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ADEFINITE knowledge of all the conditions which tend

to produce widely varying results affecting the strength
cessary to a thorough un-
- “The

are

and durability of concrete, is ne
derstanding of the full range of its usefulness.
- Methods and operations used in the making of concrete
Vital factors in the production of conditions affecting the
density, strength and permanance of the concrete mass. The
Materials are too frequently a means to an end without con-
Sideration of the end itself.”

Before making a laboratory in
‘Or the concrete making qualities o
Particles are very commonly surface drie
‘Whether proportioned by the Heath-Edwards
Method, by the Abrams “fineness modulus” method, or by the
alme-honore(‘i but - nevertheless irrational and unscientific
. “arbitrary volume” method, is based upon the use of a
" Weighed quantity of the dry sand. The stone aggregate for
a concrete mix is also very commonly dried before being
Used. The results of the investigation are, therefore, to
Fadler interpreted only on the basis of using dry aggregate.
t is well nigh axiomatic that if results consistent with those
Secured from laboratory tests are to be obtained upon the
Construction work, the conditions under which the sand con-

vestigation of the mortar
f a given sand, the sand
d and the test batch,
“surface area”

|
|

“WeT” CONSISTENCY

A e

“NORMAL” CONSISTENCY
FI16, 1—TexTURE OF CEMENT MATRIX IN CONCRETE OF
DirFFERENT CONSISTENCY (x 60)

tent of the mix is measured, must be such as to assure a
Teasonable uniformity in the net volume of sand entering

to each batch.

Notwithstanding the important im i
recent years in the manufacture of Portland cement a:nd in
€ power driven machinery and other accessions used in the
ﬁ.eld» the method commonly used for measuring the ingre-
ient materials of the mix is by loose volume. This century

provements made in
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Suggested Methods of Overcoming Irregularities due to Moisture.

By CAPT. LLEWELLYN N. EDWARDS

Supervising Engineer of Bridges, Toronto, Ont.
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Bulking Effect of Moisture in Sands

Varying Percentages of Moisture in Sand Aggregate an Important
Factor in Concrete Making—Wet Sands Weigh Less than Dry—

old practice is, to say the least, hanl :

d , haphazard, and when appli
tq the measuring of the sand aggregaté is productil\)/phe%
widely varying results. i

Upon the average construction, i
, job so called “par
‘x‘neasurement” of the sand is the rule; measurem::ilznl))w
struck” box, or better still, by weight, are the exceptiori

F16. 2—CONSISTENCY TEST FOR NEAT CEMENT

Assuming that the engineer, or his in

th? barrows .and has indicated by plain?ﬁes'ic;)ill.c;leh?:afl?;l %ﬁ:
height to which each barrow is to be filled, the careful fillin

of the.a barrows will then depend mainly upon the personagl
gquatlon of the laborers, the personality and vigor of the
inspector and the co-operation of the foreman. The volume
Pf .sand placed in each barrow will rarely be less than that
1nd1cateq by the gauge mark. Very commonly, the laborer
shows his goodwill toward his employer by thé addition of
one or more shovelfuls for luck and good measure. The
shape of the barrows tommonly used tends to mi.nimize
rather than exaggerate the appearance of the variations in
“ba.rrqw-measured”- quantities, and, in consequence, these
variations are frequently greater than is commonly sui)posed
Obviously, the strength of the mortar, or of the concrete ro-.
?ungi b;{ tl:l use of a given sand, will vary with the irré)g'u-
arities in the measured volum

e e e of the sand content of the

Bulking Effect of Moisture in Sands

'._l‘he paucity of published data relating to the effect of
varying percentages of water contained in sand aggregate
used in mortars and concretes is evidence that this feature
has not been given sufficient attention by engineers, archi-
tects and construction men. It is not the intention to ,iridulge
in a lengthy discussion of all the principles involved, but
rather to point out the fallacy of the commonly used méﬁhod‘
of mortar and concrete making in so far. as resulting

T
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strengths are affected by the moisture contained in the sand
aggregate.

No less important than the barrow measurement varia-
tions heretofore described are the variations in the strengths
of mortars and concretes produced by the moisture con-
tained in the sand aggregate. Unlike the above, however,
these variations very commonly tend to decrease the net vol-
ume of sand material in the mix. The common effect is,
therefore, to increase rather than to decrease the strengths

of mortars and concretes. However, there is no evidence °

that the “bulking” effect of the moisture in the sand has
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PERCENTAGE 0OF MoISTURE BY WEIGHT

F1c. 3—CURYES SHOWING THE RELATION OF MOISTURE TO
VOLUMES OF SAND

been given consideration either in written specifications or
in the field operations incident to mortar and concrete
making.

Paradoxical as it may seem, the addition of a quantity
of water, equal to one per cent. of the weight of a given
quantity of dry sand, will serve to throughly coat the sur-
faces of the sand particles, a uniform distribution of the
water being secured by working the sand with a trowel or
other tool. This moisture has the rather remarkable effect
of increasing the volume of sand by holding the sand par-
ticles somewhat rigidly in positions different from those they
would readily assume when dry. !

A series of tests made for the purpose of securing
definite information relative to the “bulking” effect of moist-
ure in sands differing in their granulometric analyses, shows
that the surface area of the sand particles is a direct func-

"sand may contain, by reason of continued rainy weather,

Volume 386

tion of the volume increases, produced by varying the

quantities of <+ water. In a ‘portion of these tests

the water content was 'varied in relation to the

weight of the sand. Fig. 38 shows the volume in-

crease curves derived from tests of three different sands.

These curves are typical of those secured from the entire.
series of tests. In this connection it is of interest to note

that when the water content has reached the “flooding” stage,

the volume of the sand is the same 'as that originally occu-

pied by it when thoroughly surface dried. Incidentally,

Fig. 3 gives unquestionable proof of the reliability of the .
common practice of compacting sandy or other earths of

rock origin by flooding them with water.

Occasionally, a carload of sand is delivered at the work
site in a practically dry—sometimes a thoroughly dry, con-
dition. Doubtless, in such cases the sand was taken from
a portion of the pit in which, due to several hot days with-
out rain, a considerable quantity of dry sand had fallen
from the pit face and had accumulated at its bottom. This
accumulation of dry sand when loaded would, no doubt, con-
tain sufficient heat to render thoroughly dry any moist sand
that might be loaded with it. On the contrary, carloads of

comparatively large quantities of water. Under such con-
ditions fine sands will retain a larger volume of water per
cubic yard than will .coarse sands. )

Having discussed, at least to a limited degree, the pos-
sible range of moisture contained in sands, it will not be
amiss to examine its effect mathematically, no allowance
being made for the “bulking” effect of moisture contained
in the sand.

Assume that a desired strength of concrete can be pro-
duced by the use of sand, thoroughly surface dry and mixed
with cement and stone aggregate by volume measurement, |
one part cement, two parts sand, and four parts stone, 100
Ibs. of cement being considered as producing 1 cu. ft. of
cement paste. Assume now that the sand, as used on the |
job, contains 6% of moisture, and when shoveled into bar- .
rows will bulk up 23%. From simple calculations it is
found that the batch as used on the job will contain the fol-
lowing: 100 lbs. cement, 1.54 cu. ft. sand, 4 cu. ft. stone.

Lest the question may arise as to why deficiencies in
the quantity of sand are not more commonly noticeable in
the field, it may be well to call attention to the fact that
a lack of mobility in the mix, due to a lessening of the net
volume of sand, is very commonly supplemented by an in-
crease in the volume of water. This increase in the volume
of water dilutes the cement paste and ultimately produces
a marked change in its physical structure. When examined
under the microscope a cement matrix, produced by the use
of a quantity of water sufficient for the development of its
natural functions in the mix, appears gray in color and. ad-
heres closely to the surfaces of the aggregates in amorphous
masses eontaining myriads of minute voids, but neverthe-
less giving the impression of possessing strength, hardness
and rigidity. In comparison, the cement matrix produced
by the use of an excessive quantity of water is milky white
in color, presenting a loose, skeleton-like, flaky structure
lacking cohesiveness and other attributes of physical
strength. 8

Fig. 1 shows photomicrographs (x 60) of “normal” and |
“wet” specimens. The latter specimen was produced from |
the concrete of the former by the addition of sufficient water |
to render it a soft, mushy mixture. 1

Another condition may be mentioned here which indi- |
cates very clearly the “bulking” effect of moisture in sands.
While the weights of sands vary with the character of the
rock material from which they take their origin and also
with their granulometric composition, yet, for any given
sand, its weight per cubic foot when dry is greater than its |
weight when wet, provided, of course, that in each case the
sand is shoveled into the measuring receptacle. This condi- |
tion holds true, even when the wet sand is subjected to &
moderate amount of compacting.
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From a consideration of the sources of irregularities in
the field operation of measuring the sand content of batches
of concrete two conclusions may readily be drawn. They
are: That, with the present practice of volume measurement
of aggregates, the most consistent results can be segured by
maintaining the moisture in the sand as nearly uniform as
possible, allowance being made for the “bulking” effect of
this moisture; That the adoption of appliances w%xereby the
sand content of the batches will be measured by welght rat.her
than by loose volume will unquestionably result in an im-
portant increase in both the uniformity and the reliability
of the concrete produced. :

Concerning the former conclusion, it may be said that,
since the maximum “bulking” effect for all sands adapted
to concrete making is produced by a moisture content of _6%
to 8% by weight, a simple test involving the measuring,
drying and remeasuring of, say four cubic feet of sand, wx'll
determine a visual appearance indicating very closely this
range of moisture content. )

Concerning the latter conclusion, it will readily be seen
that its application to field operations involve§ thg constrpc-
tion of a comparatively simple weighing device into which
the sand is shoveled and from which it is dumped by over-
turning into the barrows. The adoption. of _such a dev1c§
would, ‘under certain conditions, result in an economy o
labor, since the operation of shoveling up the sand from
the stock heap would be practically continuous.

Consistency of Concrete

In a recent issue of The Canadian Engineer (May 1,‘ 19'19),
Mr. H. M. Thomson, laboratory engineer, Gre?.ter Winnipeg
Water District, in an article “Physical Properties of »Mortars.
and Concretes,” has called attention to the fact that water
is thrown off from concrete mixtures, even V\.rhen the water
content is only slightly in excess of th%}t required to %roduce
a saturated, semi-plastic mortar, adhering freely to the tgarj—f
ticles of stone aggregate or, in other words, a concrete o

a consistency that, although saturated, shows no free water

ixer. he quantity of water re-
et e istency is dependent

quired to produce concretes of this consi
upon the quantity required to wet the cemegtazgdst:g:
quantity required to wet the surface of the san

tests made by the

aggre s oncerning the former,
agghorg Zf::e S}S)Wn thatgwater will be thrown off fro‘m x;eitt
cement paste containing quantities of water applf'oxé;nfti erg
4% in excess of those required to produce pastes of standa
normal consistency.

Fig. 2 shows the method 11;Jseh_ :
cies of neat cement pastes at whic > .
not be entirely retainI:ed. The water stain left by thle 'SI(IIght
accumulations of water at the apexes of the t?;lvy'e nizt}?:é
tations are plainly visible in the photograph. tals ity
was also used in similar investigations of mor fI‘Sl- e
ever, it is not well adapted to the examination k°. be?:w il
mortars which permit the water content to sin
surface. K
In a series of mortar tests made with the ﬁi?togfpgg:
Veloping the surfaee area (Heath-Edwardsl) glse cigthin
Dortioning (see The Canadian Engineer, Vol. i)pega e ome
was found that the surface area of the sand %zuce P
relation to the quantity of water required to p:.'h uantity
mal” uniform consistency mixes. l?oubtless, etq e
of water required for uniform consistency concre f:ce g
" bears a somewhat similar relation to the total sur

of the sand and stone aggregates.

Laboratory Testing of Concretes

tructure the considergtion of
gregates frequently mvo.lw{es
concrete making qualities
tes varying in their sieve

d to ascertain the consisten-

For a proposed concrete s
possible sources of supply of ag
the laboratory examination of the
-of two or more different alggrega i
analyses and other physical properties. sohi
atterfding the mixing, handling, placing aid g? ls};,l'nfs;fezze
concrete, as well as the ultimate strength, toughness, il

the water content will

The field conditions
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of the contrete producible from them require that the rela-
tive merits of these aggregates be determined under con-
ditions eliminating variations in the relative plasticity and
final strength of the cement matrix.

The surface-area method of designing concrete mixtures
bears no direct relation to other methods which have been
proposed from time to time. It is believed that this method
more nearly fulfils the requirements of the complicated con-
ditions attending both laboratory investigation and field con-
struction work than does other methods. In this connection a
comparison of the general characteristics of the “surface
area” method with those of Abram’s “fineness modulus”
method, is of interest. The latter is fully described in
a paper by Prof. Duff A. Abrams, published as Bulletin No.
1, Lewis Institute, Chicago, Ill.

Materials and | Fineness Surface area

physical properties. modulus method. method.
Area of aggregates ..... * Variable Variable
L 824015 ot gy BT Wit Uniform ¥
T8y 07 o g i P O AV AN 4 s “
Consistency (plasticity) . Variable Uniform
Strenguh ol 0o Ll Uniform %
0 0y oo RN e R Variable by

It'is obvious from the above comparison that these two
methods approach the problem of concrete design from quite
different angles. It is believed that on account of simplicity
of application to both laboratory and field operations, the
surface area method is the more practical and tends toward
greater economy, efficiency and excellence of results.

PUBLICATIONS RECEIVED

EXAMPLES IN MAGNETISM.—Third edition, 1919; pub-
lished by Prof. F. E. Austin, Hanover, N.H.; price, $1.10.
Ninety pages and cover, 4% by 7% ins., illustrated; flexible
binding.

