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AN EXAMPLE OF DIFFICULT TUNNELING

——

THE COMBINED USE OF SHIELD AND COMPRESSED AIR ON
WORK SUBJECTED TO UNUSUALLY COMPLEX CONDITIONS

By J. M. M. GREIG, A.M.L.C.E.

City Engineer's Department, Toronto

Unusual circumstances arose in connection with
One of the low-level intercepting sewers of the
City of Glasgow. Starting from a shaft some 25
& €p, the tunnel passed beneath the foundations of
two)ry heavy retaining wa}ll (clearing them by a foot or
Yarq E‘to running sand lying below an extensive freight
9 foet Ordering on the Queen’s Dock. There were only
raj] of cover between the top of the sewer and. tl'le
> and at one point the centre line approached within
oyt %€t of the quay wall. To open-cut this.section was
of the question owing to traffic conditions, and to
tunnel through quicksand with an unlimited
Y of water close by was no light task.
withIt Was decided that the tunnel should be driven
OPeHiCaSt‘IFOH segments, so as to minimize the ground
the e?fg; but, as the railway company had doubts as to
e of their extremely heavy loads on the roof of
Seg Nshed iron tunnel, a thick brickwork lining (_)f these
Ments wag insisted upon. This made the section one
Outgreat Strength, but of an external diameter somqwhat
Proportion with the inner diameter, as will be
reference to Fig. 1.
bélo here were 420 linear feet of sewer immediately
sanq .. rails, and the ground throughout was clean
) Varying in fineness, and full of water.
Sunj Ork Previous to Arrival of Shield.—A shaft W'aﬁ
Qap«’i’ngnd from it the tunnel was driven, at first wit
This d_‘leg settings of timber and a brickwork lining.
Win i .hot prove a satisfactory method, the’ street
SXcq 8 signs of subsidence, owing, no doubt, to fhe
effe iv'ngly unstable condition of the bottom, rendering
ron lie' Propping impossible. An attempt to tunnel with
the nenlng turned out equally unsuccessful, and, after
Wag . oSsary plant had been put to work, a third trial
€ with jron and compressed air.
deep, cbout 30 feet of tunnel were driven thus under the
ang th:"ler of the street, but the openness of the ground
Of i ,2r8€ area of exposed face caused a great escape
the o l.lt.tle improvement being effected, therefore, in
feyy fr “ditions of the bottom. The air pressure gradually
the wolm 5 10 2 pds. per sq. in. as the tunnel approached
Cujt tzl’ and mining operations became exceedingly diffi-
It Wa Ward the end, only one ring being built per day.
the 5 €Vident from the disturbance of the surface that
contin;nel.‘s Were not holding the ground, and that the
fetaininatlon of this method of tunneling beneath the
It Wa g Wall would be attended with great risks; SO
decideq 1o try a shield.

| HE driving of a sewer tunnel under somewhat

feet g,

Seen by

Description of Shield.—The outer shell of the shield
consisted of a cylinder of steel plates, the clear inside
diameter being 8 ft. 815 in. and the length over all 7 ft.
10 in. Inside this shell and about 2 ft. behind the cutting
edge was a bulkhead or diaphragm formed of plates,
stiffened with channels and angle gussets off the front
upper portion of the shell, called the hood. This dia-
phragm had two openings, 1 ft. 7 in. by 4 ft. 8 in., sepa-
rated by an I-beam in the centre, which, with the side
channels, formed two sets of grooves, into which stop-
planks might be placed, should it be necessary to close
the face or reduce its area. Besides these working
openings there were two small hand-holes in the lowest
part of the diaphragm through which the sand was
forced as the shield drove forward. In very bad ground
a great 'amount of the excavation might have been taken
out through them with the larger openings closed.

Below springer level the cutting edge receded from
2 ft. to 4 in. off the diaphragm; thus there was a hood
above that portion of the ground being excavated, while
it was still possible to reach the ground immediately in
front of the lower portion of the cutting edge and so
clear the way for the bottom of the shield, thus obviating
the possibility of boulders damaging the cutting edge.

' The hood was stiffened with an additional plate, so that

the cutting edge was really formed by the bevelled edges
of three plates above springer, and of two below.

Behind the diaphragm there was a cast-iron ring
formed of six flanged segments fixed to the shell by taps,
while screws running through casting and shell held the
ram castings in position. The rams, six in number,
arranged symmetrically around the circle, were 4 in. in
diameter, and had a maximum travel of nearly 2 ft.
There was a sufficient length of shell (8 ft. 814 in., inside
diameter) behind the segments to admit of one ring being
erected inside the tail of the shield with about 6 in. of
the shell overlapping the iron already erected.

The main hydraulic feed-pipe was fixed to the shield
on one side, about springer level, and from it the high-
pressure water was separately distributed through srga}ler
pipes to each ram, small valves on these pipes giving
independent control of each ram. Thus the shield con-
sisted of a steel shell divided into three portions—the
hood with the cutting edge, underneath which the ex-
cavation was taken out, the body containing the means
of propulsion, and the tail, in which the tunnel rings
were built.

To obtain the necessary hydraulic pressure an air-
compressor on the surface supplied an air-engine or
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pump in the tunnel. This pump was fixed in the side
of the tunnel, near the face, and from it wrought-iron
piping, with a flexible end-piece, carried the high-pressure
water to the receiver on the shield, and a similar arrange-
ment of pipes returned the exhaust water to a small tank
below the pump. The whole mechanism was most com-
pact, tank and pump occupying a space of less than
8x2x 4.1t

Fig. 1—Section of Sewer.

Erection of Shield.—As the use of a shield had not
been contemplated in the original layout, the erection
of this shield was carried out, not in a shaft as is usual,
but in a specially excavated chamber in the tunnel, which
was enlarged for a short distance to a diameter of 11 ft.
This shield chamber might have been excavated ahead
of the iron had it not been that the face was already
very near to the wall; but in any case, it was probably
safer to excavate around the outside of the iron—from
which temporary propping could be erected—rather than
to open up new ground. §

In the last length of eight rings, seven were taken
out, the eighth being left as a rib to support the longi-
tudinal bars used in poling back. Two plates were broken
to obtain an opening in the lining, and the key-plates
of the unbroken rings were taken out first, the upper
plates being supported by struts from the invert. A crown
bar was put in through the lagspace and carried on short
props from the leading and ninth rings. The upper plates
were next taken out, those along one side at a time,
and the ground poled back on bars similarly supported.
Below springer the excavation was taken down and tim-
bered outside the rings as far as possible before the
removal of the plates.

All this temporary timbering had cement grout under
pressure forced into the ground behind it. The bars were
then sheeted inside, and the space was pressure-grouted.
By this means the top was made practically air-tight,
and a fairly good pressure maintained while the bottom
was being excavated and poled with 3-in. sheeting.

The shell was taken into the tunnel in pieces and
erected round the framework of the bulkhead. The taps
fixing the cover-plates to the shell were cut and ham-
mered flush with the inside face to allow the tunnel
segments to fit closely. The body segments were also
attached to the shell by means of screw taps. Bolts with
counter-sunk heads held the angle-stiffeners to the shell
and the bulkhead; thus the only variation from a smooth
outside surface was the longitudinal cover-plates. A
cradle of half-timbers supported the shield at its proper
level, and on the completion of erection, the space be-
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tween shell and walls of chamber was packed with dry
brick and grouted with cement under pressure. Th,‘:';

rmi

was now a set of crown bars held by the shield, fo
cantilevers in support of the ground above the leading
ring, which was taken down and the shield driven har'
to the old face polings. These were bored out in S™
parts and clay put into pockets excavated ahed
around the cutting edge of the shield, new face-board®
being put in horizontally to form a circular shuttef e
timber about 2 ft. less in diameter than the cutting €d8%
as shown in Fig. 2.

Method of Excavating.—As a rule, the shield W85
driven forward until the diaphragm was within abo
10 in. of the horizontal face poling-boards, these boatdz
being supported during the period of movement bY |
raking struts off a cross-piece on the second last ring’
and butting against two vertical soldiers running acros?
the boards. Fig. 3 shows the shield ready to moveé
ahead, and Fig. 4 shows excavation in progress. Wheg
the shield came to rest each poling-board was strutt®
off the diaphragm with short blocks and wedges. W!
the face thus supported the rakers and soldiers w'er‘f
taken down and excavation proceeded with by Wl'fhb
drawing the top poling and pulling out the sand wit
hand-tools.

and

A pocket or groove was cut out a little beyond 4%
above the cutting edge, and clay rammed in, alter whictg
the first poling-board was carried forward and re-erecte
against the new face with long struts off the diaphl'ﬂgﬂ;
In this way each board in turn was carried forwar
and the face kept continually poled up. Below “O
lowest board the sand was roughly excavated dOWS
almost to the cutting edge, and, after erecting the rak_efd
and soldiers, the struts were removed, leaving the shi€
again in position to travel ahead. 1he excavated sal .
was thrown upon a staging at the level of the sill of thd
openings, from which it was shovelled into wagons
taken through the air-locks to the shaft.

Fig. 2—Poling of Face.

In this ground the shield showed a decided tenden;’tr

to go downward while in movement, but it Was “g
to proper level by using the 3 lower rams only ur:lge N 5
the first part of the movement. After the cutting © ht T
was fairly buried the two upper side rams were bfou.igt ‘
into action as the first three did not give a force suffi® ih
to drive the shield ahead. During the first period,
three 4-in. diameter rams working under a pressur
1,500 to 1,600 pds. per sq. in., the total effort was @
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0 tons, or 286 Ibs. per sq. ft. of skin surface. When
€ cutting edge was buried the resistance was more
: ?;1 that du.e to mere skin friction, and, after applying
eﬂ”orrtns and increasing the pressure per sq. in., the total
B r0se to about 48 tons. The highest pressure used
1,900 pds. per sq. in., or a total push of nearly

e

UNOER| | SHIELLD

ERECTED

20 .9

Fig. 3 Longitudinal Section of Shield—Ex
Completed.

6o
t : T
al Ons. The average time of travel was 8 minutes in

thé Though the air pressure kept the upper portion of
it aace dry, the bottom was always very wet, hut,. as
harrns €Xposed for a short time only, the water did little

drlvelmmediately after the shield had been

Come., 20€ad the last ring was grouted with
CMent und ; ¢ 4

Sq. i, der pressure of 40 to 50 pds. per e
QWest‘ Icement grout was used for the g
p°rtionp ate, but lime grout for the upper

Sur of the tunnel, where the air pres-

S8ap, baFk the water. There was no
Singe o Or this pressure grout at the shxfald,
the g, ©oden buffer ribs, held firmly against
Clogeqg 8¢ of the last ring by the rams,
skin, MY Opening between them and the
Wag € next ring of iron tunnel lining
"0t erected until the whole face had
to drisxcavated and everything was ready
Suﬂiciee ahead, so the buffer ribs remained
L "ty long enough in position to per-
Poyp the mortar partly setting.. Five
Surg is Was about the maximum air pres-
COvep the tunnel while beneath the deep
2 ang . Ut on leaving this it fell to between
due , 3 POunds, and sometimes less, partly
Som, O slight leakage at the joints over
they SO OF 60 yds. of unlined ironwork
. ®Xposed
ang - UMmets of string dipped in red lead
Wag zaCed around the holts beneath the
holes 'S Proved effective in stopping leakage at bolt-
Cem, ..t Il joints had been plastered over with neat
byt = Previoys to the adoption of red lead on grummets,
shiél S A continued to escape at the bolt-holes, the
Wag Stopped and brickwork built from the air-locks
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nearly up to the face, completely sealing the tunnel be-
hind the shield.

Previous to this point no cement had been used for
grouting the lower plate but with its use and the brick-
work lining carried forward, another pound of pressure
was obtained, making mining operations much easier.
This slight increase in pressure probably allowed
the grout to more completely encase the iron, for

ZAN, > there was very little leakage through unlined
=\ ironwork from this point forward.
VAT Mechanical Plant.—While under the deeper
e cover the air pressure averaged about 5 pds. per
o' .« SqQ. In., with the engine running at 6o R.P.M.,

under 110 pds. of steam; and, in the lighter
= cover, 2 pds. air pressure, with the engine
.=, running at 76 R.P.M., under the same steam
..~  pressure. A ““‘Larmuth”’ compressor, with steam
cylinder of 16-in. diameter and 24-in. stroke,
coupled direct to a 15-in. diameter air pump,
: supplied air to the tunnel. The number of men
on each shift was 3 miners and 4 laborers, ex-
‘e cavating, setting segments and pressure grout-
.-, ing, with a locksman and two enginemen, 11
el
Points in the Use of Compressed Air.— The

principal point of escape for the air was un-
doubtedly the working face, though this was
kept as closely poled as possible.  When the
face was completely closed up and grouted, dur-
ing the period when the brick lining was being
brought up to the shield, the same working air
pressure could be maintained with the engine
running about half speed. This illustrates one
of the many advantages of using a shield, as, even with
the comparatively simple shield here described, it was
possible to reduce the area through which air might
escape to a few square feet of sand, and with

L BUFFER
R/IB

|
N
D
:
|

Fig. 4—Longitudinal Section of Shield—Excavation in

Progress.

more complicated mechanism, still greater control
might be exercised over the area of escape. In
placing the poling hoards against the face it was usual
to smear their edges with clay. A neat illustration
of the course taken by the air could be obtained
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by removing a piece of this clay and holding a candle
to the spot, when the flame would be drawn into the
joint and extinguished. If the ground is very open com-
pressed air alone may be of little use, especially under
light cover, but with it in combination with a shield the
most unstable ground can be negotiated.

Compressed air will travel great distances through
open ground, and may set up quite unexpected disturb-
ances, as, for instance, by getting into old, leaky sewers.
It is never advisable to use a greater pressure of air than
that which is just sufficient to balance the weight of
water head. The writer has known of the waters of a
pond being disturbed by compressed air from a tunnel
more than half a mile away. In grouting with 30 or 40
pds. pressure it is quite a common thing to find the
cement driven up to the concrete of the roadway from a
depth of 20 feet, where pits had been sunk or previous
excavation carried out. Of course, the shield has been
used much in tunneling without compressed air, and it
is a most useful mechanism, which might be more popular
with contractors were it not that it has been so much
associated with very difficult and expensive tunnels, such
as the portion of sewer which is the subject of this article.
Though the shield in this case was a costly piece of
plant, its use was justified by the safety in which the
work was. carried out, the excellent progress made
amounting to 42 feet per week.

e e

CEMENT IN EGYPT.

The Bulletin Commercial, of Brussels, states that Egypt
now offers an important market for cement. In 1911 the im-
ports were 106,670 tons, valued at $800,000, as compared
with 87,503 tons in 1910. The great vogue for buildings of
ferro-concrete has largely contributed to the remarkable de-
velopment of the import trade in cement, and this trade seems
quite likely to be maintained, in view of the attention which
is being given by capitalists to the building industry. The
extensive port works recently commenced at Port Said, and
those projected at Alexandria, will necessitate the provision
of large quantities of cement. The Belgian imports were the
largest in 1911, amounting to 50,257 tons, followed by those
from England, 35,192 tons. The remainder of the imports
came from Austria, France, and Germany. Artificial cement
(slow hardening) is imported in barrels of 150, 180, and 200
kilos. gross for net. Sacks are taking the place of barrels
owing to the rapidity with which the cement is used. There
are, however, cases where barrels are preferred. Natural
cement (rapid or semi-slow hardening) is used prinqipally
by the natives and also for certain masonry work. It comes
mainly from Belgium and is imported in barrels of 140 to
150 kilos. gross for net, and in sacks of 45 to 30 kilos.,
sacks invoiced. The question of sacks sometimes presents
difficulties for the importer. Empty sacks are invoiced to
him by the manufactory; if he takes care of them, or re-
turns them only in a bad condition, they are carried to his
account. Cement users, however, do not readily agree to
these conditions, and the importer eventually suffers the loss.
English manufacturers are in the habit of shipping cement
in very light bags, which are strong enough for one voyage
and for which there is no charge. This method has given
excellent results.

—eae——

The Commission of Conservation, Canada, has prepared
a summary of rail production in Canada from 1895 to the
beginning of the present year. The increase shown in the
intervening years has been from 6oo to 423,885 tons.
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TRAFFIC CENSUS IN MASSACHUSETTS.

A summary of that portion dealing with the €O™

struction and maintenance of roads, of the Massachusetts
Highway Commission’s report for the year ending No-
vember 3oth, 1912, was given in October gth issué
The Canadian Engineer. There are a few points in €07
nection with the traffic census outlined in the report, that
are of great interest, inasmuch as it is of such importance
to have an accurate knowledge of the traffic which any
particular road has to carry. As the Commission S'i_ates
“The road must be so designed, built and maintal?
that it shall be at all times in proper condition to beaI;
the traffic to which it may be subjected, and not only 2
the least cost to the user,; but also at the least ultimate
cost to the taxpayers, taking everything into accOun:
viz., interest, sinking fund, yearly maintenance and 0c#
sional resurfacing. Without a knowledge of traffic one
is really entirely at sea. The road builder is likely -
make serious and costly errors by determining upon thi
wrong kind of construction and by selecting impropef e
unsuitable materials or methods.”’

The Massachusetts Highway Commission in 1999
had a census taken upon the State highways at 23
stations, scattered throughout the State; and in 1912 A
similar traffic count made at 156 stations.

While the count in 1912 was taken at fewer Pomtz
than in 1909, it was felt that the percentages of increa’
and decrease could safely be used to indicate the trd
on other similar roads. ¢

A traffic census was also taken at the same time 2
quite a number of points around the city of Boston ©
roadways in the metropolitan and Boston park syS,tems:

The census was made in the following mann€;
The vehicles actually passing on the road were count€
by observers, who were engaged for the purpose-
vehicles were counted for fourteen hours a day (7 a-m
to 9 p.m.) for seven consecutive days in August, 19098'
and again for seven days in October, 19og, at 23(1
stations, the daily census at each station being tabulat®
on a card. This same census was made again for h)
periods of time in August and October of this year (19¥2/
At a few important points a count was also made e
night, the census at these places covering the who
twenty-four hours. {68

After the cards were received the number of Veh‘dt
observed at each point was tabulated and computeC, g
show the average number of each class of vehicle passi®
the given point per day, the total number of vehicles 2 !
the total of each class, both motor and horse-dréd h
When these figures were obtained the percentage of eaed
class of vehicle using the particular road was comput n;
and the percentage of the total of each class at all stat10””
was computed as well. After these averages were €0 e
puted for each of the 238 stations in 19og and fof Jes
156 stations in 1912, the total average number of vehiC™
at all the various stations was added, the numbers 35
tained, and from this was obtained the average nu®
of vehicles passing each day at all the points wheré
count was made, as well as the average number of
class and kind, and the percentage that the vehicle$
each class bore to the average total number.

The increases and changes in traffic from 19°9w5
1912 are shown in Table I., which, by the way, S e it
that the traffic is changing much more rapidly .that;og
is increasing. The figures represent a count taken in ! e
and 1912 for fourteen days of each year, and from 7 i‘h
to 9 p.m. of each day. The report goes on to say
the significant -feature of the census for the roadma?ﬁc,
not the increase of traffic, but the change in the tr#
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hich he must consider and for which he must
Another factor which further analysis brings
» and which is also important, is that light, single-
S€ vehicles decreased 25 per cent. ; two-horse vehicles,
Per cent.; heavy, single-horse vehicles, only 3 per

Cen :
t, and heavy two or more horse vehicles, only 5
per cent,

able I.—Increases and Changes in Traffic from
1909 to 1912.
1909 Census, 238.5 1912 CeNsus, 156.5
STATIONS STATIONS
el = > £ ]
DAL A v &
PN R BRI i
e =g $8 gSB =@ &2 8%
&% O > =2 o N 9> 5198
w0 wg§& O w2 Weg 60 o
£ e T fAE ¥g 92
o B S ) $E Toe G mSaes
N & - N ® U e
>3 >os 0O > 2 >oe 98 oo
Motopg. <% <a®w Al <Z <o AM =0
Unabg,¢s
Touringes~ - - 4985 208 85 5800 372 1 +7
guCEes =18 - - 17,950.5 753 80.5 27,178.5 1735 49 +130
i 2 - - — — — 158000 /115 =8 —
ot 2
b = 22,909.0  96.1  39.0 34,797.5 2222 63 +131
l"ho:;:’e.fji"i‘fn vehicleg: —
}‘he e hos - - 17,0330 715 290 83800 535 15 —25
g% mope oy - - 11,7625 493  20.0. 74580 47.6 14 -3
Of mogg LTSS, light - 1,0060 42 20 560 86 1 —I4
. orses, heavy  6,205.5 26.0 10.+ 3,870.5 24.7 7 —5
ot S
Alhorsedrawn - 36,0070 151.0 610 20,2645 1294 87 —l4
T
Otals of all kinds - 247.1 3516 +42

of tWeight of Traffic.—In commenting upon the weight
C as an important consideration, the report

States Dol
i i ‘Af.ter all, it is not numbers which tell the story,
by v, v Cight, and it is not weight alone, but the vehicle
o whlch 3

It jg It is transported, whether by horses or by motor.
€ng ot the tractive power alone that makes the differ-
irop ’0 ut the tires which support 'the vehicle; whether
the Vell-l rubber comes in contact with the road; whether

t
e?:fiozuus upon the road ,surfa«:.e. All of these consid-
Slu-faCeS are probably not so important on many road
inch W.S as the _‘aCtuaJ weight imposed upon the road per
X Wdth of tire resting upon the road.
I.n other words, heavy loads supported upon narrow
reagﬁ'e's, having a weight of over 600 to 800 pounds
to Inch in width of the tire, do vastly more damage
loadso St, if not all of our roads than do very much heavier
“Wher € the weight per inch width of tire is less.
ticay uch loads carried on such narrow tires will prac-
A fey destroy any road surface, except a pavement, 10
Toaq Months if there are many such vehicles using the
&‘eVery day.
aSSuftet' careful study they have adopted in Engl:«.md
“sing t}r]ned weight, or coefficient, for e-a(.:h kind of 'vehlcle
the trafﬁe roads, in order to make a fair comparison of
ang C upon different roads where the traffic varies,
It § More nearly show what the road must support.
the qult.e similar to the formula in use in France and on
< Dtinent, :
tis, therefore, used both for want of a better one,
Table ISIO because it gives a fair basis of comparison.
°hu8ett - Shows the weight of the road traffic on Ma§sa-
Tedyees 102ds computed in this way, with the coefficient
o0 the to tons of 2,000 pounds each in every case, both
«.. Dglish and Massachusetts roads :—

“Otable €re, again, not only are the changes in traffic
. PUt the weights are even more important.
Motoy he‘ave,-age weight per station per day of the
tong, yehicles in 19gog was 197 tons; in 1912 it was 512
ang on] Or horse-drawn vehicles it was 147 tons in 1909

Y 135 tons a day in 1912.

.

icle is pulled over the road or propels itself, and -
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Table I1.—Weight of Traffic on Massachusetts Roads.

1909 1912
3 = @8 = @
o = R =2 b 25
g 3 as g Gl Qs
> B ST = xg
s o oo e o gs
O >a 9 - Q> o -1
W S =8 w0 A s
sag Es &5 f42 3 &
SHs %o LTS SR 0%
< <& B2 <iqw << 28
Motors :(—

Runabouts - - - 208 1.43 29.7 37.2 1.43 53.2
Touring cars - - - 1758 2.23 167.9 173.5 2.23 386.9
Trucks - - - - 6.25 — 115 + 625 71.9
Totals - - - 96.1 -~ 197.6 222.2 -_ 512.0

[ Horse-drawn vehicles: —
One horse, light - - 71.5 .36 25.7 52.5 .36 19.3
One horse, heayy - - 493 1.12 55.2 47.6 1.12 53.3
Two or more horses, light - 4.2 54 2.3 3.6 .54 1.9
Two or more horses, heavy 26.0 2.46 64.0 24. 2.46 60.8
Totals - - - 151.0 o 147.2 129.4 . 185.3
Totals of all kinds - 247.1 — 344.8 351.6 — 647.3

““The weight of automobile traffic has increased 160
per cent. in three years, while the weight of horse-drawn
vehicles has actually decreased 8 per cent. in the samé
time. While this is true, note what happened: the motor
truck has come in with an average number of trucks of
1114 per station, and their weight is nearly %2 tons a
day. ‘The weight of teams decreased 12 tons a day;
trucks came in with a weight of 72 tons a day, making
good the loss in team weight six times over.”’

