

the valley of the South Saskatchewan until, by the recession or
gradual melting of the great ice sheet which covered the lower
land to the north, the river changed its course at the Elbow; it is
probable a sand bar may have formed there, and contributed towards
making the diversion.

Referring to the fact that wheat is not shipped to any great extent
via New Orleans at the mouth of the Mississippi, is not this dues
to some extent to the circumstance that the climate there is too
hot for-the storage of grain, and that in consequence it is liable
to hea.?—Also the trend of the Mississippi is not in the direction
of Liverpool, which is the objective point in the shipment of wheat.
Regarding the export of wheat the same season it is harvested,
the writer believes but little is exported in any case until the fol-
lowing spring, most of it being either stored at Fort William or
in elevators along the railway lines until navigation opens.—The
principal oecupation of the North-west farmer for several months
during the winter is the hauling of grain to market, which can be
more conveniently done with sleighs than waggons. During the
winter the wheat could be manufactured into flour, utilizing the
water power of Nelson River, and both wheat and flour could ne
forwarded to Hudson’s Bay to be stored in elevators ready for
shipment on the opening of navigation.




OBITUARY.

S CasiMir STANISLAUS Gzowskl, K.C.M.G., Honorary A.D.C, to
the Queen, died at his residence, “The Hall,” 279 Bathurst Street,
Teronto, on the 24th August, 1898, at the age of eighty-five. He
was born at St. Petersburg on the 5th March, 1813, and was the son
of Stanislans, Count Gzowski, a Polish nobleman, and officer in the
Imperial Guard, Sir Casimir was intended for a military career,
and, at the early age of nine years, was placed in the Military College
at Kremenetz, where he remained for eight years, and in 1830 ob-
taired a commission in the Imperial Russian Engineers. Three
vears later, however, owing to the part which, with other officers of
the same nationality, he had taken in the Polish insurrection of
1830-31, he was, after having been confined in a military prison
fer some months, shipped to the United States. With his fellow-
exiles he landed in New York in the summer of 1833, without
friends or money.

His career in this country was rendered more difficult by the
fact that he was, on his arrival in America, entirely ignorant of the
Englizh language. With characteristic energy, however, he imme-
diately set to work to overcome this difficulty, and, while engaged
in the study of English, obtained his livelihood by teaching German,
French and Italian, and by giving lessons in drawing and fencing.
In order to perfect himself in that knowledge of the English lan-
guage which he knew to be essential to his success as an engineer,
he articled himself as a student in law to Mr. Parker Hall, of
Pittsfield, Massachusetts. At the end of three years he passed
all the required legal examinations, and in 1837, having become a
citizen of the United States, he was admitted to the bar and prac-
tised a8 an advocate in Pennsylvania until 1841. In this year he
abandoned the practice of law, and, moving to Toronto, Canada,
obtained through the friendship of Sir Charles Bagot a position
in the Department of Public Works. For six years thereafter he
was Superintending Engineer of Roads and Harbours in Western
Ontario. In 1846 he became 2 naturalized British subject, and, hav-
ing left the service of the Government, acted for some time
a:z Superintending Engineer for the Upper Canada Mining Company.
From 1850 to 1853 Sir Casimir was Engineer of the Harbour Works
at Montreal, and, at the same time, was consulting engineer on the
ship canal improvements between Montreal and Quebec. He next
turned his attention to railway construction, and became Chief en-
gineer of what is now the main line of the Grand Trunk Railway
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between Montreal and Island Pond, but was then called the St.
Lawrence and Atlantic Railway. Resigning this position, he entered
into partnership with Sir Alexander Galt, the Hon. H. Holton and
Sir David Macpherson for the construction of the Grand Trunk main
line from Toronto to Sarnia. This contract proved to be a profit-
able one financially, and it was upon it that the basis of Sir
Casimir's fortune was laid. On the completion of the work, Sir
Alexander Galt and Mr. Holton withdrew from the firm, and the
two remaining partners continued operations as railway contractors,
and carried out, amongst other large contracts, the construction of
the lines between Port Huron and Detroit, and London and St.
Mary's. The firm of Gzowski and Macpherson also successfully
compieted the construction of the International Bridge across the
Niagara River near Puffalo in 1873. The cost of this work was
$1,600,000. Subsequent to 1873, Mr. Gzowski practised on his own
account, and was largely consulted by the Dominion Government
with reference to railways and harbours, having, amongst other
works, been called upon to report on the enlargement of the Welland
Canal and Baie Verte Canal.