ANALYSIS AND TESTS OF RIGIDLY CONNECTED REINFORCED
CoNCRETE FRAMES.—Published as Bulletin No. 107 of the
Engineering Experiment Station, University ' of. Illinois,
Urbana, IlIl. By Dr. Mikishi Abe; price, 50c; 106 pages
and cover; 6 by 9 ins.; 59 illustrations and 16 tables. This
bulletin presents a résumé of the analytical treatment of
rigidly connected reinforced concrete frames and the
principal results of the experimental work on reinforced
concrete frames which were given in the thesis of Mikishi
Abe as presented in partial fulfilment of the requirements
for the degree of Doctor of Philosophy in Engineering in
the Graduate School of the University of Illinois, June, 1914.
The work of condensation and reformulation necessary to
bring the text within the space available for the bulletin
was done by members of the department of Theoretical and
Applied Mechanics, University of Illinois.

Miami CONSERVANCY DistrICT.—Part VI. of the tech-
nical reports of the district has been issued, accompanied by
an atlas containing 139 selected contract and information
drawings, illustrating the principal features of the flood-
protection system. Part VI. contains the distriet’s standard
contract forms and specifications for building the dams and
channel’ improvements. It also contains the information
originally ‘printed for the use of bidders’ and lists. of
principal quantities involved in each section of the work.
To date six volumes, or “parts,” of the technical reports of
the district have been published and others are in prepara-
tion. The problems attending the design and construction
of the $27,000,000 flood-control works for the Miami valley
required study and research work of an exhaustive character
and some of the data published in these reports are entirely
new and in other respects of a kind not available in con-
venient form elsewhere. A pamphlet describing these six
volumes has been issued by the district (head office, Dayton,
Ohio) and the volumes are being sold to the engineering
profession at from 50c. to 75c. each and $1.50 for the atlas.
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TOWN PLANNING INSTITUTE OF CANADA

HE following is the provisional constitution and by-laws
of the Town Planning Institute of Canada, the inaugural
meeting of which is to be held at an early date.

The advent of this new organization, coming as it does

_at a time when Canada is confronted with pressing housing
and town planning problems, makes it particularly opportune.
This new organization will doubtless find great scope for
beneficial and effective work. Foresight in town planning
is very, very essential, and it would be unfortunate, indeed,
if the evils that have arisen in older countries as a result
of lack of foresight should be allowed to grow up in the
Dominion. The Town Planning Institute of Canada will be
able to do much toward the prevention of the repetition of
such conditions in the Dominion. The possibilities of town
planning, and all that term implies in a country like Canada,
are illimitable. 2

1. The objects of the Institute are:—

(a) To advance the study of town planning, civic de-
sign and kindred subjects, and of the arts and sciences ap-
plying to these subjects.

(b) To promote the scientific and artistic development
of land in urban and rural districts.

(¢) To secure the association of and promote the gen-
eral interests of those interested in the study of town
planning.

2. The membership of the Institute will comprise resi-
dents in Canada who are architects, engineers, surveyors,
landscape architects and barristers in good standing in their
professional institutes or societies who shall be prepared to
qualify themselves to engage in the practice of some aspect
of town planning.

The various classes of membership are defined in the
by-laws as follows:— !

Members

3. Every candidate for election as a member shall be
at least twenty-five years of age, and a member of the Royal
Avrchitectural Institute of Canada, or of a recognized Pro-
vineial Association of Architects; a corporate member of the
Engineering Institute of Canada; a Dominion land surveyor
or a provincial land surveyor; a member of a recognized
association of landscape architects, or a member of the Town
Planning Institute of Great Birtain. Or he shall be an archi-
tect, a civil engineer, landscape architect, municipal engineer
or surveyor who is in actual practice or in charge of a de-
partment, and who, while not being a member of any of the
institutions above referred to, has, at the date of his appli-
cation for membership, attained a degree of experience in
matters relating to town planning satisfactory to the council.

After the 31st of March, 1920, every candidate prior to
his election shall, in addition, have passed the qualifying
examination for members imposed by the .Institute, or been
exempted therefrom by the council under the powers con-
ferred upon them on that behalf.

Associate. Members

4; Every candidate for election as an associate member
shall be at least twenty-one years of age, and a member in
actual practice of one or other of the above-named profes-
sions. After the 31st of March, 1920, every candidate shall,
prior to his election, have passed the examination imposed
by the Institute, or been exempted therefrom by the council.

Legal Members

5. Every candidate for election as a legal member shall
be at least thirty years of age, a duly qualified barrister, and
2 member of a recognized law society. After the 31st of
March, 1920, every candidate, prior to his election, shall in
addition have passed the examination imposed by the Insti-
tute, or been exempted therefrom by, the council.

2 Legal Associate Members

6. Every candidate for election as legal associate mem-
ber shall be at least twenty-one years of .age, and either a
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duly qualified barrister or a chief assistant to a legal member
of the Institute. After the 31st of March, 1920, he shall in
addition, prior to his election, have passed the law examina-
tion of the Institute, or been exempted therefrom by the
council. i :

Students

7. Students shall be persons not less than nineteen years
of age who either have been pupils or assistants of archi-

tects, civil engineers, surveyors, town planners or barristers, -

or who are studying with a view to entering one of these
professions at such places of professional instruction as the
council may approve; but no person shall be deemed eligible
for admission as a student unless, prior to his election, he
shall have passed such examinations as may, from time to
time, be prescribed or approved by the council,

Associates

8. An associate of the Institute shall signify any person
who, while not eligible as a professional member, shall be
an active member of a body associated with town planning,
or of a town planning commission, a medical officer, or 2
member of some municipal council, who shall in some manner
have acquired knowledge of, or practical experience in, some

one or more of the aspects of town planning.

Honorary Members

9. Homorary members of the Institute shall comprise
distinguished persons who may be elected from time to time
as honorary members because of special interest in town
planning, and who, by reason either of their position or ex-
perience in matters relating to town planning, appear to the
council to be able to render assistance in promoting the
objects of the Inmstitute.

Period of Probation

10. Prior to the 31st of May, 1920, no members or legal

members will be elected. During that period the membership
will consist of associate members, legal associate members,
students, associates and honorary members.

11. Associate members and legal. associate members

must comply with the requirements of candidates for election
as set out in By-laws Nos. 4 and 6, and will be elected on
probation only for one year. _

12. As a condition of their election, such associate mem-
bers or legal associate members must agree to undertake a
course of study in town planning, and either pass a quali-
fying examination or submit a thesis dealing with an aspect

of town planning prior to the above-named date satisfactory

to boards of examiners to be hereafter appointed.

13. The said boards of examiners when elected shall
submit a report prior to the 31st of May, 1920, to the Pro-.

visional Council of the Institute as then constituted, setting
out the results of their examination, and making recommen-
dations as to the classification of those associate members
and legal associate members who have submitted to the
necessary tests into four groups, namely: Members, associate
members, legal members and legal associate members.
Provisional Council will then proceed to elect these four

groups of qualified members, and those so elected will, to-

gether with the members of the board of examiners, be the
foundation members of the Institute.

The' 3§

On completion of their duties the above members of the

board of examiners shall be eligible for membership in the

class for which they are professionally qualified.

Subsecriptions

14. Every associate member, legal associate member
and associate shall pay a preliminary subseription of five
($5) dollars and each student a subscription of two ($2.50)
dollars and fifty cents. The subscription shall be due and

payable on the date of application for membership, and.shall
represent the liability of each associate member, associate
or student, respectively, up to the 31st of May, 1920. Hon- it
orary members shall not be required to subseribe to the ordi-
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"Institute,‘assist'in organizing local branches,
cational courses in town planning in

‘tion forms can be had on app
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nary funds of the Institute, but the council may invite from
them donations for special purposes.

Provisional Council

17. The following Provisional Council has been elected
for the purpose of carrying on the work of the Institute
during the probationary period and for framing the by-laws
‘imder which the Institute will be constituted on May 31st,
920:—

Chairman, Thomas Adams, housing and town planning
adviser for Canada; vice-chairmen, E. Deville, surveyor-
general of Dominion lands; R H. Millson, president O.ttawa
Chapter of Architects; members, J. B. Challies, superinten-
dent of Dominion Water Power Branch, Department of the
Interior, Ottawa; H. B. Dunnington-Grubb, landscape archi-
tect, Toronto; J. P. Hynes, architect, Toronto; O. Klotz, chief
astronomer for Canada; R. S. Lea, Montreal; T. McQuesten,
barrister, Hamilton (legal); honorary librarian, W. D. Cro-
marty, architect, Ottawa; honorary secretary and treasurer,
F. D. Henderson, Ottawa.

The Provisional Council will draft the by-laws of the

promote edu-
the universities, arrange

lecture courses and other meetings for the benefit of pro-
bationary members and students, and perform such other
duties as may be considered necessary or desirable to pro-
Mmote the interests of the Institute. The council will remain
in office until the date of the first annual busir.less meet}ng
of the Institute called under By-law 18. Vacancies occurring
in the membership of the Provisional Council may be filled
by the council.
Meetings During Probationary Period

eeting of the Institute will b.e
1919, and the first annual busi-
ness meeting will be held on the first convenient date fol-
lowing the 31st of May, 1920, for the purposes of approving
the constitution and electing members and officers.

18. The inauguration m
held in Ottawa during May,

Voting y

19. Associate members and legal associate members
only shall be entitled to vote on matters pertaining to the
business of the Institute, but associates and honorary mem-
bers shall be entitled to representation on the Provisional

Council,

Local Branches

20. Local branches may be formed in the different pro-
Vinces and cities, the memlfership of which shall bg sublec_t
the same by-laws as the membership of the Institute.

Applications are invited from those eligible as associate
Or legal associate members, students or associates. Applica-
Secretary, F. D. Henderson, office of the Surveyor-General,
Ottawa, Canada.

NATIONAL WATER MAIN CLEANING COMPANY IN

CANADA

H . of Canada. Ltd., have comp!eted
sy catvg oy 11 ;'epres’ent the National

arrangements whereby they wi
Wa i i New York, for the whole of
ter Main Cleaning Co., of Ne AL st

Canada, with the excepti £ the province 0
) ption o p
In view of the very urgent demands for the greatest

Possible conov in all fields of endeavor, it is very im-
Portant, frflltiixic}t’h:t: in the distribution of municipal water
Supply the most efficient methods be employed. The regu}ar
Cleaning of water mains ensures delivery of full capacity,
e importance of which will be appgrer{t to all those con-
Cerned with the operation of water distribution systems.

R e T TR

The proposed: bridge over the Batiscan River to replace

- the olq ferry is estimated to cost $40,000.

lication being made to the ‘
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THE ROAD TO KIRKLAND LAKE*

INTERESTS representing some of the leading mines of
the Kirkland Lake district are presenting evidence to
the Ontario Government, showing the advantages and dis-
advantages of a steam railway, the disadvantages of an
electric railway, as well as the advantages and disadvantages
of a first class motor road. It will perhaps be a surprise
to many to learn that these leading interests are not in
favor of a steam railway, but appear to believe a first class
motor road would best fill the requirements of the district.
A (summary of the situation, viewed from various
angles, is given herewith. It represents the opinion of a
leading operator in the Kirkland Lake field, and is being
submitted to those most vitally interested, asking for ex-
pressions of opinion. The summary follows:—

As you are probably aware, the government has auth-
orized the construction of a branch line of the T. & N. O.
Railway from Swastika to Kirkland Lake at an estimated
cost of $155,000, the route selected being that through the
Elliott-Kirkland, across the narrows of Kirkland Lake to a
point near the Wright-Hargreaves office and thence across
the Sylvanite towards the Tough-Oakes mill.

As you are no doubt much interested in this important
question of transportation and after consultation with a
number of men who have considered the question in all its
bearings, I venture to submit some facts, figures and
estimates which I have collected, as the result of enquiries
on the spot, and from data supplied by Mr. Clement, the
chief engineer, and Mr. A. A. Cole of the T & N. O. Rail-
way, with a view to asking you to give an immediate ex-
pression of your opinion upon the question as to how the
needs of the community can best be met in this matter of
transportation.

There were originally three obvious solutions for con-
sideration, viz:—

1 A trolley road, which would appear to meet prac-
tically all requirements and give a fairly frequent and flexi-
ble service. )

This has been ruled out on the score of cost, the
estimated capital outlay involved being approximately
$266,000, with the necessary transformer sub-station and
equipment. :

9 A steam railroad as outlined above, which has now
been authorized.

3 A first class motor road capable of withstanding
heavy motor trucks, and costing about $72,000, which does
not appear to have received much consideration.

You are now asked to consider the relative merits and
disadvantages of the steam railroad and motor road.

Steam Road Advantages
1 Enable freight, including heavy machinery, and

passengérs to be brought to the mines cheaply, irrespective
of weather conditions.

9 Provide for unlimited expansion of traffic in the
future.
3 Cut freight rates from Swastika to any point up to
Tough-Oakes in all probability to .40c. per ton on coal,
with proportionately higher rates on other stores and sup-
plies, with an average all round rate of about 60c. per ton.

4 Cut passenger fares probably to 25c¢. each way.
Disadvantages

1 Not enable freight to be delivered direct to the stores
or bunkers on more than perhaps one or two properties, and
therefore in most cases roads will be required from the rail-
way stations, of which there will be but two (one near the
Elliott and one on the Wright-Hargreaves at the east end
of the lake) to each mine and the townsite and practically
all freight will have to be loaded on to wagons and teamed
over these roads which have yet to be made, in order to
reach its destination, at an average estimated cost of 40c.

‘per ton at least, thus making the actual average cost of

freight $1.00 per ton. '

*From “The Canadian Mining Journal.”
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2 Passengers will in nearly all cases have to walk or
obtain other means of transportation from the stations to
their destinations—distance varying from a few hundred
yards to three-quarters of a mile or more.

3 The present wagon road will fall into almost com-
plete disuse excepting isolated sections which will still be
required, and it is unlikely that anyone will be inclined to
make and keep in repair. :

4 The service will be limited to one train per day each
way, probably giving very little time for people to come in,
transact business, or look for work, and get out on the
same day.

5. The train service will necessarily be slow, with the
stops for picking up freight, éte.

6 Consignees will require to have representatives pre-
sent on the arrival of trains to take delivery or pay for
" their freight just as they do now at Swastika.