The width of roadway is also given due considera-
tion, ‘as it is manifest that what wears out a road is the
actual weight and volume of traffic that has to be sus-
tained by each inch in the width of the road surface.
The report contains tables showing the assumed actual
weight in tons, per day, passing over each yard in
width of the macadam roadway on certain roads in
Massachusetts.

Table III.—Average Daily Traffic.

Heavy
. Heayy Teams, Auto-
Light Teams, :
Teatne 0 Two or mobiles
2 o More a Day
Horse Horses

A good gravel road will wear

reasonably well and be

economical with - - 50to 75 25 to 30 10 to 12 100 to 150
Needs to be oiled with . - —_ - Over 150
Oiled gravel fairly good
* either hot or heavy cold

oil % gallon coating (cold

oil must be used yearly) - 75 to 100 30 to 50 20 500 to 700
Water-bound macadam will

stand with - - - 175 to 200 175 to 200 60 to 80* -2
Dust-layer willprove service-

ableonsuchmacadamwith — - - 50 to 100
Macadam will then stand

(but the stone wears, of ]

course) with - - - - — — 300 to 500

Water-bound macadam with
hot oil blanket coat will be
economical with® - - 150 to 200 75 to 100 25 to 30 Up to 1,400
Will stand at least® - - - — — —
But will crumble and per-
haps fall with over - - —_ 100° 50° —
! Perhaps more.
? Not over 75 at high speed. ;
3 The large number of automobiles seems to keep the oil rolled down when it
would be cut up and crumble without this traffic. Water-bound macadam with
a good surface coating of tar will stand a very large number of automobiles, but
the commission has not used tar extensively as a surface treatment where there
is heavy team travel. -
* And more with fewer teams.
5 Fifty motor trucks, probably more.
% On narrow tires; or loaded farm wagons, ice and wood teams, etc.

The Commission emphasizes the necessity of a traffic
study for the purpose of helping the road engineer deter-
mine the type of road to build, and the best method of
maintenance. The experience in Massachusetts and else-
where has shown conclusively that large numbers'of
swiftly moving automobiles cannot successfully be carried
over a water-bound macadam road or over a gravel road.
Such a road becomes ravelled very rapidly, rutted and
disintegrated. Traffic studies indicate that from 50 to
roo automobiles a day make the use of some dust-layer
or binder necessary, and its use would possibly prove
economical on a road where there is even less motor

.
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traffic. With - the motot traffic which Massachusetts
already has it has been found necessary, both for economy
and for efficiency, where a road has heavy team traffic
as well, to adopt in construction or resurfacing some
form of bituminous mixture for the upper two or three
inches of the road surface, at least, or some stronger
road, like concrete. In many places, the Commission
believes, such construction or reconstruction, has been,
and will be, economical.

Conclusions Summarized.—A table has been included
in the report showing as nearly as may be the results
which have been observed after four years of experience
with bituminous materials, comparing these results with
the traffic going over the road in 1909 and again in 1g12.
The Commission. realizes fully that more experience will
undoubtedly cause it to change or modify some of its
present opinions, but they are submitted for what they
are worth as indicating the result of its experience in
Massachusetts.

The standard road is 15 feet in width of macadam,
with three-foot gravel shoulder on each side.

— -

RESISTANCE OF THICK CYLINDERS TO
RUPTURE. ]

According to' M. Malaval, in “Rev. de Metallurgie,”
in a tube of the proportions of gun practice, the thickness
about equal to the calibre, there are two distinct periods be-
sides the elastic range. This is followed by the range of
semi-elasticity or partial failure, which is of sensibly the same
duration in stress. With increasing applied pressures the
area of overstressed metal widens radially outwards. Thus
if the pressure is released the outer elastic zone is prevented
from returning completely to its original shape by the per-
manent deformation of the inner plastic zone. The mutual
action causes the unloaded tube to be stressed in tension in
the outer region and in compression in the inner, so that it
is in the condition of an ideal shrunk composite tube—i.e.,
one with an infinite number of indefinitely thin components
whose mutual pressures are such that under rising internal
pressure all parts reach the elastic limit simultaneously and

bear equal parts of the load. - The semi-elastic period ceases.

when the outside layer reaches the limit of elastic deforma-
tion and is followed by the periods of general failure. Dur-
ing this period, covering an increase of resistance much
greater than those of the first two periods, all parts show an
increase of resistance, the inner region being in compression
and the outer in tension. It follows that the metal, whose
capacity for deformation is greater in compression than in
tension, can withstand very considerable internal strains. It
is concluded that the ordinary shrinking process might be
replaced advantageously by one involving initial overstrain-
ing of a solid tube. A gun so constructed would withstand
a pressure of over 1,500 kilogrammes per square centimetre
(213,300 pounds per square inch).

—_—-_—

The statistics of the report of Mr. J. McLeish on Eco-
nomic Minerals and Mining Industries of Canada, contains
the following record of production of pig iron:—In Ontario,
in 1911, 526,635 tons valued at $7,606,030, in 1912, 580,503
tons valued at $8,176,080; in New Brunswick in 1911, 31,120
tons valued at $69,464, in 1912, 71,520 tons valued at $127,-
7165 in Nova Scotia, in 1011, 300,242 tons valued at $4,-
682,904, in 1912, 424,004 tons valued at $6,374,910; in Canada,
in 1911, 017,535 tons at a value of $12,307,125, while in 1012
an increase is shown in the production of 1,014,587 tons at
a value of $14,550,000.
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LIQUID, SOLID, AND GASEOUS FUELS FOR
POWER PRODUCTION.

Section of the British Association, by Prof. F. W

Burstall, of the University of Birmingham, the mean$

by which carbonaceous substances might be treat
to render them suitable for the production of power werff
touched upon. The address has just appeared in €*
tracted form in The Iron and Coal Trades Review, 2%
is reproduced herewith :—

The fuel of the world, he said, consisted of tW1°
forms—liquid and solid, both of which were 01053):
related inasmuch as they consisted of compounds of ¢&f
bon and hydrogen, together with - small percentages 05
other substances, such as nitrogen. Most engineer
looked .upon coal purely from the point of view of fu
to be used in a furnace for the production of heat. d
was, however, a complicated substance from which €O
be extracted a wide range of valuable products. o

There were points in the use of gaseous fuel ‘,thc
led to serious difficulties. In order to secure ei’ﬁcle{‘cy
the main mass of the air must be heated by compreSSIO’i
before the principal heat supply was added. The CO‘;‘
bustible gas might be added before compression begaé
as in the well-known Otto cycle, but this introduced t
possibility of the charge igniting before the correct tim®
It also required that the gas should be free from a‘g
liquid or solid substances, a state of affairs not ealS)’,in
obtain on a large scale. If the gas were compressed by
a separate pump there was a certain loss of heat dué .
necessary cooling of the pump. With a liquid fuel fhel;_
was no difficulty in forcing the small amount of oil 1:1
quired into the pre-heated air, and the oil was read!
freed from foreign matter; also, there did not appear b
be any inherent reason why the oil engine should not
made in the largest sizes, beyond those of weight 3"
cost, where it must always be inferior to the rotary
machine. y

Passing on to deal with the gas turbine, Prof. ?l'lrs
stall said it could readily be shown that the veloclt’ec
which had to be dealt with were no greater than thf’s_
encountered in the steam engine, but there were di p
culties which, in spite of innumerable efforts, had sO at
proved insurmountable. The greatest defect was thay
so far, it had not been found feasible to compress the al_
and gas in the turbine itself. Separate compression €0”
siderably increased the losses, so that in place of tl d
negative work being one-third of the gross work it wot
probably be at least one-half. and perhaps more.
cooling of the rotating disc and blades offered difficultie®
and further, no material had been found so far that WOuI
withstand the erosive effect of the burning gases:
seemed very doubtful if the gas turbine could be €O
structed to compete with the reciprocator in the pl’eserl
state of knowledge. .

It was important to consider the amount of vario®
fuels raised in various parts of the world. At pres
about 1,200,000,000 tons of coal of various kinds Wer
brought to the surface every year; crude oil amou“tfe :
to about 50,000,000 tons per year, and it was doubt
if there were any large oil fields yet to be discovered. ;”
therefore, followed that the supply of oil was totally ,mn
adequate in amount to replace coal for power product®
on a scale equal to the present steam-power productlon:
The artificial production of oil was at present being ?on
sidered seriously by engineers, and much yet rel‘ﬂa‘_“.e
to be discovered in this field. Every engineer was famil*
with the fact that when coal was heated in a closed l".’fwhe
gas and tar were given off, and also-that the higher ¥

IN a paper presented a month ago to the Engineering
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te . : .
W;nperatufe at which gasification took place, the greater
t S the yield of gas and the smaller was the amount of
4 formeq,

Objec?p fto the present coal had been gasified with the
Quite o ?bta1n1ng the hlghest‘}.lleld of gas, b'ut l.t was
as tq &? ssible to alter the conditions of carbonization so

val tain a high yield of fuel oils and other compounds
ate uef s b)"p_l'oducts, and an important one was sul-
Steadilo ,ammonia, the use of which as a manure was
Phate if Increasing in all countries of the world. Sul-
nitroge ammonia was the most valuable manure where
efectsnfwas needed, and it was one of the greatest
amounto the.cr ude burning of coal that such enormous
.intg nits' of nitrogen were not only wasted, but tuxjne.d
aciq v, FiC acid in the atmosphere. Of course, the nitric
ot , a8 returned to the soil by the agency of rain, but

€Cessarily where required by the cultivator.

“)501201; One ton of coal gasified in a mod_ern gasvyorks
Calorif 0 12,500 cub. ft. of gas were obtained having a
aboyt tc value of about 550 B.T.U. per cub. ft., and also
mm()n.en gallons of tar and 25 to 30 lbs. of sulphate of
Poses . 8. The gas had to be purified for domestic pur-
Wher thalso a gasworks had to be near a great town
ore € working expenses were not so low as in a
town ural part. For these reasons it was dgqbtful if
Much 83s could be supplied under present conditions for
facts Under 1od. per thousand cub. ft. Despite these
Qonsi’derrof' Burstall said he held the opinion after mature
Would 1'atl-o n, that the whole problem of fuel treatment
lignite € In the direction of heating the coal, peat or
ditiOns M a closed retort; not necessarily under the con-
Where t‘g'hmh‘ were at present forced on to the.gasx')vorks,
8as of € primary object was to produce a big yield of
If i n a certain standard as laid down by Parliament.
the ae granted that the quantity, quality and purity of
of fl.lelst Produced were a secondary matter, the problem
’ "€atment became one of the most fascinating pro-
beey 5 hich the engineer could encounter. It had long
largelyn_OWn that the quantity and quality of the tar was
Wag Carmﬂlfenced by the temperature at which the fuel
Were ¢ o 12ed, the lower the temperature the better
of sulphe tars in both yield and composition. The amount
SOmg -, 2t of ammonia recovered from the gas was only
of nitr;)a to 30 Ibs. per ton of coal, whereas the amount
Of sy hgen Present in the coal would give about 120 lbs.
boniZaF;. ate of ammonia. In the ordinary process of car-
behind '0n some three-quarters of the nitrogen was left
Not i t.he coke. Under present conditions this could
p(’Ssib] avoided, but improvements in this direction were
heqy ie ) the gas and tar were withdrawn from the
pTOductrecﬂy they ‘were evolved from the coal, a set of
from, ths Would be obtained of a different composition
9S€ usually obtained.
ent ;(,)}fi Burstall then outlined a scheme of fuel treat-
the reg; ch he admitted was at present wholly beyond
thainglon of practical realization. The first step was to
the essa coal field of wide extent yielding a coking coal,
C0q) oentlal point being to obtain a sufficient supply of
of Year cnable the capital charge to be repaid in a series
g aS\probably thirty. The works would have to be
Sarp, i;ge. Scale to economize cost of working, but the
So that ation plant would be placed near the pit-head,
of ¢ e the tubs could discharge direct into the bunkers
Sach p]retort"?harging machines. A convenient size for
W°Uld Nt would be about 2,000 tons per day, and there
reg, -5 SOme five to six pits operating over quite a large
£ no shi '€ would be no gain from any point of view
frpm 'PPing the coke and sulphate of ammonia direct
vVlthou y Pit-head, as these would be ready for market
Urther treatment. Tar and gas would be taken
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by pipe lines to suitable points for their future treatment,

-depending upon geographical considerations. The tar

from the whole of the works would be passed through
continuous and automatic stills, where the various frac-
tions would be obtained with the least expense. The
fractions, after working with acid and soda, would pass
to a second set of automatic stills, this process being
continued until the pure produces ready for market were
obtained without the necessity for storage and in the
least possible time. As to how far the treatment of
residuals should be carried, no definite answer could be
given, as it depended on the current prices, but on the
scale considered, viz., 120,000 to 140,000 gallons of tar
per day, it would certainly be advantageous to treat the
products to a finish.

That portion of the gas not required for firing the
automatic stills and for colliery purposes generally would
be led to a different point, perhaps many miles from the
pit-head. This offered no difficulty as regards the power
required, the great obstacle being the cost of the pipe
line, which might to a large extent be reduced by gas-
holders at the delivery end so as to improve the load
factor on the pipe line. The gas would be free from tar,
but would contain the sulphur compounds, and would be
employed in gas engines for the generation of electricity
at high voltages. ;

No doubt electrical engineers would look askance at
gas engines, not only from the many failures that had
occurred with some of the large engines, but also at the
fact that at present some 2,000 h.p. was about the largest
size that could be built, whereas a steam turbine could
be constructed to give an output of 20,000 kw. at a low
first cost. The gas engine could only compete with the
steam turbine when its gas was delivered to it at a price
which, when helped by its high thermal efficiency, would
enable it to recoup its large capital outlay. But perfect
as was the steam turbine as a mechanical machine, its
thermal efficiency was half that of its rival, as the cost
of the steam delivered to it could not be reduced. There
were also no by-products. For these reasons it was quite
possible for the gas engine to produce current more
cheaply than the turbine, but the price of gas of a
calorific value of 500 B.T.U. per cub. ft. would have to
be 4d. per thousand cub. ft. if coal be taken at 20s. per
ton. This would give for each fuel about 125,000 B.T.U.
per penny, and taking the gas engine as 214 times as
efficient as a turbine, this should leave enough margin
to compensate for the increased capital outlay. The
exhaust gases would be washed so as to extract the sul-
phuric acid, which would be returned to the pit-head in
the manufacture of sulphate and the washing of the tars,
so that the only external material to be purchased would
be the soda ash used to neutralize the excess acid. In
this manner the whole of the products of the coal would
be recovered in a form ready for the market, and if the
coke were used as a domestic fuel a smoke-laden atmos-
phere would be impossible.

Producer gas for power and heating purposes had
a large field in front of it, particularly when the factory
was. distant from the coal fields, and also where there
was a steady load. In producer gas the whole of the fuel
was converted into gas and tar, so that a large quantity
of gas—120,000 to 140,000 cub. ft.—could be obtaiged
per ton of coal. The ammonia yield was very high, being
8o to 9o Ibs. of sulphate per ton; the calorific value of
the gas was low, about 140 B.T.U. per cub. ft., and the
tar was small in quantity and poor in quality, as it was
nearly all pitch. The low calorific value and the difficulty
of cleaning the gas were serious drawbacks to the trans-
mission over long distances. In South Staffordshire, how-
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ever, producer gas had been piped over a wide area for
several years, and the undertaking now appeared to be
on sound financial ground. The suction producer working
on coke or anthracite coal had a very definite position
for small plants in remote districts, where it formed a
cheap and reliable source of power.

Taking the question of producer gas as a whole, it
looked as though it would always have a definite use,
but only a limited application, more especially in a
country like Great Britain, where in time it would be
possible in most parts to obtain electricity cheaply in
bulk, and when this was the case no other source of
power need be considered.

The case of coke ovens readily fell into the same
class as the retorted gas, the only difference being that
to obtain coke capable of carrying the weight of the iron
in the blast furnace, the temperature of carbonization
must be high—1,200 deg. C., and the period long—24
to 30 hour; thus the tars were poorer from being more
split up, and the cost of repairs to the ovens was con-
siderably higher than on a gasworks retort. As hard
coke must be made, the place for it was in conjunction
with the ordinary plant, so that thé by-products might
be readily worked up. :

Discussion.—Mr. W. M. Mordey said that Prof.
Burstall had held out little hope that the gas turbine
would be a practical tool in the near future, but there
was one solution which occurred to him, viz., the adapta-
tion of the Humphrey gas pump with a water turbine,
allowing the water to drive a dynamo. The overall
efficiency of the Humphrey pump in water horse-power
was said to be something like 30 per cent., which was
very high, and if the pump could be used in conjunction
with a water turbine which had an efficiency of about 85
per cent., an overall efficiency of the combined pump and
turbine of 25 per cent. would be obtained. Such a solu-
tion would very much simplify the problems now pre-
sented by the gas turbine and provide at the same time
a direct means of driving a dynamo by a simple rotating
motor. This method would give an efficiency as high
as any large gas engine would give in continuous work
in a much more simple manner.

Dr. J. S. Owens, dealing with the suggestion of the
carbonization of coal at high temperature in order to get
all the possible by-products, said that this produced a
coke which was unsuitable for domestic use. Coke would
not burn well unless there were a certain amount of
volatile matter left in it, and such coke gave a very
unpleasant-looking fire. With reference to the loss of
nitrates from coal, recent experiments on the deposit in
London had shown that the soot and dust falling on a
given area measured in three or four places in the city
was six times as great as in the suburbs. The total
deposit was 500 tons per square mile per annum. On
the general question of the utilization of oil, gas or solid
fuel, we were apt to forget that very much of the pros-
perity of England depended upon the utilization of its
coal supply, and it seemed to him that we should almost
eliminate—except as an academic question—the utiliza-
tion of oil other than the oil derived from our own coal,
because otherwise we would be cutting our own throats.

Prof. Burstall, in winding up the discussion, said
he had not said anything about the Humphrey pump,
because he did not think it could be made in sufficiently
large sizes to warrant any application of the sort sug-
gested. With regard to the coke mentioned by Dr,
Owens, he did not wish it to be assumed that the method
he had indicated would be the same as was at present
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employed in gasworks. Gasworks at present Were ter-
ribly handicapped and did not do what they could if they
were free from Acts of Parliament which saddled the’;;
with penalties not imposed upon any other industry-
the coal were burned in a retort at a temperature of fro®
800 to 1,000 deg. C. and means taken by which the gas
and tar were at once removed, they got a substanc®
which was quite unlike gas coke, because gas coke W‘ﬁ
usually quenched in water, which was quite wrong:
the coke were placed in a closed vessel and cooled bg
conduction alone on the Montreal system, a coke woul
be obtained which would burn perfectly and which .gavfc
a very bright and clear fire. The only difficulty with !
was that it burned away more quickly than was des’™”
able. It was possible to regulate the products by altering
the pressure and temperature inside the retort more t a,r:
the majority of people were disposed to think, and !
really was a question of what happened to be the m0S
valuable product at a particular time. The best res.ulti
were 14 gallons of tar, from 2 to 2J5 gallons of ligh
spirit suitable for motor-car work, and 3 to 4 gallons g
fuel oils suitable for Diesel engines, so that a very largi
proportion of useful substances could be obtained withot

sacrificing anything.

PLANT OF CANADIAN-VICKERS, LIMITED:
MONTREAL.

Principally through the determination of the people of

the Dominion of Canada to ultimately possess a navy i

their own control, the opportunity of establishing a shipy?”
m Canada with brilliant prospects for continuous work b2
arisen.  Quick to seize this opportunity Messrs. ViCk,ers’
Limited, of England, under the name of the Canadian'vldg‘
ers, Limited, are establishing a complete ship-building 24
ship-repairing. plant in Montreal, capable of constructing

repairing the largest vessels using the port of Montreal:
¢ fro®

For repair purposes a floating dock was sent ou ip
s

England capable of lifting 25,000 tons and repairing 2
700 feet in length.

For ship construction a slip 600 feet in length, but caf
able of extension, is being constructed on land reclaime€
the Harbor Commissioners at Maisonneuve.

. S 5
For the walls of this slip and for adjoining machine sho?
and factories, approximately two thousand concrete piles
being used.

PRy i L : g
After exhaustive inquiries into the different types of €@

crete piles on the market, the owners decided that the m'th
rellable was the Pedestal Pile, which had been used ¥ 4
most gratifying results by the governments of the Un,lte
States and Canada and by the majority of large corpol'a”on
in both countries. The pile is driven exclusively by the hol
Arthur Concrete Pile and Foundation Co., of New Yorks
possess the patent rights for the United States, Canada
other countries.

The general contract was awarded to Mr. E. G. M. CaP:;
one of Montreal’s leading contractors, while the piling wd
placed in the hands of the MacArthur Concrete pile o
Foundation Co.

Seven hundred and forty-seven of these piles, aVCfagl.ng.
about 22 feet in length, have been driven under the ship- t61
ing slip. Four tests were made with most gratifying res ile" '
a load of 45 tons, 5o per cent. more than the load the P
were to bear, showing no appreciable settlement.

The piling required for the shops, etc., is now
driven.

peisé
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IMPROVED MANAGEMENT OF WATERWORKS.*

Paul Hansen,
Engineer, Illinois State Water Survey.

HE object of this paper is to advocate the employ-
ment, on an annual basis, of consulting experts
in connection with the operation of small water-
works installations for the purpose of improving

the service, the equipment, and the economy of opera-
tion.  This is by no means a new practice, but it is ex-
Ceedingly rare, whereas it should be virtually universal.

The means by which the expert’s services may be
rendered are by occasional visits, say, monthly or quar-
terly, by the training of the men locally employed, by

€ periodic examination of records and accounts main-
ained in accordance with instructions furnished by the
Xpert and finally, by reports with recommendations,
Submitted ot regular intervals. Not more than a few
ays per month would be occupied by the work invol.ved,
and the service may be rendered at what, comparatively
~ SPeaking, is a nominal fee. For supervising waterworks
M a small community $600 should yield a fair compen-
f:tlon' Perhaps a more satisfactory method w'ould_ be

. base the fee upon the gross receipts, making it a
Suitable percentage thereof.

Need for Expert Supervision.—It is hardly neces-
Sary to point out that there is a real need for improved
maqagEment of waterworks, for the reason 'Eh-at most
Ngineers who have had anything at all to do with water-
Works are aware of the very general slipshod {rlethOdS
employed- During the past eight years the writer has
ad occasion to visit or receive reports upon about two
aundred small waterworks in the States of Ohio, mmmlsl
o Kentuck_v, and not an instance is recalled of a sma
4 aterworks installation (that is to say, for a town hav1hnlg
effpof?ulatiOH of about 25,000 or less), where thoroughly

€Ctive methods of management were being employed.
W 1S does not infer that all these waterworks installations
€Te not giving good service. As a matter of fact, some
}’;:re giving good service,. but generally at unnecessarily
o 8€ expense, and without adequate records ar}d ac-
ounts to show where economies might be ms.tltutc'ad-
€ 8reat majority, however, were giving very inferior
ervlce, and showed every outward evidence of careless-
§S and neglect in management. i

methp ossible Objections to Expert Superylsiop.——'gilg
is of improving the management herc.em dlSCU; o
hesn Ot advocated for the purpose of increasing the lthe
Onls of consulting engineers, but because it seems i
at . Practicable method whereby the desired results caf
Present be accomplished. In large waterworks, O
ofll;se, it is perfectly fe-asible.: to engage the entire m?s
smalxll €Xpert and designate him as general 'manager.ff "
the Waterworks, however, it 1s not possible to a N
em ?ontmuous services of an expert. The men ordinartly
tiofs‘)y ed, while they may be intelligent and cqnscn:}rll;
i have not had the opportunities of securmg'ff i
tive Ssary. training and experience to render most efie!
i Service. But such men, backed by an expert, lal’e
Mo: rule capable of securing highly efficient resuhtsé
ere generally it is found that the waterworks 'as
of e a political football and is relegated to the mequle
expeery Incompetent men. In such cases the consudtlll';g
appert]. has a very difficult problem, but by tact an m)i
munﬁ Ing to the more enlightened sentiment of the co g
Y he may accomplish a great deal, and becaus

Se
n

and *Re.ad before the Western Society of Engineers
Published in the Journal for September, 1913
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of the very fact that things are in a run-down condition
the results of his efforts will be all the more striking.