“He was also interested in military matters, and took an active
part in forming the Rifle Association of Ontario. He acted as
President of the Dominion Rifle Association, and was instrumental
in sending the first Canadian team to Wimbledon. In 1873 he was
appointed Lieutenant-Colonel of the Central Division of Volunteers
in Toronto, and six years later was promoted to the rank of
Colonel, and was gazetted an honorary A.D.C. to the Queen. In
recognition of valuable gervices rendered to the Dominion of Canada,
he was created a Knight Commander of the Order of St. Michael and
St. George in 1890, He held office in 1896 as Administrator of the
Government of Ontario.”

Throughout his busy life Sir Casimir took a deep interest in
everything that tended to the uplifting and improving of his fellow-
citizens. In this connection it may be incidentally mentioned that
he was Chairman of the Niagara Falls Park Commission, and that, as
a recognition of his services in this direction, a fine bronze bust of
him has been placed in the Queen Victoria Park near Table Rock.

He was one of the founders of the Canadian Society of Civil
Engineers, and held the office of President during three successive
vears, 1889, 1890 and 1891. During his presidential term he endowed
the well-known “Gzowski"” medal for the best original paper rear
before the Society. Sir Casimir was deeply interested in the well-
being of the Society, and aided it not only by his wise advice and
encouragement, but also by liberal contributions towar'ds its funds.

He married, in 1839, Maria, daughter of Dr. Beebe, of Erie,
Pennsylvania, an eminent American physician,
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WirLiaM KINGSFORD,

A Trisute 10 His MEMORY.

There can be no doubt that the late Dr. Kingsford was a very
remarkable man, and his varied career merits a far more extended
record in our pages than can reasonably be permitted within the
limits prescribed by “the tyranny of space.”” He was born in
December, 1819, in the parish of St. Lawrence, London, and in that
city he was educated. He came to Canada in early manhood with
the 1st Dragoon Guards, and, on leaving the regiment in 1841,
obtained employment in a professional capacity in the City Sur-
veyor's office, Montreal, For three years subsequently he held the
position of Deputy City Surveyor. He was then induced to join the
late Murdo Meclver in a journalistic enterprise, and became part
proprietor and joint editor of the “Montreal Times,” which was dis-
continued after two years. In preference to drawing up details of
his after-life, we will cite Dr. Kingsford’s own summary of the events
of his career, which he dictated, at the Windsor Hotel, to the present
writer, who was acting as a representative of the “Montreal Daily
Star.” In answer to a question, “How long is it, Dr. Kingsford,
since you conceived the idea of writing the ‘History of Canada,
and what led you to think of it? You are, I believe, a civil engineer
by profession.” He replied: “I may say that ever sinee my con-
nection with the press in 1846, when, with my poor friend, Mr.
Mclver, I was joint editor of the ‘Montreal Times,’ I have been
an eager historical student, and 1 early felt it was desirable that
a full history of Canada should be written. 1 cannot say that I
felt specially adapted for the long task, but,as in the case of many
others in the world, my faith in this respect was moulded by cir-
cumstances. After the ‘Times’ newspaper came to an end I re-
turned to my original profession. 1 had previously been Deputy
Surveyor of Montreal, and I obtained employment in the Public
Works of Canada on the Lachine Canal. At that date a cloud hung
over the prosperity of Canada. Accordingly, I engaged in some pri-
vate practice in New York, and was on the Hudson River Railway
for two years, until I went to the Panama Railway, where I remained
nine months. On my return from Panama, the Hon. John Young
was Minister of Public Works, and I was engaged on the Grand
Trunk. T located the line to Cornwall, and may claim that T traced
the line of the Victoria Bridge across the river, under my friend
and Chief, A. McKenzie Ross, and T was in charge of the main-
tenance of thgline from Toronto to Stratford. T then went to Italy,
visited the Island of Sardinia, and examined numerous public
works during the year. On my return to Canada, I was again em-
ployed on the Public Works—made a map of the Rideau navigation
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—and was engineer of Harbors from Gaspe to Fort William, Lake
Superior. This position I occupied for eight years,"

After referring to his dismissal by Sir Hector Langevin, the his-
torian continued as follows: “Employment as an engineer to anyone
who is under the ban of the Government is almost an impossibility;
and, on this becoming patent to me, I fell back on the resources that
my education and extensive reading had furnished me with, and,
after due preparation, and muca serious stuly, the different volumes
of my history were the result.”

After more conversation on this topic, the writer enquired: “May
I azk if you are satisfied with the genera 1o ‘peion of your work?"”
The author replied: “It has been most kindly and sympathetically
noticed by the leading journal: of thez Mother Country, such as
the ‘Times,’ the ‘Spectator,’ the ‘Saturday Review,' the ‘Athenaeum,’
the ‘Scotsman,’ etc.; while the principal papers of the whole Do-
minion have, without any exception, passed a favourable judgment
on my labours. The work, unfortunately, has brought me no remun-
eration during the eleven yeais that 1 have conscientiously devoted
to its composition. It has been completed under great embarrass-
ment and difficulties; and, had it not been for the intervention of
three friends, who assisted me generously, I must have succumbed
under what more than once appeared to me the labour of Sisyphus.