7 The estimated cost of operating and maintaining the
branch, aside from interest on capital, amortisation or de-
preciation, is $100 per day, which>would require say 130
tons at 60c. and 88 passengers at 25c. per day to break
even.  The average freight handled at present is 36 tons
and the average number of passengers about 40 per day, so
that it is clear the railway would operate at a heavy loss
amounting to over $20,000 per annum, which must ultimately
come out of taxes.

8 The right-of-way covers a considerable area of the
claim over which it passes and tends to cut such claims in
two with its bank or cutting and fences.

Motor Road Advantages

1 Enable existing road freights to be reduced by
means of motor trucks to about $1.00 per ton for the full
distance to the Tough-Oakes with proportionately lower
rates for the shorter hauls, this being as low as the total
cost of delivery with the steam road.

2 Enable passengers to be handled for about be. per
mile in motor ’busses or less than the steam road could
charge.

3 Provide a flexible system of transportation at all
necessary hours, delivering freight and passengers to or
from their destinations on the various mines or the town-
site.

4 Enable individuals to walk, ’bus or cycle to any point
along the field at all times of the day or night, thus per-
mitting men to have fixed homes while moving their place
of employment as they require.

5 Permit branch roads to start off at any point to
outlying properties instead of only from the two stations
on the steam road.

6 Save more than half the first cost of the steam
road while providing ample facilities for the present time
and the immediate future.

Disadvantages

1 In winter snow would have to be ploughed off or the
" vehicles run on the snow as in most cities in winter.

2 Heavy cost (12,000 per mile) in order to make a
thoroughly permanent water-laid or tar-macadam road.

3 Difficulty’ in getting a railway built in addition to
the road later on unless a further great expansion takes
place. ¢

There is every probability that the matter will soon be
settled definitely by the government, and meanwhile if it
is considered by those interested in the Kirkland Lake field
that a motor road would serve the purpose best, provided,

(a) That the government authorized the work imme-
diately under proper supervision and if possible agreed to
maintain the road for say ten years—at a cost not exceed-
ingi the estimated cost of maintaining a railway road bed,
an

(b) That the mines would allow all available waste
rock on their dumps to be taken for the work free of cost
there is good reason to believe that the government would
readily adopt the latter plan.

Will you, therefore, please answer the following ques-
tions:— :

1 Are you in favor of a steam railway?

. P,C: and P.T is plain, CERRTEY & 4, e
. § L= S b
1\;;rrlhlle that = between T oot e ¥
ose through SrcTion BB
P,C. and P.C: 7
is warped and E/Q" =t
serves as a P 24 08" —

" length of the :
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2 Are you in favor of a first class motor road, more
or less on the line of the old road with modified and im-
proved gradients?

8 If you have any waste rock dumped are you willing
to allow it to be used for the road free of charge?

SUPER-ELEVATION AND WIDENING OF HIGHWAY
CURVES

By F. N. HUDDLESON
Consulting Engineer, Salt Lake City, Utah

HE necessity of super-elevating and widening curves of
appreciable degrees of curvature was never given much
consideration in Utah until the construction of the Beck
Street section of the Salt Lake-Ogden Highway, immediately
north of Salt Lake City, in September, 1917. This particular - 1
highway was built under the jurisdiction of both the State
Highway and Salt Lake City Engineering departments.

The method outlined in the sketch proved very simple of
construction and gives excellent results for relatively high
speed traffic.
The super-ele-
vation of the
outside edge
of the road-
way starts on
the section
through P.C.
and increases
uniformly to
the P.C. of the
outer curve, where its
maximum value of 0.38
is attained, the gradi-
ent being 0.12 ft. in
58.69 ft.

The surface between
the sections through

- :

T —g00—~—+— 900 —
SECTION A-A

transitionfrom . SECTION C-C

the normal (03 2
H 3

road surfaces e S ;'#

o the e SecTion D-D
surfaces. The

transitionary section measured along the tangent tq .the out-
side curve is a function of the difference of the radii lengths

and the tangent of I. By making the inside arc just twice ! 1

as long as the outside are, there will be enough difference in
radii lengths to produce a transitionary section-of sufficient
easement and at the same time not increase the width of the
roadway beyond a reasonable limit. &

The width of the surface increases from normal width' of 8
18 ft. at the section through P.C. to 928.36 ft. at the sectiol

through D-D. The widths are also shown at other sections
The stretch of highway is 6-in. thick on the sides, 8-in. at

the middle, and is not reinforced. ¥

A special general meeting of the Toronto branch of the
Engineering Institute of Canada will be held in the lecturé
room of the Engineers’ Club, 96 King St. West, at 8.15 pmy
on Monday next, May 19th, for the purpose of consider.lng e
and discussing the draft bill of the proposed ' legislation-
It is desired to obtain an expression of opinion of the To-

ronto branch on this important question. {
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Disposal of Sewage by Treatment With Acid

Miles Process Is Worthy of Consideration for Cities Where Large Volume of
Strong Sewage Is Discharged—Causes No Local Nuisance—Paper Read Before
the Boston Society of Civil f:ngineers — Removes 99 Per Cent. of the Bacteria

By EDGAR 8. DORR?t and ROBERT SPURR WESTON!
Boston, Mass.

N the sewage disposal realm, several ideas str_uggle for
mastery: first, that of the economist, now many years
old, that the enormous loss of fats and fer.’cﬂlzer caused by
the discharge of human wastes into our rivers anfi oceans
should be prevented; second, that of the sanitarian, that
human excrement should not endanger human life; third,
that of the lover of beauty, that nuisance and unpleasant-
ness should be avoided; fourth, that of the engineer, that the
ends of health and beauty should be obt'ained efficiently and
economically; and fifth, that of the citizen,
not pay an excessive price for benefits received.

The enormous values of the products wasted with sew-
age have allured many engineers to attempt to recover
them, as the hundreds of descriptions of patents, processes
and plants, in the scientific literature of the past twenty-
five years, .testify. '

Quite recently Dr. Samuel Ridealf has estlrr}atedbthat,
from the camps in England, 40,000 Tbs. of fat rr}1ght408 or(%
covered daily, and from the rest of the population, : d" A
Ibs. daily. Dr. Rideal also states that thfa pressei an !‘let
sludge from the Dresden sewage contained 13. perI c(;n i
of fat, which -was extracted by othylene chloride. Gt as
been reported that during the war many oth-er A er;r}xlar;
cities' have used sewage as a source for fats; also Aai-
the city of Stockholm, Sweden, has dome thgb§1z3.me.f -
though these were war-time measures, the possl (; Olt}; o ef~
covering the 7,300 tons of fats and the 2';,(1) 4 O;lviaoe
fertilizer discharged annually with the Moon Island sewag:
is alluring as a peace-time practice. o

What has been_the result in normal times of the? m'all‘xﬁi
attempts to recover valuable products from sewage .nt B
Chinese and others have made use of human ex-crgrr;v v (i)n
fertilizer, and evidences of the practice are car%'leb sy, yf 5
the nostrils of travellers from the Tar East; bu ‘:: a
there are only two methods of disposal for water- orlne
wastes which have shown a real proﬁt' in ?raqhtce, naéni }?e,
farming with sewage irrigation in arl.d dlstrltc S, a:x o
acid process when applied to wool-scouring was esox;a : oBrad_
age consisting largely of wool-scouring waste, ? iy
ford, England. During the war the profits O

ford plant were very large.
Sludge Treatment

While so far the efforts to recover fat aﬁd. f'?)lf.‘lté:lfﬁar
from ordinary aqueous sewage have g prox(;e tg recover
Several mote-worthy attempts have been mal S subsiding
valuable by-products from the sludge fromdp al(;l “vanrig
basins. At Cassel, Germany, sludge SO produce

ed to boiling, acidified, filter-pressed, Qr;lec;, r?:igethe'rﬁze?gi?
then extracted from the dried mass .Wlt e hea.ted it
tracted grease was then distilled with super )

| tion, notwith-
This plant failed to pay the cost of (operatior,
B‘tandiggx‘a r::he aflact that the dried sludge cqntamed 18%. of

grease, and the wet sludge produced 10% © , :
fertilizer value of 32.5 cents per 100 1bs. In ;idé?ox;ntg ;;:
grease value. (The distilled grease sold for t . S g
tarry residue left behind in the still for 41 cents per Tan
dred pounds. The yield of the refined grease

of the crude.§)

i ton.
#Engineer of Sewer Service, Public Works De%t‘.’.’tgio.s n
+Of Weston & Sampson, consulting engineers, O i ik
ﬂRidenlesS 1916. Recovery of Fats and N}trogal ixom Hewess
ot Rosioion of Honsget o SV ik der Riclands
ann, ’
&us gdgopg:ﬁ:nu‘ggul::: ’l'!l.einingungnnlazbe de:erStadtu(g.asseL Mit, a.
Konig. Prufungsanstalt f. ‘Wasser, und Abwasser, L

that he should

£ cake, having a .

Experiments were conducted at the city of Frankfurt ||
to determine the feasibility of recovering the values con-
tained in sludge. They are of chief interest in connection
with this article in showing that the sludge when acidified
with sulphuric acid yielded three times as much grease as
the unacidified sludge. '

In Wolverhampton, England, a process has been adopt-
ed based upon experiments of Dr. J. Grossman, of Oldham,
England. The process was patented in 1908.* The sludge
is partially dehydrated by adding 0.3% by weight of sul-
phuric acid to the sludge precipitated in the subsiding
basins. After treatment with acid, the clear liquid is
drawn off from beneath the scum, leaving a concentrated
sludge, said to contain 75% moisture. This acidified and
concentrated sludge is distilled with superheated steam in
an externally fired, cylindrical still containing a hollow
agitator with perforated radial arms through which super-
heated steam is passed. The process is reported profitable.

In addition to the above, many attempts have been
made to utilize the sludge from chemical precipitation
plants, using lime and ferrous sulphate as precipitants, but
so far they have been unprofitable.

Biological Process.

In recent years engineers have turned very generally
to the biological process of sewerage purification, chiefly
to the method of disposal by bacteriological oxidation. In
doing so, they have planned their works to oxidize the
organic matter contained in sewage and to reduce the sludge
by digestion. The plan has been considered most success-
ful which produced most economically the highest degree
of oxidation, or, as often expressed, the highest degree of
nitrification, also the least and the least offensive sludge.
The plant which best embodies these ideas comprises an
Tmhoff tank and a bacterial filter bed.

With one exception, no by-products of any consider-
able value can be recovered to offset the cost of treatment
by oxidation. The one exception is the activated sludge
process. This is a combination of a physical and a
biological process, in which part of the organic matter is
destroyed and a very complete separation of the suspended
and liquid portions of the sewage is brought about. The
process has the further advantage of producing an effluent
of good appearance and low bacterial content, which can
be discharged into many bodies of water with impunity.
This feature and that of easy sludge separation have
stimulated engineers to recover the fat and fertilizer values
which exist in the bulky activated sludge. It is claimed by .
many that products of enough value can be recovered to
gain a small profit over and above the cost of handling the
sludge, but this value will not entirely offset the cost of the
whole process. However. it will probably outweigh the
cost of sludge disposal. - The whole process marks a notable
advance. Tt may be regarded as the climax of the biological
processes, and if the met cost, including the cost of aération
and recovery of valuable products, may be brought within
reasonable limits, the process may be applied in many cases
where the conditions are favorable. It is mot applicable
to sewages containing those manufacturing wastes which
retard bacteriological action.

The activated sludge process, and one other process to
be described shortly, have served to re-stimulate interest in
the possibility of recovering enough valuable products to
e I

|| Bechold, 1899. - Untersuchungen an dem Klarbeckenschlamm zu

Frankfurt a. M. Zeitschrift fur angewandte Chemie, 12, 849.
*English Pat., 16, 397, August 4, 1908.
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make their values important factors in the economy of sew-
age disposal processes. That other is a new chemical pre-
cipitation process known as the Miles acid process, and to
describe it and to indicate its possibilities is the object of
this paper.

Further Information Necessary

While all of the large-scale trials of the Miles process
have been giving promising results, it is true that the dry-
ing and degreasing of sludge has never been practised on
a large scale. All of the estimates are based upon small-
scale trials and the opinions of engineers and of manufac-
turers who have handled similar materials. There is great
need, therefore, for a large-scale experiment with normal
sewage to determine the actual possibilities in practice.
This experiment should be made on a -scale large enough
_to determined beyond all doubt the cost of drying and de-
greasing and the possibility of marketing the products. It
might cost $50,000.

Adaptability of Miles Process

In the words of Winslow and Mohlman,—“For com-
munities where clarification and disinfection are desirable,
—where screening would be insufficient and nitrification un-
necessary,—the process of acid treatment comes fairly into
competition with, other forms of tank treatment; and that
it is particularly suited to dealing with sewages which con-
tain industrial wastes and for use in localities where
local nuisances must be avoided at all costs and ‘where
sludge disposal could be provided for only with difficulty.”
This means that in 90% of the cases where a large volume

of strong sewage is discharged, the Miles process is worthy-

of consideration.
Conclusions

We conclude the following from the results of the
various experiments and studies:—

(1) The Miles process will produce a well disinfected
effluent from which 90% of the settleable solids have been
removed. :

(2) Whereas it requires for its accomplishment de-
vices for the chemical treatment of the sewage and for dry-
ing and degreasing the sludge, competent supervision is
necessary. :

(3) On account of the nature of the plant and the
relatively high cost of operation for small installations, it
is not well adapted for the purification of small volumes
of sewage.

(4) Tts operation should cause no local nuisances.

(5) Tt causes the removal of over 99% of the bacteria.

' (6) The efluent remains stable long enough for the
neutralization of the excess acid, and the oxidization of the
sulphites and the sulphates by dilution.

(7) As compared with the activated sludge process,
the volume of sludge is very small.

(8) Compared with the cost of the oxidation pro-
cesses, the cost of installation is low; it is somewhat higher
than that for Imhoff tanks with chlorination.