There may exist the feeling among some, that the
supervision of waterworks should be entrusted to local
engineers in general civil engineering practice. This
would, as a matter of fact, be an injustice to such en-
gineers for the reason that their numerous other duties
and employments rarely permit them to acquire the
necessary expertness in the restricted field of water-
works. It would appear, therefore, that no conflict of
interest exists between the consulting expert and the
local engineer. On the contrary, the local engineer
should be the first to recognize the necessity of the ser-
vices of an expert in waterworks operation.

Some persons lean to the belief that supervision
over public waterworks should be maintained by some
central State authority, and such supervision is certainly
desirable, in so far as the sanitary quality of water sup-
plies is concerned. But to enter into the economic phases
of waterworks operation to the extent of giving the
close supervision herein contemplated, would be altogether
impracticable. It would involve the maintenance of an
expensive and cumbersome bureau engaged in performing
functions which are primarily of local concern, and,
moreover, the mere fact that the services of such a
bureau would be foisted on the local community would
cause the local authorities to be generally antagonistic
toward the bureau’s requirements. It is not practicable
for any central body to go further in this matter than
to do just enough to demonstrate the value of expert
services in waterworks operation and leave the rest to
municipal and private enterprise.

Results Obtainable through Expert Supervision.—
Specifically, the results obtainable through expert super-
vision of a waterworks are:—

1. Better service.

2. Reduction of cost of operation, which, of course,
means increased earnings.

3. Anticipation of future requiremients.

4. Improved design.

5. A professional and personal advantage to con-
sulting engineers.

Better service means furnishing, throughout the
community, an ample quantity of pure and clear water
for domestic and industrial purposes, and providing a
liberal safeguard against disastrous fires.

Decreased cost of operation means a supervision
of all the details of operation in such manner that effec-
tive service will be rendered at minimum expense.

Anticipation of future requirements means that all
necessary increases in the supply and equipment will
be foreseen, so that they may be provided before the
community is reminded of its needs by destructive fires,
inadequate equipment, or disastrous epidemics due to
the pollution of the water.

Improved design will result from a better knowledge
of operating conditions than is ordinarily obtainable
under present practice by those entrusted with the pre-
paration of plans and specifications. The structural fea-
tures can generally be readily taken care of, but a
common fault is a failure to provide for contingencies
encountered in operation. Under the present regime the
consulting engineer’s connection ceases at about the time
that operation begins, and if he has any curiosity to
learn if his designs are working out successfully he must
satisfy his curiosity at his own expense.

A personal advantage accrues to the consulting
engineer from supervision over the operation by giving
him continuous and regular employment, thus enabling

——
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him to maintain his organization intact. Further, it
benefits him professionally by enabling him to concentrate
his practice within a limited field, and thus he has the
opportunity of increasing his detailed knowledge along
his chosen line; in short, he renders himself more expert.
There are many men in consulting practice to-day who
attempt to cover such a broad field that it may be frankly
said they are not thoroughly competent in any one line.

Modus Operandi of Expert Supervision.—For the
purpose of illustration and not with any intention of
giving a treatise on how to supervise waterworks opera-
tions, a brief description will. be given of the manner in
which expert supervision should work out. Three factors
form the basis upon which this work is conducted :—

1. Operation Records, relating to the physical facts
connected with waterworks operation.

2. Financial Accounts, relating, of course, to the
finances.

3. Technical Skill, which is required in obtaining
and interpreting the operation records and financial
accounts in such a way that all of the needs of the water-
works plant are fully revealed.

It will be of advantage to inquire a little more fully
into these three items and consider them separately.

Operation Records.—Records may be subdivided
into several groups as follows: Those relating to source
of supply, purification works, pumping station, and line
distribution system.

(a) Records Relating to Source of Supply.—Records
relating to the source of supply comprise measurements
of the quantity of water available, sources of possible
pollution and analyses of the water.

The measurement of the quantity of water available
may be made in a variety of ways, some simple, some
elaborate, depending upon the character of the source
of supply. At any rate, such records are exceedingly
valuable in forecasting the adequacy of the source of
supply for future requirements. In the southern part of
Illinois are two communities, each of which obtain their
water supply from an impounding reservoir. During the
past summer both of these reservoirs went practically
dry, and remained so for some months. In one case no
emergency supply could be secured, the community suf-
fered for want of water for ordinary domestic purposes
and was left helpless against a conflagration.

In the case of surface-water supplies, the records
relating to the condition of the watershed, particularly
if the water is used in an unpurified condition, are ex-
ceedingly important. Inspections of the watershed, when
intelligently made, are much more reliable than analyses
in showing dangers to health. It is merely necessary
to mention the Plymouth , Pennsylvania, epidemic of
typhoid fever in 1885 to demonstrate the futility of
analyses in detecting intermittent pollution, such as was
responsible for that disastrous outbreak.

Analyses, however, should not be ignored, especially
when it is possible to secure a long series of analyses,
as they then become a measure of the pollution and give
a record of the physical and mineral characteristics of
the water. Where purification of the water is employed,
such analyses are well-nigh indispensable, as will be dis-
cussed later. o

It is much easier to give examples of the evil results
of failure to maintain proper records regarding the source
of supply than to give examples of water famines and
other disasters that have been averted by the maintenance
of such records. The latter instances are ordinarily not
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recorded and the danger is never realized by the general
public.

(b) Records Relating to Purification Works.—A
volume might be written upon this subject alone. 'EX'
periences with small filter plants are most disheartening:
Practically all of the small filter plants in Illinois, num-
bering half a dozen or more, are being ineffectively
operated. The same is true in Ohio and Kentucky, and,
no doubt, in other States. Some of the difficulty is due
to bad design. Very small filter plants are apt to embody
bad design, whereas the conditions under which they aré
operated are such that they should embody the very best
design.

Expert supervision over mechanical filter plants
(those most generally used in the middle west) does not
necessarily result in reduced cost because of the prevalent
reprehensible custom of omitting the use of coagulant
when the raw water is moderately clear, but within the
limits of efficient purification the cost can undoubtedly
be reduced. The average small purification works 1°
placed in charge of a pumpman or fireman, having many
other duties to attend to, and it is but natural that thiS,
combined with his lack of knowledge of water purifi-
cation, results in almost total neglect. In many instances
such men, through ignorance of the danger of impure
water to public health, have no hesitancy in by-passing
the raw water into the mains when it becomes convenient
to do so.

Records necessary for maintaining proper supeér-
vision over mechanical filter plants include analyses ©
the raw and filtered water, the quantity of water treateds
quantity of chemicals used, the frequency of washing
the filters, the quantity of wash water used, and nu-
merous other details. For obtaining analytical data ther€
should be established, in connection with every filter
plant, however small, a modestly-equipped laboratory:
It is an easy matter to train any ordinary waterworks
employee of normal intelligence how to make simplé
analytical determinations which will not only furnis
the desired records, but will guide the flter attendant
in his daily operation of the plant. If the expert has
laboratories at his command, additional analytical contr©®
may be maintained on a somewhat more elaborate scale:

(c) Records Relating to Pumping Station.—A small
waterworks pumping station, for which complete records
are maintained, is a great rarity. Often it is impossible
to get even an approximation of the quantity of water
pumped, and generally the only records are from pump
revolution counters without any allowance for slippage:
It is a comparatively simple matter to weigh the co
and ash, to maintain pumping records both from revo-
lution counters on the pumps and from a meter place
upon the main discharge from the station, and recordS
of the discharge pressure, suction lift, quantity of boilef
water used, etc. With such items as these it is possible
to always know the condition of the pumps, figure accu-
rately the station duty, and otherwise reveal opportuniti€s
for improvement and cutting down the demands on the
coal pile. The expert can also arrange, where conditions
warrant, for purchasing fuel and possibly other suppliés
on an analytical basis.

(d) Records Relating to Distribution System.—MoSst
deplorable of all are the records ordinarily maintain€
in connection with the distribution system. The locatio®
of mains, valves, and service connections is generaly
stored in the memory of ex-waterworks employees an
local plumbers, who regard these facts more or less 2%
stock-in-trade, and would consider it business suicid®
to record them. In many towns there is no vestige ©
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:u::nali’nOf the dis_trib.ut%on system to be found, and where
maing IHI_)S d_o exist it is c?nly occasionally that they show
. atl since the original waterwo‘r.ks mstallut;on'. I.t
Ution strange, therefore, that extf‘:nswns to the distri-
e System are generally unwisely made, that fire
s ae 1S often lowest where most needed, and that
D the ;‘]e many undetected leaks and .thefts.of water.
easily ands of an expert all of th.ese difficulties may be
maps ;)Vg.rcome simply k_)y Fhe' maintenance of complete
Sional nd plans, by periodic inspections, and by occa-
tests for pressure, leakage, and waste.

especl;:lllanflial Agcounts. — VVaterv&:’orks ac'c()unting,
A iy ¥ In municipally-owned esta.bhshrr_lent§, is usually
are theaOtxc state. About all that is ordxparlly recorded
itemized gross receipts and gross expenditures, roughly
it i oft' .Capltal' accounts are almost L'mheard of, and
Bl " impossible to get cven approximately the GOt
rom Pbellpt. In many munlqlpal plants large donations
tems p; ic funds are calmly included as earnings. Such
lnvestms depr?CIa.tlon, allowances for taxes, interest on
{gUOred ent, sinking fund, rent, etc., are altogether
Source o If the gross receipts, no matter from what
- T xceed the gross expendltures,. no matter for w}}at
Stanceg a profit is proudly procldimed. In some in-
Connect; on the other hand, large numbers of free service
Sit] 'ons make a waterworks appear as a losing pro-

On, whereas suitable compensation for such services

Wo
uld place the plant upon a sound financial basis.

itemigggrectl}."maimai“ed accounts should display fully
Accoyn capital accounts, maintenance accounts, repair
epreciast" replacement gcco‘unts, sinking fund a_ccounts,
B o7 accounts, interest | accounts, and, in fact,
.Opel‘atioem that ?nters into waterworks construction,
In jtg 1, and maintenance _s%lould be carefully record_ed
taineq par oper place. In addition, there should be main-
Construcf'counts showing unit costs for operation and

lon. These latter are very valuable in making

i

Om 3 . 5 .
in Parisons with other plants and with the same plant

3 Other

ticy] years. Accurately-maintained accounts are par-

eaerslg bs erviceable in the adjustment of water rates.

a e hshme{lt of water rates is, at the present time,

for Srntgﬁst unscientific basis, and it is common practice

SStablisp, go_mmumtles to adopt, pat:rOt»fashlon, the rates

.. . 1 some other community, regardless of the

eliveri, In which the water is obtained and the cost of
£ it to consumers.

to tg: Chnica] Skill.—But little can be said with respect
aptit,, enlcal Sklll.' It is primarily a matter of natural
One gh i'md experience, and it is needless to say that no
tice unlu d Presume to enter this field of consulting prac-
Ten eredeslf- his natural aptitude and experience have
f recor im fitted th?refor. Aside from the maintenance
nslﬂtins and financial accounts it is necessary for the
ernployedg. exPe{‘t to thoroughly instruct the men l.ocally
of our 4 fhell’ respective duties, and this necessitates,
on the S€, skill and a thorough knowledge of such duties
®Xpert Dlart of the expert. The analytical mind of the
fn iyi;l SO enables him to discover opportunities for
Untraine dg methods of operation which the more or less
man would fail to see.
Pertg ?0 summa.rize: The employment of consulting ex-
an oth Superv.lse the operation of public water supplies
Stitygeg €T public utilities in the small communities, con-
the Ope a simple and the only practicable method whereby
Whereb fation of such utilities may be rendered efficient,
Wil acy the design may be improved, and whereby there
tage OCl’ue a distinct professional and financial advan-
'S harg the experts. Once this system is fairly tried it
to believe that it will not gain general favor.
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BUCKET ELEVATORS.

By Reginald Trautschold, M.E.

considered in this series of articles has one and

the same drawback—so serious that in some in-

stallations use of such apparatus is impossible or
inadvisable—and that is its limitations in elevating opera-
tions. Flight conveyers, belt conveyers and to some ex-
tent even screw conveyers are used to raise material from
one elevation to a higher one, but such operation necessi-
tates the load being carried up a comparatively gradual
incline so that considerable space for equipment is neces-
sary before any relatively great lift is possible ; even when
the elevating system consists of a system of several in-
clined conveyers that deliver their load from one to the
other and are arranged as compactly as possible, such as
systems of criss-cross conveyers. The logical procedure
is to place the load in a bucket and raise it in a vertical
or nearly vertical plane—-that is, when space is not avail-
able for the more cumbersome arrangement of elevating
in slightly inclined planes. By substituting a succession
of relatively small buckets, attached to an endless chain
or belt running over suitable sprockets or pulleys, so that
they may be raised continuously, the material may be
elevated in small individual loads so that at the higher
elevation it is practically delivered in a steady and uni-
form stream, thus greatly increasing capacity of elevating
apparatus and supplying the material in quantities that
can be easily and rapidly handled from that point, when
further conveyance is necessary, by other conveying ma-
chinery, or can be efficiently disposed of by chutes, etc.
Such a system for elevating materials comprises what is
known as a ‘‘bucket elevator.’’

Two general types of bucket elevators are in common
use, those in which the buckets follow one another in
close succession (continuous bucket elevators) and those
in which the buckets are attached to chains or belts so
that there is an appreciable space between succeeding
buckets. The continuous type is not now as commonly
used as formerly nor as commonly used as the standard
type of bucket elevator in which the buckets are spaced
further apart and at regular intervals. Continuous bucket
elevators, however, possess certain advantages over the
more common type of elevator, so cannot be overlooked
in a comprehensive discussion. They will be considered
then, but after taking up a careful study of the standard
bucket elevator.

Bucket elevators in which the buckets do not follow
one another in close succession may be of three general
classes: 1st, those in which the buckets are attached to
a single endless chain; 2nd, those in which the buckets
are attached to two matched strands of endless chain;
and 3rd, elevators in which the buckets are attached to
an endless belt. Bucket elevators in which only a single
chain is employed on which to carry the buckets are
nearly always installed at an inclination with the vertical
in order that the load may be properly discharged from
the buckets as they pass around the head elevator
sprocket, for a vertical elevator of this kind would spill
a large portion of its load between the two runs of
buckets, or, if run at such a speed as to assure proper
discharge of load as the buckets passed the top of the
head elevator sprocket it would be impossible properly
to fill the buckets, to say nothing of the diffrtulty of
properly handling the load discharged at the necessarily
high speed. Equipment employing two chains for carry-
ing the buckets may be similarly inclined or may be run
vertically if choke sprockets are employed to deflect the

3 LL the material handling equipment so far

per——"-
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return (downward) run of conveyer close to the head
elevator sprockets, or if the rising buckets are carried
over a short more or less horizontal path before they de-
scend to the elevator boot to be refilled—i.e., causing the
path of the buckets to follow the outline of a right-angle
triangle, the loaded buckets ascending the vertical stretch,
then being carried and unloaded over a horizontal section
of elevator and the empty buckets returned to the elevator
boot in an inclined plane. The belt type of bucket ele-
vator, not permitting the use of deflecting pulleys, must
also be run in a plane inclined to the vertical, for, though
the spill of load between the rising and descending
stretches of elevator would not be as great as in the case
of the single chain elevator, still much of the load would
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fail to reach the discharge chute of the elevator and ma-
terial would fall against the descending belt and be carried
about the boot (lower elevator) pulley, causing disastrous
wear to the belt, possible wreckage of elevator, etc.

Standard bucket elevators, of any of the three classes,
are nearly invariably similar so far as their drives and
loading equipment are concerned. They are driven,
through a train of reducing gears ordinarily, by their
head sprockets or pulleys and are loaded from an elevator
boot which ordinarily contains adjustable take-up beat-
ings for the boot sprocket or pulley by which the tension
in the return run of buckets may be regulated—the ex-
cess slack taken up. Frequently the elevator is enclosed
in a casing, from the elevator boot up, with suitable out-
let for the discharge, which serves to protect the equip-
ment from injury and to return any spill of the load to
the elevator boot for re-handling. Modifications of these
general types of elevators naturally exist, excluding
special elevators for handling materials in barrels, boxes,
bales, etc., etc., such as elevators in which the lower end
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consists of a more or less horizontal stretch over which
the load is scraped or dragged, as in the case of a flight
conveyer, before the buckets start their operation of ele-
vating or where the upper end of the elevator is carrie

over a similar stretch before entirely discharging its load,
but such modifications so closely resemble ‘‘bucket car:
riers’’ that they will be overlooked at present and referre

to again when discussing the more complicated combine

bucket elevator and conveyer, the bucket cdrrier. Limit
ing this discussion to the ordinary type of standard bucket
elevator, therefore, further description is unnecessary
owing to the extreme simplicity of the equipment.

Table VIII.—Capacity of Bucket Elevators (Standiﬂ'd
Buckets)—Tons Per Hour. Material Weighing
100 Pounds Per Cubic Foot. Elevator Speed,
100 Feet Per Minute.

Size of Buckets spaced .
Buckets 12 in. 15 in. 18 in.
5 id. x 4 in, 6.50 SLRT10. 8D 4.25
6 in. x 4 in. 7.76 6.00 5.00
8in. x 5 in. 19.00 5 15,00 12.50
9in. x 5 in. 21.25 17.00 14.00
10 in. x 6 in. 34.50 26.75 23.00
11 in. x 6 in. 37.175 30.00 25.00
12 in. x 6 in. 41.25 33.00 27.25
14 in. x 6 in. 48.00 38.50 32.00
16 in. x 6 in. 55.00 44.00 36.50
18 in. x 6 in. 61.75 49.25 41.00
20 in. x 6 in. 69.00 55.00 46.00
14 in. x 8 in. 78.50 62.75 . . 52.25
16 in. x 8 in. 90.00 72.00 60.00
18 in. x 8 in. 100.00 80.00 66.00
20 in, x 8 in. 112.00 90.00 74.00
24 in. x 8 in. 128.50 104.00 86.00

The capacity of bucket elevators depends, of cours®
upon the size of the buckets, their number and the spe€
at which the elevator is run. The size of bucket also d€-
pends somewhat on the character of the material to
handled for bulky materials naturally require largef

* buckets than those which might be entirely suitable for

the handling of fine material. ~However, the averag®
class of materials usually handled in bulk by bucket ele-
vators does not vary so much as to prevent a fair averag®
carrying capacity being fixed for a bucket of specifié
size. The shape of the bucket also effects the question ©
its carrying capacity, but here standardization of equiP”
ment has devised a shape of bucket that is almost uB*
versally employed or when modified for special installa”
tions, such as those in which the inclination of the elevatof
from the vertical is great, has a carrying capacity abo¥
the same as the standard bucket, which is fairly constant
for any particular size (size expressed as length x wi
of bucket) so that, for all practical purposes, the leng™%
and width of the bucket determines its carrying capacity®
The number of buckets, as they are invariably attached *
the chain or belt at regular intervals, depends upon t
spacing ; while the capacity of any elevator buckets an
their spacing being the same, depends directly upon the
speed at which the elevator is run, i.e., speed of elevatof
chain or belt. Table VIII. gives the best ordinary o
pacity, in terms of tons per hour, of standard bucket
elevators, equipped with various common sizes of standar
elevator buckets at ordinary standard spacings, when
elevator is continuously and uniformly loaded with ma
terial weighing 100 pounds per cubic foot and an elevat
speed of 100 feet per minute. For elevators handlifk
material of other weight or at other speeds, capacl:
varies directly with the weight of the material per ¢t p
foot and with the speed at which the buckets are ruf
Table IX. gives similar data expressed as the numbel
pushels of material that can be handled by such ele\’i"“,’rs
in an hour. The question of most efficient speed at whi€
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zgp;‘::{l a bucket elevator, the condition upon which the
. ity of the apparatus directly depends, is one con-
gene:gu Whlch.there is a great diversity of opinion. It is
. ally admitted, however, that the most efficient speed
. a standard bucket elevator is about the same as that
Prac?' ﬂl‘ght conveyer handling similar matenal: : Such
averalce 1s usually pretty correct and Table X., giving the
8¢ actual speed at which a number of very success-
Conﬁarnd efficient bucket elevator installations are run,
ms the rule.

1k
able IX.—Capacity of Bucket Elevators (Standard
Blleets)—Bushels Per Hour. Elevator Speed,
100 Feet Per Minute.

Size of Buckets spaced
_Buckets 12 in, 15 in. 18 in.
9in, x 4 in, 114 91 76
6in. x 4 in, 137 110 91
8in. x 5in, 335 268 223
9in. x 5 in. 377 301 251

0in. x 6 in, 610 487 406
1lin, x 6 in. 671 536 448
12in, x 6 in. 732 586 488
W in, x 6 in. 854 684 568
16in. x 6 in. 976 781 651
18 in. x 6 in. 1098 879 733
2in. x 6 in, 1220 976 813
4in x 8in. 1393 1104 929
16 in. x 8 in, 1592 1274 1062
18 in. x § in. 1791 1433 1194
20 in, x 8 in, 1990 1592 1327
24 in, x 8 in. 2388 1912 1592

not In the consumption of power, bucket elevators are
the fpart‘CUlarly ?conomical or efﬁcx_ent, for not only does
ut Orce of gravity act directly against thq lift of the load
o Several other operations consume conSId'erabIe: power.
the gls.ta.m(;e, there is the loss due to the inefficiency of
Osse rlv‘ng n}echamsrn, comparatively heavy frlqtlon
is o . considering the fact that the number ?f bearings
qult? small in any elevator, owing, in a chain elevator,
reSiSte individual friction in each link joint of chain which
ang S carrying the chain about the end sprockets, etc.,
2 In the helt elevator, to the unavoidable slippage be-
sis(::n the elevator belt and the elevator pulleys, the re-
age nfCe of the material in the elevator boot to the pass-
log Of the buckets through the 'poot as th.ey pick up their
certz;‘etc‘.’ etc. There is also, in an .mchned. elevator, 3
from T Sllght_consumption of energy in carrying the lga
Plane he vertical loading plane to the vertlca_l discharging
sligh but this latter requirement _of power 1s ac-tually ;0
disrae as elevators are ordinarily mstalle.d, tha}t it can g
era%?rded- The exact value of these inefficiencies an
Taisip lons consuming power that is not instrumental 1n
r g.t}_’e load is difficult to ascertain, and no fixed la\lh;
lo S: Tlving at the correct proportion to allow for sucf
buckS of power can be advanced. Manufacturers ©
er Cet elevator equipment usually allow a margin of 50
the the Nt to cover all requirements for power other than
eleyy eOrenca.l amount that would be actually req.ulr.ed to
Ceivede the given load from the point at W%]lch.lt.lsd!:e-
BhaL 0 the elevator boot) to that at which it 1s diS
of fr?d (Oyer the head of the elevator).. Numerous tests
thig '0Us installations in actual operation tend to confirm
in vfr.aCt‘CC and though the percentages of power losses
More lous operations do vary considerably their sum 1S
Per Ceconstant and does actually amount to close to 50
ang Nt In the derivation of Formule XVIL., XVIII-:;
for an average losses and inefficiencies have been allowe
Ormy the. results obtained from the use of any o.f the}sle
ACtyq) ® will be found to agree very closely with t g
Prope Tequirements of the average well-installed a;
Presen . CAred for standard bucket elevator. Chart V.
'S the same data as the horsepower formule in a
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Table X.—Efficient Speeds for Bucket Elevators Handling
Various Materials.