If it were not for a sense of extreme delicacy as regards
tbeir feelings, it would be an act of genuine satisfaction to me
to divuige the names of my benefactors; for, without their aid,
I assuredly could never have reached the goal of my ambition,”
After acknowledging his debt of gratitude to Dr. Brymner and
M. Decelles, of Ottawa, to the Abbe Verrault and to Mr. Bane, of
the Toronto Library, Dr. Kingsford added: “One other friend I can
never forget; for he carefully read all my proofs in sheets, while
his classical learning and wide knowledge of English literature
have often been exercized to preserve me from error.”

In this last sentence a sense of gratitude is blended with a modesty
which, thougzh undoubtedly sincere, was expressed far too em-
phatically; for Dr. Kingsford himself had “a wide knowledge of
English literature,” and he retained throughout a long life his love
of classical lore. Shakespeare and Pop2 may be mentioned among
his favourite English authors, while he was thoroughly familiar
with the writings of Livy and Tacitus, Horace and Juvenal. Scarcely
a day passed without his dipping into some of their pages., In
addition to this, Dr. Kingsford was well acquainted with the lan-
guages of France, Germany and Italy, and spoke them fluently,
though with an undeniably Anglican accent. But the marvel of his
life is that, at the age of 66, he should have begun so great a work
as his “History of Canada,” and by constant assiduity have brought
it to completion in his 79th year. Such an achievement is not often
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equalled, and rarely attempted. The deep study and research
which he made into the original sources of Canadaian history enabled
him to cast tiesh light upon many iporiaile evelos of our annals
while his fine independence of mind gave pec.liar value to his con-
clusions, that were not seldom antagonistic to .ose which, in some
cases at least, have long been held and repeated on insufficient
grounds. When he undertook hiz patriotic task, he probably knew
that he would finally be rewarded only by the consciousness of hav-
‘ ing served present and future generations of his adopted country,
and of having handed down his name to coming times. All honour
to the worker who, without thought of personal gain, unselfishly
devoted twelve years of his life to a “magnum opus,” for which
every student of Canada's story must always be deeply indebted
to the writer.

The “brave old man,” as the “Toronto Mail” rightly called him,
realized the fine lines of Miiton in “Lycidas":

Fame is the spur that the clear spirit doth raise

(That last inﬂrm{ty of nokle mind)

To scorn delights, &nd live laborious days;
and, as an illustration of the historian’s se.f-denying course, we
may be allowed to quote the following passage from a letter to a
friend, who had been intimate with him for a quarter of a cemtury:
“For myself, my life is one of labour; but, like all busy men, I
have always leisure, more or less, for some outside matters, such as
to write to a friend, or for a duty. To the siren Pleasure, I must
turn a deaf ear. I rise at five, work till nine, go to the Archives,
or the Library of Parliament, work there until half-past twelve,
return home, and dine at onc¢; resume work at three, write such
lecters as I have to attend to, or continue at my M.S., untii a
‘ quarter to six. After tea I read or write, and go to bed at eight.
| Such is my life, and so it must continue, until I have ended my
it worl.,” Aided opportunely by three fricnds, whom he termed his
“benefactors,” he triumphed over every difficulty, and sealed his
life's work with the surrender of life itself. As so often happens,
when the tension was removed, the spirit fled.

Dr. ' Kingsford remained to the last a “true-born Englishman.”
In concluding his history he wrote: ‘“There is one point on which I
may  hopefully dwell, and that is the fact that we remain part of
the great British Empire. Throughout the Dominion it is a source
of pride that such is our condition. British statesmen have not
{ always acted wisely towards us, but there can be no doubt of the
{ great truth that the Mother Country has unceasingly desired our
! prosperity and happiness, and has made many sacrifices to maintain
! them. I believe that pride in this relationship is a dominant feelinz
in'British North America.” It would e wrong to quit the subject
| of this “History” in 10 volumes, without some brief criticism of its
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merits, and, though the present writer carefully reviewed each
volume as it was issued from the press, he prefers, instead ol offering
his own judgment, to quote the following passage from an influen-
tial London journal, the “Athenaeum.” It says: “The History of
Canada by Dr. Kingsford was completed shortly before his death,
and the ninth and tenth volumes now crown the work. The pre-
ceding ones have been noticed as they appeared, and we had hopea
to review the work as a whole; but the author's death removes the
chisf inducement, as criticisms or suggestions can no longer profit
him. His history is the best of the kind that has yet been written,
and its defects in parts are amply counterbaianced by its general
excellence. Dr. Kingsford possessed the rare amerit of writing with
plainness and point, and with freedom from the flashy rhetoric
which often passes for good writing on the American continent.
His political views are by no means obtruded, while his patriotism
is not open to question. . . . . He had to face the difficulty of
having to deal with many things from a two-fold standpoint,
whether they affected the French and English in Canada, or Cana-
dians and citizens of the United States, Nevertheless, he accom-
p:izched a great work in the teeth of many obstacles—the absence of
financial aid being one of them.”