(9) The products recovered are valuable, and their
~ recovery would effect a conservation of natural resources.

(10) Apparently it is the most economical process
for producing so well clarified and so stable an effluent, and
under present conditions it seems as if it could be installed
and operated at a profit in those larger cities where the
conditions are favorable. :

(11) To determine the costs of sludge drying and
degreasing more accurately than is possible from the avail-
able data, a large-scale experiment is urgently needed.

History of Miles Process

Beginning about the year 1900, Mr. George W. Miles,
a well-known Boston chemist, with the co-operation of the
officers of the Boston Sewer Department, suggested the
use of acid to accelerate the precipitation and separation of
sludge, and proposed to recover fats and fertilizer from the
sludge so produced. The most important factor in the new
process consists in the application of the acid to the sew-
age itself, rather than to the sludge precipitated therefrom;
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and it lays emphasis upon the decomposition of the soluble
soaps and the liberation of the fatty acids,* which latter
do not appear as fats when unacidified sewage is tested by
standard methods, and are only partially precipitated with
the sludge in plain subsiding basins. Furthermore, Miles
has suggested the use of sulphur-dioxide gas rather than
the sulphuric acid}{ made from it, thereby avoiding several
expensive steps in its manufacture and greatly reducing
the cost, besides bringing into play the disinfecting action
of the sulphur-dioxide gas upon the sewage itself. If
desired, a combination of sulphuric and sulphurous acids
may be used. ‘

Sodium acid sulphate (niter cake) is the waste product
from the nitric-acid plants, and, as a result of the war,
there are enormous quantities of this material piled near
nitric-acid plants, for which there is now little use. At the
present time this is the cheapest source of sulphuric acid.
Before the war, the cheapest source was either sulphur
or pyrite (ferrous sulphide).

Experiments

Experiments conducted by one of us (E.S.D.), and by

other officers of the Sewer Division of the city of Boston,
were made at different times between June 20, 1911, and
June 29, 1914. In all, eleven runs were made at different
times during the four years, and 25,986 gals. of sewage
were treated. The quantities of products recovered per mil-
lion gallons of Boston sewage, during these experiments,
were, as averaged, 1,738 lbs. of dry sludge, containing 21.7%
or 436 lbs. of grease, and 1,361 lbs. of fertilizer base, having
an ammonia content of 4.5%.
i Early in 1915, one of us (E.S.D.) delivered a lecture
before the students in the Public Health Department of the
Massachusetts Institute of Technology, on the possibilities
of the Miles process. The subject, as presented, greatly in-
terested Prof. William T. Sedgwick, who later arranged
with Mayor Curley for a large-scale experiment at the joint
expense of the city of Boston and the Sanitary Research
Laboratory of the Institute.

In the Technology experiments two continuous runs
were made, one of seven days in July, and one of three days
in November, 1915; and the volume of sewage treated aver-
aged 8,241 gals. daily. The experiments are described else-
where,i but the results obtained during the city’s experi-
ments were almost duplicated, as the following table shows:

During the summer of 1914, Mr. Langdon Pearse, divi-
sion engineer of the sanitary district of Chicago, made ex-
periments{ to léarn whether acidification could increase the
yield of fat from the Centre Avenue sewage. Tests in
barrels and in a tank holding about 1,500 gallons were made
under his direction. A three-hour period of subsidence was
used, and the alkaline sewage required about 3,200 Ibs. of
1009 H.SO. per million gallons. Sulphur dioxide was not
tried.

*Most fats are combinations of glycerine with fatty acids. Soaps are
combinations of fatty acids with sodium or potassium. Soaps are soluble,
and if a sewage containing them be evaporated, and the residue extracte
with ether (the ordinary method of obtaining the fats), the fatty acids in
the soaps are not dissolved. On the other hand, if acids be added, they
decompose the soaps, set free the fatty acids, and then, if the sewage
evaporated or extracted with ether or another solvent, the fatty acid is dis-

. solved with the true fats. The fatty acids recovered by the extraction O

the sludge from acid-treated sewage, may be remade into soaps by treat-
ment with soda or potash.
+ Theoretically, sulphuric acid is oxidized sulphur plus water, that is:

sS40 —S0, (Sulphur Dioxide).

S0,4-H,0 —H,S0, (Sulphurous Acid).

H,80,4-0—H,80, (Sulphuric Acid).
Sulphurous acid is more effective than sulphuric acid for treating sewage
Furthermore, it§ use avoids the cost of oxidizing the sulphur dioxide:
This is ordinarily accomplished by the use of nitric acid and the oxides of
nitrogen in what is called a “lead chamber,” into which nitrogen trioxide
(N,0,), steam and air are introduced with the sulphur dioxide. The more
modern way is to produce oxidization by direct contact of sulphur dioxide,
oxygen and water with spongy platinum or some other catalytic agent
activated by electricity. From either the old or the mew process dil
sulphuric acid results, and the cost of concentration as well as the cost ©
transporting the water, which is a necessary part of the finished products

ordinarily enter into the cost of sulphuric acid. It must, therefore, be

added to the cost of sewage treated when sulphuric rather than sulphurous
acid is used.

1 Weston, R. S., 1916. Tests of a New Process of Sewage Purification,
with Grease Recovery and Apparent Profit. American Journal of Publie
Health, 6, 334. Reprinted in Boston City Record, March 3, 1917.

S Jgﬁsnitsry District of Chicago, Report on Industrial Wastes, 1914, pP-
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Pearse’s results showed that acid treatment produced a
higher recovery of fat, namely 69% of that in the sewage

_as compared with 47% obtained by plain subsidence for

three hours. The sludge, which amounted to 2,275 lbs. per
million gallons, contained, on an average, 93% of moisture
and 25% of fats. The results also showed a great reduc-
tion in oxygen demand,—170% of that obtained by an
Emscher tank. They also showed a removal of T1% of

the suspended matter.

AVERAGE RESULTS OF TREATING
SEWAGE WITH SULPHUROUS ACID, AS SHOWN IN EXPERI-
MENTS BY E. S. DORR AND M. I T. SANITARY
RESEARCH LABORATORY, 1912-1914 AND 1915,
RESPECTIVELY

TABLE 1—COMPARISON OF

Experiments by
M. I. T. Sanitary’

Experiments by Research
x:a S. Dorr. Laboratory.

ing experiments, gallons ..... 92,514,647 103,498,049

Average amount of dry sludge,
pounds per million gallons of

BEWAZE  oooosivaenisatoansss 1,738 1,909
Average percentage of grease in

dry sludge ......ocecesceces AN 22.66
Average amount of grease pr:;-‘
cipitated from sewage, pounds

per million gallons ....- e 436 430.1
Average amount of sulphur dloljlude
¢ Mion

used, in pounds per milloO % 366 56§

gallons

Much more extensive experiments have been conducted
by Prof. C.-E. A. Winslow of the Yale University Medical
School, and Dr. F. W. Mohlman, now chemist of the Con-
necticut State Department of Health. The result.:s of these
experiments have been embodied in a paper read in Septem-

ber, 1918, before the American Society for Municipal Im-
provements at its meeting in Buffalo and abstracted else-

Wwhere. i -

The experiments were conducted at New Haven under
the auspices of a special committee, and consisted of four
long-time runs with the sewage from the East Streetfsewer,
and one run with that from the Boulevard sewer, thﬁ (;rint:r
runs varying from twenty-four to seventy days, the latter

bei -ni 4 tion.. Alongside the experi-
o e s there were conducted

ments with the Miles acid process, I
experiments with screens, with the act_lvated '(silludgg pro-
cess, and with Imhoff tanks and with plain subsiding basins,
With and without chlorine disinfection.

i Miles process,
wihath and a four-hour

e
In the experiments the sewag

: 330 p _dioxide gas,
was acidified with sulphur diox1 ; gThe N calinity of the

Period of subsidence was provided.

TABLE 9 CHARACTER OF MILES ACID SLUDGE AT NEW HAVEN

Boulevard

. Sewer.
y 70 days 29 days

25 days 24 days 444838 G0 570 145,500

Length of run
otal gallons sewage treated.

260,000 239,400 407,
4,025 3,200 2,600 5,375

°“n13:ls of wet sludge per mil. g 750
T g odd R AR 1067 1,048 13%5§ 15%‘?,} Ay
er cent. moisture .....-- o 86.6 88 ¢

Pounds dry sludge per mil. 3 439 368 408
gals. Sewage c...ieezcc , 503 48

Ether extract, per cent. dry 29 32.6 30.9
SIUAZEe  sieeeiseeecsncze 28.7 24.0

Ethe;ae:tract, pounds per mil. b 118 127 . 120 124

Volatile matter, per cent. dry 5

y . 578 688 | 78

L 41.2 5}% 2.4 2.0 3.0

that it was necessary,
to add only 700 1bs.
lons of sewage treated. With the
million gallons of

t<f> secure an exces :
of gas per million g2 %
Boulevard sewage, 1,130 1bs. of acid per
————————————

* Approximate.
1 Engineering New

s-Record, 81, 1034-1036. Also 82, 32-36. ;

Net cost
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sewage were required to secure the same excess acidity
(computed in terms of caleium carbonate).

The treatment removed from 61% to 66% of the total
suspended, and 90% of the settleable solids. The removal
of bacteria was all that could be desired, the two last experi-
ments, with the East Street and Boulevard sewages re-
spectively, indicating removals of over 99% of the total
bacteria, and of the gas-forming organisms.

The use of acid accelerated the precipitation of the
suspended solids by about 50%, only 40% being removed
from the untreated sewage by plain subsidence as compared
with 60% when the Miles process was used. The data re-
garding the production of sludge are as follows:—

Opposed to these very favorable results is the presence
in the grease extracted from the sludge of a large propor-
tion of unsaponifiable material (waxes, mineral oils and
similar substances). Substances of thi§ kind are practically
worthless, and their removal is attended with a great deal
of expense. The sludge from the East Street sewers con-
tained 24% of grease, 46% of tankage and 28% of water.
The grease had the following composition:—

Moisture and volatile matter ............. Peilcj)nt'
Unsaponifiable material .................. 21.1
Free £atty acids ¥ 0t i CEIERTRS 40.2
Noutral grease U o i T o A RS 22.3
Trisoluble - Roaps v ek BHOan e M b T 3.3

Per cent. of resin in free fatty acids .... 14:4
The degreased sludge had the following composition:—

Ammonia 3.91%
Phosphoric Aacid, P.0s

Winslow and Mohlman are advised by experienced users
of grease that it would be necessary to distill the crude ex-
tracted product in order to produce a salable grease. This
fact has been recognized, and, on the basis of distillation
experiments, they estimate that the grease in the East
Street sewage would be worth $5.00, and the fertilizer $2.09
per million gallons,—a total of $7.09 net,—while the grease
value of the Boulevard sewage would be $8.50, and the
fertilizer value $2.88 per million gallons,—a total of $11.38,
net.

Conditions at New Haven are such that the effluent
must be clarified and disinfected, but not necessarily nitri-
fied. These conditions are favorable to the Miles process,
to Imhoff tanks combined with chlorination, and to fine
sereening combined with chlorination, respectively. The
activited sludge process would not work because of the pre-
sence of copper salts in the sewage.

The operation costs of the disposal plant are estimated
in the following tables:—

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

TABLE 3—ESTIMATED COST OF TREATMENT OF EAsT STREET
SEWAGE—DOLLARS PER MILLION GALLONS

Imhoff Tanks Fine Screens
Miles Acid and and

Pk i Do (55 Process. Chlorination. Chlorination.

terest and depreciation). §$ 2.47 $ 5.28 $ 4.60
Acid treatment .......... 6.93
Drying sludge .......... 2.09
Degreasing sludge ...... 1.78
Redrying sludge ......... B
Superintendence  ........ 1.06 46 46
Labor on tanks and screens 1.00 1.20 1.42
Disposal  of sludge or

. SCTEENiNgS  «vvueseqons 1.00 .50
Chlorination  ............ 4.05 4.05
Gross €oSt ..iiiiiiaiirnn 15.50 11.99 11.03
Revenue  «-ccocenessoncans 6.57

............... 893  11.99 11.03

The results of these experiments have warranted thé
New Haven Committee in recommending the Miles process
for adoption by the city of New Haven, and that a plant
be built first at the Bast Street sewer, which discharges
16,000,000 gals. daily, and, if this plant be successful, the
sewage from the other outfalls should be treated.
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TABLE 4—ESTIMATED COST OF TREATMENT OF BOULEVARD
SEWAGE—DOLLARS PER MILLION GALLONS

Imhoff Tanks Fine Screening
Miles Acid an an
Process. Chlorination. Chlorination.

Tanks and Buildings (in-

terest and depreciation). $ 2.47 $ 4.44 $ 4.60
Acid treatment ......... 10.74
Drying sludge ... .0..... 2.04
Degreasing sludge ' ...... 1.91
Redrying tankage ....... b b :
Superintendence  ........ 2.65 1.15 1.15
Labor on tanks and screens 1.00 1.50 2.05
Disposal of sludge or

SCYCENINGS | oo oiocoovmion. 1.00 .50
CHlormation . " e s v b 4.05 4.05
ERNOSATICOSE /% Jiiv aiais, 0 2'aes ol 20.98 - 12.14 12.35
T e SR P N R 10.66
ST COBYT o s o ol o 8 10.32 12.14 12.35

Winslow and Mohlman’s paper is an eminently fair re-
port of the results of a thorough investigation. They have
given this new proposition just the treatment it should re-
ceive, namely, an unbiased discussion to bring out all im-
portant points, both favorable and unfavorable. In so do-
ing they have made two criticisms, both of which are un-
favorable and call for comment and' explanation. F. W.