Material Advisable Speed
(B o e 5 e R SRR L s At 100 feet per minute
Broken Stoue (coarse) ; Lump Coal—R/M.... 125 € 32
Ashes; Lime and Cement ..., o8 i i ot dhas 150 i W
Ore, Crushed Stone, Sand and Gravel ....... 175 b A
EmeiCoall.or bt slvslli s s i o LGSR 5

convenient graphical form that enables the ascertaining‘

of the power requirements of any ordinary installation to
be made rapidly and with sufficient accuracy for practical
purposes.

Horsepower : ;
Hu = dia:tafr}ce through which load is elevated—height of elevator
—In feet.
W = Weight of load elevated in tons per hour (capacity).
B = Bushels of load elevated per hour (capacity).
w’ = Weight of 1 cubic foot of load in pounds.
b’ = Weight of 1 bushel of load in pounds.
W x 2000 x H WH
—-——— = horsepower required to elevate load = ——
60 x 33000 1000
Bx1.25wx H 63 Bw'H
= e “ ‘< ‘e =
60 x 33000 100,000,000
Bxb'xH 50 Bb'H
o 6 13 G “ i e L o
60 x 33000 100,000,000
Power loss consumed in running apparatus............ about 17349,
Power lossdue todragging bucketsthrough charged boot 25
Otherunayvoidable 10888, isv v itidaidars s oiasie sl batbas 124
Then,

HORSEPOWER REQUIRED TO OPERATE
BUCKET ELEVATOR :—
15 WH
HP = ———
10,000 Formula XVII.
95 Bw'H
HP = ————
100,000,000 Formula XVIII-a.
75 Bb'H

HP = ——8w——

100,000,000 Formula XVIII b.

Standardization of bucket elevator apparatus facili-
tates arriving at the cost of the average complete equip-
ment, but the multiplicity of standard types of buckets,
chains, etc., varies to a considerable extent the initial
cost of even an ordinary installation, necessitating a
formula for approximating the cost of equipment a num-
ber of constants that differ for the standard component
parts of the elevator. However, as this discussion must
necessarily be limited to a consideration of general prac-
tice and the class of bucket elevator usually found in in-
stallations of such character, it is possible to group the
apparatus into classes in which exists an approximately
constant relationship as to cost. For instance, the chains
customarily employed for bucket elevators may be group-
ed into two classes: one represented by the ordinary de-
tachable link chain, commonly known as the ‘‘engineer-
ing chain,” and the other by the more costly ‘‘combina-
tion chain,”” a chain with malleable iron links and steel
pins, or by the relatively expensive all-steel link chains,
etc. The cost of the chains of both these groups varies
closely with their strength or weight, which in turn varies
with the load that the elevator is to handle—one group to
a greater extent than the other. Practice has also pretty
well standardized the spacing of the buckets for any par-
ticular size of elevator (size measured by length x width
of bucket) so that the load on an elevator can be expressed
in terms of size of bucket, height of elevator and weight
of the material handled. A similar relationship exists

. for elevators employing belts instead of chains upon which

to carry the buckets. The elevator buckets are usually
of steel or of malleable iron, the latter type of bucket be-
ing employed when the load to be handled possesses cer-
tain chemical properties or is of a temperature that would
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be injurious to steel elevator buckets. The weight of the
bucket, governed by the thickness of its walls, depends
nearly entirely upon the weight of the material to be ele-
vated. These definite relationships, and the fact that the
capacity of a standard proportioned elevator varies with
the size of the buckets employed, permit the expression
of the cost of the necessary elevator buckets at so much
per foot of elevator, depending upon their size, the weight
of material handled and whether of steel or malleable iron
construction. The balance of the necessary equipment,
consisting of elevator boot, drive, sprockets or pulleys,
shafting, bearings, etc., does not vary so much in cost
with the load carried as with the size of the buckets—at
least, in the ordinary installation. In fact, grouping must
again be resorted to, for the cost of these parts does not
vary to any great extent for elevators of about the same
size—that is, the cost of these parts for 8" x 5" elevator
would not differ much from the cost of similar
parts for a 10" x 6/ elevator. The average carry-
ing capacity of these two sizes of elevators, how-
ever, would vary by nearly 100 per cent. All
these relationships and conditions are taken into con-
sideration in the derivation of Formula XIX. and a cer-
tain allowance is also made for the cost of the elevator
discharge chute, so that the costs obtained through the
use of this equation will be found to be approximately ac-
curate in the majority of simple bucket elevator installa-
tions. It must be remembered, however, that no allow-
ance is made for an elevator casing and, if such is re-
quired, it should be figured upon as an extra item—an
item of convenience or safety that does not necessarily
affect the economic value of the installation.

Initial Cost:

C = Cost of complete bucket elevator equipment in dollars
H = Height of elevator in feet—distance load is raised.
wl = Size of elevator (buckets) = width x length in inches.
S = Spacing of buckets in inches.
w’ = Weight of material elevated (load) in pounds per cu. ft.
0.00656 wlH
Cost of elevator chains (engineering chain) = —=———x W’
S
0.01312 wiH
(combination chain) = —_xw
S
0.00437 wiH
Cost of elevator belts (high grade rubber) = _—xw
S
0.02592 wiH
Cost of standard steel elevator buckets = — —xw
: S
0.04493 wiH
Cost of malleable iron elevator buckets = —_—xw

S
Cost of ‘boot, drive, pulleys, etc. (D = constant) = Dwl

Then :—
(A + Bwlx Hx w’

+ Dwl
S Formula XIX.
Where :(—
A = Constant 0.00656—standard detachable chain.
0.01312—combination chain.

0.00437—high grade rubber belt.

0 [

B = Constant 0.02592—standard steel elevator buckets.
0.04493—malleable iron elevator buckets.
SINGLE CHAIN ELEVATORS.
D = Constant = 1.56 when wl does not exceed 24 square inches

I

1.09 when wl exceeds 24 square inches

DOUBLE CHAIN AND BELT ELEVATORS.
D = Constant = 2.01 when wl does not exceed 24 square inches
1.40 when wl equals from 30 to 66 square inches
1.18 when wl equals from 72 to 96 square inches
1.11 when wl exceeds 100 square inches

LI

Assuming that an ordinary installation of bucket is
properly cared for and that it is subjected only to the
service for which it was designed, Formula XIX. may be
greatly simplified and a close approximation of the initial

/
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cost of equipment expressed in terms of average tonnag®
capacity and height of elevator. Such a general equation
would not be as accurate for purposes of forming an est”
mate of the cost of an installation, but is quite accuraté
enough for purposes of arriving at the probable [}et
operating cost, where the fixed burden of interest on
vestment, taxes and insurance represents but a compard
tively small percentage of the initial cost of equipment'
Calculations of depreciation, etc., may be made on Su¢

a general equation, for, though depreciation is not co™
stant for elevators subject to all kinds of service or evef
to average service, the error or increase in depreciatio?
for'an elevator handling heavy material would be in large®
part compensated for by the excess fixed burden charg®
that would arise from the error in the initial cost, as 0%
tained from the use of such general formula, such init!

cost being in excess of the real cost. The expense fof
power, supplies, etc., being nearly directly proportiond
to the load handled and height of the elevator and, being
a considerable expense in ‘‘net operating cost,”’ can g
pretty accurately figured and has a marked effect upon the
accuracy of Formula XX., by the use of which a cof”
servative and fairly reliable opinion can be formed of ,the
probable net operating cost of any ordinary installation
of bucket elevator, knowing the actual cost of power:

Net operating cost (N.O.C.):—
H = Height (distance) through which load is elevated in feet:
= Height of elevator.
W = Weight ot load elevated in tons per hour (capacity).
Average cost of equipment :—
= 0.000328 WH + 0.003484 W.
Fixed charges :—

Interest - 67 total cost W
Insurance - 1% — 0.000027 WH + 0.000296
Taxes - 29%—3 cost

Depreciation, renewals, etc, :—

On elevator buckets ....

elevator chain or belt

balance of equipment
Depreciation account

0.000090 WH
0.000012 WH

0.000523 W
0.000010 WH + 0.000052

0.

= 0.000112 WH + 0.000575 W

[

Total depreciation, etc.
Yearly burden :—
= 0.00014 WH + 0.00087 W
Horsepower, attendance, supplies, etc.:—
P; = Price (cost) of a horsepower per hour.

N = Number of hours (total) elevator is in use per year.
/Cost of power = 0.0015 WHNP* N
attendance, etc. = 0.000075 WHN

supplies, etc. 0.000055 W

Burden depending on use of .
00015 WHNP, + 0.00013 WHY

elevator =
Then :—
Net operating cost (N.O.C.) per ton :—
112 H + 575 + (130 H + 1500 HP.) N
N.O.C. =
1,000,000 N Formula XX.
Examples :
1. Conditions :—
Material elevated 50’ 0" =H
Service ........ 2400 hours per year = N

Cost of power $0.02 per horsepower per hour Pe

5600 + 575 + 19200000 4
N:O.C. = — $0.0080025 per ton elevate®

2,400,000,600
2. Conditions :—
The same as in the preceding example except that
service is but 1200 hours per year.
5600 + 575 + 9600000

N.O.C. = — $0.0080051 per ton elevated

1,200,000,000

Assuming conditions that are common in practice and
which may therefore be taken as representative, it will P 1
noted that there is really very little difference in
average net cost of handling material by a bucket elevatO;
whether the installation is in operation a good shar€ %
the year or only made use of for half that time. ThiS (.
due, of course, to the fact that the item of power,'etc"
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Whi.ch is dependent upon the actual hours of service, plays
40 Important part in the question of cost of operation.

1S is a decided advantage in dredging and excavating
Operationsy etc., in which modifications of the standard
tYpe. of bucket elevators are very frequently and ex-
Fenswely employed, as such operations are of necessity
Ntermittent and, though not as conducive to economy as
If the apparatus was more mechanically efficient, does
enable accurate preliminary estimates of cost to be arrived
i etc., etc.

The continuous bucket type of elevator differs from
;}ilsi.standard bucket elevator principally in design, con-
tha 8 Of a close succession of V-shaped buckets, having

eI sides projecting past the back of the bucket so as
0 form 4 kind of chute over which—on commencemgnt
b the downward travel of the buckets—the succeeding
elL:ngetS discharge their load as they pass over the.ht?ad
Vator wheel or sprocket, and in the common omission
Or ]'Oa-ding elevator boot. The elevator may be vertical
or '€ In a plane somewhat inclined to the vertical. In. the
f mer arrang‘ement, take-up bearlngs must pe Pr'OVlded
or the tail elevator wheel to permit the maintaining of
rete Proper tension in the elevator chain in order- that t:h:l
intum (do“,mward) run of buckets may not oscillate an
co:tr‘fere with the rising and loaded buckets. Inclined
% Nuoys _bucket elevators, on the other h.and', alie
chai()m Pl‘OVJ(?efi With take-up bearlngs.’ the tension in ithe
rivrl o the rising run of buckets provided by'th.e ele\'/att)(ln:
oc.;’ Which for all types of bucket elevators is invaria zl
'sidle €d at the head of the elevator, keeping the loade
uckof the elevator taut while the return run of empty
the €ts is allowed to descend in the path of a parabola—
exact curvature depending upon the slack in the chain.
b:cgppredable time is required to fill each succeeding
the fet of a continucus bucket elevator, and thus r'eallge
un ull Capacity of the apparatus, it must nec-essarlly. e
fo at a comparatively slow speed. It is in this exaction
X eﬂjc‘ency that the main advantage of this type .Of ele-
uCOT Construction lies, and for this reason the contlr}ucﬁus
Speegt elevator is not entirely replaced by the hlgte;
Congt and cheaper elevator of standard bucket elevilo
the fuction. The slow speed of the buckets enaCl es
usur:“to be filled directly—that is, the elevator load 15
) delivered directly to the buckets, not to an inter-
e ‘ate receptacle from which the load is picked up b(}i’
buckmovmg buckets, as is the practice for the stz.mda;']
ischet elevator.  The slow movement also Permlts the
Thy. 8¢ of load in a comparatively slow-moving stream.
or? Preakage of material by the moving buckets at
en]lent of loading the elevator is minimized, as is also
eakage on discharge.
by € carrying capacity of each individual V-shapﬁd
fl‘ometthof the continuous elevator does not vary grea )IZ
bUCke At of the individual bucket of the standard typ()je od
Ucket €levator, so that the table of capacity of standar
bye t elevators can be made appl.icable to the contmuo;lls
eleva?t t¥pe of elevator by correcting for the speed of Ihe
Cage OF and the spacing of the bucket§; whlch,_m Ie
®qua] ¢ € continuous bucket elevator, is approxxmate¥
"equir O the depth of the V-shaped buckets. The p?iwed
Or o €d to operate a bucket elevator of either the standar

Otinuoyg bucket type is the same—elevators of the
Comp < ATYing capacity—as the descending empty buckets
Pensate for the power required to raise the buckets
for hSe V€S on the carrying stretch, so that the formulzjlf
buc eOrsep()Wer required is the same for e.1t'her type 0t
OPeryy; €levator, The formula for ascertaining the n:e
of ¢, "8 COst of a standard bucket elevator (the measu .
mate]e €Conomic value of the system) is also approx
Correct for a continuous bucket elevator, for

Oy ‘ . 1
&h the latter type is more expensive in first cost, 1ts
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depreciation charge, etc., is not apt to be as high. The
two inaccuracies tend to counteract each other, besides
which any error is discounted by the fact that the major
expenses, those for power, attendance, supplies, etc., are
about the same under similar conditions of service.

Other modifications of bucket elevators are in com-
mon use for handling barrels, boxes, heavy bales of goods
and for many other special purposes, but a detailed con-
sideration of such is quite impossible in a limited discus-
sion of this nature. However, the horsepower formulse
will be found to be of considerable value in considering
the economic advantages of even such special types of
apparatus, as but minor alterations in such formulz need
be made to suit any conceivable system. Net operating
costs will vary in each special installation, however, and
cannot readily be arrived at without careful consideration
of all the particular conditions and requirements. With-
out such data, an opinion of the economic value of any
such apparatus must be based largely upon the conveni-
ence that such an installation would promise, but it is
usually safe to assume that in addition to convenience a
considerable monetary saving would ensue from the in-
stallation of almost any kind of apparatus for mechani-
cally elevating materials confined in boxes, barrels, or in
other ways—a saving usually approaching that which is
possible in the handling of materials in bulk.

— e

DESTRUCTION OF GARBAGE BY INCINERATION.

By H. C. Andrews.

increases so must the representatives of com-

munities and officials in charge of public works

give this important matter their more careful
consideration, more especially in the large cities and
thickly populated areas.

The health of the community is reflected in its com-
mercial prosperity; and, unquestionably the sanitary ar-
rangements of a town go very far towards promoting and
maintaining the health and energy of its inhabitants. In
this age of the application of science to all questions of
sanitation, it is universally recognized that cleanliness
(by which is meant the entire absence of filth) is not only
“next to Godliness,” but is absolutely essential for the
prevention of such diseases as smallpox, typhoid fever,
and consumption. Students of public health are agreed
that such diseases have, in the past, been very largely
caused by deposits of refuse providing the breeding
ground for the multiplication of the most deadly of the
known bacilli; and, as a consequence, the method of deal-
ing with the refuse accumulating daily in a town of any
size becomes a vital question.

In Canada, with its hot summer, collections of dump-
ed garbage should be an unknown quantity, and it is
surprising that the Department of Public Health should
have allowed to exist so long as it has the large and of-
fensive garbage tips one frequently sees, and upon which
dwellings are subsequently erected, the occupants of
which are likely to suffer from the exhalations that must
necessarily arise in such cases.

It has been for some years past an acknowledged
fact that the worst of our summer pests, commonly called
the house fly, and the blue bottle, thrive and multiply in
millions on these heaps, which are in various stages of
putrefaction and decomposition ; also that these flies are
responsible for a large proportion of infantile mortality
and other sickness during the summer months.

E CCORDINGLY as the population of this country
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City authorities preach to the householder to ‘“swat
the fly,”’ but if they themselves collected the garbage
more frequently and totally destroyed it when collected,
they would strike right at the root of the evil, do more
to abate the fly nuisance, and incidentally improve the
health statistics.

The above is a résumé of what has been preached by
the medical health officers in Great Britain, Germany and
France for some years past, with the result that the
authorities of nearly every densely populated area have
at the present time an efficient, and what is really more
important, an hygienic method of dealing with the
garbage.

Incineration has been nearly universally adopted for

this purpose, although in a few cases reducing plants’

have been utilized. The practice of incineration, the first
to be used, is gaining in favor, because it fulfils more
closely the combined necessities, efficiency and hygiene,
than does disintegration. ]

The latter may or may not be a paying proposition,
as is claimed for it, but the fact remains that the public
and expert opinion in the older countries are almost
unanimous in deciding in favor of destruction by fire, and
obtain thereby a clean innocuous clinker residue, rather
than risk the adoption of a plant which in abating one
nuisance is likely to create another; and this is the case
with any scheme which does not destroy immediately and
totally all garbage deposited.

Having thus far proved that incineration is at least
the most hygienic method of dealing with garbage, the
process of incineration can next be examined.

In the early days of incinerators, many difficulties
were encountered which earned for them a none too savory
reputation, partly because the plants were too small for
dealing with the quantity of material to be consumed.

The heat obtained in the furnaces was not sufficient
to destroy everything, and at times the fires were nearly
put out, this resulted in ashes rather than clinker being
raked out when the fires were cleaned, causing quan-
tities of dust to be always flying about. ~Unconsumed
gases escaped up the chimney causing smoke and
evil odors.

All these difficulties have now been overcome and the
modern incinerator, as a natural consequence of years of
experience and use, is positively without nuisance, and
can he worked in close proximity to a residential district,
without causing offence.

The work of the employee is not unpleasant, and
there should be no dust or overpowering odors within the
building itself.

Design of Incinerator Plants.—In designing a
modern plant it is the universal practice of engineers to
consider the following details :—

1. The furnaces should be able to deal efficiently and
easily with the maximum supply of garbage; no storage
should be allowed for longer than a few hours.

2. There should be stand-by furnaces or cells s>
that in case of repairs the capacity of the plant is not
impaired.

3. The arrangements for feeding the cells should be
such that the garbage may be dumped from the carts, and
these released at once with as little delay as possible.
On this detail will weigh to a great extent running ex-
penses, but a mechanical feeding device may be adopted
to overcome this vital point. )

4. The construction of the furnaces must be of suit-
able design, strong and well reinforced to prevent bulg-
ing or collapsing of the arches.  The heat of the fires
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must be intense. The continuous grate is now the only
accepted form of fire grate; the cells may be arranged 10
units, with a combustion or carcase chamber and boiler:

5. There are various types of doors for clinkering
the fires and also various methods of clinkering, but 2
truck running on tracks in front of ‘the furnaces, into
which the clinker is raked direct from the fires, is uS€
in most cases, as the truck, when full, can be puShed
outside and dumped at anv convenient spot outside the
building.

6. Forced draft can be obtained by electric or steam”
driven fans, the air being drawn by pipes from any ¢¢
sired part of the building. By this means no foul air of
dust has a chance to collect within the building itself.

7. If power is required boilers can be introduce
and the steam generated entirely by the heat obtaine
from the incinerator furnaces.

8. The flues should be arranged so as to make
absolutely impossible for unconsumed paper and dust L
escape up the chimney.

9. The chimney should be of strong construc
and lined, and of ample area to allow for possible a
tions of extra furnaces.

10. The buildings should be built so as not to be
an eyesore to the neighborhood, and provision be made
for the attendants’ wants, i.e., proper washing accom”
modation, etc.

Generally speaking, there is always a good outlet for
the clinker obtained and it is often turned into a revenu€
earning item.

From high-temperature furnaces the clinker ob'caiﬂ"“:l
is hard and perfectly innocuous and may be used for ;
variety of purposes. For road beds, for concrete, groust
for mortar, for concrete paving blocks, for ordinary filling
purposes and several other every-day requirements.

The choosing of a site for an incinerator is often the
stumbling block over which all sorts of trouble is f’—n'
countered, but this should not be the case, as providlng
the contractor for the plant will guarantee no nuisanc®
and there are several well-known contractors who wou
take the onus of such guarantee, the modern incinerato”
should be no more offensive and certainly less unsight
than many factories.

There are cases known of city councils having beel
compelled by public sentiment to go to the expensé 9
building far away from habitation and in a few year®
finding their incinerators completely built around b¥ i
very fair class of property-holders.

it

tion
ddi-

—_———-——

TRUCKS AND ECONOMY.

A Montreal contracting firm recently undertook to te,st
the practical possibilities of trucks with trailers in work i
that city, using one or two trailers, these being animal wag”
ons that had been adapted for the service and which were
constructed to be discharged quickly. The trains are M2
up with two trailers, carrying nine tons, 2.5 tons on the true
and 3.25 tons on each wagon, and it was found that the tr¥
could haul the trailers over comparatively rough ground an
in soft roads at a satisfactory speed—at least, fast enoug
to be very economical. The cost of moving excavated n#
terial was, with the loads described, reduced from $1.50
05 cents, the comparison, of course, being made with ho
haulage.  So satisfactory was the trial that the compa_Il
bought seven four and five-ton trucks and will use them wit
trailers in excavation work whenever possible, and in othe”
haulage wherever practical.

rs€
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CHEMISTRY IN ENGINEERING.

The field of the chemist is many times the magnitude
it possessed a few years ago, and it is rapidly co-mingling
with many of the branches of the engineering profession.
With the exception of mathematics, and perhaps of
physics, the science of chemistry stands closest, and as the
manufacture of the materials used in engineering ap-
proaches perfection, the more pronounced is the handi-
work of the chemist.

The production of iron, steel, and the alloys, for
varied and special purposes, are examples. The con-
stituents of each are selected in proper percentage by the
chemist, and the rules-of-thumb are no more. The
chemist furnishes the data whereby the engineer varies
the chemical content of his materials to obtain the par-
ticular physical characteristics desired. The manufacture
of cement is another striking example.

Equally important are the relations of the chemist
and the engineer in the matter of water supply and the
treatment of sewage. It is what the former finds in the
nature and extent of impurities that determines the policy
of the engineer in the treatment of the water supply. The
utilization of nitrogen, of ozone, or of the much-indulged-
in hypochlorite of lime or soda, to destroy bacteria ; the
introduction of copper sulphate (1 part to one million
parts of water) to dispose of algae; the use of alum to
precipitate suspended organic matter, without appreciable
trace in any instance of the remedial substance in the
clarified water—these are notable instances of the work
of the engineer wherein he is dependent upon the
chemist.

In the growing science of road engineering, with its
many complexities; the selection and composition of the
materials of construction; problems of water purification,
and of the disposal of waste—a knowledge of chemistry
is essential to the engineer in many phases of his work,
and his engineering skill, supplemented by the expert
assistance of the professional chemist, leads one to believe
that the advancement of industry would be relieved of a
considerable amount of its hazard if there was more of an
outward acknowledgment of the interdependence of
these two applications of science. ‘

— e

ONTARIO’S TEN-MILLION-DOLLAR ROADS.

Ontario is willing to spend ten million dollars during
the next few years on road construction. But it wants
one hundred cents’ value for every dollar expended. The
Commission which was appointed by the Government—
Messrs. Magrath, Rankin and MacLean—are therefore
going to more trouble in gathering information on roads
than did any similar commission ever appointed. They
are expected to devise a model system for Ontario—avoid-
ing all the errors made by the State Highway Commis-
sioners in the United States, dodging political ‘‘pull,”’
keeping the lid tight on the ‘‘pork-barrel,”” and reducing
maintenance costs to the lowest limit consistent with
reasonable first cost.