Dr. Kingsford's last strictly professional work was a report that
he made in 159/ to the Minister of Railways on the exiension of the
Intercolonial to Montreal; but it is almost impossible to give a list
of his numerous casual contributions to general literature. He
wrote many hundred articles in the “Montreal Times,” the Toronto
“Leader " and other influential journals. In 1870 he contributed a
weekly essay, entitled “The Spectator,” to “The Cosmonolitan,” a
journal of Literature and Public Opinion, edited by Mr. W. T.
Urquhart. These essays ‘“de omnibus rebus” were extremely popular,
but were never republished. His other contributions in book form
to authorship include: “History, Structure, and Statistics of Plank
Roads in the United States and Canada’ (1852); “Impressions of
the West and South " (1858); “The Canadian Canals: Their History
and Cost”™ (1865); “A Canadian Coin: A Monograph " (1874);
“Canadian Archzology: An Essay " (1886); “The Early Bibliography
of Toronto” (1892); and, finally, “Some Considerations on the Ad-
vantages we may hope to Derive from Education,” a long Address,
delivered befors the meeting of the Ontario Teachers held in the
Normal School, Toronto, May, 1896. In special honour of his
“History of Canada,” the degree of LL.D. was conferred upon him
by Queen’s College, Kingston, and Dalhousie University, Halifax.
After his death Sir W. C. Macdonald endowed a Chair of History
to be associated with the name of Dr. Kingsford, and, besides this,
settled a life annuity of $500 upon the historian’s widow. We are
also gratified to learn that more recently Her Majesty has been
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pleased to confer upon the same lady a pension of £100 sterling
per annum from the Imperial Civil List, in consideration of the
eminent literary services of her late husband. It may here be
appropriately mentioned that, in March, 1848, Dr. Kingsford marriea
Maria Margaret, eldest daughter of the late W. B. Lindsay, then
clerk of the Legislative Assembly, Canada. Two children, Rupert
Etherege, and Alice, survive their father.*  The son, born in 1849,
who distinguished himself at Toronto University in 1869 by gaining
the medal in Classics and Modern Languages, was called to the
bar in 1873, and was appointed Deputy Police Magistrate of Toronto
in 1894,

Dr. Kingsford became a member of the Canadian Society of Civil
Engineers in 1887, and was one of the original Fellows of the Royal
Society of Canada, in which he was once President of the section of
English Literature, Little now remains for us to do but to record
the lamented historian’s death. He died on the 20th of Szpiember,
1898, at 310 Chapel Street, Ottawa, after an illness of several weeks,
and was buried the next day in Beechwood Cemetery.

We have already transgressed our prescribed limit, and will, in
conclusion, quote a few affectionate words from the pen of a journal-
ist who was intimately acquainted with the subject of this imperfect
sketch. “In private life Dr. Kingsford had many friends. He was
a man of strong attachments, and where he placed his affections
ha was as true as steel. He was at the same time a man of rare
independence of character; and, notwithstanding his old-fashioned
courtesy and real kindness of heart, was fearless in condemning
what he disapproved. In this respect the history is characteristic
of the man. In the ranks of his own profession, at the meetings
of the Royal Society, and wherever his tall and imposing figure
was familiar, Dr. Kingsford will be missed and regretted. But most
of all will he be missed in his own family, to whom our fullest
sympathy is due.”” As Antony said of Brutus:

The elements
So mixed in him, that Nature might stand up
And say to all the world, “This was a man!”

# We have to record, with deep regret, that since these words were written, Miss
Kingsford died at Ottawa on Sunday, October 22, 1809,
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The publication of this volume has been greatly delayed
in the hope that the manuscript of the series of lectures on
< 2he Tvansmission of Electrical Power'" by Professor R.
B. Owens could be obtained. Professor Qwens yegrels that
he has been quite unable to find time for ils preparation.

In justice to the authors of the two brief papers, which
constitule all the remaining malerial for the volume, further
delay has nol been consideved advisable.

C. H. MclLEOD, Secretary.