Mohlman* states that the effluent, containing as it does.

bisulphites and free dioxide, has the power of deoxygenat-
ing several volumes of diluting water, and apprehends that
a zone of deoxygenated water will be formed about the
point of discharge of the acid effluent. Although not so
stated, the implication is that such a zone might cause a
nuisance or be injurious to fish life. Otherwise there would
be no need for considering it a danger. The question raised
is whether or mot effects would be produced which would
call for the aération of the effluent. Mohlman’s laboratory
experiments show the effect upon the dissolved oxygen and
sulphur dioxide contents of diluting the Miles process efflu-
ent with varying volumes of New Haven harbor water.
The results are given in the following table:—,

TABLE 5—MIXTURE OF HARBOR WATER AND. MILES EFFLUENT

1Eff. 1Ef. 1 Eff. 1 Eff.

Harbor to 2 to4 to 9 to 19

. Effluent. Water. Water. Water. Water. Water.
Dissolved oxygen .. 0.8 12.0 1.0 5.0 83 11.0

Sulphur dioxide .. 118 0 8 0 0 0

This table shows that in a dilution of 2 of harbgr
water to 1 of effluent, the oxygen is reduced from 12 parts
to 1 part per million, and the sulphur dioxide from 118 to
8 parts. At a dilution of 4 to 1, the oxygen is decreased
five times, and the sulphur dioxide has disappeared. At a
dilution of 9 to 1, the oxygen is 73%, and at a dilution of
19 to 1, 92% restored.

Polluted waters produce nuisances when they putrefy
and give off tne products of the decomposition of organic

\

TABLE 6—CONTINUOUS AERATION OF MILES EFFLUENT
Sulphur Dioxide, P.P.M. Reduction, Air per Gal.

Date. Influent. Effluent. Per Cent. Cu. Ft.
March 6, 1918 .. 99.1 449 54 0.10
March 7, 1918 .. 704 144 79 0.10
March 8, 1918 .. 723 144 80 0.11
March 9, 1918 .. 69.1 5.2 92 0.10
March 10, 1918 .. 813 46.4 43 0.10
March 11, 1918 .. 80.9 36.1 55 0.06
Mareh 81, 1918 .. -53.8 10.2 81 0.10
April 1, 1918 5.rir TH0Bb| ™ 374 65 0.10
April 2, 1918 .... 90.9 26.5 71 0.10
ADHE 8. L IO et T 19.8 72 0.10
April 4, 1918 , .... 92.2 45’ 95 0.10
AVETAge  .eeivee- 78.1 23.6 70 0.097

*F. W. Mohlman. Miles Acid Process May Require Aeration of
Efffuent. “Engineering-News Record,” 81, 285, August 1, 1918.
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matter containing sulphur. They putrefy if the oxygen is
exhausted before the organic matter is oxidized. In other
words, the bacteria will oxidize the organic matter to the
limit of the oxygen, and if any organic matter remains,
the bacteria of putrefaction will attack it and produce the
well-known conditions.

The Miles acid effluent does not represent the same
conditions as those which exist in a deoxygenated, polluted
water, because, in the case of the effluent, the deoxygena-
tion has been produced chemically, not biologically, and the
organic matter present has been practically sterilized.
Furthermore, the settleable solids which might form sludge
banks near the point of discharge have been largely re-
moved. Before a nuisance can occur, bacteria must be in-
troduced and be given a chance to multiply. Meanwhile
dispersion and dilution are doing their work, and reaération
is taking place. Then there exists the condition of a warm,
practically sterile effluent, free from sludge-forming sus-
pended matter, being discharged into a considerable body
of water, to the surface of which it will tend to rise and -
spread in a thin layer, thereby becoming subject to the re-
aérating effect of the wind, currents, passing craft, ete.*

Removal of Sulphur Dioxide

Mohlman showed that the sulphur dioxide may be re-
moved by aération before dilution with harbor water, and
after adération the effiuent will not deoxygenate large
volumes of diluting water. The average results of various
aération experiments using compressed air admitted through
a “Filtros” plate into a shallow aérating tank providing 2
detention period of thirty-ome minutes are as follows:—

From the results of these experiments, Mohlman con-
cludes that 70% of the free sulphur dioxide may be re-
moved by blowing the effluent in a shallow tank with 97,000
cu. ft. of free air per million gallons of sewage. This de-
gree of aération is about one twentieth of the 2 cu. ft. per
gallon commonly used in connection with the activated
sludge process. ‘

Oesten, also G. C. and M. C. Whipple, and others, have
shown that the aération of water, which is in this case the
interchange of oxygen and sulphur dioxide, may be accom-
plished more economically by the use of riffles, sprays or
cascades, than by aération with compressed air. The lat-
ter method is rarely if ever used in water-works practice.
In the case of the Miles effluent we believe that a sufficient
degree of readération could be secured by discharging the
effluent over a series of riffles, or, if that plan were im-
practicable, by pumping the 'effluent through a suitable
agrator, in the latter case at a cost of less than $1.00 per
million gallons.

Fish life could hardly be affected, for the only place
where fish could get into any considerable depth of de-

oxygenated water would be close to the outlet. Elsewhere

they would not be affected unless they swam on the sur-
face, which fish would not do ordinarily.

Recovery of Grease

Pearse’s statement in connection with experiments ab
Chicagot—namely, that the acid éffluent has a lower oxygen
requirement than ordinary tank effluent—is evidence that,
while the effluent contains no oxygen, less is required for
the oxidation of the remaining organic matter than in the
case of settled sewage. y !

It is therefore our opinion that under ordinary condi-
tions of discharge into rivers or harbors, the dispersion,
dilution and reaération of the acid effluent would be much
more rapid than the development of putrefaction and con-
sequent nuisance; and in rare cases where aération migi
be necessary it could be accomplished at a cost which would
not militate against the usefulness of the process.

The second point,—namely the presence of unsaponifi-
able matter in the recovered grease has already been reé~
ferred to above, and it is one of great importance, as it
makes necessary the distillation of the grease. b

The value of the grease from the Boulevard sewage 18
estimated at 8.5c. per 1b. to the producer. This is the

* Mohlman, loc. cit.
+Report on Industrial Wastes, loc. eit.
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judgment of the Falk Company of Pittsburgh, who distilled
a sample of considerable size. This is about one_:-l.lalf the
current price of good, saponifiable grease, containing less
than 4% of unsaponifiable matter. Evidently the value
which has been assigned to the recovered grease in previous
statements regarding the economy of the Miles process
should be correspondingly reduced.

Massachusetts State Experiments ‘

The New Haven authors have referred to the report
on the Miles process made by Messrs. Goodnough and Clark
of the Massachusetts State Department of Health to a com-
mission appointed by the legislature, and presented by that
commission to the legislature early in 1918, and have stated
that “these Massachusetts experiments (by X. H. Good-
nough and Harry W. Clark) were made on a smgll scale
in bottles, and an eighteen-hour sedimentation period was
used, which seems somewhat unfair _to the acid process
which accomplishes the same results in four hours. The
disinfection of the effluent, and the freedom of the process
from nuisances, is, of course, ignored in such a compari-
son.” As this report is made by a Massachusetts commis-
sion, and because its conclusions are con :

Haven results, we believe it warrants discussion.

The experiments of Goodnough and plark were made
with three 2-gal. samples made up of aliquot hourly por-
tions collected one day each week for several weeks. T.he
sampling was apparently fair, but on account of tl{e in-
frequency of the samples could not have been as t?u vy rl;a-
presentative as the portions of. sewage used during the
tests made by the Massachusetts Institute of TeChml?I‘%y’
amounting to a hundred thousand ggllons of sgwage.l A e
small samples of sewage Were acidulated with sulp udr
dioxide gas, settled, and the sludge collected ax}d anzitdyze 3
While it is true that the sewage was treated with acid, en-
ough departures were made from the Miles process SO that
it can hardly be called a test of that process. '

The results compared with the Technology experlment}sl
show that 619% as much acid was used and 75%das ’F}:luc
sludge; and 79% as much grease Was recoverel.{ ese
lower results may have been due either to a weaker ggwi
age, or to insufficient acidification. But_the most rafma
departure from the Miles process was 1n thefutslf ofo 1?12
eighteen-hour period of subsidence 1n place o 3 e1 e
hour period used in the Miles process. Usmgt iho o
period of subsidence, the state authorities came % 5 e c%n_
clusion that there was mnot enough difference ( t‘ﬁ?) F(i
tween the amounts of sludge obtai{led to pay _for ’ e ac1f
used. In this conclusion no attention was palii t’fh otm; c(i>d
the cardinal points of the Miles process, namely ah A
is used to accelerate precipitation; therefore it ‘w;.s fasubsz
fair to compare it with an eighteen-hour period O

i would ever con-
i i because no engineer '
R d of plain subsidence for

sider t £ so long a perio 2

tllleelt‘:reggml;:ﬁc 2f sewage.*  The pl}?n lwoulld Egsali'z:(;}:b;id
e k. the local nui -

by the initial costs of the wor ) the ation effected by the

duced, and the small amount of pISIand——Where R e

treatment. Conditions at Moon
n average—

stored about four hours, on an :

ough, only approach those which would eiéls.tt ‘;‘;er:bﬁsxiii
stored eighteen hours before d1§charge, an bl b sl
to contemplate what the conditions would 'ethl ATy
from these tanks could not be discharged Wi ane ! condi-,
but had to be otherwise disposed of. Thesc(e1 vz;e oot o
tions which in a great measure prevente i

the plant at Cassel, Germany.
Absence of Local Nuisance

.schusetts commission
Apvarently the report of the Massach
attachgg littley importance to the sterilizing effect of the

sulphur dioxide and the absence of local nuis}fncz 22}1‘1(1):1?1;};
that point was brought out in the report iy ; ?T(?chnolog'v
conducted by the Massachusetts Institute o Y-

Furthermore, Winslow and Mohlman state that “it is parti-
’

F v 12l
cularly important from the point of view of the practic
eriod of days, all of the
L o i sewagen(\i)eﬂ};:l]g s:ufad pbe little or no ‘dlfferenﬁ
:ming. of course, that fermentation wou
might be expected.

in favor of acid treatment, ass A
not interfere with plain subsidence, &

trary to the New !
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sewage-works operator to note that both efﬂ'uent and sludge
were so affected by the acid present as to be stable for
considerable periods, so that with a plant of this type mo
local nuisances meed be anticipated. During the whole
period of our experience, there were only one or two oc-
casions on which slight signs of septic action were noticed
in the tank, and the sludge was stored in barrels for weeks
without the production of offensive odors.” They also state
that “above all, however, the thing that counts most heavily
in favor of the Miles process under the conditions obtain-
ing at New Haven is its freedom from nuisance.”

In view of the local nuisance produced by many a
bacterial tank and filter, we believe the stability and free-
dom from nuisance of the Miles process effluent and sludge
are worthy of all the consideration which previous experi-
menters, with the exception of Messrs. Goodnough: and
Clark, have given it.

The Practicability of the Process for Boston Sewage

It is interesting to apply the New Haven estimates of
cost to the results of the experiments with Boston sewage
which have been made under our direction. These experi-
ments showed that Boston sewage yielded about 1,500 Ibs.
of degreased tankage, containing 4.58% of ammonia; also
about 400 Ibs. of recoverable grease per million gallons.
With fertilizer ammonia at $4.00 per unit, the tankage is
worth $18.12 per ton, or $13.59 per million gallons of sew-
age. Using 8.5c. as the price per pound for the recovered
grease, which seems fair because this was the estimated
value of the New Haven Boulevard sewage which contains
about the same percentage of unsaponifiable matter as the
Boston sewage), the grease would be worth $34 per mil-
lion gallons.

Modifying the New Haven costs to correspond with
the stronger Boston sewage, we have determined the costs
as given in the following table, which also shows the costs
of treatment of the Boulevard sewage of New Haven. We

TABLE 7—COST PER MILLION GALLONS OF TREATING 100,000,-
000 GALLONS OF CALF PASTURE SEWAGE DAILY, APPLYING
THE UNIT COoSTS ESTIMATED BY WINSLOW AND
MOHLMAN FOR 16,000,000 GALLONS OF NEW
HAVEN SEWAGE DAILY

Calf Pasture Boulevard

Sewage. Sewage.

Tanks and buildings ........... $ 2.47 $ 247
AT vireatment A U e 18.65 10.74
Drying sludge ................ 10.35 2.04
Degreasing sludge ............ 9.12 1.91
Redrying tankage ............ .10 a7
Superintendence  .............. 1.06 : 2.65
Tabor on tanks and screems .... 1.00 1.00
Total cost per million gals $42.75 $20.98

have not used the East Street sewage for comparison be-
cause it is mnot representative; it contains an unusual
amount of machine oils and wastes from the: metal in-
dustries. ‘

In applying the New Haven unit costs, we have made
no subtraction on acount of the larger plant or the avail-
able tanks at Moon Island.  Unit costs for all items ex-
cept superintendence and labor are those used for Boule-
vard sewage; the unit costs for’ the superintendence and
labor are those used for East Street sewage.

The estimated net financial result of operation is given
in the following table. . »

In the above we have estimated the price of ammonia
at $4 per unit. - This is low at present. When ammonia is
worth $4.50 a unit, the gross revenue would be $49.29, and
the profit $6.54 per million gallons, and at $4.75 per unit,
the gross revenue would be $50.14 and the profit $7.39 per
million gallons. While the above estimate shows a profit
under present conditions, it is probably true that under
pre-war conditions the process would not produce a revenue;
and in their conclusion, Winslow and Mohlman state that
“our experience with New Haven sewage lends no color to
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the hope that a net financial profit can be obtained by the
use of the Miles acid process, unless with sewage of ex-
ceptionally high grease content and low alkalinity.”

One may rightly question the values of any conclusions
based on pre-war prices, because the present evidences in-
dicate that the prevailing prices will not be lowered im-
mdiately, and they may never reach their pre-war level.