The problems that are being considered by the Com-
mission are included in three general classes—men,
methods and materials. More specifically, they come
under the headings of legislation, admipistration, finance,
expenditure, construction and maintenance.

The most important part of the legislation is to keep
the roads out of politics. To this end the Ontario Com-
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mission is studying the Highway Acts of twenty-seven
States, noting their weak points and their good points.
The Highway Commissioner of each of these States is
being consulted as to the success or failure attending the
road laws enacted by his State, the changes that have
been recommended in the laws and the reasons therefor,
and above all, the changes that each Commissioner would
like to see made to obtain his ideal, but which he
perhaps dares not make on account of politics,
public sentiment, poverty of the State coffers, or
other reasons. The amount of money placed by the
Provincial Parliament at the disposal of its road-building
organization must also be carefully considered. Were
too much money voted at one time, it is feared that it
would tax the contracting capacity ‘of the Province too
greatly. It is thought desirable to have only thoroughly
reliable contractors build the roads, and to let to each
contractor only enough work to ensure his being able to
handle it with the most careful attention. The letting of
too much work in any one season might result in higher
prices and inferior work, it is said.

The selection of the administrative and constructive
staffs is most important. Mr. Campbell, the Deputy
Minister of Railways and. Canals (and why not of High-
ways also?) said at the banquet of the American Road
Congress at Detroit, that proper drainage was the most
essential item in road building. The Mayor of Detroit
replied that ‘‘drainage’ is not so important as ‘‘founda-
tion”’—the foundation of good men to administer the
enterprise. It is recognized by the Ontario Commission
that it will take some time to build up the personnel of
the various highway departments. Men with the proper
qualifications must be picked or trained. The adminis-
trative policy must be carefully decided ; whether it would
be better to have division engineers each in charge of
certain limited territory, or to have strongly centralized
control. Under the heading of administration come
also the problems of cost-keeping, purchasing de-
partments, etc. :

The financing of good roads may prove troublesome
in Ontario. The large mileage compared to population
makes financing more difficult than in densely populated
States. Various methods of raising revenue are being con-
sidered—bond issues, automobile fees, corporation taxes,
assessments on railways that would benefit by better
roads, etc. The substitution of a money tax instead of
the work done on the roads by the farmers is being con-
sidered. The wisdom of using convict labor will also
be decided.

Provision will be made for the systematic inspection
of the expenditure of moneys. Uniform accounting sys-
tems must be provided and such statistics kept of all pay-
ments that accurate data can be placed before Parliament
at all times.

The actual construction and maintenance of the roads
causes, perhaps, the most travel by the Commissioners.
They will visit ten or eleven States and obtain accurate
data regarding costs, lifetime, popularity, etc., of the
various types of roads. Hundreds of miles of roads will
be inspected.

In order to meet and obtain the good-will of the
numerous State Highway Commissioners to whom they
will later apply for information and assistance, the On-
tario Commissioners gave ‘a luncheon at the American
Road Congress and invited all of the State Commis-
sioners. The ice was thus broken, and the interest of each
commissioner awakened in Ontario’s problems. These
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State Commissioners are now furnishing the Ontario of-
ficials with data concerning dimensions, first cost, weals
maintenance charges, what types are being abolished 8
unsatisfactory, what types are being substituted as H}Ote
sa.ltisfactory, etc. The relative merits of concrete, Pric™
bituminous macadam, asphalt block and chemically bou®
macadams are being investigated; the methods of oy
struction and suitability of gravel, sand-clay and €af
roads are being studied.

 The Commission is being aided in this work by J
E. Pennybacker, whom they have appointed as a consul
ing expert, as previously mentioned in these columns:

—_—-p—

CANADIAN PUBLIC HEALTH ASSOCIATION
CONVENTION AT REGINA, SEPTEMBER
18, 19 AND 20.

[This article, dealing with that part of the proceedings of the
Canadian Public Health Congress at Regina that is of interest to
The Canadian Engineer readers, was unavoidably precluded from
our issue of October 9th; hence its appearance at this late
date.—Ed.]

Health Association was held in Regina, SaSk'(;
Upwards of 108
d in the
or

itiorl‘f‘I

THE Third Annual Congress of the Canadian Pubﬁc

Sept. 18th, 19th and 2oth.
hundred delegates registered. As indicate
programme appearing in a previous issue, the W
the convention was divided into eight sections, add

to the general sessions. To each of them the papers preg
sented were of such a nature as to open up a volume :')k
WO

keen and vivid discussion upon all phases of the
which the association has set itself about to do.

The congress had its various sessions well inte”
spersed with social functions of one kind and anothe®”
and the city of Regina displayed such an excellent: B
of hospitality to the visitors as earned for it a highl"
commendable resolution on the minutes of the associafio™

There were several papers read at the general sessiO
that would have interested a large number of the €%
gineers of Canada, apart from Section VL., which W&
devoted entirely to engineering subjects, and Section Vo
which was closely related” covering the various P a5
of sanitary inspection and promotion.
_ Of the ten papers presented at the Engineers’ s
tion, two, viz., ‘‘Mechanical Gravity Filtration at Saskaj
toon,”” by George T. Clark, city engineer, Saskato%%/
and “The Chemical and Biological Effects of Water Fil
tration,” by H. W. Cowan, chief engineer, Bell Filtr®”
tion Company, Toronto, appeared in October 2nd issu®
and other important papers will be published in
course in these columns.

Among the papers read at the general sessions
presidential address by Dr. J. W. S. McCullough, P
vincial Health Officer for Ontario, related a few of the
experiences of the speaker in his recent visit to Europ®
His address was, in part, as follows :——
~ ““In the province of Ontario, from the fact that 48
rivers and lakes must become the great sources of Wi o
Sllpply, it has become apparent that to preserve t 31
supplies in a pure state, it is necessary to take profh
action to prevent their pollution with sewage. Wit e
end in view the legislature of last year and this year gavh
very extensive powers to the Provincial Board of Healt
in this regard, requiring that all plants for waterworks
and sewage disposal must have the approval of the Boarn
before any money can be raised for these purposes:

the
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‘Cigdltlon, a further enactment gives the Board power to
MPel the construction of such works, when, in the
p:l?trd.’s opinion, they are required by an urban munici-
electy’ and such approval being made, no vote for ﬂ—}e
0TS is required to raise money on debentures for this
Purpose, »»
ga During the present season the Board has been en-
5 ied 'n making a careful examination of the rivers afld
nip S Separating Ontario from the United States, begin-
of tghat Fort. Franm.s and ending at'the eastern boundary
ang ee Province, with a view of discovering the causes
ing t;‘tent of what sewage pollution may exist. Follow-
of ¢ 15, t}{e speaker was instructed by the Governrr'lent
i € pProvince to take up the study of sewage questions
t€at Britain and other parts of Europe. .
Sews Of_ the many.ex.tensive works for th.e disposal of
thOSege in .Gre'alt Britain, perhaps the most important are
arge O,f.Bll‘mlngham, -Manchester and .Grlasgow. Many
asy Cities such as Liverpool and Edinburgh have an
With Problezm~that of letting the sewage go out to sea
ang GaI fapid ocean tide. Others, ll%{e: London, Belfast
S v, sgow, send the sludge or solids out to deep sea
Muygt ;):els, k.)Ut t_he hundrgds of. inland towns and cities
Plies of herwise dispose of it. Since the great water sup-
i Great Britain are taken from upland watersheds,
f0t, generally speaking, so necessary to have as
Tequj an effluent as conditions in most of Canada
ire,
‘
“The problem of dealing with sewage embraces the

di
JPosal of sludge or solids, of the liquid portion of the

W .

iage’ and of storm water. Each of these is a problem
slu(importa“ce and difficulty. It is apparent that the
liquist Problem is the most difficult one, while that of the

the . POTtion from a sanitary point of view is perhaps
08t important.*?

Compy;. Major portion of Dr. McCullough’s address

Gerp, lsed.a description in detail of typical British and

€mp], 4N disposal plants with an outline of the methods
Oyed.

for SDr_ M. M. Seymour, Commissioner of Public Health

Whice Askatchewan, ‘in his paper dealing with the work
Me Was being done in that province, detailed the

Ventig S employed by the Government toward the pre-
ive. | °6 disease and the prevention of the pollution of

er]sD and streamg, .
Onta . ROE Wodehouse, a district Health Officer 1n

ficey irlo’.m his paper concerning the field work of an .of-
of :hls Position, referred to Dr. McCullough’s division
Creage Province into seven districts,.eventually to be in-
Worl 'O ten, for the administration of public health

fz?e ﬁl:st duties of the office pertained to.rfiakfng‘a
the se Sanitary survey of each organized municipality in
of ¢ ral districts. = These surveys called for a report
the 2 aCtivity of the Board of Health and its officers,

Qare

' buildiiepmg of the vital statistics, the condition of public

.

Supp iefs’ the source, nature and management of water
bOth » Private and public; the sewerage undertakings,
tained ave maps in detail, in duplicate, one to be re-
the | by the district office and the other to be sent with
aport to Toronto office. The schools, ice supply,
rajly, 5¢ Collection and treatment, hotels, restaurants,

ang StﬁltiOHS, lanes, nuisance grounds, stagnant water
Sateq 'Ngs pertaining to public health to be investi-
bot, € epidemiological history of the community,

© man and animal, were to be reported upon.

.‘\Ctu;ﬂ ie Tesults of the work have been fairly satisfactory.
MProvements in the state of the provinces’ status
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of health will probably be more grossly evident at the end
of three years. Speaking of District No. %7, the one to
which the writer is attached, during the past six months
five municipal water chlorination plants have been in-
stalled upon order, three municipalities have regulated,
changed location of or abandoned nuisance grounds.
Railways have cleansed the lights of boarding camps and
cars, have established sewage treatment plants at their
terminal or divisional points, and are reporting surveys
of the water supplies used for their dining cars, day
coaches and the engines, as this is used by the rolling
stock men.

‘‘Standards With Reference to Sewage Treatment”
was the subject taken by Mr. T. Aird Murray, consulting
engineer, Toronto. The paper dealt exhaustively with the
different systems of the treatment of sewage before allow-
ing it to flow into the streams and lakes from which the
water supply of towns and cities is taken.

Mr. Murray summarized his paper by stating that in
his opinion, based on much observation, there was no
standard of treatment which could be generally applied
to sewage, but that some system which would do away
with internal germs in the sewage should be generally
adopted. Such care to some extent must be treated
separately according to the local requirements.

The dilution method of treatment as advocated by
many engineers because it is the most economical method
from a financial point of view was pointed out as a make-
shift, which did not protect future water supplies. The
different systms of dilution and purification by chloriniza-
tion were fully discussed.

With the sewage treatment subject, one of the most
important points touched upon by the author was that of
the pollution of water supplied. =~ Water supplies, he
stated, should be doubly protected by the disinfection of

" sewage flowing into them and the filtration and disinfec-

tion of the water drawn from them which is about to be
used. He called attention to the fact that there are many
uncontrollable sources of pollution with which it is hard
to deal, but ventured the opinion that legislation would
be able to control much of the apparently uncontrollable
sources of pollution. He pleaded for legislation in Can-
ada before the waterways become hopelessly polluted as
they are in the United States and in England.

Section V. brought out several papers of particular
value to those who have to do largely with the mainten-
ance of proper sanitary conditions in congested or out-
lying sections of cities. Mr. E. W. ]J. Hague, Assistant
Chief Sanitary Inspector, Winnipeg, furnished a lengthy
paper on the housing problem, recommending a number
of remedies to counteract over-crowding, inadequate
building laws, etc. Mr. F. Cartlidge presented a paper
entitled ‘‘City Waste Disposal by Incineration. He
briefly reviewed the history of city waste disposal, from
the old method of the nuisance grounds, with its unsightli-
ness and the comparatively large area of land laid waste
for this purpose, through the different stages in the de-
velopment of a satisfactory incineration plant down to the
present, where it was possible by incineration, to convert
the putrescent matter in city refuse into harmless pro-
ducts, by means of combustion.

““The process of incineration,’”’ he said, ‘‘has made
much headway with the introduction of high temperature
furnaces of 2,000 Fahr. and upwards by means of forced
draught, induced either by powerful fans or steam blast.
The heat obtained in these furnaces is sufficient to con-
sume anything put into them. i
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“In the older types of independent cells the intro-
duction of a fresh charge of refuse resulted in the lower-
ing of the temperature with imperfect combustion of the
gases, a condition which is obviated by increasing the
number of cells, and by charging them in turn so that
some are at their greatest heat while others are being
charged.

“With present improved methods of construction
such high temperatures are often obtained that no incon-
siderate amount of waste heat is available, and steam
boilers are generally made a part of the equipment. This
will provide steam for the blast or to drive the fan, and
by absorbing heat from the waste gases will reduce the
cost of repairs to flues and a less expensive and lighter
firebrick in the chimney will suffice.

“Naturally, in these notes a description of the in-
cinerator at Moose Jaw, and the methods for operating
same may be much in evidence, as it is operated under
similar conditions and with the same class of refuse that
will be met with elsewhere throughout Western Canada.

“In the collection of our refuse all house and trade
refuse are collected and dumped together at the in-
cinerator, where it becomes automatically mixed with a
larger quantity of stable manure, as both are being de-
livered in the course of the day.

“To obtain the best results and complete combus-
tion, the conditions necessary are :—

““A sufficient air supply brought into intimate con-
tact with all parts of the fuel and the maintenance of the
temperature up to ignition point until the whole is
consumed.

“All modern high temperature incinerators will have
the following features: Forced draught, either steam
blast or air; a drying hearth above the grate; a combus-
tion chamber where the gases are mixed and raised to in-

candescence ; a steam boiler for utilization of waste heat; ,

an economizer to heat the feed water, and a regenerator
for the air blast. Other things of equal importance are
some arrangement to discharge direct into the combus-
tion chamber from above, carcases of horses, mattresses,
wet damaged fruit and certain other things that cannot
be consumed during the burning of a single fire on the
grates, and which would come out with the ashes only
partly burned and require to be thrown in again. A
storage floor to hold 24 hours’ accumulation of refuse,
and tipping platform of such size and arrangement that
the ordinary box wagon can safely be brought to the
tipping sill. X

“The incinerator at Moose Jaw is a Heenan and
Froude high temperature, with three cells in one continu-
ous chamber. Fires are fed from the top, where the re-
fuse is shovelled into hoppers, the top of which are with
the floors of the tipping and storage platform. The blast
is air, supplied by fan and drawn from above storage
floor. A pressure of from 3 to 4 inches is given, with
temperature around 2,000 Fahr. The fan for the blast
is driven by an enclosed steam engine which, with the
feed pump, absorbs approximately 15 per cent. of the
power generated by the waste heat.

“Under ordinary working conditions an average of
two tons of refuse per hour is consumed, and the fires
are cleaned about every two hours. The operating costs
average a little over $1.00 per ton.

“Until quite recently no serious effort was made to
utilize the power in.the steam generated by waste heat.
Observations have been made several times under or-
dinary working conditions which indicated that after
allowing for use qn the plant itself there was at least 100
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h.p. available for other purposes. This is now t0 be
used for the purpose of pumping sewage at the dispos
works, which are situated conveniently near, the Ste?m
being piped across the short distance in 4-inch 1
sulated pipes.

“Without going outside the scope of the Health D€
partment there are many uses to which this waste St€
might be put and so reduce the cost of disposal of refusé
for instance : The establishment of baths and washrooms:
steam disinfecting station ; electric lighting of depot 2"
works ; or even to generate current for ordinary purposé®:

“Of other residuals very little has been made g
far. The clinker is made small in size, and when fre¢
from dust is a suitable material for bacteria beds, S0%
having already been used for that purpose. The dust
from the combustion chamber can be used as a body fok
disinfecting powder and in a small way this has been &
perimented with.”’

Business Session.—The Association elected the 0
lowing members to form the executive committee for
ensuing year: President, Dr. M. M. Seymour; g€l
secretary, Major Lorne Drum; treasurer, Dr. Georgé ~*
Porter,. and Dr. C. ]. Hastings, M.H.O., of Toront®
Dr. C. A. Hodgetts, of Ottawa, and Dr. Duncan Ande”
son, of Toronto. Dr. Adam H. Wright, chairman of ths
Provincial Board of Health of Ontario, was electe
honorary president of the association for the ensuing ¥ eal‘t

The next annual congress will be held at qu,
William and Dr. Woodhouse, the district sanitary .
ficer of that city, has been appointed the convener of the
local arrangements committee.

Among the resolutions adopted was one aut 1
the appointment of a committee to assist in the fOfma’
tion and operation of a proposed Federal Health Dep"
ment. Another read: “That in the opinion of this 2
sociation it is a matter of great importance that the
minion Government do take steps to create a Depart™
of Public Health in order that all federal branches 4° ¢
ing with health work may be colordinated under
administration.”’ of

Another fixed the membership fee of the associat’
at $3.00 per annum. g

Mr. J. T. Vallance, of Lethbridge, Alberta, readlly
very interesting paper on ‘‘Public Abattoirs,”’ going i
into the questions of cost, methods of operation, S
tion and other details, expressing himself of the firm Iy
lief that civic abattoirs will prove themselves not o
self-supporting, but profitable. He spoke of the man® 4
in which the institution of civic abattoirs in Englan
Germany had reduced materially the cost of living: e

“Leaves From An Inspector’s Note Book’ Wasatltb
subject of a paper by Mr. H. D. Mathias, of the He :
Department of Regina. The paper dealt largely with he
training of a man for sanitary inspection, and with £
essential recognition of the provision of a pure and am
supply of air and water as an assurance of safety #
health. the
Mr. Thomas Watson, of Regina, dwelt upo? e
legal aspect of the sanitary inspectors’ work. In he
course of his discourse, Mr. Watson mentioned
unanimity of the various health acts of the Dominio® ds
placing under the control and jurisdiction of the Boal
of Health all that properly belongs to sanitary and heteﬂ'
matters; but added that in spite of this there is @,
dency among municipal authorities to deprive saM g
inspectors of a goofl deal of authority they should pos et
with respect to certain elementary fundamentals u
their supervision.
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OTTAWA WATER SUPPLY PROJECT.

OR years the supply of water for domestic use in
Ottawa has been unsuitable. The summer of 1912
Was marked by the visitation of a serious outbreak
minencOf typhoid, which brou.ght the problem into pro-
: re, and called for a raPld and permanent solutn'or'l.
aUthor‘?ult. has been that in the past year the civic
untj] ¢ }11 les have k'ept the matter con§tantly Pnder probe,
reportse Present time finds them furhished with numerous
Covering all feasible sources of supply.
C g}lere are ﬁve possible sources, viz., Ottawa River,
and p aska River, Lake Deschenes, McGregor Lake,
¢michangaw Lake.
repoiss Ottawa River, the present source, has been
f‘lltratiml pron: as b‘?mg unfit for use without mechanical
ir Alex and _Chemlcal treatment. In Febx:uary, 1913,
to abanci Binnie and Dr. A. C. Houston advised the city
Then, ; on the Ottawa River as a source of supply.
advisédnthApl"ll the Ontario Provincial Board. of Health
meehani e city t.hat the use of the Ott.awa River w1t.h<’)ut
Wag bacial filtration would not be permitted. The decision
of typh <ed by the fact that Ottawa had had 3,000 cases
Iiltratic,old within 18 months from using this water. The
of e: scheme has not met with favor at the hands
°0nsider:‘:~e Payers, generally, when advanced for their
Provige f ‘on. The proposal submitted last year did not
Ca] treat or future growth, sentiment was agamst chemi-
uhsanirament’ and the risk of contamination from the
haq 1Y Waters of Nepean Bay, under which the supply
Optie € conveyed, was important and against the
L N of the scheme.
gineerake Deschenes.—On October 3rd, 1913, City En-
loy; urrie submitted a report in answer to the fol-
o ouncil inquiry pis
River Wthe city of Ottawa continues to use the Ottawa
Urce ofater In its natural condition as a permanent
Which, th supply, what would be the best point from
be requ.e Water should be taken, and what works would
eXpeHs red to be constructed, with an estimate of the
€ of such works?”’
able p(? Teport stated that in his opinion the most suit-
of "Nt from which to take the water was a little west

y Onj e .
Island. g P(,”nff, in Lake Deschenes, and opposite Aylmer
L. Cuppi. s IS Over 14 miles from the pumping station.

Wa e found that the gradients were such that the

manr gould not be carried by gravity to the pumping
Neeq ', nd that, therefore, another pumping plant would
Installed and operated at Lake Deschenes.
g’dr_auhc power could be secured there, this plant
] equ.lre to be operated by electric power.
Servi L City engineer proposed that a small low-level
strUCte Teservoir to hold ten million gallons be con-
O Wate, 'St inside the city limits to provide a reservoir

r

ater
b g"avitm case of fire, and to enable the water to flow
Statjg,, ) from the reservoir to the present © pumping

"Om 41 +-¢ also proposed to have two 48-inch pipes
Yoir . ° Itake at Lake Deschenes to the service reser-
pumpin tWo 42-inch pipes from the reservoir to the
EStimlatf-—;gdStatlon. The estimated cost of this project was
M A lat at_$2:900,000.

iy Curr-el; Issue will contain a more detailed report of
Mc(;le S Investigation.
;lffhber ol‘fegor Lake Supply.—This includes a large
Q’l“s 0 th lakes at distances varying from 15 to 30
a.onfl od —.orth of Ottawa. The engineering features
ﬁﬁpear i }"’lth th1§ source of supply for the city will
of Tatign 2 later issue. It is generally conceded that

the . Would be necesary. An estimate of the cost

€Cessary works is placed at $7,054,000.
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Madawaska River.—Owing to the necessary length
of pipe-line from this source to the city, the variations
of level along it, and the low total elevation above
Ottawa, this project has not met with favor. It is also
objected to because of its questionable quality, and the
uncertainty of continued safety of river water generally,
which feature applies forcibly to the proposition.

With this brief summary of the situation, attention
is directed to a report, submitted last week. It has
already been mentioned that in February Sir Alex. Binnie
and Dr. A. C. Houston visited Ottawa, studied its water
supply, advised the abandonment of the Ottawa River as
the source, and recommended an uncontaminated source,
such as is afforded by the lakes lying between the
Gatineau and Lievre Rivers. The city was also advised
to undertake a careful survey of the district. Conse-
quently, arrangements were made with the Dominion
Government, whereby contour maps and other necessarv
information have been obtained.

On May sth, the City Council requested Sir Alex.
Binnie to make a detailed report, and the result has been
a thorough investigation by his staff of all the sources
of water supply, including a detailed examination of the
proposed routes for the aqueducts, service reservoir, etc.

In the report the city is recommended to use every
effort to bring down the rate of water consumption,
which at the present time averages 170 gallons per capita
per day. Contrasting this consumption with that of other
Canadian cities, according to the report of the Com-
mission of Conservation, 1912, the report deems it feasible
to reduce the water supply per capita to 100 gallons per
day. It is on this assumption that the capability of the
various sources of supply to provide for 250,000 persons
with a possible future population of #%50,000, has been
considered.

The report divides itself into a consideration of two
schemes: (1) Supply from Thirty-One Mile and Pemi-
changaw Lakes. (2) Supply from McGregor series of
lakes. These sources are shown in Fig. 1. The fol-
lowing is extracted from the portion of the report dealing
with the former:—

Thirty-One Mile and Pemichangaw Lake Scheme.
—These two lakes are situated on the east bank of the
Gatineau River at a distance of about 40 miles to the
northward, measured in a straight line from Parliament
Hill to the south end of Pemichangaw. The surrounding
area of land which drains to these lakes is dotted with
numerous other smaller lakes, but the above are the only
lakes of any importance and extent. :

As to the quantity of water that may be obtained
from this source, the three important factors upon which
the service from any drainage area depends, respond to
investigation in the following way :— _

(1) The extent of the drainage area is approximately
150 sq. miles.