1

TABLE 8—ESTIMATED FINANCIAL RESULTS OF OPERATING
7HE MILES AcID PROCESS AT THE CALF PASTURE :

Revenue: Per Million Gallons.
HIOTY TATNICRPID . o = ate, sisbrdooiea s s slnteis $ 13.59
From grease ..........coosestsosesa 34.00
Total gross revenue ............. $ 47.59

Expenses:

Estimated cost of treatment ....... 42.75

Profit on above basis  ...........oin.. $ 4.84

This is particularly true of labor which is the principal fac-
tor in the costs of materials. At present high prices it
seems as if the Miles process would be profitable at Boston,
and this favorable condition would gradually disappear as
the rate of fall in prices exceeding the rate of fall in cost
of operation comes into effect.

The materials produced are fertilizer and grease, and
it does not seem likely that the demand will decrease rapidly.
The materials used for purification are sulphur, pyrite,
nitre cake and the sulphur acids. The war has stimulated
the production of all these materials, and now that the
abnormal demand has ceased they shéuld be cheap.

Therefore we feel that in many cases it is likely that the
Miles process might be operated at a slight profit for some
time to come, and, in any event, operated at a cost lower
than that for any other process producing the same grade
of clarification and disinfection.

Other Advantages 'of the Miles Process

~ In addition to the advantage due to the freedom from
nuisance, the stability of effluent and sludge, and those due
to the compensating value of the recovered products, there
are still other advantages which should be reckoned with.

Sanitary Efficiency a Necessary Concomitant

All are aware that modern sanitary engineers are
designing sewage disposal works to purify sewage to the
degree to which the body of water into which the effluent is

to be discharged demands and as the financial conditions

will allow. In so doing they often sacrifice a desirable de-
gree of clarification, as when only subsiding basins or
screens are used; or a high degree of nitrification, as when
high rates of filtration through coarse material are em-
ployed; but with the Miles process it is a fundamental neces-
sity, in order to recover the valuable products upon which

‘the cheapness of the process depends, to at the same time

disinfect the effluent and attain a much higher degree of
clarification than can be obtained by screening or plain
subsidence. Therefore there is little temptation to sacrifice
safety for cheapness. :

The sludge from the, Miles process contains much less
moisture than activated sludge, and about the.same as the
subsiding basin sludge and the Imhoff tank sludge, as the
following table shows.

TABLE 9
Relative Volumes of
Sludges Containing
Average Percentage the Same
of Moisture in Amounts of Dry
Kind of Sludge. Sludge. atter.
Activated sludge ' ............ 98.5 100
Subsiding basin sludge ....... 91.5 18
Miles process sludge .......... 90.0 15
Imhoff tank sludge .......... 89.0 13.6
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As compared with activated sludge, the advantage of
handling less than one seventh of the volume of activated
sludge is obvious. ; ¢
Installation Cost

The devices required for the operation of the Miles
process are the following:— A

Devices for producing sulphur-dioxide gas, and for feed-
ing niter cake or other forms of acid.

Subsiding basins.

Sludge-handling apparatus.

Sludge driers.

Grease extractors.

Grease stills.

Tankage driers and grinders.

While the list is formidable and is enough to rule out
the process for small plants, in the case of a city like
Boston, however, the cost should not exceed $15,000 per
million gallons, daily capacity.

' MAINTAINING WATER SUPPLIES IN YARD MAINS*

BY GEO. H. GREENFIELD

IT is frequently found, when making changes or repairs on

the fire main systems of large industrial plants, that the
amount of protection removed while the water remains shut
off is excessive and creates a considerable hazard. This
condition can often be improved by installing sufficient sec-
tional control valves, but even then, in large plants, outlying
portions of the fire mains are frequently rendered useless
when section control valves are shut to allow of repairs, ete.

A system that has recently been adopted by a corpora-
tion owning several large plants is as follows:—

Double female hose couplings have been provided at the
different works, and, before any section is shut off, the fire
main plan is carefully examined by the fire chief. Ina great
many cases it is found possible to bridge a section of water
main that is out of service, or to join up an outlying section
by running lines of hose from hydrant to hydrant, using the
double female couplings.

In summer the water is turned on, but in cold weather
the lines of hose are run and all made ready, but water is
not turned on.

During a recent shut-off one Sunday to allow of some
extensions on the fire loop at one of the works, the adoption

‘of the above system made it possible for water to be main-

tained on the lumber yard section, which included five hyd-
rants and three large sprinklered lumber storage buildings.
Under normal conditions the protection would have been
entirely removed whilst the changes were being made.

A few six, eight and ten-inch soft taper wooden plugs,
about two feet long, are kept in the fire station, so that
when mains are being cut they can be plugged in a hurry
should ocecasion arise.

The double female hose couplings also serve the addi-
tional purpose of allowing municipal fire departments
steamers to couple up to the yard hydrants and boost the
pressure, should this be necessary through failure of the
plant fire pumps, or through excessive demand for water.
In the latter event, the system serves a purpose similar to
that of the reverse hydrant mentioned by Mr. Charles E.
Worthington in the July, 1918, issue of the Quarterly
(“Planning Factory Water Supplies for Emergencies,”
page 76). ;

#*From the National Fire Protection Association.

The Ontario Department of Highways will have an ex-
hibition at the coming Good Roads Congress in Quebec, of
thirty miniature models of roads in all conditions of con-
struction. Moving pictures of provincial activities in road
making will also be shown.
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THE IMPORTANCE OF ADEQUATE DRAINAGE AND
FOUNDATIONS FOR ROAD AND STREET
SURFACES*

By CLIFFORD RICHARDSON,
The Barber Asphalt Paving Co., New York

HE satisfactory nature of any type of pavement or road
surface is primarily dependent on the rigidity of the
foundation which supports it. Inadequacy in this respect
reduces all forms of construction to a common level of in-
feriority. Rigidity in a road surface cannot be obtained
withoyt suitable under-drainage and, for this reason, drain-
age is a feature of primary importance in the construction

of roads and pavements.
Historical

This fact has been recognized for at least a century,
but it has seldom been carried out effectively. The ideas of
the older engineers, McAdam, Telford and others, in re-
gard to road construction and the importance of the rela-
tion of drainage thereto, ac: widely scattered through the
earlier literature of the subject. They were recognized and
summarized in an in-eresting book by S. DeWitt Bloodgood,
published at Albany, N.Y., in 1838, entitled, “A Treatise on
found that sound principles had been
established in the United States at that early date, by en-

gineers who had an adequate comprehension of the subject,

at least as far as the requirements of their day were con-

cerned.

That this was a fact can
Bloodgood’s statements:—

“The strength of a road depends on the nature of the
material of which it is formed, and of the basis on which
it is placed.” )

“McAdam’s theory of road-making may be comprised
in the following quotation from his Report to the Board of
Agriculture, (vol. vi. p. 46) ._‘Roads can never be rend-
ered perfectly secure until the following principles be fully
understood, admitted and acted upom, namely, that it 1s
the native soil which really supports the Welg.ht of traffic;
that while it is preserved in a dry state it will carry any
weight without sinking, and that it does, in fact, carry
the road and the carriages also; that this native soil must
previously be made quite dry, and a covering lrr_lpe_netrable
to rain must then be placed over it, to preserve it in a dry

state.””

“The erroneous opinion so long acted upon, and so
tenaciously adhered to that, by placing a large quantity of
storie under the roads, a remedy will be found for the

in other words,

sinking into wet clay or other soft soils; or, 1T
ently strong, artificially, to carry

heavy carriages, though the sub-soil be in a wet state, and
by such means to avert the inconveniences of the natural
soil receiving water from rain or other causes has.p1.-o-
duced most of the defects of .the roads of Great Britain.
At one time, McAdam had formed the opinion that this
practice was only a useless expense; but ‘egpe‘nenf,e has
convinced him that it is likewise positively injurious.
“Drainage: In proper construction in this part of the

business of road making, great care is n_ecessary. tl‘he
utmost judgment of the skillful surveyor will be called into
action to enable him to make. the best use of the natural

facilities of the country, and to overcome th'e obstruction
In passing over flat

that he will sometimes meet Wwith. pa
land, open main drains, cut on the field side of the fences,
water-course of the

must i ith the natural
5 copm B pbelow the level of the

country; they should be 3 feet deep _ ]
bed 0;' the road, 1 ft. wide at bottom, and 5 ft. wide at top.’
With the building of railroads, however, the construc-

tion of highways of the better type was gradually negh_acted,
paid to the subject of drainage

and foundations, with perhaps some exceptions.
In the seventies of the 'last century the condition of

our roads was such that W. M. Gillespie, in a volume, pub-

be realized from some of Mr.

*From “Municipal and Coun

ty Engineering,” Indiana-
polis, Ind. ,
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lished in 1872, entitled “A Manual of the Principles and
Practice of Road Making,” stated in the preface:—

«The common roads of the United States are inferior
to those of any other civilized country. Their faults are
those of direction, of slopes, of shape, of surface, and gen-
erally of deficiency in all the attributes of good roads. Some
of these defects are indeed the unavoidable results of the
scantiness of capital and of labor in a new country, but
most of them arise from an ignorance either of the true
principles of road making, or of the advantages of putting
these principles into practice.”

TFrom this quotation it appears that road construction
and maintenance were at a very low ebb at that period.
They remained so until the bicycle came into common use.
For the comfort of the riders good roads were demanded
and o considerable effort was made to provide them. The
difficulties of the present period, however, are to be attri-
buted to the fact that motor vehicles and, particularly,
motor trucks have become important features in the trans-
portation of passengers and freight over our highways and
streets. It is a form of traffic and travel which has made
much more serious demands upon them and on the methods
of their construction, especially as regards drainage: and
foundations. As a result the problems relating thereto
demand, and are receiving, more attention to-day than they
have ever had, although their consideration is, even now,

too often neglected.f
Drainage at the Present Time

It is evident that the demands made by the traffic
which is carried at the present time by our main arteries
of communication are such that the greatest stability is
necessary for the support of their surfaces, and this can
only be accomplished on a soil which is firm or made so by
suitable drainage. In arriving at such an end the follow-
ing points must be given consideration:—

The travel and traffic to be carried. >

Character of subsoil. x

Drainage, natural or artificial.

Climate. :

Location.
Material available for construction.

The relative importance of these features will vary
with different local conditions. There is no general rule
which applies. In one case the character of the subsoil
and the necessary drainage may be the ruling conditions, in
another a severe climate, and in a third the material avail-
able for construction. Attention must be paid in a certain

degree to all of them, however, in any case.

Location

As the solution of the problem of drainage and of the
character of the foundation necessary for any particular road
is dependent to a very large degree upon its location, the
latter is, in this connection, an important consideration.
It involves the application of both good judgment and ex-
perience, and due regard to the economic principles involved,
that is to say, to the relation of the money expended and the
results obtained. Like so many other problems which arise
in building highways adapted to the use to which they are
to be put, it is entirely a local one both financially and strue-
turally.

Soil

As the support of a road surface is the soil upon which it,
or its foundation, rests, the stability of the latter, or the im-
parting of stability to it, is a matter of primary importance.
Soil, as distinguished from sand, which is an aggregation
of much coarser particles of mineral matter, is the fine resi-
dual of the weathering and decay of rock, associated with
more or less organic matter of vegetable origin. Soils are
of importance in road, building since they form the initial
foundation upon which the road is placed. Upon their char-
acter is dependent that of the drainage and artificial found-
o ————

+“Drainage Increasingly Vital with Growth in Heavy
Traffic,” by E. W. James—“Public Roads,” Vol. 1, No. 3,

July, 1918.
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ation upon which a road surface or pavement is supported.
They may be classified in a general way as sandy, loamy and
argillaceous, between which all degrees of gradations exist.
Marl and peat are particular forms of soil identified by
components which characterize them, in one case shells and
in the other a large amount of residual matter of vegetable
origin being important components. Any soil may be modi-
fied in character by the presence of sand or gravel.

Some Moisture Desirable

A soil is of interest to the highway engineer chiefly as
regards its stability, when properly drained, either naturally
or artificially, that is to say, when any excess of water is
prevented from accumulation therein in an amount sufficient
or more than sufficient to fill the voids between the soil par-
ticles, thus involving in stability which arises from such a
‘condition. The presence of an amount of moisture only suffi-
cient to be absorbed by the surface of the particles of soil,
but less than sufficient to fill the voids between the particles,
will add to its stability and increase it beyond that of a per-
fectly dry soil. Sufficient water to form a film on the surface
of the soil particles and thus develop a surface energy which
will bring about cohesion of these particles may be an advan-
tage as compared to a bone dry condition and undoubtedly
exists very generally, but an amount to any degree beyond

is would result in instability and also in disturbance by
freezing, thawing and refreezing.* This condition is well
illustrated by a sandy sea beach where as the tide recedes that
portion in which the particles of sand are drained of excess
of water, as the tide falls, still contains sufficient for the ab-
sorbed film on the surface of the individual grains to develop
a surface energy which will bind the particles together in
perfectly stable state, and one which will not be displaced
under travel, whereas the same sand when perfectly dry,
possesses no stability, the same condition existing at the other
extreme, at that part of the beach nearer the sea and con-
taining an excess of water. Attention.need be called here
only to the bearing of this relation on the stability of sub-
soils and the necessity for drainage. The solution of the
problem of under-drainage in road construction is, therefore,
largely dependent upon the character of the soil which is to
be dealt with, that is to say, the state of subdivision of the
particles of which it is composed. It is important that the
surface of a road be impervious to water so that the bottom
may be dry and stable. If these provisions are lacking every
road surface or pavement, of no matter what type, will prove
unsatisfactory and give no adequate return for the cost of
construction, even with careful maintenance. This is, for-
tunately, beginning to be recognized.

The drainage demanded by any particular piece of road
construction will depend primarily on the character, stability
and dryness of the subsoil on which the road rests, its loca-
tion, relative to its environment, and the climatic conditions
which it is called upon to meet. It relates to the removal
both of surface and of soil water. The character of the pre-
vision for the former will depend upon the surface area and
the run-off to be taken care of; for the latter, on the nature
of the subsoil upon which the surface is to be placed, the
climatic conditions which are to be met, the lay of the sur-
face of the road to that of the adjoining land and the traffic
which it is to be called upon to carry.

Location of Drainage

Drainage is hardly necessary on sandy subsoils, for in-
stance, such as some of those found on Long Island, New
York, which in themselves will take care of water, except at
low points, but it must be given serious consideration on
heavier and especially clay sub-soils, in cuts and fills, par-
ticularly the former, and where seepage from slopes or hill-
sides may destroy the stability of the subsoil and reduce its
capacity for carrying a load. In such cases an intercepting
gutter for surface water and drain for grourd water should
be provided between the slope and the road. The necessity
for the location of drainage for the removal of ground water

*“Engineering and Contracting,” 49, 238, 1918.
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should be determined in the spring, when frost is coming
out of the ground, and for surface water during storms and
periods of high water.

Roads on Fills Should be Drained as Well as in Cuts

The location of a road on a fill does not always insure
good drainage if the supporting soil is clay, especially if there
is a steep grade on an adjacent. portion of the road. An
example of a difficulty of this description has been cited by
Mr. J. P. Arnold,* of Delaware, who states that:—

“In one location water came from a spring in a cut at
the top of a hill, ran down the hill and half way up a fill over
a railroad track—a total distance of 1,000 ft. Breaks were
found all the way across this fill and when the stone was
picked up and a ditch cut through the shoulder at the break
furthest from the cut, a 2 in. stream of water ran for nearly
a day.” «

He adds: “A stone-filled V-shaped trench, pointing up
the hill and placed at the end of every clay cut, will eliminate
such breaks in these locations. Furthermore, weeps should
be constructed about every 50 ft. to let the water out through
the hard shoulder.”

This is an excellent example of the fact that a fill should
be maintained in as dry a condition as a cut.

The necessity for careful drainage is also emphasized
where the soil has no inherent stability in itself, especially
when wet, and offers little resistance to displacement.

Drainage may, perhaps, be of less importance, in cases
where a Portland cement concrete foundation is provided,
but in general, as evidenced by the behavior of concrete roads,
under the action of frost, which develop cracks and defects
extending longitudinally, it cannot be disregarded.

Proper drainage of a road is much more essential in
climates where frost and low temperatures are encountered
than in a moderate or warm one, for reasons which are evi-
dent.

In the treatment of subsoils and in the character of the
foundation placed upon them, local conditions must be given
consideration. The most serious situation exists with clay
subsoils which are exposed to extremely low temperatures
in winter and which are thrown as the frost comes out of
the ground in the spring. Examples which demonstrate this
are illustrated by instances where insufficient drainage has
been provided for bituminous and waterbound macadam sur-
faces in northern New York.* The only satisfactory way to
meet such a condition is by removing the clay, which is en-
countered, to the depth that frost reaches, and replacing it
with stone or gravel, with proper drainage, which will not
be displaced -or not as much so, by freezing and thawing.

Drainage Too Often Neglected

In considering under ten heads the main problems con-
nected with highway construction, Mr. H. E. Breed,} of the
New York Highway Commission, classes the matter of drain-
age as second only to that_of bond issues, calling attention

‘ to the fact that, although it is an elementary topic, it is too

often neglected like many other self-evident truths. He
adds:—

“Drainage problems are considered so easy to solve that
any one may adequately handle them. True, there is but
little theory involved in the application of the principles that

‘make ‘for perfect drainage, but that rare quality known as

judgment comes in largely here, as it does in all successful
engineering work. Greater care and judgment in respect to
drainage are needed now more than ever before in order to .
incrase the bearing power of our soils for the heavier loads
that the traffic of to-day brings upon them.

“This topic may seem more worthy of attention when I
tell you that in 1916, 84 miles of improved highways in New
York, out of a total of 1,939 miles, broke up in the spring of
the year. Of this, 43% was directly attributable to inade-

#*“Engineering News-Record,” 80, 933, Nov. 15, 1917.

*See illustrations in Trans. Am.Soc.C.E., 1912, Discus-
sion: Road Construction and Maintenance.

+“Engineering News-Record,” 80, 610, March 28, 1918.
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quate drainage. During 1916 about 75% of these weaker
£ thin pavement was re-

areas was repaired and 238 miles o
§urfaced. It may have still more force when I tell you that
in New York State in 1917, 48 miles of improved highways,
out of a total of 2,090 miles, broke up in the spring of the
year, of which 18% was attributable to inadequate drainage.

“The percentages given as attributable to inadequate
n having charge of each

drainage were reported by the me

section and the personal equation enters largely into the
cause ‘to which each break-up was made attributable. They
are, however, the most accurate percentages that could be
obtained of the inadequacies of our drainage systems. These
roads were not built by guess but under careful calculation
by some of the best road engineers ‘n the country. They
installed upon them drainage systems such as they thought
ample, but they had not taken into account the large increase
in traffic and wheel loading that we have to-day. The roads
 failed because they disregarded the pumping action caused by
the excessive pounding of that traffic, which draws the water
and fine material up to and through the .crust of the pave-
ment until the crust is broken and the road shattered.

I shall not attempt to suggest any scheme for the s?lu-
tion of the drainage problem, because each condition requires
different treatment. Broadly speaking, however, drainage
can be divided into two classes; surface drainage, and sub-
surface drainage. Surface drainage is cared for by the ecrown
of the road and side ditches with proper run-off to carry the
water away from the road at frequent intervals, so that it
will mot trouble us again as subsurface drainage. 'Every

roadway should have ditches.” :
No better evidence of the importance of drainage, at
least in climates like that of New York State, with severe

winters, is needed.

It is unnecessary to go into detail here in regard to sys-
tems of drainage for ordinary conditions, since these are
described in all their various forms and for different types
of pavements and of road construction in text-boqks,.in dis-
cussions of the subject before societies, in publications of

s and State High-

the United States Office of Public Road :
way Departments and in the engineering press. It.is, how-
on the fact that in clay or heavy

ever, necessary to insist up Y 3 o i
subsoils, especially in northern climates, if drainage is In-
adequate mo amount of thoroughness in the construction of
the foundations and surface of both pavements and roads
will result in a satisfactory return for the mecney expgn(.ied,
even where the traffic is of the most moderate description.

Adequate drainage for heavy clay subsoils, in the coldest
climates, can rarely be satisfactorily accomplished, and the
only method of meeting such conditions is the excavatlon.of
the clay to a considerable depth and its.replacemept with
material which can be drained, or which is noi.; as liable .to
displacement by frost. In general, it may be said that drain-
age is a local problem and its satisfactory solution is more

dependent on a study of local and individual conditions than

upon fixed standards.
TFoundations
The first essential in the COnstrucﬁon of pavements and
road surfaces of durable character having been shown to be

a dry, that is to say a well-drained and firm, sub-soil, as the
result of either natural or artificial provision therefor, upon
a durable surface, another and

which to build and maintain ¢
equally essential factor in the successful construction of
both pavements and highways is a suitable foundation. Its
character will depend upon the conditions to be met. Prac-
tice, which might be excellent in one locality, may fail in
another. A concrete foundation will, of course, be more costly

than one of broken stone, 1
in thickness will be stronger than a loose one of 2% 1ns.
fference in cost will not be

broken stone of 6 ins., and the di

a serious consideration since the much smaller amount . of

stone used in the 4-in. foundation will largely make up for

the cost of the cement and sand in the concrete. In a con-
we have an asset which can

crete foundation, when once laid, \ :
be counted upon for all time, while a broken stone founda-
tion is necessarily of a more or less temporary nature, owing

but a foundation of this type 4 ins.
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to its displacement under travel, and disappearance, in some
cases, into the soil which should support it.

Concrete Foundations

There seems to be every reason why, in the building of
our highways, an effort should be made, at least in the case
of those which are to carry heavy travel, to construct them
with a concrete foundation, which will last for all time, and
on which a wearing surface can be constructed, at such in-
tervals as may be necessary, something which can be easily
and economically done, and the life of which depends on the
rigidity of the support afforded it. It is evident that as we
are now constructing surfaces for many of our main arteries of
heavy travel, we are throwing away large quantities of money
by lack of adequate support of them. The result is much
the same as if expensive buildings were erected without suit-
able foundations. This question of adequate foundations is
one which should receive the careful attention to-day, and one
which, if neglected, will do more than anything else to hamper
the development of good roads, since great disappointment
must arise when, within the course of a few years, it is dis- .
covered that the wearing surfaces which are now being con-
structed are so inadequately supported that they have given
ho reasonable return for the cost incurred in building them.

An adequate return, therefore, for the money expended

on any type of pavement or road surface is dependent, after.
the provision of a dry support, on the rigidity of its founda-
tion. The necessity for strong foundations is emphasized at
the present time by the fact that our street pavements and
main arteries of communication are called upon to carry a
heavy burden and a very large traffic, owing to the advent of
the motor vehicle, more especially the motor "bus and motor
truck, the latter rapidly increasing in capacity to such an
extent that it is recognized that means for regulating it
must be considered.
j Foundations may be differentiated, primarily, as those
depending on the soil alone as a support, known as natural
or subsoil foundations, and those provided artificially which
are of many types. y

Foundations, like drainage, are a local problem. To meet
it satisfactorily involves a careful consideration of the en-
vironment of the road and the uses to which it is to be put.
A foundation of a thickness of only 4% ins., which appears to
be satisfactory in the climate of southern California, would
be useless in northern New York. A different thickness may |
be called for on a hillside and on a level and in low as com-

- pared to high ground. The nature of the subsoil or manner

in which the road is supported from below will also have a
decided influence, a weak support calling for a heavier foun-
dation. Again, if the drainage is not entirely adequate, a
heavier foundation will be demanded. Its character will
also be influenced by the materials which are available for
its construction. If these are of the best, the thickness may
be less than would be desirable with inferior materials. Last
of all, the character of the travel to be carried must be given
due consideration. If heavy motor trucks form part of it,
proper provision, greater thickness and stability must be

made for their support.
Thickness of Foundations

In any case;the foundation must be perfectly rigid and
free from vibration, that is to say, it must have complete
stability under the conditions it is called upon to meet and
the loads which it will carry. No rule can be laid down for
a thickness suitable for all conditions. In some instances, as
on city streets, from 8 to 12 ins. or more of concrete may be
der the heaviest travel, while, as has been said,

necessary un
in California,‘4% ins. in that climate seem satisfactory for

the main country highways.

According to the London, “Times” of Teb. 13, 1913, the
following depths of foundations have been used in London
and in the neighborhood:— ’

«In Bermondsey, for instance, while concrete 6 in. deep
was formerly sufficient, the depth is now being made 9 ins. or
even 12 ins. In Hackney, foundations which were sufficient
a few years ago, are now found quite inadequate, and in new
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work the concrete is being made 50 per cent. thicker. The
Hampstead surveyor considers that the life of wood paving
has undoubtedly been reduced by one or two years, and it has
become necessary to increase the thickness of the concrete
foundations from 6 ins. to 9 ins. In Holborn, cement founda-
tions, 12 ins. thick, are being laid in places where a thickness
of 6 ins. was sufficient ten years ago. In Paddington, concrete
from 10 ins. to 13 ins. thick, is being used on wood-paved
carriage ways, where the thickness was originally about 7
ins., and in Westminster the specifications now used when
new foundations have to be laid provides for 1 in. of float-
ing and 8 ins. of concrete foundation instead of 6 ins.”

The necessary thickness of foundations under the surfaces
of our country highways will vary with local conditions, as
will the determination of its character, whether it should be
concrete, a Telford support or broken stone or gravel placed
on the soil. With the increased construction of durable sur-
faces, provision for proper drainage and adequate foundations
‘must receive greater attention than they have had up to the
present time, and many of the failures on our country high-
ways are due to deficiencies in these directions. To these
deficiences must be added the carelessness of contractors in
carrying out work and lack of inspection on the part of state
and local authorities. The best materials cannot give results
commensurate with the increased expenditure incurred in
using them unless the surfaces constructed are properly sup-
ported and drained, which is too often not the case.

There are but a few types of foundations which have
been recognized as the result of service tests, as being satis-
factory for road surfaces subjected to heavy travel, and some
of these only under favorable conditions.

Portland cement concrete of sufficient thickness, properly
proportioned and supported on a well-drained subsoil, is prob-
ably the most satisfactory foundation for pavements and road
surfaces. Old waterbound macadam, which has been thor-
oughly compacted under travel, has also demonstrated its suit-
ability, or a course of broken stone 2% ins. or larger in size,
put in place for the purpose, on a dry, firm subsoil, has given
satisfactory results as a support for asphalt surfaces under
particular conditions. Gravel surfaces, new or old, when in
good condition, have also served.

!

AMERICAN WATER WORKS ASSOCIATION

Thirty-Ninth Annual Convention to be Held in Buffalo,
June 9-13th—Detail of Programme

HE executive committee of this association will meet on
Monday, June 9th, at 2 p.m. Any business to come
before this committee should be in the hands of the secre-
tary by noon. Other standing and special committees will
hold meetings during the day, announcements of which will
be posted in the secretary’s office. Committee chairmen
should arrange for meetings as much in advance as possible.
In the evening the Water Works Manufacturers’ Association
will hold a reception and dance at the Iroquois Hotel, for
" members and their guests.

Tuesddy, June 10th.—Following the address of welcome
and response, Messrs. John E. Teeple and John A. Kienle
will read a paper on “The Relation of the Chemical Indus-
try of Niagara Falls to the Water Works.” Following which
there will be a round table meeting for the discussion of
problems relating to operation and maintenance of water
works. Among the topics to be discussed will be: Damage
to fire hydrants by motor vehicles and remedies therefor:
(a) Moving hydrants from the .curb back to the building
line; (b) substituting flush hydrants for the post style hyd-
rant; (c) placing post fenders around hydrants; (d) making
no change in previous practice as to location of hydrants,
but repairing broken hydrants at minimum cost by weld-
ing stand pipes.

Afternoon Session: Report of Private Fire Protection
Service Committee by Mr. Nicholas S. Hill, chairman of the
committee. This will be a final report of this important
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committee and a very complete one. Great care has been
taken by the committee to make the report a very full one,
and members are requested to come prepared to discuss it,
present their views and take final action. The question box
will' be opened after the committee report is disposed of.