(2) The quantity of rain or snow annually precipi-
tated on this area averages 37 inches.

(3) The run-off is conservatively placed at 13.6
inches.

Taking 13.6 inches of run-off from a catchment area
of 130 sq. miles, the average yield ,approximqtes 81,-
000,000 gallons per day, ample to meet the requirements
of a population of 750,000. :

The drainage area has been found free from peat
or other surface deposits liable to discolor the sup}_)ly.
The water is bright and clear and of exceptionable purity,
and if steps are taken by the city to. prevept future con-
tamination, the report forecasts not the slightest neces-
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Fig. 1.—General Plan of Storage Area.
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. gorge, already referred to, forms an admirable it

‘water area of 18 square miles, the water level

Volume 25.

sity for filtering this water at any time. It pronounces
this source as one of the finest supplies in the world:

The method of collecting and storing the water 1
as follows, according to the report Fig. 2 illustrates th
plan herewith described :— ;

There are four lakes which form a chain stretchif®
approximately north and south. Commencing at the ﬂorth
is Mitchell Lake, a small lake which discharges throus
a narrow gorge at its outlet into a channel which finds
its way into the Gatineau. This lake has a surface ared
of 0.7 square miles, and the water level in Sept. was 54
feet above datum. It receives the entire discharge ©
Thirty-One Mile and Pemichangaw, and a narrow TOC!‘

for a dam.

The next in the chain towards Ottawa is Thirt}’_‘one
Mile Lake, which is about 18 miles in length, Wlt:‘hii
summer being about 530 feet above datum. Immediaf
to the south, and separated by a narrow neck of 140
lies Pemichangaw, with a water area of 6 square M ‘?s
and a length of about 5 miles, the water level t,hl
summer being about 552 feet above datum. Crossi? i
the height of land to the south-west of PemichangaI
we come to Long Lake, having a length of about I7%
miles, and a water area of about one-quarter of a squar
mile. The distance between Pemichangaw and Long
Lake is about 3,000 feet, and the water surface of Long
Lake is 561 feet above datum.

It is proposed to tunnel through the ridge betwe‘:::
Pemichangaw and Long Lake, and by means of the d‘i‘w
at the outlet of Mitchell Lake to bring all the lakes Al
one level, namely, 570 feet above datum, and to S g
the aqueduct to Ottawa from the south end of Loﬂt
Lake. This would mean raising Mitchell Lake 47 {0
Thirty-One Mile Lake 40 feet, and Pemichangaw L
18 feet.

The contour surveys to determine the top wat
at this level are not yet completed, but the tota
brought to this uniform level of 570 feet above
will increase to about 35 square miles in area. O o
difference in level of a water surface having an aréd ol
35 square miles represents about six thousand oneé ht;y
dred million gallons, and 18 inches would give 2 )'Cau
storage of a daily flow of 25,000,000 gallon, 3 feet we i
give sufficient storage for 50,000,000 gallons per die of
and 4 feet 6 inches sufficient for 75,000,000 gallons jd’
diem. The maximum variation in water level WO
therefore, be small. 50'

The dam at Mitchell’s Lake would be desigﬂedent
as to overflow at a height of 570 feet, the total CO“tI .
of masonry to this level being estimated at about 9
cubic yards.

e
It has' already been stated that the dam would bo
constructed so as to raise the level of the lake toMile
feet above datum, which means that Thirty-Oné =g
Lake would have to rise 40 feet, and PemichangaW il
feet. Owing to the enormous area of Thirty-One jake
Lake it would take five or six years before this =,
would rise even to the level of Pemichangaw, that lﬁﬂal {
feet, and ten or twelve years before it reached the me
level of 570 above datum. It is obvious that the sche ht
should be so laid out as to enable water to be brot e
forward to Ottawa as soon as the aqueduct and S.Crvhe
reservoir can be completed, which can be effected 17
following manner :— :
Pemichangaw and Long Lake have a total dra!
area of about 417 square miles, and would Y1€ q1io?
the basis of a runoff of 13.6 inches about 22% ™

er aré?
| whe?
datu

ne foot

e
n‘ag
ot
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namely, 81,000,000 gallons per diem, being passed
through into Long Lake without appreciable loss of
head.

The best location for the invert of the tunnel would
be about 6 feet below the present level of Pemichangaw,
or at about 3546 feet above datum, 24 feet below top
water level when brought up to 570 feet above datum.

This tunnel would terminate at each end in covered
shafts, the water entering and leaving the shaft well
below the water level of the respective lakes, to remove
all danger of freezing.

Works at Long Lake.—Long Lake varies in depth
from about 20 feet to 50 feet, being shallow towards

fg(’;';ll()ns per diem, or sufficient for the needs of the c.ity
betwmany years. The level of Pemichangaw Lake varies
Ia ee:en about 554 and 552 feet above datum, and the
Ointls Separated by a narrow neck of land known as
aboyg Comfort from Thirty-One Mile Lake, which is
& it 30 feet lower in level. This neck of land acts as
1 ural barrier, which retains water at the higher level
thm:n;]lchaqgaw, and is traversed by a narrow gorge,
ile gI; Wwhich Fhe water is discharged into Thirty-One
Provig ake.' Thls_ gorge is blocked by a wooden dam
to h ed Wlth. sluices, and the fail of water from one lake
its . Other is utilized for a saw-mill. Water also finds

S . ! i X
throway mto Thirty-One Mile Lake from Pemichangaw L
wh ugh debrig overlying the rock, filling the bottom of the north end and deep towards the south. This lake,
B0 ‘doubt - was at one time a valley of discharge like Pemlc}.langaw, is formed by a natural barrier, and
? One Jake to the other. There are underground the water issuing from it passes over this barrier by
th}lres Connecting the two lakes, and the measurements means of a series of small falls and cascades to the valley
walch have been taken this summer show that when the below, dropping 50 or 6o feet in a short distance. A
atter level in Pemichangaw stood at 554 feet above short cutting through this barrier will, therefore, enable
& Sllm the amount of water which got through this debris the water to be drawn down 20 or 3o feet without any
§ ooriace fissures in the rock amounted to approximately difficulty.
ir; 800 allons: per diem:. but when the water level The §h0res of the Ia1.<e are steep and rocky, but at
o the lake had fallen to cca feet above datim e herdiss times during and after windy weather the sediment in
:" € was very small inDdDeed showing that the water the bottom is stirred up by wave action. ‘Lhis action
S really finding  its \’vay from one Joke 1o et bt does not extend to any great depth, probably not much
¥
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Fig. 2.—Profile of Lakes and Pipe Line.

throu L !
to 8N a com arativ nel. It is proposed below 10 feet. It is, therefore, proposed to remove the
5110 en g trenf:)h gf‘lstelgf S;I?ILZV:O;:: atr;ledold changlell,)oand sediment, logs, etc., when the lake is drawn down so as
leakwlth concrete so as to cut off the supply that would to prevent similar action taking ‘place in the_ future.
Wout. "2Y When the water level is raised to 554. This The outlet works would consist of a straining tower
Lall(dd FRable the water to be. retained in Pemichangaw about 50 feet high, covered at the top, z'md provided
aqy “ upon which the city could draw as soon as the with copper gauze screens; the water entering the tower
Chap o St is completed The}z’ present water area of Pemi- at a depth of 7 or 8 feet .below the minimum water le've]
e Y is about 6 % .uare miles, and 5 feet in depth on of the lake and after passing through the screens leaving
thet area w14 repl‘eqsent i to’tal stoiant reaL L by means of a culvert through the natural barrier alread.y
B instalment of 25,000,000 gallons per diem. referred to, to the commencement of the pipe. It is
S4guf Ing that th;a minimi’m éraw-off lovel was 5 e proposed to install a small }Vater-firlven turbine so as to
the et aboye datum, or 3 feet below the present level, work a  pump for supplying hlgh-prqssure water for
Woy AXimym level a,t which the water would overflow washmg.the screens. The power for this turbine would
d he 854 feet ob d be supplied by allowing water to pass:from the lake to
Proge. '€ dam at tha ovel au;ml\./“ baflte diloe aohanlie the valley below, the turbine being situated at the foot
oo edeq Witl—; € jQutiet oi MItCNEY 'S S of the fall, which has already been refer}’ed to. The
gruld e made i i i _the necesl\s/la_xl'y :fringemn b;z screens Would'be made so thaF they can be l.1fted in rota-
byadUa]]y l‘aiseé tso t};]at I‘h'lrlty—Oneﬂ e ade (;?tawa tion for cleaning purposes without mterfermg with the
et A0S of tfy SRR o RO ARG tf)wlar e the flow of water, :emd the dirty water, after clea.m.ng, would
of lt'}’;'ate for thee aque;iuct% e r(zs)%rt allrllc usde:h;n ot be discharged into the valley below the straining tower.
S On. R . .
clearin am ¢ Mitglﬁ)gll}’lsol,azlic’,oo.zfr;d als% the necessary Description of Pipe Line.—The top water level of
Laleq & 10 bring Thirty-One Mile Lake and Pemichangaw  the service reservoir would be 445 feet above datum.
Wil © the leve] of feet above datum, when storage The distance between the outlet and the service reservoir
0 € provi i 1 P is about 235,000 feet, and allowing for losses of head
"8 Vided for the full yield of the drainage area, is a 400 ) owing f o dla
990,000 galions a Fino at the reservorr, the hydraul.lc grz}dlent wou e ;pd
Ty, b Unpg) betw Pemi ; d Long Lakesi— pmximately I in 19630, and Wlth th1§ gra'dlent a welde
fl‘om"ng the Wateee:] feg:chg:‘ragaw \?fninto Eon Lake or lock-bar steel pipe; 54 inches in diameter, ;avould
tatg Which lake th b gm“‘ ng;ld start, will gnecessi: deliver 25,000,000_ga110ns a day, allowing fo; hutlfre
betw Onstf'llctin ¥ Sire u'ct Wm;] oy %, bt of rland encrustation. .If n.vetted steel pipes were used the in-
Thi, N the twg la tunnel throug tf1e i b foet ternal friction is slightly greater on account of the rivet
Meg, tUnne] ¥ akes, a distarice of. aboabgyocn g. ' heads and the diameter of the pipe would be slightly
it} Sid;he made about 7 el et larger to discharge the same quantity of water. The

A4S to permit of the whole available vyield,
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estimate has been based on approximate quotations re-
ceived for 54-inch welded steel pipe, 7-16ths of an inch
in thickness. With-soft water considerable encrustation
may be anticipated; but seeing that the Thirty-One Mile
Lake water contains about four and a half grains of lime
per gallon it is probable that this may not take place to
any appreciable extent. The Ottawa River water contains
about two and a half grains per gallon, and appears to
have had very little effect on steel pipes which were laid
many years ago without any protection by means of
coating. It has been found that steel pipes are also liable
to corrode from the outside if laid in saline or marshy
ground unless special precautions are taken. The best
protection in such cases is to surround the pipe with
tarried hessian or jute, and provision has been made in
the estimate for this precaution where the pipes would
be located in swampy ground. To prevent freezing in
winter the pipes should be laid so that the bottom would
come a minimum of 8 or g feet below the surface of the
ground, and the estimate has been got out on this
assumption. :

After leaving Long Lake the pipe would pass south-
ward gently undulating cultivated land for a distance of
about one mile until a cedar swamp is reached, which
would have to be traversed for a distance of another mile,
when open, cultivated land is again reached about two
miles north of Ryanville. The ground is of much the
same character between Ryanville and the Gatineau,
which would be crossed at a point about 11 miles south
of Long Lake by means of a bridge having a span of
150 feet. The estimate has been got out on the assump-
tion that provision is made for two pipes across the
bridge, each to be able to carry 25,000,000 gallons per
diem, and the pipes would be housed in and surrounded
with sawdust or some other suitable insulating material
to prevent freezing in winter where they are brought over
the bridge. After crossing the Gatineau the pipe would
proceed in a south-westerly direction, joining the C.P.R.
about half a mile south of Low Station, passing through
cultivated land and another cedar swamp between the
river and this point, the total length of the pipe from
Long Lake to the C.P.R. being about 16 miles. From
Low as far as Chelsea, a distance of about 24 miles, the
pipe track would be in close proximity to the C.P.R.,
and this portion of the route would not be so easy from
the point of view of pipe-laying, a good number of minor
work, such as bridges, stream crossing and culverts
being required. At Chelsea the pipe would leave the
C.P.R. and proceed nearly due south, passing close to
Old Chelsea to -the service reservoir, a distance of about
four and a half miles. The service reservoir is located
in the hills, about two and a half miles south of Old
Chelsea and four miles north-west of Hull. The portion
of the track between the C.P.R. and the service reservoir
would be through cultivated land.

Service Reservoir.—The function of this reservoir is
two-fold :—

1. To provide against a water famine in the town
should the water have to be cut off in the aqueduct to
allow of repairs being executed.

2. To meet the daily fluctuations in demand, as
the water supplied to a town varies throughout the day,
the maximum draught or peak load being nearly twice
the average. A reserve must also be available in case
of fire.

It is far more economical to lay out a gravity scheme
of this nature so as to include a service reservoir of ample
size than to lay a duplicate main when the aqueduct is
long and a good site can be found for the reservoir at
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a suitable level. Fortunately, a good site at a suitable
level has been found where the water would be stor€
in a basin having a flat bottom and surrounded by hills-
The bottom of the reservoir varies from about 410 10
416 feet above datum, and by means of three small dam?
the water would be held up to a level of 545 feet above
datum. The water area would be about 54 acres, 4%
one foot in depth would represent approximately 157
000,000 gallons. The probable variation in water 1€V

to meet the daily fluctuation in demand would, therefor®
be less than one foot. The contents of the reserve®

between the level of 420 and 445 feet above datum woU

amount to about 295,000,000 gallons, and represents o
reserve of about 12 days’ supply, which is very amp

when compared with what is allowed by other Cltws;
The static pressure given by this reservoir would repré
sent 118 pounds at the pumping station, or 8I pour g
at Parliament Hill, and is about the maximum preSSu‘;S
that the house fittings would stand in the lower par

of the city.

Pipes from the Service Reservoir to the City~
These pipes should be designed so as to be able 2
discharge for short periods during the day a much lafg.ﬁe
quantity than the pipes from the source to the S"f""'l‘n
reservoir. The maximum rate of consumption i$ .tak;]e
at 110 gallons per head per diem, and, if unavoida a
waste is added to this, say, 4o gallons, the total ma¥ s
mum rate of consumption would amount to 150 gallo":lt
per capita per diem. To this should be added the amQ“a_
required for, say, 25 fire streams, which would be equi¥ d
lent to a rate of discharge of another 36 gallons per he;c
per diem; so that the pipes should be designed €, J
capable of discharging 186 gallons per capita per die
as a peak load. On the basis of a population of 2597
persons the above rate would represent a discharg® Jd
467 million gallons per diem. Two 31-inch pipes wo, ol
deal with this peak load, so that when the populat;an
increased to 250,000 persons the pressure would no
below 110 pounds at the existing pumping statiof, e the
should a serious fire occur during the period when ¢
maximum demand was being made for water for dom®s

purposes.

After leaving the service reservoir the pipes Wou&ﬁ
be laid through cultivated land to the west side 0 Bay
Station so as to cross under the proposed Georg1a® i
Canal below the level of the bottom of that chanf®:
the canal is constructed culverts should be pronde ihe
the Canal Company at some future date to surrounl
pipe under the bed of the canal and allow them toheﬂ
always visible for inspection. The pipes would dge
cross Brewery Creek about the site of the existing P’
at the end of Wright Street, and would pass t
Hull till the bank of the Ottawa River is reached 2
point about 1,400 feet east of the Union Bridge: ‘

h
h rolltg 3

It is emphatically recommended in the report g;ir
the pipes should be carried over the Ottawa River ™7 4
than under it, so as to facilitate easy inspect1o™ o
maintenance in good condition at all times. .
is not recommended, owing to the peculiar roc
tion, which, being full of joints and crevices, WO
occasioned considerable difficulty in driving.

aﬂ
i for?
ad '

There are four channels which would n'eceSS
a bridge about 300 feet long on the Hull side © ol of
river, a bridge soo feet long over the main chan®¥ el

5 atei
it e

: . e
the latter crossing the tail-race canal from thefé:;

the river, two short spans, one of 8o and one of 129 seﬂlﬁ
an®
o

pumping station. For the longest spans 500 ", .q
300 feet in length, it is proposed to carry the P‘ﬁegaﬂ' :
suspension bridges, which can be made light and €

_
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lfftl).design at a smaller cost than any other form of bridge
der k.these spans. Changes of temperature cause the
th: ing of such bridges to rise and fall considerably at
. centre of the span, and allowance for this will, 'ot
for rse, have to be made by the employment of a special
& m of joint to prevent racking of the pipes. In order
theprevent the freezing of the water 1n.the pipes where
of 1y WOul'd be expose_d to the air, therg is the alternative
andnsulatmg'them with a sjuﬂicxe'nt thl_ckness of material
ShedOf carrying t'htf,m w1§hm a light timber stru(.:tu're‘or
e ’hSPeC.lal provision being made to warm the air inside
lights ed in winter. T'he latter alternative permits of a
esti er and cheaper bridge for the long spans, and'the
croSmat-e is based on this assumption. Where the pipes
o ds the two narrow channels tbe, box 'glrder. fo.rm of
intef‘e would be su1t:':1b1e, the pipes being laid in the
) 1or of the box girder, the bridges being des'lgr.led
Surfas to interfere as little as poss%ble with the existing
Ourace 9f the .ground ar_ld of suﬁiment strength to carry
rnumSI~_mch diameter pipes, which would give a maxi-
iy discharge at the rate of 93,000,000 gallons Per
. Yw.ltho‘ut material loss of head between the service
voir and the city.
menghe following estimate is based upon the proposals
oned in the report:—

b Head Works.
am at outlet of Mitchell’s Lake to raise water
Cle Surface to 570 feet «....coovseeeeernce $ 130,180
1 ur?rmg and burning area to be submerged. . 128,000
nel hetween Pemichangaw and Long Lake,
utlmcludmg shafts, etc.—3,000 lin. ft..... 119,630
et works at Long Lake—straining tower,
S 5 O e S 0 L 43,660
all.er. works about lakes, including sub-
lsldlal‘y dams at depressions in height of
;“d, temporary works at Pemichangaw,
owering and clearing Long Lake, etc.. 72,000
54 Aqueduct to Service Reservoir.
lnl- steel main, 7-16-in. thick, between out-
IFt tower and service reservoir—235,000
Brig T R O AR SR P S P R 71 4,314,080
arige on Gatineau River ....ceoeesecescccs 30,000
Ous smaller stream crossings and culverts 110,000
D Service Reservoir.
ims. R A R PR R 212,150
Inl:trmg and stripping Sit€ «..eceeeeccrtt 21,460
and outlet WOTKS ,.«sesessossnsssscers 26,600
S1ein Aqueduct Service Reservoir to City.
\',_ steel main, 7-16-in. thick between ser-
ice reservoir and city—two lines of pipe,
arieach 22/000 ln. ft, s usawsesioiasnie s 1,101,120
"1ous smaller stream crossings, culverts, etc. 20,000
8€ across the Ottawa River .........-: 180,000
B
Adq Total for WOrks «eseeeesnssceccse® $6,508,880
O p.c. for engineering and contingencies 976,320
AR i
Land 1 $77485,200
» lakes, compensation, etc. «...ceccc 500,000
QN S
L RO $7,985,200

SYSteI,; the scheme is proceeded with immediately, the
Thmay be in use in 1917
e City Council will have the proposal under con-

Siderag;
ation at its meeting to-morrow (October 17th, 1913)-
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OVER FIETEEN HUNDRED AT ROAD CONGRESS.

American Road Congress held at Detroit the first

week of this month. = About sixty Canadians

attended the meetings, including A. W. Camp-
bell, Deputy Minister of Railways and Canals ; Honorable
Dr. Reaume, Minister of Public Works of Ontario;
Honorable ]J. E. Carron, Minister of Agriculture and
Roads of Quebec Province; the members of the Ontario
Highway Commission ; the city engineers and some of the
assistant city engineers of London, Hamilton, Toronto,
Ottawa, Oshawa, Port Arthur, Orillia, St. Catharines,
Windsor and Walkerville; M. D. Hallman, County Roads
Superintendent, Berlin; E. A. James, engineer of the
York County Highway Commission, Toronto; C. H.
Keefer, C.E., Ottawa; A. T. Laing, Department of High-
way Engineering, University of Toronto; A. J. Mac-
Pherson, Chairman of the Provincial Highway Commis-
sion, Regina; W. G. MacKendrick, of the Warren Bitu-
minous Paving Co., Toronto; Controller J. W. Nelson,
Ottawa; the Mayors of Port Arthur and Hamilton;
Victor Pigeon, Chairman of the Road Commission of
Longueuil, Que.; J. O. Sharkey, President of the Central
Steel and Wire Co., Toronto; B. E. Smith, of the Barrett
Manufacturing Co., Toronto; Gordon Smith, of the
Barber Asphalt Paving Co., Toronto; F. M. Williamson,
Engineer of Dominion Parks, Ottawa; D. P. Wagner,
secretary of the Ontario Highway Commission, etc.

The attendance was better than at the Second Ameri-
can Road Congress, which was held in 1912 at Atlantic
City, and far better than the First American Road Con-
gress, held in 1911 at Richmond, Va. The exhibits oc-
cupied twice as much floor space as they did at Atlantic
City, and were most interesting and instructive.

The asphalt interests were represented by the ex-
hibits of the Barber Asphalt Paving Co., A. B. Chamber-
lain, Standard Oil Co., The Texas Co., U.S. Asphalt Re-
fining Co., and the Warner-Quinlan Co.

The brick interests were represented by the National
Paving Brick Manufacturers’ Association and its con-
stituent companies.

A number of cement companies exhibited, including
the Canada Cement Co., which was the only Canadian
firm having a booth, with the exception of The Canadian
Engineer.

Several firms exhibited expansion joints or reinforce-
ments for concrete pavements, including the American
Steel and Wire Co., R. D. Baker & Co., Thomas Steel
Reinforcement Co., and the Trussed Concrete Steel Co.
A felt expansion joint filler was exhibited by Philip
Carey Co.

Among the companies exhibiting other types of pave-
ments or paving materials were the Asphalt Block Pave-
ment Co., Barrett Manufacturing Co., Rudolf S. Blome
Co., Dolarway Paving Co., Jennison-Wright Co. (wood
plock), Robeson Process Co. (Glutrin), and Warren
Brothers Co.

Rock crushers, graders, rollers and other road ma-
chinery were shown by the Acme Road Mach‘inery Cot,
J. D. Adams & Co., American Road Machinery C,°"
Austin Western Co., Climax Road Machine Co., Galion
Iron Works Co., Good Roads Machinery Co., Charles
Hvass & Co., Port Huron Engine and Thresher Co.,
Rumely Products Co., Wheeling Mold and Foundry

Cov, etc:

OVER fifteen hundred delegates attended the
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Buffalo Pitts, Holt and Wallis traction engines
were at the show. Buffalo Pitts and Troy dump wagons
were exhibited, a Packard motor dump wagon also being
shown.

The increasing use of concrete for road construction,
whether for foundations or surfaces, was indicated by the
number of different makes of concrete mixers exhibited,
which included the Austin, Big-an-Little, Coltrin, Eureka,
Hartwick, Kent, Koehring, Lansing, Milwaukee, Rapid-
Heated, VanDuzen and other makes.

Various methods of building culverts were exhibited,
the cast iron pipe interests being represented by the Am-
erican Car and Foundry Co. and the United States Cast
Iron Pipe and Foundry Co., while corrugated metal
culverts were shown by the Shannon Self-Locking Metal
Culvert Co., the Portsmouth Culvert Co., the American
Rolling Mills and the Galion Iron Works. Collapsible
forms for concrete culverts were shown by the Concrete
Form and Engine Co. v

Engineering instruments were shown by the Bausch
and Lomb Optical Co., and Keuffel and Esger.