Evening Session: The following named papers on the
Buffalo water supply will be presented, illustrated by lantern
slides: “Buffalo Water Supply with Special Reference to the
Filtration Problem”; “Reduction of Water Consumption by
Means of Survey and Constant Inspection.” Also a paper
by Mr. D. A. Decrow, “The Uniflow Pumping Engine.”

Wednesday, June 11th.—Forenoon Session: A series of
papers by United States government officials and manu-
facturers on the trend of prices.
~ General Business: President’s address, reports of treas-
urer, secretary and committees. Selection of place for hold-
ing the 1920 convention, and nomination of candidates for
the nomination committee. Each district is to nominate one
or two candidates at the convention, such nominations to be
later confirmed by letter ballot.

Afternoon Session: The meeting will be called promptly
at 1.30 p.m., and papers read as follows: “Purification of
Water for the Army and Field Purification Plants,” by Wil-
lam J. Orchard. “Air Lift and Water Purification,” by Mr."
Oliphant. At 8 o’clock automobiles will be provided for a
trip to the Buffalo water works pumping station.

Thursday, June 12th.—At the morning session Mr.
Leonard Metcalf will read a paper on “The Effect of the
War Period, 1914-1918, and Public Control upon Water
Works of the United States.” Other papers elaborating and
discussing this live topic will be presented by members of
the association, showing the effect of the war on the cost of
water works operation. '

Thursday afternoon: The Water Works Manufacturers’
Association will provide tickets for a trolley trip to Nia-
gara Falls.

Friday, June 13th.—Informal talks on personal war ex-
periences by members of the association, and unfinished busi-
ness. A golf tournament will be held during the conven-
tion. Arrangements are being made for visits by interested
members to Buffalo manufactories of water works appliances.
Facilities will be arranged in the secretary’s office for regis-
tration for such trips, and full information can be obtained
there. !

The Manufacturers’ Association have an unusually large
number of applications for exhibit space and the exhibits
will include a number of novelties well worth examining.

Charters as applied for by the Canadian Pacific Rail-
way include the following lines to be constructed: From a
point at or nmear Duchess on the Bassano Easterly Branch
in the province of Alberta, in a general northerly direction.
From a point at or near Archive on the Moose Jaw South
Westerly Branch in the province of Saskatchewan, thence
southwesterly and westerly to a point at or near Wymark

" on the Swift Current Southeastern Branch. From a point

on the Moose Jaw Northwesterly Brarich at or near Fortune
or Rosetown, in the province of Saskatchewan, thence in a
general southerly direction for a distance of about fifty
miles, then in an easterly direction for a :distance of about
thirty miles. From a point on the Weyburn Stirling
Branch in Saskatchewan, thence in a southerly direction
and then west. From a point at or near Lanigan, on the
Pheasant Hills Branch, in Saskatchewan, and thence in a
northeasterly direction to a point between the Carrot and
Saskatchewan Rivers, and then in a general southeasterly
direction to a point at or near Cumberland House. From
a point at or near Leader, on the Swift Current Northwest-
erly Branch in Saskatchewan, and then in a general south-
west direction a distance of about fifty miles, then east to
a point on or near Big Stick Lake. From a point on the
Manitou Lake Branch in Saskatchewan, then in a general
northwest direction to a point on or near Whitford Lake.

/
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«BULKING” EFFECT OF SAND

T is an encouraging fact that the importance of the selec
I tion oef ;E;.ce%;algs and the improve;m.am:. of ’qhe field
conditions attending the proportionipg, mixing, plac1€tg, :?3'
soning, etc., of concrete are receiving greaterl 3ben 193
than formerly.  Broadly speaking, it may truly be sai
that the progress made within the past few yeall's 1; main-
ly due to the untiring efforts of comparatm;1 y ;w 'mi
vestigators.  Nevertheless, 2 knowledge of tte p! ytslica
properties of the materials entermg into concrete ntgxd rt:s
is of vital importance ‘to all engineers and superintenden s
who have to do with the construction and the mfam nantce
of structures composed entirely, or In part,f (::h conscgue,
since the economy, efficiency and permanence Ol ;sse - ;-
tures depend to a marked degree upon a practical applica-
tion of this knowledge. j

Attention is called to an artic ;
the “bulking” effect of the moisture 1
and its relation to the quantities zfds?)rll:: a
ing into concrete mixtures is poin ed out. ¢
deirth oof (;n;ormation in engineering literature relagmg tg
this physical effect of the moisture con'_came:d “;1 saric S anh
the fact that this source of irregularity mvt i ;ezini )
and other physical properties ot ¢ te has noreasonable
cognized in engineering specxﬁgatlon§, 1t_ seems X
to assume that Capt. Edwards’ investigations are more ¢
plete than any hitherto made. : d o i

jerographs reproduce in tl

the lﬁrﬁaﬁ?ﬂf? chang;e I:-:ﬁ’ected in the physxca! s’cructu:gt ‘of
the cement matrix by the inclusion of excesswehguax}n1 ities
of water in the concrete mixture. . Doubtless this change
ary cause

le in this issue in which
n sand is discussed
ggregate enter-
In view of the

s article show

er unde‘sirable proper-

ties in concrete to which failures are due.

contributing to low .
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PRESERVING TECHNICAL PUBLICATIONS

MOST engineers have been at sometime or other im-
pressed with the advisability of having technical in-
formation on hand and ready for any emergency. Accurate
information is as essential to the success of the engineer
as a compass to the navigator. The value to an engineer
of a library of technical information will be apparent to
all, and there is much to be said in favor of the establishing
of such a library by the individual or the organization of
which he forms a part.

Through the medium of printer’s ink, one is put in
possession of knowledge of what others are doing and how.
No one knows it all. Engineers, like men engaged in other
professions, must depend. to some extent upon the knowledge
which can be brought to them through the medium of the
printed word.

With the close of the half year or the year, as the
case may be, technical publications complete their volumes
and it is a wise practice for engineers to bind them for
preservation and facility of reference when occasion re-
quires. This practice of preserving copies for the pur-
pose of having them bound at the end of the half year or
year, as the case may be, is one which should be encouraged
and its importance emphasized.

This office very frequently receives requests for back
copies to complete volumes and it is a matter of great re-
gret that occasionally these requests cannot be complied with
owing to the particular issue desired being out of print. The
result is that the volume is either left unbound or bound in
an incomplete state. The wisdom of having a place for
each copy of the paper and of keeping it in its place is
therefore evident.

A word as to the practice of clipping articles from
journals for purposes of filing. While this plan may save
space on the book shelf and articles on like subjects may
be kept in a single file, it often means waste of time
besides destroying the value of the copy itself. One cannot
foretell what articles are thereby destroyed as a re-
sult of this mutilation or whether they will be of equal or
greater value at some time than those that have been
actually preserved. Onme’s range of interest is apt to ex-
pand or change very materially as time goes on.

* Taking it for granted, however, that engineering
journals are mnot to be read like a newspaper and then
carelessly thrown aside, there are several points to be kept
in mind:—When each copy arrives, look it over carefully;
examine the index page; then place the copy with the
previous issues, returning it whenever taken from its place.
When July first or January first comes round ecall in the

bookbinder.

GOVERNMENT FINANCING OF INDUSTRY

THE British Columbia government, in addition to estab-
lishing a provincial department of industry, plans also
to furnish funds through that department. The “depart-
ment of Industries Act,” recently drawn up, provides that
the minister may, upon the recommendation of an advisory
council,” give financial assistance to any person, partner-
ship, association or company, by way of loan, guarantee,
or guarantee of securities, for the purpose of aiding and
developing industries and manufacturies, or to establish,
maintain and operate such industries. Before granting

any loan or guarantee, however, the minister of industries

and the advisory council have to be satisfied as to the fol-

lowing points:— i
1 The value of the security offered, estimated on the

. pasis of productiveness.

9 The desirdbility of the proposed loan or guarantee
for any of the purposes of the act.
8 The ability of the applicant to make a fair profit

from his enterprise.
4 The solvency and the capacity and moral hazard

of the applicant, and his earning powers.
5 That the granting of the proposed loan will be of

economic benefit to the province. ‘

.
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Among the powers and functions of the department of
industries the following may be mentioned:—

1 To carry out an economic survey of the natural re-
sources of the province, and to furnish advice in regard to
the best methods of utilizing such resources.

2 ' To aid by loan, guarantee, or guarantee of securities
on approved plans any enterprise calculated to encourage
the economic and commercial manufacture of the natural
resources or products of the province.

3 To consider and deal with plans submitted by re-
presentative bodies of returned soldiers of British Columbia
for promoting and providing for employment through the
establishment of new industries and the development of
existing industries.

The maximur %th the government will be empower-
ed to borrow foi . purpose, will be $2,000,000, accord-
ing to the present draft. While this sum is not great in
view of the already extensive debt of British Columbia,
there is an important principle involved which should be
carefully considered before action is taken.. It is one thing
to create a department to assist.industry by education,
publicity and other means to which public action is
peculiarly adapted; but it is quite unnecessary and unwise
for a Canadian province to risk money raised on the credit
of the taxpayers as a whole, to such borrowers as the public
officers see fit to favor, when adequate banking machinery
exists for such purposes. It is distinctly an injustice to
holders of the provi-ce’s bonds that new securities, ranking
equally with those . : ady outstanding, should be issued
except for necessary »oful works. We suspect that
this measure is in some . » the result of agitation on
the part of would-be industr.al leaders whose credit is not
sufficiently good to satisfy the careful examination of a
bank; its adoption will appreciably affect the credit of the
province. Investors and bond dealers in Canada, Great
Britain, and the United States, will hesitate before loaning
money to a province which has embarked on such an un-
certain enterprise.

It may be said that this money will be used produc-
tively in private industry, whereas if expended on roads or
other public works it would to some extent be wasted. The
latter can, it has been found by experience, be provided only
by public enterprise, and a certain amount of extravagance
is inevitable; in the case of the former, however, it is not
necessary for the government to intervene at all.  The
saving attained by pledging the credit of the province as a
whole may, and probably will, be more than offset by actual
losses, and by the degree to which the standing of British
Columbia is affected in the investment world. Government

‘loans on farm property, while not commendable, are at least
secured by tangible assets. Loans on personal credit re-
quire a careful estimation and a personal relation which a
government is peculiarly unfitted to give.

PERSONALS

Dr. JouN L. BATES, superintendent of the Forest Pro-
ducts Laboratories, Montreal, has resigned, to join the
staff of Price Bros. & Co., Quebec.

JorN FLoop, JR., a civil engineer of St. John, N.B., has
been admitted to partnership in the general contracting
firm of John Flood & Son, and the name of the firm has
been changed to John Flood & Sons.

W. A. McLEAN, deputy minister of Highways, Ontario,
has recovered from his recent illness sufficiently to return
to his home. He still hopes to be able to attend the Good
Roads Congress in the Parliament Building, Quebec City,
on May 21st, when he will address the meeting on “Shall
We Restrict the Load or Build the Road.”

DR. FREDERICK HAYNES NEWELL has been elected presi-
dent of the American Association of Engineers. He
graduated in 1885, at the Massachusetts Institute of
Technology, and after field experience in Colorado and other
states, was appointed as assistant hydraulic engineer of the
U. 8. Geological Survey. He is the head of the civil en-
gineering department of the University of Illinois and is
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widely known as a public spirited engineer. He was the
first chief engineer, 1902 to 1907, and director, 1907-1914,
of the U. S. Reclamation Service.

CHARLES W. TARR, vice-president and general manager,
Morris Knowles Ltd., engineers, located at Windsor, Ont.,
was born at Lawrence, Mass., at which place the first slow
sand filter was built to treat the water from the Merrimac
River, before it was supplied to the city. In 1896, he was
employed by the Metropolitan Water Board at Clinton,
Mass., where the Wachusett Reservoir was under construc-
tion. He has
sup er intended
construction  of
many public
utilities, includ-
ing water supply
and purification
plants, distribu-
tion systems,
sewage  collect-
ing and purifica-
tion works, pave-
ments, bridges,
ete. Mr. Tarr is
a member of En-
gineering In-
stitute of Can-
ada, American
Society of Civil
Engineers, De-
troit Engineers
Society. Is now
vice-president
and general man-
ager, Morris
Knowles, Limit-
ed, at Windsor,
which firm has
reported on the water supply and sewage problem for
the Essex Border District, consisting of Ford, Walkerville,
Windsor, Sandwich, Ojibway and Townships of Sandwich
East and Sandwich West. A portion of the intercept-
ing sewage system is under construction, aggregating five
miles in length. Water purification plants were designed
for Ojibway and Amherstburg, the latter having been built
and now operating. A report of the various possible
sewage systems for Ford City was made, together with the
plans and estimates of cost.

A. K. GRIMMER, C.E., who superintended the installation
of the filtration plant at Woodstock, N.B., has been appoint-
ed town engineer for the development of the town of
Temiskaming for.the Kipawa Co., Ltd. =~ Mr. Grimmer was
formerly city engineer of Medicine Hat, Alta. Later he
went to take up consulting work in the Maritime Provinces
and located at St. Andrews, N.B. Just previous to accept-
ing his present position he was connected with the Bate-
McMahon Maritime Co., at Halifax.

OBITUARY

DUNCAN McDoONALD. inventor of the paye-as-you-enter
street car, died on May 8th, at St. Agathe, of tuberculosis.
He was, at one time general manager of the Street Railway
Company, and later, was a controller of the city of Montreal.

Construction of the new race track and exhibition build-
ings in Connell Park, Woodstock, N.B., is now under way.
P. Corbett is the engineer in charge.

The city of Moose Jaw, Sask., is considering an extension
to their present waterworks system with an alternative plan
to obtain 4,000,000 gallons per day from the Saskatchewan
River. The alternative plan would mean a conduit approxi-.
mately 60 miles in length and an expenditure of about $1,- .
630,000.