Laboratories were represented by Robert W. Hunt
& Co.

Gasoline engines and pumping outfits were exhibited
by the New Way Motor Co., Novo Engine Co., Original
Gas Engine Co., and the Whitman Agricultural Co.

Orenstein-Arthur-Koppel Co. showed models of dump
cars. Steam shovels were represented by the Marion
Steam Shovel Co.

The Steel Protected Concrete Co. showed the Wain-
wright Corner Bar, and distributed literature of the new
Guelich asphalt plant. The Tarrant Manufacturing Co.
exhibited various tools and other appliances for paving
work, as did the Iroquois Iron Works and the Anderson
Tool and Supply Co. ;

The exhibit of miniature models by the Office of
Public Roads of the United States deserves special men-
tion. Models of roads from the early Roman roads to the
present modern types were shown. There were also
models ‘of bridges, culverts and drainage structures,
rollers, crushers, etc. The New York State Highway
Commission chemists were present with considerable
laboratory equipment, and gave out much useful informa-
tion. The United States technical papers were well re-
presented, eleven of them having booths.

The exhibition of machinery and materials formed
only one part of the work of the Congress of course,
great interest being shown in the large number of valu-
able papers read at the meetings. Some of these papers
appeared in full in last week’s issue and in this issue of
The Canadian Engineer, and others may be printed dur-
ing the next few weeks; but it is understood that a com-
plete report of the proceedings of the Congress, together
with all speeches in full, will be procurable within a few
weeks, for a small fee, from the secretary of the Ameri-
can Highway Association, J. E. Pennybacker, Colorado
Bldg., Washington, D.C.

The Fourth American Road Congress will likely be
held at Atlanta, Ga. The executive committee are con-
sidering the advisability of holding the Congress about
January, 1915, instead of late in the fall of 1g914. Many
road contractors and engineers are too busy in the fall to
attend the Congress, and it is also thought that possibly
the lessons learned would be better remembered if the
Congress were held nearer the opening of the following
construction season.

. and completed in 1895.
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ESSENTIAL FEATURES IN GOOD BRICK ROAD
CONSTRUCTION.

N the course of the paper which he read before the
l American Highway Association at Detroit (Americal
Road Congress), Mr. Jas. M. McCleary, roa.d en-
gineer of Cuyahoga County, Ohio, refers in af
interesting manner to the various events in the process 9
evolution which road engineering has gone through I1f
that county from the initial stages of highway improve-
ment to the conditions which at present mark its roa_dS
as being worthy of praise. The paper deals largely with
mistakes of early brick construction, and the methods
whereby they were, and may be elsewhere, overcome:
Cuyahoga County possesses no peculiarities of topo
graphy or soil that are not ordinarily found in other (.115‘
tricts and countries, and for this reason the following
points as disclosed by Mr. McCleary’s paper are ap-
plicable, with almost equal weight, in Canada: i

In the western part of Cuyahoga County the land 15
so level that drainage is a difficult problem and must be
given much consideration. In the southern and eastern
parts, the land is so broken that to secure a feasible grafie
without undue expense for excavation becomes the chi€
difficulty. The soil varies from a sticky yellow clay
the southern and eastern sections to a sandy loam at the
west. The development of the brick road, therefore, Was
obstructed by all the probable problems to be found elfe'
where: natural and artificial soil, grades, climatic 107
fluences and the opinion of the abutting property owner:

The first brick road in the county was started in 1893
It was located on what is know?
as the Wooster Pike, -in the southwest portion Of..the
county. The wearing surface was of standard size brick,
eight feet in width, tar filled, placed between stone curbs)
3" x 15", and resting upon a six-inch broken stone basé:
The pavement was placed upon one side of the roadway
with a graded earth drive occupying the balance of the
width. No drainage was provided and really nothing ©
detail was taken into consideration. No requirement 1"
the specifications dealt with the quality of the stone, an
the result was that field stone was used for base, and ©
such consistency that, when the roller had done its work,
one might think that sand ballast had been used. Upo?
this the cushion was placed without compression and the?
the brick. As to the filler, no one could have told its com”
position at-the end of six years, so little of it could be
found.

The pavement being but eight feet in width, all the
traffic came in one place. - Lack of bond and absence ©
uniform support caused a depression to appear. In fhe
wet season this rut or groove filled with water which
soaked through the base, creating a worse condi-
tion from day to day during the damp seasons. The
colder weather brought upheavals and such havoc that
many sections of the so-called improvement were 2
hindrance rather than an aid to the traffic.

These defects were not repaired, owing to the fact
that the law under which these improvements were mad®
permitted no expenditure for maintenance. In 1898 this
legislative flaw was remedied, but for five years there W3
no chance to palliate the badness of our methods nor t.o
interfere with the increasing delapidation which COn'stl'
tuted the chief value of this road—the value of a horrible
example. i

The next road laid was South Woodland. This is 1
the eastern section of the country. Again the wearing
surface was eight feet in width, tar filled, and placed b€

J&
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tWeen flush stone curbs on a six-inch broken stone base.
ang h;ld leamefi, in a small way, from our first mistakes
the rI:) a((;ed a six-inch drainage tile beneath the centre of
pel'fec? way. But on account of the soft filler and.lm-
imprOVepreparé_ltmn for carrying off th.e water, but little
Sett] ment in the result was realized. An uneven
ement of the base soon resulted in roughness.

et i’;%mi“ Road, our next i'nstallation, was built sixteen
slag bl e, tar filled, and resting upon a Cru.shec'l stone and
each Ca5§ betwe?n flush curbs, with drain tile beneath
amostu~r Pl Subjected to an unusually heavy traffic, the
tensiy mevl,table result. of such construction must be €x-

€ repairs, amounting almost to reconstruction.
ﬁl]erour next great forward step occurred when the tar
Sand E:;e way to a grout filler composed of one part
1905 W'thone part cement. jl'hls plan was fqllowed 1..mt11
experiel success, at least in comparison with previous

o defnces' The cement filler alone could not cure all of

notheeCtS due to inferior drainage and frost action.
% oy r ste_'p was therefore deFlded upon—the.mclusmn
Crete fsPeClﬁgatlons of a requirement for a 4-inch con-

he ino‘mdathn which, of course, mcreasefi.the price.

ing in creased cost brought immediate opposition, result-

untj] ¢ astemporafy return to bro!<en stone or slag base

ion angg ; W}.len concrete was again adopted as a founda-
fd continued up to the present time.

Since 1908 it has been the policy not merely to con-
(z f;lr(t)o the chief essentials of brick paving, which are:
Concretper;y prepared subfoundation, (2) §moothly ﬁr.nshe?
§0od b?-‘ ase, (3) compressed sand cushion, (4) laying ©
joints . blck, () application of the cement filler to the

i but to attach importance to minor details of ap-

for

Proy,

We hzd manner and method of construction. Doubtless
Vocat V€ not even yet given weight to certain details ad-
ricked by some of the more painstaking students of

Aroad construction in the country.
may ; satisfactory plan for an average rural pavement
i nclude a paved portion anywhere from 9 to 16 feet

In w
traf‘;iv::dth’ the width being controlled by the amount of
Mac to which the road is subjected. A dirt or gra_vel

(o) .
ra‘g’ri:th‘ Whatever dimensions are adopted, the §urface
the sidgee should be over the pavement toward a dftch'on
A Crow of the road closest to the pavement, eliminating
Shouldn frOm. the paved portion. The unpaved portion

be drained in the opposite direction.
Immediately you ask: “Why a dirt road?’” The
tinswer is, ““Ask the farmer,”” and he will tell you to
€ horse,

€ engineer will save himself much trouble if he
O such a grade line as will entail minimum depths
is is not always possible and it is the larger
Ineer Il for the most extreme care. It b(_ahooves th:
Callip £ to see that his specifications contain a claus
8 for the fill to be put in layers of not more than 6-

lnch t
hickness and each layer compacted with a roller not

eXQeed.
Oreeq g 10 tons in weight. This clause must be €n-

With rigidity.
S“Cces:?dhng is the one method that can be followed
the ;. ully in the treatment of old fills. The surface of
Cent ad should he broken and dirt removed from the
o sides. At right angles to this trench,
form; enches should be dug at intervals of 25 feet,
. eita rectangular vat. Pump water into these com-
inty g 5 A0d allow it to stand until it has leaked its way
This will disclose the weak spots and the
ake care of them as he thinks best.

best
ask

holqy
of fiy),

lls.that ca

€not .
“Ringer can ¢

adam should occupy the balance or unpaved portion
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The drainage of the graded portion of the road is of
first necessity. Whatever plan is adopted, the one that
wnl! most nearly maintain the sub-structure free from
moisture below the frost line is the ideal condition to be
sought. This means that you must not merely drain the
road bed, but adequate side ditches must be provided to
carry.off promptly the accumulated water. In the pre-
paration of a sub-base the only debatable proposition is
the purpose of rolling. Common practice, including the
use of a very heavy roller, has been founded upon the
theory of compacting the soil to as great a depth as pos-
sible. This can do no harm, but the writer believes that the
chief purpose of rolling is accomplished when the weak or
spouty places in the soil are revealed so that the engineer
can treat them as he sees fit. For this purpose, a roller
weighing from 8 to 10 tons answers every requirement.

Preceding the final preparation of the sub-base the
curbs must be placed. In case of most of our rural work,
curbs are placed flush with the surface of the completed
pavement. ’

With curb set and base prepared, the next step is
the placement of the concrete base, which with our roads
has been 4 inches in depth. In specifying the proportions,
a mixture of 1:3:3 with a permissible variation accord-
ing to the size of the aggregates which will most nearly
§ll the voids, meets every necessity. To meet this vari-
ableness, which obtains with almost every job, it is neces-
sary to specify the size of the coarse aggregate, but not
the amount, requiring only so much of the coarse aggre-
gate to be used as shall leave the concrete most nearly
free from voids. This, instead of an inflexible rule of
proportions, will assure a condition of concrete whereby
a smooth surface is easily attained. A smooth surface
must be had, for upon that much of efficiency and dur-
ableness of the wearing surface depends. It assures in
the next step a requirement of equal importance, that of
placing the sand cushion of uniform fill and of uniform
density.

While it is possible that often too much importance
is placed upon the ability of the sand cushion to afford a
resiliency or absorb shock, it is unquestionably a neces-
sity for the purpose of bringing the wearing surface of
the brick to a perfect plane, by neutralizing the uneven-
ness and lack of uniformity of the brick. - No one will
question but that the support of the wearing surface pro-
vided for by this sand cushion must be uniform. It is
therefore necessary to compress and bring to a like
density every part of this cushion. Dropping the sand
cushion on to the base from dump wagons and leaving
the bottom portion of the load untouched before striking
off with a template is objectionable, as it renders the hand
rolling difficult by having a dense pile and a loose pile to
contend with, the roller spanning the looser portion. It
is better to spread the sand entirely by shovels, then by
rolling and striking off and re-rolling, even a third time.
This brings the cushion to a condition of compactness and
even density that will not only furnish an even support to
the entire pavement, but will prevent the sand from flow-
ing up into the joints of the brick when the brick surface
is rolled. While it is not necessary for this cushion sand
to be entirely free from soil and vegetable matter, it
chould be nearly so, otherwise its density cannot be
maintained.

Respecting the laying of the brick, the following

ints are noted by Mr. McCleary as important :—

(1) See that the lugs are turned one way.
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(2) Make certain that the joints are broken so that
one-third or more of the brick of one course overlaps the
brick of the next course. ‘

(3) Be sure that every fourth course is driven up to
a straight line.

(4) For the sake of appearance, keep the line of the
brick at right angles with the curb.

Next in order is culling. Care should be taken to see
that all soft brick or brick that are burned too hard are
removed. Those so heavily kiln-marked that they will
cause unevenness in the pavement should be turned.
Caution should be exercised in this, for many a kiln-
marked brick is thrown out which, if allowed to remain
would have been of more value to the pavement than
others that are retained.

After the brick are thus placed in the street, their
slight unevenness should be ironed out by the use of a
roller not exceeding 5 tons in weight. If a horse roller
is used at all, it should have a diameter of at least 5 feet.
Rolling should begin on one side and pursue a course
parallel to the curb. The roller should return over the
same course. The next trip should lap the first, the roller
again returning over the same course. This should con-
tinue until the centre of the pavement has been reached
when the roller should be moved to the opposite curb and
continue as before until the centre is reached from the
other side.

The roller should then start at one side and work
diagonally across the pavement. This diagonal rolling
will have a tendency to bed the brick in such a manner as
to avoid ‘‘rocker.”” The pavement should then be culled
again for broken brick, after which it should be hand-
rammed with a paver rammer weighing not less than 50
pounds. Interpose a plank not less than 6 feet long, 10
inches wide and 2 inches thick, between the surface of
the pavement and the rammer. The plank should be laid
parallel to the curb.

For filling joints, the next process in order, use a
grout filler composed of equal parts of sand and cement.
It seems hardly necessary to state that the cement should
meet the standard specifications for Portland cement as
adopted by the American Society for Testing Materials.
The sand with which we have had much success has been
taken from the lake and, although not very sharp, is
nevertheless fine and clean and has given good results.
In any event the sand to be used should be free from sew-
age, acid or soil, and should be sharp and fine.

A watertight box, standing on uneven legs so as to
afford a ‘‘lower corner,”” should be used as a receptacle
for the grout. In it place one cubic foot of sand and one
bag of cement, mixing the mass until' it assumes a uni-
form color. Add water and stir the mixture until it as-
sumes the consistency of thin cream. The mixture should
then be applied to the pavement by means of scoop
shovels and thoroughly swept into the joints. After this
has had sufficient time for setting a second coat, slightly
thicker, should be applied and later a third coat, which
will assure filled joints. This last coat should be worked
either with a specially prepared broom or a rubber squee-
gee, and swept across the joints at an angle of 45 degrees.

After the initial set has taken place, the pavement
should be covered with a half inch or more of sand and
this kept saturated with water for at least 5 days. The

pavement should not be opened to traffic for at least

10 days.

We have not undertaken any special provision
against possible thermal effect, such as contraction and
expansion due to low and high temperatures, but have
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relied mainly upon the condition of our structure by avoid-
ing moisture underneath the roadway and by an endeavor
to have our cement-filier of the greatest possible strength.
These provisions, together with a rigid curb, enables us
to hold in compression, the expansion occurring in our
narrow roadways. In this respect, we have not been
entirely successful. A few cracks in the pavement have
appeared, but so far, they have not ravelled out so as to
injure the traffic worth of the road, and have not been
thought of sufficient importance to require repairs.

COAST TO COAST.

Montreal, Que.—The fourth and last 270-foot span of the
C.P.R. Lachine bridge has been placed in position.

Toronto, Ont.—The Hon. Robert Rogers, when inspect-
ing the city harbor, made the statement that it is planned t©
have the Great Lakes watercourse for ocean freighters com
pleted in 1918.

Regina, Sask.—The sewer work contracted for by thé
Regina City Council early in the year is nearly all completed’
and already the city engineer and his staff are busily engag®
on planning the extensions for next year. '

Vancouver, B.C.—The contractors have announced tha
within 30 days, work will commence on the erection of the
Dominion Government dock in East Vancouver, which has
let at an estimate of three-quarters of a million dollars.

Edmonton, Alta.—The city council has instructed the city
commissioners to apply to the Dominion Government to have
lands reserved for the source of the city’s gas supply in the
gas district at Vegreville. A pipe line of go miles, the cost
of which would be $0946,500, would be necessary to carry the
supply to Edmonton.

Saskatoon, Sask.——At the recent convention of Canadia®
municipalities held at Saskatoon, a movement was se. vil toot
to urge the establishment of a local government bhoard, whos€
particular function will be to keép in constant touch with the
finances of each city and municipality within its jurisdictiOn
on lines similar to the system in vogue in England.

Montreal, Que.—The first C.N.R. train to make the
through trip from Toronto to Quebec, covered the road early
in October, bearing the president and Lady Mackenzie to tlf‘e
“Royal Edward” steamship.' The track is pronounced ?n
first-class condition, though regular passenger service W!
not commence until the ballasting is fully completed.

Ottawa, Ont.—The Conservation Commission will suP”
port the recommendation of the Ontario Municipal Electri
Association that the water powers along the rivers and cana}s
of Ontario be handed over to the Ontario Hydro-Electri€
Commission. It has been urging this policy for some tif?e’
though it is not particular whether the development is carrié
out by the federal or by the provincial government.

Edmonton, Alta.—A deputation of 70 farmers called P
on Premier Sifton to ask that he urge upon the government
the necessity of considering the question of assisting in the
building of light railways to connect with settled district®
removed from main lines of railway. The deputation WA
particularly concerned with the construction of a railway 3
Blindman Valley in the Lacombe and Ponoka districts.

Montreal, Que.—Mr. T. S. Darling has stated thal
between the 2oth and 3oth of December, the completion o
the tunnel through the mountain will be announced. THE
thousand feet of distance remain to be cut, but there has bee_n
little trouble so far and none anticipated until the work 15
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ﬁmshe‘i No difficulty with respect to air pressure has been
experienCed, since the tunnel does not lie under a river.
Victoria, B.C.—An important operation was achieved in
SOhnection with the improvement work in the Inner Harbor,
¥h?n 700 tons of rock were displaced at a single charge.
his was accomplished at the Soughees rock where drilling
g blasting operations are being carried on at present. The
“imination of several of the dangerous rocks has removed the
menaFe to shipping, which has prevented large vessels from
etering the Inner Harbor. :
Montreal, Que.—At the annual meeting of the Grand
ofntl;k Pacific Railway Company, report on the construction
reaclf gl ain line to the Pacific coast showed that the work has
rince Rm.lle 1,204 v.vest of W1nn1peg, and mile 305 eas.t fro.m
ritis(;; upert.' This le.a.ves a section of only 236 miles 1n
the trg lf°llfmb1a on which the grade is to be completed and
10 the ;, l.ald' Itis hgped to complete. the connection of steel
acific Ocean within the next nine months. .
amcoquma"t'; B.C.—After four years of labor, the gr.eat
ecesa-t Coquitlam h:}s reached completion. Its c_onstructlon
of v Aitated t.h.e tearing down of hills and the displacement
so i:st qua_ntltles of earth, the boring of two tunnels through
ceasedgramte and the erection of two towers. ~ Work has
abor bO.n all POrt19ns of the construction, tl.le ﬁx'lal piece of
eet in smg the spillway, a trench 250 feet in width and 15
epth, which was driven through solid rock.
e v.'ct°ria’ B,C,—The announcement has been made that
Middle of next summer will see a new channel for the use
Steamers entering and leaving Victoria’s inner harbor.
eel; d:annel will be one quarter of a mile wide and 20 feet
ceare;l low, water. Several patches of mud must still be
away, and a couple of pinnacles of rocks broken up
v tl::moved, A shorter run into the harbor will be gained
Siderablnew channel, eliminating the turns which cause con-
€ trouble to certain boats.
T°r°“tq, Ont.—The acceptance of the 86-foot road stand-
Oby the Ontario Railway Board assures for Greater Tor-
Claj, Xle of the finest road systems on the Continent. St
r o venue has a width of 100 feet, and will serve as a plan
tiong cure bolflevard constructions. ‘Only at street intersec-
Other tin vehicles cross from one side of the street to the
> thus obviating the difficulties to street car traffic caus-
alsg ythvehiclﬂar traffic in older sections of the city. 'Here,
the ;)u e track area has been covered by broken granite for
'Pose of deadening sound.
Vﬂneou‘,er’ B.C.—Another bridge, the largest of its type
t stlrl:t Mountain section of the C.N.R., has been coml')leted%
Seven ches for 760 feet over Stoyama Creek, and consists O
mount.steel spans resting on six concrete pedestails. 'Su;-
racklflg the pedestals are six towers, each 4o feet in widt t.
Warg 0 i .bEing laid over the bridge and beyond it wesi
ViadUCtuntll Nine Mile Creek is reached, where another stee
wil| 1. 300 feet long, having three towers and tw? sparfi%
reeke const.ructed. Still further.west, l:retween Nine Mile
Stru::-nd Cisco, smaller steel bridges will be erécted over
l%gllng creeks an.d gulligs. G
A noyg) ha, Sask.—City Engineer McArt.hur .has decide o
tiop blan to keep the roadways of Regina in proper con
€ assistance of the boy scouts has been enro}led
ts patrol different sections of the city at stated times
Teporr:port Where improvement is needed in the roa(},s. TdherS;
Dajy gsa are,,handed over to what -is now called the roaedﬁc
Durposeng. This gang of men is employed‘for the spd 0
i S of making repairs, and is kept busily engage
DECt:D the bag spots reported by the boy scouts. It 1s ?X‘
d that by this system the roads throughout the entiré
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Wil be in good repair by freeze-up.
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Vancouver, B.C.—The opening of Kingsway, the newly-
paved 12-mile highway connecting Vancouver with New West-
minster and the municipalities of South Vancouver and Burn-
aby, was celebrated recently by a program of ceremonies
comprising an imposing procession of city and municipaj
officials carried by 563 automobiles bountifully decorated with
flags as far as the corner of Kingsway and Boundary Road,
where speeches were given by the Mayor, Reeves and the Hon.
Thos. Taylor. He formally declared the highway open to
traffic, congratulated the cities and municipalities upon the
highway construction, and outlined the possibility of a cir-
cular road paved from Vancouver to New Westminster, via
Kingsway, returning by the river road. Amidst the enthu-
siastic cheering of the great crowd assembled, the procession
re-formed and continued along the highway to the Royal city.

Medicine Hat, Alta.—The Southern Alberta Land Com-
pany has been carrying out an irrigation project that will
water the greater part of 400,000 acres of excellent land in
Southern Alberta. They have engaged in the work Mr. David
W. Hays as chief engineer with a force of about 500 men.
One of the greatest feats in connection with the scheme will
be the construction of one of the longest tunnels for carrying
water in Western Canada, as well as one of the largest in
diameter, its cross-section being 100 feet. The tunnel will
commence at a point three miles south of Lake McGregor,
and extend about two miles along the lower end of the Snake
Valley. It will cut off five miles along the main ditch from
the lake, which is the main source of supply. When com-
pleted it is estimated that it will carry 1,300 second feet, or
1,300 cubic feet will pass a given point every second.

Edmonton, Alta.—Much discussion is being given to the
deficits which appear every month in the earnings of the
city’s street railway department. Among other recommenda-
tions, Cost Engineer Bowness has suggested that an imme-
diate investigation of power rates be made to settle the basis
of rate and the method of measuring power delivered, which
is now indefinite and unsatisfactory. The rates charged by
the power department are admitted to be excessive. To re-
duce the power charges so as to supply direct current to the
street railway company at the exact cost of production would
alter the monthly report of Mr. Woodroofe, superintendent of
the street railway department, and deficits would be eliminat-
ed. The power department would show a smaller surplus
with the carrying out of the recommendation, but a report
showing a balance on the right side in both departments
would make more pleasant reading for the citizens, the own-
ers of these concerns,

—  e@we————

PERSONAL.

W. G. CHACE, B.A.Sc., of the firm of Kerry and Chace,
Limited (until recently, Smith, Kerry and Chace), has been
appointed chief engineer of the entire construction of the
Greater Winnipeg water system.

W. S. HARVEY, mentioned in our personal column on
August 21st, as acting city engineer of Lethbridge, Alta.,
succeeding A. C. D. Blanchard, resigned, has just been ap-
pointed to the position of city engineer.

ERNST POENSGEN, manager of the Tube Department
of the Pheenix Steel Works of Dusseldorf, Germany, returned
home last week. He spent some time at Montreal with his
firm’s Canadian agents, Gerald Lomer, Limited.

DR. CARL IMHOFF, eminent in the design of S}isfem
and apparatus for scientific sewage disposal was a visitor
in Toronto last week, and made a careful tour of inspection
over the sewage disposal plant at Morley Avenue.
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J. H. FUERTES, civil and sanitary engineer of New

_York, and a member of the board of experts, who reported

recently on the Shoal Lake Water Supply scheme for Winni-
peg (See The Canadian Engineer, September 1ith, 1913),
has been appointed consulting engineer for the work.

C. R. KRUMBIEGEL has been appointed Chief Engi-
neer for Canada for Deutsche Maschinenfabrik, A.G., Duis-
burg, Germany. Mr. Krumbiegel has been on the engineer-
ing staff of this firm for a number of years and has had ex-
perience, not only in Germany, but in the United States as
well. He will be permanently located in the office of the
firm’s Canadian agents, Gerald Lomer, Limited, Fraser
Building, Montreal.

R. H. REYNOLDS, was last week appointed a commis-
sioner to act in connection with the Shoal Lake water supply
system for Winnipeg, upon which construction work will be-
gin immediately. It is stated that the other commissioners
will not be appointed for some little time. Mr. Reynolds
was for some years assistant city engineer under City En-
gineer Ruttan, and when he left in 1907 was succeeded by R.
D. Wilson, who still holds that position. For a number of
years he was engaged in mining pursuits, and is at present
a resident of Victoria, B.C.

J. E. PENNYBACKER, secretary of the American High-
way Association, was in Toronto this week making prepara-
tions for his new work as consulting expert to the Ontario
Highway Commission. ~ Mr. Pennybacker was educated at
West Virginia University and the University of Georgetown,
graduating in law in 1900. After four years’ practice with
a railroad corporation, he was appointed chief clerk of the
United States Office of Public Roads. Some particularly
able work that he did in gathering economic data regarding
roads, attracted the attention of the Cabinet, and he was ap-
pointed Chief of Road Management. When the American
Highway Association was formed about two years ago, Mr.
Pennybacker resigned his government position to become its
permanent secretary. On the recommendation of Director
Page of the United States Office of Public Roads, Mr. Penny-
backer was also appointed as consulting expert to the Joint
Congressional Committee on Road Legislation. Mr. Penny-
backer gave valuable assistance to the Committee which
reached the notice of the chairman of the Ontario Highway
Commission. At the request of the Ontario Government,
the American Highway Association permitted Mr. Penny-
backer to act as consultant to Ontario Highway Commission.
The vast amount of data that he has gathered during the past
ten years on every phase of road legislation and road con-
struction, will undoubtedly help the Ontario Commissioners
in framing a model Highway Bill and in organizing an ideal
Highway Department.

— e —

OBITUARY.

GEO. G. ROSE, C.E., a member of the engineering
staff of the Cornwall Canal, and a native of Morrisburg,
Ont., died last week at Cornwall. Mr. Rose was a graduate
of the Royal Military College, Kingston, and was connected
with the Marine Department, Ottawa. Fifteen years ago he
was in charge of the construction of a part of the Rapide du
Plat Canal. He was 63 vears of age.

JAMES HARRISON, a member of the engineering staff
of the York County Road Commission, died suddenly in
Woodbridge, Ont., last week. Deceased was overcome by a
paralytic stroke, and a record run to a city hospital proved
in vain. Although not a graduate, Mr. Harrison was a
member of the 1887 class in Civil Engineering at the School
of Practical Science, Toronto
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EXTENSIONS TO ELECTRICAL FIRM.

—

Contracts have just been placed by the Eugene phillips
Electrical Works of Montreal for a large amount of DeW
machinery with which to equip the new quarter of a million
dollar extension to their Montreal plant. There has already
been installed in this extension all of the machinery that had
been previously used by the Stromberg-Carlson Telephon®
Manufacturing Company of Rochester, New York, in their
telephone-cable making branch. This branch of the Strom-
berg-Carlson business was purchased outright by the Mon-
treal firm, which is now in a position to bid on very larg®
contracts for telephone cable.  The capacity for making
other cable will also be greatly increased, and the contracts
recently let for machinery will widen the field of the com”
pany’s activities,

— e ——

COAL TESTING.

At the October meeting of the Cleveland Engineering
Society, held on 14th inst., Dr. W. G. Wilcox, of the Clev®"
land Research and Testing Laboratories, presented an illus®
trated paper on ‘“Coal Testing.” Another meeting is being
held on October 21st, when Mr. Jos. R. Poe, Structural Ep-
gineer, the Wellman, Seaver, Morgan Company, will give 2
paper on ‘“The Practical Side of Steel Structures.”’

—_— e o————

OTTAWA BRANCH—CANAD:AN SOCIETY UF
CIVIL ENGINEERS.

At the annual meeting on October 2nd, of the Ottawd
Branch of the Canadian Society of Civil Engineers, Mr. Ge%
A. Mountain was appointed chairman of the branch. Meet
ings for the presentation and discussion of papers will be
held on the first and third Thursdays of the fall and winte
months, the other Thursday evenings to be devoted to il 08
mal or business meetings. Mr. R. F. Uniacke is the retiring

chairman.
— e@oeo——

COMING MEETINGS. ;

CANADIAN. SOCIETY OF CIVIL ENGINEERS.—T%¢
first monthly meeting of the Society for the winter sessio?
will be held on Thursday, the 16th inst., at 8.15 p.m-
illustrated address on Elevator Construction will be delive
by Mr. Jas Spelman, M.Can.Soc. C.E.

NATIONAL SOCIETY FOR PROMOTION OF INDUS'
TRIAL EDUCATION.Annual convention to be held &
Grand Rapids, Mich., October 19th to 25th. =~ Secretary, C.
Prosser, 105 E. 22nd Street, New York City. !

AMERICAN MINING CONGRESS.—Annual conventi®”
will be held at Philadelphia, Pa., October 2oth to 25th. i
retary, J. Callbreath, Majestic Building, Denver, Colo. G

AMERICAN RAILWAY BRIDGE AND BUILDIN
ASSOCIATION.—Annual convention will be held at Mor
treal, Que., October 21st to 23rd. Secretary, C. A. Licht¥
319 N. Waller Avenue, Chicago, Il

UNITED STATES GOOD ROADS ASSOCIATION'/
Convention will be held at St. Louis, Mo., November 10tB ¥
1sth. Secretary, J. A. Rountree, Lo21 Brown-Marx Building®
Birmingham, Ala.

NATIONAL MUNICIPAL LEAGUE.—Annual me€
will be held in Toronto, November 12-15. Secretary,
Woodruff, 705 North American Building, Philadelphia, Pa:

AMERICAN ROAD BUILDERS’ ASSOCIATION'/,
Tenth Annual Convention to be held in First Regime”
Aimory Building, Philadelphia, Pa., December oth to ﬂY:
Secretary, E. L. Powers, 150 Nassau Street, New York, V'
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ORDERS OF THE RAILWAY COMMISSIONERS

OF CANADA
L R

f orders passed by the Board of Railway Commissioners, to date.
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Copies of these orders may be

secured from The Canadian Engineer for small fee.

traﬂi2°447~September 30—Authorizing C.P.R. to open fog
ron C1hat portion of its Swift Current North-West Branc
a én Cabri, mileage 34.8, to Westerham, mear mileage 04.0,
im.ISta_nce of 50.2 miles. And relieving company ot speeg
3 tation of fifteen miles an hour between mileages 34.8 an
30, imposed under Order No. 16869, datea June 25th, 1912.

Cart?o448‘semember 29—Authorizing Lachine, Jacques
city lerf’ and Maisonneuve Ry. Co., to take certain Iarndsbm
treeto‘ Montreal, P.Q., required for diversion of HarNor
1618, - ~21d lands being required to give effect to Order No.

I, dated March 28, 1912, authorizing the crossing of cer-

tai 1 : . . .
trgetStreets in Montreal, including diversion of Harbor

20440—September 29—Directing that crossing of Wallace
e Toronto, by G.T.R., be protected by gates operated by
Stalli?]nd night watchmen appointed by Ry. Co.; cost of I}I;(;
Orneg ead maintaining gates and wages of watchmei\t .
Withj and paid by city of Toronto; work to be comp ede
0 . days from date of this Order, and resglr_ldmg Or kex.‘
eﬂéct9247, dated January 12th, 1910; such revision to ta e
Videq upon installation of gates herein required to be pro

ve

Sidin2045°‘SeDtember 26—Authorizing G.T.R. to c_onstruct
Mil] 8, and spur therefrom, into premises of Ogilvie Flo%r
«2S Co, Limited, west of Mill Street, Montreal, Que., sub-

Ject i s
to and upon certain conditions.,

addiipd'SI‘sePtember 27—Authorizing G.T.R. to cqnstru_cit

way onal track, or siding, commencing at a point on its rail-

°aste:¥est of Gore Street, Stratford, Ont., thence extengilhrgg

three Y across Gore Street. Siding to be completed within
months from date of this Order.

e 452—Septemb Extendi for a period of three
m ptember 20—Extending, for a periot
CO(:JI;%S from date of this Order, time within which GThR
"i“ageuct branch lines of railway and additional tracks 1n1fI e
19535 of Port Colborne, Ont., authorized under Order No.
s dated June 4th, 1913.
subjzcc"t"53\5ept.ember 20—Authorizing C.N.O.R. to construct,
Wayg 0 conditions contained in consent of Montreal Tram-
8rade OMmpany, dated August 26th, 1013, propo_sed temporary
48.6 C:n Its Montreal-Hawkesbury Line from mileage 46.69 tg
of o ,e 0 be used for construction purposes only for a perlqd
Derjgq Year; and to cross on said temporary grade for sall
Pary the Monkland Boulevard, Bois Franc Road, Montrea
and Island Ry., and St. Laurent Road.

9454—September 30—Authorizing C.N.R. to construct

2
a(:ros
Mani'fobt;‘: enty-two (22) highways on its Goose Isle Branch,

(C.onl‘{tSS\September 3o—Authorizing C.L.O. & W. Ry.

. to construct, at grade, across side road in Lot 14,

dive'rs‘?” D. of Bathurst, Ont.; and to construct temporary
100 of said railway at mileage 2.1.

c°ns§(r)356\september 30—Authorizing C.L.O. & W. Ry, to
ACrogg Ct ballast pit spur line, by means of grade crossing,
Murry,, 024 allowance between Lots 10.and 11, Con. I, Tp.
Dit smi'!’. Co. Northumberland, Ont., at mileage 0.09 on ballast

Sub;245.7 —September 30—Approving, subject to provisions of
Ry, Ction 2 of Sec. 327, and sub-section 1 of Sec. 331, of
dista'nc » Maximum tolls to be charged for passengers for a

Q°n3trces.°n C.P.R. lines in Canada now in operation or under
C'R.Cuchon’ as specified in Co.’s Standard Passenger Tariff,

COme o 0. 2270, dated at Montreal, Aug. 12th, 1913, tO be-
jle cffective Sept. 1st, 1913, namely: three cents (3c.) per
legq 'St of ang including company’s railway between Mac-
Milg a]gar.", and Edmonton, Alta., and four cents (4c.) per

bein West of and including Macleod and Calgary, said tariff
SengeraTcopsolidntinn of company’s approved Standard Pas-
- “ariffs, C.R.C. Nos. W. 38, and E. 664.

20458—September 30—Directing C.N.O.R. to provide and
construct suitable farm-crossing and cattle-pass where it
crosses lands of William and Robert Wilson, in Lot 26, Con.
B, Tp. Westmeath, Co. Renfrew, Ont., subject to and upon
certain conditions.

20450—September 11—Authorizing C.P.R. to construct
spur for Northern Elevator Co., Limited, Winnipeg, Man.,
from a point on existing spur on Sutherland Ave., subject to
and upon certain conditions.

20460—September 30—Authorizing G.T.P. Ry. to con-
struct wye track at mileage 29 west of Yellowhead Pass,
Cariboo District, B.C. ; and rescinding Order No. 17618, dated
September 25th, 1912, made herein.

20461—September 30—Extending, for a period of thirty
days from date of this Order, time within which G.T.R. com-
plete culvert under its tracks, Tp. Tecumseh, Ont., authorized
by Order No. 19988, dated Aug. s5th, 1913.

20462—OQOctober 2—Declaring that joint tariff of Alta. Ry.
and lrrigation Co., C.K.C. No. 165 is lawfully in effect;
and that Supplement No. 16 thereto, published and filed by
C.P.R. to take effect August 18th, 1913, is disallowed. Board
will be prepared to consider an application for annulment of
said C.R.C., No. 165 on publication and filing by C.P.R. of
local and joint tariffs of rates from Lethbridge, and from
points on line of Alta. Ry. and Irrigation Co., via Leth-
bridge, which shall not be greater than those shown in said
C.R.C., No. 165, via Coutts, to points in B.C., on G.N.R.
and C.P.R., to which the rates of said C.R.C., No. 165 are
now lower than via C.P.R. from Lethbridge, having regard
to provisions of Ry. Act.

20463—September 30—Establishing collection and de-
livery limits of the Dominion Express Co., in town of Swift
Current, Sask.

20464—October 1—Authorizing Edmonton, Dunvegan
and B.C. Ry., to construct across two highways—namely,i.
between N.E. % Sec. 13-74-16, W. 5 M., and N.W. % 18-
74-15, W. 5 M.; 2. N.E. ¥ Sec. 13-74-16, W. 5 M., Province
of Alberta.

20465—October 1—Extending, for a period of 6o days
from date of this order, time within which G.T.R. install
electric bell at crossing of Mill Street, Milverton, Ont., re-
quired under Order No. 19893, dated July 24th, 1913.

20466—October 1—Authorizing G.T.R. to construct sid-
ing into premises of the Ham and Nott Co., Limited, on
Block ““C,” north of Bruce Street, city of Brantford, Ontario.

20467—September 30—Authorizing G.T.P. Ry. to con-
struct spur for the Park Lumber and Planing Mills, Limi-
ted, in Block 10, Cromdale Subdivision of River Lot 24,
Edmonton, Alta,

20468—October 2—Approving location C.P.R. stations
on Port McNicoll Subdivision, Ont. Div.—namely, 1, Lot 28,
Con. 3, Tp. Ops, Co. Victoria, Ont., at Cambray, mileage
22.78, and 2, at Franklin, mileage 6.3, Lot 22, Con. 12, Tp.
Manvers, Co. Durham, Ontario.

20469—October 1—Authorizing C.P.R. to construct spur
into premises of G. F. Stephens and Co., Limited, on Lot
64, parish of St. Boniface, Winnipeg, Man., subject to and
upon certain conditions,

20470—0ctober 1—Authorizing C.P.R. to construct, sub-
ject to terms of consents of town of Swift Current, dated
May 23rd and September oth, 1913, spur for Swift Current
Grocery Co., Limited, and Winnipeg Paint and Glass Co.,
Limited, Swift Current, Saskatchewan. :

20471—October 1—Approving location C.P.R. station at
Musquash, parish of Musquash, Co. St. John, N.B., at mile-
age 06.41 on Co.’s Shore Line Subdivision, Atlantic Div.
Dist. No. 1. .

20472—September 30—Authorizing C.P.R._ to construct
Weyburn-Stirling Branch Line across twenty-nine (20) high-
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ways between mileage 37.94 and 05.20 (zero of said mileage
being at Stirling).

20473—O0ctober 1—Authorizing C.P.R. to construct sid-
ings for Messrs. McGregor and Mclntyre, Toronto, Ont.

20474—October 2—Authorizing Commissioners of Trans-
continental Ry., to make, subject to terms of consent of
C.P.R., siding connection with C.P.R. tracks to shop site of
applicants, in Lot Cadastral, No. 2345, parish of St. Sauveur,
Co. Quebec, Que.

20475—October 2—Authorizing G.T.R. to use and oper-
ate Bridge over Richelieu River, at Mile Post 8.73 on Thir-
tieth Dist., near Lacolle Junction, authorized to be recon-
structed under Order No. 15863, dated February 2nd, 1912.

20476—October 2-—Authorizing C.N.O.R. to construct
spur from its Rly. at Richmond Hill to property of J. H. Dun-
lop, Lot 24, Con. 1, Tp. Markham, Ontario.

20477—October 2—Authorizing C.P.R. to construct tracks
of extension to town siding, at grade, across public road
between Lots 12 and 13, Con. 3, Tp. Hagar, Dist. Sudbury,
Ont.

20478—October 3—Amending Order No. 20226, by strik-
ing out figure ‘2’ after word “Tot,”” wherever same appears
in said Order, and inserting in its place figure ‘‘4,”’ so as to
make the Order read, ‘‘situated in Subdivision, Lot 27, Lot
4, Con. 11, Tp. Tillsonburg. ,

20479—October 2—Authorizing C.P.R. to change present
grade crossing, necessitated by additional track (double
track) ; and to construct, by means of grade crossing, said
additional track across road allowance between Cons. 2 and
3, Tp. Toronto, at mileage 18.61 on Co.’s main line, Lon-
don Subdivision.

20480—October 3—Amending Order No. 16874, dated
June 26th, 1913, by striking out figures ““35.5”’ in first line
under heading Mountain Subdivision, and substituting
figures ‘35.” \

20481—October 2—Directing that C.N.R. install care-
taker at Sandy Lake, Man., who shall, amongst other things,
keep waiting room clean and heated for arrival of passenger
trains; meet passenger trains on their arrival and assist in
putting on or taking off any baggage; meet local freight
trains and see that package freight is properly housed; keep
freight shed locked, with key at a convenient point; and de-
liver freight to consignees between hours of 8 a.m. and 6
p.m. Caretaker be installed not later than October sth,
1913.

20482—October 3—Authorizing C.N.O.R. to construct
bridge to carry its railway across Kiosh-Koqui - Lake, Tp.
Pentland, Dist. Nipissing, Ont., at mileage 186.6 from
Ottawa.

20483—October 3—Directing that the sum of $4,700, de-
posited in a chartered bank in City of Fort William, Ont.,
under Order No. 18908, dated March 20th, 1913, be paid upon
request of C.P.R.; and that production of a certified copy of
this Order be authority to bank for such payment.

20484—October 3—Approving C.P.R. plans dated Win-
nipeg, May 3oth, 1912, and September r1oth, 1913, showing
proposed location of stairway from Arlington Street Bridge
to engine house at Winnipeg, Man.; and rescinding Order
No. 16860, dated June 22nd, 1912.

20485—October 3-—Authorizing C.P.R. to construct ad-
ditional track (second track or siding) across road allowance
on East Boundary of Sec. 5-0-21, W. 4 M., Alberta.

20486—October 3—Relieving G.T.R. from providing
further protection at second highway crossing north of Cor-
beyville, Belleville and Peterboro Division, Ontario.

20487—October 4—Authorizing C.P.R. to construct, by
means of a bridge, additional track of its main line, Sask.
Div., Moose Jaw Subdivision, over and across road allow-
ance between Secs. 21 and 22, Tp. 18, R. 13, W. 2 M., at
mileage 52.65 on said main line, Province of Saskatchewan.

204%8—October 3—Requiring C.N.R. to erect a third-
class station building at St. Gregor, Sask. ; work to be com-
pleted with not later than July 31st, 1914.

20489—October 2—Amending Order No. 20009, dated
August r1th, 1013, by adding following clauses :—‘‘3. That
Government road allowance over C.P.R. between Sec. 1-17-27,
and Sec. 6-17-26, W. 2 M., be closed subject to and upon
condition that C.P.R. (Applicant Co.), provide and construct
subway 4o feet wide, in the clear, just south of and adjoin-
ing its right of way, in accordance with plans submitted by
Applicant Co., and approved by the city of Moose Jaw. 4.
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That contribution of $2,000 herein required to be paid by
C.P.R. shall not become due or payable until on or after
completion of subway authorized and required to be cob-
structed under this Order.”

20490—October 4—Authorizing C.P.R. to construct spur
for Manitoba Cold Storage Co., Limited, city of Winnipeg»
Man., subject to and upon certain conditions.

20491—October 4—Authorizing C.P.R. to use and oper
ate, subject to condition that men be kept off sides and tops
of cars when using the crossing, undercrossing shown 1
red on plan, during construction of Heffernan Street Bridg®
Guelph, Ont. And approving and authorizing clearances a9
shown on plan of false work to be used at Heffernan Street
Viaduct, Guelph, Ont. '

20492—October 4—Authorizing city of Edmonton, Alta.,
to open up Spadina Avenue, across C.N.R. at rail 15".61'
within limits of city; expense of constructing and maintal®”
ing crossing to be borne and paid by applicant.

204093—October 3—Granting leave to B.C. Telephone CO'{
Limited, to erect its lines across G.N. Ry., on Oscar Stre€
Abbotsford, B.C.

20404—October 1—Authorizing C:N./©.Rz:to COl'IS“uCt
spur to mills of Laberge and Sons, in town of Sudbury, ffolﬁ
station 41.58.7 on connecting track between its line an A
goma Eastern Ry., and across Wilma Street.

20495—October 4—Authorizing C.P.R. to construct, ,f;
grade, spur for Tillsonburg Electric Car Co., Limited, Tibe
sonburg, Ont., across King Street and Sixth Street, at mile:
age 15.4, Port Burwell Subdivision.

20496—October 4—Approving Michigan Central S
plan showing bridge to be constructed under M.C.R track
at mileage 32.08, Little Creek Drain, Tp. Tilbury West. :

20497—October 4—Authorizing G.T.P. Ry. to constr¥c
spur and sidings, for Pembina Coal Co., Limited, in Secs: 1
and 30-53-7, W. 5 M., Alta. )

20408—0October 6—Extending collection and deliverY
area, in the city of Ottawa, Ont., prescribed by Order Ng:
16147, dated March 18th, 1913, by inserting words ¢“jncludy
ing the Isolation Hospital’’ after words ‘‘Somerset Street:
in said Order. f

20409—October 6—Authorizing C.N.O.R. to constri
bridge to carry its railway across Ottawa River at Flt’.rocy
Harbor, Tp. Fitzroy and Onslow, Cos. Carleton and Pontlaog
Provinces of Ontario and Quebec, at mileage 37.32 west der
Ottawa, subject to terms and conditions contained in OF
in Council. t

20300—October 1—Authorizing C.N.O.R. "to croses a‘
grade, Metcalfe, John, Harvey, Bourke, Jane, Durrill, V% g
land, Bell, William, McIntyre, Timmons, and Nipissi®C
streets, town of North Bay; and certain streets and avenl_lon
by means of subways. 2. construct across and divert Mar?
Street. 3. Closing of Cedar Street be conditional up‘;o
Co.’s extending McLaren Street, from Klock Avenué .
Home Avenue. 4. Closing of Fraser :Street, be conditio” 4
upon Co.’s constructing subway 10 feet in clear width ?w,
8 feet in height through station and- under its tracks; 3
tion to be located in centre of Fraser Street to be as goue,
if not better, and of similar design, as Co.’s station at
ville, Ont. 5. Co. be responsible for any damages prop¢ 6
owners affected may be legally entitled to recover.
All subways be satisfactorily drained by Applicant Co- 3

20501—October 6—Extending, until December 315t “'_;n:
time within which C.P.R. was required to construct an
plete subway at Dundas Street, Woodstock, Ontario.

20502—October  6—Approving revised location
main line, double trackage, Moose Jaw Subdivision,_sa‘ec_
from a point in Sec. 27, in S.W. direction to a point 11
21-18-14, W. 2 M., being from mileage 50.6 to 60.45 oK
Authorizing C.P.R. to construct road diversion across Blo 28
147, 148, 149 and 150, Sec. 21, Blocks 143 and 144, Sec 05
and across Sec. 27-18-15, W. 2 M., and to construct, by M€
of grade crossings main line across said diversion an
town crossing. et

20503—October 6—Authorizing Government Of 5as=of
chewan, at its own expense, to construct highway nor ref" o
Sec. 28-16-15, W. 3 M., Sask., across C.P.R. Swift C%f i
Northwesterly Branch. date

20504—October 7—Amending Order No. 20190 ac’
August 26th, 1913, by striking out words ‘““Sufficld 1o, tinf
kie’’ where same occur in said Order, and substit!
therefor words “Weyburn-Stirling.” :




